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Welcome to The Acute Management of Surgical Disease, a compendium of 
surgical expertise on the challenging aspects in the field of emergency gen-
eral surgery. As our specialty has progressed, challenges against common 
surgical paradigms that have been the cornerstone of our profession for 
decades or longer have arisen. For instance, the common anecdote: “the sun 
should never rise nor set on a small bowel obstruction,” one such surgical 
mantra, has morphed. We enlisted leading experts to describe the thought 
process on the handling of simple to complex acute surgical conditions. We 
also included the processes associated with building and assessing an acute 
care surgical program, research best practices for emergency surgical patients, 
end-of-life considerations, and non-surgical interventions.

The purpose of this textbook is to offer current strategies on the initial 
evaluation, work-up, and treatment options of the acute surgical patient as 
managed by acute care surgeons. The approach to our fledgling surgical sub- 
specialty as borne out of the field of trauma is to rapidly assess, resuscitate, 
and manage this unique patient population from the emergency department, 
through the intensive care unit (when necessary), the operating suite and, 
ultimately, to discharge. We profess that our specialty is unique and necessi-
tates a specific method of approaching emergency surgical patients that 
requires an inimitable skill set.

Most chapters include a clinical vignette to consider while reading the 
evaluation and management aspects of care when assessing the acutely ill 
patient. This process will help to codify judgment and procedural methodol-
ogy for the burgeoning acute care surgeon. This is by no means the only 
method possible to determine a strategy of management, but consideration 
has been elicited by field experts to give best options. We hope you enjoy 
learning from this book as much as we did the collaborations necessary to put 
this book together.

Houston, TX, USA Martin D. Zielinski  
Nashville, TN, USA  Oscar Guillamondegui   
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1Emergency General Surgery: 
A Paradigm Shift to Meet 
the Demands of an Evolving 
Discipline

Mira H. Ghneim and Jose J. Diaz

 The Changing Role of the General 
Surgeon

General surgery is defined by the American 
Board of Surgery (ABS) as “a discipline that 
requires a knowledge of and familiarity with a 
broad spectrum of diseases that may require sur-
gical treatment.” By necessity, the breadth and 
depth of this knowledge varies based on disease 
category. In most areas, the surgeon is expected 
to be competent in diagnosing and treating the 
full spectrum of disease [1]. To achieve such 
comprehensive knowledge and experience, the 
ABS established nine principal components that 
govern general surgery training which include 
alimentary tract surgery, abdominal surgery, 
breast/soft tissue/skin surgery, head/neck sur-
gery, vascular surgery, surgical oncology, and 
trauma and surgical critical care [2].

General surgeons have always been a crucial 
component of the healthcare system in the United 
States. They provided comprehensive elective, 
emergent, and trauma care in rural and urban 
environments [2]. Prior to the development of 
surgical fellowships in the 1980s, the general sur-
geons not only managed the emergency general 

surgery and trauma patients but often also per-
formed obstetric, gynecological, vascular, endo-
scopic, and orthopedic procedures. However, 
within the last two decades, the repertoire of 
operations performed by general surgeons, and 
the way in which these operations are performed, 
has changed drastically. This change was driven 
by the evolution of surgical disease management 
and the advent of technological advancement. As 
a result, there has been a slow and steady extinc-
tion of the “omnipotent general surgeon” result-
ing in a shift of the practice of general surgery 
[3]. While the general surgery training programs 
have evolved to focus on quality and range of 
education and clinical acumen, few surgeons pro-
vide in practice the breadth of core components 
required for training and certification. Today, 
more graduating chiefs aim for more specialized 
training and prefer to practice at larger institu-
tions and in urban environments [3].

In 2014, the Resident Education Committee of 
the Society for Surgery of the Alimentary Tract 
(SSAT) published an article that discussed how 
the general surgery many “grew up” with is a 
shadow of its former self [4]. While the general 
surgery training remains committed to the prin-
ciple that general surgeons should have exposure 
and experience in a wide range of surgical condi-
tions, the complexity of surgical disease and the 
evolution of disease management have led to spe-
cialization and subspecialization. This shift cre-
ated a tangible shortage in the general surgery 
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workforce in the United States [5, 6]. With the 
advent and increased popularity of subspecialties 
such as colorectal surgery, minimally invasive 
surgery, surgical oncology, and bariatric, breast, 
vascular, and thoracic surgery, the once broad 
elective general surgery scope has become 
severely restricted. This led to a shortage in gen-
eral surgeon availability and subsequent increas-
ing need for general surgical emergencies and 
trauma coverage [7]. The number of general sur-
geons needed to adequately serve the population 
is estimated to be 7.5 per 100,000 people. 
Currently, there are 5 per 100,000 people, and in 
some areas, it drops as low as 0.1–0.46 per 100,00 
people. Over the last 25 years, the ratio of general 
surgeon per 100,000 population has dropped by 
25% [8].

Multiple studies have focused on attempting 
to identify the factors that contributed to the pur-
suit of fellowship training and general surgeon 
shortage in the workplace from practicing sur-

geons and residents [4, 9, 10]. Decreased salaries 
and reimbursements, lifestyle barriers, burnout 
due to demanding call schedules, and the need 
for further training due to the sense that higher 
expertise leads to better job offers in urban areas 
were the most commonly cited reason for post-
graduate fellowship training (Fig. 1.1).

Several approaches have been suggested to 
address this decline. The Balanced Budget Act of 
1997 has maintained a constant number of newly 
graduating allopathic surgeons with a modest 
increase in the number from 1000 to 1050 per 
year [11], an increase that is insufficient to miti-
gate the shortage. Some longer-term solutions 
include building new medical schools, expanding 
enrollment in existing schools, and persuading 
the federal government to reduce or eliminate the 
Medicare cap on funding graduate education 
with the aim of increasing recruitment [4, 12]. 
Short-term solutions such as enhanced reim-
bursement of the general surgeon, employment 
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of part-time surgeons to cover call deficiencies, 
promotion of acute care fellowships, and recruit-
ment of acute care surgeons may alleviate some 
of the shortage [4]. Acute care surgeons, given 
the breadth of expertise in trauma, emergency 
general surgery, and critical care, are equipped to 
manage emergent and nonemergent surgical dis-
ease in smaller facilities where surgical expertise 
is lacking due to the shortage of general 
surgeons.

While the role of the general surgeon in the 
current ultra-specialized world of general surgery 
may still exist in certain settings such as rural 
areas, the reality is that general surgery is expan-
sive and cannot be sufficiently taught or mastered 
by one individual. With the resultant proliferation 
of the surgical specialties and the public demand 
for specific expertise, the extinction of the multi-
talented general surgeon will continue.

 The Crucial Role of the Rural 
Surgeon

While the terms “general surgeon” and “rural 
surgeon” are not always synonymous, rural sur-
gery is a component of the general surgery prac-
tice that remains essentially inaccessible in 
remote areas [13]. The term “rural surgery” refers 
to the practice of surgery serving people in rural 
communities and geographically remote areas 
[14]. While estimates vary, 15%–25% of the US 
population reside in rural areas, while only 10%–
15% of physicians practice in these areas [15, 16] 
(Fig.  1.2). Rural patients are often older, have 
lower income, have major comorbidities, live 
long distances from tertiary care centers, and 
desire surgical care closer to home.

Those attracted to a career in rural surgery 
often come from a rural background. Practicing 

Fig. 1.2 Percentage of the rural population by state (www.census.gov/content/dam/Census/newsroom/blogs/2016/12/
ruralamerica/fig02 ruralpopulation-state.jpg)
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in a rural environment allows them unparalleled 
independence, a broad scope of practice, the abil-
ity to participate in leadership roles within the 
hospital and community, and the ability to 
develop close and longitudinal relationships with 
their patients [17, 18]. Nonetheless, rural sur-
geons are also in short supply, particularly in 
small or isolated towns. This is exacerbated by 
increased surgical specialization and preference 
to practice in an urban setting.

Those who pursue a career in rural surgery are 
faced by many challenges due to “professional 
isolation” that is attributed to the geographic 
location of their practice. In some instances, the 
rural surgeon is the only surgeon in the hospital 
and lacks the opportunity to discuss difficult 
cases and operative strategies with other col-
leagues. The rigorous call schedule and lack of 
coverage make it challenging to travel for con-
tinuing medical education. Additionally, due to 
small numbers of certain procedures performed 
annually, rural surgeons are extremely vulnerable 
to volume as a surrogate for quality review of 
capability and skill level. These challenges are 
compounded by the fact that reimbursement is 
lower in rural areas [15].

A rural surgeon’s scope of practice is depen-
dent on the skill level, the resources available at 
the rural facility, and the presence or absence of 
surgical subspecialist within the community. 
Several studies have described the most common 
types of procedures performed by rural surgeons 
[19–23] and include open and laparoscopic 
abdominal (biliary tract, small bowel, and large 
bowel), vascular, thoracic, and head and neck 
procedures. Rural surgeons also perform a larger 
volume of obstetric and gynecological, orthope-
dic, and urologic procedure than general sur-
geons. Finally, endoscopy makes up a larger 
proportion of a rural surgeon’s practice than 
urban surgeons.

Trauma and critical care in rural areas has also 
continued to be an integral part of the rural sur-
geon’s practice. Coordinating trauma care, per-
forming urgent procedures, triaging and 
prioritizing transfers to tertiary care centers, and 
providing definitive care for patients who do not 
require any surgical specialist interventions are 

just a few of the tasks that fall upon the rural sur-
geon [24]. In some hospitals, the surgeon is also 
the surgical intensivist and is expected to manage 
difficult airways, hemodynamic instability, sep-
sis, and other procedures (arterial line, central 
venous catheter, and tube thoracostomy place-
ments) [15]. Given that rural surgery is very 
broad-based, some of the skills required to prac-
tice are not even Accreditation Council for 
Graduate Medical Education (ACGME)-required 
rotations for board certification in surgery, and 
therefore more surgical experience is crucial 
[15].

In similar fashion to the general surgery work-
force shortage, there currently is a national short-
age of rural surgeons leaving the discipline in 
severe crisis [18, 25–29]. Rural surgeons are 
aging, and new recruits are not expected to fill the 
deficit as fewer general surgeons go into rural 
surgery [15, 27]. Instead, general surgery resi-
dents, due to the perception that they are not pre-
pared to practice independently, are seeking 
fellowships. Rural surgeons are also leaving rural 
areas and moving to more populated areas where 
there are better opportunities, reimbursements, 
and lifestyles [15].

To address these challenges and arm the rural 
surgeon with the skills set needed to succeed, 
rural surgery training programs have been devel-
oped. The American College of Surgeons (ACS) 
and the American Board of Surgery have recog-
nized the need for rural general surgery and made 
a concerted effort to prepare residents for rural 
practice. There are 11 rural surgery programs in 
the United States. The ACS has developed the 
Advisory Council for Rural Surgery (ACRS). 
The ACRS maintains a repository of rural train-
ing experiences and training sites in the United 
States [15].

There are five different types of rural training 
experiences which include rural surgery rota-
tions, dedicated rural surgery tracks, immersion 
approach with a 1-year high operative volume 
rural experience, fellowships for surgeon in prac-
tice and graduating surgeons to enhance endos-
copy skills, and transition to practice programs. 
Overall, the goal is to provide broad experiences 
in rural general surgery, surgical subspecialties, 
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and endoscopic and laparoscopic procedures [15, 
30]. Those training in rural programs have more 
autonomy in both decision-making and surgical 
management [15, 31]. Additionally, the rural pre-
ceptors serve as proctors, role models, and long- 
term mentors for participating surgery residents 
[15].

The impact of trauma on mortality in the rural 
community is substantial given that only 24% of 
those who live in rural communities have access 
to a level I or II trauma center within 1 h of injury 
[32–34]. As a result, while only 15%–25% of the 
population lives in rural community, 50% of all 
motor vehicle collisions and 60% of trauma- 
related mortality occur in the rural setting 
[33–37].

The development and strengthening of critical 
access hospitals in rural areas have been shown to 
not only save lives and improve patient outcomes 
but also improve upon the cost burden of trauma 
care and improve upon the quality of life for 
trauma survivors [34].

The Rural Trauma Team Development Course 
(RTTDC) was created by the Rural Trauma 
Committee of ACS-COT 1998. This is an interac-
tive 1-day course that promotes the development 
of a rural trauma team at critical access hospi-
tals—with the goal of cultivating relationships 
between rural trauma facilities and the regional 
trauma center and developing a rapport based on 
common communication [38]. Lectures prepare 
the members of the rural facility to care for criti-
cally injured patients and understand the 
resources and limitations of their individual rural 
facility [34, 35, 38, 39]. Ultimately, the course 
optimizes a team-based approach to trauma man-
agement and promotes recognition of the need 
for early patient transfer to the nearest trauma 
center [34, 35, 38, 39].

While a career in rural surgery can be reward-
ing, there is a need to enhance the quality of life 
for rural surgeons to enhance recruitment. As 
the rural population continues to constitute a 
considerable portion of the population, revers-
ing the current trends in workforce shortages 
becomes essential. Innovative and thoughtful 
solutions are necessary. Expanding the work-
force, preparing residents for rural practice, 

recruitment of general surgeons to rural areas, 
establishing incentives, and improving reim-
bursement to increase retention of rural sur-
geons represent a few.

 The Emergence of the Modern 
Acute Care Surgeon

With the increasing need for coverage of general 
surgical emergencies, the decreasing number of 
general surgeons capable and willing to provide 
on-call services, and the disinterest among train-
ees in trauma as a career due to a shift to nonop-
erative management of previously operative blunt 
injuries, the role of an acute care surgeon emerged 
[40, 41].

Acute care surgery is a distinct surgical spe-
cialty, established by the American Association 
for the Surgery of Trauma (AAST) between 2005 
and 2007, and encompasses three areas of surgi-
cal practice: trauma surgery, emergency general 
surgery, and surgical critical care (Fig. 1.3) [40, 
41]. An acute care surgeon is a fellowship trained 
surgeon equipped with the knowledge and tech-
nical skills that allow for the time-sensitive care 
of both the trauma and the non-trauma emer-
gency general surgery patient population 
(Fig. 1.4).

The acute care patient population present mul-
tiple treatment challenges, including around-the- 
clock readiness for the provision of comprehensive 
care across a spectrum of disciplines, the con-
strained time for preoperative optimization of the 
patient, and the greater potential for intraopera-
tive and postoperative complications due to the 
often-emergent, high-complexity, and high- 
acuity nature of care, the intraoperative and post-
operative challenges, and the lack of 
evidence-based guidelines [42].

If specialization is defined by disease process 
in addition to procedure and technology, the gen-
eralist crisis led to the emergence of the disci-
pline of acute care surgery as a specialty. The 
acute care surgeon is the specialist of “emergency 
surgical and critical illnesses” of traumatic and 
non-traumatic nature with expertise in under-
standing the acute physiology, resuscitation, and 
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2003    Joint meeting of ACS, AAST, WEST and EAST addressing problems of access to emergency surgical care and the 
future of trauma surgery. AAST forms Ad hoc committee to develop the reorganized specialty of Trauma, Surgical 
Critical Care and Emergency Surgery.

2005 ACEP survey nearly 75% emergency departments identify inadequate on-call specialty coverage.
AAST renames previous ad hoc committee - Acute Care Surgery Committee . 

2006 IOM report- Future of Emergency Care, confirms shortage of on call specialists. 

2007 AAST retreat; Development of curriculum, competency tools, case registry, certification criteria, site visits 

2008 First formal AAST Acute Care Surgery Fellowship program begins. 

2014 Refinement of operative case requirements.

2018 Shift from a rotation-based curriculum to a longitudinal/experiential model with case minimum requirements. 

Fig. 1.3 Historical timeline for the development of acute care surgery as a specialty (https://www.aast.org/
acute- care- surgery- overview)
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Fig. 1.4 The concept of an acute care surgeon

surgical intervention and coordinating complex 
patient care in a multidisciplinary fashion.

 The Evolution of Trauma Care

Trauma is a leading cause of death in individuals 
≤45 years and is the fourth cause of death overall 
for all ages [43]. Traumatic injury is associated 
with devastating effects on public health mea-
sures including increased healthcare costs, 

decreased quality of life, increased disability and 
physical impairment, and loss of potential work 
years [44]. As a result, over the last few decades, 
the ACS-COT has concentrated its efforts on cre-
ating an emergency surgical care system that 
decreases mortality and maximizes favorable 
outcomes. To achieve this goal, the ACS-COT’s 
focus has been on developing a strong knowledge 
of the pathophysiology of the injured patient, 
improving screening and diagnostic modalities, 
and supporting advancements in both operative 
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and nonoperative available therapeutic 
modalities.

The modern trauma system that exists today is 
a byproduct of the long-standing civilian-military 
collaboration and the lessons learned from the 
US involvement in armed conflict date back to 
the Wars in Korea and Vietnam [45, 46]. Rapid 
evacuation and transfer of injured soldiers via 
helicopter to treatment centers decreased the 
transfer time by 2.5  h in Korea and 3.5  h in 
Vietnam when compared to transfer times in 
World War II. As a result, the mortality decreased 
from 4.5% in World War II to 1.9% in Vietnam 
[46]. In addition to rapid transport, the military 
experience led to the identification of a number 
of additional factors that contributed to the reduc-
tion in mortality. These included rapid availabil-
ity of blood products, better-organized medical 
teams, and more effective triage and allocation of 
medical resources [44]. Ultimately, the most crit-
ical lesson learned was that the “correct patient” 
needed to reach the place for definitive care in the 
shortest amount of time possible.

Figure 1.5 is a brief timeline of the evolution 
of trauma care. In 1966, the National Research 
Council and the US National Academy of 
Sciences published Accidental Death and 
Disability: The Neglected Disease of Modern 
Society [47]. This report defined the scope of the 
healthcare crisis in trauma care at the time. 
Additionally, it enforced the need to establish a 
national trauma association, organize community 

councils on emergency medical services, form a 
national council on injury prevention, and create 
a national institute of trauma. This revolutionized 
the way that trauma is managed in the United 
States and led to the development of the civilian 
trauma system. In 1966, the first two trauma cen-
ters were developed in the United States: John 
H. Stroger, Jr. Hospital of Cook County (Chicago) 
and San Francisco General Hospital. In 1969, the 
first statewide trauma center was initiated in the 
State of Maryland by R Adams Cowley.

In 1976, the ACS-COT published the First 
Optimal Hospital Resources for Care of the 
Injured Patient [48, 49]. The document focused 
on improving the care of injured patients, opti-
mizing hospital resources, optimizing care in the 
setting of limited available resources, establish-
ing trauma as a surgical disease, and emphasizing 
the need for surgical leadership. This document 
has been renamed to reflect the evolution and phi-
losophy set forth by the ACS-COT and is now 
known as the Resources for Optimal Care of the 
Injured Patient. In it, the main mission of the 
ACS-COT focused on propagating the establish-
ment of an ideal trauma system. This system 
focuses on injury prevention, access, prehospital 
care and transportation, acute hospital care, reha-
bilitation, and research activities [49]. The ASC- 
COT also published the criteria and the resources 
required to provide various levels of care for 
trauma patients. Based on these criteria, hospitals 
and trauma centers are classified into different 
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levels (levels I, II, III, IV, V). For designation of a 
center into one of the five levels, numerous stan-
dards and requirements have been set. 
Subsequently, each center is screened  accordingly 
for the hospital resources and educational and 
research commitment and is given a designation 
[49]. Subsequent program verification processes 
exist that ensure the program is providing care at 
the level of the designation criteria.

In 1978, the first Advanced Trauma Life 
Support (ATLS) course was introduced. The 
course defined the criteria for resuscitation dur-
ing the first “golden hour” after injury in the 
United States and ultimately in much of the rest 
of the world. This came after a tragedy stuck the 
family of an orthopedic surgeon, Dr. James 
Styner, in February of 1976. A small plane carry-
ing him and his family crashed into a cornfield in 
rural Nebraska. Dr. Styner and three of his chil-
dren sustained serious and critical injuries, and 
his wife was killed instantly. The care that he and 
his family subsequently received was inadequate 
and inefficient. Recognizing such deficiencies 
and the need for a training program in trauma 
management, he developed the ATLS course with 
his collogues in Lincoln, Nebraska [50]. In 1980, 
the ACS introduced ATLS abroad. For more than 
a quarter century, ATLS has been taught to more 
than 1 million physicians and healthcare provid-
ers in over 80 countries.

During the 1970s, Boyd and colleagues devel-
oped a hospital trauma registry for research and 
monitoring [51]. As trauma centers became more 
widespread, the use of registries grew to include 
entire trauma systems, and standards were devel-
oped at a national level [52, 53]. In 1982, ACS- 
COT coordinated the Major Trauma Outcome 
Study (MTOS). Until recently, this served as a 
standard reference database of seriously injured 
patients in the United States and was the basis for 
many of the analytic methods that have become 
familiar to trauma surgeons [54]. At the conclu-
sion of MTOS in 1989, the ACS-COT renewed 
its commitment to trauma research and quality 
improvement by developing trauma registry soft-
ware, with the intention that multiple users of this 
product could combine their results to produce a 
national database [55]. In 1997, a subcommittee 

was established to direct the National Trauma 
Data Bank (NTDB), which would combine data 
from various trauma registry products. Currently, 
the NTDB contains detailed data on over 5 mil-
lion cases from over 900 registered US trauma 
centers. The data has been shared with hundreds 
of researchers, and numerous articles have been 
published based upon the NTDB. The National 
Trauma Data Bank has adopted the National 
Trauma Data Standard (NTDS) as the basis for 
data collection. The NTDS is a standardized defi-
nition of the trauma injury information submitted 
to the NTDB by participating hospitals [55].

Due to differences in patient population and 
quality of care offered at each institution, the 
reported trauma morbidity and mortality rates 
vary among trauma centers in the United States 
[56]. The Institute of Medicine report To Err is 
Human: Building a Safer Health System empha-
sized the need to recognize differences and inef-
ficiencies in the healthcare system [57]. To 
address these discrepancies in trauma care, Dr. 
John Fildes created a working group to develop 
and implement an outcome-based, validated, 
risk-adjusted trauma quality improvement sys-
tem. This was achieved by accessing each hospi-
tal’s registry database using the NTDB, resulting 
in the creation of the Trauma Quality Improvement 
Program (TQIP) by the ACS-COT in 2008. This 
program focused on mortality, complications, 
and resource use. TQIP was designed to give 
each hospital an objective measure of its trauma 
center’s performance compared to that of other 
trauma centers. As a result, it can be used to 
determine how to improve outcomes and decrease 
costs by understanding the reasons for variability 
and identifying best practices. TQIP reports 
allow hospitals to focus on outcomes and work-
flows, including care coordination, in-hospital 
processes, and resource allocation [56].

Multiple studies have shown evidence of the 
benefits of the development of a civilian trauma 
system in reducing morbidity and mortality [58–
64]. Additionally, most of the literature shows 
that there is a significant survival and outcome 
benefit to trauma center designation [65–73]. No 
trauma system, however, can succeed in the 
absence of public policy support. As a result, 
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trauma systems that exist today are fully inte-
grated with the local public health systems. The 
goal of the system is to decrease the burden of 
trauma in a state or region, mediate the seamless 
transition between each phase of patient care, 
optimize utilization of existing resources, and 
improve patient outcomes. This is made possible 
through a coordinated network of prehospital 
care, acute care facilities, posthospital care, vio-
lence prevention, multidisciplinary staff collabo-
ration, and organizational components in a 
defined geographic area that delivers care to all 
injured patients.

 The Development and Evolution 
of Emergency General Surgery

Emergency general surgery (EGS) is an under- 
recognized public healthcare crisis with a steady 
increase in incidence and accompanying decline 
in access and availability. The incidence and 
prevalence of EGS conditions exceed those of 
other common, highly studied public health prob-
lems, such as new-onset diabetes mellitus, coro-
nary artery disease, and newly diagnosed 
malignancies [42, 74]. More than 3  million 
patients with EGS problems are admitted annu-
ally to US hospitals representing more than 7% 
of all hospitalizations. More than 25% of EGS 
patients require surgery during their index admis-
sion, and more than 850,000 EGS operations are 
performed annually in the US [42, 74]. The five 
main EGS diseases that account for >90% of hos-
pital admissions are hepatobiliary, colorectal 
including appendicitis, bowel obstruction, upper 
gastrointestinal, and soft tissue infections [75].

Over the last two decades and in a manner 
similar to the development of the trauma system, 
EGS has undergone major transformations with 
the goal of alleviating the healthcare crisis due to 
general surgeon shortage and expediting and 
improving patient outcomes. Prior to establishing 
acute care surgery as a surgical subspecialty and 
defining EGS as a separate entity, surgical emer-
gencies were treated by whichever surgeon may 
be “on call” at an institution. The assigned call 
was compulsory and independent of whether the 

surgeon was immediately available or possessed 
the expertise to deliver appropriate care [74, 76, 
77]. This system often led to delays in care [78], 
significant practice variation due to the lack of 
EGS-focused practice management guidelines 
[79], and suboptimal outcomes [80]. As a result, 
the morbidity and mortality for emergency sur-
gery was much greater than that after elective 
surgery [81]. This was complicated by the lack of 
EGS-focused peer-review processes and quality 
improvement initiatives, hindering the ability to 
separate the impact of suboptimal care from 
complex physiology as contributors to poor 
outcomes.

In 2003, the AAST, ACS-COT, and Eastern 
Association for the Surgery of Trauma (EAST), 
with the goal to ameliorate the crisis and the chal-
lenges facing the healthcare system and EGS 
patient population, recognized emergency gen-
eral surgery as a discipline that separates from 
trauma surgery and surgical specialties and pro-
moted EGS-based outcome research [42, 77]. 
The EGS patient was conceptually defined as any 
inpatient or emergency department patient requir-
ing operative or nonoperative surgical evaluation 
for diseases within the realm of general surgery 
as defined by the American Board of Surgery 
[82].

Studies have shown that the typical EGS 
patient population is older (mean age ≥60 years) 
with approximately 10% being octogenarians 
[74, 83–86], has a higher comorbidity burden 
than the elective surgery patient population [83], 
is more likely to be females (53%), experiences 
greater complications, has 14% readmission rate, 
and has greater postoperative mortality rate 
(Fig. 1.6) [74, 83–86].

As the field of EGS continued to grow, in 
2013, the AAST published the landmark list of 
621 international classification diseases, ninth 
revision (ICD-9) diagnosis codes that encom-
passed the operative and nonoperative disease 
processes that defined EGS.  This included the 
operative and nonoperative management of small 
bowel obstruction, peptic ulcer disease, gallblad-
der disease, pancreatitis, malignant and benign 
colorectal disease, elective and emergent hernia 
repairs, and soft tissue infections [77].
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To assess the severity of illness in this patient 
population, the AAST developed a grading sys-
tem that is based on a combination of clinical, 
radiographic, endoscopic, operative, and 
 pathologic findings [87–89]. The I–V grading 
system defined the extent of disease from local 
and confined to the organ with minimal abnor-
mality (Grade I) to widespread extension beyond 
the organ (Grade V) for 16 disease processes 
which include acute appendicitis, breast infec-
tions, acute cholecystitis, acute diverticulitis, 
esophageal perforations, hernias, infectious coli-
tis, small bowel obstructions due to adhesions, 
mesenteric ischemia, pelvic inflammatory dis-
ease, perforated peptic ulcer, perineal abscess, 
pleural space infections, and surgical site infec-
tions [88]. Subsequently, the grading scale was 
validated for acute diverticulitis and appendicitis 
[89, 90].

The first non-trauma EGS quality improve-
ment programs included the Veteran 
Administration Surgical Program, created by the 

Veterans Administration in 1991, and the ACS 
National Surgical Quality Improvement Program 
(NSQIP), which included non-VA hospitals and 
hospital systems. However, these programs were 
not EGS-specific, and most of the data collected 
was from elective procedures, and nonoperative 
cases are not captured [77].

With the development and expansion of ICD-9 
and ICD-10 codes, some EGS outcome research 
has become possible. This remains limited due to 
the fact that EGS encompasses both operative 
and nonoperative management. Additionally, 
interventions vary from elective to emergent 
depending on the severity of a patient’s physio-
logical derangements. Finally, EGS practice var-
ies widely among institutions, and the scope of 
practitioners managing the patients is also vari-
able [42].

In an attempt to account for the heterogeneity 
and promote high-quality EGS-focused 
research, the Acute Care Committee for the 
AAST developed the educational platform fel-
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lowship training and promotes EGS-based out-
come research [74]. The EAST has developed 
an EGS committee to encourage research 
endeavors in emergency general surgery in addi-
tion to an EGS task force committed to develop-
ing evidence-based guidelines for the 
management of this unique and growing patient 
population [74]. Finally, the ACS, in recent 
years, developed an EGS-NSQIP pilot program. 
This is the first national registry to capture EGS 
patients managed both operatively and nonop-
eratively and is evolving into a nationally vali-
dated, risk-adjusted, outcome-based program to 
measure and improve the quality of surgical 
care [91]. Prior to this, much of the EGS research 
utilized administrative datasets such as the 
Nationwide Inpatient Sample (NIS), a database 
that is meant for billing purpose only and not for 
conducting outcome research [74]. Nonetheless, 
these databases have assisted in defining the 
EGS disease incidence, complications, mortal-
ity, and cost [86].

It has been reported that 30%–42% of EGS 
urgent and emergent procedure are performed at 
night and that 18%–50% of those undergoing 
emergency surgery require care in the intensive 
care unit [92] (Fig. 1.6). Given the widely known 
crisis to access in EGS in the United States [42, 
74], a key function of the EGS service, in tertiary 
centers, is to provide support to the outlying 
community hospitals. It has been shown that 
patients with complex surgical emergencies who 
are transferred to EGS services in tertiary cen-
ters often experience bad outcomes due to delay 
in definitive care [92]. This may be attributed to 
failure to recognize severity of illness at the 
community hospital and/or delay in transfer due 
to bed availability in the tertiary center, which 
results in worsening physiological derangements 
prior to receiving definitive care [92]. 
Furthermore, as the reimbursement model 
evolves from “fee for service” toward “value- 
based care,” there is concern that the pronounced 
complexity [93] of the EGS population which 
results in higher complication [94] rates, read-
missions, and cost [95] may subject surgeons 
and hospitals to the scrutiny of poor performance 
on published quality ratings and subsequent at 

higher financial penalties [96]. A recent study by 
To et al. showed that an acute care ACS model is 
associated with a significant (31%) mortality 
reduction in the emergency general surgery pop-
ulation [97]. This has led to a call for EGS 
regionalization, similar to the national trauma 
system over previous decades, with the goal of 
standardization of care, oversite and policy 
development, continued improvement in exper-
tise,  consolidation and maximal utilization of 
limited resources, and improvement of the care 
provided and subsequently EGS outcomes 
[98–100].

While there have been significant develop-
ments since the inception of the EGS as a dis-
cipline in the early 2000s, including defining 
the scope of practice, defining injury severity, 
and attempting to establish a national data reg-
istry and practice management guidelines, it 
remains a public healthcare crisis [101]. 
Despite the clear benefits and success of the 
trauma system in the United States, no such 
systems exist for the EGS population. EGS 
care should be considered a national priority, 
and it is imperative to establish a national EGS 
system of care that coordinates resources and 
improves outcomes.
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2Assessment of the Patients 
with an Acute Abdomen

Aussama K. Nassar, David A. Spain, 
and Kimberly Davis

 Introduction

Abdominal pain is the leading cause of emer-
gency department visits according to the 2015 
National Hospital Ambulatory Medical Care 
Survey [1]. A subset of these patients will present 
with an acute abdomen. The generally accepted 
definition of an acute abdomen is the sudden 
onset of severe abdominal pain. An acute abdo-
men refers to intra-abdominal pathology with an 
onset of less than 1 week that may require urgent 
intervention, including surgery [2]. It is one of 
the most common reasons for general surgeons to 
be consulted by the emergency department and 
accounts for up to 40% of emergency admissions 
to a surgical service [3]. While there are many 
“medical causes” for severe abdominal pain (gas-
troenteritis, constipation, etc.), for the surgeon, a 
consult for a patient with an acute abdomen 
means there are two questions that need to be 
answered: (1) Does this patient need an opera-
tion? (2) If yes, how urgently? Given the severity 
of conditions resulting in the acute abdomen, 

coupled with the frequency of associated comor-
bidities, the mortality rate may be very high. 
With the time-sensitive nature, this can represent 
a very challenging situation for joint decision- 
making between the patient and the surgeon. We 
will review the assessment approach for patients 
who present with an acute abdomen.

 Important Consideration

A patient presenting with an acute abdomen 
requires a timely assessment with the expeditious 
escalation of care. Clinicians usually rely on clin-
ical bedside assessment and pattern recognition 
skills in making an operative decision, especially 
when the diagnosis is unclear or the patient is 
hemodynamically abnormal to undergo advanced 
cross-sectional imaging. Clinicians, judging by a 
constellation of clinical presentations, can often 
predict the diagnosis and management; for exam-
ple, periumbilical pain shifting to the right lower 
quadrant with rebound tenderness at McBurney’s 
point is consistent with the diagnosis of acute 
appendicitis.

An important consideration is to be mindful of 
nonsurgical pathologies that may present with 
acute abdomen but are managed nonoperatively 
(Table 2.1).

Another important consideration is the use of 
appropriate personal protective equipment (PPE) 
when assessing all patients in the emergency 
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Table 2.1 Differential diagnosis of the abdominal pain not requiring urgent surgical intervention

Extra-abdominal cavity Cardiovascular
Acute coronary syndrome, pericarditis, 
myocarditis, aortic dissection

Pulmonary Pneumonia, pleuritis, empyema, 
pneumothorax, pulmonary embolus

Gastrointestinal Esophageal spasm, esophagitis
Intra-abdominal cavity Genitourinary Renal colic, pyelonephritis, ovarian 

torsion, extrauterine pregnancy, 
endometriosis, ovarian cyst rupture, 
testicular torsion, pelvic inflammatory 
disease, epididymitis

Gastrointestinal Cholelithiasis, pancreatitis, hepatitis
Systemic diseases Musculoskeletal Rectus sheath or retroperitoneal 

hematomas, radiculopathy, 
costochondritis, diskitis, herniated disc

Hematologic Leukemia, hemolytic anemia, sickle cell 
disease, lymphoma, connective tissue 
diseases

Endocrine Acute adrenal insufficiency, diabetic 
ketoacidosis

Poisoning Lead, arsenic
Infectious Herpes zoster, varicella, osteomyelitis, 

typhoid, tuberculosis, brucellosis, toxic 
shock syndrome

Adapted from Mayumi T, Yoshida M, Tazuma S et al. The practice guidelines for primary care of acute abdomen 2015. 
Jpn J Radiol 2016;34:80–115

department (ED) to decrease healthcare provider 
exposure; this has proven to be especially rele-
vant in the COVID-19 era [4, 5].

 Initial Evaluation

The acuity of presentation determines the extent 
of preoperative evaluation and assessment. All 
patients with abdominal pain should have an 
orderly and systematic evaluation. Patients who 
present with sudden, severe abdominal pain and 
unstable vital signs or who are thought to have a 
life-threatening condition may require an opera-
tion after only a brief history and physical exam 
by an experienced surgeon. In general, these 
patients may have ongoing intraperitoneal bleed-
ing with shock state, perforated hollow viscus 
with peritonitis and septic shock, or acute trans-
mural bowel ischemia [2].

Given all that, all patients with acute abdomen 
need to be assessed on urgent bases. When receiv-
ing a consult for an acute abdomen, it is impor-
tant to ask about the initial and current vital signs 

to assess for hemodynamic normalcy. Upon bed-
side assessment, clinicians will need to attend to 
the “ABC” (airway, breathing, and circulation). 
Depending upon the above information, the 
patient is conceptually categorized to “sick” or 
“non-sick” (Fig.  2.1). Patients with an acute 
abdomen that belong to the “sick” category usu-
ally require prompt resuscitation starting at the 
emergency department (ED). In contrast, patients 
who are “non-sick” follow the traditional man-
agement pathway that includes a detailed history 
and physical exam, proper workup with labs, and 
imaging to be followed by definitive manage-
ment. For the “sick” patient category, once air-
way and breathing are dealt with, special attention 
is given to circulation. Intravenous access (IV) is 
of prime importance ideally with a 16–18-gauge 
IV access in both antecubital veins with rapid 
infusions of physiologically balanced warm crys-
talloid solution to restore tissue perfusion and 
maintain hemodynamic normalcy. If bleeding is 
evident or suspected, the patient should be vol-
ume resuscitated with balanced blood products. 
A focused history and physical exam are concur-
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Acute abdomen 

Vital signs and general exam

Sick

History and PE

Non sick

HD normalHD abnormal

Labs and imaging

ABC and resuscitation

Responder Non-responder 

Comfort careSurgery 

Labs and imaging

Definitive  
management 

Definitive 
management 

Fig. 2.1 Algorithm for triaging with acute abdomen

rently performed during resuscitation. After 
restoring hemodynamic normalcy in responders, 
a detailed assessment follows. For nonresponders, 
a rapid decision should be made to perform an 
operative intervention versus comfort care if sur-
gery is not in line with the patient’s goals of care.

While assessing patients with acute abdomen, 
it is important to apply the communication prin-
ciples of relationship-centered care while 
responding to the patient and family’s emotions 
using the PEARLS (partnership, empathy, apol-
ogy/acknowledgment, respect, legitimation, and 
support) mnemonic [6].

 History

History remains one of the essential elements in 
assessing a patient presenting with an acute abdo-
men. A thorough, detailed history should only be 
completed after adequate resuscitation and 
attending to the patient’s airway, breathing, and 
circulation (ABC). History usually starts with the 
chief complaint and duration, followed by a 
detailed history of present illness (HPI) with a 

review of systems, past medical history, past sur-
gical history, medications and allergy, social his-
tory, and family history. On HPI, abdominal pain 
should be thoroughly analyzed using the widely 
used acronym OPQRST-AAA (onset, position, 
quality, radiation, severity, timing, aggravation 
factors, alleviating factors, associated symptoms 
such as fever, chills, nausea, vomiting, or change 
in bowel habits). To help narrow down the dif-
ferential, it is important to briefly review the 
pathophysiology and embryologic origin of 
abdominal pain. Clinical presentation of acute 
abdominal pain is due to irritation of the sensory- 
rich visceral and parietal peritoneum. This irrita-
tion presents as abdominal pain on history, 
tenderness, and guarding on physical examina-
tion. When only the visceral peritoneum is 
involved with the disease process, the initial pain 
is sometimes referred to as visceral pain which is 
the stretch of the visceral peritoneum and the 
activation of parasympathetic fibers. Visceral 
pain is often characterized by dull and poorly 
localized pain and is referred to along the embry-
ologic origins of the structures involved, easily 
remembered by their associated blood supply. 
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Irritation of the foregut structures which is sup-
plied by the celiac artery (stomach, duodenum, 
pancreas, and hepatobiliary system) will lead to 
visceral pain referred to the epigastric area. 
Midgut structures supplied by the superior mes-
enteric artery (small bowel to mid-transverse 
colon) will lead to visceral pain referred to the 
periumbilical area, while the hindgut structures 
supplied by the inferior mesenteric artery (left 
colon) result in pain referred to the suprapubic 
area. As the inflammatory process becomes full 
thickness, it extends and irritates the overlying 
parietal peritoneum and activates the sympathetic 
fibers. This pain is perceived to be more localized 
as the parietal peritoneum in-lining of the abdom-
inal wall shares the same nerve supply with the 
abdominal wall musculature. This pain is often 
referred to as somatic pain. Somatic pain is per-
ceived as sharp in nature, well localized, and 
reproducible. At this point, movement of the pari-
etal peritoneum (whether by palpation, coughing, 
walking, car ride, etc.) will trigger pain and elicit 
localized tenderness with guarding on physical 
exam which will be discussed in detail under 
physical exam.

In the history, it is important to inquire about 
constitutional symptoms: fever, chills, non- 
intentional weight loss, fatigue, loss of appetite, 
headache, malaise, etc. Constitutional symptoms 
give an idea about the chronicity of the disease 
process and hint you toward an occult malig-
nancy that presents as an acute abdomen. Next is 
to inquire about past medical and surgical his-
tory, medications (focusing on medication that 
may predispose the patient to perioperative surgi-
cal complications such as NSAIDs, steroids, anti-
coagulants, chemotherapeutic agents, and recent 
antibiotic use), allergy, family history, and social 
history (smoking, alcohol consumption, recre-
ational drug use, and sexual history). With this 
information alone, an experienced clinician 
should come up with a reliable list of differen-
tials. One situation to note is that of patients with 
sudden severe abdominal pain out of proportion 
with the physical exam (i.e., minimal abdominal 
tenderness). The concern in this group is an acute 
arterial embolism with ischemic bowel, but not 
full-thickness compromise. These patients 

require an expedited evaluation as large amounts 
of the small intestine may be at risk for infarction 
with very high mortality (50–80%) [7].

History is concluded by asking about the 
patient’s illness experience using the FIFE acro-
nym (feelings, ideas, function, and expectations) 
as it helps uncover issues and patient’s expecta-
tions that otherwise wouldn’t be revealed during 
the history. The history is considered incomplete 
without asking a patient with an acute abdomen 
(applies more to the geriatric population) about 
their goals of care “code status” and if surgery 
would be an intervention that they are willing to 
undertake.

 Physical Exam

A thorough physical examination is an essential 
element of the assessment of a patient presenting 
with an acute abdomen and not just a formality 
before proceeding to computed tomography 
(CT). Even with the presence of an abnormal CT 
scan, a physical exam is crucial in deciding to 
proceed with either surgical intervention or a 
watchful waiting approach. Within minutes, an 
experienced clinician can assess a patient to be 
“sick” or “non-sick” and start management 
accordingly. The physical exam usually begins 
with a new set of vitals (temperature, heart rate, 
blood pressure, oxygen saturation, respiratory 
rate, weight, and height with body mass index). 
Cardiac rhythm should be assessed as atrial fibril-
lation is a risk factor for embolic ischemic dis-
ease of the intestine. Vital signs are to be followed 
by a general physical exam to assess if the patient 
is in severe pain, uncomfortable, able to complete 
a sentence, alert, oriented, level of consciousness, 
jaundice, and body habitus. Vital signs and gen-
eral assessment are probably the most critical two 
physical exam elements during the initial assess-
ment of a patient with an acute abdomen. As an 
example, a constellation of symptoms with blood 
pressure value could help in narrowing down the 
differential diagnosis in different vascular dis-
ease pathologies (Table 2.2).

A thorough and systematic physical exam fol-
lows. After a complete history and detailed exam, 
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Table 2.2 Presenting symptomatology and associated 
hemodynamics for common vascular surgery 
emergencies

Presenting symptoms
Blood 
pressure

Differential 
diagnosis

Severe chest, 
abdominal, flank or 
back pain, syncope

↑↑ Aortic dissection, 
intramural 
hematoma, 
penetrating ulcer

Severe abdominal, 
flank or back pain, 
syncope, pulsatile 
mass

↓↓ Ruptured 
abdominal aortic 
or iliac aneurysm

Known endovascular 
abdominal aortic 
aneurysm repair

↓↓ Ruptured endoleak

Pain, weakness, 
paresthesia, mottling

→↑ Aortic occlusion

Pain, gastrointestinal 
hemorrhage, known 
aneurysm repair

→↓ Aortoenteric 
fistula

Pain, gastrointestinal 
hemorrhage, 
hemoperitoneum

→↓ Ruptured visceral 
artery aneurysm

most experienced surgeons will make a precise 
diagnosis in 80–85% of patients [8].

In patients with acute abdomen, it is advised 
to start with the abdominal exam before perform-
ing the usual top-down approach. The compre-
hensive abdominal exam usually begins with 
inspection; prior scars serve as a clue to previous 
operations, which is very useful in patients that 
are poor historians or too ill to give history 
(Fig. 2.2). The number of surgical scars provides 
a clue on how hostile the abdomen might be sec-
ondary to adhesions from multiple past surgeries; 
this information could change the management 
plan in some patients from operative to a nonop-
erative approach. It might also change the opera-
tive approach (open versus laparoscopic). The 
constellation of findings on inspection of the 
abdomen with distention and spider nevi with 
varicose abdominal wall veins radiating out from 
the umbilicus (caput medusae) is highly sugges-
tive of advanced liver cirrhosis with portal hyper-
tension which, depending on the etiology, might 
trigger a different management plan or surgical 
approach. Also, on inspection, the type of stoma 
can be identified only based on the location and 
appearance of the stoma; this is incredibly help-

ful in patients who are poor historians or can’t 
provide history. Stoma located in the right lower 
quadrant is usually ileostomy until proven other-
wise; stoma situated in the left lower abdomen is 
traditionally colostomies. Lower midline stomas 
are most likely ileal conduit after radical 
cystectomy.

Auscultation is the next step after inspection. 
It is traditionally taught after inspection to not 
interfere with bowel sounds with palpation. 
Although still standard, the literature shows 
mixed evidence about its utility [9]. Most sur-
geons would skip abdominal auscultation. The 
significance of auscultation lies in the presence 
or absence of bowel sounds, which really won’t 
change much of your management in an acute 
setting. Palpation follows auscultation, starting 
with light touch away from the site of pain and 
coming to it last; this is to avoid causing guarding 
and rigidity that might cofound the rest of the 
abdominal exam. Light touch allows you to iden-
tify areas of guarding (localized peritonitis) or 
generalized rigidity due to generalized peritoni-
tis. As mentioned earlier, when a diseased organ 
is inflamed, the investing visceral peritoneum is 
irritated, and the body perceives it as visceral 
pain (diffuse and poorly localized) along the 
embryologic origins. As inflammation pro-
gresses, it spreads and irritates the parietal perito-
neum clinically presenting as peritonitis which is 
perceived as somatic pain that is well localized 
and is associated with spasm of the overlying 
muscles upon palpation (voluntary guarding). A 
classic example of that is acute appendicitis; it 
starts with partial-thickness inflammation of the 
appendix and later on full thickness involving the 
visceral peritoneum. Pain here is referred to the 
periumbilical as it is the midgut in origin; once 
the inflammation spreads to the parietal perito-
neum, pain shifts to the right lower quadrant and 
becomes well localized and sharp in nature. 
Hence, the physical exam findings are associated 
with acute appendicitis, which will be discussed 
later on in this chapter. Generalized peritonitis 
with involuntary guarding, sometimes described 
as “boardlike” rigidity, is usually due to an 
abdominal catastrophe from either a perforated 
hollow viscus with contamination or a bleeding 
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Horizontal paramedian:
Laparoscopic colectomy
extraction incision

Groin incision: Inguinal hernia

Vertical groin incision:
Femoral vascular access

Kocher incision: Gall
bladder and biliary tree

Gridiron incision: Appendectomy

Midline incision: Exploratory Laparotomy
AAA, trauma, etc

Pfannenstiel incision
C-section, gynecology, colectomy

Colostomy

Ileostomy

Ileal conduit

Fig. 2.2 Surgical scars and their significance

organ. Here, a significant portion of the anterior 
abdominal wall parietal peritoneum is irritated, 
and the abdominal wall goes into spasm to pro-
tect the abdomen from any type of movement. At 
this point, even breathing is labored as it increases 
pain intensity. Peritonitis, both localized and gen-
eralized, is usually considered as a hard sign for 
the acute surgical abdomen, and surgery should 
be considered. Most common pathologies that 
present with localized peritonitis are appendici-
tis, cholecystitis, diverticulitis, colitis, abscess, 
and advanced segmental ischemic bowel. An 
example of generalized peritonitis is perforated 
hollow viscus and intraperitoneal bleed. 
Localized peritoneal sign has been extensively 
studied in acute appendicitis; its sensitivity and 
specificity range from 74–89% to 84–86%, 
respectively [10, 11]. Peritoneal signs, together 
with elevated WBC, carry the highest weight in 
the modified Alvarado score used to aid in the 
diagnosis of acute appendicitis [12].

After the completion of the superficial palpa-
tion, deep palpation is performed; the goals of 
this exam are to rule out organomegaly (hepato-
megaly and splenomegaly) and rule out other pal-
pable masses. This is traditionally completed 
with the tips of the finger and sometimes biman-
ual technique with deep inspiration when palpat-
ing both the liver and spleen, during inspiration 

and expiration. The liver is expected to be palpa-
ble just below the right costal margin; however, 
normal spleen should not be palpable. Palpating 
the spleen even on deep inspiration indicates 
some degree of splenomegaly in adults. Common 
etiologies for splenomegaly are hematologic dis-
orders, infections, liver cirrhosis, and other 
lesions. Hepatomegaly with nodular surface is 
highly suggestive of malignancy most likely met-
astatic in origin or macronodular liver cirrhosis. 
A non-pulsatile mass in the abdomen and/or pel-
vis not related to the liver or spleen in a patient 
with acute abdomen is highly suggestive of a 
tumor or an abscess. A pulsatile mass is usually a 
ruptured abdominal aneurysm until proven other-
wise. Deep palpation is followed by checking the 
inguinal and umbilical area for incarcerated her-
nias. These are common missed etiologies for 
acute abdomen that could easily be diagnosed on 
physical exam. Digital rectal exam (DRE) is done 
to feel for any obstructing masses, check for anal 
tone, feel for the prostate, and check the glove for 
blood whether gross or occult. DRE is tradition-
ally considered a vital exam on all surgical 
patients; however, its utility has been recently 
challenged and is controversial [13]. DRE has 
been shown to change the management in only 
4% of cases [14]. In our clinical practice and 
based on our experience, we find DRE to be most 
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useful in patients with acute abdomen and 
 obstipation, history of hematochezia, and history 
of colorectal cancer.

After conclusion of deep palpation, perform-
ing special physical exams are frequently con-
ducted depending on the working diagnosis. We 
will go over some common disease pathologies.

 Acute Cholecystitis

Classically, it presents with acute abdominal pain 
in the epigastric area (visceral foregut pain) shift-
ing to the right upper quadrant (somatic localized 
peritonitis). Murphy sign has been described as 
one of the useful clinical bedside physical exam 
finding signs to aid in the diagnosis of acute cho-
lecystitis. Murphy sign, named after Chicago sur-
geon John Benjamin Murphy (1857–1916), is an 
abrupt breath hold at the zenith of inspiration 
with deep sustained palpation at the right subcos-
tal area at the midclavicular line. The sensitivity 
and specificity when compared to cholecystogra-
phy as the gold standard were 97% and 48% 
(Singer, 1996) with sensitivity diminishing with 
the elderly [15].

 Acute Appendicitis

Classically, it presents as pain felt in the perium-
bilical area (mid gut) shifting to the right lower 
quadrant (localized peritonitis). This migratory 
pain is described in the literature to be 80% spe-
cific and sensitive in diagnosing acute appendici-
tis with a positive likelihood ratio of 3.18 and a 
negative likelihood ratio of 0.5 [16]. The typical 
physical exam finding is deep tenderness felt at 
McBurney’s point (point that lies one-third of the 
distance laterally on a line drawn from the umbi-
licus to the right anterior superior iliac spine); 
this is quite variable as the base of the appendix 
is present in variable locations. Rebound tender-
ness is another classic physical exam finding; it is 
thought to be the most specific. It is performed 
with a gradual increase in pressure at McBurney’s 
point or at the maximum area of tenderness, fol-
lowed by sudden pressure release. Rebound ten-

derness is thought to be manifested due to rapid 
pressure release and stretch of the inflamed pari-
etal peritoneum. Another is Rovsing’s sign, 
named after Danish surgeon Niels Rovsing 
(1862–1927). When palpating on the left lower 
quadrant of a person’s abdomen, it increases the 
pain felt in the right lower quadrant. This is 
thought to be caused by the shifting of organs to 
the right side and irritating the peritoneum or 
moving of gas through the colon. Other sings are 
psoas sign (pelvic pain upon active stretching of 
the thigh in retrocecal appendicitis).

 Acute Pancreatitis

Classically, it presents as epigastric abdominal 
pain that is relieved on leaning forward. There are 
two classic physical signs indicative of hemor-
rhagic pancreatitis: Grey Turner’s sign (hemor-
rhagic discoloration of the flanks) and Cullen’s 
sign (hemorrhagic discoloration in the perium-
bilical area).

 Laboratory Test

Laboratory tests withdrawn as soon as possible 
after patient arrival to the ED are important parts 
of the assessment of patients with acute abdo-
men. The labs withdrawn depend on the clinical 
presentation. Standard laboratory analyses, 
including complete blood counts, electrolytes, 
BUN/creatinine, cardiac enzymes, liver function 
tests, coagulation studies, blood cultures, and a 
urinalysis should be performed [17]. Amylase 
and lipase aid in the diagnosis of suspected pan-
creatitis. Complete blood count (CBC) is consid-
ered the most essential lab tests. White blood cell 
count (WBC) is a marker of inflammation which 
is assumed to be a surrogate to infection. 
Hemoconcentration due to dehydration and vol-
ume depletion is one of the common spurious 
causes of an elevated WBC in conjunction with 
an elevated platelet count, creatinine, and 
BUN. In this scenario, WBC often reverts back to 
normal values after appropriate volume resusci-
tation. Thus, it is important to look at the com-

2 Assessment of the Patients with an Acute Abdomen



24

plete clinical picture in conjunction with other 
lab values when interpreting blood work. WBC 
elevation with absolute neutrophilia is more spe-
cific of an overwhelming infection. The term 
“left shift” is often used to describe the presence 
of immature WBC on blood film such as band 
cells, metamyelocytes, and myelocytes as a bone 
marrow reaction to severe overwhelming infec-
tion. In rare instances, blast cells could be seen 
on the blood film which is sometimes referred to 
as leukemoid reaction [18]. If blood film doesn’t 
normalize after source control, clinicians need to 
rule out leukemia. An elevated platelet count is 
often considered an acute phase reactant together 
with serum ferritin, C-reactive protein, and 
ESR. Thrombocytosis is sometimes caused by a 
reactive inflammatory process, classically in 
response to the presence of occult infection or an 
abscess. However, this is often seen with dehy-
dration and other volume contracted states. Acute 
drop in platelets should trigger other etiologies 
such as DIC (disseminated intravascular coagula-
tion) or other consumptive coagulopathy etiolo-
gies. Another rare but important one to consider 
is heparin-induced thrombocytopenia (HIT). 
Low hemoglobin is traditionally caused by acute 
blood loss anemia, although in severe acute 
bleeding you might have a normal HB for several 
hours before the body restores hemostasis. Low 
HB in conjunction with low MCV (mean cell vol-
ume) may indicate a chronic blood loss anemia 
secondary to a known or occult malignancy. High 
MCV with anemia is indicative of folate and B12 
deficiency due to malnutrition or chronic alcohol 
abuse.

Electrolytes, specifically potassium, sodium, 
chloride, and bicarbonate levels, are essential 
with the calculated anion gap. Severe vomiting 
and dehydration are classically associated with 
hypochloremic, hypokalemic, metabolic alkalo-
sis. This is explained by loss of gastric fluid lead-
ing to volume depletion and loss of sodium, 
chloride, acid (H+), and potassium. The kidneys 
attempt to maintain normal pH by excreting 
excess HCO3, while sodium conservation is 
reached at the expense of hydrogen ions, which 

can lead to paradoxical aciduria. Creatinine and 
BUN elevation above baseline indicate prerenal 
azotemia due to volume contraction secondary to 
bleeding or other shock states most commonly 
due to a distributive shock physiology due to sep-
sis. Cardiac enzymes are important to check to 
rule out concomitant myocardial injury either 
due to sepsis-related cardiomyopathy or acute 
coronary syndrome (ACS). This is interpreted in 
conjunction with a standard 12-lead ECG. Cardiac 
workup is crucial in ruling out extra abdominal 
causes of epigastric abdominal pain due to ACS. 
Liver function tests (LFT) are essential in ruling 
out hepatobiliary-pancreatic etiology; transami-
nitis defined as an elevated AST and ALT is 
indicative of hepatocellular injury due to hepati-
tis and/or liver hypoperfusion shock state which 
occurs up to several hours after the insult. 
Transaminitis when coupled with an elevated 
obstructive liver enzyme pattern and an elevated 
alkaline phosphates and bilirubin is indicative of 
biliary obstructive diseases from either intrahe-
patic or extrahepatic pathology. Coagulation 
studies (INR and PTT) are essential in ruling out 
coagulopathy either medication-induced or due 
to consumptive processes secondary to over-
whelming infection or inflammation such as pan-
creatitis. Urinalysis is essential in ruling out 
urinary tract infection or urolithiasis as a cause of 
acute abdomen. The NPV is 73% for negative; 
nitrate, blood, and leukocyte esterase dipstick 
results; and PPV is 92% for having nitrite and 
either blood or leucocyte esterase [19] in the 
appropriate context. The presence of WBC or 
hyaline casts on urinalysis is suggestive of pyelo-
nephritis. High number of RBCs on urinalysis is 
suggestive of urolithiasis and might be the etiol-
ogy for acute abdomen. Lipase is more specific 
and sensitive in making the diagnosis of acute 
pancreatitis than amylase. Amylase could be 
falsely elevated from several pathologies, includ-
ing salivary gland diseases, renal failure, acute 
cholecystitis, small bowel obstruction, etc. [20]. 
Various studies and evidence-based guidelines 
recommend lipase as the only diagnostic marker 
for acute pancreatitis [21]. An elevation in pro-
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calcitonin may indicate a greater degree of 
inflammation associated with perforation [22]. 
Lactate is an essential lab test that is expected to 
be withdrawn in the first hour and has been shown 
to be an independent predictor of mortality for 
patients with sepsis [23]. Serum lactate levels 
above 2.5  mM/L at the time of admission are 
associated with a poor prognosis [24]. Base defi-
cit on ABG is another marker of tissue hypoper-
fusion, with values below −2 indicates 
hypoperfusion and severe shock. Capillary blood 
sugar should be obtained on all patients who are 
comatose or present with an altered level of con-
sciousness and those who are known to be dia-
betic. Toxicology screen is relevant if there is 
history of substance abuse or when the clinical 
presentation doesn’t fit especially with mesen-
teric ischemia with no apparent risk factors. 
Quantitative serum B-HCG should be performed 
on all female patients in childbearing age. Serum 
B-HCG is especially relevant in ruling out both 
intrauterine and ectopic conceptions. The 
COVID-19 pandemic has widely spread while 
writing this chapter. COVID-19 nasopharyngeal 
swab is recommended to be performed on all 
patients presenting with acute abdomen to ED, as 
this might alter the management plan.

 Imaging

Imaging studies serve as an essential adjunct to 
the diagnosis of the acute abdomen. Plain chest 
radiography is the initial imaging test performed 
preferably upright. This is preferred over abdom-
inal X-ray for the diagnosis of pneumoperito-
neum. Chest films are also essential in ruling out 
other etiologies such pneumonia and other 
pathologies that might mimic acute abdomen. 
Abdominal films are less helpful in identifying 
abnormalities in only 10–20% of patients with an 
acute abdomen [25]. Point-of-care ultrasound 
(POCUS) may be used as a screening test for the 
acute abdomen and is strongly recommended in 
cases where abdominal aortic aneurysm rupture 

is suspected [26]. Ultrasound may aid in the diag-
nosis of many inflammatory diseases and is the 
screening modality of choice in the evaluation of 
biliary tract disease [26] and in diagnosing 
appendicitis especially in young age groups. 
Computed tomography (CT) of the abdomen and 
pelvis has the highest sensitivity for the diagnosis 
of the acute abdomen [27, 28]. CT scan is ideally 
performed with IV in contrast to obtain the high-
est details and is essential in making the diagno-
sis in acute abdomen. CT angiography confirms 
the diagnosis of mesenteric ischemia in patients 
with symptoms but without peritonitis. In the 
workup of small bowel obstruction (SBO), a CT 
scan is helpful in determining the etiology of 
obstruction as well as whether the obstruction 
might resolve with nonoperative management. 
Bowel ischemia is more commonly associated 
with radiographic evidence of obstructing mass 
intussusception, hernia, volvulus, or a closed- 
loop obstruction [29]. The sensitivity and speci-
ficity of CT identification of ischemia are greater 
than 90%. Findings include but are not limited to 
absent bowel wall enhancement, mesenteric 
swirling, ascites, mesenteric venous congestion, 
and portal venous gas [30] (Fig. 2.3a). CT angi-
ography is the gold standard for diagnosis of both 
impending and acute aortic ruptures in the hemo-
dynamically normal patient. Radiographic find-
ings suggesting a high risk for rupture include an 
aneurysm >7 cm in diameter or >10 mm increase 
in size per year and irregularity of aortic wall cal-
cifications [31]. Signs of rupture include discon-
tinuity of central calcifications and frank contrast 
extravasation (Fig.  2.3b). Visceral artery aneu-
rysms (VAAs) are usually diagnosed on cross- 
sectional imaging obtained for other reasons 
(Fig. 2.3c).

MRI (magnetic resonance imaging) has a lim-
ited role in patients presenting with acute abdo-
men given that it is resource-intensive and is not 
feasible to obtain after hours at several institu-
tions. However, it is often performed in pregnant 
females presenting with acute abdomen given its 
lack of radiation exposure.
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Fig. 2.3 (a) Mesenteric ischemia of the small bowel and right colon. (b) Ruptured abdominal aortic aneurysm with 
intravenous contrast. (c) Ruptured splenic artery aneurysm with hemoperitoneum
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3Development of the AAST Disease 
Severity Stratification System

Marie Crandall and Jeanette Zhang

 Introduction

Scoring systems are used to classify traumatic 
injuries and physiologic derangement and to 
characterize emergency general surgery diseases. 
The goal of these tools is to help guide manage-
ment, benchmark quality of care, and compare 
outcomes across institutions. In this chapter, we 
provide an overview of the history of scoring sys-
tems and the evolution of a uniform system to 
describe anatomic severity of commonly encoun-
tered emergency general surgery diseases.

 History of Scoring Systems

Scoring systems have long been in use for a wide 
variety of conditions and purposes. Countless 
systems have been devised with a few being more 
widely adapted than others, either for clinical or 
for research purposes. Several scoring systems 
will be described in the following sections, a few 
of which provided inspiration and framework for 
the American Association for the Surgery of 
Trauma (AAST) Grading System for Emergency 
General Surgery (EGS) conditions.

 Scoring Systems for Physiologic 
Derangement

Scoring systems have been developed to charac-
terize and prognosticate disease processes by 
their physiologic consequences. These can 
broadly be categorized into those that focus on a 
single organ system or incorporate multiple organ 
systems. Some commonly used systems for phys-
iologic scoring are described in the following 
section.

Single Organ Scoring Systems.
The Thrombolysis in Myocardial Infarction 

(TIMI) score is a validated prognostic model in 
evaluating the risk of mortality from acute coro-
nary syndrome [1]. The score is composed of 7 
points, which include age, clinical findings, and 
cardiac risk factors, and assesses the risk of death 
at 14  days. It has been validated for use in all 
types of acute coronary syndrome, including 
unstable angina and non-ST elevation myocardial 
infarction [2, 3]. The Global Registry of Acute 
Coronary Events (GRACE) score was developed 
from a multi-institutional registry to estimate 
long-term mortality risk for acute coronary syn-
drome and has been externally validated [4]. It 
combines age, heart rate, systolic blood pressure, 
creatinine, Killip class congestive heart failure, 
cardiac arrest, ST elevation on EKG, and eleva-
tion of cardiac biomarkers to predict all-cause 
mortality at 6 months [5].
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The Clinical Pulmonary Infection Score 
(CPIS) is used to aid in the diagnosis of ventilator- 
associated pneumonia (VAP). It consists of a six- 
point clinical score that consists of body 
temperature, white blood cell count, volume and 
character of tracheal secretions, arterial 
 oxygenation, chest X-ray characteristics, gram 
stain of tracheal aspirate, and culture of tracheal 
aspirate. CPIS greater than six has been corre-
lated with risk of mortality, with arterial oxygen-
ation being the strongest predictor [6, 7]. Its high 
interrater variability, however, significantly limits 
its use as a diagnostic tool.

The Pulmonary Embolism Severity Index 
(PESI) is based on 10 physiologic and diagnostic 
data points and estimates a patient’s risk of mor-
tality following diagnosis of an acute pulmonary 
embolism [8]. There is also a simplified version, 
sPESI, which is based on five variables (age 
greater than 80  years, cancer history, previous 
diagnosis of cardiopulmonary disease, heart rate 
>110 beats per minute, arterial oxygen saturation 
less than 90%). Both PESI and sPESI have been 
found to have good sensitivity following diagno-
sis of pulmonary embolism but exhibit specifici-
ties of less than 50% [9, 10].

The RIFLE Index is a set of criteria based on 
consensus definitions for analyzing the severity 
of acute kidney injury (AKI). The criteria include 
risk, injury, failure, loss of function, and end 
stage [11]. The Kidney Disease: Improving 
Global Outcomes (KDIGO) Staging System of 
AKI combines previously described classifica-
tion systems, including RIFLE and Acute Kidney 
Injury Network (AKIN), with the aim of classify-
ing severity of AKI and to offer corresponding 
management guidelines [12]. It evaluates changes 
in serum creatinine, hourly urine output, and glo-
merular filtration rate (GFR) to stage degree of 
AKI [13]. KDIGO scoring has been shown to be 
predictive of in-hospital mortality in both adult 
and pediatric populations [14–16].

Two commonly used scoring systems for 
hepatic function are the Child-Turcotte-Pugh 
(CTP) and the Model for End-Stage Liver Disease 
(MELD) score. The original version of the CTP, 
based on the presence of ascites, encephalopathy, 
nutritional status, serum bilirubin, and albumin, 

was introduced as a predictive score for operative 
mortality after portosystemic shunting for vari-
ceal bleeding [17]. It was later revised, replacing 
nutritional status with international normalized 
ratio (INR) as a measure of coagulopathy [18]. 
The original MELD score was derived to predict 
3-month mortality in patients undergoing tran-
sjugular intrahepatic portosystemic shunt (TIPS) 
placement. It has been validated as a strong pre-
dictor of mortality due to hepatic derangement 
and is used as the primary rank scoring method-
ology for the United Network for Organ Sharing 
(UNOS) liver transplant list [19, 20]. A meta- 
analysis comparing CTP to MELD for patients 
admitted to the ICU suggested MELD may have 
better discriminatory capacity to predict endpoint 
events [20]. MELD score has also been shown to 
predict mortality in EGS patients [21].

Multi-organ Scoring Systems.
Several systems have been devised that incor-

porate a broad range of physiologic data points to 
estimate the severity of global physiologic 
derangement for the most critically ill patients. 
The Acute Physiology and Chronic Health 
Evaluation (APACHE) score was developed to 
stratify mortality risk in patients admitted to the 
ICU. It was originally based on 34 points of acute 
physiologic data collected in the first 24 hours of 
ICU admission along with health status prior to 
hospital admission [22]. In single-center reviews, 
the original APACHE score showed promising 
predictive reliability, though its use was limited 
because it was rather cumbersome to calculate. 
The APACHE II is a simplified version using 12 
acute physiologic factors, age, and preexisting 
health status [23–28]. APACHE III expanded on 
the second version by incorporating a broader 
range of pre-admission data, including human 
immunodeficiency virus (HIV) status and diag-
nosis of hematological malignancy [29]. 
APACHE IV expands to a total of 142 variables 
[30]. Despite incorporating more data points, 
APACHE III and IV have not been shown to be 
superior to APACHE II in the clinical setting and 
therefore are not widely used due to relative com-
plexity of their calculations.

The Simplified Acute Physiology Score 
(SAPS) incorporates the most severe values of 14 
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physiologic data point, plus age, collected in the 
first hour of ICU admission to predict likelihood 
of mortality. A second generation of the score, 
SAPS II, added prehospital health, specifically 
AIDS status, metastatic carcinoma, and hemato-
logic malignancy [31]. In large, multicenter 
 evaluations, SAPS II was found to have good dis-
crimination but only mediocre model calibration 
[31]. SAPS III was derived from large, interna-
tional databases, with improved model discrimi-
nation compared to SAPS II. However, the SAPS 
III models continue to require population- specific 
calibration, especially in comparison to its 
APACHE contemporaries, which overshadows 
its advantage of calculation [32, 33].

The Multiple Organ Dysfunction Score 
(MODS), Logistic Organ Dysfunction Score 
(LODS), and Sequential Organ Failure 
Assessment (SOFA) were all devised to predict 
mortality based on severity of multiple organ 
dysfunction [34–36]. MODS is based on severity 
of functional derangement of six organ systems 
(respiratory, renal, hepatic, cardiovascular, hema-
tological, and central nervous system) at the time 
of ICU admission and again at any following 
24-h interval, allowing for evaluation of the dis-
ease progression or effectiveness of treatment 
[34]. The calculated difference between subse-
quent scores and those scores obtained on the 
first day, the delta MODS (dMODS), has been 
strongly associated with ICU and in-hospital 
mortality [23, 34]. In contrast, a single LODS 
score calculated from the worst physiologic data 
from the same six organ systems during the first 
day of ICU admission has been validated as a 
predictor of ICU mortality [35, 37, 38].

The SOFA score was developed with the aim 
of evaluating the risk of morbidity, as compared 
to mortality, in patients diagnosed with sepsis 
after ICU admission. Derived from data collected 
from the European Society of Intensive Care 
Medicine, the SOFA score is calculated from 
physiologic data from the same six organ sys-
tems, but certain data points differ for ease of cal-
culation. For example, the cardiovascular 
component for SOFA is focused on basic require-
ments for adrenergic support, while MODS 
requires an adjusted calculation for pressure 

adjusted heart rate [36]. The SOFA score is cal-
culated 24  h after admission and then in 48-h 
intervals and has been validated as a predictor for 
both morbidity and mortality in septic patients as 
well as those with other etiologies of critical ill-
ness [36, 39–41]. The quick SOFA (qSOFA) is an 
abbreviated version based on three readily avail-
able clinical data points (respiratory rate, altered 
mentation, and systolic blood pressure). It has 
been validated for use in the emergency depart-
ment setting for the purpose of early identifica-
tion of non-ICU patients at risk of sepsis [42]. 
Further study is needed before use of this simpli-
fied score is generalizable to other patient popu-
lations [43, 44]. Studies comparing these organ 
dysfunction-based scoring systems directly to 
each other have yielded mixed results, indicating 
no one system is best and that the choice of these 
systems may be based upon patient population 
and available data [45–49].

The mortality prediction model (MPM) was 
developed for use at multiple time points to more 
accurately evaluate the probability of in-hospital 
death of ICU patients. MPM0 includes 15 physi-
ologic variables, reflective of both acute and 
chronic status at the time of admission, and the 
MPM24 adds 8 additional variables, which can 
be repeated in 24-h intervals up to 72 h after ICU 
admission [50, 51]. A modified version described 
as MPM II is found to predict morbidity and mor-
tality after 24 h of ICU admission and for changes 
in a patient’s risk of mortality over time [50, 51]. 
Second and third generations of the score have 
been tailored toward further ease of calculation 
and improved calibration [52, 53].

 Evolution of Scoring Systems 
for Emergency General Surgery

 Definition and Burden of Emergency 
General Surgery Diseases

Prior to developing its own scoring system, the 
scope and burden of EGS diseases first had to be 
clearly delineated. In 2011, the AAST Committee 
on Severity Assessment and Patient Outcomes set 
out to do just that using a data-driven approach. 
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Unique International Classification of Diseases 
ninth Rev. (ICD-9) diagnosis codes were identi-
fied using billing data from seven large academic 
medical centers. The codes were then reviewed 
using a modified Delphi methodology and 
 consensus achieved to identify primary EGS 
diagnoses [54]. Four hundred eight-five unique 
ICD-9 codes were identified, and clinically, they 
can be summarized into several areas: resuscita-
tion, general abdominal conditions, intestinal 
obstruction, upper gastrointestinal tract, hepatic- 
pancreatic- biliary, colorectal, hernias, soft tissue, 
vascular, cardiothoracic, and others.

Taking this EGS diagnosis list, the Committee 
then used data from the National Inpatient 
Sample (NIS) to estimate the burden of EGS dis-
ease in the United States. They estimated over 
4 million encounters occurred nationwide in the 
year 2009 for EGS diagnoses [54]. Furthermore, 
an estimated incidence of over 2.3  million 
patients required emergency admission. These 
findings served as important first steps in under-
standing the significance of EGS diseases and in 
standardizing the definition and subsequent man-
agement of these diseases.

 Disease-Specific Scoring Systems

Prior to the work of the AAST Committee on 
Severity Assessment and Patient Outcomes, sev-
eral scoring systems already existed for specific 
EGS diseases. The Ranson criteria is one of the 
best known scoring systems for measuring sever-
ity of acute pancreatitis [55]. Various demo-
graphic and physiologic variables are used to 
calculate the score at admission and at 48 hours 
after admission to help predict outcomes. Despite 
its wide use in clinical practice, other scores, like 
the Atlanta classification [56] and determinant- 
based classification [57], have been shown to be 
more accurate than Ranson criteria in predicting 
outcomes [58].

The Hinchey classification has been widely 
used as a severity of acute diverticulitis for risk 
adjustment in research and operative planning 
[59]. It defines Stage 1 as pericolonic or mesen-

teric abscess, Stage 2 as pelvic or retroperitoneal 
abscess, Stage 3 as purulent peritonitis, and Stage 
4 as feculent peritonitis.

The Laboratory Risk Indicator for Necrotizing 
Fasciitis (LRINEC) score incorporates six labo-
ratory values to create a score correlating to the 
likelihood of having a necrotizing soft tissue 
infection [60]. It has been shown to have a posi-
tive predictive value of 92% and a negative pre-
dictive value of 96%, which is useful for 
screening. It does not, however, incorporate any 
other anatomic or physiologic data.

Numerous additional disease-specific scores 
exist: the Alvarado score for acute appendicitis 
[61], the Tokyo classification of acute cholecysti-
tis [62], and the Boey score for perforated duode-
nal ulcers [63]. They have each been shown to be 
helpful in outcome prediction in clinical practice 
and risk stratification in research studies. 
However, they all utilize a combination of demo-
graphic characteristics, anatomic, physiologic, 
and laboratory markers, making it difficult to 
determine the impact of anatomic severity of ill-
ness from other measurements. Furthermore, 
they each use different nomenclature and unique 
scales, with little transferability from one disease 
to another. These flaws all demonstrate the need 
for a simplified, uniform staging approach to 
measure and report severity of EGS diseases.

 Development of AAST EGS 
Anatomic Grading Scales

In 2014, the AAST Committee on Patient 
Assessment and Outcomes introduced a novel 
grading system to describe the anatomic severity 
of EGS diseases [64]. Analogous to the already 
existing AAST Injury Scoring Scales for trau-
matic organ injuries and modeled after the TNM 
staging system for cancers, the aim was to pro-
vide reproducible anatomic descriptions of dis-
ease. Grading ranges from grade I for mild 
disease limited to the organ itself through grade 
V which describes severe widespread disease 
(Table 3.1). Noticeably, operative intervention is 
not included in grading, as the purpose of the 
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scale is to measure severity of disease at presen-
tation, regardless of the decision to operate. 
Furthermore, several EGS diseases can be man-
aged nonoperatively.

The grading scale was then applied to eight 
commonly encountered gastrointestinal EGS 
conditions: appendicitis, perforated peptic ulcer, 
acute diverticulitis of the colon, acute 
 cholecystitis, intestinal obstruction, arterial isch-
emic bowel, hernias, and acute pancreatitis [64]. 
An example of the application of the AAST ana-
tomic grading scale to acute appendicitis is 
shown in Table 3.1. To further expand the stan-
dardization of describing severity of EGS dis-
eases, the AAST anatomic grading scale was 
applied to eight additional EGS conditions [65]. 
The grading system now encompassed breast 
abscess, esophageal perforation, infectious coli-
tis, pelvic inflammatory disease, perirectal 

abscess, pleural space infections, soft tissue 
infections, and surgical site infections. Anatomic 
severity tables for each of these disease entities 
are readily accessible to clinicians and research-
ers through the AAST [66].

Using similar methodologies, a mirror grad-
ing system was devised to standardize descrip-
tion of anatomic severity of hemorrhagic surgical 
diseases [67]. Scores again range from grade I to 
grade V, progressing from potential for hemor-
rhage to large-volume hemorrhage (Table  3.2). 
This was applied to four surgical bleeding dis-
eases: bleeding esophageal varices, colonic 
diverticular hemorrhage, bleeding peptic ulcer 
disease, and ruptured abdominal aortic aneu-
rysm. Similar to the scales developed for inflam-
matory/infectious surgical diseases, this system 
focuses on anatomic severity and excludes pre-
cise amount of hemorrhage, as patient responses 

Table 3.1 Description of grading system for anatomic severity of disease in EGS

Grade Description Acute appendicitis
I Local disease confined to the organ with minimal 

abnormality
Acutely inflamed appendix, intact

II Local disease confined to the organ with severe 
abnormality

Gangrenous appendix, intact

III Local extension beyond the organ Perforated appendix with local contamination
IV Regional extension beyond the organ Perforated appendix with periappendiceal phlegmon 

or abscess
V Widespread extension beyond the organ Perforated appendix with generalized peritonitis

From Shafi S, Aboutanos M, Brown CVR, Ciesla D, Cohen MJ, Crandall ML, et al. Measuring anatomic severity of 
disease in emergency general surgery. J Trauma. 2014;76 (3):884–7. Used with permission from Wolters Kluwer Health 
Inc.

Table 3.2 Grading for surgical bleeding diseases

Grade Anatomic severity of disease template Bleeding esophageal varices
I No hemorrhage but potential for hemorrhage Visible varices on endoscopy with heme-

positive gastric aspirate
II Minimal volume of hemorrhage, no active bleeding Visible varices with no active bleeding plus 

blood clot, red wale, or cherry-red spots on 
endoscopy

III Limited volume of hemorrhage with no active 
bleeding or small amount of active bleed

First episode of limited active hemorrhage on 
endoscopy

IV Moderate volume of hemorrhage or active bleeding Recurrent (within 72 h) episode of limited active 
bleeding on endoscopy

V Large volume of hemorrhage Varices with massive, uncontrolled hemorrhage

From Tominaga GT, Brown CVR, Schulz, JT, Barbosa RR, Agarwal S, McQuay N, et al. The American Association for 
the Surgery of Trauma uniform grading of hemorrhagic emergency general surgery diseases. J Trauma. 2018;84 
(4):670–3. Used with permission from Wolters Kluwer Health Inc.
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can vary based on premorbid conditions. A more 
detailed description of the grading system and an 
example of its application are provided in 
Table 3.2.

 Disease-Specific Data Dictionaries

In order to effectively use the AAST anatomic 
severity grading scale, reliable uniform defini-
tions need to be achieved in order to, for exam-
ple, risk stratify or compare outcomes. To 
promote this goal, data dictionaries with 
explicit definitions for each of the 16 EGS dis-

eases were created [68]. Loosely based on the 
previously mentioned cancer staging system 
and trauma organ injury scale, the definitions 
use descriptions and grading in four categories: 
clinical, imaging, operative, and pathologic cri-
teria. If the grade differs between the four cat-
egories, the highest grade is applied to the 
patient. Using these four distinct criteria also 
accounts for the fact that not all EGS diseases 
require operative intervention, and therefore 
grading does not rely solely on operative or 
pathologic findings. An example of the full data 
dictionary for acute cholecystitis is given in 
Table  3.3. Available data dictionaries for the 

Table 3.3 Data dictionary for AAST grading system for acute cholecystitis

AAST 
grade Description Clinical criteria Imaging criteria Operative criteria Pathologic criteria
I Acute cholecystitis RUQ or 

epigastric pain, 
Murphy sign, 
leukocytosis

Wall thickening, 
distention, gallstones 
or sludge, 
pericholecystic fluid, 
nonvisualization of 
the gallbladder on 
HIDA scan

Inflammatory 
changes localized 
to GB, wall 
thickening, 
distention, 
gallstones

Acute inflammatory 
changes in the GB 
wall without 
necrosis or pus

II GB empyema or 
gangrenous 
cholecystitis or 
emphysematous 
cholecystitis

RUQ or 
epigastric pain, 
Murphy sign, 
leukocytosis

Above, plus air in GB 
lumen, wall, or 
biliary tree, focal 
mucosal defects 
without frank 
perforation

Distended GB 
with pus or 
hydrops, necrosis 
or gangrene of the 
wall, not 
perforated

Above, plus pus in 
the GB lumen, 
necrosis of GB 
wall, intramural 
abscess, epithelial 
sloughing, no 
perforation

III GB perforation 
with local 
contamination

Localized 
peritonitis in 
RUQ

HIDA with focal 
transmural defect, 
extraluminal fluid 
collection or 
radiotracer but 
limited to RUQ

Perforated GB 
wall 
(noniatrogenic) 
with bile outside 
the GB but limited 
to RUQ

Necrosis with 
perforation of the 
GB wall 
(noniatrogenic)

IV GB perforation 
with 
pericholecystic 
abscess or 
gastrointestinal 
fistula

Localized 
peritonitis at 
multiple 
locations, 
abdominal 
distention with 
symptoms of 
bowel 
obstruction

Abscess in RUQ 
outside GB, 
bilioenteric fistula, 
gallstone ileus

Pericholecystic 
abscess, 
bilioenteric fistula, 
gallstone ileus

Necrosis with 
perforation of the 
GB wall 
(noniatrogenic)

V GB perforation 
with generalized 
peritonitis

Above, with 
generalized 
peritonitis

Free intraperitoneal 
bile

Above, plus 
generalized 
peritonitis

Necrosis with 
perforation of the 
GB wall 
(noniatrogenic)

From Tominaga GT, Staudenmayer KL, Shafi S, Schuster KM, Savage SA, Ross S, et al. The American Association for 
the Surgery of Trauma grading scale for 16 emergency general surgery conditions: Disease-specific criteria character-
izing anatomic severity grading. J Trauma. 2016;81 (3):593–602. Used with permission from Wolters Kluwer Health 
Inc.
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remaining EGS diseases are easily accessed 
through the AAST [66].

 Validation of the AAST Anatomic 
Grading Scales

The AAST EGS grading system was developed 
based on expert opinion rather than evidence; 
therefore, validation studies were needed prior to 
its application to the clinical setting. Numerous 
such studies have been completed and have sup-
ported the grading scale’s association with patient 
outcomes as well as its interrater reliability. Both 
single-institution and multicenter studies have 
supported the correlation of AAST EGS grade 
with patient outcomes in acute appendicitis. In a 
single-center retrospective cohort study, 
Hernandez et al. found that of 394 adult patients 
admitted with acute appendicitis over a 2-year 
period, increasing AAST EGS grade was associ-
ated with increased complications, need for open 
procedure, and increased length of stay [69]. 
Patients assigned with higher AAST grades were 
also more likely to be managed nonoperatively. 
They also found that AAST EGS grade based on 
preoperative imaging correlated well with grad-
ing based on operative findings.

To determine whether the grading scale can be 
applied outside the United States and in develop-
ing nations, data was retrospectively reviewed 
from multiple institutions within South Africa 
between 2010 and 2016 [70]. The group found 
that in this population, increasing AAST EGS 
grade was also associated with increased risk of 
postoperative complication. Several characteris-
tics of the South African cohort should be noted, 
though. The included patients tended to present 
with more severe disease than what has been 
reported in the US cohort, with only 17.4% of the 
1415 included patients with grade I disease and 
just over 38% presenting with grade V acute 
appendicitis based on intraoperative findings. 
Furthermore, 63.5% of appendectomies were 
completed via a midline laparotomy, 31.8% via a 
limited McBurney incision, and only 4.7% via 
laparoscopy. Despite these differences, the 
authors’ ability to correlate grade with their 
cohort’s outcomes supports the utility of the 

AAST EGS grading scale in a variety of 
populations.

The EAST Appendicitis Study included pro-
spectively collected data from 27 centers [71]. 
Grading was assigned using the data dictionary 
for acute appendicitis, using the highest of the 
subscales in either clinical, radiographic, opera-
tive, or pathologic criteria. The authors found 
that of 2909 cases included, increasing AAST 
grade at the index hospitalization was associated 
with infectious complications, Clavien-Dindo 
class, hospital length of stay, and secondary inter-
ventions [71]. This again supported the AAST 
EGS grading scale as a valid tool to define ana-
tomic severity of disease and to help predict clini-
cal outcomes.

The AAST grading system for acute colonic 
diverticulitis has also been validated in single- 
center and multicenter studies [72, 73]. Increasing 
grade was independently associated with adverse 
events and increased length of stay, adjusting for 
factors such as age, comorbidities, and 
physiology.

The AAST EGS grading system for breast 
infections was studied both at an academic medi-
cal center in the United States and at an institu-
tion in South Africa [74]. They found increasing 
grade correlated with the type of treatment 
received at both locations, with milder infections 
receiving more oral antibiotics and more severe 
disease receiving more intravenous antibiotics. 
Grade also correlated with the need for proce-
dural intervention to treat the infection and the 
need for multiple interventions. More severe 
infections by AAST grade were also more likely 
to experience complications with higher Clavien- 
Dindo class. This study not only was able to link 
AAST grading for breast infections with patient 
outcomes but also recommended initial 
treatment.

Another multinational study evaluated the 
AAST EGS grading scale for adhesive small 
bowel disease by retrospectively reviewing data 
from four countries: the United States, Italy, 
South Africa, and Romania [75]. Using imaging 
and operative findings to assign grade, they found 
that lower-grade disease was more likely to 
undergo successful nonoperative management 
and higher grades were associated with the need 
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for small bowel resection, creation of an ileos-
tomy, and need for temporary abdominal closure. 
Higher-grade disease was also associated with 
longer operative times. Disease grade was also 
incrementally associated with complications, 
specifically incidence of pneumonia, higher 
Clavien-Dindo class, need for ICU admission, 
and longer hospital length of stay. AAST EGS 
grade was also independently associated with 
30-day mortality. Here, again, the applicability of 
the AAST EGS grading scale in predicting patient 
outcomes and also in potentially informing early 
management decisions in a global patient popula-
tion was demonstrated.

A multicenter validation study associated 
patient outcomes with EGS grading scale for 
skin and soft tissue infections (STI) [76]. Data 
from 1170 patients at 12 institutions were retro-
spectively reviewed. Higher STI grade was asso-
ciated with increased need for vasopressor 
support, recurrent infection at original STI site, 
general complications, total number of surgeries, 
ICU and total length of stay, and likelihood of 
discharge to someplace other than home. 
Severity of disease was also correlated with mor-
tality, though this was a bimodal rather than lin-
ear relationship, with peaks in grade 2 and grade 
5 disease. To provide context of the new grading 
scale with existing scoring systems, LRINEC 
scores were calculated for all patients and found 
to increase with increasing AAST grade. 
Interestingly, though, the predictive threshold 
appears to be lower, with median LRINEC 
scores of 4 for AAST grade 4 and grade 5 STI, 
whereas LRINEC score 6 has been the tradition-
ally used threshold.

Since the introduction of the AAST EGS ana-
tomic severity grading scale, validation studies 
for many more EGS diseases have been com-
pleted, including acute pancreatitis and acute 
cholecystitis [77, 78]. Taken together, they dem-
onstrate that EGS grading scales can easily be 
used in disparate EGS disease processes and can 
be predictive of patient outcomes.

The breast infection grading system had dis-
parate interrater reliability when applied to dif-
ferent populations [74]. When applied at a large 
academic medical center, 100 percent agreement 

was achieved. However, when the same group 
evaluated a cohort from South Africa, poor reli-
ability was found, with greatest discrepancy in 
scoring involving grades 2 and 3 breast infec-
tions. The authors posited that it largely stemmed 
from the availability of ultrasonography to distin-
guish between the two. However, the poor inter-
rater reliability in a more diverse, resource-limited 
setting highlights the potential for improvement 
to support more global application of the grading 
scale. In its application to STI, there was moder-
ate interrater reliability observed [76]. The high-
est concordance was seen when grading based on 
operative criteria, and more variability was noted 
when using clinical, radiologic, or pathologic cri-
teria. Given the mixed findings in interrater reli-
ability, as the grading scales for various EGS 
diseases are refined, there is potential for 
improvement to achieve a global, standardized 
definition.

 Limitations of Solely Anatomic- 
Based Grading

While the AAST EGS grading scale has found 
success in providing a uniform language to 
describe severity of surgical disease, there are 
several limitations to applying a solely anatomic 
definition to clinical practice. First, regarding the 
design of the AAST EGS grading scales them-
selves, several components, specifically the oper-
ative findings and pathologic criteria, are 
available only after treatment, limiting its use to a 
retrospective role. An ideal scoring system would 
allow for early risk stratification, prediction of 
outcomes, and guidance on management at the 
time of presentation.

It is widely acknowledged that many other 
patient factors outside of anatomic severity of 
disease influence clinical outcomes. Frailty has 
been associated with increased perioperative 
morbidity and mortality in elective procedures 
and more recently in emergency general surgery 
operations [79, 80]. Comorbid medical condi-
tions also impact long-term expected survival, as 
originally described by the Charlson Comorbidity 
Index [81], and are prominent in tools such as the 
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American College of Surgeons National Surgical 
Quality Improvement Program (ACS NSQIP) 
Risk Calculator, which has become central in 
preoperative preparations and patient counseling 
[82]. Combinations of comorbidities have also 
been demonstrated to portend increased morbid-
ity compared to single comorbidities specifically 
in EGS diseases [83].

Physiologic derangement can also play an 
important role in influencing patient outcomes. 
When physiology scores, specifically markers of 
systemic inflammatory response syndrome, and 
comorbidity were added to AAST EGS grade, the 
new scoring system improved upon the AAST 
anatomic grade alone in predicting in-hospital 
mortality, in-hospital complications, and 
extended hospital stay [84]. The ideal scoring 
system will likely build upon the AAST anatomic 
grading system and incorporate physiology at 
presentation, preexisting comorbidities, and 
frailty to provide a well-rounded evaluation of 
patients and allow for prediction of outcomes and 
guidance of early management strategies.

 Applications of the AAST EGS 
Grading Scales

The availability and easy application of the 
AAST EGS grading scales make it a useful tool 
for clinicians and researchers alike. The data dic-
tionaries for each EGS disease provide detailed 
criteria, many of which are readily available at 
the time of admission. With increasing regional-
ization and multidisciplinary approach to patient 
care, the AAST EGS grading scales allow for 
standardization across institutions and providers. 
It provides a common language for more effec-
tive handoffs between care teams.

The implications for improving research and 
quality of care benchmarks in EGS diseases are 
plentiful. The data dictionaries provide explicit 
guidance in creating data registries for EGS dis-
eases, which can be particularly useful in rela-
tively rare diseases. There is the potential for 
large-scale projects akin to ACS NSQIP or 
Trauma Quality Improvement Program (TQIP). 
Using standardized definitions also improves 

accuracy of research and potential for multicenter 
and multinational investigations.

The AAST EGS grading scales can benefit 
surgical education as we train future generations 
of surgeons. Residents learn precision in how 
they describe and define commonly encountered 
EGS conditions and the implications it can have 
on their patients’ expected clinical course and 
outcomes. It also allows for evaluation and com-
parison of experiences between trainees and 
training programs.

 Conclusions

The AAST EGS anatomic grading scale provides 
a standardized language to describe the severity 
of common EGS diseases. Grade of anatomic 
severity has been shown to correlate with out-
comes in validation studies. Its application pro-
vides opportunities to inform patient management, 
to create data registries, and to improve the qual-
ity of research on EGS diseases.
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4Infectious Disease Considerations

Brittany Bankhead and Haytham M. A. Kaafarani

 Introduction

A 45-year-old female with a past medical his-
tory of morbid obesity, diabetes mellitus (type 
II), hypertension, and hypercholesterolemia 
presents to the emergency department with a 
3-day history of subjective fever, fatigue, and 
perineal discomfort. Initial vital signs reveal she 
is normotensive and mildly tachycardic. 
Physical exam demonstrates subtle erythema at 
the perineum and left labia with associated ten-
derness but is otherwise unremarkable. 
Computed tomography imaging in the emer-
gency department demonstrates extensive sub-
cutaneous emphysema and inflammatory 
stranding in the perineum and perirectal area, as 
well as cephalad to the mons pubis. Laboratory 
findings reveal hyponatremia, a moderate leuko-
cytosis, hyperglycemia, and a mild elevation in 
an arterial lactic acid. Broad-spectrum antibiot-

ics were administered, and she is booked emer-
gently for an incision and drainage with wide 
excisional debridement in the operating room. 
After an appropriate 30 cc/kg bolus of crystal-
loid,  norepinephrine is initiated intraoperatively 
to maintain an adequate mean arterial pressure. 
Perioperatively, an insulin drip is initiated in the 
intensive care unit for improved glycemic con-
trol, and cultures are followed to tailor her post-
operative antibiotic therapy.

The acute care surgeon encounters a wide 
variety of surgical infections and perioperative 
infectious complications throughout their career. 
The emergency surgery patient population often 
presents for urgent and emergent surgical 
 management while not medically optimized. 
Surgical literature is clear that when compared to 
elective surgery, emergent surgery has signifi-
cantly higher risks of mortality and complica-
tions, up to eightfold higher, including infectious 
complications.

Many acute care surgical diseases present as 
infections, often with resultant sepsis. For exam-
ple, necrotizing soft tissue infections (NSTIs) 
and toxic megacolon from Clostridium difficile 
infections often present not only with sepsis but 
also with hemodynamic failure, shock, and evi-
dence of dysfunction of one or more organ sys-
tems. When emergency surgical disease presents 
without infection (e.g., an incarcerated incisional 
hernia or a closed-loop obstruction necessitating 
bowel resection), the surgeon should keep in 
mind all efforts at prevention of postoperative 
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infections in this high-risk patient population that 
simply cannot be preoperatively well-optimized 
due to the time-sensitive nature of their proce-
dure. Optimization in the emergency setting 
should still include, for example, timely adminis-
tration of appropriate perioperative antibiotics, 
maintaining normothermia, and optimizing post-
operative glucose levels. In this chapter, we will 
discuss infections resulting from emergency sur-
gery (i.e., surgical site infections (“SSIs”)), visit 
key principles of antimicrobial management in 
the emergency surgery patient, and then highlight 
an example of infection resulting from other dis-
ease processes but requiring acute surgical man-
agement, NSTIs.

 Surgical Site Infections (SSIs) 
in Acute Care Surgery

According to the Centers for Disease Control and 
Prevention (CDC), an SSI is defined as (1) super-
ficial incisional, (2) deep incisional, or (3) organ/
space SSI (Table 4.1). For most surgical proce-
dures, the diagnosis of SSI is encompassed within 
30 days of surgery, but in certain specific proce-
dures (e.g., implantation of prosthesis), that time 
frame is extended to a total of 90 days from sur-
gery. From an acute care surgery perspective, an 
infection that occurs due to a traumatic wound 
and following a traumatic injury is not an SSI, 
but rather a skin and skin structure infection.

Table 4.1 Surgical site infection definitions and criteria

Superficial surgical site infection (SSI)
Must meet the following criteria:
Date of event for infection occurs within 30 days after any NHSN operative procedure (where day 1 = the 
procedure date)
AND
Involves only skin and subcutaneous tissue of the incision
AND patient has at least one of the following:
 (a) Purulent drainage from the superficial incision.
 (b)  Organisms identified from an aseptically obtained specimen from the superficial incision or subcutaneous 

tissue by a culture or nonculture-based microbiologic testing method, which is performed for purposes of 
clinical diagnosis or treatment (e.g., not active surveillance culture/testing (ASC/AST).

 (c) Superficial incision that is deliberately opened by a surgeon, attending physiciana, or other designees
  AND
 Culture or nonculture-based testing is not performed
  AND
 Patient has at least one of the following signs or symptoms:
  Pain or tenderness
  Localized swelling
  Erythema
  Heat
 (d) Diagnosis of a superficial incisional SSI by the surgeon or attending physiciana or other designees.
a The term attending physician for the purposes of application of the NHSN SSI criteria may be interpreted to mean the 
surgeon(s), infectious disease, other physicians on the case, emergency physician, or physician’s designee (nurse prac-
titioner or physician’s assistant)
Comments:
There are two specific types of superficial incisional SSIs:
 1.  Superficial incisional primary {SIP)—a superficial incisional SSI that is identified in the primary incision in a 

patient that has had an operation with one or more incisions (e.g., C-section incision or chest incision for 
CBGB)

 2.  Superficial incisional secondary {SIS)—a superficial incisional SSI that is identified in the secondary 
incision in a patient that has had an operation with more than one incision (e.g., donor site incision for 
CBGB)
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Table 4.1 (continued)

Reporting instructions for superficial SSI:
The following do not qualify as criteria for meeting the NHSN definition of superficial SSI:
 •  Diagnosis/treatment of cellulitis (redness/warmth/swelling), by itself, does not meet criterion “d” for superficial 

incisional SSI. Conversely, an incision that is draining or that has organisms identified by culture or nonculture-
based testing is not considered a cellulitis

 • A stitch abscess alone (minimal inflammation and discharge confined to the points of suture penetration)
 •  A localized stab wound or pin site infection – Such an infection might be considered either a SKIN (SKIN) or 

soft tissue (ST) infection, depending on its depth, but not an SSI
   Note: A laparoscopic trocar site for an NHSN operative procedure is not considered a stab wound
 •  Circumcision is not an NHSN operative procedure. An infected circumcision site in newborns is classified as 

CIRC and is not an SSI
An infected burn wound is classified as burn and is not an SSI

(continued)

Deep incisional SSI
Must meet the following criteria: 
Date of event for infection occurs within 30 or 90 days after the NHSN operative procedure
(where day 1 = the procedure date)
AND
Involves deep soft tissues of the incision (e.g., fascial and muscle layers)
AND patient has at least one of the following:
 (a) Purulent drainage from the deep incision
 (b)  A deep incision that spontaneously dehisces or is deliberately opened or aspirated by a surgeon, attending 

physiciana, or other designees
   AND
   Organism is identified by a culture or nonculture-based microbiologic testing method which is performed for 

purposes of clinical diagnosis or treatment (e.g., not active surveillance culture/testing (ASC/AST) or culture 
or nonculture-based microbiologic testing method is not performed

   AND
  Patient has at least one of the following signs or symptoms:
    Fever (>38 °C)
    Localized pain or tenderness
Note: A culture or nonculture-based test that has a negative finding does not meet this criterion
 (c)  An abscess or other evidence of infection involving the deep incision that is detected on gross anatomical 

or histopathologic exam or imaging test
a The term attending physician for the purposes of application of the NHSN SSI criteria may be interpreted to mean the 
surgeon(s), infectious disease, other physicians on the case, emergency physician, or physician’s designee (nurse prac-
titioner or physician’s assistant)
Comments:
There are two specific types of deep incisional SSIs:
 1.  Deep incisional primary (DIP)—a deep incisional SSI that is identified in a primary incision in a patient that has 

had an operation with one or more incisions (e.g., section incision or chest incision for CBGB)
 2.  Deep incisional secondary (DIS)—a deep incisional SSI that is identified in the secondary incision in a patient 

that has had an operation with more than one incision (e.g., donor site incision for CBGB)

Organ/space SSI
Must meet the following criteria: 
Date of event for infection occurs within 30 or 90 days after the NHSN operative procedure {where day 1 = the 
procedure date) according to the list in Table 4.2 (see below)
AND
Infection involves any part of the body deeper than the fascial/muscle layers, which is opened or manipulated 
during the operative procedure
AND patient has at least one of the following:
 1.  Purulent drainage from a drain that is placed into the organ/space {e.g., closed suction drainage system, 

open drain, T-tube drain, CT-guided drainage)
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Table 4.2 The sequential [sepsis-related] organ failure assessment (SOFA) score. The score if calculating the total 
number of points accrued in each system

System 0 1 2 3 4
Respiration (PaO2/
FiO2, mmHg)

≥400 <400 <300 <200 with respiratory 
support

<100 with 
respiratory support

Coagulation 
(platelets, × 103/
uL)

≥150 <150 <100 <50 <20

Liver (bilirubin, 
mg/dL)

<1.2 1.2–1.9 2.0–5.9 6.0–11.9 >12

Cardiovascular MAP 
≥70 mmHg

MAP 
<70 mmHg

Dopamine <5 
or dobutamine 
(any dose)

Dopamine 5.1–15 or 
epinephrine <0.1 or 
norepinephrine <0.1 
(micrograms/minute)

Dopamine >15 or 
epinephrine >0.1 or 
norepinephrine >0.1

CNS (GCS score) 15 13–14 10–12 6–9 <6
Renal (creatinine, 
mg/dL, urine 
output, mL/d)

<1.2 1.2–1.9 2.0–3.4 3.5–4.9; <500 >5; <200

Table 4.3 The “Quick” Sequential Organ Failure 
Assessment (qSOFA) Score

Assessment Point(s)
Hypotension (systolic blood pressure 
≤100 mmHg)

1

Tachypnea (≥ 22 breaths/min) 1

Altered mentation (GCS ≤ 14) 1

 2.  Organisms are identified from fluid or tissue in the organ/space by a culture or nonculture-based 
microbiologic testing method which is performed for purposes of clinical diagnosis or treatment {e.g., not 
active surveillance culture/testing {ASC/AST}

 3.  An abscess or other evidence of infection involving the organ/space that is detected on gross anatomical or 
histopathologic exam or imaging test evidence suggestive of infection

AND
Meets at least one criterion for a specific organ/space infection site listed in Table 4.3 (see below). These criteria 
are found in the surveillance definitions for specific types of infections chapter

Table 4.1 (continued)

When all surgeries are considered, the inci-
dence of SSIs is reported to be as high as 2–5%. 
Still, SSIs account for nearly a third of all 
hospital- acquired infections and are thus consid-
ered the second most common nosocomial infec-
tion after pneumonia. The degree of contamination 
plays a large role in the risk of SSI. This risk has 
been shown in multiple studies to be the highest 
for contaminated and dirty procedures compared 
to clean or clean-contaminated wounds. For 
emergency surgery, the risk of SSI is the highest 
both because of the contamination often present 
in emergency surgery (e.g., perforated colon) and 
because patients often have multiple comorbidi-
ties that cannot be optimized due to the time sen-
sitivity of the procedure.

When they occur postoperatively, SSIs result 
in serious morbidity, decreased quality of life, 
and cost to the patient and healthcare system [1]. 
This often results from the need for (1) additional 
diagnostic and surgical procedures (e.g., incision 
and drainage or debridement of infected wound, 
hernia occurrence, and need for repair, skin flaps, 

and grafts), (2) additional treatment with antibi-
otics, (3) increased hospital length of stay and 
readmissions, (4) need for wound care supplies, 
and (5) home-visiting nurse care. One study 
using patient-centered surveys and large adminis-
trative databases suggested almost a threefold 
increase in the total cost for patients diagnosed 
with SSI following discharge from the hospital 
compared to those who do not develop SSI.

It is well-established that most SSIs are 
directly caused by the patient’s endogenous 
flora at the time of surgery. For example, SSIs 
after clean wounds are often caused by skin-
related Staphylococcus aureus or coagulase-
negative Staphylococcus, while SSIs after 
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intestinal surgery often 1 intestinal bacteria. 
However, newer data continues to emerge that 
SSIs are occasionally caused by non-endoge-
nous pathogens. Specifically, failure to preserve 
surgical field sterility (e.g., instrument contam-
ination, surgical glove perforation), operating 
room air contamination (e.g., increased person-
nel traffic, suboptimal air flow, and ventilation), 
and even surgical techniques (e.g., excessive 
tissue injury or tension) can increase the risk of 
SSIs.

Patient comorbidities, often present in the 
acute care surgery patient, also contribute sig-
nificantly to the risk of developing an SSI 
[2].  These include advanced age, immunosup-
pression, malnutrition, smoking, diabetes melli-
tus, and obesity. In most patients requiring 
emergency surgery, the time sensitivity of the 
procedure does not allow enough time to opti-
mize the risk factors as in elective surgery (e.g., 
smoking cessation, glucose-level control). 
However, even in the setting of emergency sur-
gery, several systems- related risk factors should 
be recognized as contributors to the increased 
risk of SSIs, and efforts should be made each 
time to mitigate their effects, as we will discuss 
in the below sections.

 Optimal Choice and Timing 
of Perioperative Prophylactic 
Antibiotics

Only half the patients undergoing surgery receive 
their prophylactic antibiotics within 60  min of 
the incision as recommended, and even a smaller 
percentage of patients achieve it in emergency 
surgery. Administering perioperative prophylac-
tic antibiotics within 60 min from the incision is 
essential to decrease the risk of SSIs as it helps 
achieve peak bactericidal concentrations at the 
skin level at the time of incision [3]. Notably, less 
than 20% of patients receive an appropriate anti-
biotic that covers the likely pathogens causing 
their SSI. Proper antibiotic dosing based on the 
patient’s weight and redosing during surgery 
based on the specific antibiotic’s half-life and the 
amount of fluid resuscitation the patient is receiv-

ing are two other important considerations in 
antibiotic prophylaxis.

 Respecting Sterility

Even in high-risk surgery such as emergency sur-
gery, all the operating room staff should feel 
comfortable to bring up any patient safety issues 
related to inadvertent breaching of the sterile 
field (e.g., insufficient skin preparation, instru-
ment or equipment contamination, surgical 
team’s glove perforation [4, 5]). In observational 
studies, glove perforations occur in most major 
surgical procedures, but the rate of SSIs only 
increases if that occurs in the absence of appro-
priate antibiotic prophylaxis.

 Optimizing the Operating Room 
Environment

The quality of air and the concentration of air-
borne particles (and bacteria) depend on (1) the 
density and traffic of people in that closed space 
such as the operating room and (2) the quality 
of air flow design [6–8]. In surgery, the link 
between air flow and SSIs has only been sug-
gested so far in the orthopedic field, but it likely 
applies to all types of surgery. In emergency 
surgery, it is crucial that the traffic of individu-
als in and out of the operating room is mini-
mized, when possible.

 Skin Preparation

It is well established that preoperative shaving 
increases the rate of SSI.  A recent Cochrane 
review suggests that the risk of SSIs doubles 
with skin shaving [9]. While the relationship 
with hair clipping is not as clear, acute care sur-
geons should refrain from hair removal of the 
surgical site, when possible. When faced with 
the choice of skin preparation, level one evi-
dence suggests that alcohol-based solutions are 
superior to Betadine and should be adopted in 
emergency surgery, except with open wounds or 
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exposed mucosa. There is no strong evidence 
suggesting a protective role for adhesive tapes, 
and their use is currently not routinely 
recommended.

 Perioperative Glucose, Temperature, 
and Oxygen Optimization

Following emergency surgery, perioperative nor-
moglycemia (glucose levels below 200  mg/dL) 
can decrease the risk of SSIs not only in diabetic 
but also in nondiabetic patients. The use of sup-
plemental oxygen for the immediate few hours 
after surgery may also be useful to decrease the 
risk of SSI, but the value of such an intervention 
beyond 6  h postoperatively is less evident. 
Maintenance of normothermia can also decrease 
the risk of SSIs. The evidence for the use of 
antibacterial- coated sutures, antimicrobial irrig-
ants, and antibacterial dressings is not sufficient 
to recommend their use.

 Antimicrobial Management 
in Emergency Surgery

Infection induces a local tissue inflammatory 
response. In severe infections, the body also initi-
ates a systemic inflammatory reaction with occa-
sional unintended remote tissue damage and 
diminished tissue perfusion [10]. Sepsis is 
defined as a syndrome with clinical, physiologic, 
and biochemical abnormalities caused by a dys-
regulated host response to infection. The specific 
definition of sepsis has rapidly evolved over the 
past few years but is best thought of as a contin-
uum ranging from infection to early sepsis to 
severe sepsis, septic shock, and finally septic 
shock with multisystem organ dysfunction.

The Sequential Organ Failure Assessment 
(SOFA) and its abbreviated “quick” version 
qSOFA are the most commonly used scores to 
diagnose and screen for sepsis (Tables 4.2 and 
4.3). In general, septic shock occurs when severe 
sepsis is associated with decreased end-organ tis-
sue perfusion and is often associated with hypo-
tension or hemodynamic instability [11–14]. 

Septic shock can manifest as dysfunction of 
diverse organs such as the brain (agitation, enceph-
alopathy, delirium), lungs (dyspnea, hypoxia, 
respiratory failure), heart (hypotension, dysrhyth-
mias, pulmonary edema), and kidneys (acidosis, 
renal insufficiency, renal failure) [15–17].

Localizing the source of the suspected infec-
tion or sepsis is key. A comprehensive physical 
examination can often identify possible sources 
of infection (e.g., soft tissue changes, abdominal 
tenderness) [18]. Laboratory examination often 
shows leukocytosis and/or acidosis. If initially 
elevated, lactate and base deficit levels can be 
used as laboratory indices of the effectiveness of 
 resuscitation. For the acute care surgeon, com-
puted tomography or ultrasound are often essen-
tial for diagnosing sources of abdominal, 
thoracic, or deep skin and soft tissue infection.

Once a source of infection is found or sus-
pected, culturing the site and testing the patho-
gen’s sensitivity to antimicrobial agents are 
essential, so empiric antibiotics can be promptly 
narrowed to avoid unintended consequences of 
broad-spectrum antibiotic coverage.

Adequate treatment relies on two major steps: 
(1) adequate source control and (2) appropriate 
(choice, dose, duration) antimicrobial therapy. 
The “Surviving Sepsis” campaign intermittently 
publishes evidence-based guidelines that can 
assist the acute care surgeon treating the septic 
surgical patient. Several prospective observa-
tional studies suggest that delay in the initiation 
of antibiotics worsens mortality and that early 
empiric antibiotic therapy improves outcomes. 
The initial selection of empiric antibiotics should 
be determined both by the likely type of infec-
tion, the likely causative pathogen, the antibiotic 
penetration to the site of infection, the acuity 
(acute vs. chronic) of the infection, the severity 
(signs of systemic toxicity, shock) of the infec-
tion, as well as any relevant patient-specific fac-
tors and prior history of drug-resistant organisms. 
The local regional resistance rates and the spe-
cific hospital antibiograms should also play an 
important role in the choice of both the empiric 
and the tailored antibiotic therapy. Once cultures 
show the specific organisms, narrowing antibi-
otic coverage is essential.
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In emergency surgery, the importance of 
prompt and adequate source control of the infec-
tion cannot be underestimated. For example, the 
mortality of an NSTI without surgical debride-
ment is 100%, and the mortality and morbidity of 
patients with necrotic or perforated hollow viscus 
approach unacceptable levels. Source control can 
be obtained by surgical, radiologic, or endoscopic 
approaches, depending on the nature and location 
of the infection as well as the patient’s comor-
bidities and hospital resources. While surgical 
infections are discussed across different chapters 
of this book, we will highlight a few concepts 
that are key in the management of the emergency 
surgery patient.

 Duration of Antibiotic Therapy

The duration of antibiotic therapy should be dic-
tated by patient factors, infection characteristics, 
and the severity of disease. Most surgeons con-
tinue to treat patients until past the resolution of 
signs of infection (e.g., leukocytosis, fever), often 
extending antibiotic courses up to 10 or even 
14  days after source control. In the last few 
decades, evidence has emerged that prolonged 
antibiotic courses are not only unnecessary but 
often harmful, with unintended consequences 
such as Clostridium difficile infections or multi-
drug resistance organisms.

For intra-abdominal infections (IAI), which 
the acute care surgeon often encounters, the 
STOP-IT trial recently randomized more than 
500 patients with IAI who underwent surgical or 
percutaneous infection source control to receive 
the “standard of care” of antibiotics until 2 days 
after the resolution of signs of infection or to 
receive a fixed 4-day course of antibiotics [19]. 
The standard care group received on average 
8  days of antibiotics. The fixed course group 
received on average of 4 days of antibiotics. The 
rate of SSIs, recurrent intra-abdominal infection, 
and mortality was similar between the two groups 
(21.8% and 22.3%, p  =  0.92). Based on these 
study results, as well as subsequent ad hoc and 
observational studies confirming the findings, we 
recommend that that emergency surgery patients 

with IAI receive a short-fixed course of 4 days of 
antibiotics after adequate infection source con-
trol. In patients with unusual circumstances (e.g., 
suspicion of inadequate source control, immuno-
suppression, refractory critical illness), the sur-
geon may consider longer courses.

 Antibiotics in Patients with Organ 
Failure

Antibiotics can have severe side effects, can cause 
other infections such as Clostridium  difficile coli-
tis, and can occasionally cause fever mimicking 
infections [20]. Caution must especially be exer-
cised in the use of antibiotics in patients with pre-
existing organ dysfunction, especially renal or 
hepatic failure. Aminoglycosides, for example, 
can cause or exacerbate renal failure. The acute 
care surgeon in particular should acknowledge 
that decreased creatinine clearance, whether acute 
or chronic, requires adjusting all antimicrobial 
drug dosage, as most of them are excreted, at least 
partially, by the kidneys. As such, many antibiot-
ics, including the commonly prescribed vancomy-
cin and penicillin, require adjustments in dosage 
or frequency of administration in the presence of 
renal insufficiency to prevent toxicity.

 Special Consideration: Necrotizing 
Soft Tissue Infection (NSTI)

NSTIs are skin and soft tissue infections charac-
terized by life-threatening, widespread, and 
severe tissue infection and necrosis. NSTIs are 
sometimes reported in the literature as gas gan-
grene, necrotizing fasciitis, Fournier’s gangrene 
(perineum), and Ludwig’s angina (floor of the 
mouth). One of the earliest descriptions of NSTIs 
comes from Roman times describing the fatal 
disease of Emperor Galerius: “A malignant ulcer 
formed itself low down in his secret parts and 
spread by degrees. Gangrene seized all the neigh-
boring parts. It diffused itself the wider the more 
the corrupted flesh was cut away. His bowels 
came out, and his whole seat putrefied. The 
stench was so foul as to pervade not only the pal-
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ace, but even the whole city. His body was dis-
solved into one mass of corruption.”

Type 1 NSTIs are monomicrobial—most 
caused by Streptococcus and Clostridium spe-
cies—while type 2 NSTIs are polymicrobial 
(e.g., Staphylococcus, gram-negative organ-
isms, anaerobic organisms). Much less common 
type 3 NSTIs are caused by the saltwater organ-
ism Vibrio vulnificus. Among the pathogens that 
can cause NSTIs, Clostridium perfringens 
secrete exotoxins, specifically lecithinases, col-
lagenases, and proteases that result in thrombo-
sis of the soft tissue small vessels, which 
subsequently results in the widespread tissue 
necrosis along deep tissue planes. Group A 
Streptococcus can also cause life-threatening 
toxic shock syndrome.

Immunocompromised, malnourished, obese, 
and diabetic patients, as well as intravenous drug 
users, are at a particularly high risk for developing 
NSTIs. Early suspicion and diagnosis of NSTIs and 
prompt surgical debridement are essential steps to 
decrease morbidity and mortality. A recent study 
suggested that initial admission of these patients to 
non-acute care surgery or medical services signifi-
cantly delays the time to source control and likely 
increases mortality. The most worrisome finding in 
many of these patients, in addition to erythema 
(Fig. 4.1) or skin changes (e.g., bullae, grayish dis-
coloration) (Fig. 4.2), is pain out of proportion and 
far from the area of concern on physical examina-
tion. “Dishwater- like” fluid (Fig. 4.2) or crepitus are 

other uncommon findings that should alert the 
examining surgeon, when found.

A soft tissue infection with systemic signs of 
toxicity such as hypotension or altered mental 
status is alarming, even in the absence of impres-
sive skin findings, and should always alert the 
surgeon to the possibility or even likelihood of 
NSTI [21–24].  Laboratory workup typically 

Fig. 4.2 An example of necrotic skin changes associated 
with necrotizing skin and soft tissue infection of the 
perineum

Table 4.4 Laboratory Risk Indicator for Necrotizing 
Fasciitis (LRINEC) score

LRINEC Score variable Points
C-reactive protein (mg/L) >150 4
WBC count (× 10^6 per mm3)
   <15
   15–25
   >25

0
1
2

Hemoglobin (g/dL)
   >13.5
   11–13.5
   <11

0
1
2

Sodium (mmol/L) <135 2
Creatinine (umol/L) >141 2
Glucose (mmol/L) >10 1

Fig. 4.1 An example of how the skin changes in deep 
necrotizing skin and soft tissue infections could be subtle
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shows leukocytosis, hyponatremia, elevated 
C-reactive protein levels, and acidosis. The 
Laboratory Risk Indicator for Necrotizing 
Fasciitis (LRINEC) Score assigns different point 
scores to six  laboratory values (Table 4.4). While 
the original study suggested an LRINEC Score of 
six or more diagnoses of NSTI with an accuracy 
as high as 92–96%, later studies have not con-
firmed that high degree of correlation [25, 26]. As 
such, we do not recommend that LRINEC be 
used alone to diagnose NSTIs. Computed tomog-
raphy scans typically show soft tissue stranding 
and edema at the deeper fascial or muscular lay-
ers, non- homogenous enhancement of muscle 
tissue with intravenous contrast, and/or multiple 
noncontiguous fluid collections (chain of lakes 
signs). The presence of deep tissue air (subcuta-
neous emphysema) has a high specificity but low 
sensitivity. Operative findings suggestive of 
NSTIs include necrotic, nonadherent, non-bleed-
ing deep tissue (i.e., tissue separating easily with 
finger dissection), “dishwater” discharge, and 
thrombosed small vessels.

NSTIs require prompt wide surgical debride-
ment, broad-spectrum antibiotics, and hemody-
namic support (Fig. 4.3). The initial debridement 
should be aggressive and continue until remain-

ing tissue is clearly healthy, viable, and bleeding 
briskly. The debridement should always include 
the overlying skin irrespective of its appearance, 
and a second look (and more, if needed) with fur-
ther debridement should be planned 12–24  h 
after the initial one(s) to ensure infection source 
control. In extremity NSTIs, amputation might 
be indicated, and in Fournier’s gangrene, divert-
ing ostomies might be temporarily needed.

In addition to prompt and aggressive surgical 
debridement, broad-spectrum antibiotics should 
be started as soon as NSTI is suspected. The 
antibiotic coverage should cover gram-positive, 
gram-negative, and anaerobic organisms, until 
cultures specify the inciting organism. In addi-
tion, clindamycin has been shown by in  vitro 
studies to have anti-inflammatory and toxin- 
neutralizing effects and should be used as part of 
the initial antibiotic treatment. There is no con-
vincing data on how long of a course of antibi-
otic course should be after source control in 
NSTIs, but most experts recommend 10–14 days. 
The usefulness of hyperbaric oxygen in the treat-
ment of NSTIs remains controversial. Despite 
one cohort observational studies suggesting 
lower mortality of NSTI patient with hyperbaric 
oxygen, most surgeons and intensivists hesitate 
to offer that therapy due to the logistical barriers 
that might interfere with the continuous intense 
surgical and critical care needs of the patient. A 
small randomized controlled trial suggested that 
immunoglobulins can slightly improve survival. 
Finally, AB103 is a peptide mimetic of the 
T-lymphocyte receptor, CD28, who has been 
recently suggested to limit the inflammatory 
responses to bacterial toxins and decrease the 
incidence of organ failure in NSTI patients.

NSTI mortality ranges between 11% and 35%, 
with prompt diagnosis and shorter to first and ade-
quate debridement significantly improving sur-
vival. In a review from the American Association 
for the Surgery of Trauma (AAST), the overall 
mortality rate over 6 studies involving 341 patients 
was lower for those managed with early compared 
with late debridement (14% versus 26%).

Fig. 4.3 An example of how wide and extensive debride-
ment is often needed in necrotizing skin and soft tissue 
infection

4 Infectious Disease Considerations
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5Damage Control Surgery

Jessica E. Schucht, Samuel J. Pera, 
and Jason W. Smith

Most surgeons can think of a case that required 
the application of damage control principles. 
These patients appear “sick” and need quick 
decision-making both before and in the surgical 
team’s operating room. Surgeons need to know 
how to properly care for these patients as they 
present equally to academic centers and commu-
nity hospitals.

J. E. Schucht · S. J. Pera · J. W. Smith (*) 
Hiram C. Polk Jr. Department of Surgery, University 
of Louisville, Louisville, KY, USA
e-mail: jessica.schucht@louisville.edu; 
samuel.pera@louisville.edu; jasonw.smith@louisville.edu

Case Presentation
A 65-year-old patient presents to the emer-
gency department febrile, tachycardic with 
severe hypotension. The ED physician calls 
the surgeon stating the patient has severe 
abdominal pain and labile vital signs tran-
siently responsive to fluids. He has obtained 
cultures, started antibiotics, and is request-
ing assistance. Upon examination, the 
patient is somnolent but responsive with 
abdominal distension and rebound perito-
nitis in the left lower quadrant. The patient 
has leukocytosis, elevated creatinine, lactic 
acidosis, and a CT scan with a representa-
tive image shown in Figs. 5.1 and 5.2.

In the above picture, active contrast 
extravasation can be seen. With the concern 
for active hemorrhage and peritonitis, the 
surgeon consents the patient and family for 
surgery. What are the critical aspects of 
consent for this patient? How will this 
patient tolerate surgery physiologically? 
Will this patient require multiple opera-
tions? How to decide when to do a damage 
control procedure? These are essential 
questions that need to be considered for 
any patient requiring emergent surgery.

After discussion with the family, the 
patient is taken to the OR.  He undergoes 
successful intubation, arterial line access, 
central line access, and Foley placement. It 
is imperative to have invasive lines to mon-
itor the patient’s blood pressure and urine 
output correctly and administer vasoactive 
medications as needed. Once in the abdo-
men, the following is found (Fig. 5.3).

Seen are an acute sigmoid volvulus and 
a descending mesocolon hematoma caused 
by tension placed on the vascular pedicle. 
During the resection, anesthesia informs 
the surgery team of increasing pressor 
requirements, a base deficit of −11, diffi-
culty keeping the patient warm, and there’s 
been no urine output throughout the case. 
How should the surgeon proceed now? Is 
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this patient appropriate for an anastomosis? 
Would the patient be best served by defini-
tive care or a damage control procedure?

This case is an excellent example of a 
patient requiring a damage control proce-
dure. Determining which patient necessi-
tates a damage control procedure requires 
excellent clinical acumen by the surgical 
team. Some patients can be identified pre-
operatively, say if the patient presents in 
septic shock due to a perforated viscous or 
hemodynamically unstable due to a rup-
tured aneurysm or penetrating trauma. At 

Figs. 5.1 and 5.2 CT scan demonstrating active contrast extravasation in a hemodynamically unstable gentleman

other times, it isn’t until the intraoperative 
setting that the surgeon needs to decide a 
damage control procedure is warranted and 
not pursue definitive care. To understand 
how best to make these decisions, the sur-
geon needs to understand the patient’s 
physiologic changes under stress, intraop-
erative findings that merit damage control, 
and institutional surgical capabilities. A col-
laborative approach between the primary 
surgical team, surgical consultants, anesthe-
siologist, and the intensivist team is neces-
sary to provide high-quality care to patients.

J. E. Schucht et al.
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Fig. 5.3 Intraoperative imaging of acute sigmoid volvu-
lus with compromised bowel

 Historical Basis

Damage control procedures were initially 
described for care in critically injured trauma 
patients. These patients had significant physio-
logical derangements due to hemorrhagic shock, 
with many succumbing to the disease process. It 
wasn’t until the 1980s that damage control prin-
ciples were developed and significantly improved 
patients’ morbidity and mortality [1, 2]. These 
studies ushered in the idea of quick hemorrhage 
control, intra-abdominal packing, and limited 
surgical resection to stabilize the patient before 
definitive repair in the following days. Both were 
novel in their care of patients and challenged the 
surgical dogma of the time. In 1993, Rotondo and 
Schwab coined the term “damage control,” 
defined as initial control of hemorrhage and con-
tamination followed by intraperitoneal packing 
and rapid closure. They showed that damage con-
trol patients with significant vascular injury and 
two or more visceral injuries had markedly 

improved survival compared to the definitive care 
group [3]. These seminal studies forever changed 
the management of the traumatically injured 
patient. In the decades since damage control, sur-
gery has become the standard of care in treating 
injured patients with severe physiological com-
promise who require surgical intervention.

After demonstrating improved outcomes for 
the traumatically injured undergoing damage 
control procedures, it was only natural that the 
same principles would be applied to various sur-
gical indications. Regardless of the indication, 
damage control is not a surgical procedure; 
instead, it is an alternative treatment mode to pri-
mary definitive surgical care. During the initial 
damage control surgery, the goal is not to achieve 
final repair or control of the surgical pathology 
but instead to temporize the patient by identify-
ing the greatest mortality threat and alleviating it. 
In general, the standard practice is to conduct an 
abbreviated surgery to control blood loss and/or 
contamination, continue simultaneous resuscita-
tion, and delay definitive surgical management 
until the patient stabilizes from the initial patho-
logic insult.

 Pathophysiology

As we’ve improved our care of patients in shock, 
there has been a dramatic expansion into under-
standing what occurs on a cellular level. Shock 
causes hypoperfusion, which leads to derange-
ments in fluid exchange and electrolyte handling, 
tissue ischemia, and worsening inflammation [4]. 
Tissue ischemia and inflammation can result in 
endothelial cellular dysfunction affecting micro-
circulatory perfusion, hypothesized to contribute 
to prolonged tissue hypoxia, irreversible cellular 
injury, multi-organ failure, and death [5]. 
Ultimately, if damage control can be achieved in 
a timely fashion, progressive vasoconstriction 
can be avoided resulting in improved 
circulation.

5 Damage Control Surgery
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 Indication for Damage Control 
Surgery

Identifying which patients require a damage 
control procedure can be challenging. Many 
early studies found that trauma patients who 
were hypothermic, coagulopathic, and acidotic 
had worse outcomes [6]. When found in con-
junction with one another, these three variables 
were strong predictors of adverse outcomes in 
patients suffering shock [7]. One of the original 
studies found an almost 90% mortality in patients 
with the lethal triad and requiring massive trans-
fusion [8].

It is also important to note the possible over-
utilization of damage control surgery resulting 
from the paradigm shift. In one study, Harvin 
et al. found that they performed damage control 
laparotomy on approximately 39% of their 
patients. After performing their quality initiative, 
damage control laparotomy decreased to 23% 
over 2  years. They noted no difference in deep 
space infection, fascial dehiscence, unplanned 
relaparotomy, or mortality. From this study, four 
indications for damage control laparotomy were 
identified: (1) therapeutic packing to control 
hemorrhage, (2) expedition to interventional 
radiology for hemorrhage control, (3) hemody-
namic instability defined as a continuous vaso-
pressor and/or ongoing transfusion requirement, 
and (4) abdominal compartment syndrome treat-
ment or prophylaxis [9]. Although these indica-
tions are from a quality initiative and not a 
randomized trial, they provide the foundation for 
damage control surgery indications.

Avoiding the lethal triad is the driving force 
behind damage control procedures, goal-directed 
resuscitation, and adequate temperature mainte-
nance. This has significantly improved the care of 
trauma patients over the last few decades. The 
benefits of damage control surgery must always 
be weighed against the possible complications of 
leaving the abdomen open, mainly as damage 
control surgery is applied to an ever more signifi-
cant patient population.

 Damage Control Laparotomy

As damage control laparotomy became wide-
spread, there was a push to identify which 
patients these techniques would best support. 
Intraoperatively, the decision to perform a DCL 
would be based on several indications. One indi-
cation is fluid status, as extensive volume resusci-
tation may prevent a tension-free fascial closure. 
If closed under tension, complications such as 
fascial dehiscence, bowel evisceration, and 
abdominal compartment syndrome may occur. 
Another indication is the need for reoperation or 
second-look situations. Complex pancreaticodu-
odenal injuries, hepatic injuries, or pelvic injuries 
may require multiple operations to achieve suc-
cessful results. And lastly, those who have signs 
of the lethal triad intraoperative need to have a 
damage control procedure with temporary clo-
sure, resuscitation, and rewarming [10].

Unfortunately, there have been no randomized 
controlled trials determining which patients 
would benefit most. Expert review panels have 
investigated the issue identifying over 36 unique 
prehospital indications and 87 intraoperative 
indications [11]. While this provides a guide, this 
issue still lacks appropriate data to answer who is 
best served with DCL conclusively.

 Damage Control Laparotomy 
for Emergency General Surgery 
Patients

With the success of DC procedures for trauma 
patients, the same principles are now applied to 
EGS patients. While these are two distinct patient 
populations, they share some similarities. Many 
present with severe physiological derangement 
requiring immediate intervention. Most need sig-
nificant fluid resuscitation to restore the intravas-
cular volume. There are a few critical differences 
between trauma and EGS patients. EGS patients 
are typically older with significant medical 
comorbidities, and for patients that may require 
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DCL, the cause is septic shock instead of hemor-
rhagic shock [10, 12]. While randomized con-
trolled trials are lacking, a few studies have 
looked at which patients would benefit most from 
DCL. In one of the most extensive studies, Becher 
et al. looked retrospectively at 215 patients who 
underwent emergent laparotomy for nontrau-
matic indications. 53 patients underwent a staged 
or damage control procedure. Patients who 
underwent DCL had significantly higher mortal-
ity than those who underwent a one-stage opera-
tion (45% vs. 20%). As expected, patients who 
underwent DCL presented with more severe ill-
ness, had higher ASA scores, were more likely to 
be in severe sepsis/septic shock, and had signifi-
cant lactic acidosis. Interestingly, patients pre-
sented with the lethal triad did not discriminate 
between survivors and non-survivors in multi-
variable logistic regressions models. The data did 
suggest that patients who may realize a survivor 
benefit from DCL are those who present in severe 
sepsis/septic shock, elevated lactic level (>3), and 
acidosis (pH <7.25), are elderly (>70) and male, 
and those with multiple comorbidities [13]. 
While this study is not without limitations, it 
does suggest which patients may benefit most 
from DCL.  In a separate retrospective study, 
Subramanian et  al. found that age was not an 
independent predictor of worse outcomes when 
investigating elderly patients over 65 who under-
went DCL [14]. This showed that despite more 
significant comorbidities, elderly patients could 
tolerate DCL physiologically.

 Damage Control Laparotomy 
Operative Sequence

Regardless of the indication for DCL, a similar 
sequence is followed in both hemorrhagic and 
septic shock. The sequence can be broken down 
into preoperative care, damage control operation, 
damage control resuscitation, second-look lapa-
rotomy, and postoperative care [6, 15].

Preoperative: Attempt to identify patients who 
will need a DCL by using presentation informa-
tion such as the preoperative base deficit, hypo-
thermia, coagulopathy, hemodynamic instability, 

patient age, or sex. Another aspect to consider is 
projected operative time which will be based on 
the etiology of the patient’s illness dictating which 
procedure will be performed. Definitive repairs 
that require extensive resection and reanastomosis 
may be prohibitive. Also, resuscitation should be 
initiated at the time of assessment. For hemor-
rhagic shock, a massive transfusion protocol 
should be activated with appropriate large-bore 
IV access. Resuscitation should follow a 1:1:1 
ratio (packed red blood cells, plasma, and plate-
lets) as this was shown to decrease mortality in 
large multicenter randomized controlled trials 
[16, 17]. In septic shock, crystalloid resuscitation 
and potentially vasopressors may be required to 
stabilize the patient’s hemodynamics. Crystalloid 
resuscitation should target a CVP of 8–12 mmHg 
in non-intubated patients or 12–15 mmHg in intu-
bated patients, MAP >65, UOP >0.5 cc/kg/h, or 
central venous oxygen saturation (ScvO2) of 
>70%, if able [18]. Cultures should be obtained 
and antibiotics started expeditiously. Strict vol-
ume measurement following fluid replacement 
and associated output are required but should not 
delay transport to the operating room.

Damage control operation: When the decision 
has been made to proceed with DCL, the index 
operation’s objective is to determine the insulting 
pathology resulting in the physiological deranged 
state. If the cause is hemorrhage, this should be 
controlled rapidly. Likewise, if sepsis is the con-
cern, then the goal will be decontamination and 
source control. Once accomplished, the surgeon 
should reassess the abdomen and proceed with 
temporary abdominal closure if the insulting 
pathology has been addressed. The patient should 
then be transferred to an ICU setting for ongoing 
management.

Damage control resuscitation: Resuscitation 
began at patient arrival and continued during the 
operation and in the ICU. Throughout the surgical 
intervention, it is imperative that the surgeon 
maintain close communication with the anesthe-
sia colleagues. How the patient responds to resus-
citation can significantly impact the initial plan of 
definitive surgery, damage control surgery, or an 
intraoperative conversion of a definitive repair to 
damage control. Perioperative resuscitation 
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should aim to optimize patient hemodynamics; 
correct acidosis, coagulopathy, and electrolyte 
abnormalities; and ensure adequate end-organ 
perfusion. Once the damage control operation is 
complete, multiple open abdomen resuscitation 
strategies can be followed. In 2010, Smith et al. 
showed the efficacy of direct peritoneal resuscita-
tion for trauma patients undergoing damage con-
trol laparotomy. They found a significantly shorter 
time to definitive abdominal closure. Direct peri-
toneal resuscitation allowed for a higher rate of 
primary fascial closure, lower intra-abdominal 
complication rate, and a lower ventral hernia for-
mation rate at 6 months [19]. In 2014, Smith et al. 
applied direct peritoneal resuscitation to EGS 
patients and again found a higher rate of primary 
fascial closures performed in a shorter time. While 
not significant, they found lower overall mortality 
at 30  days in the direct peritoneal resuscitation 
group [5]. Another resuscitation strategy investi-
gated by Harvin et  al. utilized 3% hypertonic 
saline while the fascia was open. They showed a 
decrease in the total amount of fluids given, a 
decrease in time to fascial closure, and a signifi-
cant number of patients achieving primary fascial 
closure on the first take back [20].

Second-look laparotomy: With adequate 
resuscitation and stabilization, the patient should 
return to the operating room for a second-look 
laparotomy, typically with a 24–48-h window of 
the index operation. The precise timing of return 
to the OR is patient-specific. If the patient has 
normalized, then the goal of the second-look lap-
arotomy will be to achieve definitive intra- 
abdominal repair with primary fascial closure. If 
definitive repair is not indicated during the 
second- look procedure, then a thorough evalua-
tion should be completed and a temporizing 
dressing applied with plan for a third look 
laparotomy.

Postoperative care: Once definitive repair of 
abdominal pathology is complete, the patient 
should be liberated from the ventilator as judi-
ciously as possible. Nutrition needs to be met by 
enteral means if possible, and if not warranted, 
parenteral support should be considered. The role 
of antibiotic use and duration should be case- 
specific based upon the pathologic situation.

 Damage Control Laparotomy 
Outcomes

Damage control laparotomy has resulted in an 
overall decreased morbidity and mortality. In the 
original study describing damage control surgery, 
the survival rate approached 60% compared to an 
11% survival rate in the control group [3]. In 
another study, Smith et  al. compared outcomes 
following penetrating, blunt, and intraperitoneal 
sepsis damage control laparotomy. The authors 
found that the intraperitoneal sepsis group had 
the lowest primary fascial closure rate, the high-
est rate of intra-abdominal complications, and the 
highest 90-day mortality. For all three groups, 
those whose abdomens were open for over 8 days 
had nearly twice the risk of death [21]. Based on 
these two studies, it is likely that trauma patients 
have better outcomes than the emergency surgery 
patient population following damage control 
laparotomy.

Other studies did not show a conclusive bene-
fit of damage control surgery for emergency gen-
eral surgery patients. Hau et  al. showed in a 
prospective multicenter cohort study that there 
was no significant difference in mortality when 
comparing a planned relaparotomy group (aka 
damage control laparotomy) vs. a relaparotomy 
when necessary (21% vs. 13%). The stratification 
of patients into either group was based on sur-
geon preference at the time of surgery. They 
found a higher incidence of multi-organ failure 
and infectious complications in the planned 
relaparotomy group, which may correlate with 
why those patients were stratified into the dam-
age control group, to begin with [22]. van Ruler 
et al. also found no difference in mortality in a 
randomized controlled trial comparing a planned 
relaparotomy (aka damage control laparotomy) 
strategy compared to an on-demand or as-needed 
laparotomy strategy (12-month mortality 36% 
vs. 29%). 42% of patients in the as-needed lapa-
rotomy group required a second-look laparot-
omy, with 69% of those patients having significant 
intra-abdominal findings. Compare that to the 
planned relaparotomy group, where 94% of those 
patients underwent second-look laparotomy and 
only 34% of those were significant for intra- 
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abdominal findings. This study showed that in the 
properly selected patients, second-look laparot-
omy would have positive intraoperative findings. 
Unfortunately, these relaparotomy (either 
planned or unplanned) subgroups were not ana-
lyzed to determine associated mortality [23].

 Damage Control Laparotomy 
Complications

DCL comes with its unique complications due to 
the abdominal cavity being left open for an 
extended period. There are fewer complications 
if the abdominal cavity can be closed by day 7 or 
8, after which complications become much more 
frequent [24, 25]. Those complications include 
abdominal compartment syndrome, enterocuta-
neous fistula, intra-abdominal abscess, and the 
inability to close the abdominal fascia primarily.

Abdominal compartment syndrome can occur 
following either hemorrhagic shock or septic 
shock patients. There are several risk factors 
associated with abdominal compartment syn-
drome, including abdominal surgery, trauma, 
hemoperitoneum, intra-abdominal abscess/infec-
tion, acidosis, hypothermia, coagulopathy, mas-
sive resuscitation, mechanical ventilation, and an 
open abdomen. These risk factors diminish the 
abdominal wall compliance, increase the intra- 
abdominal contents, and cause a capillary leak 
[26]. Abdominal compartment syndrome can be 
a resultant effect of a damage control procedure 
or a by-product of the insinuating event requiring 
damage control in the first place. Regardless of 
the inciting event, the abdomen needs to be 
decompressed, and once done, there will be dif-
ficulty in achieving a definitive closure. 
Occasionally, temporary closure devices can 
cause compartment syndrome physiology if the 
closure is tight or the abdominal viscera swells 
during ICU resuscitation. Overall, these patients 
need to be monitored closely with judicious use 
of fluid, closely following urine output, and 
attempted abdominal closure when able. Adjuncts 
such as negative pressure wound vacuum, direct 
peritoneal resuscitation, and hypertonic saline 

can be used to help decrease the time to fascial 
closure [19, 20, 27].

Enterocutaneous fistula (ECF) can occur due 
to increased or excessive manipulation of the vis-
cera. ECFs can also be caused by a prolonged 
open abdomen that is unable to have primary fas-
cial closure. Intra-abdominal abscesses (IAA) are 
more likely to occur after damage control surgery 
due to the temporary closure devices, inciting 
infection, and any packs left in the abdomen to 
help with hemostasis. The Open Abdomen 
Registry did further investigation to identify 
inciting events in the formation of enterocutane-
ous fistula, enteroatmospheric fistula, and intra- 
abdominal abscess formation. Using the Registry, 
they compared patients with and without these 
specific complications and found large bowel 
resection, extensive volume fluid resuscitation, 
and an increasing number of abdominal explora-
tions were statistically significant predictors [28]. 
In a separate systematic review, Cristaudo et al. 
identified that lack of definitive fascial closure, 
large bowel resection, and >5 to 10 L of intrave-
nous fluids in less than 48 hours were predictors 
of enteroatmospheric fistula. They also identified 
large bowel resection, >5 to 10 L, and over 10 L 
of intravenous fluids in less than 48 hours were 
predictors of an intra-abdominal abscess [29].

Lastly, a significant source of morbidity and 
mortality of a damage control laparotomy is the 
open abdomen and whether the fascia can be re- 
approximated. The issue of the open abdomen 
causing the complications or the complication 
result due to a prolonged open abdomen indicates 
the importance of achieving fascial closure. 
Independent predictors associated with the lack 
of primary fascial closure include IAA, worst 
base deficit, and higher abdominal explorations 
[30]. The systematic review performed by 
Cristaudo et al. identified enteral nutrition, organ 
dysfunction, local and systemic infection, the 
number of reexplorations, worsening Injury 
Severity Score, and the development of a fistula 
appeared to significantly delay definitive fascial 
closure [29]. Miller et  al. retrospectively evalu-
ated 344 patients who required an open abdomen 
due to either damage control surgery or abdomi-
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nal compartment syndrome. Only 276 patients 
made it to fascial closure, and of those, only 65% 
achieved primary closure at a mean of 3.5 days 
and a complication rate of 9%. Of the remaining 
patients, 29% required prolonged temporary clo-
sure, and 6% underwent prosthetic implant clo-
sure. The overall mean time to final fascial 
closure was 45 days. There was fistula formation 
in each of the three closure groups, the early pri-
mary closure had the lowest at 3%, and the high-
est was temporary closure group of 30% [25]. 
This study emphasized the importance of primary 
closure when feasible. If not, there are other 
options, but they are associated with significantly 
higher complications. Other options include 
sequential closure, in-lay or bridging mesh, skin 
closure with future hernia repair, and temporary 
abdominal coverage. These techniques are appro-
priate to use in the acute setting, and after com-
plete recovery, more complex operations, 
including component separation and permanent 
mesh, can be considered.

 Damage Control Vascular Procedures

Damage control for vascular injuries involves a 
spectrum of varying pathologies, including vas-
cular trauma of an extremity, ruptured aneurysm, 
uncontrolled gastrointestinal hemorrhage, tumor 
invasion into prominent vasculature, or an iatro-
genic injury. The similarities between these path-
ological variants are rapid and profound blood 
loss resulting in hemodynamic instability. 
Specific to vascular surgery are the techniques to 
obtain control as many vessels can be ligated 
with limited repercussions. For vessels that can-
not be ligated, a damage control approach needs 
to be considered. The same principles apply for 
damage control vascular procedures as it does for 
damage control laparotomy—rapid identification 
of the injury, control of hemorrhage, temporary 
closure, resuscitation, and lastly definitive repair 
with appropriate closure. Damage control vascu-
lar procedures include balloon tamponade or 
temporary intravascular shunts (TIVS) [12].

 Extremity Vascular Injuries

Major vascular injuries of an extremity represent 
a subset of patients who present in profound 
shock and need immediate care addressing the 
vascular injury. Historically, these patients were 
managed with a life over limb philosophy, result-
ing in a large percentage of amputations [31]. 
The military experience in Iraq and Afghanistan 
in the early 2000s challenged that philosophy 
with the advent of temporary surgical shunts. In 
one of the most extensive studies at the time, 
Rasmussen et al. identified 126 extremity vascu-
lar injuries, of which 30 were managed with the 
placement of a temporary shunt at a smaller field 
hospital before transfer to the main Air Force 
Theater Hospital, where the definitive repair was 
performed. Twenty-two of the shunts were placed 
proximally, eight distally, and four of the proxi-
mal shunts were venous. None of the patients 
received systemic heparin. Each of the patients 
proceeded to definitive repair, with only two 
patients requiring amputation [32]. Although this 
was a small sample size with no randomization, 
this showed the feasibility of limb salvage using 
intravascular shunts. Ball et al. completed a retro-
spective review of civilians suffering iliac artery 
injuries. Before intravascular shunts, manage-
ment had previously been vessel ligation with 
possible extra-anatomic bypass if the patient sur-
vived. This resulted in mortality ranging from 30 
to 90%, frequently secondary to blood loss before 
arrival. There was a high mortality rate of 45% in 
their analysis, with the majority dying from 
refractory shock in the first 24 hours. When they 
compared ligation to intravascular shunt place-
ment, fewer patients required amputations (47% 
compared to 0%) and fasciotomies (93% 
 compared to 43%) with lower mortality (73% vs. 
43%) [33]. The other injury pattern to mention is 
a concomitant orthopedic injury and a significant 
vascular injury. Wlodarczyk et al. addressed this 
question in 2017. They identified 291 patients 
who had both an extremity vascular injury and an 
orthopedic injury. The patients were broken up 
into three groups—those who were shunted first, 
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those who were not shunted and underwent ini-
tial vascular repair, and those who were not 
shunted and underwent initial orthopedic fixa-
tion. They found that the shunted group had a 
higher Abbreviated Injury Scale and Mangled 
Extremity Severity Score and with a lower rate of 
compartment syndrome. The non-shunted ortho-
pedic fixation first group had a significantly lon-
ger length of stay and a higher amputation rate 
[34]. This study emphasized the importance of 
first addressing the vascular injury before pro-
ceeding with orthopedic fixation.

 Intra-Abdominal Vascular Damage 
Control

The management of intra-abdominal vascular 
control is based on the tenets of a damage control 
laparotomy. There are a few examples to men-
tion. While the incidence of a ruptured abdomi-
nal aortic aneurysm has decreased with imaging 
and screening advancements, the mortality 
remains high at nearly 50% [35]. Tadlock et al. 
applied damage control principles to the surgical 
management for ruptured abdominal aortic aneu-
rysms to reduce mortality. A small sample size 
limited the study, but they showed the damage 
control group received more blood products and 
less crystalloid infusion, a decrease in mortality, 
and no graft infections, albeit the latter two find-
ings failed to reach significance [36]. This study 
suggested that not only was damage control safe 
in this patient population, but there may also be a 
survival benefit as well.

Another instance where damage control prin-
ciples should be applied is for an unstable gastro-
intestinal bleed. These patients are best served 
endoscopically or with interventional radiology. 
However, if the conservative measures are not 
effective or the patient becomes hemodynami-
cally unstable, the surgeon needs to be prepared 
to control the bleeding surgically. Whether the 
bleed is from esophageal varices, peptic ulcers, 
marginal ulcers, AVM, or postoperative compli-
cations, the principles of damage control surgery 

should be applied [10, 37]. One modality the sur-
geon should be familiar with is balloon tampon-
ade. These devices have proven helpful in 
obtaining temporary vascular control in solid 
organ injuries, challenging to access vascular 
injuries, cardiac injuries, carotid injuries, and 
facial artery injuries [38].

Finally, the elective surgeon needs to under-
stand damage control vascular techniques and 
principles. While uncommon, there are reports of 
applying damage control surgery in elective pan-
creas surgery following massive hemorrhage. In 
one study, 8 patients out of 835 undergoing elec-
tive pancreas surgery required damage control 
principles due to massive hemorrhage. All 8 
patients survived [39]. In another study, 6 patients 
out of 178 undergoing debridement for necrotiz-
ing pancreatitis required damage control princi-
ples again due to hemorrhage. Four of the six 
survived [40]. Had these patients been operated 
on before damage control principles being widely 
adapted or by surgeons not versed in damage 
control management, these complications would 
likely have been uniformly fatal.

 Damage Control Thoracotomy

After wide adaption of damage control laparot-
omy and vascular procedures, trauma surgeons 
began using the same techniques to manage tho-
racic trauma. Patients have the same overall 
physiology following traumatic thoracic injury in 
which major hemorrhage occurs. These patients 
require rapid stabilization, resuscitation, and sub-
sequent definitive care. Damage control surgery 
has been described following cardiac injury, lung 
injury, intrathoracic vascular injury, tracheobron-
chial injury, and oro-esophageal injury [41]. One 
of the earliest studies investigating the efficacy of 
damage control thoracotomy was by Vargo et al. 
11 out of 196 patients undergoing thoracotomy 
had an abbreviated operation—six due to coagu-
lopathy, three due to planned reexploration, two 
due to secondary to thoracic compartment syn-
drome, one due to cardiac compressive shock, 
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and one due to airway hypertension both follow-
ing rib approximation. Mortality was 36%, with 
the causes being severe TBI in two patients and 
uncontrolled coagulopathy in the other two [42]. 
As one of the preliminary studies, Vargo et  al. 
demonstrated that damage control thoracotomy 
was safe and may provide a survival benefit to 
patients. This was further confirmed in 2 more 
observational studies evaluating 25 patients and 
44 patients all undergoing damage control thora-
cotomy. Their mortality rates were 40% and 
23%, respectively [43, 44]. Finally, there was 
concern regarding the increased risk of infectious 
and hemorrhagic complications related to the 
open chest. Lang et al. investigated these findings 
and found that a damage control thoracotomy 
compared to traditional definitive closure did not 
have a higher risk of infectious or hemorrhagic 
complications and no significant mortality differ-
ence [45]. Unfortunately, all of these trials were 
retrospective and non-randomized. Randomized 
trials are needed to precisely define indications, 
expected outcomes, and mortality for the most 
effective utilization of damage control 
thoracotomy.

In conclusion, the development of damage 
control surgery principle has resulted in 
decreased morbidity and mortality for some of 
the sickest patients. These principles can be 
applied to almost all surgical disciplines includ-
ing trauma, emergency general surgery, and tho-
racic, vascular, and elective surgery. The basic 
tenets include an initial, abbreviated surgical 
intervention, rewarming, and resuscitation in 
the ICU, followed by definitive care. Further 
research needs to be conducted in order to iden-
tify the optimal patient population who would 
maximally benefit from a damage control 
procedure.
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6Radiology of Emergency Surgery

John Kirby and Ashish Khandelwal

 Introduction

Over the last several decades, the increasing use 
of diagnostic imaging has made it commonplace 
in medical care. Almost half of the patients pre-
senting to the emergency department will receive 
some form of imaging, with one in five undergo-
ing high-cost imaging, including CT, MRI, or 
nuclear medicine scans [1]. Over the last 10 years 
alone, the use of CT in the emergency department 
has increased by 150% [2]. Surgeons often have 
the opportunity to view these images during their 
initial assessment. Understanding common 
radiological findings can supplement physical 
exam and clinical acumen in evaluating a poten-
tial surgical patient.

Attempting to describe pertinent imaging for 
every potential acute surgical disease is beyond 
the scope of this chapter. We intend to review sig-
nificant imaging findings that will influence 
immediate management of acute surgical issues. 
Specifically, our focus will be on conditions 
within the abdomen and pelvis. We will discuss 
the strengths and weaknesses of each imaging 
modality and how to approach choosing the most 
appropriate examination to answer the clinical 
question. Finally, we will review select examples 
of commonly encountered conditions with asso-

ciated imaging and demonstrate how these prin-
ciples can be applied in each case.

 Imaging Modalities

Choosing the best initial imaging examination 
for the assessment of a patient in distress can 
sometimes be challenging. The acuity, age of the 
patient, and availability of local resources all fac-
tor into making the decision. Several helpful 
resources to guide the choice of imaging tool are 
available. For example, the American College of 
Radiology maintains evidence-based appropri-
ateness criteria based on individual clinical cir-
cumstance [3]. Additionally, consultation with 
the interpreting radiologist can help customize a 
workup based on the clinical context to provide a 
timely and accurate diagnosis.

 Radiography

With the advent of CT, conventional radiographs 
are uncommonly used as the first diagnostic 
imaging examination to evaluate acute abdomi-
nal pain. Nevertheless, radiographs are easy to 
obtain and have a lower radiation dose when 
compared with CT.  Several potentially useful 
indications for radiographs include perforated 
viscus, bowel obstruction, urinary calculi, and 
foreign bodies [4]. However, radiographs have 
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limited utility in diagnosing acute surgical condi-
tions. When compared with CT, radiography has 
a lower sensitivity and specificity in most appli-
cations [5]. When the clinical suspicion of acute 
pathology is high, CT will often be performed 
regardless in addition to radiographs further 
increasing the radiation, cost, and time to 
diagnosis.

 Ultrasound

Ultrasound (US) is a quick and inexpensive 
method for evaluating acute abdominal and pel-
vic pain [6]. The lack of ionizing radiation often 
makes it the preferred initial modality in the 
pregnant and pediatric populations. Doppler 
analysis allows the assessment of blood flow 
within an organ in cases such as ovarian torsion 
[7]. Compression with the transducer aids in 
real- time localization of pain [8]. The ability to 
perform the exam at the bedside reduces the 
need to transport critically ill patients. 
Ultrasound suffers from being operator-depen-
dent with the need for an experienced sonogra-
pher [9]. Additionally, large body habitus and/or 
overlying bowel gas may limit the evaluation of 
deep organs.

 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is less 
commonly used in diagnosing acute surgical 
conditions. The examination is lengthy, often 
requiring the patient to remain relatively 
motionless in an enclosed environment for up 
to 30 min. Many patients with metal devices or 
suspected foreign bodies are unable to safely 
enter the magnetic field. Also, MRI is a limited 
and costly resource and not always readily 
available. MRI benefits from the absence of 
ionizing radiation making it useful in evaluat-
ing causes of acute abdominal pain in pregnant 
or pediatric patients [10]. In fact, at many insti-
tutions, MRI is used in the workup of appendi-
citis in pregnancy when the initial ultrasound is 
equivocal (Fig. 6.1).

 Computerized Tomography

Advances in computerized tomography (CT) 
have made it one of the most useful tools in diag-
nosing acute conditions and ensuring timely sur-
gical intervention [11]. CT has the ability to 
quickly acquire a large volume of data and post- 
process it in a variety of manners depending on 
the clinical question. High spatial resolution and 
the ability to create three-dimensional multipla-
nar reformats also assist in complicated 
evaluations.

Although newer technology has decreased the 
amount of ionizing radiation, CT still possesses 
the highest radiation dose of most commonly per-
formed radiology examinations [12]. This is espe-
cially important in the pediatric and pregnant 
population when limiting radiation dose is para-
mount. The use of low-dose protocols and appro-
priate shielding can be utilized to ensure the dose 
is as low as reasonably achievable if CT is required.

Fig. 6.1 Coronal T2-weighted (SSFSE) MRI in a patient 
presenting with right lower quadrant pain at 16 weeks ges-
tation. Initial ultrasound was equivocal due to poor visual-
ization. The appendix is enlarged measuring 1 cm (large 
arrow) with subtle peri-appendiceal hyperintensity sug-
gesting inflammation of the surrounding fat. Findings 
were consistent with appendicitis, which was confirmed at 
surgery. Note the intrauterine pregnancy (small arrow)
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 Important Principles of CT
A basic understanding of how a CT image is 
obtained is useful in interpretation. There are sev-
eral key components on a CT image: air, fat, 
water, soft tissue, and bone. If a component 
absorbs radiation, it is considered radiodense and 
will appear bright. The Hounsfield unit (HU) is a 
measurement of radiodensity. By definition, pure 
water is assigned an HU of 0. Air does not effec-
tively absorb radiation and appears dark (negative 
HU). In contrast, bone/metal absorbs radiation 
relatively well and appears bright (positive HU). 
The individual makeup of tissue at a particular 
location on CT will determine how bright that 
spot appears. As the CT gantry rotates, it mea-
sures these tiny pixels in three dimensions (vox-

els) which are combined together to create the CT 
image that we are accustomed to seeing [13].

Appropriate window and leveling settings are 
important when interpreting to aid in contrast 
between similar tissues. Commonly used win-
dow/level settings include the soft tissue, bone, 
and lung among many others (Fig.  6.2). Axial, 
coronal, and sagittal views are typically recon-
structed from one data set. Many imaging soft-
ware packages now include the ability to create 
multiplanar formats in any orientation at the 
workstation and manipulate in three dimensions.

Intravenous (IV) iodinated contrast is often 
useful in detection of pathology. Knowledge of 
the timing at which a CT scan was performed fol-
lowing administration of IV contrast is important 

c

a b

Fig. 6.2 Axial contrast-enhanced CT slice through the 
abdomen with preset window and level settings demon-
strating the range of different tissue densities/attenuation. 
The major components are air, fat, water, soft tissue, and 
bone. The selected window and level setting examples 
include bone (a), soft tissue (b), and lung (c). Note the 

tissue density (HU) does not change between settings. 
Additionally, there are several locules of free air within 
the abdomen that are more apparent when utilizing the 
lung window (small arrows). This patient had a perforated 
viscus
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when interpreting the results. For example, dif-
ferent timing is used to evaluate the arteries, 
veins, organs, and urinary collecting system. 
With the recent improvement in CT scanner reso-
lution, the role of oral contrast is diminished [14]. 
Oral contrast limits the evaluation of the bowel 
wall in suspected perforation and ischemia. It is 
associated with longer wait times due to patient 
preparation [15]. Oral contrast remains useful 
when evaluating the bowel wall for subtle 
implants or peritoneal disease as well as in iden-
tifying leak/perforation from hollow viscus. 
Water or neutral oral contrast can be considered 
when distention of the bowel is required. 
Throughout this chapter, contrast-enhanced CT 
will refer to the use of IV contrast only unless 
oral contrast is specified.

 Critical Findings on CT

Free Air
Free intraperitoneal air on CT or radiography 
may be the first finding of gastrointestinal perfo-
ration. Intraperitoneal air is easiest to detect on 
CT when utilizing window and level settings 

typically reserved for viewing the lungs to help 
differentiate air from mesenteric fat. With larger 
volume pneumoperitoneum, upright abdominal 
radiographs can demonstrate crescentic air below 
the diaphragms (Fig. 6.3). However, radiographs 
are less sensitive than CT.  In 10% of patients, 
pneumoperitoneum may be related to other 
causes such as postoperative air, peritoneal dialy-
sis, and entry through the gynecologic tract [16].

Hemorrhage
Active hemorrhage on CT will present as a focal 
collection of IV contrast outside of the expected 
course of a blood vessel. On delayed imaging, the 
pool of extravasated contrast will expand and 
become less dense as it is diluted by additional 
blood (Fig. 6.4). Nontraumatic causes of hemo-
peritoneum include malignancy, gynecologic, 
vascular, or iatrogenic [17]. Bleeding may also be 
confined to an organ such as the bowel. In this 
case, there will be shifting high-density contrast 
moving through the bowel on delayed imaging. A 
pseudoaneurysm may mimic active hemorrhage, 
but the extravasated pool of contrast will not 
expand on delayed imaging.

a b

Fig. 6.3 Chest radiograph and contrast-enhanced CT in a 
patient presenting with peritonitis. Chest radiograph (a) 
demonstrates free air under the diaphragm (large white 
arrow), a “continuous diaphragm sign” (black arrow), and 
a density gradient over the upper left abdomen (small 

white arrow) consistent with pneumoperitoneum. Axial 
CT (b) shows diffusely dilated bowel with free intraperi-
toneal air (white arrow). Bowel perforation was confirmed 
during exploratory laparotomy
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a b

Fig. 6.4 Contrast-enhanced CT in a 61-year-old male 
presenting with abdominal pain. Arterial phase axial 
image (a) demonstrates a focal collection of contrast in 
the lumen of the duodenum. On delayed imaging (b), the 

contrast within the duodenum has migrated, expanded, 
and been diluted. This was subsequently proven to be 
related to peptic ulcer disease

Fig. 6.5 Contrast-enhanced CT in a 75-year-old male with 
abdominal pain one day after endoscopic retrograde cholan-
giopancreatography (ERCP) for choledocholithiasis. 
Increased density of the mesenteric fat and edema (“inflam-
matory fat stranding” white arrows) surrounding the pan-
creas (black arrow) consistent with post-ERCP pancreatitis

Tissue Enhancement
Various vascular tissues demonstrate increased 
uptake of iodinated IV contrast creating 
enhancement on CT. Increased enhancement in 
an unexpected location may indicate a neoplas-
tic, infectious, or inflammatory process. 
Conversely, the absence of enhancement may 
indicate ischemia such as in acute mesenteric 
ischemia, small bowel volvulus, or ovarian tor-
sion. Utilization of multiple imaging planes 
can assist in the evaluation of mucosal integ-
rity and enhancement.

Inflammatory Fat Stranding
On typical CT window/level settings, fat 
appears darker (less dense/lower HU) than 
surrounding soft tissue and organs. When 
there is an adjacent inflammatory process, the 
mesenteric and retroperitoneal fat becomes 
edematous and demonstrates increased vascu-
larity. This leads to an increase in density 
(increased HU), creating the commonly refer-
enced “inflammatory fat stranding” that can 
be the first clue to a developing pathology 
(Fig.  6.5). Table  6.1 contains examples of 

potential etiologies which should be consid-
ered when critical findings are present 
(Table 6.1).
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Table 6.1 Important findings on CT with commonly 
associated causes

Pneumoperitoneum [18]
   Perforated viscus (most common)
   Postoperative
   Peritoneal dialysis
   Gynecologic tract
   Increased thoracic pressure
   Pneumatosis cystoides intestinalis
   Trauma
   Iatrogenic
   Idiopathic
Hemorrhage
   Gastrointestinal bleed
   Hemoperitoneum [19]
    Malignancy/vascular tumor
    Ruptured ovarian cyst
    Ruptured ectopic pregnancy
    Ruptured aneurysm
    Iatrogenic
    Anticoagulation
    Trauma
Tissue enhancement
   Increased
    Inflammatory reaction
    Infection/abscess
    Neoplasm/tumor
   Decreased
    Ischemia/infarction
Fat stranding [20]
   Inflammatory
   Infectious
   Infarction/fat necrosis

Table 6.2 Acute abdominal surgical conditions when 
imaging is essential

Gastrointestinal
   Esophageal perforation
   Perforated bowel
   Mesenteric ischemia
   Appendicitis
   Diverticulitis
   Volvulus
    Gastric
    Midgut
    Cecal
    Sigmoid
   Obstruction
    Gastric outlet
    Small bowel
    Colonic
   Hemorrhage
Biliary tract
   Cholecystitis
    Calculus
    Acalculous
    Gangrenous
    Emphysematous
    Perforated
   Acute cholangitis
   Pancreatitis
Genitourinary
   Urinary obstruction
   Renal abscess
   Pyonephrosis
   Emphysematous pyelonephritis
   Emphysematous cystitis
   Ovarian torsion
   Tubo-ovarian abscess
   Ectopic pregnancy
   Testicular torsion
   Fournier’s gangrene

 Imaging Examples of Acute Surgical 
Emergencies

Our goal in the remainder of this chapter is to 
briefly review findings associated with the most 
commonly encountered surgical conditions. 
While this is not an exhaustive list, we hope that 
many of the principles we review here can be 
applied to those unique circumstances which are 
not described. Below are select examples and 
imaging findings of common acute conditions 
with which surgeons should be familiar with 
(Table 6.2).

 Gastrointestinal

 Gastric and Duodenal Perforation
Despite improved medical therapy, peptic ulcer 
disease (PUD) remains one of the most common 

causes of gastric and duodenal perforation. Many 
ulcers are not visible on CT prior to perforation 
due to only superficial involvement of the gastric 
mucosa. Deep and penetrating ulcers may be vis-
ible as a focal defect in the gastric wall (Fig. 6.6). 
A hazy appearance of the inflamed surrounding 
mesenteric fat can also help localize a penetrating 
ulcer [21].

Following Roux-en-Y gastric bypass, mar-
ginal ulcers can occur at the jejunal side of a gas-
trojejunal anastomosis and result in perforation 
[22]. The postoperative nature and location can 
make these difficult to detect. However, multipla-
nar reformats can be especially helpful for evalu-
ating the surgical site and should be carefully 
reviewed.
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Fig. 6.6 Contrast-enhanced CT in a patient presenting 
with 1 day of progressive, sharp epigastric pain. Sagittal 
reformat demonstrates a focal defect along the lesser cur-
vature of the stomach near the antrum (large arrow). 
Several small adjacent foci of free gas are seen near the 
liver capsule (small arrow) suggestive of perforation. 
Surgery confirmed a perforated ulcer and the repair was 
uncomplicated. Biopsy returned as benign ulceration

Fig. 6.7 Contrast-enhanced CT in a patient with 4 days 
of abdominal pain, nausea, and emesis. Coronal reformats 
demonstrate marked distention of the stomach. The pylo-
rus is thickened and collapsed, consistent with gastric out-
let obstruction (large arrows). Gas is present within the 
portal veins (small arrow), and there is gastric wall pneu-
matosis (not shown) indicative of ischemia. Endoscopic 
evaluation revealed a large ulcer extending from the gas-
tric body to the antrum. Subsequent endoscopy demon-
strated intermittent volvulus. The ulceration was believed 
to be due to volvulus related ischemia

The use of positive oral contrast can increase 
the sensitivity of perforation. However, this 
obscures the gastric mucosa and reduces the abil-
ity to determine the precise location of perfora-
tion [23]. Water or neutral contrast is commonly 
used to distend the stomach without obscuring 
the gastric wall.

Additional less common nontraumatic causes 
of gastric perforation include malignancy and 
postsurgical complications such as gastric banding 
[24]. Malignancy will present with similar CT 
findings of focal gastric wall thickening and cen-
tral ulceration. Often, it is impossible to differenti-
ate between PUD and malignancy using CT alone, 
and direct visualization/biopsy is required.

 Gastric Outlet Obstruction
Patients with gastric outlet obstruction may be 
initially detected with an abdominal radiograph 
demonstrating marked distension of the stomach. 
CT is then useful to further investigate the numer-
ous potential underlying causes (Fig.  6.7). 

Historically, PUD was the most common etiol-
ogy of gastric obstruction. However, with 
advances in the treatment of PUD, malignancy 
has become the most common [25]. Both can 
present similarly as previously described and 
may be difficult to differentiate on imaging alone.

Gastric volvulus is an emergent cause of gas-
tric obstruction. There are two types of gastric 
volvulus: organoaxial and mesenteroaxial [26]. 
In organoaxial, the stomach rotates around the 
long axis with the greater curvature appearing 
above the lesser curvature. In mesenteroaxial, the 
stomach rotates about the short axis with the 
pylorus moving above the gastroesophageal junc-
tion. Restriction of blood supply by twisting the 
vasculature in the mesentery can be seen on 
contrast- enhanced CT as decreased enhancement 
of the gastric wall.

Other potential causes of obstruction that can 
be seen on CT include bezoars, gallstones, and 
malpositioned gastric bands.
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 Small Bowel Obstruction
CT is the recommended modality for diagnosing 
and evaluating the patient with suspected small 
bowel obstruction (SBO) [27]. Commonly, 
dilated loops of bowel with air fluid levels seen 
on radiographs indicate a high-grade obstruction 
[28]. However, radiographs are less sensitive than 
CT and cannot evaluate for an underlying etiol-
ogy. CT findings for SBO include dilated loops 
of small bowel >2.5 cm, mesenteric edema, and 
ascites. Additionally, the “small bowel feces” 
sign (Fig. 6.8) refers to the appearance of fecal-
ized stool in the small bowel indicative of delayed 
transit and potential obstruction. The location of 
obstruction can be identified by searching for a 
focal transition point where the bowel is acutely 
narrowed. Typically, the small bowel proximal to 
an obstruction is dilated, while the bowel distal to 
the obstruction is decompressed (Fig. 6.9).

Adhesions are the most common cause of 
SBO [29]. However, they are not typically visible 
on CT, and often a cause for obstruction cannot 
be confidently identified. A closed-loop obstruc-
tion occurs when two ends of small bowel are 
simultaneously obstructed, typically by adhe-
sions. A “C” or “U” configuration of the bowel is 
a common finding when the two points of 
obstruction are caused by an adhesion in the 
same location. The vascular strangulation that 
follows may result in decreased bowel wall 
enhancement on contrast-enhanced CT and even-
tually necrosis. Oral contrast impairs visualiza-
tion of the bowel wall and limits the evaluation 
for bowel ischemia [23]. For this reason, CT with 
oral contrast should not be routinely used in the 
evaluation for SBO.  Additionally, slow transit 
time further decreases utility, and the patient 
preparation may delay obtaining the results [15].

 Appendicitis
In the majority of patients with suspected appen-
dicitis, CT is the best examination with a sensi-
tivity and specificity approaching 100% [30]. 
Traditionally, the diagnosis was made clinically. 
However, several studies have shown that imag-
ing can substantially decrease the rate of nega-

Fig. 6.8 IV and oral contrast-enhanced CT in a 67-year- 
old male with abdominal pain. Coronal reformat shows 
dilated loops of fluid filled bowel (small white arrow). A 
section of small bowel contains air filled stool (large white 
arrow; “small bowel feces sign”) similar in appearance to 
stool within adjacent colon (black arrows) indicating 
delayed transit. The patient underwent exploratory lapa-
rotomy with lysis of adhesion for small bowel 
obstruction

Fig. 6.9 IV and oral contrast-enhanced CT in a patient 
with history of prior abdominal surgeries now experienc-
ing persistent abdominal pain and bloating. Axial CT slice 
demonstrates multiple dilated loops of small bowel. There 
is a focal transition point in the left lower abdomen with 
decompressed small bowel distally (arrows). No contrast 
passes into the distal small bowel. Findings are consistent 
with high-grade small bowel obstruction. Surgery con-
firmed multiple adhesions along the abdominal wall
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tive appendectomies [31]. An enlarged appendix 
measuring >6 mm with associated inflammatory 
mesenteric fat stranding is a highly suggestive 
finding [32]. Appendicoliths can also be seen, 
although they are not indicative of active inflam-
mation. Ultrasound and MRI are useful in preg-
nant patients. Sonographic findings include an 
appendix measuring >6 mm and noncompress-
ibility when using transducer pressure. However, 
the position of the appendix or overlying bowel 
gas can obscure fine detail. MRI can be used in 
equivocal cases. The use of IV contrast is not 
required to make the diagnosis with MRI [33].

Complications of appendicitis include perfo-
ration, peritonitis, and abscess formation. Focal 
decreased enhancement of the appendiceal wall 
may indicate necrosis and pending rupture. Using 
multiplanar reformats, a defect in the wall can 
often be seen and is the most specific sign of per-
foration [34] (Fig. 6.10). Other findings include 
surrounding low-density peri-appendiceal fluid, 
abscess formation, extraluminal air, and extralu-
minal appendicolith. The development of a well- 
defined fluid collection with the surrounding 
enhancing wall suggests abscess formation.

 Bowel Ischemia
Intravenous contrast-enhanced CT angiography 
is the best examination in cases of suspected 
mesenteric ischemia [35]. Causes of intestinal 
ischemia include embolic disease, venous throm-
bosis, intussusception, closed-loop obstruction, 
and volvulus [36]. Specific findings on CT 
include decreased wall enhancement, surround-
ing mesenteric fat stranding, and free fluid adja-
cent to the bowel wall regardless of the etiology 
(Fig. 6.11). Thinning of the bowel wall is specific 
to arterial embolic occlusion, while thickening 
and edema of the bowel wall are seen with venous 
outflow obstruction. Focal involvement of a par-
ticular segment of the bowel can aid in localizing 
where the vascular compromise occurred. In 
advanced cases, pneumatosis and portal venous 
gas related to bowel necrosis can be seen. Closed- 
loop obstruction and volvulus may demonstrate a 
twisting of the vasculature around the rotation 
point commonly referred to as the “whirlpool 
sign” seen on CT and US [37]. As previously dis-
cussed, positive oral contrast may obscure the 
bowel wall and should not be used if specifically 
evaluating for enhancement.

a b

Fig. 6.10 US and contrast-enhanced CT in a patient pre-
senting with 4 days of right lower quadrant pain. US (a) 
demonstrates a blind-ending, dilated tubular structure 
measuring 1.2  cm. Real-time imaging reveals non- 
compressibility and surrounding hyperemia (not shown). 
CT was obtained to assess for complications (b). Axial CT 

reformats demonstrate a focal wall defect along the ante-
rior wall of the appendix consistent with perforation (large 
arrow). A small amount of free fluid is seen adjacent to the 
appendix (small arrow). Surgery confirmed a gangrenous 
and perforated appendix
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Fig. 6.11 IV and oral contrast-enhanced CT in a patient 
with metastatic lung cancer presenting with abdominal 
pain. Axial CT image shows wall thinning and decreased 
enhancement of the transverse/descending colon (black 
arrow) when compared with the normal appearing ascend-
ing colon (large white arrow). There is mesenteric edema 
and inflammatory fat stranding along the transverse and 
descending colon (arrowhead). Additionally, a mass is 
seen invading the tissues along the anterior aorta in the 
region of the expected inferior mesenteric artery (IMA) 
origin (small arrow). The distribution is consistent with 
mesenteric ischemia from IMA occlusion

Fig. 6.12 Contrast-enhanced CT in a patient presenting 
with persistent low-grade abdominal pain. Sagittal refor-
mats demonstrate thickening of the sigmoid colon with 
surrounding inflammatory fat stranding (large white 
arrow). There are multiple adjacent colonic diverticula. A 
pericolonic diverticular abscess (small white arrow) is 
interposed between the sigmoid colon and urinary bladder 
(black arrow). This location was not amenable to percuta-
neous drainage. Conservative management was unsuc-
cessful and surgical intervention was required for 
definitive treatment

 Diverticulitis
Diverticulitis is a commonly encountered condi-
tion best diagnosed by CT [38]. Often, the first 
imaging finding will be mesenteric fat stranding, 
which can then be used to direct scrutiny to the 
adjacent bowel. However, the surrounding inflam-
mation can mask diverticula which won’t be appar-
ent until follow-up imaging. CT is also useful to 
look for complications such as perforation, abscess, 
obstruction, or bleeding [39] (Fig. 6.12). A small 
amount of intraperitoneal air will be present when 
perforation has occurred. Most perforations are 
locally contained. However, 1–2% of patients will 
have non-contained perforation which can lead to 
more advanced complications such as abscess and 
fistula to surrounding structures.

Malignancy can present similarly to diverticu-
litis with wall thickening and enlargement of sur-
rounding lymph nodes [40]. Signs that favor 
diverticulitis include segmental involvement 
>10  cm and surrounding mesenteric inflamma-
tion. A follow-up CT scan or endoscopic evalua-
tion should be considered for further evaluation in 
select patients once symptoms have resolved [40].

 Biliary Tract

 Cholecystitis
Ultrasound is the recommended initial test in a 
patient with right upper quadrant pain and sus-
pected cholecystitis [41]. Gallbladder distention, 
wall thickness >3 mm, hypoechoic pericholecys-
tic fluid, and cholelithiasis are commonly 
encountered features. Pain with transducer pres-
sure over the right upper abdomen is often 
reported. However, the sensitivity and specificity 
of a “sonographic Murphy’s sign” may be unreli-
able if the patient has recently been administered 
pain medication [42].

When the initial US is equivocal, several 
advanced options are available. Cholescintigraphy 
(hepatobiliary iminodiacetic acid (HIDA) scan) 
has higher sensitivity and specificity than US, but 
results take longer to obtain, and evaluation for 
other causes of pain is limited [43]. In a HIDA 
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scan, an injected radiotracer is circulated and 
excreted into the bile. Failure to visualize radio-
tracer uptake in the gallbladder at 4 h is essen-
tially diagnostic of acute cholecystitis. CT and 
MRI are other second-line options with findings 
that include distention, wall thickening, and sur-
rounding inflammatory changes [41] (Fig. 6.13). 
Similar imaging findings are also seen in acalcu-
lous cholecystitis [44]. CT and MRI are useful in 
evaluating potential complications of 
cholecystitis.

 Emphysematous Cholecystitis
Proliferation of gas-forming organisms within 
the gallbladder is a life-threatening condition. 
CT has the highest sensitivity for demonstrat-
ing gas within the gallbladder lumen or wall 
[45]. US is less sensitive but may show thin 
echogenic (bright) lines with decreased poste-
rior transmission creating a “dirty shadowing” 
appearance. A calcified gall bladder wall or 
gall stones will also appear echogenic and 
potentially mimic gas. However, the calcium 
creates a more complete posterior shadow 
referred to as “clean shadowing.” Historically, 
radiographs were used to stage the degree of 
disease based on gas location in the lumen, 
wall, or pericholecystic tissue [46]. However, 

CT has now largely replaced the use of radio-
graphs and should be obtained if there is a con-
cern (Fig. 6.14).

 Gangrenous Cholecystitis 
and Perforation
Compromise of the gallbladder vascular supply 
can lead to wall ischemia. On the US, thin echoic 
lines may be seen within the lumen representing 
sloughed membranes [47]. In addition, CT may 
demonstrate decreased enhancement in the 
necrotic wall [48]. If the compromise continues, 
the gallbladder wall may progress to perforation 
with high associated mortality. Perforation typi-
cally occurs near the fundus where the vascular 
supply is weakest. A focal wall defect is the most 
specific sign and may be seen with CT and less 
likely with US [49] (Fig. 6.15). Secondary signs 
include a collapsed gall bladder, fluid collecting 
in the right hemiabdomen, and inflammatory fat 
stranding.

 Acute Cholangitis
Obstruction and subsequent infection of the biliary 
system carry a high mortality rate requiring a 
timely and accurate diagnosis [50]. Dilation and 
wall thickening of the bile ducts can be seen with 
all modalities. Specifically, intrahepatic biliary 

a b

Fig. 6.13 US and contrast-enhanced CT in a patient pre-
senting to the emergency department with abdominal 
pain, fever, and weakness. US (a) shows a gall bladder 
with a mildly thickened wall (0.5 cm). Multiple layering 
echogenic gallstones with associated posterior shadowing 
are seen. Transducer pressure over the right upper quad-

rant elicited pain. Axial CT (b) demonstrates wall thicken-
ing with surrounding inflammatory fat stranding (large 
arrow). The gallstones are partially calcified and visible 
on CT (small arrow). Findings were confirmed during 
cholecystectomy
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a b

Fig. 6.14 Abdominal radiograph and contrast-enhanced 
CT in a diabetic patient admitted with chest pain who 
spiked a fever during evaluation for acute coronary syn-
drome. Radiograph (a) demonstrates a curvilinear area of 
lucency (arrow) over the right abdomen suspicious for 
emphysematous cholecystitis. Axial CT (b) confirms the 

diagnosis and shows extensive gas within the gallbladder 
wall (arrow). Management was initially attempted with 
percutaneous cholecystostomy due to comorbidities. 
However, the patient developed hemodynamic instability 
and was taken to the operating room emergently

Fig. 6.15 Contrast-enhanced CT performed in a patient 
with a 1-week history of intermittent abdominal pain. 
Axial image shows thickening and edema of the gallblad-
der wall. There is a focal defect near the fundus at the site 
of perforation (large arrow). Additionally, there are several 
locules of gas within the lumen (small arrows) consistent 
with necrosis. Surgery confirmed multifocal perforation 
with several gallstones having eroded through the wall

ductal dilation is the most common imaging 
 finding [51]. US can demonstrate purulence within 
the bile ducts as a layering echogenic density.

On CT, inhomogeneous geographic enhance-
ment of the liver has also been described, 
although it is a nonspecific finding and can be 
seen in other conditions.

Choledocholithiasis is the most common 
inciting factor in up to 80% of acute cholangitis 
[52]. Determining the underlying cause of 
obstruction may be difficult during acute 
inflammation. An abrupt cutoff of the common 
bile duct can be seen with CT, although it may 
be impossible to differentiate between a gall-
stone and mass. Overlying bowel gas limits 
deep sonographic evaluation, and choledocholi-
thiasis is more difficult to detect than 
cholelithiasis.

Magnetic resonance cholangiopancreatogra-
phy (MRCP) is an excellent noninvasive option 
[53]. Gallstones will appear as darkened filling 
defects within the hyperintense (bright) bile. 
Excellent spatial resolution allows stones as small 
as 2 mm to be detected. MRCP does not require 
the use of radiation of iodinated contrast. However, 
MRCP is more expensive, less available, and not 
therapeutic when compared with traditional endo-
scopic retrograde cholangiopancreatography.
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 Genitourinary

 Acute Renal Obstruction
Both CT and US can be used to evaluate renal 
obstruction depending on the age of the patient. 
Unenhanced CT is the initial preferred method of 
evaluation in most adult patients with suspected 
renal stones [54]. The use of IV contrast can aid 
in evaluating perfusion but may obscure stones 
within the collecting system and is not routinely 
recommended.

US can also be used to quickly evaluate for 
renal stones, hydronephrosis, and bladder disten-
sion. Calcified stones appear echogenic with pos-
terior shadowing. Using Doppler imaging, stones 
my demonstrate a colorful “twinkling” artifact 
which can further aid in detection [55]. US ben-
efits from the absence of radiation, but the entire 
ureter may not be visualized due to overlying 
bowel gas.

Signs of acute urinary obstruction include an 
enlarged, edematous kidney with hydronephrosis 
[56]. If IV contrast is used, CT will show 
decreased perfusion of the parenchyma on the 
ipsilateral side known as a delayed nephrogram 
[57] (Fig. 6.16). Over time, the decreased perfu-
sion leads to thinning of the renal cortex which is 
seen in long-standing chronic obstruction. 
Ureteral dilation will be present depending on the 
level of obstruction. Common locations of ure-
teral obstruction include the ureteropelvic junc-
tion, the pelvic brim, and the ureterovesical 
junction [58].

Often, a calcified phlebolith may be in close 
proximity to the distal ureter simulating a renal 
stone. If a stone is present, the wall of the ureter 
will surround the calcification leading to the “soft 
tissue rim sign” [59] (Fig. 6.17). Urothelial can-
cers, pelvic masses, or metastatic implants can 
also result in urinary obstruction.

 Emphysematous Pyelonephritis
Gas within the renal parenchyma is suggestive of 
a bacterial infection causing emphysematous 
pyelonephritis [60]. The use of lung window/
level settings can aid in detecting air on CT. On 
US, air will appear as echogenic foci with poste-

rior “dirty shadowing.” Radiographs can also 
detect air, although the sensitivity is much lower 
than with CT and US.

 Ovarian Torsion
Due to its dynamic nature and lack of radiation, 
US is the preferred method for evaluation of sus-
pected ovarian torsion [61]. An asymmetrically 
enlarged (>4  cm) and edematous ovary with 
peripherally displaced follicles is a classic 
appearance on all modalities. The most specific 
sign is the visualization of the twisted pedicle 
known as the “whirlpool sign” [62] (Fig. 6.18). 
However, the presence of vascular flow does not 
exclude torsion due to the potential for torsion/
detorsion and a dual vascular supply which can 
mimic normal blood flow. In fact, Doppler flow 

Fig. 6.16 Contrast-enhanced CT of a patient experienc-
ing fever, dysuria, and pelvic pressure undergoing uro-
logic workup for prostate related urinary retention. 
Coronal reformat demonstrates right hydroureteronephro-
sis (large white arrow). There is decreased enhancement 
of the right renal parenchyma when compared with the 
left (black arrow), resulting in a “delayed nephrogram.” 
Surround perinephric inflammatory fat stranding suggests 
inflammation and/or infection (small white arrow). There 
was a 9 mm obstructing distal ureteral stone that is not 
shown. Due to fever and concern for superimposed infec-
tion, the patient received a right ureteral stent followed by 
stone extraction

6 Radiology of Emergency Surgery



78

may appear normal in up to 60% of cases [63]. 
On CT and MRI, the enlarged ovary may display 
decreased enhancement indicating ischemia and 
possible infarction [64]. The torsed ovary may 
appear in the midline or in the contralateral 
adnexa in more than half the cases [65] 
(Fig.  6.19). The uterine and ovarian ligaments 
may appear thickened, and the uterus may be 
deviated toward the side of torsion. Due to the 
serious adverse consequences of untreated tor-
sion, a high level of clinical suspicion should be 
maintained even in the absence of definitive 
imaging findings.

 Tubo-Ovarian Abscess
Tubo-ovarian abscess (TOA) is the end result 
of untreated pelvic inflammatory disease 
related to sexually transmitted infections [66]. 
Because TOA usually occurs in females of 
reproductive age, they are typically discovered 
on US first. In the early stages, echogenic lay-
ering fluid within the fallopian tube represents 
purulence and pyosalpinx. As the infection 

Fig. 6.17 Unenhanced CT of the abdomen and pelvis in 
a 24-year-old male presenting with several days of left 
flank pain and hematuria. Axial image at the level of the 
urinary bladder shows a 4 mm density surrounded by a 
thin rim of soft tissue representing the distal ureteral wall 
and periureteral inflammatory fat stranding (soft tissue 
rim sign). No associated hydronephrosis was present and 
the patient was managed conservatively

a b

Fig. 6.18 Transvaginal US in a 38-year-old female with 
acute onset pelvic pain. A single grayscale screen capture 
from a cine video clip (a) in the left adnexa demonstrates 
a swirling appearance of the vessels leading to the ovary 
(“whirlpool sign”). Doppler imaging (b) confirms the 
swirling pattern is vascular with small amounts of flow 

detected. The left ovary was enlarged without vascular 
flow (not shown). Additionally, a large mass was seen 
within the left ovary. Surgery confirmed a 1080-degree 
rotation of the vascular pedicle. A large dermoid cyst was 
associated with the ovary causing torsion. The cyst was 
removed and the ovary was found to be viable
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progresses, the fallopian tube and ovary 
become a conglomerate within the surround-
ing inflammation and can no longer be 
resolved as separate entities [67]. The most 
common appearance is a solid and cystic mass 
on US with internal septations. If a CT is 
obtained, there will be a multiloculated cystic 
mass in the adnexa [68] (Fig. 6.20). Rarely gas 

can be seen within the abscess which essen-
tially confirms the diagnosis [69]. Other find-
ings include thickening of the uterine 
ligaments and free fluid within the vesicouter-
ine pouch. Perforated TOA presents with peri-
tonitis and can lead to additional 
intra- abdominal abscesses and potentially fis-
tulas to adjacent structures [69].

a b

Fig. 6.19 Contrast-enhanced CT and US in a female 
patient presenting with abdominal pain. Axial CT (a) 
obtained first demonstrates a large adnexal mass (large 
arrow) posterior to the uterus and left of midline. No left 
ovary was identified. US (b) subsequently obtained dem-

onstrates a similar ill-defined left adnexal mass without 
vascular flow on Doppler imaging consistent with a torsed 
ovary. Surgery revealed a 720-degree twist of the left 
ovarian vascular pedicle. The left ovary and fallopian tube 
were necrotic and unable to be salvaged

a b

Fig. 6.20 US and CT of a female patient presenting with 
abdominal pain, fever, and leukocytosis. US (a) demon-
strates a multilobulated adnexal mass with internal septa-
tions and partially complex internal fluid. Axial CT (b) 

shows a complex partially cystic and tubular mass within 
the left adnexa (arrow). Findings were consistent with 
tubo-ovarian abscess. The abscess required drain place-
ment, which aspirated 120 mL of purulent material
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 Ectopic Pregnancy
Patients with a newly positive pregnancy test 
and pelvic pain should undergo transvaginal 
pelvic ultrasound to determine the location of 
pregnancy [61]. A fluid collection in the uterine 
cavity has a 99.5% chance of representing a 
intrauterine pregnancy and is normal until 
proven otherwise [70]. Likewise, close inspec-
tion is warranted in the absence of an intrauter-
ine gestational saclike structure. Most ectopic 
pregnancies occur in the fallopian tube with the 
majority of those implanting in the ampulla 
[71]. Other locations include interstitial, cervi-
cal, ovarian, or rarely intra- abdominal. The 
most common finding is an adnexal mass sepa-
rate from the ovary in the  setting of a positive 
pregnancy test [72]. If the mass is closely adja-
cent to the ovary, gentle transducer pressure can 
be applied to attempt and separate the mass 
from the ovary. A visualized yolk sac or fetal 
pole is 100% specific for an ectopic pregnancy. 
CT is not recommended in a potentially preg-
nant patient. If performed, CT and MRI will 
demonstrate a cystic mass with surrounding 
hypervascularity and enhancement [73]. 
Hemoperitoneum can be seen representing sub-
sequent rupture (Fig.  6.21). Potential mimics 
include a corpus luteum and other cystic ovarian 
lesions. As mentioned, transducer pressure with 
US may help differentiate between an ectopic 
pregnancy and an ovarian lesion.

 Testicular Torsion
Similar to ovarian torsion, male patients present-
ing with acute scrotal and/or abdominal pain 
should undergo ultrasound with Doppler [74]. 
The affected testicle will typically be enlarged 
due to edema and venous congestion [75]. 
Doppler typically demonstrates absent arterial 
flow. However, the presence of blood flow does 
not entirely exclude intermittent torsion. The 

most specific sign is direct visualization of the 
twisted pedicle (whirlpool sign) and a pseudo-
mass just below the external inguinal ring [76]. 
Other secondary signs include a reactive hydro-
cele (anechoic fluid) and thickening of the sur-
rounding scrotal skin with hyperemia (Fig. 6.22). 
A heterogeneous appearance of the testicle is a 
poor indicator and likely represents necrosis of 
the testicle [77]. US can also be used to deter-
mine the therapeutic success of manual detorsion 
[78]. Returned presence of blood flow with 
Doppler should be documented.

Fig. 6.21 Contrast enhanced CT in a pregnant patient 
presenting with 5  days of abdominal pain following an 
equivocal US to determine the location of pregnancy at 
12  weeks gestation. Coronal reformat demonstrates a 
hypodense cystic mass surrounded by hyperdense, hyper-
vascular tissue in the right adnexa consistent with an ecto-
pic pregnancy (large arrow). There is heterogenous, 
hyperdense fluid layering along the pelvis and right para-
colic gutter, indicating rupture and hemoperitoneum 
(small arrows). Exploratory laparotomy confirmed the 
rupture of tubal ectopic pregnancy and large 
hemoperitoneum
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Fig. 6.22 Doppler US of the testicles in a 17-year-old 
with 3 days of left groin pain demonstrates an enlarged 
left testicle and epididymis without vascular flow (black 
arrow). Surrounding the left testicle is a minimally com-

plex fluid collection (reactive hydrocele) and inflamma-
tory thickening with hyperemia of the overlying scrotal 
skin (small white arrow). At surgery, the testicle was not 
viable and was subsequently removed

 Conclusion

In conclusion, understanding common imaging 
findings in acute abdominal surgical conditions 
will help surgeons make timely management 
decisions. Consultation with the radiologist and a 
team-based collaborative approach can help 
improve patient outcomes.
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and outcomes
PMG Practice management guideline
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 Practice Management Guidelines 
(PMGs) and Systematic Reviews

A surgeon is asked by her hospital’s information 
technology group to update order sets during the 
integration phases of a new, electronic health 
record. Upon review, the surgeon notes that many 
of the existing order sets for admission, dis-
charge, and common care pathways are over 
10 years old. The surgeon begins a PubMed® lit-
erature search to update these order sets but 
becomes quickly overwhelmed. The literature is 
difficult to evaluate due to the magnitude of the 
papers written and the unclear strength of evi-
dence being reviewed. The surgeon first focuses 
on review articles but finds a great deal of expert 
opinion without transparency regarding conflicts 
of interest and bias. She also notes that there are 
few meta-analyses or randomized controlled tri-
als available for surgical topics. Nearly exacer-
bated and with a deadline fast approaching, the 
surgeon reaches out to other medical, nonsurgi-
cal, leaders asked to update their specific order 
sets for help and advice. Multiple colleagues sug-
gest a quick review of recently written practice 
management guidelines, especially those using 
GRADE methodology, by surgical and medical 
societies. In the end, she identified several rele-
vant guidelines that enabled her update and pre-
sented them for approval at her institutional 
surgical council prior to the deadline. With the 
knowledge gained after her review, she was able 
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to confidently describe the evidence and justify 
her recommendations to the council. All of her 
order sets were approved, and her surgical col-
leagues were grateful that she had been able to 
distill the key information needed to help them 
integrate best practices into their daily patient 
care.

Medical knowledge is rapidly changing, and 
medical practitioners need to consolidate and 
interpret findings from different, sometimes con-
tradictory, studies to make the best decisions for 
their individual patients. This is especially true 
for the acute care surgeon, who regularly treats a 
wide variety of clinical problems [1]. Systematic 
reviews consolidate the knowledge and research 
on a particular topic with the goal of developing 
a more comprehensive understanding of the “true 
nature” of the clinical situation [2]. Systematic 
reviews aim to be thorough, transparent, and 
unbiased reviews of published information on a 
particular topic [2, 3]. Transparency comes from 
using a clearly described and reproducible meth-
odology [2]. The methods of a systematic review 
depend on the available studies. They range from 
meta-analyses of randomized controlled trials to 
descriptive summaries of findings from studies 
with varied designs [2]. What distinguishes a sys-
tematic review from a narrative review is the use 
of a clear, reproducible methodology to identify 
articles [2].

Authors of systematic reviews must determine 
what level of evidence [4] is appropriate to 
answer their specific research question [2]. 
Systematic reviews can provide some of the high-
est levels of evidence to guide clinical under-
standing, especially if it is a meta-analysis of 
well-designed randomized controlled trials 
(RCTs) with similar interventions and outcomes 
[4–6]. Rigorous approaches to systematic reviews 
have been proposed by several groups. The 
Cochrane Collaboration is a leader among these 
groups, with teams of international researchers 
who assemble the best evidence in a transparent 
and unbiased way to write summaries that guide 
clinician decision-making [3]. It was established 
in 1993 as organizations and governments around 
the world expressed growing interest in develop-
ing evidence-based guidelines. The collaboration 

strives to reduce bias by including not only pub-
lished data but also information about registered 
trials and the “gray literature” [3]. The types of 
meta-analyses the collaboration produces repre-
sent the highest level of evidence to support clini-
cal decision-making [5].

Of course, clinicians cannot rely on system-
atic reviews alone to answer clinical questions. 
First, for many specific clinical questions, no sys-
tematic reviews exist. This is especially true for 
topics where the published literature is limited 
for fields like surgery where the nature of the 
treatments and small numbers of patients who 
need specific procedures make RCTs more chal-
lenging. Second, systematic reviews represent a 
summary of data at a particular point in time. As 
such, they rely on the researchers’ ongoing inter-
est in the topic to write updated systematic 
reviews when new studies are published.

Practice management guidelines focus on 
clinical decision-making. Management guide-
lines have been in use for much of the twentieth 
century in some form [7] but have grown in their 
popularity and rigor of approach since the late 
1980s. At that time, significant geographic varia-
tion in care for different conditions existed with-
out clear scientific basis, which led to substantial 
differences in the cost and quality of medical care 
[7, 8]. In 1992, a National Academy of Sciences 
Institute of Medicine (IOM) report defined clini-
cal practice guidelines or PMGs as “systemati-
cally developed statements to assist practitioners 
and patient decisions about appropriate health-
care for specific circumstances” [4, 9]. Guidelines 
are typically developed with a specific set of 
clinical questions in mind, often focused on diag-
nosis or treatments options for a condition. 
Guidelines can also focus on treatment options 
and their associated prognosis, risks and benefits, 
or costs [9]. Ideally, they are valid and reproduc-
ible at different locales [8].

Guidelines are usually developed, in part, 
from existing literature, but also incorporate 
other factors including the judgment of guideline 
developers, expert opinion, patient preference, 
feasibility, and costs. The Delphi method, which 
elicits expert opinion through a structured pro-
cess, was frequently used in the development of 
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initial trauma guidelines [8]. Guidelines should 
include the reasoning behind their recommenda-
tions, thus enabling clinicians to apply the rec-
ommendations appropriately to specific patients 
and/or engage patients in a shared decision- 
making process [7]. Good PMGs do more than 
guide clinical decisions. They serve as an educa-
tional tool, as well as providing standards against 
which the quality of care can be measured [1, 
10]. This includes helping to assess legal liabili-
ties [1, 7, 10]. PMGs can help guide resource 
allocation [1, 7, 10]. Guidelines can also serve as 
a means to rapidly translate research into practice 
[1].

 The Need for PMGs

For more than the past 20  years, it has been 
impossible for clinicians to stay abreast of all the 
current literature [8]. Between 1985 and 2001, 
the number of published randomized controlled 
trials increased from 5000 a year to 25,000 per 
year [7]. In 2014, there were 1,039,145 articles 
indexed in PubMed [11]. The number of system-
atic reviews and meta-analyses has also grown 
exponentially in the past few years. PubMed 
indexed 1023 systematic reviews in 1991 and 
28,959  in 2014 [11]. Clinicians are unable to 
effectively or efficiently distill all of this avail-
able data, which hinders their efforts to ensure 
they are providing the optimal, evidence-based 
care for their patients.

As mentioned, systematic reviews can play an 
important role in informing clinician decision- 
making, but they also fail to address important 
factors for clinical decisions. These factors 
include patient preferences and comorbidities, 
feasibility of broad application of evidence, and 
costs associated with different options. PMGs are 
typically developed by a team of experts, ideally 
multidisciplinary, who summarize the evidence 
to recommend a course of action for different 
patient populations. PMGs ideally explain the 
reasoning behind a recommendation so that 
guideline users can assess whether a particular 
treatment option is optimal for their specific 
patient.

Many governments have established groups to 
develop and/or compile PMGs. In the United 
States, the US Department of Health and Human 
Services created the Agency for Health Care 
Policy and Research (AHCPR) in 1989 to 
increase the use of scientific evidence to stan-
dardize and improve clinical care. AHCPR was 
renamed the Agency for Healthcare Research and 
Quality (AHRQ) in 1999. AHRQ contributed to 
the early guidelines and methodologies for evalu-
ating literature to formulate clinical guidance in 
the United States [5]. In the United Kingdom, the 
National Institute for Health and Care Excellence 
(NICE) has published over 120 clinical guide-
lines based on summaries of published evidence 
[12]. PMGs are supported by many other organi-
zations, including the World Health Organization, 
and several national and professional societies [1, 
10, 12, 13].

 Historical Perspectives of PMGs

Surgeons and surgical societies were early adopt-
ers of PMGs. The Society for Vascular Surgery 
and the American College of Surgeons (ACS) 
were already publishing guidelines for specific 
conditions as the IOM called for guidelines and 
more evidence-based standardizations [10]. The 
ACS published the first edition of the “Resources 
for the optimal care for the injured patient” in 
1990 as a comprehensive guideline for the triage 
of trauma patients and the establishment of inclu-
sive trauma systems. This was nearly 20  years 
after the first Advance Trauma Life Support 
(ATLS) guidelines were developed [10]. In his 
1993 presidential address to the Eastern 
Association for the Surgery of Trauma (EAST), 
Dr. Michael Rhodes focused on the growth of 
PMGs and their value to all stages of care for the 
injured patients, including prehospital transport, 
initial resuscitation, surgical care, critical care, 
and rehabilitation [10]. At that time, all three 
major trauma associations in the United States, 
EAST, the Western Trauma Association, and the 
American Association for the Surgery of Trauma 
(AAST), had developed or were in the process of 
developing PMGs for the management of injured 
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patients [10]. In 1999, Dr. Tim Fabian in his 
EAST presidential address highlighted the 
growth of PMGs and the role of EAST and other 
professional organizations in that growth [8]. 
Professional trauma organizations in the United 
States have continued to develop PMGs, not only 
for injuries but also for emergency general sur-
gery and surgical critical care [1]. In his 2020 
presidential address at EAST, Dr. Elliott Haut 
argued that the growing success of EAST had 
been in large part due to their commitment to 
developing PMGs to support the larger acute care 
surgery community [1].

As a leader in acute care surgery PMGs, EAST 
has championed the incorporation of evidence 
into practice. They have advocated for a rigorous 
methodology to PMG development that allows 
for the incorporation of the range of available 
data. EAST PMGs require intensive work and 
typically take between 12 and 18 months to com-
plete [8]. EAST PMGs were initially developed 
using a ten-step methodology (Fig.  7.1) that 
aligned with the AHCPR and the Brain Trauma 
Foundation schema to evaluate the quality of the 
published data [8]. In 2012, EAST adopted the 
Grading of Recommendations, Assessment, 

Development and Evaluation (GRADE) method-
ology for guideline development [1].

 The Role of the Agency for Health 
Research and Quality

In the late 1980s and the early 1990s, as interest 
in PMGs grew, AHRQ developed guidance for 
clinicians and researchers to assess the quality of 
studies on a particular topic. While many early 
guidelines were developed from Delphi pro-
cesses or expert opinion, it was acknowledged 
that the strongest guidelines were derived from 
the strongest evidence. In 1990, the IOM pub-
lished recommendations for PMGs (Table  7.1) 
[4, 7]. The AHRQ developed a hierarchy of liter-
ature that highlighted study designs that have the 
lowest rate of bias resulting in the strongest sci-

Select Topic

Select Panel

Clarify guideline purpose and scope

List goals and specific questions

Grade the scientific evidence

Establish recommendations

Draft the document

Present guidelines

Implement guidelines

Evaluate and revise guidelines

Fig. 7.1 The EAST’s initial ten steps for practice man-
agement guideline developments [8]

Table 7.1 Key characteristics of clinical guidelines [4, 7]

Characteristic Explanation
Validity Following the guidelines leads to 

the predicted health gains and 
costs

Reproducibility Another guideline group would 
make the same recommendations 
with the same method and 
evidence

Reliability Healthcare professionals in similar 
clinical situations interpret the 
guidelines the same way

Representative 
development

Key stakeholders (including 
patients) participate in developing 
the guideline

Clinical 
applicability

Patient populations for the 
guidelines are defined derived 
from scientific evidence and/or 
best clinical judgment

Clarity Recommendations are presented 
with precise, unambiguous 
language

Meticulous 
documentation

Explicitly state the methods for 
developing guidelines, including 
participants, evidence gathering 
and interpretation, and 
recommendation reasoning

Scheduled 
review

The process and timing of future 
reviews should be outlined, 
including triggers for reviews
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entific evidence for or against an intervention [5]. 
The highest-quality evidence is a meta-analysis 
of well-conducted RCTs that answer a similar, if 
not identical, question in similar populations [5, 
6]. Individual RCTs follow this, with observa-
tional studies, case series, and expert opinion rep-
resenting sequentially weaker evidence for a 
particular course of action in medical care [5, 6].

High-quality literature alone is insufficient for 
making PMG recommendations, which must 
synthesize the evidence for clinical context. 
While several RCTs may exist on a topic, their 
results may contradict. Study results may be con-
sistent but find only a small clinical benefit from 
costly and inconvenience interventions, suggest-
ing that clinicians may reasonably select alterna-
tives [14]. Thus, PMG developers must judge the 
evidence to create their recommendations and 
then assess and report the strength of that recom-
mendation. Several systems have been proposed 
to grade the strength of a recommendation based 
on the evidence [5, 6, 14] (Fig. 7.2). It is essential 
to consider the quality, quantity, and consistency 
of the data, the balance between benefit and 
harm, how the evidence is put into practice, and 
inherent baseline risks of different treatments 
[14, 15].

AHRQ’s approach, which is based the 
strength of the recommendation on the appraisal 
of the literature quality alone, had shortcomings 
for guideline development. First, many impor-
tant clinical topics are not easily evaluated with 
the “gold standard” RCT, but the AHRQ recom-
mendation scale was not flexible in providing 
strong recommendations from other types of 
study design [15]. Furthermore, the AHRQ rec-
ommendation scale did not incorporate an 
assessment of the quality of the studies within 
the hierarchy of study designs [15]. This failed 
to address the fact that some non-randomized tri-
als could be designed with minimal bias, while 
RCTs could be designed with significant bias. A 
more robust approach to guideline development 
was needed to allow for the assessment individ-
ual study quality based on its risk of bias [15]. 
The AHRQ approach did not define a way for the 

application of judgment by guideline developers 
as they synthesize the evidence [14, 15]. 
Furthermore, the AHRQ recommendations were 
not clear about how to incorporate essential 
components of PMG development, including 
factors like cost, patient preference, how to 
address variation in literature quality across spe-
cific aspects of a recommendation, how consis-
tent the evidence is, and how decisions may vary 
for different populations [14].

 The Need for High-Quality PMGs

As early guidelines proliferated, it was clear that 
many PMGs were developed without a rigorous 
and transparent process [7]. To address this short-
coming, in 2011, the IOM authored a report that 
proposed standards to develop PMGs. The 
report’s primary goal was to encourage PMG use 
by ensuring that guideline users could assess the 
quality of PMGs and determining their trustwor-
thiness. Greater transparency in the entire devel-
opment process and standard reporting 
recommendations would facilitate such a recom-
mendation. The committee offered eight core 
recommendations [7].

 Transparency

Any critical evaluation of a manuscript includes 
an assessment of the methods that the researchers 
applied to answer their question. No research 
paper would be published without this methodol-
ogy section. However, many PMGs in the first 
decades of publication lacked a similar explana-
tion of methodology [16]. Thus, the IOM called 
for PMGs to be transparent in their process for 
developing guidelines [7]. Transparency includes 
explicitly stating who is part of the guideline 
development group and how it is funded. 
Transparency also includes explicit statements of 
the certainty of recommendations and clear 
explanations about how the guideline developers 
arrived at their recommendations [7].
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 Managing Conflicts of Interest

Ideally, PMGs are developed by a group of 
experts from different backgrounds/fields who 
are able to incorporate a range of perspectives, 
including the patient/public perspective [7]. 
Conflicts of interest (COI), defined by the IOM 

as “a set of circumstances that creates a risk that 
professional judgment or actions regarding a pri-
mary interest will be unduly influenced by a sec-
ondary interest,” are not uncommon in medicine 
[7]. However, a 2000 study found that two-thirds 
of guidelines did not include information about 
the individuals who developed them, let alone 

Fig. 7.2 Study designs, levels of evidence, and strength of recommendations [5–8, 15, 20]
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specific information about COIs [7, 16]. Conflicts 
are often financial, rewarding either an individual 
or their research endeavors [7]. For guideline 
development, the potential financial impact of a 
recommendation may be more subtle such as 
intellectual conflicts of interest. In guideline 
development, this arises when an individual or 
professional group stands to benefit or suffer 
from a recommendation made in a guideline, for 
example, when pending research funds are 
related to a guideline recommendation [7]. While 
some biases are obvious and explicit, many 
biases that arise from conflicts of interest are 
unconscious [7].

The ideal PMG development team has no 
COIs. Some organizations explicitly require this 
or prevent individuals with potential conflicts 
from leading a PMG group [7]. However, for 
some PMGs, this is neither realistic nor desired, 
as experts in a field can provide valuable insight 

into a recommendation specifically because they 
have extensive experience with a particular treat-
ment or technique being considered. Disclosure 
of COIs is the minimum that PMG development 
groups must do to ensure guideline users can 
assess the potential influence of COIs on recom-
mendations. Many groups advocate for individu-
als with any conflicts to recuse themselves from 
aspects of the recommendations related to their 
COI [7]. Another strategy is to have methodology 
experts lead PMG development groups to mini-
mize the potential bias of context experts [7]. 
Disclosure of COIs for PMG development teams 
should be made early in the guideline’s develop-
ment process and should include a description of 
how the conflict might influence their decision- 
making. This process can prevent individuals 
with potentially large conflicts from participating 
in the process from the beginning and could high-
light the divestment opportunities that could min-
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imize conflicts as the process proceeds [7]. 
Improved reporting of COIs should increase trust 
in PMG recommendations.

 PMGs and the Systematic Review

Optimally, PMGs synthesize the existing evi-
dence in a reliable and reproducible manner to 
develop their recommendations. Systematic 
reviews of the existing literature underpin the 
evidence to inform decisions [1, 7, 14]. The sys-
tematic review process is done variably across 
different groups. In one approach, reviews are 
done completely within the PMG development 
group as an integral part of the process. They 
can also be done completely externally to the 
group developing the recommendations. Some 
groups use a mixed interplay between the evi-
dence reviewers and those providing the recom-
mendations [7]. Advantages and disadvantages 
exist for each type of relationship between the 
individuals evaluating the evidence and those 
making the recommendations for the guideline. 
A completely external panel has an advantage of 
impartiality but may prevent the guideline 
developers from deeply understanding the evi-
dence, including nuances about certain studies 
as they make recommendations. Furthermore, 
they cannot ensure the review focuses on the 
critical clinical questions [7]. In contrast, a 
review conducted completely within the PMG 
development group risks a biased inclusion and 
interpretation of the literature [7]. Furthermore, 
context experts on committees rarely contain 
the skill set of a systematic review professional 
versed in the techniques of literature searches, 
review, and assimilation [7]. The hybrid 
approach where the PMG developers work 
closely with an external and expert systematic 
review group is the ideal approach to developing 
the needed evidence base for the highest-quality 
guideline [7]. In an analysis of PMGs for diabe-
tes from around the world, the authors found 
that less than 20% of the articles were consis-
tently used across guidelines, suggesting that 
many PMGs could benefit from better literature 
reviews [7].

 Rating the Quality of the Evidence

Just as important as the process of collecting the 
evidence is determining the quality of the evi-
dence to inform PMG recommendations. Study 
design and its associated risk of bias are key com-
ponents of assessing evidence quality [4]. 
However, not all randomized controlled trials are 
designed or conducted equally well, nor are they 
necessarily designed to answer the specific clini-
cal question(s) posed for a PMG [7, 17]. Several 
tools exist to evaluate the quality and relevance of 
a set of studies being considered for a PMG, but 
there are inconsistencies across the tools [6, 7]. 
The IOM evaluated different approaches to rating 
the evidence and found that all approaches were 
incomplete and that inconsistencies in approaches 
were common. This led to the development of the 
GRADE methodology, which is discussed in 
greater detail below [7, 14].

 Rate the Strength 
of the Recommendations

High-quality study designs alone do not drive 
PMG recommendations. In addition to identify-
ing methodologic and/or applicability problems 
among with well-designed trials trying to answer 
a specific clinical question, many other factors 
contribute to the ultimate recommendation in 
guidelines. Strong recommendations are possible 
even when evidence is derived from less rigorous 
study designs. When the best available evidence, 
often in the form of observational studies, clearly 
supports the risk or benefit to a particular treat-
ment strategy, making a recommended course of 
action is clear [7]. When guideline recommenda-
tions are based on this type of data, the authors 
must also acknowledge that stronger data from 
higher-quality studies could change the recom-
mendation. High-quality evidence from random-
ized controlled trials and meta-analyses may not 
support a strong recommendation for or against a 
treatment because the RCTs conflict or they are 
only partially relevant to the clinical questions or 
to all patient populations considered in the PMGs 
[7, 17]. The influence of other factors in clinical 

R. G. Maine and B. R. H. Robinson



93

decision-making can be quite large. A study that 
evaluated the relationship between evidence and 
an individual’s recommendations for care found 
that they aligned only 51% of the time [7, 18]. To 
be trustworthy, PMGs must explicitly state the 
reason for their recommendations, including 
clearly noting potential benefits and harms, sum-
marizing the evidence used for recommenda-
tions, identifying remaining gaps in the evidence, 
and acknowledging the other values (patient pref-
erence, costs/resource use, etc.) considered for 
the final decision [7, 14, 15].

 Clear Articulation 
of Recommendation

PMGs do not benefit their users if those users 
cannot discern a course of action for their patients 
from the PMG recommendations. Unclear PMG 
recommendations are half as likely to be fol-
lowed than clear PMG recommendations [7]. 
Optimally, PMGs use consistent, clear, precise 
language to explicitly state the strength of the 
recommendations while avoiding vague terms 
like “if indicated” or “if necessary” [7]. 
Recommendations should start with words that 
indicate the strength of the recommendation (i.e., 
“must” or “should” for strong recommendations, 
“could” or “might” for weaker recommenda-
tions). Furthermore, the quality of the evidence 
supporting the recommendation should be clearly 
outlined as should the specific population on 
which the PMGs focus [7]. Clear language and 
explicit reasoning in PMGs enable guideline 
users to readily discern if the recommendation is 
appropriate for each of their patients.

 External Review

An external review process can reduce the risk of 
bias in published guidelines while also providing 
feedback from important stakeholder groups 
about the feasibility of implementing them before 
they are finalized and published. Some organiza-
tions, like NICE, employ a review panel, while 
other guidelines are reviewed by professional 

organization(s) and/or are subject to peer review 
through a journal publication process [7]. Ideally, 
the public provides comments on PMG drafts, 
prior to publication, either through general com-
ment periods or by leveraging patient advocacy 
organizations when feasible [7]. Furthermore, the 
strongest PMG review processes include a 
planned systematic way to respond to reviewers’ 
comments and maintain the anonymity of exter-
nal reviewers [7].

 Planned Updates

The continually changing landscape of evidence- 
based medicine requires that PMGs be updated 
routinely; however, little definitive research 
defines the optimal frequency for updating 
PMGs. As such, guidelines should always include 
the date that it was published and the date that the 
systematic evidence review was conducted. 
When review cycles are too short, a PMG group 
may invest significant time and money for few 
meaningful changes [7]. There is disagreement 
about the ideal frequency of PMG updates, with 
every 2 or 3 years recommended for some topics 
and much longer for others [7].

Some advocate for a situational approach 
rather than a time-based schedule to update 
PMGs. PMGs updated using this approach are 
updated when there are changes in (1) the evi-
dence about the risks and benefits of an interven-
tion, (2) important outcomes, (3) available 
interventions, (4) evidence about the value of the 
current practice, (5) societal values related to 
specific outcomes, or (6) resources available to 
provide healthcare [7, 19]. To identify these 
changes, new literature must be regularly 
reviewed. This type of ongoing review often 
incorporates less evidence, which consumes less 
time and money than repeating a formal large- 
scale systematic review as part of a PMG revision 
after too short a time period. This scaled-back 
process has been found to identify fewer sources 
of data but rarely misses relevant and important 
literature [7].

Overall, the IOM advocates for standardiza-
tion of several aspects of the PMG process which 
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could empower PMG users to assess the guide-
line’s quality. As such, this led many organiza-
tions to adopt the GRADE methodology.

 GRADE Methodology

In an effort to fulfill the recommendations out-
lined by the IOM, groups began devising optimal 
grading systems that were able to (1) separate the 
grades of the recommendation from the quality 
of the evidence, (2) be transparent and simple to 
understand for the clinician, (3) be explicit in its 
methodology for guideline writers, (4) contain 
sufficient categories for the organization of rec-
ommendations, (5) be consistent with general 
trends in grading systems, and (6) contain explicit 
approaches to different levels of evidence for dif-
ferent outcomes [20]. The GRADE methodology 
has become the standard in guideline develop-
ment. GRADE has the ability to rate the quality 
of evidence, presented as a systematic review, 
and grade the strength of recommendation in a 
transparent and structured fashion that minimizes 
expert opinion. Currently, more than 110 organi-
zations in 19 countries utilize GRADE for the 
development of their guidelines, and it has 
become the preferred methodology accepted by 
high-impact journals. The GRADE Working 
Group, a group of over 200 worldwide health 
professionals, researchers, and guideline devel-
opers, continues to refine the methodology and 
disseminate its education and use [21].

 Framing the Question and Rating 
the Outcomes of Interest

Guideline creation using GRADE methodology 
first requires the assembly of subject matter 
experts who are themselves familiar with 
GRADE or the appointment of those comfortable 
with the methodology to aid the subject matter 
experts. Writing a PMG with GRADE without 
formal training or support from those with train-
ing can be challenging. Resources available for 
the GRADE novice include online content and 
in-person workshops supported by the GRADE 

Working Group and the US GRADE Network. 
Often overlooked, though very important in the 
composition of the PMG writing team, is the 
inclusion of patients (current or former) familiar 
with the disease process of interest. Patients aid 
in the prioritization of questions to be answered 
and are instrumental when evaluating the values 
and preferences of those affected with the disease 
as recommendations are created.

The GRADE approach to guideline develop-
ment begins with a carefully generated group of 
manageable, clinical questions. Each question 
explicitly defines the population of interest, an 
intervention, a comparator to the intervention, 
and all of the patient-important outcomes [22]. 
This question format is referred to as PICO (pop-
ulation, intervention, comparator, and outcomes). 
Oftentimes, PMG writing groups formulate a 
multitude of strong questions all to be rejected by 
a lack of literature on that specific topic. A high- 
quality PMG is merely a systematic review with 
recommendations provided via a transparent and 
repeatable fashion. To effectively answer a PICO 
question, literature (preferably high quality) has 
to exist for the systematic review. Without conse-
quential literature, a writing group cannot pro-
vide recommendations devoid of expert opinion, 
and as such, a high-grade PMG will be elusive.

The specificity of the PICO format guides the 
writing team in their inclusion and exclusion of 
reviewed literature. An example of a poorly 
worded question would be the following: 
“Should splenic angioembolization be per-
formed over splenectomy?” By comparison, a 
properly worded PICO question on the topic 
would be “In adult patients with blunt splenic 
trauma treated with non-operative management 
(P), should angioembolization (I) be performed 
compared to no angioembolization (C) to 
improve splenic preservation (O)?”. Writing 
teams should initially focus on the PIC portion 
of the question to solicit all the possible out-
comes of interests (e.g., splenic preservation, 
mortality, length of stay, costs, number of inter-
ventions). Once all of the possible outcomes of 
interests have been drafted, a vote of the writing 
team should occur to determine which to include 
in the final PICO questions. Groups are asked to 
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rank each individual outcome from 1 to 9. 
Outcomes deemed critical and to be included 
are scored 7–9, important outcomes that may be 
included if time or manuscript space allows are 
scored 4–6, and less important outcomes are 
scored 1–3 (Fig. 7.3).

A formatted PICO question aids both the 
writer and the reader of the PMG. For the writer, 
the PICO question serves as the framework in 
which literature is identified and selected for 
inclusion. PICO questions can be easily manipu-
lated into searchable, database keywords (e.g., 
medical subject headings [MeSH] terms) aiding 
in the search for relevant manuscripts. After a 
thorough review of a manuscript, if all the com-
ponents of the PICO are included within a study, 
then it should be included within the PMG’s sys-
tematic review. If any of the components of the 
PICO are missing, then the manuscript is 
excluded. For the reader, a quick review of a 
PMG’s PICO questions can determine if the work 
aligns to their practice or interests.

 Quantitative and Qualitative Analysis 
of the Literature

If multiple studies are available for a specific 
PICO question, a quantitative analysis of the 
effect estimate should occur. This often takes the 
form of a meta-analysis using the traditional for-

est plot format with the heterogeneity of included 
studies being expressed. After the effect-estimate 
is calculated for each outcome of the PICO, the 
writing team will determine the overall quality 
of the literature by estimating the certainty of 
effect (qualitative analysis). An initial level of 
certainty is established based on the study 
designs of the trials included. Randomized con-
trolled trials have the highest level of certainty, 
while observational studies have the lowest. 
However, not all trials are created equal in that 
there are low- quality randomized controlled tri-
als and very high-quality observational trials. 
The level of certainty (quality assessment) can 
be raised or lowered for the entire body of litera-
ture available for a specific PICO question. 
Certainty is lowered if the body of literature has 
a risk of bias, inconsistency, indirectness, impre-
cision, or publication bias. Certainty is raised 
(usually for observational trials) if there is a 
large effect, a dose response is seen, or all plau-
sible confounding and biases are accounted for. 
With all of this taken together, a final, overall 
level of certainty is assigned for the entire body 
of literature reviewed for a specific PICO ques-
tion based on the lowest quality assigned among 
all the critical outcomes. Certainty is assigned as 
high, moderate, low, and very low (Fig.  7.4). 
When a high level of certainty is assigned, the 
author group is stating that the true effect lies 
close to that of the estimated effect for the litera-
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Fig. 7.4 The GRADE approach to determining the quality of the evidence by estimating the certainty of effect

Fig. 7.5 Example of a GRADE evidence table

ture reviewed. The opposite is true when a very 
low certainty is assigned.

With the quantitative and qualitative analy-
ses complete, evidence tables are created for 
each question (Fig. 7.5). The evidence table is 
a data- rich visual of each PIC and its multiple 
outcomes (Os). Each outcome is labeled as 
critical or important from the aforementioned 
vote of the writing group. The previously 
defined levels of certainty (quality assess-
ments) are also represented (why certainty was 
raised or lowered) with the overall certainty 
listed. Often included in the evidence table is 
the quantitative effect estimate (relative risk 

from the meta-analysis) for each outcome. 
With evidence tables in hand, members of the 
writing group have a high-level summary of 
each question, outcome, and literature cer-
tainty/quality allowing for discussions to pro-
ceed regarding recommendations.

 Making Recommendations

Guideline authors now have the difficult task of 
creating evidence-based recommendations. As 
stated above, these discussions are enhanced 
when writing teams include expert, multidisci-
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plinary clinicians, methodologists, and patients. 
Each PICO question, to include all its reviewed 
outcomes, has a single recommendation. 
Guideline panels must integrate multiple domains 
to make a strong or weak decision for or against 
an intervention [23]. Domains that panels must 
consider include the quality of the evidence and 
outcomes (e.g., the evidence table), balance of 
benefits and harms of the intervention, resources 
needed, patient’s values and preferences, feasi-
bility, equity, and acceptability (Fig.  7.6). 
Guideline panels aim to exclude expert opinion 
in the recommendation process and concurrently 
take into account possible conflicts and biases of 
their panelists. For some recommendations, the 
synthesis of judgments made regarding the 
domains allows for a straightforward path toward 
panel consensus. Other times, it is much more 
elusive. When this occurs, the most popular 
 techniques for obtaining consensus include the 
Delphi method, the nominal group technique 
where numeric values are assigned to the spec-
trum of recommendations possible, or a combi-
nation thereof [24].

The strength of the recommendation reflects 
the extent to which the writing group can be con-
fident that the desirable effects outweigh the neg-
ative [25]. A strong recommendation is provided 
when adherence to a recommendation clearly 
outweighs the undesirable effect. Active lan-

guage is used for GRADE recommendations. A 
strong recommendation would include phrasing 
such as “we recommend for/against” or “we 
strongly recommend for/against.” A strong rec-
ommendation for a patient means that the great 
majority would want (or not want) the interven-
tion. For clinicians, it means that the recommen-
dation should be implemented for most patients. 
Importantly for policymakers, a strong recom-
mendation implies a new performance measure 
or community standard of care. Weak or some-
times called conditional recommendations are 
less definitive. A weak recommendation for a 
patient means that most would choose the inter-
vention though a substantial number would not. 
For clinicians, such a recommendation acknowl-
edges that different choices/interventions are 
appropriate for different patients. As for policy-
makers, a weak guideline recommendation 
denotes that more debate is needed between the 
various stakeholders prior the implementation of 
a policy.

 Translating Guidelines into Clinical 
Practice

As stated in their name, PMGs are merely guide-
lines provided by an expert panel. Assumed in all 
PMGs is that care at the bedside is individualized 
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RECOMMENDATION

Feasibility, Equity, 
and Acceptability 

Fig. 7.6 Putting 
practice management 
guideline 
recommendations 
together with GRADE
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for each patient depending on the values and 
preferences of the patient and the clinical circum-
stances. Implementing the recommendations of a 
high-quality, evidenced-based PMG may be chal-
lenging as PMGs provide recommendations 
based only on the available literature. Bedside 
providers need to carefully compare the PICO 
addressed to the individual patient situation or 
population of patients under their care. One needs 
to consider that the patient’s values, resources 
available, and institutional culture may vary 
greatly from that presented in the PMG.

Practice management guidelines should be 
used to strengthen existing institutional care 
pathways generated by local care leaders. 
Suffice to say, many clinical situations arise that 
simply do not have an evidence-based answer. 
As such, internal and external expert opinion 
may need to be used in an effort to strengthen 
hospital- specific algorithms. Multiple societal 
organizations (e.g., Western Trauma Association, 
ACS Committee on Trauma) have acknowl-
edged this accepted shortcoming of PMGs and 
have focused on the generation of “best practice 
guidelines.” Best practice guidelines serve as an 
amalgamation of GRADE and non-GRADE 
PMGs as well as expert opinion in an effort to 
provide clinicians with guidance for commonly 
encountered scenarios. Patients, clinicians, and 
policymakers are best served by the continued 
evolution of guidelines generated with an 
emphasis on transparency. Taken together, the 
ultimate goal of any guideline is to reduce 
patient care variability so that safety and posi-
tive outcomes are maximized.
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8Quality Assessment in Acute 
Surgical Disease

Michael W. Wandling, Lillian S. Kao, 
and Clifford Y. Ko

 Introduction

The Institute of Medicine’s publication of To Err 
Is Human: Building a Safer Health System in 
2000 fundamentally changed the American 
healthcare system [1]. This book highlighted the 
imperfect system in which healthcare is provided 
and the need to improve patient safety. In the sub-
sequent years, the delivery of high-quality care 
has become a top priority of contemporary medi-
cine. Governmental bodies (i.e., Centers for 
Medicare & Medicaid Services and the Agency 
for Healthcare Research and Quality), regulatory 
agencies (i.e., The Joint Commission), profes-
sional organizations (i.e., the American College 
of Surgeons), private sector corporations (i.e., 
private insurers), and interest groups (i.e., the 

National Quality Forum) have all made efforts to 
improve the quality of healthcare in the United 
States. Organizations such as these are a source 
of clinical practice guidelines, quality measures, 
quality improvement (QI) initiatives, and educa-
tional campaigns that are valuable resources for 
patients, physicians, and hospitals. While efforts 
aimed at improving quality have become ubiqui-
tous in modern healthcare, considerable room for 
improvement remains.

The meaningful improvement of healthcare 
quality relies upon the continuous evaluation and 
modification of current practices in a way that 
positively influences patient care. Avedis 
Donabedian created a model for evaluating qual-
ity by focusing on (1) the environment in which 
clinical care is delivered (frequently referred to 
as “structure”), (2) the processes of providing 
care to patients, and (3) the resulting patient out-
comes (Fig. 8.1) [2]. After more than 50 years, 
Donabedian’s structure, process, and outcome 
model continues to be the framework upon which 
quality assessment is performed.

In 2001, the Institute of Medicine published 
Crossing the Quality Chasm: A New Health 
System for the 21st Century, laying out the fac-
tors necessary to create a healthcare system capa-
ble of delivering the high-quality care patients 
deserve. This book identified six domains for a 
healthcare system that are essential to delivering 
high-quality care:
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Fig. 8.1 The Donabedian model for assessing quality of care

 1. Safe: Avoid patient harm while attempting to 
optimize health.

 2. Effective: Provide appropriate, evidence- 
based care to patients who are likely to receive 
benefit while avoiding doing so for patients 
unlikely to benefit.

 3. Patient-centered: Provide care that respects 
and is consistent with the preferences, needs, 
and values of individual patients and incorpo-
rates these factors into all clinical decisions.

 4. Timely: Minimize all delays in the delivery of 
care.

 5. Efficient: Eliminate waste of resources, 
including equipment, supplies, ideas, energy, 
and other contributors to unnecessary finan-
cial expenditure.

 6. Equitable: Provide care that is uniform in 
quality for all patients, regardless of gender, 
ethnicity, geographic location, socioeconomic 
status, or any other characteristic [3].

Prioritizing the improvement of these six 
domains within a healthcare system enables the 
delivery of high-quality care that is optimally 
suited to meet patient needs [3]. Although spe-
cifically described in regard to the healthcare sys-
tem as a whole, these domains are fundamentally 
important to all quality initiatives within a health-
care system, including those focusing on the 
delivery of surgical care.

 Quality Assessment in Surgery

Surgery has been at the forefront of QI in medi-
cine. The development of clinical data registries 
has revolutionized the way in which surgical care 
is evaluated. Professional societies such as the 
American College of Surgeons (ACS), the 

Society of Thoracic Surgeons (STS), and the 
Society for Vascular Surgery (SVS) have all cre-
ated and maintained clinical data registries aimed 
at improving the quality of surgical care deliv-
ered. For a clinical data registry to effectively 
facilitate QI, it must contain performance data on 
a variety of clinically relevant quality metrics. 
Performance measurement alone, however, does 
not improve quality. The data collected in clinical 
registries must be analyzed and interpreted for QI 
opportunities to be identified.

Clinical data registries are often a component 
of a larger QI program. While simply monitoring 
institutional or individual performance over time 
may be of some benefit, the real strength of a 
clinical data registry is in its ability to collect 
standardized clinical and quality metrics from a 
large number of institutions and use that data to 
provide risk-adjusted comparative performance 
feedback to participating hospitals and surgeons. 
However, like performance measurement, partic-
ipation in QI programs does not directly improve 
quality. For meaningful QI to occur, performance 
assessments must be closely analyzed and cor-
rectly interpreted, opportunities for QI must be 
identified, and local QI projects must be imple-
mented. Many QI programs, like the ACS 
National Surgical Quality Improvement Program 
(NSQIP), provide QI education and tools that 
help both hospitals and surgeons use these data to 
improve the quality of care delivered at partici-
pating hospitals [4–6].

Optimizing clinical outcomes and providing 
patients with the best possible care are the core 
focus of surgical QI. However, it is also impor-
tant to consider the economic implications of the 
quality of surgical care delivered. This is particu-
larly true in high-risk specialties like emergency 
general surgery (EGS). In addition to being asso-
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ciated with worse clinical outcomes, complica-
tions following surgery are associated with 
increased healthcare expenditures [7, 8]. The 
occurrence of one or more postoperative compli-
cations has been reported to increase a patient’s 
hospital costs by an average of $10,000 [9]. With 
nearly 100 million surgeries performed annually 
in the United States alone, the cumulative patient 
morbidity and financial burden of surgical com-
plications on the American healthcare system are 
astonishing. This reality has been a signification 
motivational force behind the prioritization of the 
delivery of high-quality surgical care through 
many ongoing QI efforts.

Currently, several governmental programs 
financially incentivize the delivery of high- 
quality surgical care. Pay-for-performance initia-
tives such as the Merit-Based Incentive Payment 
System (MIPS) component of the Medicare 
Access and CHIP Reauthorization Act (MACRA) 
links reimbursement to clinical outcomes. Public 
reporting programs like Medicare’s Hospital 
Compare program encourage the delivery of 
high-quality care by making hospital perfor-
mance data available to the public. By making 
these data readily available to the public, patients 
are empowered to make informed decisions when 
choosing where to pursue their surgical care. 
Programs such as these incentivize both surgeons 
and hospitals to provide the highest possible 
quality of care, as high performers gain financial 
and competitive advantage over poor-performing 
surgeons and hospitals.

 Quality Metrics

Given the importance of quality assessment in 
surgery, it is important for surgeons to be familiar 
with the quality metrics on which their perfor-
mance is being measured. Standard quality met-
rics include process, outcome, and balancing 
measures. Process measures are those focused on 
quantifying adherence to a clearly defined proto-
col, guideline, or clinical pathway. Examples of 
process measures in surgery include compliance 
with preoperative bowel regimen prior to elective 
colon resection, administration of preoperative 
antibiotics in accordance with the Surgical Care 

Improvement Project (SCIP) measures, and 
appropriate utilization of venous thromboembo-
lism (VTE) prophylaxis perioperatively. Outcome 
measures quantify performance on predefined 
clinical outcomes. Examples of common outcome 
measures in surgery include surgical site infec-
tion, postoperative venous thromboembolism, 
and hospital readmission. Balancing measures are 
quality metrics aimed at evaluating a system from 
an alternative direction to ensure there are not 
unanticipated adverse effects of efforts to improve 
quality [10]. Examples of balancing measures 
include re-intubation (confirm efforts to minimize 
ventilator days are not resulting in increased rates 
of re-intubation) and readmission rates (confirm 
efforts to decrease length of stay are not leading to 
increasing readmissions). Quality metrics may 
vary considerably across specialty, clinical data 
registry, or hospital. However, their objective of 
measuring performance in an effort to improve 
quality remains the same.

The best quality metrics are those that are 
clearly defined and clinically important. The 
majority of traditional quality metrics focus on 
processes of care and clinical outcomes deemed 
important by clinicians and policy-makers. In 
recent years, however, there has been an increased 
emphasis on identifying quality metrics that are 
most important to patients. Patient-reported out-
comes (PROs) are defined as “any report of the 
status of a patient’s health condition that comes 
directly from the patient, without interpretation 
of the patient’s response by a clinician or anyone 
else.” [11] While the majority of quality metrics 
currently being used in surgical quality assess-
ment are traditional process and outcome mea-
sures, there is increasing interest in incorporating 
PRO measures into surgical quality initiatives, 
and it is important for surgeons to be familiar 
with these metrics as well [12, 13].

 Assessing Quality in Acute Care 
Surgery

Quality assessment in acute care surgery presents 
a number of unique challenges. Patients who 
present to hospitals in need for urgent or emer-
gent surgical intervention are fundamentally dif-
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ferent from those being taken to the operating 
room for elective surgeries. In trauma and EGS, 
patients are rarely able to be medically, 
 nutritionally, or hemodynamically optimized 
prior to surgery, which is a stark contrast to 
patients undergoing elective surgical interven-
tion. As a result, patients presenting acutely for 
urgent and emergent operations experience 
higher rates of complication than patients under-
going elective procedures [14–16].

Another factor complicating surgical quality 
assessment in acute care surgery is the significant 
proportion of patients under the care of a surgical 
team who do not go on to require surgical inter-
vention. This is particularly true for diagnoses 
such as low-grade blunt solid organ injury in 
trauma and small bowel obstruction or acute 
diverticulitis in EGS. Traditional surgical quality 
initiatives such as ACS NSQIP were designed to 
evaluate quality metrics specifically developed 
for assessing the quality of care provided to 
patients undergoing surgery. Consequently, 
specialty- specific quality initiatives are 
necessary.

 Quality Initiatives in Emergency 
General Surgery

While trauma has a well-established quality pro-
gram that has been growing since the develop-
ment of the first version of Resources for Optimal 
Care of the Injured Patient in 1976, no such pro-
grams are widely used in EGS. To date, the qual-
ity programs available for performance 
assessment in EGS are limited to those used for 
elective general surgery. While the presence of 
urgent or emergent surgical intervention is 
accounted for in some existing surgical quality 
initiatives, this delineation is often not enough to 
account for variability in disease severity and 
physiologic derangement frequently encountered 
in EGS.  Furthermore, existing surgical quality 
programs are unable to account for the nonopera-
tive management of surgical disease that plays 
such an important role in many EGS diagnoses. 
As acute care surgery has developed into a dis-
tinct surgical specialty, there has been an increas-

ing interest in developing an EGS quality program 
capable of providing meaningful performance 
assessment while addressing the unique aspects 
of emergency surgical care.

In recognition of the need for a QI program for 
EGS, ACS NSQIP created an EGS-specific qual-
ity program that was piloted at 16 hospitals across 
the United States and Canada in 2015. This EGS 
registry contained all data process and outcome 
measures collected by ACS NSQIP, as well as an 
additional 16 EGS-specific variables aimed at 
addressing the unique characteristics of patients 
with EGS diagnoses, including both disease 
severity and degree of physiologic derangement 
throughout the course of each patient care. This 
registry focused on patients with three common 
EGS diagnoses, acute appendicitis, acute chole-
cystitis, and small bowel obstruction, including 
those managed operatively and nonoperatively. 
The inclusion of patients managed nonopera-
tively marked the first time that the nonoperative 
management of surgical disease was included in 
an ACS NSQIP program.

The results of the ACS NSQIP EGS Pilot 
revealed the importance of assessing the quality 
of both operative and nonoperative EGS care. 
Discrepancies were identified in hospital perfor-
mance on common surgical quality metrics when 
comparing operative and nonoperative manage-
ment (Fig. 8.2) [17]. These findings demonstrate 
that providing high-quality operative care does 
not automatically translate into providing the 
same quality of nonoperative care. With nearly 
one-third of patient with common EGS diagnoses 
being managed nonoperatively, this highlights 
the importance of incorporating the nonoperative 
care of acute surgical disease into EGS quality 
initiatives [18].

 Creating an EGS Quality Program

EGS care involves management of a highly het-
erogeneous group of patients being cared for at a 
highly heterogeneous group of hospitals [19]. 
This heterogeneity complicates QI efforts in EGS 
using Donabedian’s structure, process, and out-
come model for quality assessment. Currently, 
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Fig. 8.2 Concordance of risk-adjusted hospital performance rankings for 30-day death or serious morbidity with and 
without the inclusion of patients managed nonoperatively in the ACS NSQIP EGS Pilot [17]

well-established structures and processes central 
to the delivery of high-quality EGS care are 
 lacking, highlighting the need for development of 
an EGS quality program [20–23]. A successful 
quality program for EGS should be built upon 
four foundational principles: (1) strong surgical 
leadership and accountability, (2) structured tools 
for QI and organizational discipline, (3) change 
management and performance data, and (4) insti-
tutional commitment and resources.

 Surgical Leadership 
and Accountability

Strong surgical leadership is vitally important to 
the success of any surgical quality program. The 
chief surgical quality officer should oversee the 

delivery of EGS care. This individual should be 
appointed by the department chair and have an 
adequate level of authority, credibility, and QI 
experience to effectively lead EGS QI efforts. 
The scope of oversight of the EGS program by 
the chief surgical quality officer must encompass 
the entire breadth of nonelective surgical care, 
both operative and nonoperative. While an EGS 
medical director is not always necessary, it is 
beneficial. A successful EGS quality program 
should have a clearly identified leader who over-
sees all aspects of EGS care provided at the hos-
pital and is capable of addressing issues unique to 
EGS.  To be successful, it is important that the 
leader of the EGS quality program has the sup-
port of institutional leadership and is granted suf-
ficient authority to serve in their capacity as 
leader of the EGS program.
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A hospital’s credentialing process should 
delineate the required level of competency to 
 provide EGS coverage at that institution and 
maintain accountability for the quality and safety 
of care that is provided. At most hospitals, EGS is 
considered a component of general surgery, and 
the credentialing process for EGS is the same as 
for general surgery. However, the leader of the 
EGS program should ensure that all surgeons 
providing EGS coverage for the hospital main-
tain the appropriate credentialing requirements 
and are capable of providing timely, high-quality 
emergency surgical care.

Multidisciplinary peer review is another 
important component of an effective EGS pro-
gram. EGS program leaders should establish and 
lead periodic multidisciplinary EGS peer-review 
meetings, where selected cases, complications, 
delays in diagnosis or management, deaths, and 
sentinel events are examined in detail to identify 
areas for improvement in an effort to improve the 
quality of care provided. Representatives from all 
specialties involved in the care of EGS patients, 
including emergency medicine, radiology, sur-
gery, anesthesia, critical care, and when appropri-
ate internal medicine, should participate in 
multidisciplinary peer-review meetings. The 
focus of multidisciplinary peer review should not 
be punitive; rather, it should be to improve all 
aspects of EGS care in hopes of improving the 
quality of care delivered to patients.

Lastly, it is the responsibility of the chief sur-
gical quality officer, in conjunction with the EGS 
quality program leader, to oversee the clinical 
data registry, review and interpret performance 
feedback, and disseminate performance feedback 
results to all EGS providers within the hospital. A 
quality program cannot be effective unless the 
data collected in the clinical registry is used to 
identify opportunities for improvement and stim-
ulate frontline QI efforts.

 Tools for Quality Improvement 
and Organizational Discipline

The foundation of a surgical quality program is a 
clinical data registry capable of systematically 
monitoring performance. Fundamental to any 

clinical registry is the systematic and accurate 
abstraction of well-defined clinical data points, 
process measures, and outcome measures by spe-
cially trained data abstractors. In the absence of a 
well-established, multicenter EGS-specific clini-
cal data registry, a hospital looking to build an 
EGS quality program would have to rely on an 
institutional EGS registry. Reliable and clinically 
meaningful performance data are fundamentally 
important to any successful QI initiative. As dis-
cussed above, there are a number of unique 
aspects of assessing quality of EGS care. These 
nuances must be addressed for an EGS clinical 
data registry to be truly effective.

An effective EGS clinical data registry must 
incorporate several key factors unable to be 
addressed with existing registries. Patients with 
EGS diagnoses present to hospitals with tremen-
dous variability in degree of physiologic derange-
ment and disease severity. For example, consider 
two patients presenting to an emergency depart-
ment with appendicitis. Both are young and oth-
erwise healthy. Patient #1 has had 24  h of 
abdominal pain and is hemodynamically normal, 
and a mild leukocytosis is his only laboratory 
abnormality. Patient #2 has had pain for nearly a 
week and presented to the hospital in septic 
shock, with multisystem organ failure and rigid 
peritonitis. These patients would clearly not fol-
low the same anticipated postoperative course.

Now, consider two hospitals, Hospital A and 
Hospital B, each of which performs 100 appen-
dectomies in a given year. Hospital A performs 
appendectomies on 85 patients similar to Patient 
#1 and 15 on patients similar to Patient #2. 
Hospital B performs appendectomies on 15 
patients similar to Patient #1 and 85 patients sim-
ilar to Patient #2. Traditional clinical data regis-
tries are ill-equipped to account for severity of 
disease and physiologic derangement, complicat-
ing adequate risk adjustment. Consequently, 
comparative performance reports are likely to 
show that Hospital A has considerably worse out-
comes following appendectomy than Hospital B.

To facilitate adequate risk adjustment for com-
parative performance assessment using EGS clin-
ical data registries, it is necessary to include more 
granular data regarding severity of disease and 
physiologic derangement. Perhaps one of the 
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most widely recognized and accepted tools for 
stratifying EGS disease severity is the American 
Association for the Surgery of Trauma’s (AAST) 
EGS grading scale of 16 common emergency 
general surgery conditions, which grades the 
severity of each diagnosis from I to V based on 
clinical, imaging, operative, and pathologic crite-
ria [24]. Incorporating a disease severity grading 
system such as this into an EGS clinical data reg-
istry is vital for adequate risk adjustment. 
Similarly, incorporating detailed physiologic data 
is imperative for an EGS registry. This includes 
data at the time of surgical consultation, periop-
eratively, and postoperatively. Emergency general 
surgeons encounter patients encounter patients at 
all time points in their course of disease and there-
fore face providing care under markedly variable 
physiologic conditions. To adequately account for 
this variability in disease, granular data points 
such as these are necessary to generate meaning-
ful risk-adjusted comparative performance feed-
back to surgeons and hospitals.

Another important difference between an 
effective EGS clinical data registry and existing 
surgical registries is the inclusion of patients who 
are managed nonoperatively. As previously dis-
cussed, nonoperative management plays a sig-
nificant role in many EGS diagnoses. The primary 
clinical data registries currently used for surgical 
QI assess the perioperative care provided to 
patients. As a result, patients who are primarily 
managed by surgeons for various diagnoses that 
do not require surgical intervention are left in a 
“blind spot” of surgical quality assessment.

Take, for example, two patients who present to 
an emergency department with perforated appen-
dicitis. Patient #1 is taken to the operating room 
for a difficult appendectomy. She is started on 
deep vein thrombosis (DVT) prophylaxis postop-
eratively in accordance to the institutional clini-
cal guidelines that were implemented in response 
to the hospital being a poor performer in postop-
erative VTE on their ACS NSQIP reports over the 
last several years. Patient #2 is managed nonop-
eratively. Interventional radiology is consulted 
for percutaneous abscess drainage, and DVT pro-
phylaxis is held at their request. The procedure is 
delayed several times but ultimately is performed 
36 h later. After the procedure, the surgical team 

forgets to order DVT prophylaxis, and she goes 
on to develop a pulmonary embolism. Most sur-
geons would consider both of these patients to be 
“surgical” patients, yet Patient #2 is not included 
in the existing clinical data registry that is used 
for surgical QI.  Consequently, the adverse out-
come she experienced under the care of her sur-
geon is not identified and an opportunity for QI is 
lost.

As highlighted by this example, an optimal 
EGS clinical data registry must include patients 
who are managed nonoperatively. While this may 
seem like a minor addition to existing registries, 
the incorporation of nonoperatively managed 
patients into current surgical registries introduces 
a number of significant challenges. Existing sur-
gical registries classify patients by the operation 
that is performed and identify patients for inclu-
sion from operating room lists. To include 
patients managed nonoperatively in an EGS reg-
istry, patients must instead be classified by their 
diagnosis and identified by an alternative meth-
odology. Identifying patients for inclusion in an 
EGS registry by diagnosis can be complex. An 
effective EGS registry should include all or an 
unbiased sample of patients with EGS diagnoses. 
As an EGS clinical data registry is a tool for sur-
gical QI, patients who are included should be 
managed or co-managed by a surgical team. The 
variability in how EGS services are structured 
and covered across hospitals precludes a uniform 
way to do this. Consequently, determining an 
optimal process for identifying patients by diag-
nosis requires significant foresight and planning 
by any hospital seeking to develop or participate 
in an EGS registry.

While there currently are no widely available 
EGS-specific tools for QI, hospitals seeking to 
evaluate performance in EGS can leverage existing 
data sources. Examples of data sources than can be 
used as tools for EGS QI include existing clinical 
data registries (i.e., ACS NSQIP), public databases 
(i.e., Hospital Consumer Assessment of Healthcare 
Providers and Systems (HCAHPS), Hospital 
Compare), proprietary databases (i.e., Press Ganey, 
United Healthcare), or existing  clinical data regis-
tries (i.e., ACS NSQIP). Additionally, hospitals can 
evaluate performance on EGS-specific quality 
indicators that have been developed (Table  8.1). 
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Table 8.1 Quality indicators for emergency general surgery [25]

If a hospital provides EGS care, then the time from a computerized tomography scan or ultrasound being ordered 
STAT to the performance of the study should be ≤4 h
If a patient has undergone an EGS procedure and was found subsequently to have cancer, then postoperative care 
should include appropriate guideline directed oncologic follow-up and surveillance (as detailed by the National 
Comprehensive Cancer Network)
If a patient has undergone an EGS procedure, then the discharge or transfer summary should indicate:
   (a) Medical findings and diagnoses: a summary of the care, treatment, and services provided
   (b)  A complete list of all medications and dosages to continue on discharge, including the purpose and side 

effects of new medications
   (c) Activity restrictions
   (d) Diet restrictions or recommendations
   (e) Wound/ostomy care instructions, if applicable
   (f) Home health services arranged, if applicable
   (g)  Reasons to call the responsible provider or seek emergency medical attention (signs or symptoms of 

complications)
   (h) Follow-up appointment(s)
   (i) Contact information for the responsible provider
If an EGS patient is diagnosed with acute cholecystitis, then the patient should undergo a cholecystectomy within 
72 h of symptom onset, or the reason for not doing so should be documented in the medical record
If an EGS patient is diagnosed with an uncontained perforated viscus, then surgery should begin within a timeframe 
consistent with the locally derived standard but ≤3 h from the decision to operate, or the reason for not doing so 
should be documented in the medical record
If an EGS patient has a small bowel obstruction and findings consistent with ischemia and/or impending 
perforation, then the patient should undergo surgical exploration within a timeframe consistent with the locally 
derived standard but ≤3 h from the decision to operate, or the reason for not doing so should be documented in the 
medical record
If a hospital provides EGS care, then the hospital should conduct, on at least a quarterly basis, a multidisciplinary 
review of patient morbidity and mortality involving all relevant EGS providers and include postmortem data when 
available
If a hospital provides EGS care, then the hospital should audit:
   (a) Unplanned readmissions to a critical care unit within 48 h of discharge to the ward
   (b) Unplanned postoperative readmissions within 30 days of discharge
   (c)  Unplanned readmissions and operations within 30 days of discharge for patients previously managed 

nonoperatively
   (d) Unplanned returns to the operating room during the hospitalization or within 30 days of discharge
If a hospital provides EGS care, then a protocol should be in place for the preoperative hematologic preparation of 
patients taking common anticoagulants prior to emergency surgery
If a hospital provides EGS care, then a faculty- or attending-level radiologist should be available to read 
radiographic studies within 2 h
If a hospital provides EGS care, then the hospital should have a graded response strategy, such as a modified early 
warning score and an acute response team, in place to identify patients at risk of clinical deterioration as well as 
guidelines and defined responsibilities for escalation of care and involvement of senior staff
If a hospital provides EGS care, then the hospital should have a protocol in place regarding the availability of blood 
products
If a hospital provides EGS care, then the time from diagnosis of an intra-abdominal infection to source control (i.e., 
drainage, diversion, and/or resection of the pathology to control ongoing peritoneal contamination) should be 
monitored
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Table 8.1 (continued)

If a hospital provides EGS care, then the hospital should ensure that EGS cases begin in a timely fashion based 
upon a locally defined tiering system through:
   (a) Monitoring the availability of the anesthesia and operating room staff
   (b) Monitoring the adequacy of access to the operating room
   (c)  Having protocols in place to defer elective general surgery cases in order to give adequate priority to EGS 

patients
   (d)  Having protocols in place for bypass or transfer of patients to a hospital with transfer agreements if timely 

access cannot be provided
If a hospital provides EGS care, then the hospital should have a locally defined protocol to identify patients 
requiring admission to a critical care unit postoperatively based upon, at a minimum, the risk associated with the 
procedure, unresolved physiologic impairment or hemodynamic instability, the severity of the patient’s comorbid 
conditions, and physician judgment
If a hospital provides EGS care, then the hospital should ensure timely access to surgical evaluation through:
   (a) Having a credentialed general surgeon on call at all times
   (b)  Monitoring the time from general surgery consultation to the initial evaluation by a designated member of 

the general surgery team based upon a locally defined tiering system
If a hospital provides EGS care, then the hospital must ensure that the surgeon credentialed to perform the surgery 
is board eligible or certified by the American Board of Surgery or American Osteopathic Board of Surgery or 
fulfills the requirements of an alternative pathway as defined by the hospital
If a hospital provides EGS care, then the hospital should have a critical care specialist on call at all times or have 
protocols in place to provide critical care specialist on call at all times or have protocols in place to provide critical 
care services when needed through telemedicine or the transfer of patients to a hospital with transfer agreements

Table 8.2 Examples of EGS clinical practice guidelines 
[26]

Clinical guidelines Source
Antibiotics for 
uncomplicated diverticulitis

Cochrane Database

Early versus delayed 
laparoscopic 
cholecystectomy for people 
with acute cholecystitis

Cochrane Database

Laparoscopic repair for 
perforated peptic ulcer 
disease

Cochrane Database

Acute upper gastrointestinal 
bleeding: management

National Guideline 
Clearinghouse

Timing and type of surgical 
treatment of Clostridium 
difficile-associated disease

EAST Practice 
Management 
Guidelines

Evaluation and management 
of small bowel obstruction

EAST Practice 
Management 
Guidelines

Guidelines for diagnosis, 
treatment, and use of 
laparoscopy for surgical 
problems during pregnancy

Society of American 
Gastrointestinal and 
Endoscopic Surgeons

Lastly, hospitals can incorporate EGS clinical prac-
tice guidelines into the care of their EGS patients 
and monitor  compliance. When incorporated into 
routine clinical practice, clinical practice guide-
lines can be a valuable tool for improving quality of 
care. The Cochrane Database of Systematic 
Reviews and the National Guideline Clearinghouse 
are both reliable sources of practice guidelines rel-
evant to EGS. Additionally, specialty societies such 
as the Eastern Association for the Surgery of 
Trauma (EAST) and the Society of American 
Gastrointestinal and Endoscopic Surgeons 
(SAGES) have published guidelines to facilitate 
the delivery of high-quality EGS care. A list of 
EGS clinical practice guidelines is provided in 
Table 8.2.

 Change Management 
and Performance Data

The benefits of maintaining an EGS-specific reg-
istry are only assumed if the data collected are 
used to inform local QI initiatives. Data must be 
evaluated, interpreted, and disseminated to those 

participating in the care of EGS patients on a 
regular basis. Further, when opportunities for 
improvement are identified, they must be acted 
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upon. An effective EGS quality program should 
include mechanisms that empower participating 
hospitals and caregivers to use their performance 
data to pursue QI within their institution. In order 
for durable changes in practice to occur, perfor-
mance data must be used to demonstrate the effi-
cacy of changes in practice using the performance 
data continuously being collected.

 Institutional Commitment 
and Resources

For an EGS quality program to successfully stim-
ulate QI, it is essential for the participating insti-
tution to commit to improving the quality of EGS 
care at their hospital and allocate the necessary 
resources to support QI efforts. Commitment of 
the institutional governing body and medical 
staff is key. The delivery of high-quality EGS 
care relies upon the support of hospital adminis-
trators and departmental leadership for those who 
participate in the care of patients with EGS diag-
noses. Institutional leadership should encourage 
and support multidisciplinary collaboration in an 
EGS quality program that includes key stake-
holders from emergency medicine, surgery, 
 anesthesiology, critical care, interventional radi-
ology, and nursing, among others.

An EGS quality leader, as previously dis-
cussed, should be granted sufficient authority by 
hospital and departmental leadership to oversee 
and uphold the standards of an EGS quality pro-
gram. The institution must devote the necessary 
resources to support the timely delivery of emer-
gent care, a quality program leader, a quality pro-
gram manager, an EGS clinical data registrar, 
performance improvement specialist support, 
and administrative support. Providing high- 
quality EGS care is a time- and resource- intensive 
process that is not possible without the financial 
and infrastructural support of the participating 
institution. However, improving the quality of 
EGS care delivered can yield a substantial return 
on the institution’s investment [7–9].

 Conclusions

Quality improvement has become a major prior-
ity of contemporary healthcare. Surgery has 
become a proven leader in healthcare QI through 
the development of clinical data registries and the 
creation of a well-established infrastructure for 
conducting performance assessment. However, 
the unique characteristics of EGS have limited 
the ability to broadly incorporate these patients 
into existing surgical QI initiatives, leaving a 
large number of patients in a “blind spot” of sur-
gical quality. This reality is becoming increas-
ingly recognized and presents a tremendous 
opportunity for future QI efforts in acute care 
surgery. We hope that this chapter has provided 
an informative overview of surgical quality 
assessment, the resources that are currently avail-
able, and the opportunity that exists for building 
a durable QI infrastructure and program capable 
of improving the care of the acutely ill and injured 
for decades to come.
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9Concepts in Emergency Research 
Exception from Informed Consent

Christine S. Cocanour and Isabelle A. Struve

 Introduction

Informed consent is an ethical concept, codified 
in the law, and is in daily practice at every health-
care institution. It is the process of communica-
tion between patients and treating physicians that 
results in an agreement that allows the treating 
physician to perform a specific medical interven-
tion. A valid informed consent requires disclo-
sure, capacity, and voluntariness [1]. Disclosure 
requires that the physician must provide the 
patient the necessary information to make an 
autonomous decision. At a minimum, this must 
include the diagnosis, the procedure with its risks 
and benefits, as well as the alternatives with their 
risks and benefits. The information must be pre-
sented in language suited to the apprehension 
skills of the patient. Capacity is the ability of the 
patient to both understand and assess the infor-
mation given, communicate their choices, and 
understand the consequences of their decision. 
Voluntariness requires that their decision be 
made without being subjected to external pres-
sures such as coercion, manipulation, or undue 
influence.

Informed consent for clinical research requires 
more information and a different approach than 

informed consent for daily clinical practice. In 
the ideal situation, the consent process starts with 
a preliminary meeting at which the research team 
provides a clear description of the study’s pur-
pose and objectives, the procedures that the 
potential subject will undergo, the potential ben-
efits (as an individual, to other patients, and to 
society), the potential harms, the probability of 
being assigned to any of the study arms, the 
implications of blinding, and the rights of the 
participant to receive updated information about 
the study and to agree or decline participation in 
the study at any point in time [2, 3]. A copy of the 
consent is given to the potential subject so that 
they can review the information with trusted fam-
ily, friends, or advisors. The potential participant 
is allowed time to process the information before 
being asked to make a decision of whether they 
wish to participate. Referred to as the 
Experimental Subject’s Bill of Rights, Table 9.1 
lists information that must be given to a potential 
experimental subject [4, 5].

In the emergency setting, this consent process 
is not possible. Ethical concerns involving sub-
jects who cannot provide consent was a barricade 
to emergency research. Standard, accepted medi-
cal therapy was not tested for either safety or effi-
cacy in the emergency setting. In recognition of 
this potential harm, the government eventually 
permitted exception from informed consent in 
certain emergency research trials in order to (1) 
provide individuals in life-threatening situations 
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Table 9.1 Experimental Subject’s Bill of Rights

California law, under Health & Safety Code Section 
24172 requires that any person asked to take part as a 
subject in a medical experiment, or any person asked 
to consent to such participation on behalf of another, is 
entitled to receive the following list of rights written in 
a language in which the person is fluent [4]. These are 
also found in the Basic HHS Policy for Protection of 
Human Research Subjects [5].
   1. Be informed of the nature and purpose of the 

experiment.
   2. Be given an explanation of the procedures to be 

followed in the medical experiment, and any drug or 
device to be utilized.

   3. Be given a description of any attendant 
discomforts and risks reasonably to be expected 
from the experiment.

   4. Be given an explanation of any benefits to the 
subject reasonably to be expected from the 
experiment, if applicable.

   5. Be given a disclosure of any appropriate 
alternative procedures, drugs or devices that might 
be advantageous to the subject, and their relative 
risks and benefits.

   6. Be informed of the avenues of medical 
treatment, if any, available to the subject after the 
experiment if complications should arise.

   7. Be given an opportunity to ask any questions 
concerning the experiment or the procedures 
involved.

   8. Be instructed that consent to participate in the 
medical experiment may be withdrawn at any time 
and the subject may discontinue participation in the 
medical experiment without prejudice.

   9. Be given a copy of the signed and dated written 
consent form as provided for by Section 24173 or 
24,178.

   10. Be given the opportunity to decide to consent 
or not to consent to a medical experiment without 
the intervention of any element of force, fraud, 
deceit, duress, coercion, or undue influence on the 
subject’s decision.

access to potentially life-saving therapies, (2) 
advance knowledge through collection of infor-
mation about effectiveness and safety, and (3) 
improve therapies used in emergency medical 
situations that currently have poor clinical out-
comes [6].

Informed consent for human subject research 
has not always been the standard, and as a conse-
quence, patients have suffered. Because of this 
dark history, the evolution to include waiver or 
exception from informed consent in emergency 

research was momentous. This chapter will 
explore the history behind informed consent, 
informed consent for human subject research, 
and exception from informed consent (EFIC)/
waiver of informed consent (WIC ). It will review 
the current guidelines for consent in emergency 
research as well as its applicability to specific 
research.

 History of Informed Consent

Informed consent is a relatively new concept. 
Rooted in beneficence, the Hippocratic Oath 
pledges to do no harm, but the Corpus 
Hippocraticum bluntly advised keeping informa-
tion away from the patient as the physician’s pri-
mary task was to inspire confidence [7, 8]. In the 
medieval age, physicians continued to hold to 
Hippocratic traditions where authoritarianism 
and the obedience of patients were further influ-
enced by Christian theology. Maintaining hope 
justified any deception on the part of the physi-
cian [9]. In the Age of Enlightenment, physicians 
began sharing more information with their 
patients, not to respect the patient’s autonomy, 
but to allow the patient to better understand and 
be motivated to comply with the recommended 
treatment. In 1803, Percival published his treatise 
Medical Ethics which provided a modern foun-
dation for medical ethics in North America [10]. 
Despite the influence of Reverend Thomas 
Gisborne who opposed lying to patients, Percival 
continued to emphasize the physicians’ role of 
giving hope and comfort at the expense of truth-
fulness [8]. The AMA’s first code of medical eth-
ics was published in 1847 and borrowed heavily 
from Percival’s treatise. However, truthfulness 
was only championed between physicians, not 
between physician and patient [8]. After its pub-
lication, Worthington Hooker, a Connecticut 
physician, made what is considered to be one of 
the most influential contributions to medical eth-
ics by an American author in the nineteenth cen-
tury when he denounced lying and deception in 
medicine [11].

The legal foundation of informed consent 
began in the early 1900s. Its roots are in early 
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English Common Law, which is a combination of 
customs, traditions, and case law that is distinct 
from legislative law. Informed consent is inter-
preted and grounded in the respect for autonomy 
and is derived from the legal theories of battery 
and negligence. Four cases that occurred from 
1905 to 1914 are considered the early legal basis 
of informed consent [9]. In the Mohr v. Williams 
opinion, after entering into a contract, the physi-
cian can operate to the extent of the consent given 
but no further [12]. In Pratt v. Davis, there was no 
consent for hysterectomy, and the decision lim-
ited implied consent to emergencies or to when 
the patient understands the consequences of 
allowing a physician to exercise professional 
judgment [13]. In Rolater v. Strain, the opinion 
highlighted the patient’s self-determination by 
stressing that a patient could give a carefully con-
strained consent, which would dictate precisely 
what the doctor could do [14]. Schloendorff v. 
Society of New York Hospital drew on the opin-
ions of the previous three cases, and Judge 
Cardozo’s landmark opinion is the first true 
description of a patient’s right to self- 
determination [15]:

In the case at hand, the wrong complained of is not 
merely negligence. It is trespass. Every human 
being of adult years and sound mind has a right to 
determine what shall be done with his own body; 
and a surgeon who performs an operation without 
his patient’s consent commits an assault for which 
he is liable in damages. This is true, except in cases 
of emergency where the patient is unconscious, 
and where it is necessary to operate before consent 
can be obtained [15].

The next major development came in 1957 
with the case of Salgo v. Leland Stanford Jr. 
University Board of Trustees [16]. This marked 
the first time that the term “informed consent” 
was used. The court determined that physicians 
have the duty to disclose any facts which are nec-
essary to form the basis of an intelligent consent 
by the patient to the proposed treatment. It 
requires the disclosure of risks and alternatives, 
although it did give physicians discretion on what 
should be disclosed—a reasonable physician 
standard.

In 1973, the American Hospital Association 
adopted the first Patient’s Bill of Rights which 

further led to the use of informed consent [17]. A 
marked increase in the numbers of malpractice 
awards and the increasing size of awards in the 
1970s saw a skyrocketing of malpractice insur-
ance premiums. Between 1975 and 1977, 25 
states enacted informed consent laws in an 
attempt to decrease malpractice liability [8]. 
Statutory laws regarding informed consent now 
exist in all 50 states.

 History of Informed Consent 
for Research

Cases that dealt with consent as it applied to 
medical research began in 1871 with Carpenter v. 
Blake in which the court ruled that a doctor who 
deviates from the usual, established method of 
treatment is liable for any resulting problems 
[18]. Because this rule accepted those treatments 
that had already been proven, experimentation 
put doctors at risk. In a 1934 case, Brown v. 
Hughes, the court determined that some experi-
mentation had to be allowed or science would 
never advance [19]. A year later in Fortner v. 
Koch, the court recognized that “if the general 
practice of medicine and surgery is to progress, 
there must be a certain amount of experimenta-
tion carried on; but such experiments must be 
done with the knowledge and consent of the 
patient or those responsible for him, and must not 
vary too radically from the accepted method of 
procedure” [20]. Valid consent and an acceptable 
risk-benefit analysis would become important 
points in the debate on whether human subject 
research should be justified.

Human subject research did not become wide-
spread in the United States until shortly before 
the beginning of World War II [9]. It was more 
common internationally. The atrocities commit-
ted by Nazi physicians in the name of research 
led to the 1946 trial before the Nuremberg mili-
tary tribunal [21]. The judges established the cer-
tain basic principles that must be observed in 
order to satisfy moral, ethical, and legal concepts 
while conducting research on human subjects 
[21]. These ten principles became the Nuremberg 
Code which focused on protecting human sub-
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jects by requiring the subject’s consent and set-
ting boundaries within which the investigator 
may conduct research [22].

The Nuremberg Code was the first step in the 
regulation of research on humans. It was followed 
by the Declaration of Helsinki in 1964, which was 
drafted by the World Medical Association as a 
statement of ethical principles to provide guidance 
to physicians and other participants in medical 
research involving human subjects [23]. An influ-
ential document, American medical groups 
endorsed it, and eventually, it was used by the fed-
eral government as a basis for developing its own 
rules for human subject research.

Although courts and international organiza-
tions had recognized the importance of providing 
guidance and policies for human research subject 
protection, US government policies were slower 
to develop [24]. It was not until publicized cases 
where consent was lacking and through efforts of 
several influential scholars that the United States 
began to address this problem.

During the 1960s and 1970s, two particular 
cases attracted public attention to consent viola-
tions. A cancer study that took place in 1963 at 
the Jewish Chronic Disease Hospital in Brooklyn, 
New York, found that doctors had obtained per-
mission from the hospital medical director to 
inject live cancer cells into chronically ill and 
debilitated patients, but they not only did not 
obtain the patient’s consent, they told none of the 
patients that they were receiving live cancer cells 
[25, 26]. An even more egregious case came to 
light in 1972. Beginning in the early 1930s, the 
US Public Health Service conducted a study on 
the effects of untreated syphilis on black men in 
Alabama. It continued until The New York Times 
reported the study on its front page in 1972 [27].

In the 1960s, a Harvard physician, Henry 
K.  Beecher, called for stricter protections for 
human research subjects [28, 29]. An Englishman, 
M.H. Pappworth, published Human Guinea Pigs 
in 1967, which chronicled his findings about 
more than 500 unethical experiments [30]. In 
1972, psychiatrist Jay Katz and coauthors pub-
lished a collection of writings from a variety of 
fields that related to the ethics of human research 
[26]. These publications, coupled with the publi-
cized cases, stimulated discussion about the 

importance of conducting research while still 
protecting subjects’ rights and led to the Federal 
Drug Administration (FDA) and the National 
Institutes of Health (NIH), both within the 
Department of Health, Education and Welfare, to 
propose their own solutions [24].

The first federal policy regarding human sub-
ject research developed at the Clinical Center of 
the NIH in 1953 [9, 24]. Despite the NIH cham-
pioning informed consent, clinical researchers 
throughout the country did not adopt this 
approach but instead preferred to leave oversight 
directly to the investigators [9].

At the FDA, the Kefauver-Harris Bill emerged 
in the early 1960s due to concern about the use 
and control of drugs. The thalidomide debacle in 
Europe highlighted the necessity for more strin-
gent drug testing and warning requirements and 
led to the inclusion of a consent requirement 
[31]. The consent provision was largely ignored 
until 1966 when the FDA, influenced by the pub-
lic’s anger surrounding the Jewish Chronic 
Disease Hospital Case, published the Statement 
of Policy Concerning Consent for Use of 
Investigational New Drugs on Humans [32]. This 
statement relied heavily on content from both the 
Nuremberg Code and the Declaration of Helsinki 
and brought the US policy into conformity with 
the international community. However, this state-
ment did not apply to all human subject research 
but to only those under the jurisdiction of the 
FDA, that is, experimental drugs and devices.

In the early 1960s, the NIH was divided in its 
opinion regarding the need to regulate research 
on human subjects. A study commissioned to 
examine research protocols concluded that the 
NIH could not regulate research ethics without 
overstepping its bounds and intruding on investi-
gators’ authority. Despite this result, NIH 
Director James Shannon met with the National 
Advisory Health Council (NAHC) and convinced 
them to adopt a resolution to address the moral 
and ethical issues of clinical research. This led to 
the 1966 Statement of Policy on Clinical 
Investigations Using Human Subjects which 
required institutions receiving research grants to 
obtain prior committee review for proposed 
research [31, 33]. The review recommended con-
sideration of three key elements: the rights and 
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welfare of the subjects involved, the appropriate-
ness of the methods used to obtain informed con-
sent, and the risks and potential medical benefits 
of the investigation. Although it addressed the 
necessity of informed consent, it did not define 
informed consent.

In 1971, the Department of Health, Education, 
and Welfare (DHEW) expanded on the Surgeon 
General’s policy with the Institutional Guide to 
DHEW Policy on Protection of Human Subjects 
also known as the DHEW Yellow Book. The 
Yellow Book defined informed consent as “the 
agreement obtained from a subject, or from his 
authorized representative, to the subject’s partici-
pation in an activity” [34]. The Yellow Book also 
listed the elements of informed consent.

Piggybacking in part on the DHEW policy, 
Congress passed the National Research Act 
which established the National Commission for 
the Protection of Human Subjects of Biomedical 
and Behavioral Research (more commonly 
known as the National Commission) in 1974 
[35]. The National Commission’s mission was to 
provide ethical and policy analysis related to 
human research. In 1979, the National 
Commission passed the Belmont Report: Ethical 
Principles and Guidelines for the Protection of 
Human Subjects of Research. The Belmont 
report identified “three fundamental ethical prin-
ciples applicable to research with humans—
respect for persons, beneficence, and justice” 
[36]. In this report, the National Commission 
determined that in order to protect an individual’s 
autonomy and dignity, consent was essential. 
Consent must include three conditions—infor-
mation, comprehension, and voluntariness. At 
this same time, the National Commission also 
emphasized the Institutional Review Board (IRB) 
System [37]. In 1978, Congress established the 
President’s Commission for the Study of Ethical 
Problems in Medicine and Biomedical and 
Behavioral Research. In response to the National 
Commission and the President’s Commission, 
the Department of Health and Human Services 
(HHS) revised its human subjects regulations 
(CFR 45 §46, Subpart A).

In 1991, the CFR 45 §46 Subpart A was 
adopted by 16 government agencies and became 
known as the Common Rule. The Common Rule 

also includes a prolonged section detailing the 
general requirements for informed consent. CFR 
45 §46.116 requires that the information be pro-
vided in language understandable to the subject; 
without such clear language, no consent will be 
considered informed. CFR 45 §46.116(a) details 
the eight elements that must be provided for an 
informed consent and are shown in Table 9.2.

The Common Rule set the framework for our 
current definition of informed consent. The next 
hurdle then became identifying when informed 
consent can be waived. In 1996, HHS identified 
three provisions in which an alteration or waiver 
of informed consent can occur. In the first provi-
sion under 45 CFR 46.116f, the IRB may approve 
the alteration or waiver of consent if all of the 
following conditions are met:

Table 9.2 The eight elements that must be provided for 
an informed consent as set forth in CFR 45 §46.116(a)

1. A statement that the study involves research, an 
explanation of the purposes of the research and the 
expected duration of the subject’s participation, a 
description of the procedures to be followed, and an 
identification of any procedures which are 
experimental
2. A description of any reasonably foreseeable risks 
or discomforts to the subject
3. A description of any benefits to the subject or to 
others which may reasonably be expected from the 
research
4. A disclosure of appropriate alternative procedures 
or courses of treatment, if any, that might be 
advantageous to the subject
5. A statement describing the extent, if any, to which 
confidentiality of records identifying the subject will 
be maintained or research involving more than 
minimal risk
6. An explanation as to whether any compensation 
and an explanation as to whether any medical 
treatments are available if injury occurs and, if so, 
what they consist of or where further information may 
be obtained
7. An explanation of whom to contact for answers to 
pertinent questions about the research and research 
subjects’ rights and whom to contact in the event of a 
research-related injury to the subject
8. A statement that participation is voluntary, refusal 
to participate will involve no penalty or loss of 
benefits to which the subject is otherwise entitled, and 
the subject may discontinue participation at any time 
without penalty or loss of benefits to which the subject 
is otherwise entitled [37, 39]

9 Concepts in Emergency Research Exception from Informed Consent



118

 1. The research involves no more than minimal 
risk to the subjects.

 2. The research could not practicably be carried 
out without the requested waiver or 
alteration.

 3. If the research involves using identifiable pri-
vate information or identifiable biospecimens, 
the research could not practicably be carried 
out without using such information or bio-
specimens in an identifiable format.

 4. The waiver or alteration will not adversely 
affect the rights and welfare of the subjects.

 5. Whenever appropriate, the subjects will be 
given additional information about the 
research after it is completed. The second pro-
vision found at CFR 46.116e pertains to 
research involving public benefit and service 
programs conducted by or subject to the 
approval of state or local officials. The third 
provision found in both CFR 21 §50.24 and 
CFR 45 §46.101 (i) pertains to emergency 
research.

 Emergency Research

Emergency research involves the most vulnerable 
population of study subjects. They have no capacity 
to control what happens to them as they are unable 
to provide consent and the emergency circum-
stances require prompt action which does not allow 
time to locate and obtain consent from a legally 
authorized surrogate. Consent prior to entering a 
study prevented research in emergency settings and 
the ability to evaluate safety and efficacy of emer-
gency treatments. It also prevented patients from 
accessing potential life-saving therapies.

Deferred consent was introduced in 1980 by 
Fost and Robertson to allow enrollment of sub-
jects in a clinical trial in which consent was 
impossible because the subjects were comatose 
as a result of head trauma, permission was 
unlikely to be valid due to the emotional response 
of the next of kin, and it was necessary to enroll 
quickly to allow the therapies their intended 
effect [38]. They proposed three conditions: (1) 
there must be substantial reason for deferring 
consent, (2) consent should not be deferred any 
longer than is necessary to protect whatever 

interests deferral aims to protect, and (3) harm to 
the patients from deferring consent must be mini-
mal. Beauchamp criticized these criteria as too 
vague to provide clear guidance [39]. From 1984 
to 1987, the Brain Resuscitation Clinical Trial II 
(BRCT II) used deferred consent. They con-
cluded that the use of deferred consent in resusci-
tation research is legally as well as ethically 
justified if the following conditions were met:

 1. Study patients are comatose and therefore 
“incompetent.”

 2. Life-saving therapy must be administered 
immediately—and therefore an “emergency” 
exists.

 3. The experimental therapy might be adminis-
tered even if the patient were not in the 
research protocol.

 4. The state of scientific knowledge is such that 
the clinician-investigator does not, and can-
not, know whether standard or experimental 
therapy is best for his patient.

 5. The possible risks of the experimental therapy 
do not expose the patient to meaningful addi-
tional risk [40].

In BRCT II, IRB approval was obtained in all 
but two participating hospitals with those two hos-
pitals ultimately being dropped from the study 
because of inability to obtain the traditional pro-
spective consent [41]. Opponents of deferred con-
sent felt that a subject cannot consent meaningfully 
to something that has already happened and 
instead argued that there are conditions for the jus-
tifiability of resuscitation research without 
informed consent [42]. In 1993, a letter from the 
Director of the Office for Protection from Research 
Risks went out to Institutional Officials and 
Institutional Review Board Chairs throughout the 
country stating that deferred consent failed to con-
stitute informed consent, and this mechanism 
should not be used after this time [43].

Informed consent in clinical research con-
ducted in emergency circumstances came to a 
head in 1995 surrounding the execution of the 
National Acute Brain Injury Study: Hypothermia 
(NABISH) [44]. Arguments against the use of a 
waiver were that the research could be carried out 
practicably without a waiver, that the risks of 
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experimental emergency treatments were too 
great, and that enrollment of minorities with 
waiver of consent particularly violated their 
rights. The IRBs that approved the trial believed 
that patients would incur no more than minimal 
additional risk by being entered into the trial. 
However, the Office of Protection from Research 
Risk differed and felt that minimal risk meant 
“risk to all persons and not just the persons who 
may become involved as subjects in the research” 
[44]. Therefore, for the first 9 months of this trial, 
it required prospective consent by the potential 
subject’s surrogate. Because of low accrual, the 
NIH, the principal investigator, and the Patient 
Safety and Monitoring Board concluded that the 
trial should be stopped unless there was an ability 
to use waiver of consent. The DHHS then permit-
ted the use of waiver of consent using “strictly 
limited circumstances” [45].

Later that year, the Secretary of Health and 
Human Services and the Commissioner of Food 
and Drugs proposed to amend the FDA’s informed 
consent regulations to permit emergency care 
research. FDA proposed this action “in response 
to growing concerns that current rules are making 
high quality acute care research activities diffi-
cult or impossible to carry out at a time when the 
need for such research is increasingly recog-
nized” [46]. It was opened for comments, and the 
vast majority of comments supported the pro-
posal. In November 1996, the FDA amended its 
current informed consent regulations to permit 
harmonization of the DHHS policies on emer-
gency research (CFR 21 §50.24 and CFR 45 
§46.24) which is sometimes referred to as the 
final rule for waiver of informed consent in cer-
tain emergency research circumstances. The pri-
mary differences between the regulations before 
1996 and after are the definition of the risks of 
research and the requirement for public disclo-
sure and community consultation. Table 9.3 sum-
marizes CFR 21 §50.24 requirements for 
exception from informed consent.

From 1996 to the present, there have been mul-
tiple studies looking at the implementation and 
application of informed consent in specific popula-
tions such as emergency surgery patients, trauma 
patients, etc. The next section will review a number 
of these studies and publications in more detail.

Dutton et al. explored the practical mechanics 
of obtaining patient consent for enrollment in 
resuscitation studies. Their goal was to identify 
how many patients had overt contraindications to 

Table 9.3 Summary of the requirements for exception 
from informed consent. Adapted from CFR 21 §50.24(a)

1.  Human subjects are in a life-threatening situation, 
available treatments are unproven or 
unsatisfactory, and the collection of valid 
scientific evidence is necessary to determine the 
safety and effectiveness of interventions

2. Obtaining consent is not feasible because:
   (a)  The subject is unable to give consent as a 

result of their medical condition
   (b)  The intervention must be administered before 

consent from the subject’s legally authorized 
representative (LAR) is feasible

   (a)  There is no way to prospectively identify 
subjects

3.  Participation in the research holds out the prospect 
of direct benefit to the subject because:

   (a)  Subjects are facing a life-threatening situation 
that necessitates intervention

   (b)  Appropriate preclinical studies have been 
conducted, and its evidence supports the 
potential for the intervention to provide direct 
benefit to the subjects

   (c)  Risks associated with the investigation are 
reasonable in relation to what is known about 
the current standard therapy and the proposed 
intervention

4.  The clinical investigation could not practically be 
carried out without the waiver

5.  The investigator will attempt to contact a LAR 
and obtain consent within the potential therapeutic 
window. The efforts made to contact LARs will be 
summarized and made available to the IRB at the 
time of continuing review

6.  The IRB has approved the informed consent 
procedures and an informed consent document to 
be used when feasible

7.  Additional protections of the rights and welfare of 
the subjects will be provided, including, at least:

   (a)  Consultation with representatives of the 
communities in which the clinical investigation 
will be conducted and from which the subjects 
will be drawn

   (b)  Public disclosure to the communities about the 
study, its risks, and benefits prior to initiation 
of the study

   (c)  Public disclosure of sufficient information 
following completion of the investigation to 
apprise the community and researchers of the 
study results

(continued)
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Table 9.3 (continued)

   (d)  Establishing an independent data monitoring 
committee to exercise oversight of the clinical 
investigation

   (e)  If obtaining informed consent is not feasible 
from either the subject or their LAR, the 
investigator will attempt to contact within the 
therapeutic window a family member who is 
not the LAR and ask whether they object to 
the subject’s participation in the investigation. 
The efforts made to contact family members 
will be summarized and made available to the 
IRB at the time of continuing review

consent, how many had occult contraindications, 
and how many had a legally authorized represen-
tative (LAR) available within 3 hours of hospital 
arrival [47]. The study performed in Baltimore 
analyzed 1734 patients. Only 20% were consid-
ered consentable, another 20% were potentially 
impaired, 37% were not consentable with 17% 
being objectively impaired (age <18 years, blood 
alcohol concentration above the legal limit, 
Glasgow Coma Scale <14, Abbreviated Injury 
Scale, brain >2, or methamphetamine or benzodi-
azepine screens positive), and 20% did not have a 
LAR. Twenty-three percent did have a LAR for 
consent. In their discussion, they note that from a 
patient’s perspective, the informed consent pro-
cess in emergency situations is inherently coer-
cive. A need to find a LAR will further bias 
studies to less acute patients. Minors and females 
are likely to be overrepresented because they are 
more likely to have a LAR present, while adult 
male minorities will be underrepresented. Their 
study was limited in that they did not actually 
approach patients or family members for consent 
so they did not know how many would have con-
sented to a research study.

Sims et al. looked at a community’s attitudes 
and willingness to participate in emergency 
research. Their study was conducted in the con-
text of community consultation for an upcoming 
trial investigating the use of vasopressin during 
hemorrhagic shock resuscitation [48]. The study 
took place at an urban level 1 trauma center in 
Philadelphia and the surrounding neighborhoods. 
Trauma patients ready for discharge and family 
members of patients with moderate to severe 
traumatic brain injuries were asked to participate 

in a structured interview. In addition, community- 
based organizations were contacted and invited 
to host a focus group that was led by a profes-
sional facilitator, observed by IRB members, and 
included a research team member to address any 
questions. Of 336 subjects invited to participate, 
307 completed the survey. This included 172 
trauma patients, 73 family members, and 64 
community members. The three groups did not 
differ in respect to age, religion, or educational 
level, but patients were more likely to be male, 
white, and unemployed or disabled. The key con-
cept of enrollment into a research study without 
consent was endorsed by the majority of partici-
pants. In contrast to previous reports, these sub-
jects were more supportive of enrolling a 
community member without consent than they 
were to enrolling a family member or them-
selves. The authors suggested that this may be 
while the subjects perceived trauma research as 
important, they felt less strongly that they would 
personally benefit from the care associated with 
the emergency research. Patients and their fami-
lies who were admitted following interpersonal 
violence were statistically less supportive of 
EFIC than those admitted following nonviolent 
mechanisms. The investigators suggested that the 
recent exposure to violence may have negatively 
impacted their sense of trust. The process of 
community consultation was considered valu-
able and confirms previous reports in which pub-
lic disclosure and consultation activities that 
actively engage and educate participants posi-
tively influence their attitudes toward studies 
dependent upon exception from informed con-
sent, essentially allowing them to be “partners” 
in the research process  [48–51]. The study limi-
tations may have reflected the positive views 
toward this particular research study rather than 
all emergency research studies. The face-to-face 
interaction may have been influenced the partici-
pants to respond in a way that they thought the 
researcher would approve. Because this was a 
convenience sample, this may not reflect the 
views of the community in general. Although the 
focus group format and the individual assess-
ments allowed for in-depth dialogue and ques-
tions, it is very time-intensive.
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Fox et  al. reported their experience with 
waiver of consent in a multi-institutional, nonin-
terventional observational emergency research 
study [52]. The PRospective Observational 
Multicenter Major Trauma Transfusion 
(PROMMTT) study enrolled trauma patients 
receiving at least one unit of red blood cells 
within 6 h of admission at ten US level 1 trauma 
centers. EFIC is primarily used in intervention 
studies in the emergency setting and requires that 
the research have potential for direct patient ben-
efit and must require that the drug or device inter-
vention be administered before a consent from 
the patient or their LAR can be obtained. Waiver 
of consent is usually used for any minimal risk 
study and by its definition does not involve an 
intervention. Although the information collected 
in this study was similar to that recorded in 
trauma registries, this study required that data 
collection be prospective to allow detail and 
accuracy. In developing this study, investigators 
expected a 30–60% refusal rate. Many patients 
would not be able to give consent because of 
severe injuries, no LAR would be available in a 
timely fashion, and even if a LAR was available, 
they may not be able to give an informed consent 
because of emotional distress. Another concern 
was consent bias. Enrolling only those patients 
who have the capacity to consent would limit the 
sample size, create selection bias, and reduce the 
validity and relevance of the research. All local 
IRBs approved the study, but one required that 
their investigators attempt consent, but they were 
allowed to retain data on patients that were unable 
to be consented. Of 121 subjects enrolled at this 
site, 46% of patients were able to be consented, 
and no patient or LAR refused to give consent. 
Thirty percent of patients died and 5% were dis-
charged before consent could be attempted. 
Consent was attempted but not possible in 20% 
of patients. The 100% participation rate at the site 
requiring consent attempts was attributed to the 
very experienced staff at this site but also that this 
was a nonintervention study. Most studies that 
report refusal rates are intervention studies or 
randomized trials. In conclusion, the authors 
determined that waiver of consent can be a valu-
able tool for noninterventional observational 

emergency research. Deferred consent may be 
more appropriate for some studies, but in order to 
maximize study validity, investigators will need 
to work with their respective IRBs to create an 
appropriate consent process.

Rebers et al. reviewed 115 papers from 1997 
to 2013 that discussed reasons not to ask for 
informed consent and/or conditions under which 
an exception to informed consent was considered 
acceptable [53]. Research on children or research 
that addressed the use of surrogate consent were 
excluded. Reasons for waiving the informed con-
sent requirement fell into three main categories 
with ethical issues playing a role in all three: 
decrease of data validity and quality, distress or 
confusion of participants, and practical issues. 
Although not all papers included papers involv-
ing emergency research, each of the categories 
included examples from emergency research. In 
the area of decreased data validity and quality, 
participation bias was a key concern. Some 
patient groups may be less likely to give consent 
or may be physically unable to give consent due 
to their injuries. Requiring consent before an 
intervention in emergency situations may lead to 
an underestimation of the treatment effect if the 
intervention is delayed. Distress or confusion of 
participants may be magnified when confronted 
with the consent process during an emergency. 
Others have argued that patients may be nega-
tively affected by the knowledge that it is not 
known which treatment is best. Practical prob-
lems are most often cited in emergency research 
as the reason why an informed consent should be 
waived. Patients are often incapacitated and 
unable to give consent; a LAR is not available, 
especially when the therapeutic window is short. 
A delay in treatment to obtain an informed con-
sent may be ethically unacceptable if it has poten-
tial to adversely affect outcome. The authors 
stressed that informed consent should always 
remain the standard in research that requires an 
intervention. Compliance with guidelines 
 applicable to their nation, institute and field of 
research are paramount when considering EFIC.

The establishment of EFIC and WIC more 
than 20 years ago has created a standard and ethi-
cal mechanism by which investigators can study 
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questions and interventions in true emergent clin-
ical states. The answers to these clinical ques-
tions are critical and ultimately can save many 
lives. The conditions and process by which EFIC 
and WIC are conducted should be routinely.

reported to the scientific community to not 
only educate but to also ensure that standards are 
met regarding the study of vulnerable popula-
tions not able to provide prospective informed 
consent [54].

Exception from informed consent has trans-
formed the ability to perform emergency subject 
research, and as a result, management of acute 
traumatic injury and other time-dependent inter-
ventions have been able to be scientifically evalu-
ated. However, the three ethical principles upon 
which informed consent is based—autonomy, 
beneficence, and justice—should always be con-
sidered when exception from informed consent is 
considered.
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10Design and Impact 
of the American Association 
for the Surgery of Trauma Acute 
Care Surgery Fellowship

Erin L. Vanzant and Alicia M. Mohr

 Introduction

Acute Care Surgery Fellowships were created to 
fill the need for expertise in emergency general 
surgery as well as trauma and surgical critical 
care. Acute care surgery is a subspecialty of gen-
eral surgery, with its own curriculum, site- verified 
program requirements, and a certificate of com-
pletion. Since its inception, there have been both 
an increase in the number of accredited fellow-
ship programs by the American Association for 
the Surgery of Trauma and a parallel increase in 
the number of interested applicants as well. The 
importance of recruitment and training of acute 
care surgeons is vital, as the acute care surgery 
model of practice continues to be implemented 
nationwide to address disparities in emergency 
general surgical care.

There are 4  million patients who visit the 
emergency department who require evaluation by 
emergency surgery physicians [1]. Of these, 
3 million require admission. There are an addi-
tional 2–3 million trauma patients per year who 
also require evaluation and admission [1]. 
Delivery of care to this large number of patients 
is contingent on the ability to provide nonelective 
general surgical services. Traditionally, care of 

these patients has been dependent on general sur-
geons who take trauma and emergency general 
surgery call. The American College of Emergency 
Physicians conducted a survey of emergency 
physicians in 2005, and 75% felt that there was 
inadequate on-call surgeon-specialist coverage 
[1–3]. Subsequently in 2006, the Institute of 
Medicine reported that there was a national crisis 
in emergency care due to insufficient access to 
these providers [1].

As we entered the twentieth century, an 
increasing disparity between the need for deliv-
ery in medical care related to an ever-growing 
population was noted with a highly dispropor-
tionate number of general surgeons being trained. 
Between 1981 and 2006, only a 4% increase in 
the number of general surgeons was seen com-
pared to a 31% increase in the population [3]. In 
addition, there are a decreasing number of physi-
cians willing to participate in emergency call and 
an aging of the current workforce which further 
compounds the problem. The Association of 
American Medical Colleges predicted a 35% 
increase in surgeons would be required in order 
to meet demands of the growing population by 
2025 [1, 3].

Surgical training has been evolving since its 
initiation. From the abandonment of pyramidal 
training programs to the current 80-hour work 
week limitations, surgical education has been 
molded into a specialty-specific, focused expo-
sure, apprenticeship, with the adjunct of indepen-
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dent learning [4]. These changes have affected 
every subspecialty in general surgery and have 
resulted in the development of increasingly sub-
specialized divisions. Concurrently, training in 
trauma, emergency general surgery, and surgical 
critical care has followed suit.

Trauma as a general surgery subspecialty 
training program has also evolved over the years. 
The “golden age of trauma” when injured patients 
underwent aggressive surgical exploration has 
since declined due to improvements in imaging, 
diagnostic techniques, and minimally invasive 
procedures. This has resulted in fewer surgical 
residents pursuing careers in trauma due to the 
thought of being a “nonoperative” discipline. 
This impression is also compounded by the need 
for high call burdens, 24-hour coverage, manage-
ment of operative orthopedic and neurosurgical 
patients, and the perception of an undesired, 
stressful lifestyle compared to that of other surgi-
cal disciplines.

In 2003, the Committee to Develop the 
Reorganized Specialty of Trauma, Surgical 
Critical Care, and Emergency Surgery was 
formed through a joint meeting of the American 
College of Surgeons Committee on Trauma, the 
American Association for the Surgery of Trauma 
(AAST), the Western Trauma Association 
(WTA), and the Eastern Association for the 
Surgery of Trauma (EAST) [5, 6]. This commit-
tee formed a consortium to evaluate the problems 
facing the subspecialty of trauma and its future, 
in addition to developing a training paradigm to 
fit those needs. This Committee determined an 
increasing deficit in the operative training for 
traumatic exposure and hemorrhage control, in 
addition to an increasing need for a “surgical hos-
pitalist” to address acute surgical patients with-
out disrupting the scheduled elective daily 
operative procedures [5, 6].

Finally, with the resuscitation needs of trau-
matically injured patients, they determined that a 
need for surgical critical care training was also a 
necessity for residents pursuing a career in 
trauma. Therefore, the AAST formed an ad hoc 
Acute Care Surgery Committee to develop and 
reorganize the specialty of trauma, surgical criti-
cal care, and emergency surgery, redefining 

trauma surgery as acute care surgery (ACS), a 
model built to encompass trauma, critical care, as 
well as emergency surgery. In addition to this 
paradigm shift, they proposed the need for a 
2-year fellowship to improve the quality of care 
and improve the shortage of trained physicians. 
Changes were made in the ACS model by incor-
porating training in emergency general surgery, 
surgical critical care, and surgical exposures nec-
essary for the care of traumatically injured 
patients. They created the Acute Care Surgery 
Fellowship and training paradigm. The goal of 
the fellowship was to train a versatile surgeon, 
able to address the difficulties of caring for 
acutely ill patients in a variety of conditions, 
while facing the challenges of providing compre-
hensive care of patients every hour, day, and 
night.

 History

The first piloted fellowship graduated Dr. John 
Cha from Denver Health Medical Center in 2007 
having completed an SCC fellowship and second 
year in acute care surgical training which 
included rotations with thoracic, vascular, trans-
plant, and interventional radiology services. In 
2008, the first formal AAST ACS fellowship pro-
gram began.

The initial curriculum was created based on 
defined operative expectations, as well as a focus 
on clinical experience. This was structured by 
dictating mandatory components, defining essen-
tial and desirable cases, while still allowing for 
some flexibility on rotations. Case selections 
were based on a wide range of trauma cases bro-
ken down into anatomical regions which included 
head and neck, thoracic, abdominal, vascular, 
ultrasound, as well as those defined in manage-
ment of complex trauma and emergency general 
surgery. To increase operative experience in tech-
nically difficult areas, rotations in thoracic, trans-
plant, hepatobiliary, and vascular surgery were 
encouraged however not mandated [7]. Since the 
establishment of the first fellowship, these 
requirements and the curriculum have continued 
to evolve.
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In 2009, a written exam was instituted, fol-
lowed by the institution of an additional midyear 
fellowship examination in 2015. The in-training 
exam was built to assess the baseline knowledge 
of the starting fellow allowing room for program 
directors to tailor education and experience to 
individual weaknesses, while the final exam 
allowed the opportunity to assess whether educa-
tion metrics were being met. In addition to estab-
lishing examinations to track fellow progress, a 
case log system was established in 2010. A 
review of this log performed in 2014 revealed a 
high variability in individual fellow experience 
and case exposure [8]. In particular, there was 
noted to be a lack of exposure in several areas 
defined as essential by the curriculum particu-
larly in the areas of head and neck, thoracic, and 
vascular surgery [8]. This led to revamped case 
log system in 2019 which will allow for future 
improved assessments of the surgical experiential 
training.

After assessing the need of accurate case 
numbers, the ACS fellowship curriculum was 
restructured from the rotation-based system in 
2018. Thoracic and vascular surgery rotations 
were no longer optional and were made manda-
tory requirements of the fellowship with experi-
ential goals. In addition to longitudinal 
requirements, there was also the establishment 
of a case minimum requirement to be performed 
in specific body regions. To further address 
potential gaps in exposure and training with 
regard to vascular and thoracic exposure in the 
trauma patient, a series of educational modules 
were developed and included detailed operative 
descriptions. With the explosion of virtual edu-
cation in 2020, the AAST added weekly virtual 
Meet the Masters sessions to augment the ACS 
educational curriculum. Current fellows are 
required to keep a case log to evaluate proposed 
minimal essential case requirements, complete 
an in-service fellowship exam and final exam, as 
well as complete online educational modules/
sessions. The AAST continues to evaluate the 
educational goals and needs of the fellows and 
refine the operative case requirements that were 
initially determined by consensus of the AAST 
ACS Committee.

 Program Requirements

The AAST Board of Managers approved the 
original fellowship requirements in March of 
2007. Since that time, two subsequent reviews 
have been performed which have led to restruc-
turing of the fellowship [9]. The most recent 
requirements are available on the AAST web-
site.1 Programs seeking AAST fellowship 
approval should be robust academic centers with 
a commitment to education and must comply 
with the institutional guidelines for fellowship 
training. One of the most important aspects in 
establishing an ACS fellowship is the assurance 
that they will not detract from the existing gen-
eral surgery residents’ experience. Thus, support 
from the department chairman and the general 
surgery residency program director is mandatory. 
In an ACS fellowship, there must be core service 
support from the trauma and emergency general 
surgery division, in addition to the thoracic and 
vascular divisions. Additionally, while the acute 
care surgery year is not currently an ACGME 
verified fellowship, there must be an associated 
ACGME-approved SCC fellowship.

The goal of the second year is to allow fellows 
the opportunity to experience in depth the 
nuances of trauma and emergency general sur-
gery, advance operative experience, and develop 
teaching skills and further research in 
ACS.  Optional educational experiences during 
the ACS year include exposure to elective general 
surgery, international surgical rotations, focused 
ultrasound curricula, trauma system develop-
ment, advanced endoscopy, orthopedics, neuro-
surgery, interventional radiology, pediatric 
trauma, and complex hepatobiliary/pancreatic, 
colorectal, and transplant surgery [9]. The essen-
tial and desirable case list includes operative 
experience in thoracic, vascular, and complex 
hepatobiliary/pancreatic procedures. These pro-
cedures are expected as a means of developing 
competency in the management of acute surgical 
emergencies in these anatomic regions. 
Fellowship programs should also provide 

1 https://www.aast.org/acute-care-surgery/current-acs- 
fellows/curriculum-and-case-numbers
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 opportunities to participate in research, injury 
prevention, intensive care unit administration, 
trauma systems, and quality improvement 
projects.

 Step-by-Step Fellowship 
Establishment

The first step in establishing an ACS fellowship 
program is filling out the Program Information 
Form (PIF). The form requires information 
regarding the program director, all participating 
faculty, program caseload specifications, trauma 
information including a number of patients seen 
annually, operative trauma information, and 
acute care general surgery cases performed annu-
ally. Faculty will need to provide their caseload 
information, research accomplishments, publica-
tions, and participation in local or national com-
mittees. Some of the information can be obtained 
from the departmental billing office and/or the 
trauma registry. In addition to the facilities and 
resources available, the history of the surgical 
critical care fellowship must be provided. The 
PIF also requires an explanation of the structured 
curriculum, supervision policy, 360-degree eval-
uation process, and adjunctive educational offer-
ings such as Advanced Trauma Operative 
Management and Advanced Surgical Skills 
Exposure in Trauma courses.

Once the PIF is complete and support is con-
firmed from all faculty including the chairman 
and the general residency program director, the 
fellowship is presented to the Graduate Medical 
Education (GME) office whereby the institution 
must support the fellowship. The goal of the des-
ignated institutional official and the GME 
Committee is to ensure no interference with resi-
dent education. They will also require proof that 
the institution can support the education require-
ments of the fellowship.

Finally, funding for the fellow salary needs to 
be approved. A proforma proposal will outline a 
mechanism for support. Some institutions may 
choose to provide the salary from the Acute Care 
Surgery Division or the Department of Surgery. 
There is a requirement by the AAST that fellows 

participate in a call schedule where they manage 
emergency general surgery patients and/or pro-
vide surgical critical care. If feasible, this may be 
an opportunity to support the funding, as the fel-
low should be general surgery board eligible or 
certified and may obtain privileges from the hos-
pital to bill for patient care during these calls. 
During fellow calls, there is a requirement for full 
faculty backup in-house for operative trauma 
care and complex emergency general surgery. 
During the 1-year fellowship, there is graduated 
autonomy to independence for the fellows who 
are assessed by the core faculty.

Finally, upon PIF completion, the GME office 
approves the fellowship within the institution, 
and all support faculty are in agreement; the PIF 
is sent to the AAST. Once reviewed by at least 
two members of the ACS Committee, two repre-
sentatives are then selected to visit the institu-
tion. A list of specific information to be reviewed 
during that visit will be provided. During the site 
visit, interviews are conducted of specific par-
ticipating faculty, the general surgery program 
director, senior surgical residents, and other fel-
lows as requested by the committee members. 
The program case numbers will be reviewed as 
well as the planned experiential training curricu-
lum for the ACS fellow. Once the evaluation is 
complete, the committee members present the 
PIF and visit information to the entire committee 
who then vote whether or not to approve the pro-
gram. Once approved, fellow interviews may 
ensue for the following year. The entire process 
generally requires 3–6  months to complete. 
Following approval and initiation of the pro-
gram, a review by the AAST ACS Committee 
members will occur, and compliance with the 
AAST requirements will be assessed at defined 
intervals.

A Core Competence Committee should assess 
the fellow’s progression through the fellowship 
and specifically evaluate the completion of mile-
stones. There is also a requirement for a biannual 
review of the fellow’s performance and case logs 
which should be discussed and provided to the 
fellow. Similarly, the ACS fellow should evaluate 
all participating faculty and educational 
experiences.

E. L. Vanzant and A. M. Mohr
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 Impact

Since the inception of the acute care surgery prac-
tice model and fellowship, the number of hospi-
tals employing both has steadily increased. 
Multiple studies have demonstrated the impact of 
instituting ACS practice models on patient care, 
as well as surgeon satisfaction [2, 7, 10]. A retro-
spective review looking at outcomes of emer-
gency general surgery patients compared between 
level I trauma centers, non-trauma centers, and 
centers with ACS practices revealed that ACS 
groups have lower complication rates, lower hos-
pital cost, time to the operating room, and shorter 
length of stays [10]. These findings have been 
validated by multiple studies, as well as other 
benefits of ACS practices including increased 
coverage with on-call staff, improved continuity 
of care, decreased time to surgical consultation, 
shorter time to the operative room, and improved 
patient throughput [3, 10]. The true impact of 
patient-centered outcomes and how it is impacted 
by the implementation of an ACS practice model 
still need to be studied on a national level. In addi-
tion to improved patient-centered outcomes, 
implementation of the ACS model has been shown 
to have positive surgeon-specific results. Surgeons 
have higher level of satisfaction with regard to 
call compared with the traditional call model; this 
also included non-acute care surgery surgeons. 
ACS surgeons report increased operative produc-
tivity with increased case numbers, improved bill-
ing, and increased work relative value units [3].

Surgeons who complete an Acute Care Surgery 
Fellowship are more likely to practice in hospital-
based groups at level I trauma centers in urban 
communities, with the second largest number 
residing in level II centers and in suburban prac-
tices [3, 9]. These practitioners overall have 
expressed the added value of the ACS fellowship 
to their training with improvement in self- 
confidence, marketability, and preparedness for 
practice, and 93% would encourage others to 
complete an ACS fellowship [3, 7, 9]. In addition, 
ACS fellows have been seen to provide added 
value to residents, especially in the realm of being 
a surgical educator. A survey of general surgery 
residency programs with acute care surgery teams 

noted residents felt like they had improved opera-
tive experience, overall increased number of oper-
ations performed, enhanced perception of 
education, and improved patient outcomes [11].

As discussed previously, there is an increased 
need for well-trained surgeons to address the 
increased healthcare needs associated with the 
growing population. Not only is there an 
increased need for the overall number of sur-
geons but specifically an increased need for gen-
eral surgeons and those willing to provide 
emergency general surgery services. As medical 
student and residency training has changed over 
the past decade, a shift toward choosing specialty 
based on lifestyle has emerged. This has led to 
fewer medical students choosing a career in gen-
eral surgery according to surveys. In addition, 
more residents are choosing to specialize, and 
currently 80% of general surgery residents go on 
to further subspecialize. Recruitment in the field 
of SCC in the previous years has generally been 
poor with 40% of fellowships going unfilled in 
2005 [3]. Over the past several years with the 
increase number of ACS fellowships and medical 
centers adapting to the acute care surgery model, 
there has been an increased interest in SCC and 
ACS fellowship training [7]. Since the establish-
ment of the first ACS fellowship in 2006, an addi-
tional of 27 programs has been developed and 
approved by the AAST for training of these fel-
lows, and the number of programs has continued 
to grow with numerous programs in various 
stages of accreditation. There has also been a lin-
ear increase in the number of applicants over the 
past several years, and as of 2019, only 15% of 
SCC fellowships went unfilled [12]. This increase 
in the number of applicants is likely due to 
increased exposure and understanding of acute 
care surgery as a career choice, as well as the 
potential for positive impact of ACS fellows on 
general surgery residency training.

 Future Directions

In an era where surgical training has been signifi-
cantly affected by ever-increasing oversight, 
reduced duty hours, increased focus on patient 
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quality, and increased struggle for autonomy dur-
ing training, the importance and desire for post- 
residency training continue to increase. At least 
80% of residents go on to complete subspecialty 
training at the end of residency [1]. Given the 
increasing shortage of surgeons compared to 
population size and the reduced number of gen-
eral surgeons willing to take emergency surgery 
call, there is an increase in importance to attract 
more medical students and residents into general 
surgery. There has been increasing success seen 
over the past several years likely secondary to 
increased numbers of ACS fellowships and prac-
tice models. Previous ACS fellows note factors 
that influence the choice of fellowship program 
include and are not limited to case diversity and 
scope, heavy clinical experience, leadership 
teaching, exposure to penetrating trauma, the 
presence of strong role models and mentors, as 
well as an inherent desire to acquire more com-
plex skills [2]. Continued review and adaptability 
of these fellowships are likely to be vital to con-
tinue this trend. In addition, the growth in the 
number of trauma centers and the potential for 
the reduction of case volume in previously high- 
volume centers may require close monitoring and 
the need for re-evaluation and creative approaches 
to attract and improve trainee experience [2].

Other potential options for the future are the 
consideration of offering additional training 
tracts or tailoring programs to further meet fel-
low needs and interest. An example of this is 
Vanderbilt University’s adaptation of the AAST 
ACS fellowship to create a global Acute Care 
Surgery Fellowship or the ability to create inter-
national surgical training experiences [13]. 
Similar to the healthcare disparities in the United 
States, many countries face similar shortages of 
access to surgical care, as well as organized 
infrastructure for the acutely ill and injured 
patient [13]. The focus of the program includes 
strong mentorship, development of research 
skills, grant writing, clinical skills, and knowl-

edge of global surgical literature. The program 
curriculum was adapted to provide a foundation 
that could be used to help develop and imple-
ment systems for trauma and acute care surgery 
in low−/middle- income countries [13]. In addi-
tion to this, the fellowship should have the abil-
ity to adapt to further shape their future career 
and include research, quality improvement, 
trauma systems, teaching, and simulation train-
ing [7]. Such adaptations of acute care fellow-
ship may attract more trainees to consider 
fellowship and future careers in providing 
trauma and emergency general surgery care.

 Conclusion

The evolution of surgical training has led to a 
compartmentalization of specialties and an 
increase in postgraduate, discipline-specific fel-
lowship training. The field of trauma and emer-
gency general surgery has followed suit with the 
initiation of the Trauma and Acute Care 
Fellowship which also incorporates training in 
surgical critical care. Since the initiation of the 
first program, the number of fellow applicants 
has greatly expanded and continues to do so. 
Twenty-eight programs have been approved by 
the AAST to date (Table 10.1), and currently 269 
ACS fellows have graduated as of July 2020. The 
curricula have been reviewed by the AAST ACS 
fellowship committee since the inception of the 
fellowship which has led to several positive 
changes in the training requirements over the last 
several years. It is anticipated that the discipline 
of trauma and acute care surgery will progress to 
a requirement for board certification in the future. 
In order to continue to attract medical students 
and residents to a career in ACS, continued efforts 
need to be made in not only expanding under-
standing of the ACS model but in also continuing 
to adapt fellowships to provide exceptional fel-
low experience and education.
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Table 10.1 List of AAST-approved ACS fellowships

2020 AAST-approved programs Location Program director
Baystate Medical Center Springfield, Massachusetts A. Taylor Putnam, MD
Carolinas Medical Center Charlotte, North Carolina Rita Brintzenhoff, MD
East Carolina University/Vidant Medical Center Greenville, North 

Carolina
Eric A. Toschlog, MD

Emory University/Grady Memorial Hospital Atlanta, Georgia Jason Sciarretta, MD
Hartford Hospital/University of Connecticut Hartford, Connecticut Jonathan Gates, MD, MBA
Indiana University Indianapolis, Indiana Mark E. Falimirski, MD
Massachusetts General Hospital Boston, Massachusetts David R. King, MD
Medical College of Wisconsin Milwaukee, Wisconsin Thomas Carver, MD
San Antonio Military Medical Center San Antonio, Texas Christopher E. White, MD
University of Arizona Tucson, Arizona Terence O’Keefe, MB, ChB, 

MSPH
University of California San Diego San Diego, California Amy Liepert, MD
University of California San Francisco San Francisco, California Andre Campbell, MD
University of California San Francisco—Fresno Fresno, California Nancy Parks, MD
University of Colorado School of Medicine Denver, Colorado Clay Cothren Burlew, MD
University of Florida Gainesville, Florida Alicia Mohr, MD
University of Maryland/R. Adams Cowley Shock 
Trauma Center

Baltimore, Maryland Jose J. Diaz, MD, CNS

University of Nevada School of Medicine Las Vegas, Nevada Douglas Fraser, MD
University of New Mexico Albuquerque, New 

Mexico
Jasmeet S. Paul, MD

University of Pennsylvania Philadelphia, 
Pennsylvania

Niels D. Martin, MD

University of Pittsburgh Medical Center Pittsburgh, Pennsylvania Matt Rosengart, MD
University of Southern California Los Angeles, California Kenji Inaba, MD
University of Tennessee Health Science Center Memphis, Tennessee Dina Filiberto, MD
University of Texas Health Science Center Houston, Texas Bryan Cotton, MD, MPH
University of Utah Salt Lake City, Utah Alexander Colonna, MD, 

MSCI
Vanderbilt University Medical Center Nashville, Tennessee Raeanna Adams, MD, MBA
Wake Forest Baptist Medical Center Winston-Salem, North 

Carolina
Nathan Mowery, MD

Wright State University Dayton, Ohio Mbaga Walusimbi, MD, 
MPH

Yale University New Haven, Connecticut Linda L. Maerz, MD

Rutgers New Jersey Medical School Under location Newark, New Jersey Under Program Director Ziad C. Sifri, MD
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11Surgical Rescue and Failure 
to Rescue

Anupamaa Seshadri, Alexandra Briggs, 
and Andrew Peitzman

 Introduction

While postoperative mortality has been com-
monly used as a metric for quality in surgical 
care, failure to rescue has been embraced as a 
measure of quality of care in elective surgery. 
Failure to rescue is defined as the proportion of 
patients who experience a postoperative or post- 
hospitalization complication who subsequently 
die from that complication [1, 2]. Hospitals with 
the highest incidence of complications do not 
necessarily have the highest mortality. The differ-
ence in frequency of complications between high 
mortality and low mortality hospitals is not as 
great as is the difference in failure to rescue after 
the complication; in other words, mortality seems 
to be determined more by FTR of the patient after 
a complication than the frequency of complica-
tions. With the expanded understanding of the 
importance of FTR and its impact on mortality, 
FTR was formally endorsed as a quality measure 
for surgical care in 2010 by the National Quality 
Forum [3, 4]. As we learn more about how failure 
to rescue affects our patients, it is important to 
identify both the medical and surgical entities 
that result in failure to rescue, as well as to inves-
tigate the underlying epidemiology, system fac-
tors, and patient factors that lead to failure to 
rescue.

Emergency general surgery (EGS) patients are 
at 5x higher risk of complications and death than 
elective surgical patients and, thus, are logically 

Case Presentation
A 76-year-old woman is transferred directly 
to the medical intensive care unit from a com-
munity hospital after developing respiratory 
failure requiring intubation. She is febrile 
with a rising leukocytosis despite receiving 
antibiotics and has developed an acute kidney 
injury with increasing creatinine and oliguria. 
She has also developed a new vasopressor 
requirement. General surgery is consulted 
due to recent history of left colectomy with 
primary anastomosis for a large bowel 
obstruction. She is intubated, sedated, and not 
currently responsive to stimuli. Her abdomi-
nal exam is notable for abdominal distension 
and a wound that is clean and intact without 
surrounding erythema.
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at higher risk for failure to rescue [5]. It is there-
fore critical that EGS surgeons are aware of this 
entity and understand how to mitigate its effects. 
Importantly, precedent rates (death preceded by a 
complication) in emergency general surgery 
patients were reported to be 84.1%, similar to 
those published for elective operations. Failure to 
rescue in this EGS population was 12.8%, again 
comparable to published rates for elective sur-
gery. Thus, for both elective surgery and EGS, 
FTR appears to be a reasonable quality metric.

Failure to rescue depends on both the type and 
the number of postoperative complications. Sixty 
percent of patients have a single complication, 
the majority of whom recover [6]. However, 
those patients who have multiple complications 
have significantly higher mortality than those 
with only one [7] (Fig.  11.1). Multiple studies 
have attempted to better delineate the timing and 
the causal pathways that lead to a patient devel-
oping secondary complications with the goal of 

interrupting the chain of events leading to death 
[8, 9]. While work is ongoing to detect those crit-
ical junctures where further complications can be 
averted, identification and aggressive treatment 
of the sentinel complication is essential to reduce 
risk of subsequent complications and FTR 
(Fig. 11.2).

In this chapter, we will discuss the epidemiol-
ogy of failure to rescue, including the hospital 
and patient-level characteristics that lead to 
higher rates of failure to rescue, and review the 
current literature specific to EGS. We will also 
discuss the rescue of patients who develop 
pathology that requires surgical intervention for 
management. By understanding the medical and 
surgical complications that require surgical res-
cue and acknowledging the patient, provider, 
and system-based factors that influence failure to 
rescue, EGS surgeons will be equipped to 
improve outcomes in this vulnerable patient 
population.

Failure to rescue
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Influence of the Number of Complications on Failure to Rescue

Fig. 11.1 Figure from Ferraris et al. demonstrating that 
failure to rescue increases with each serious postoperative 
complication that the patient suffers. (With permission 
from: Ferraris VA., et  al. Identification of patients with 

postoperative complications who are at risk for failure to 
rescue. JAMA Surg. 2014;149 (11):1103–1108. 
doi:10.1001/jamasurg.2014.1338. Downloaded 4.3.16)
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Odds ratios for secondary complications following the index complication 

1° complication Reintubation Pneumonia Dehiscence Sepsis Shock Bleeding
event

Cardiac arrest Renal
failure

Death

Pneumonia 17.1 7.3 13.0 11.8 6.2

Acute MI 11.7 5.1 4.3 12.0 8.7 7.7

Deep space
infection

30.4 13.1 10.6 10.5

Acute renal
failure

11.3 6.0 11.2 11.3 25.3

Bleeding-
transfusion

(No odds 
ratio ≥  3)

Fig. 11.2 Results from Wakeam et  al. demonstrating increased risk of secondary complications after index 
complication

 Epidemiology and Causes of Failure 
to Rescue

When evaluating the causes of failure to rescue, it 
is important to look at the problem through mul-
tiple lenses. First, issues at the hospital and sur-
geon level can impact a wide swath of patients 
and are amenable to higher-level optimization. 
There are also patient-level issues that are often 
not modifiable, but recognition of these issues 
can lead to improved prognostication or identifi-
cation of biases that can potentially be addressed. 
Finally, we will discuss methods by which sur-
geons and hospital systems can attempt to 
improve their safety culture to have a meaningful 
impact on their rates of failure to rescue.

 Surgeon and Hospital Factors

The characteristics of hospitals that lead to 
increased or decreased rates of failure to rescue 
have been extensively studied both in surgery in 
general and in EGS specifically. Hospital macro-
system issues that impact FTR include number of 
intensive care unit beds, hospital patient volume, 

nurse staffing ratios, and extent of hospital tech-
nology/advanced specialties. It is estimated that 
12–57% of observed variation in FTR is due to 
macrosystem issues [10]. Microsystem issues 
include culture of safety, communication, closed 
vs open ICUs, interpersonal and organizational 
dynamics, and rapid response teams [11]. Ghaferi 
et  al. in 2009 found that in Medicare patients 
undergoing 6 major operations including pancre-
atectomy, esophagectomy, abdominal aortic 
aneurysm repair, coronary artery bypass grafting, 
aortic valve replacement, and mitral valve 
replacement, complication rates were similar 
between low-mortality and high-mortality hospi-
tals, but failure to rescue rates correlated with 
mortality [12]. This implicated failure to rescue 
as the significant driver of mortality, as opposed 
to complication rates alone. The same group then 
studied Medicare patients undergoing high-risk 
cancer operations including esophagectomy, gas-
trectomy, and pancreatectomy and again reported 
that complication rates alone did not differ 
between low- and high-volume centers, but fail-
ure to rescue was significantly higher in low- 
volume centers [13]. This demonstrated that 
increased hospital volume for a particular case 
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improved failure to rescue rates, which then 
improved mortality rates, in high-risk elective 
operations.

To better understand the hospital characteris-
tics affecting failure to rescue rates, Sheetz et al. 
studied Medicare patients undergoing high-risk 
general or vascular surgery operations [10]. They 
found a decreased failure to rescue in hospitals 
that had teaching status, higher hospital technol-
ogy (as defined by more operations that require 
high technology such as open heart surgery and 
solid organ transplantation), increasing nurse-to- 
patient ratio, and presence of more than 20 ICU 
beds. However, these factors did not account for 
all of the observed variation in failure to rescue 
rates across hospitals. Thus, while these factors 
are important and should be evaluated to better 
understand their impact on failure to rescue, other 
factors are also involved.

These factors were then studied specifically in 
the EGS population. Mehta et al. found no sig-
nificant difference in complication rates between 
low mortality and high mortality hospitals in 
patients who underwent emergent bowel resec-
tion. However, they observed a 10.8× higher rate 
of FTR in the high mortality hospitals compared 
to the low mortality hospitals [14]. This demon-
strated that the same signal is present within EGS 
patients as in the elective surgery population; 
failure to rescue drives mortality rates in 
 post- surgical patients in the EGS population as 
well. The same group studied mortality rates in 
low- volume EGS surgeons as compared to high- 
volume surgeons and found that the low-volume 
surgeons had higher mortality rates despite simi-
lar complication rates [15]. This study did not 
specifically look at failure to rescue in low vol-
ume as compared to high-volume EGS surgeons.

Finally, as EGS pathology can occur on any 
day of the week and at any time of day, the 
“weekend effect” was studied to see whether dif-
ferences in staffing and hospital resources caused 
by the weekend increased failure to rescue. 
Hatchimonji et al. found increased mortality on 
the weekend for those EGS patients who under-
went emergent operations but found no increase 
in complications or failure to rescue [16]. 
Metcalfe et al. studied both operative and nonop-

erative patients admitted to an EGS service and 
found a slightly increased serious adverse event 
rate, failure to rescue, and in-hospital mortality in 
patients admitted on the weekend [17]. However, 
this effect was small. Taken together, these data 
seem to indicate that there is not a significant 
“weekend effect” on EGS patients, particularly 
those that require an emergent operation.

Targeting failure to rescue as a metric may 
significantly improve mortality, as was demon-
strated by Fry et al. in a longitudinal retrospective 
study evaluating trends in mortality, complica-
tions, and failure to rescue over time [18]. The 
authors used Medicare data to compare trends in 
hospital mortality, serious complications, and 
failure to rescue in patients undergoing elective 
abdominal aortic aneurysm repair, colectomy, 
pancreatectomy, or lung resection, from a period 
of 2005–2006 and 2013–2014. They found that 
hospitals demonstrating a significant improve-
ment in mortality had some improvement in rates 
of complications but a much more robust 
improvement in failure to rescue. More specifi-
cally, they found improvement in serious compli-
cations contributed 4–7% of the improvement in 
mortality, but improvement in FTR contributed 
64–65%. This demonstrates, rather than solely 
targeting frequency of complications, focusing 
care to address failure to rescue once a complica-
tion has occurred can have significantly more 
impact on patient outcome.

 Patient Factors

One patient population at significantly higher risk 
for failure to rescue is the geriatric population (see 
Chap. 39). Elderly patients have increased rates of 
mortality after surgery, with a higher rate of FTE 
[19, 20]. This is particularly evident in EGS 
patients, where preoperative optimization is typi-
cally impossible. Therefore, understanding the 
factors that predispose elderly patients to failure 
to rescue can potentially help mitigate this mortal-
ity increase and also allow improved prognostica-
tion for the patient and family.

It is clear that elderly patients are at increased 
risk for failure to rescue in EGS.  Sheetz et  al. 
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found a significantly higher rate of failure to res-
cue in the elderly as compared to younger patients 
who underwent emergent general or vascular sur-
gery, with markedly higher failure to rescue rates 
in high mortality hospitals [21]. Interestingly, the 
same group studied different primary complica-
tions that lead to failure to rescue and found more 
failure to rescue after infectious or pulmonary 
complications in elderly patients, as opposed to 
cardiac complications [22]. This provides guid-
ance that elderly patients require more vigilance 
to prevent infectious or pulmonary complications 
and may need more intensive therapy should 
those complications arise.

Patient volume also impacts outcome in 
elderly EGS patients. Mehta et  al. found that 
individual surgeon volumes of geriatric EGS 
patients mattered; elderly patients who under-
went an EGS operation had increased mortality 
and increased failure to rescue when their sur-
geon had a low geriatric EGS volume practice 
[23]. The same group also found a significantly 
increased failure to rescue in hospitals that had 
lower proportions of geriatric patients as com-
pared to those that had higher proportions of geri-
atric patients; interestingly, this finding did not 
bear out with absolute number of geriatric 
patients [24]. These findings seem to demonstrate 
that elderly patients have better rescue rates and 
better outcomes when treated at centers that com-
monly care for high proportions of geriatric EGS 
patients, by surgeons with a high volume of geri-
atric EGS patients. This may indicate that geriat-
ric EGS patients would be better served with 
centralized “centers of excellence” for special-
ized care, which is now being pursued by the 
American College of Surgeons through the 
Geriatric Surgery Verification program [25].

It is important to recognize that not all elderly 
patients are the same and there are patient- 
specific indicators that may predispose patients 
to worse failure to rescue rates. Khan et al. stud-
ied geriatric patients who underwent EGS and 
found that several factors increased the risk of 
failure to rescue in this population [26]. These 
included comorbidities such as chronic renal 
failure, COPD, and CHF, nutritional status as 
determined by albumin, and age >80. Using this 

information, they developed a scoring system to 
help prognosticate when encountering an elderly 
patient requiring emergent surgery. This group 
then evaluated the impact of frailty on the same 
population, using an EGS-specific frailty index 
[27]. They found that frailty was not only an 
independent contributor to failure to rescue, but 
it also increased the odds of failure to rescue 
threefold as compared with nonfrail status. 
While these identified risk factors are non-mod-
ifiable in the setting of EGS, recognizing that 
not all elderly patients pose the same risk for 
failure to rescue is important and can help with 
family discussions and prognostication in the 
perioperative setting and also warrant height-
ened vigilance in particularly vulnerable 
patients postoperatively.

Scarborough et  al. studied the question of 
whether do-not-resuscitate (DNR) status in 
elderly EGS patients affects outcomes. They 
found that postoperative elderly patients who 
were DNR compared to propensity-matched full 
code patients had the same percentage of compli-
cations but a higher mortality rate and a higher 
FTR rate [28]. This is likely because of patient 
and provider reticence to pursue aggressive mea-
sures after the index complication in the setting 
of the patient’s goals of care. Again, this is an 
important factor for counseling of patients in the 
perioperative setting and provides a chance for 
early palliative care and goals of care discussions 
in elderly EGS patients who are already DNR.

The elderly are not the only demographic 
group at risk for higher rates of failure to rescue. 
Previous work has shown racial and socioeco-
nomic disparities in failure to rescue, and this is 
true of EGS patients as well. de Jager et al. found 
that low-income EGS patients in urban environ-
ments have higher odds of mortality, complica-
tions, and failure to rescue as compared to 
high-income EGS patients [29]. Furthermore, 
Metcalfe et al. found that uninsured EGS patients 
had higher odds of a major adverse event, mortal-
ity, and failure to rescue than privately insured 
patients [30]. These disparities need to be studied 
further, both to better understand the processes 
by which they lead to worse outcomes and to 
ameliorate these effects.
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 The Way Forward

While further research is ongoing to better delin-
eate the specific factors leading to failure to res-
cue from an overall national hospital systems 
perspective, it is important for individual hospi-
tals and surgeons to evaluate how to better man-
age complications to avoid failure to rescue. Root 
cause analysis (RCA) is a common method by 
which complications can be studied to better 
understand how they occur and what improve-
ments can be implemented to prevent recurrent 
complications [31]. Johnston et  al. studied the 
use of a Healthcare Failure Mode and Effects 
Analysis (HFMEA) on a surgical service to see 
how rapid responses and postoperative complica-
tions could be better managed [32]. This is a pro-
spective systematic method where an 
interprofessional team including nursing assis-
tants and nurses and physicians of varying levels 
in hierarchy, along with a patient, study the esca-
lation of care events to see what process improve-
ments could help prevent potential complications. 
In this study, the authors identified understaffing, 
communication failures including human factors 
and technological failure, and adherence to hier-
archy as potential sources of failure to rescue. 
While these are interesting findings, this study 
also provides a structure for individual institu-
tions to interrogate their own escalation pro-
cesses. In response to this study, Ghaferi et  al. 
stated that both HFMEA and RCA can be used as 
iterative processes to identify potential complica-
tions and prevent them, as well as study actual 
complications and learn from them [33]. 
Furthermore, the authors emphasize the impor-
tance of “safe culture,” where all members of the 
care team are invested in improvement in safety 
and are willing to adapt.

As part of the effort to rapidly recognize com-
plications and prevent secondary complications, 
multiple technological solutions have been tri-
aled. These rely on the basic principle of track 
and trigger systems, which use parameters such 
as vital signs and urine output to create a score to 
risk stratify the patient for complications [34]. 
These systems, such as the Modified Early 
Warning System (MEWS) or the National Early 

Warning System (NEWS) employed by the 
National Health Service of the United Kingdom, 
have been used both in medical and surgical 
patients to attempt to improve the failure to res-
cue rate [35, 36]. Machine learning is now being 
adapted to take the electronically pulled data 
from electronic health records to continuously 
calculate risk scores to identify patients at risk of 
decompensation [37]. These systems still require 
refinement prior to widespread deployment for 
multiple reasons. First, while some clinical 
decompensations happen with predictable 
changes in vital signs or frequently checked labs, 
some pathologies may not be captured by these 
algorithms. Conversely, there is significant noise 
in the data as not all vital sign changes signal 
clinical decline, leading to alarm fatigue. 
Advancements in artificial intelligence will help 
improve these clinical models, but the involve-
ment of a thoughtful clinician will always be 
required to avoid failure to rescue.

 Rescue After Procedural 
Complications

While failure to rescue in surgical patients 
encompasses deaths after numerous postopera-
tive complications, both medical and surgical in 
nature, here we will focus on some specific surgi-
cal complications that require rapid recognition 
and appropriate management to prevent cata-
strophic outcomes. These entities are summa-
rized in Table 11.1.

 Bile Duct Injury During 
Cholecystectomy

Laparoscopic cholecystectomy is one of the most 
commonly performed operations in the United 
States and globally [38], but complications from 
laparoscopic cholecystectomies can be devastat-
ing (see Chap. 16). The most common major 
complication from a laparoscopic cholecystec-
tomy is an iatrogenic bile duct injury (BDI), with 
a reported incidence of 0.3–1.5% [38–40]. BDI 
occurs on a spectrum with multiple classification 
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schema including the Bismuth classification, the 
Stewart-Way classification, the Strasberg classifi-
cation, and the Hannover classification, with the 
Bismuth and the Strasberg classifications used 
most commonly [41]. These classification sys-
tems all base their categories on the anatomic 
location of the injury, as higher injuries closer to 
or involving the right and left hepatic ducts 
become progressively more difficult to manage 
operatively.

The complications caused by iatrogenic BDI 
can be separated into short-term and long-term 
issues. In the short term, the typical main issue is 
bile leak and resultant sepsis, requiring source 
control. Long term, the complications can either 
be secondary to an unrepaired injury or an 
improperly repaired injury. These complications 
include recurrent cholangitis, anastomotic stric-
ture, or secondary sclerosing cholangitis [42]. 
These complications have significant impact on 
the individual patient as well as the healthcare 
system as a whole.

O’Brien et al. studied the outcomes and cost 
of iatrogenic BDI after cholecystectomy in the 
United States and found that BDI was associated 
not only with increased hospital costs and length 
of stay but also with 30-day readmission and 
need for patients to be discharged to institutional 

post-acute care facilities [43]. They also found 
that the majority of BDI occurred during inpa-
tient admissions as opposed to elective outpatient 
cases, which points to the increased difficulty of 
cholecystectomy in patients admitted for symp-
tomatic biliary disease.

Prevention of BDI is the ideal strategy for 
mitigating the effects of this complication, which 
is most effectively done by achieving the critical 
view of safety [44]. There has been controversy 
as to whether intraoperative cholangiogram 
(IOC) should be done routinely or selectively in 
particularly difficult cases; intraoperative cholan-
giography does not seem to prevent 
BDI.  However, IOC does seem to allow early 
diagnosis of bile duct injury when it occurs [45, 
46]. Understand that bile duct injury occurs more 
commonly from misinterpretation of normal 
anatomy, rather than encountering aberrant 
anatomy.

Rystedt et al. [39] found that timing of biliary 
reconstruction with hepaticojejunostomy after 
BDI had no influence on long-term biliary 
patency, severe complications, or need for rein-
tervention. This points to an important conclu-
sion: as timing does not have a significant impact 
on long-term outcomes, resolution of sepsis and 
finding an appropriate expert to complete the 

Table 11.1 Postprocedural complications requiring rescue
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hepaticojejunostomy should be performed prior 
to attempted repair.

This is echoed in a series of studies performed 
by Halle-Smith et al., who found significant cost 
improvement for major bile duct injuries with 
specialist repair, especially when performed 
immediately [42]. Specialist repair leads to fewer 
complications and should be performed when-
ever possible. Furthermore, with minor BDI, they 
found that not all injuries were managed surgi-
cally, as management with IR interventions 
including percutaneous drainage and percutane-
ous transhepatic cholangiographic (PTC) tube 
placement obviated the need for surgery [47]. 
Global consensus is moving toward these thera-
peutic strategies and was confirmed in a study by 
Khadra et  al., where they found, over the past 
decades, mortality after BDI has not changed but 
there have been fewer long-term complications 
such as strictures [40]. In this study, this finding 
correlated to an increased use of PTC and an 
increased performance of the repair by 
 hepatobiliary surgeons over time. Therefore, if a 
hepatobiliary specialist is available immediately, 
then immediate repair can be attempted. 
Otherwise, the patient should be managed in a 
multidisciplinary fashion to appropriately clas-
sify in the injury and determine the best modality 
and timing for repair.

 Gastrostomy Tube Complications

Enteral access in patients for whom it is unsafe to 
swallow can be achieved in multiple ways, and 
the placement of a gastrostomy tube is a popular 
option for durable and convenient enteral access 
in these patients [48]. These tubes are placed by 
surgeons, gastroenterologists, and interventional 
radiologists, depending on local practice pat-
terns. However, surgeons must be familiar with 
potential intraoperative and postoperative com-
plications, especially as these patients often are 
managed outpatient or on a medical service after 
tube placement.

The most common immediate operative inter-
vention requiring recognition and rescue is inad-
vertent intestinal perforation. While this 

complication is rare, occurring in 0.5%–1.3% of 
cases, it can have devastating consequences [49]. 
Ideally, performing all essential maneuvers dur-
ing the initial placement of the tube will prevent 
the complication from occurring in the first place. 
These maneuvers include full insufflation of the 
stomach to maximize apposition against the 
abdominal wall, elevating the head of the bed to 
help displace the bowel inferiorly, and transillu-
mination with demonstration of 1-to-1 movement 
of the operator’s finger to the indented stomach 
wall endoscopically [48]. During the insertion of 
the needle through the tract that will be used for 
the tube, it is critical to continuously aspirate on 
the syringe while watching the screen closely. 
For a tract to be deemed “safe,” the surgeon 
should only be able to aspirate air at the time he 
or she sees the needle entering the stomach endo-
scopically [49]. If air or bile is aspirated prior to 
that visualization, the tract is not safe, and the site 
cannot be used. Once the tube is placed, inadver-
tent bowel perforation may be suspected if the 
patient has fever, leukocytosis, and/or abdominal 
pain out of proportion to the procedure. If this is 
suspected, CT scan can help confirm the compli-
cation; the presence of a small amount of pneu-
moperitoneum on CT may be related to the 
procedure itself, but large-volume pneumoperito-
neum should raise suspicion for perforation. In 
the case of bowel perforation, early antibiotics 
and surgical intervention are typically required 
for repair or resection of the involved bowel.

The two most common postoperative compli-
cations requiring surgical intervention are buried 
bumper syndrome and inadvertent tube removal. 
Buried bumper syndrome occurs when the inner 
bolster (“bumper”) of the percutaneous endo-
scopic gastrostomy (PEG) tube erodes over time 
through the gastric mucosa into the abdominal 
wall. This occurs because of excessive traction 
from the external bolster being too tight against 
the skin and occurs in 0.3–2.4% of patients [49]. 
This typically presents as peristomal leakage and 
irritation, as well as potential resistance when the 
tube is used for feeds or medication. The treat-
ment is removal of the tube and replacement with 
a more relaxed-fitting tube to prevent recurrence 
of the complication.
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Inadvertent tube removal occurs in 1.6–4.4% 
of cases and can often be managed by immediate 
bedside replacement of a tube if the tract has 
matured. Correct placement of the new tube is 
confirmed with a contrasted plain film [49]. 
However, if the tube is newly placed within the 
previous 1–2 weeks, the tract created by the tube 
may not have yet epithelialized and matured and 
thus lead to a surgical emergency. Without a 
mature tract, the stomach can fall away from the 
abdominal wall, leading to free leakage of gastric 
contents into the peritoneum. Therefore, if a PEG 
is inadvertently removed, the patient must be 
immediately evaluated at the bedside with confir-
mation of the date of placement. If there is any 
evidence of peritonitis, broad-spectrum antibiot-
ics and surgical exploration are required for 
source control and prevention of sepsis. Another 
feeding tube can be placed at the time of that 
operation to facilitate enteral access as well.

 Line Complications

Central line placement, both temporary and tun-
neled, is a common procedure performed both by 
medical and surgical specialists. Numerous com-
plications that require surgical intervention can 
result, and the emergency general surgeon should 
be prepared to recognize and manage these com-
plications urgently. Prevention and management 
of line infections will not be addressed here but 
must be considered in all patients with central 
vascular access.

Arterial placement of central venous catheters 
results in 0.1–0.8% of patients but needs to be 
immediately recognized to prevent further prob-
lems [50]. Use of ultrasound to place central lines 
has decreased the incidence of arterial placement 
but has not eliminated this risk completely, and 
transduction of the line prior to dilation can help 
confirm placement if in question [51]. Arterial 
large bore line placement can lead to numerous 
downstream complications, including bleeding, 
hematoma, thrombus, stroke, pseudoaneurysm, 
or arteriovenous fistula formation [52]. Options 
for management of this complication include 

removing the catheter with prolonged manual 
pressure if the site is conducive to pressure, 
which may lead to thrombosis or incomplete con-
trol of bleeding, or removal of the catheter in the 
operating room with endovascular or surgical 
repair of the vessel. Involvement of a vascular 
surgeon in these cases can often be helpful with a 
large laceration, arteriovenous fistula, or 
pseudoaneurysm.

Pneumothorax is another common complica-
tion that can occur with upper torso central 
venous access, in up to 1% of line placements 
and most commonly with subclavian central line 
placement [52]. This can cause hemodynamic 
collapse early after placement and should be first 
in the differential when a patient is in distress 
after upper torso line placement. Pneumothoraces 
can be rapidly diagnosed based upon clinical pre-
sentation and immediate prior history of 
attempted line placement. When the diagnosis is 
less clear, bedside ultrasound or portable chest 
X-ray can also be used to evaluate for pneumo-
thorax [53]. Typically, hemodynamically signifi-
cant pneumothoraces or pneumothoraces with 
loss of >15% of the chest volume are managed 
with chest tube placement [52].

 Anastomotic Leak

Anastomotic leak is a devastating postoperative 
complication, with an associated mortality rate as 
high as 35% [54]. While leaks overall occur in 
about 1–3% of small bowel anastomoses and 
3–29% of colonic anastomoses, the creation of 
the anastomosis in an emergency surgery confers 
a significant increase in risk [54–57]. 
Unfortunately, there are numerous patient- 
specific risk factors that contribute to risk of 
anastomotic leak, including comorbidities, 
immunosuppressive medications, malnutrition, 
obesity, and tobacco use, but these factors cannot 
be optimized in the EGS patient [56–58]. 
However, knowledge of these risk factors allows 
the EGS surgeon to decide whether the patient is 
appropriate for an anastomosis during emergency 
surgery, which may lead to the decision to create 
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a diverting stoma if an anastomosis is judged to 
be high-risk and higher suspicion postoperatively 
for development of leak. Intraoperative risk fac-
tors for leak include increased operative time and 
significant blood loss, including blood loss 
requiring transfusion [56–59]. For this reason, it 
is not recommended to perform an anastomosis 
during a damage control operation with its sig-
nificant hypotension and blood loss. Of note, 
despite numerous studies, there is no clear evi-
dence whether hand-sewn versus stapled anasto-
moses improve anastomotic leak risk in EGS 
patients [60].

Anastomotic leak can occur along a spectrum, 
ranging from a small leak that leads to a con-
tained abscess to a large leak that leads to perito-
nitis; therefore, management of anastomotic leak 
depends on the location and severity of the leak. 
The first, most important step in management of 
an anastomotic leak is recognition of the leak. 
Anastomotic leaks can present as early as 
1–2  days or as late as 30  days after the index 
operation, with common presenting symptoms 
including fever, tachycardia, and abdominal pain 
[61]. The second major step is source control. 
Once an anastomotic leak is suspected, CT scan 
with IV and oral contrast is typically performed 
for better delineation of the leak [61]. Small leaks 
may be managed with antibiotics alone or percu-
taneous drainage of intra-abdominal abscesses 
>3 cm in size [61]. Leaks leading to fistulae may 
respond to antibiotics and bowel rest, but if non-
operative management fails, surgery may be 
required. Large leaks generally require prompt 
operative intervention for source control, incor-
porating a range of intraoperative options: resec-
tion and reanastomosis, creation of a diverting 
ostomy proximal to the current anastomosis to 
facilitate healing, or takedown of the anastomosis 
and creation of an end ostomy. Resection and 
reanastomosis is the most common option for 
small bowel anastomotic leaks, particularly in 
more proximal anastomoses. For colonic leaks, 
typically the choice of operative repair depends 
on patient status, the site of the leak, and the qual-
ity of remaining tissue after debridement of the 
prior anastomosis [61].

 Enterocutaneous Fistulae

Enterocutaneous fistulae (ECF) are an uncom-
mon but serious complication from abdominal 
surgery, with a 10–30% mortality rate [62] (see 
Chap. 22). Hatchimonji et al. studied the rate of 
formation of enterocutaneous fistula in the EGS 
population and found it to be comparable to elec-
tive surgery at 1.1% [63]. The authors found that 
there was a significant increase in mortality in 
those EGS patients who developed an ECF as 
opposed to those who did not (10.1% versus 
5.4%), as well as higher 30- and 90-day readmis-
sion rates.

The first principles of management of ECF 
include appropriate resuscitation and sepsis con-
trol. Patients with ECF will often present with 
malnutrition, dehydration, and electrolyte imbal-
ance from fistula output, as well as potential sep-
sis if there is an intra-abdominal component of 
leak leading to undrained succus [62, 64]. 
Adequate IV access and IV fluid resuscitation 
and broad-spectrum antibiotics, along with elec-
trolyte replacement, should be prioritized, with 
subsequent CT imaging of the abdomen to better 
delineate anatomy and to identify any undrained 
collections amenable to percutaneous drainage 
for source control. Should the patient be floridly 
septic despite minimally invasive methods for 
source control, early operation is required for res-
cue. If the patient remains stable with source con-
trol, subsequent management is directed toward 
nutritional optimization and management of the 
output, with a goal of either spontaneous closure 
or preoperative optimization for surgical man-
agement. As mortality from ECF is indepen-
dently associated with serum albumin <3  g/dL, 
nutrition is critical both for closure of the fistula 
and overall health in these patients [65–68].

 Opportunities for Surgical Rescue 
in Medical Patients

While failure to rescue can signify a missed post-
operative complication, it can also describe a 
patient with a missed surgical problem who fails 
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to survive because of delayed diagnosis and 
intervention. In this section, we will discuss 
pathologic entities commonly seen on medical 
services that, if not promptly recognized and 
managed (operatively if necessary), can lead to 
failure to rescue. These entities are summarized 
in Table 11.2.

 Clostridium difficile Colitis

Clostridium difficile is a microorganism that 
causes infection when the host gut microbiome is 
disturbed, typically by antibiotics, allowing the 
organism to grow at a rate that overwhelms the 
normal flora [69]. The clinical manifestations of 
C. difficile infection range from mild diarrhea to 
fulminant infection with hypotension, organ fail-
ure, megacolon, and intestinal necrosis. 
Fulminant colitis occurs in 3–8% of patients with 
C. difficile, but as the patients often present ini-
tially with less severe colitis, recognition of pro-
gression of disease, prompt medical treatment, 
and early surgical intervention in these patients is 
critical for rescue [70].

The first step in rescue of patients with fulmi-
nant C. difficile is timely diagnosis. While often 
these patients have clear signs of diarrhea or pre-
viously diagnosed C. difficile, some patients have 
a variant of the disease without diarrhea [70]. 
Therefore, C. difficile infection should remain on 
the differential for patients with abdominal pain, 
leukocytosis, and recent antibiotic use, even in 
the absence of diarrhea. CT imaging of the abdo-
men in these patients may be a helpful diagnostic 
adjunct to evaluate inflammation of the colon.

Timing for surgical intervention in C. difficile 
infection remains controversial. It is agreed that 
uncomplicated mild C. difficile can often be man-
aged with antibiotics alone and should not man-
date surgical intervention. Patients who present 
with complicated disease, as defined by hypoten-
sion, ICU admission, ileus, mental status changes, 
WBC >35,000, lactate >2.2  mmol/L, or end 
organ failure, should undergo surgical manage-
ment of their disease [71, 72]. However, when the 
disease progresses from an initial presentation of 
mild disease to more severe, it is difficult to 
determine when along the course of the disease 
one should operate. Should the disease progress 
to perforation or cause severe hypotension and 
critical illness, the subsequent mortality is high 
even when colectomy is performed, with a 
reported rate from 30 to 80% [70, 73]. Some ret-
rospective studies have identified continuing ele-
vation in white blood cell count or lactate as a 
signal that the disease is progressing and could 
benefit from surgical intervention [74, 75]. This 
remains an area of ongoing study, but these 
patients should be closely observed and surgical 
intervention should not be delayed until the 
patient is in extremis. This can be achieved by the 
development of institutional protocols for desig-
nating when surgical teams should be mandato-
rily involved in the care of C. difficile patients 
based on clinical, laboratory, or radiological find-
ings, as well as a collaborative culture between 
medical and surgical teams.

There are multiple options for the surgical man-
agement of these patients. Over the past decades, 
the standard of care for these patients was to per-
form a total abdominal colectomy, as the external 

Table 11.2 Medical entities requiring rescue
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appearance of the colon often does not accurately 
convey the health of the mucosa and segmental col-
ectomy often left disease behind [71]. However, an 
alternative strategy of a loop ileostomy and provid-
ing antegrade GoLytely intraoperatively and post-
operative antegrade vancomycin flushes for 
10 days has been described, with one group dem-
onstrating a 100% resolution rate of C. difficile-
associated disease symptoms and postoperative 
mortality of 19% [76]. The majority of these opera-
tions were performed laparoscopically, improving 
postoperative pain as well. (The uncommon 
patients who failed this approach did so because of 
abdominal compartment syndrome.) While this is 
not an appropriate management strategy in the 
patient with perforated C. difficile colitis, it remains 
a viable option even for patients with hypotension 
and critical illness.

 Mesenteric Ischemia

Acute mesenteric ischemia is a surgical emer-
gency that, while rare, carries high mortality of 
50–80% [77] (see Chap. 19). Mesenteric ischemia 
is commonly misdiagnosed on presentation, with 
delay to diagnosis and treatment as a major deter-
minant of outcome. Patients may present with 
tachycardia, hypotension, and abdominal pain, 
but particularly in the setting of patients that 
develop non-occlusive mesenteric ischemia, these 
patients may be intubated and unable to provide a 
clear exam. Therefore, vigilance for this clinical 
entity is critical to avoid missing this diagnosis.

Diagnosis starts with a clinical history and 
physical exam augmented by CT angiography of 
the abdomen with arterial and venous phases to 
evaluate for clot as well as to evaluate the integ-
rity of the bowel [77, 78]. While fluid resuscita-
tion and antibiotics are critical in the initial 
management of this entity, delay to surgical inter-
vention directly impacts mortality in this patient 
population [79, 80]. Therefore, medical therapy 
for these critically ill patients should be concomi-
tant with prompt surgical planning for definitive 
management. Surgical intervention must accom-
plish two goals: reestablishment of perfusion and 
resection of necrotic intestine. In the case of non- 

occlusive mesenteric ischemia, the vascular 
insult is secondary to low-flow, and typically an 
inflow procedure is not required. The principle of 
bowel resection is typically to resect the frankly 
necrotic bowel and, if any question of viability of 
other bowel, to perform the procedure as a 
damage- control operation.

 Abdominal Compartment Syndrome

Intra-abdominal hypertension and abdominal com-
partment syndrome can occur both in medical and 
surgical patients and arising from numerous under-
lying etiologies. Intra-abdominal hypertension is 
defined by the World Society of the Abdominal 
Compartment Syndrome as intra- abdominal pres-
sure >12  mmHg, with abdominal compartment 
syndrome defined as intra- abdominal pressure 
>20  mmHg with concomitant presence of organ 
failure related to this increased pressure [81]. This 
end-organ dysfunction may manifest as oliguria or 
as increased peak airway pressures if the patient is 
mechanically ventilated. While patients who 
develop abdominal compartment syndrome have a 
variety of presentations, the typical common 
denominator is an excessive fluid or blood product 
resuscitation that leads to third spacing of fluid and 
resultant increase in edema, ascites, and abdominal 
pressure. This leads to symptoms when the intra-
abdominal pressure exceeds venous pressure, ham-
pering venous return and causing end- organ 
dysfunction. While abdominal compartment syn-
drome is largely a clinical diagnosis, quantification 
of the abdominal pressure can be performed by 
obtaining a bladder pressure using an indwelling 
urinary catheter and a transducer [82].

While medical maneuvers such as paracente-
sis and pharmacologic paralysis can be used to 
temporize this condition, surgical laparotomy 
may be required for definitive management of 
abdominal compartment syndrome [83]. By sim-
ply opening the abdomen, this relieves the intra- 
abdominal pressure and allows ongoing medical 
management of the organ dysfunction caused by 
the compartment syndrome as well as the treat-
ment of the underlying cause. The open abdo-
men is managed with a vacuum-assisted device 

A. Seshadri et al.



145

until the acute episode abates, the patient is 
diuresed, and the edema resolves. Therefore, it is 
important to coordinate closely with medical 
services to determine which patients will benefit 
from laparotomy and perform this procedure 
promptly in those cases. It is sometimes neces-
sary in these patients to perform complex 
abdominal wall closure once the patient has 
recovered sufficiently.

 Case Resolution

Due to concern for intra-abdominal complications 
after her recent colectomy, a CT scan is obtained 
which demonstrates free air and fluid surrounding 
the site of her colonic anastomosis. She is taken to 
the operating room for  exploration, during which 
feculent peritonitis is found, with visible dehis-
cence of the prior anastomosis. The prior anasto-
mosis is resected, and an end colostomy is created 
due to the quality of the tissue and the extent of 
the contamination. Postoperatively, she improves 
and is subsequently able to be discharged to a 
skilled nursing facility.
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12Small Bowel Obstruction

Andrew Medvecz and Oscar Guillamondegui

 Overview

Small bowel obstruction (SBO) has been a source 
of significant morbidity and mortality among sur-
gical patients for millennia. The disease’s pro-
pensity for recurrence has led to many practice 
patterns and changes over the past century, and 
knowledge regarding appropriate management 
for this disease process continues to evolve. The 
management of SBO has significant economic 
and healthcare resource implications as it can 
account for 12–16% of surgical admissions annu-

ally and lead to over 300,000 annual operations 
[1]. For many patients, an admission for SBO 
will not be an isolated event, as this may be a 
harbinger for multiple recurrences and complica-
tions. This chapter will review the epidemiology 
and presentation of patients with SBO as well as 
current practice patterns and additional consider-
ations when determining operative or nonopera-
tive management of this vexing pathology.

 Etiology

There is a diverse range of causes for small bowel 
obstruction; however, adhesive disease accounts 
for the most significant number of episodes and 
recurrences. Adhesive small bowel obstruction 
accounts for 75% of cases, with almost all a result 
of prior abdominal or pelvic operations. Post- 
mortem studies from the 1970s showed that 51% of 
patients with minor, 72% with major, and 93% of 
patients with multiple intra-abdominal operations 
had developed adhesions [2]. Even 28% of patients 
without prior abdominal operation were found to 
have intra-abdominal adhesions. Open small 
bowel, colon, and gynecologic procedures account 
for the highest incidence of readmissions related to 
adhesive small bowel obstruction [3]. Time from 
prior abdominopelvic operation to obstruction var-
ies widely, with some individuals demonstrating 
early obstruction 7–10 days following operation to 
initial episodes of adhesive SBO developing over 
10 years following index abdominal operations.

Case Report
 A 72-year-old man with history of explor-
atory laparotomy for perforated diverticulitis 
approximately 3  years ago presents to the 
emergency department with a 24-hour history 
of nausea, vomiting, and bloating. He denies 
fevers and chills and has had no change in 
bladder function. He reports normally passing 
flatus regularly and having a bowel movement 
daily but has had neither of these today.
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Malignancy is the second-leading cause of 
small bowel obstruction. Primary small bowel 
tumors such as carcinoid, lymphoma, and small 
bowel carcinoma can account for the obstruction, 
and it may be caused by internal obstruction or 
external luminal compression. Metastatic malig-
nancy to the small bowel can also account of 
small bowel obstruction. Tumors with known 
peritoneal spread such as colon, ovarian, pancre-
atic, and gastric neoplasms can lead to extralumi-
nal compression or volvulus, leading to 
obstruction. Similarly, malignancy with hema-
togenous spread such as melanoma can also 
metastasize to the small bowel, leading to intralu-
minal or external compression [4].

Hernias are another cause of SBO.  Ventral/
incisional hernia from prior laparotomy are com-
mon lead points for SBO.  Small hernias have 
greater likelihood of developing acute incarcera-
tion and obstruction. However, large ventral inci-
sional hernias may also lead to SBO as there can 
be adhesions from chronic incarceration. Inguinal 
hernias are rarely associated small bowel obstruc-
tion; however, femoral and obturator hernias 
should be considered in the differential, more 
commonly in women.

Inflammatory bowel disease is another impor-
tant etiology of small bowel obstruction because 
the management described below is more often 
medical and typically will not require operative 
management unless there is advanced disease. In 
particular, Crohn’s disease can cause inflamma-
tory perforations and interloop abscesses which 
can lead to partial or complete obstructions. The 
inflammatory process and subsequent adhesion 
formation associated with acute diverticulitis 
infectious etiologies such as tuberculosis are 
largely absent in economically advanced coun-
tries but should remain on the differential for 
patients exposed to populations endemic with 
tuberculosis.

Other causes of small bowel obstruction are 
less common but must also remain in the differen-
tial of a patient presenting with symptoms con-
cerning for bowel obstruction. Intussusception of 
small bowel with small bowel or small bowel with 
cecum often associated with a lead point may 
present with obstruction. Accounting for less than 

0.1% of mechanical small bowel obstructions, 
gallstone ileus remains a potential cause of 
obstruction. Accidental or psychiatric diagnosis-
related consumption of non-digestible foreign 
bodies may also serve as a nidus for subsequent 
obstruction. Of note, other pathologies may 
mimic SBO, such as pneumonia, urinary tract 
infection, acute non-abdominal surgical interven-
tion (e.g., joint replacement), and hypokalemia.

 Diagnosis

The workup of patients presenting with concern 
for small bowel obstruction should undergo a 
thorough history and physical exam, imaging, 
and laboratory evaluation to assist in the diagno-
sis and management decisions. The AAST has 
created a grading system for intestinal obstruc-
tion due to adhesive disease which can be a use-
ful tool in the diagnosis and management of 
bowel obstruction [5].

 History and Physical Exam

Small bowel obstruction can most often be eluci-
dated from the history of a patient presenting 
with diminished or absent flatus and abdominal 
distension. Many patients will experience nausea 
accompanied with bilious emesis [6]. Abdominal 
pain is variable, ranging from absent or mild 
abdominal pain to peritonitis suggesting isch-
emic bowel or perforation associated with the 
obstruction. Patients with prior obstructions may 
note similar clinical presentations as prior epi-
sodes. Past medical history includes known diag-
noses of inflammatory bowel disease, malignancy, 
or diverticulitis. Prior surgical history should also 
be determined, not only to estimate an adhesive 
burden but also for operative planning (ex. pres-
ence of mesh, surgically-altered anatomy). 
Abdominal operations followed by pelvic opera-
tions have been associated with the highest risk 
of developing subsequent small bowel obstruc-
tions [7].

On physical exam, the first determination is 
the overall clinical status of the patient, whether 
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they are “sick” or “not sick.” Vital sign assess-
ment including heart rate, blood pressure, respi-
ratory rate, and oxygen status can suggest 
whether the patient is presenting with ischemia 
or associated aspiration from the obstruction. 
Bowel sounds are likely hypoactive or absent on 
abdominal exam. The abdomen will often be dis-
tended and tympanitic, and it may have tender-
ness associated with the distension. However, 
patients presenting with focal peritonitis should 
raise concern for bowel ischemia or generalized 
peritonitis with concern for perforation following 
the obstruction. The abdominal wall and groins 
should be examined for the presence of hernia. 
Rectal exam may be considered as well if differ-
ential includes distal obstructing lesion.

 Laboratory Workup

A complete blood count (CBC) and basic meta-
bolic panel (BMP) are routinely ordered for 
patients presenting with concern for obstruction. 
Of note is the white blood cell count, as leukocy-
tosis may suggest the presence of ischemia or 
infectious etiology for the obstruction. Acute kid-
ney injury manifested with elevated creatinine is 
a common finding in patients presenting with 
obstruction as many are dehydrated from inabil-
ity to tolerate per os intake and persistent emesis. 

An elevated lactic acid level may portend isch-
emic changes or under-resuscitation.

 Imaging

The goals of imaging studies in the setting of 
suspected small bowel obstruction are (a) iden-
tify the etiology for the obstruction, (b) assess 
ischemic bowel, and (c) aid in operative plan-
ning. Cross-sectional imaging with computed 
tomography (CT) scan of the abdomen and pel-
vis will most often be able to accomplish these 
goals. Intravenous iodinated contrast is used to 
aid with assessment of the bowel wall for isch-
emia. We do not routinely use enteral contrast 
given its poor tolerance by patients, often exac-
erbating nausea and emesis with the subsequent 
need for supine positioning for the CT scan 
although this may be considered in appropriately 
risk-stratified patients. CT scan can aid in char-
acterizing the SBO, whether it is partial, com-
plete, or a closed- loop obstruction. Partial 
obstructions may identify normal imaging or 
minimal intestinal distension with the presence 
of air distal to the small bowel. Higher-grade or 
complete obstructions will often have the hall-
marks of small bowel distension. A transition 
point at which the dilated bowel becomes 
decompressed may suggest an anatomic location 
of the obstruction in settings of adhesive disease 

Fig. 12.1 Computed tomography images of patient with small bowel obstruction. The first image demonstrates dilated 
and decompressed loops of small bowel. The arrow in the second image demonstrates a transition point
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(Fig. 12.1). Cross-sectional imaging also allows 
for assessment of ventral, obturator, and femoral 
herniae which may be difficult to assess on 
 physical exam. Findings of mesenteric stranding 
or lack of bowel enhancement suggest ischemic 
changes to the bowel wall, and pneumoperito-
neum or free fluid may suggest associated perfo-
ration, necessitating exploration.

Plain radiographs may be helpful in an initial 
evaluation of a patient presenting with nausea, 
vomiting, and distension; however, the specificity 
of dilated loops of small bowel on plain radio-
graph is low and typically results in CT scan. 
Plain radiographs do have a major role in the 
authors’ subsequent management following the 
diagnosis of obstruction.

 Management

The management of small bowel obstruction has 
often been described as having two arms: opera-
tive and nonoperative. However, to place a patient 
with obstruction into one of these two categories 
would be premature, as patients may cross from 
one algorithm to the other. Operative manage-
ment should be considered the gold standard 
against which others are measured. Many 
patients, especially those presenting with sus-
pected adhesive bowel disease, are candidates for 
nonoperative management. The decision of 
whether to pursue initial nonoperative manage-
ment is complex and should utilize a shared 
decision- making model which involves the 
patient, surgeon, and consultants.

The principles of nonoperative management 
include bowel rest with nil per os status, nasogas-
tric decompression typically with bilious and/or 
feculent output, and time. Serial abdominal 
exams are performed as well to confirm the 
obstruction does not progress to ischemia or per-
foration, thus requiring urgent operative manage-
ment. Several studies have suggested the 
therapeutic benefit of water-soluble oral contrast 
which is given with a small bowel through radio-
graphic study described earlier [8–10] (Fig. 12.2). 
The oral contrast, typically administered through 
the nasogastric tube, carries with it an osmotic 
load that can draw water into the lumen of the 

small bowel, thus allowing contrast and enteric 
content to pass through the point of obstruction. 
Progression of nonoperative management is fol-
lowed with radiographic evidence of movement 
of contrast into the cecum. The patient will clini-
cally begin to have flatus and ultimately have a 
bowel movement while concurrently having a 
decrease in the volume of nasogastric output as 
well as change to a non-bilious character. 
Successful resolution of small bowel obstruction 
with nonoperative management varies in studies, 
with ranges from 43 to 76% in several, large non- 
randomized studies [7, 11–13]. Faster progres-
sion of contrast to the colon has been also 
associated with increased likelihood of success-
ful nonoperative management [14].

Despite the success of nonoperative manage-
ment in many patients with adhesive small bowel 
obstruction, operative management maintains a 
primary management for bowel obstruction. For 
those patients who fail nonoperative manage-
ment, laparoscopy or laparotomy is indicated and 
has been found to have no difference in outcomes 
compared to those with operations in the first 24 h 
[6]. Indications for operative management, 
whether on initial presentation or during trial of 
nonoperative management, include evidence of 
generalized peritonitis suggesting perforation, 
lactic acidosis, leukocytosis, vital sign abnormali-
ties (tachycardia), or radiographic signs of isch-
emia. Laparotomy for small bowel obstruction 
first involves exploration and identification of the 
transition point of obstruction. The etiology of the 
obstruction will dictate the operative proceedings. 
On entry to the abdomen, it should be explored 
for evidence of metastatic disease, especially in 
patients with reported history of malignancy. 
Intra-abdominal adhesions will require lysis, and 
ischemic or injured bowel should be resected. If 
an abdominal wall hernia is causing the obstruc-
tion, the hernia requires reduction and repair.

In recent years, laparoscopy has gained popu-
larity in operative management of small bowel 
obstruction. There is evidence of shorter hospital 
stay and quicker return of bowel function, yet its 
application may not be applicable in all cases 
[15]. Great care must be taken entering the abdo-
men as the presence of adhesions and dilated 
small bowel increase the likelihood of enterot-
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Fig. 12.2 Small bowel follow through in patient with adhesive small bowel obstruction. Images were taken at (a) 
time = 0, (b) time = 1 ½ h, (c) time = 3 ½ h, (d) time = 14 h. There is no progression of contrast to the colon

omy. After surveying the abdomen, the small 
bowel can be run backward from the ileocecal 
valve or forward from the ligament of Treitz. 
Dilated small bowel can be fragile and easily 
injured with laparoscopic graspers. Extensive 
lysis of adhesions may be undertaken laparo-
scopically given the comfort and laparoscopic 
skill of the surgeon. If not able to be completed 
laparoscopically, then conversion to a more tar-
geted laparotomy may be possible. If bowel 
resection is ultimately required, exploration with 
laparoscopy may allow for more limited open 
exploration and thus smaller incision. While not 
the mainstay of surgical exploration for small 
bowel obstruction, laparoscopy remains a tool 
that can be used in select populations. The 

 benefits of quicker return of bowel function, 
shorter hospital stay, and less morbidity can bring 
significant advantages to the management of 
these populations [15].

Small bowel obstruction in specific patient 
populations may require a different approached 
from the management decisions for adhesion- 
related issues. Patients with inflammatory bowel 
disease presenting with small bowel obstruction 
should be considered for medical management 
of the Crohn’s stricture unless demonstrating 
bowel ischemia or closed loop obstruction as the 
disease process will make operative manage-
ment challenging. For those patients who go on 
to require surgery, the American Society of 
Colon and Rectal Surgeons (ASCO) recommend 
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resection of the affected bowel if causing the 
obstruction (Grade 1B) [16]. However, many 
patients should resolve their acute obstruction 
with bowel rest and a course of IV steroids. 
Consultation with gastroenterology should be 
considered, especially when determining appro-
priate course of action regarding inpatient and 
subsequent outpatient management with anti-
inflammatory medication (Grade C, British 
Society of Gastroenterology) [17].

 Outcomes

Successful management of a small bowel obstruc-
tion episode is characterized by return of bowel 
function and consumption of adequate oral nutri-
tion. Retrospective studies have identified that 
the majority of small bowel obstructions are 
resolved without operative intervention [7, 14]. 
Yet the sinister aspect of small bowel obstruction 
that plagues surgeons is the potential for recur-
rence with both operative and nonoperative man-
agement. Nonoperative management does not 
eliminate the mechanical obstruction at the tran-
sition point, rather altering the bowel’s absorp-
tion and physiology to alleviate the obstruction. 
Conversely, surgical management can eliminate 
the physical obstruction, whether most com-
monly from intra-abdominal adhesions or other 
causes such as hernia, malignancy, etc. With mul-
tiple operative interventions comes the risk of 
developing of new adhesive disease thus potenti-
ating episodes of bowel obstruction. It further 
increases the risk for the development of inci-
sional hernias.

Recent literature has focused on the likelihood 
of recurrence from small bowel obstruction. We 
evaluated the likelihood of recurrence of bowel 
obstruction in the setting of adhesive disease 
[13]. In the 10 years of follow-up, patients man-
aged operatively during first episode of adhesive 
bowel disease were less likely to develop recur-
rence; however, patients undergoing operative 
management during subsequent admissions for 
adhesive disease had greater odds of developing 
recurrent obstruction. Behman similarly found a 
reduced risk of recurrence following operation 

for first episode of adhesive bowel disease [18]. 
With an increased emphasis on long-term patient- 
centered outcomes, recurrence should be dis-
cussed among providers and with patients during 
shared decision-making for treatment options. In 
some populations, earlier operative intervention 
be considered especially considering its impact 
on recurrence.

Recurrence of small bowel obstruction must 
be balanced with the morbidity and mortality of 
both operative and nonoperative management. 
We identified greater in-hospital mortality and 
complications in patients managed operatively 
our retrospective review of 10 years of follow up 
[13]. Other studies identified a mortality increase 
during readmission for small bowel obstruction 
following operative management [19]. There is 
also evidence that suggests that operative inter-
vention during a first episode of adhesive small 
bowel obstruction is associated with lower long- 
term mortality risk [20]. The mixed results 
emphasize the importance of preoperative risk 
assessment for each patient, as the risk for mor-
bidity and mortality vary widely among patients 
presenting with bowel obstruction.

Further study on the impact of operative and 
nonoperative management of small bowel 
obstruction is still needed. Given the potential for 
regional variability in practice patterns and the 
diversity in patient presentation, a large and stan-
dardized registry in emergency general surgery 
patients would aid in expanding research endeav-
ors and improving patient care.

 Our Practice

It is the authors practice to pursue nonoperative 
management including decompression, hydra-
tion, and bowel rest with a water-soluble contrast 
small-bowel follow through for most patients 
presenting with obstruction from adhesive dis-
ease, in line with guidelines from the Eastern 
Association for the Surgery of Trauma (EAST) 
[1]. Patients presenting with high-grade obstruc-
tions or those in whom water-soluble contrast 
does not lead to resolution will typically proceed 
toward operative exploration. Patients with signs 
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or symptoms of acute peritonitis will undergo 
urgent/emergent exploration. If history or imag-
ing suggest the source of the obstruction is malig-
nancy, operative intervention will also be 
performed. In those patients with multiple 
comorbidities, we tend to manage with an 
extended effort at nonoperative treatment as long 
as the patient does not show signs of impending 
ischemia or perforation due to the operative and 
postoperative risks associated with this popula-
tion. Patient education of the short- and long-
term outcomes, specifically recurrence, are 
discussed when addressing  treatment options and 
recommendations, all to optimize the outcome 
for every patient.
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Case Report (Continued)

Computed tomography imaging demon-
strated an obstruction of the mid-small 
bowel with a transition point in the left 
lower quadrant. A nasogastric tube was 
placed, and small bowel follow-through 
with water-soluble contrast was initiated. 
At 24  hours, the contrast had not pro-
gressed to the colon, and the patient had 
high nasogastric tube output and no bowel 
function. The patient was taken for lapa-
rotomy where significant intra-abdominal 
adhesions were encountered. A transition 
point was identified at an area of tethered 
small bowel to the abdominal sidewall, and 
small bowel resection and primary anasto-
mosis were performed. The patient recov-
ered well with return of bowel function on 
postoperative day 4 and discharged on 
postoperative day 6.
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13Large Bowel Obstruction

Nathan T. Mowery and Audrey L. Spencer

“The sun never sets on a bowel obstruction” has 
been considered as historical dogma in surgical 
training. Due to the high risk of complications, 
namely, intestinal ischemia and perforation, it 
has been a tenant of general surgery that these 
patients need aggressive intervention. In contrast 
to treatment for small bowel obstruction, which 
has largely moved to longer acceptable periods of 
observation, large bowel obstruction is still 
thought to be a time-sensitive diagnosis regard-
less of the underlying etiology.

While not as common as small bowel obstruc-
tion, colonic obstruction still represents 25% of 
all intestinal obstructions [1]. Furthermore, com-
plication of large bowel diseases account for 47% 
of gastrointestinal emergencies [2]. The obstruc-
tion can come in many forms including, but not 
limited to, mechanical problems as in volvulus 
and cancer or physiologic in nature such as in 
Ogilvie’s syndrome. Many clinicians differenti-
ate between partial and complete obstruction to 
determine the time period available for 
intervention.

In this chapter, we will review the evidence for 
the management of large bowel obstruction, 
identify areas of controversy, and highlight future 
directions for refinement of current practices.

 Etiology/Pathology

The pathology that accounts for colonic obstruc-
tions is diverse. They range from benign and 
malignant tumors and strictures and volvulus- 
type pictures. Adhesive obstructions are possible 
in colonic obstruction but not seen with near the 
frequency seen in small bowel obstruction. The 
fact that the etiology is different from small 
bowel obstruction plays a key role in the more 
operative-based treatment of large bowel 
pathology.

Malignancy is the most common cause of 
colonic obstruction leading to emergent surgery 
accounting for approximately 70% of cases. This 
incidence is the largest driver of operative inter-
vention over observation. This is not limited to 
colon cancer as distal tumors represent a signifi-
cant portion of the cases. Overall 10% of the 
patients presenting with colonic obstruction have 
rectal cancer, while an additional 5% have anal 
cancer as the etiology [3].

The most common cause of benign colonic 
obstruction is volvulus which represents 5–15% 
of large bowel obstructions [4]. The mechanism 
of volvulus is when a mobile portion of the colon 
twists on a single point of attachment. Some 
patients have a longer mesentery genetically, 
while others develop redundancy over time due 
to issues with colonic motility as seen in severe 
constipation. The acquired mobility is more com-
mon and that explains why these patients present 
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after their fourth decade of life [5]. Typical por-
tions of the colon involved are the sigmoid colon 
(~60%), cecum (~40%), and transverse colon 
(~2%) [6]. Fig. 13.1 shows the typical types of 
volvulus.

A variety of other etiologies account for the 
remaining 15–25% of cases, including benign 
strictures from recurrent inflammation (most 
commonly diverticular disease), intussuscep-
tion, adhesive disease, and hernias with incar-
ceration. There are also exceptionally rare 
causes such as bezoar and retroperitoneal fibro-
sis that are clinically important to the individual 
but beyond the scope of this chapter. Despite 
the seemingly endless list of possible etiolo-
gies, the evaluation of colonic obstruction is 
repetitive in nature, and the management is 
comparable utilizing both endoscopic and sur-
gical interventions.

 Diagnosis/Pathology

The varied definition of large bowel obstruction 
in the scientific literature makes comparisons 
between treatment options and timing difficult. 
The most basic definition is obstipation with 
imaging demonstrating distended colon. In order 
to minimize morbidity, many authors have 
included “impending obstructions” such as tight 
strictures which are typically only found after 
intervention. The impending obstruction popula-
tion needs to be studied, but the inclusion of such 
patients makes drawing conclusions about the 
time-sensitive nature of this disease process dif-
ficult. If we recognize that colon cancer is the 
most common cause of large bowel obstruction 
and is typically slow growing, a patient can toler-
ate “impending obstruction” for several days or 
weeks before they would develop complications.

c

c

d

d

e

e

f

f

a

a

b
b

Fig. 13.1 Depiction of the three main types of colonic 
volvulus. Arrows represent the direction of volvulus 
accounting for the six presentations: (a) cecal bascule, (b) 

loop cecal volvulus, (c) axial cecal volvulus, (d) trans-
verse colon volvulus, (e) organo-axial sigmoid volvulus, 
(f) classic sigmoid volvulus [7]
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The clinical presentation of a large bowel 
obstruction is most commonly pain and bloating. 
Due to the distal nature of the obstruction, it does 
not have the classic nausea and vomiting seen in 
its small bowel counterpart. This can mean later 
presentation which is a key factor in its urgency 
and treatment as symptoms may not develop until 
just before abdominal catastrophe. Also due to 
the colonic flora and the potential for bacterial 
translocation, large bowel obstructions are more 
likely to present with systemic inflammatory 
response (SIRS) and electrolyte imbalances [8].

The presentation of colonic obstruction can be 
either acute or chronic. The presentation can 
point toward the etiology with a history of change 
in stool caliber or unintentional weight loss being 
more common in slow-evolving cancer. Acute 
pain is typically infraumbilical and crampy in 
nature. In the setting of large bowel volvulus, the 
nature of the pain can lead to the diagnosis. It has 
been shown that patients with sigmoid volvulus 
typically present with distention (79%), while 
cecal volvulus presents with pain (89%) [6].

While symptoms can help localize the source, 
imaging is required to further evaluate regardless 
of the etiology. Authors have suggested that plain 
x-ray should be utilized initially due to its lower 
cost and accessibility but has largely been 
replaced. Computed tomography (CT) is the 
standard diagnostic tool that would lead to most 
significant intervention. The global picture is 
essential for planning of treatment. Many consul-
tants will not even proceed with adjuvants to non-
operative therapy without a CT.  While many 
surgeons learn the classic plain film appearance 
of colonic volvulus, they are not reliable and will 
miss up to 1/3 of the cases [9, 10]. Plain films 
may play a role in the patients at the extremes of 
physiology or in surveillance, but are otherwise 
relegated to irrelevant or a screening test for the 
evaluation of colonic obstruction. Another 
screening option is the ultrasound. Bedside ultra-
sound has higher sensitivity and the same speci-
ficity of plain x-ray but avoid moving the patient 
[11]. The later point could be of benefit in an ill 
unstable patient. The downside is that fact that 
some expertise is required with ultrasound limit-
ing its widespread use.

 Abdominal Computed Tomography

Virtually any hemodynamically stable patient 
suspected of colonic obstruction should get a 
CT scan secondary to its high sensitivity and 
specificity (both >90%) [12, 13]. CT can locate 
the obstructing lesions in 96% of cases and 
make correct diagnoses in 89% of cases. The 
use of triple contrast (intravenous, oral, and rec-
tal) or the use of a computed tomographic enema 
allows an even more precise localization of the 
level of obstruction. It can also distinguish 
between an intraluminal cause of obstruction 
and an extraluminal compression. For patients 
diagnosed with a mass, a CT scan can also eval-
uate for the presence of distant metastasis which 
are present in 10% of cases of obstruction can-
cer [14].

Guidelines [15] would still recommend the 
use of CT even when free air is identified on 
screening imaging in the stable patient. As men-
tioned, this allows for identification of the scope 
of the disease and facilitates operative planning. 
Routine inclusion of the chest to look for distant 
spread in the case of colon cancer is not 
indicated.

Another essential trait of CT is the ability to 
differential true obstruction from the pseudo- 
obstructions such as toxic megacolon, paralytic 
ileus, and Ogilvie’s syndrome [16]. In these diag-
noses you will see the distended colon, but there 
will be a failure to identify a transition point.

 Hydrosoluble Contrast Enema

Hydrosoluble contrast enema has historically 
been used to further evaluate colonic obstructions 
with regard to the nature of and degree of patency. 
The observed sensitivity of a contrast enema in 
the diagnosis of colonic obstruction is 80%, with 
specificity of 100% [12, 17, 18]. With the contin-
ued evolution of CT, this study has also been rel-
egated as obsolete. CT scans, specifically with 
the addition of rectal contrast, gives equivalent 
information on the location of the tumor but also 
gives a wider picture of the local and regional 
spread.
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 Colonoscopy

Colonoscopy has two benefits which are as fol-
lows: it allows a direct visualization and potential 
biopsy of the cause of obstruction. It has limited 
roles in acute processes but is essential in evaluat-
ing chronic obstructions where malignancy 
becomes the dominant etiology. It also has the 
ability to evaluate for synchronous lesions which 
are seen in 10% of cases. The drawback is the 
availability. Many centers require consultation to 
gastroenterology for assistance which can add 
time to the evaluation process in an acute situa-
tion. Having a tissue diagnosis is attractive, but 
often delays in those results require practitioners 
to intervene before they return. Endoscopic evalu-
ation still has some potential preoperative roles. 
One situation that would alter this would be in 
near obstructing colon cancer where endoluminal 
stents can be placed and markedly changes the 
therapeutic options available. A second role would 
be for the decompression of sigmoid volvulus to 
allow for transition to a semi-elective case.

 Staging

Staging for bowel obstruction historically fell 
into two buckets—high grade and low grade. The 
distinction between the two categories was 
thought to be important given that high-grade 
obstructions (i.e., complete obstruction) classi-
cally required surgery and low-grade obstruc-
tions (i.e., partial obstruction) were thought to 
mostly resolve without surgical intervention. As 
practices have evolved and treatments have 
become less operative in nature, that distinction 
has become less important.

In 2014, the AAST set out to establish a uni-
form grading system (Table  13.1) for bowel 
obstruction with the intent to standardize both 
diagnosis and disease severity [19]. We previ-
ously lacked a method to characterize obstruc-
tions across differing institutions and geographic 
locations. The hope was to provide a framework 
to assist in measuring risk-adjusted outcomes and 

improve management protocols within the emer-
gency general surgery realm as a whole.

This grading system has been applied to clini-
cal cases involving both small and large bowel 
obstruction as the principles in management 
remain incredibly similar [20]. While formal rec-
ommendations for treatment based on severity of 
disease were not included in the AAST grading 
scale, the construction would favor more opera-
tive intervention as the grade increased.

 Specific Pathologic Considerations

 Obstructing Colon Cancer

Acute large bowel obstruction is the initial pre-
sentation in 7–29% of patients with colorectal 
cancer and represents one of the more common 

Table 13.1 AAST grading for large and small bowel 
obstruction

Grade
AAST disease 
grade description

Intestinal obstruction–small 
and large bowel

I Local disease Partial obstruction
Confined to the 
organ
Minimal 
abnormality

II Local disease Complete obstruction, 
without bowel ischemia

Confined to the 
organ
Severe 
abnormality

III Beyond the 
organ

Complete obstruction, bowel 
ischemic but viable

Locally 
extension

IV Beyond the 
organ

Complete obstruction with 
gangrenous bowel OR 
perforation with local 
spillage

Regional 
extension

V Beyond the 
organ

Perforation with diffuse 
peritoneal contamination

Widespread 
extension
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causes of surgical emergency. The most common 
location for the obstructing colorectal cancer is 
the sigmoid colon, and >75% of tumors are 
located distal to the splenic flexure. Emergency 
presentation of colorectal cancer is more com-
mon in advanced stages of the disease and fre-
quently occurs in elderly patients with significant 
comorbidities.

Although resection of the tumor is the “gold 
standard” for the treatment of malignant colonic 
obstruction, in the past two decades, self- 
expanding endoluminal colonic stents have been 
introduced in the therapeutic armamentarium as 
the initial maneuver in the management of distal 
colonic obstruction, aiming to relieve the obstruc-
tion and avoid emergency surgery. Surgery is 
proposed as a second-stage definitive treatment 
once the acute obstruction has been resolved. 
Several studies have shown the feasibility of 
managing acute malignant obstruction by colonic 
stenting. However, there is ongoing debate on the 
advantages of this strategy compared with emer-
gency surgery in this scenario.

 Treatment

Intervention falls into two large categories: oper-
ative and nonoperative. The operative interven-
tion required is guided by the location and 
presentation of the obstruction. Nonoperative 
therapy which can include endoscopically based 
intervention is limited by the patient’s physiol-
ogy, the resources available to the surgeon, and 
the degree of obstruction.

 Nonoperative Observation
A key component of nonoperative management 
is how long the obstruction can safely be observed 
without intervention. While the “hard deadline of 
sunset” has softened over time, there is little sup-
port for the 5–7-day period often seen in small 
bowel obstructions.

Initial management of the patient with 
mechanical colorectal obstruction consists of 
supportive care that includes gastric decompres-

sion for patients with nausea or vomiting and 
intravenous fluid therapy with correction of elec-
trolyte abnormalities. Subsequent treatment 
depends upon the etiology and location of the 
obstruction, medical comorbidities of the patient, 
as well as local resources and expertise of the 
available clinicians. Unlike the majority of small 
bowel obstructions which can be successfully 
managed nonoperatively, approximately 75 per-
cent of large bowel obstructions ultimately 
require surgical intervention, whether emer-
gently, urgently, or electively during the same 
hospital admission.

 Endoscopic Intervention: Benign 
Disease
For patients with imaging signs of sigmoid vol-
vulus, gastroenterology/colorectal surgery con-
sultation should be obtained. Flexible 
sigmoidoscopy is generally suggested to initially 
decompress the colon to allow for semi-elective 
surgery (rather than as an emergency) and may be 
the only treatment necessary in high-risk patients. 
However, for patients able to tolerate an opera-
tion, elective resection during the same hospital 
stay is recommended for sigmoid volvulus 
because of the high rate of recurrence (up to 50 
percent) with endoscopic decompression alone.

 Endoscopic Intervention: Malignant 
Disease
The primary therapeutic use of endoscopy in the 
acute setting, much like in benign disease, is to 
convert emergent surgery to semi-elective sur-
gery. The hope is that this would decrease the 
morbidity and mortality as emergent surgery 
almost universally carries an increased risk 
regardless of pathology. Colonic stents can be 
placed for two indications: palliation and as a 
bridge to semi-elective surgery. In the acute set-
ting, which indication is being followed is unclear 
as some patients are not determined to be pallia-
tive until after the intervention. The concept of 
using stents as a “bridge to surgery” has become 
popular and is well-studied. The numerous case 
series have been combined into two systemic 
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reviews, one with 598 patients [21] and one with 
1198 patients [22]. These studies establish stent-
ing as highly successful (>92%) and with low 
associated complications (perforation 3.7%). In a 
retrospective analysis of 5868 colostomies com-
pared with 778 stents, the authors concluded that 
stent placement is less costly and associated with 
shorter length of hospital stay and fewer compli-
cations [23]. There are at least six existing ran-
domized studies [24–29] on the topic. The 
variation in who received a stent coupled with the 
high rate of the studies being stopped early (three 
of six) makes a definitive statement difficult. 
When compared stent to emergent resection, 
most of the studies show equivalence. The attrac-
tive part of the stent is the association in the stud-
ies with an increased rate or primary anastomosis 
in the stent groups. Cheung et  al. [25] showed 
that stenting leads to 67% of those patient being 
able to undergo successful laparoscopic single- 
stage surgery. The effect of stenting on anasto-
motic leak has had the opposite effect in two of 
the studies. Van Hooft et  al. [29] showed leak 
rates 5 times greater in the stent group while 
Alcantara et al. [24] lower leak rates in the stent 
group (30.7% vs 0%).

In terms of oncologic outcomes, it would 
seem the outcomes are equivalent. There have 
been some noted differences in lymphatic inva-
sion but that has not resulted in differences in 
long-term outcomes when used alone [30] or 
compared with emergency surgery [31–34].

 Operative Intervention
Once the decision to proceed with surgical inter-
vention has been made, the key point that must be 
determined is if an anastomosis will be done at 
the index operation or if a multistage plan is 
adopted. Regardless of the underling etiology, 
there is risk involved in creating a primary anas-
tomosis. Two decades ago the default in 
unprepped colon resections was an ostomy. 
Historically, the leak rates of primary anastomo-
ses were up to 50% and drove the decision to do 
multistage inventions. Modern leak rates are 
around 5% or slightly higher in the EGS popula-

tion. The trauma literature was some of the first 
to describe how one-stage interventions in 
unprepped bowel could be performed. Also, the 
very utility of a preoperative bowel prep has been 
questioned with various colorectal studies report-
ing that they may not be helpful and could poten-
tially be harmful. Finally, a greater understanding 
of the morbidity in ostomy takedowns which 
were usually thought as “risk free” now has been 
shown to have significant complications. All the 
above have moved toward a greater willingness 
to perform one-stage operations. Regardless of 
malignant or benign, there are some common 
surgical considerations.

 Preoperative Bowel Preparation

Current recommendations do not advocate for 
the any type of bowel preparation (preoperative 
or intraoperative) prior to proceeding with emer-
gency colon surgery for mechanical colorectal 
obstruction. The absence of mechanical bowel 
preparation is not a contraindication to primary 
anastomosis [35].

Bowel preparation can be considered but is not 
supported by evidence-based medicine. Numerous 
small studies show that successful bowel prepara-
tion with combined oral and mechanical bowel 
preparation prior to elective colorectal resections 
decreases rates of complications [36, 37]. This 
must be balanced against a large Cochrane analy-
sis [38] of 18 trials with 5805 patients comparing 
preoperative bowel preparation in elective colon 
resection (2906 mechanical bowel preparation 
and 2899 without preperation) showing that 
mechanical bowel preparation has no effect on 
the rates of deep and superficial surgical site 
infections or, most importantly, anastomotic 
leaks. Currently bowel preparation would only be 
indicated when the surgeon plans of doing a 
simultaneous colonoscopy.

 Benign Disease
In general, the surgical principles that apply to 
the malignant obstructions are true in benign 
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disease as well. Whenever possible, a one-stage 
curative procedure is the preferred treatment for 
right- or left-sided colon obstruction, whether 
benign or malignant [39, 40]. There are some 
specific considerations such as mega-rectum in 
sigmoid volvulus cases where continuity will 
not improve the patient’s quality of life, but for 
the most part one- or two-stage procedures are 
the norm in benign disease. The DIVERTI trial 
addressed the resection in perforated 
 diverticulitis where a two-stage (proximal diver-
sion) intervention was performed. They showed 
that two-stage was the safest choice. While not 
the exact population as the large bowel obstruc-
tion described in this chapter, it does outline the 
baseline in modern times. It is difficult to imag-
ine a patient in current times that resection, 
anastomosis, and loop ileostomy for diversion 
would not be considered the default operation 
performed. Future literature should consider 
which patients can have the loop ileostomy 
omitted as studies with an arm that includes 
three-stage procedures or Hartman’s procedures 
would be antiquated. Those procedures would 
be reserved for special anatomic situations.

 Malignant Obstruction
Two groups of patients can be defined according 
to the location of the tumor with respect to the 
splenic flexure: those with proximal and distal 
obstructions. The choice of surgery will depend 
on the location of the obstruction, the general 
condition of the patient, the surgical findings, 
and the experience or resources of the hospital 
team.

 Proximal Colonic Obstruction

Right hemicolectomy has been accepted as the 
treatment of choice for tumors proximal to the 
splenic flexure. A primary anastomosis 
between the small bowel and the colon has 
been considered safe in the emergency setting, 
with published anastomotic leak rates of 2.8–
4.6% [18].

While a primary anastomosis is still the opera-
tion of choice, literature does bring into question 
who and how these operations should be done. 
Frago and colleagues examined a cohort of 
patient undergoing emergent colectomy (defined 
as occurring in the first 24 h) and found a leak 
rate of 16.4% on the 173 patients who underwent 
resection and primary anastomosis for proximal 
colonic cancer obstruction [41]. These authors 
highlighted the difference in leak rates between 
colorectal surgeons (those that had done an addi-
tional year of training) and general surgeons 
(colorectal 5.8% and general surgery 21%, 
p < 0.05). Interestingly the distal resection, which 
would be considered the more technically chal-
lenging operations that would benefit from 
colorectal training, did not show a difference in 
leak rates (6.3% colorectal and 8.9% in general 
surgery). These and other similar data have been 
used to suggest that these operations should be 
done by colorectal surgeons. These manuscripts 
do often not include data about the physiology in 
the patient groups and even less about the avail-
ability of the colorectal surgeons on nights and 
weekends. It is clear from emerging data that 
emergency general surgery patients have unique 
physiology and comorbidities and that these dif-
ferences lead to markedly different outcomes 
[42]. In order to mitigate these poor outcomes, 
the acute care surgeon will need to adapt their 
techniques. In a single institution experience, 
Farrah et  al. [43] showed leak rates could be 
decreased by performing a handsewn anastomo-
sis rather than a stapled one (15.1% in the stapled 
vs 6.1% in the handsewn, p = 0.003). In the small 
bowel to colon anastomoses, the overall leak rate 
was similar to that presented in the colorectal lit-
erature of 14.7%, but when comparing stapled vs 
handsewn anastomoses, the leak could be 
decreased (18% stapled vs 10% handsewn, 
p = 0.4). Similar data was seen in a subsequent 
multi-institutional trial where the leak rates were 
not different despite the handsewn cohort having 
significantly lower albumin and higher lactate 
and were more likely to be on vasopressors [44] 
(Fig. 13.2).
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Fig. 13.2 Flowchart for the management of colonic obstruction due to colorectal cancer [15]

 Distal Colonic Obstruction

The traditional surgical intervention was a three- 
stage procedure (proximal colostomy, second- 
stage tumor resection, and third-stage stoma 
closure) which has largely been relegated to 
being obsolete outside of extremely rare ana-
tomic or physiologic situations. The issue is 
whether three low-risk interventions are better 
than one higher-risk operation. The literature has 
shown that staged resection does not improve 
survival and is instead associated with high mor-
bidity and mortality rates [12, 17, 18, 39, 41, 45]. 
While many  surgeons would still favor a two-
stage procedure for high-risk patients, the litera-
ture has focused on what factors impart this 
increased risk and how they can be minimized. 
Most current research efforts examine which 
patients can safely undergo a one-stage 
procedure.

Prognostic factors for mortality in colonic 
obstruction have been identified: preoperative 
renal failure, American Society of 
Anesthesiologists class 3 or 4, and proximal 
colon lesions. The presence of all these factors 
could influence the choice of surgical technique.

There remain unique clinical situations where 
one-, two-, and three-stage procedures could be 
employed and where minimally invasive tech-
niques could be utilized to improve outcomes. The 
surgical options available and the situations where 
they would be employed are the following.

 The Three-Stage Management

While thought of as a “safe” surgery or a conser-
vative intervention, this pathway has actually 
been proven to harm patients. Due to the morbid-
ity of multiple interventions, increased complica-
tions have been shown in a comprehensive 
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Cochrane review [17] and in a prospective ran-
domized trial. Kronberg and colleagues [46] 
showed similar oncologic outcomes and periop-
erative outcomes but shorter hospital days which 
is similar to the Cochrane results.

Currently, the role for three-stage intervention 
is limited to patient whose low rectal cancer 
advanced tumor characteristics would benefit 
from neoadjuvant treatment. It is also used for 
unresectable tumors or patients who are prohibi-
tive operative risks. It could potentially be done 
under local anesthesia minimizing operative 
stress. The patient then can be evaluated to see if 
they can be made into an operative candidate to 
undergo definitive therapy.

 Hartmann’s Procedure (Two-Stage 
Procedure)

A Hartmann’s procedure or two-stage procedure 
is still the preferred operation in emergent set-
tings of distal obstructing tumors [47–49]. It 
allows cancer removal but avoids an 
anastomosis.

The comparison of two-stage procedures to 
others is complicated by the number of ostomies 
that are reversed and the wide range of reported 
complications with ostomy takedown. After a 
Hartmann’s procedure is performed, only about 
60% of ostomies are reversed due to age or 
comorbidities [17]. The morbidity (5–57%) and 
mortality (0–34%) varies greatly making deter-
minations about the total complications difficult 
to determine [50].

 Resection and Primary Anastomosis

The most attractive intervention is the one-
stage procedure which minimizes hospital stays 
and all of the complications of subsequent 
operations. Surgical dogma has prevented prog-
ress in this area for many years, but recent stud-
ies have supported one-stage as a safe alternative 
[49, 51].

Efforts have focused on risk factors that would 
make one-stage intervention unsafe. There is data 
that supports primary anastomosis is feasible in 
both proximal and distal lesions [52, 53]. The 
factors that have been associated with anasto-
motic complications and may preclude one-stage 
intervention are malnutrition, chronic renal fail-
ure, and immunosuppression.

Mortality and anastomotic leak cannot be sepa-
rated, and the risk of mortality has reproducibly 
been shown to be increased with age, ASA classi-
fication, operative urgency, and Duke’s classifica-
tion [47, 54, 55]. The decision to do a primary 
anastomosis or a stoma is often determined by 
real-time surgeon assessment. The main technical 
factors are a tension-free anastomosis and preser-
vation of the blood supply to the anastomosis. If 
these two cannot be accomplished, then the sur-
geon should consider a stoma. The rate of leaks on 
the right side varies from 0.5 to 4.6% in perforated 
emergency cases and should be compared with 
0.5–1.4% reported for elective surgery. Distal 
resection rates range from 3.5 to 30% in emer-
gency versus 5–10% in elective cases [41, 56].

 Subtotal Colectomy with Ileosigmoid 
or Ileorectal Anastomosis

One option to increase the safety of one-stage 
operation is to do a subtotal colectomy [14]. This 
avoids the colocolic anastomosis and eliminates 
the chance of missing a synchronous right side 
lesion in an unevaluated colon. Studies have shown 
that in patients with colonic obstruction, the leak 
rate is lower in ileocolic anastomosis than a colo-
colic anastomosis (<10% vs 18–20%) [14, 57].

The main drawback would be the incidence of 
diarrhea after surgery. There is evidence that 
6 months out the functional difference between 
subtotal and segmental resection is minimal, 2 
versus 3 bowel movements a day, but erratic fol-
low- up and self-reported data may limit the valid-
ity of those outcomes [14]. In case of cecal 
perforation or ischemia and if synchronous neo-
plasms are present in the colon, this management 

13 Large Bowel Obstruction



166

is recommended [57]. There is data that leaving 
10  cm of colon above the peritoneal reflection 
and resecting less than 10 cm of terminal ileum 
can result in less diarrhea [58].

 Resection and Primary Anastomosis 
with Intraoperative “on Table” 
Irrigation

Surgeons have feared that the stool in the colon 
being anastomosed would lead to increased leak 
rates. There has been animal studies that have 
shown that intraluminal content is a larger predic-
tor of anastomotic complications than peritonitis 
[59]. In patients who could not undergo preopera-
tive bowel preparation, the surgeons would irrigate 
burden in patients undergoing colonic resection. 
While it makes some practical sense, the literature 
would not support it having any effect on compli-
cations [49, 51]. One potential use is if the surgeon 
intends to do a colonoscopy to look for synchro-
nous lesions. The use of a lavage would allow for 
better visualization of the colon [60]. Much like 
preoperative bowel prep which has faded in terms 
of importance over the years, the importance of 
intraluminal stool burden has not been an impor-
tant predictor of anastomotic complications. Many 
of the complications can be explained based on 
patient comorbidities and physiology rather than 
the presence or lack of stool.

 Resection and Primary Anastomosis 
with Intraluminal Device

There is a variety of intraluminal devices that 
have been proposed to decrease the complica-
tion rates in high-risk anastomoses. Devices fell 
into a few categories such as decompression 
devices, intracolonic devices, and biodegrad-
able devices. They were intended either to 
decompress the colon by stenting the sphincter 
open or to protect the anastomosis from being 
bathed in stool. In principle they may have 
value, but unfortunately they have not been 
shown to work, and their use is reserved to a few 
non evidence-based uses [61].

 Resection and Primary Anastomosis 
with Proximal Diverting Stoma

The use of a loop ileostomy or colostomy to pro-
tect a distal anastomosis has been considered an 
alternative to Hartmann’s procedure. There has 
been data in the perforated diverticulitis literature 
that proximal diversion is associated with a 
greater number of ostomies being reversed [62]. 
Data supporting proximal diversion in the malig-
nant obstruction group has not been as support-
ive. In an American College of Surgeons’ 
National Surgical Quality Improvement Program 
Procedure Targeted Colectomy databases study, 
2323 patients with no diversion were compared 
to 204 patients with diversion. They found the 
diversion group was more likely to have compli-
cations (sepsis, blood transfusions, readmission 
within 30 days). It could be assumed that there 
was a large selection bias that not be accounted 
for in such a large retrospective database study 
but should give pause to the routine use of divert-
ing ileostomy [63].

 Laparoscopic Versus Open Resection
The concept of laparoscopic surgery for acute 
large bowel obstruction is relatively new. The lit-
erature in non-acute situations suggests shorter 
hospital stays and faster return to daily activities 
with equivalent if not superior oncologic outcomes 
[64, 65]. The adoption of laparoscopic surgery in 
the emergent setting has been slower. There have 
been case reports that suggest it is safe but without 
comparisons to open resection [66, 67].

 Perforation
One situation to consider is colon cancers pre-
senting perforated. Typically, these patients were 
associated with poor outcomes due to the fact 
they were often both septic and had advanced 
tumor characteristics. It is true that perioperative 
mortality is tied to the presence of perforation 
with free perforation having the highest mortality 
(19%) which is significantly higher than con-
tained perforations and no perforation (0% and 
5%, p.038) [2]. Despite worse oncologic resec-
tion characteristics, the 5-year survival is not pre-
dicted by the presence of perforation but, like 
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Fig. 13.3 Flowchart for the management of colonic perforation die to colorectal cancer [15]

most pathologies, is a by-product of the comor-
bidities and physiology [2]. The first priority 
must be control of the perforation with the com-
pleteness of the oncologic surgery taking a back 
seat. Sepsis is the most immediate threat to a per-
forated patients’ life and is certainly time depen-
dent (Fig. 13.3) [15].

 Specific Surgical Considerations 
for Benign Disease

 Sigmoid Volvulus

Any patient with volvulus presenting with signs 
of impaired intestinal blood flow or perforation 
should be taken to the operating room in an expe-
ditious fashion following initiation of resuscita-
tion and broad-spectrum IV antibiotics. Resection 

should ideally be performed without detorsion of 
the affected bowel segment to avoid unnecessary 
return of toxic waste products and bacterial load 
into the venous circulation [68]. When consider-
ing which operation to perform, whether it be a 
Hartmann’s procedure or a segmental resection 
with colorectal anastomosis, one must take into 
consideration the physiologic status of the 
patient. In patients with hemodynamic instability 
or gross contamination secondary to perforation, 
a Hartmann’s procedure is the preferred opera-
tion [69].

In stable patients with little to no enteric spill-
age, resection of the redundant colon with 
colorectal anastomosis is a reasonable option and 
has been shown to be a viable choice in large 
patient series [70].

The decision to create a protective ostomy 
should be based on comfort level of the surgeon 
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while taking into consideration patient factors 
such as nutrition status, overall health, and level 
of the anastomosis.

The initial treatment of sigmoid volvulus, in 
the absence of ischemia or perforation, has 
largely been endoscopic. Detorsion is the neces-
sary first step, either by sigmoidoscopy or colo-
noscopy, and has been reported to be successful 
in up to 95% of cases [69]. Long-term recurrence 
rates of volvulus have been quoted as high as 
75% in some patient populations, necessitating 
definitive surgical management in appropriate 
surgical candidates. Following successful endo-
scopic detorsion, a rectal tube is often placed to 
allow for ongoing colonic decompression and to 
prevent retorsion prior to sigmoidectomy. 
Without overt signs of intestinal ischemia, it is 
acceptable to allow for a period of several days in 
order to completely resuscitate the patient and 
optimize from a medical standpoint prior to 
surgery.

Once the patient has been adequately pre-
pared for surgery, a segmental sigmoid resection 
with colorectal anastomosis is the most appro-
priate procedure for definitive therapy. A protec-
tive ostomy is rarely utilized; however it may be 
necessary based on patient-specific factors such 
as age, level of contamination, and nutritional 
and hemodynamic status. Complete resection of 
all redundant colon is paramount to minimize 
risk of recurrent volvulus. Both laparoscopic and 
open methods have been utilized; however, there 
is no definitive evidence to suggest outcomes are 
improved when minimally invasive techniques 
are used. The theoretical benefit of reduced post-
operative pain and decreased hospital length of 
stay have not borne out in the literature; how-
ever, the ultimate choice of technique should be 
based on surgeon experience and level of com-
fort [71, 72].

For those patients with high or unacceptable 
surgical risk, nonresectional techniques and non-
surgical management have both been described. 
Several small series have described low recur-
rence rates following both intraperitoneal and 
extraperitoneal sigmoidopexy; however this has 
not been validated through larger studies. In 
patients felt to be at high risk for anastomotic 

leak or who would not otherwise tolerate a for-
mal resection, sigmoidopexy does remain an 
option but is generally not considered first-line 
therapy. For patients with comorbidities that are 
prohibitive to surgery, a consistent bowel regi-
men and dietary modifications have become the 
mainstay of therapy [69].

 Cecal Volvulus

As in the case of sigmoid volvulus, immediate 
surgical intervention is necessary for any patient 
diagnosed with cecal volvulus and presenting 
with signs of intestinal ischemia or perforation. 
In contrast to sigmoid volvulus, endoscopic 
decompression is typically not recommended 
given that endoscopic intervention tends to be 
ineffective for this anatomic location and con-
veys a higher risk of bowel perforation. In any 
case involving nonviable bowel, the entirety of 
the involved segment should be removed, and the 
operative surgeon may [73, 74] elect to perform 
an ileocolic anastomosis plus or minus a divert-
ing ileostomy or bring up an ileostomy with a 
long mucous fistula. The large majority of the 
data supporting these statements comes from 
studies published 20 years ago and are somewhat 
outdated. However, morbidity rates following 
cecectomy for volvulus are not insignificant, and 
in cases involving perforation or contamination, 
expert consensus continues to rely on the judg-
ment of the independent surgeon in such 
circumstances.

Patients who present with cecal volvulus with-
out signs of intestinal ischemia may be better 
suited for segmental resection. Unfortunately, the 
published data on this subset of patients is even 
less substantial. Several small case series report 
zero recurrence of cecal volvulus when segmen-
tal resection is performed, however carrying with 
it higher rates of associated morbidity and mor-
tality compared to patients undergoing cecopexy 
alone. In otherwise healthy patients, segmental 
resection is the preferred method of treatment for 
cecal volvulus, while cecopexy may be reserved 
for patients with extensive medical comorbidities 
or comparatively higher operative risk.

N. T. Mowery and A. L. Spencer



169

 Pseudo-Obstruction

Acute pseudo-obstruction is an entity most com-
monly described in older patients, residents of 
nursing homes, or hospitalized individuals fol-
lowing surgery and traumatic injury. It is crucial 
to rule out sources of mechanical obstruction, 
ischemia, and perforation prior to initiating ther-
apy. While a diagnosis is typically made before 
bowel becomes compromised, those patients pre-
senting in extremis, with perforation or with a 
cecal diameter >12 cm, will likely require imme-
diate surgical intervention.

For stable patients, the treatment algorithm 
lies largely in reversing the underlying etiology. 
Initial steps involve hydration, correction of 
underlying electrolyte abnormalities, and avoid-
ance of narcotic pain medications. Nasogastric 
and rectal tube decompression often provide 
moderate relief, and in some instances, anticho-
linergic agents may prove beneficial. Avoidance 
of osmotic agents and stimulant laxatives is gen-
erally encouraged as these can lead to worsening 
of symptoms. Up to 90% of cases will see com-
plete resolution utilizing medical therapies and 
without requiring surgical intervention.

When conservative measures prove ineffec-
tual or are otherwise contraindicated, endoscopic 
decompression is recommended as part of a step-
 up management scheme in the treatment of 
colonic pseudo-obstruction. The goal of endo-
scopic therapy is to access the right colon with 
minimal to no insufflation, placement of a 
decompression tube, and evacuation of gas. Most 
patients will resolve their pseudo-obstruction 
without further need for intervention and, once 
they begin to show signs of bowel recovery, will 
likely need dietary modifications and an appro-
priate bowel regimen. Additional endoscopic 
management includes percutaneous cecostomy 
tube placement. While the use of this technique 
has been controversial in the surgical community, 
there are no currently available studies which 
look at outcomes related to percutaneously 
placed cecostomy tubes specifically for colonic 
pseudo-obstruction. What we do know is that 
they are associated with a relatively high morbid-
ity rate, nearly 40%, and are fraught with compli-

cations including dislodged tube, peritonitis, 
bleeding, infection, and buried bumper 
syndrome.

In general, percutaneous cecostomy tubes are 
to be avoided if possible. Surgical intervention 
remains the last line of defense in cecal pseudo- 
obstruction [73, 74].

Approximately 10% of patients with pseudo- 
obstruction will fail conservative measures and 
progress to need for surgery. Both mortality and 
morbidity rates increase substantially for those 
patients requiring surgical intervention; thus all 
efforts to relieve the pseudo-obstruction by non-
surgical means is advised. Cecal dilation >14 cm 
and symptom duration >4 days are all associated 
with worse outcomes; however in certain 
instances, surgery cannot be avoided [75, 76].

Both surgical cecostomy and resection have 
been demonstrated in small case series to be of 
benefit, although there is no data directly com-
paring one method to the other. The choice of 
which procedure to perform will undoubtedly 
remain preference of the surgeon based on inde-
pendent patient factors and the quality of the 
involved bowel at the time of the procedure.

 Benign Stricture

There is a significant lack of published literature 
related to efficacy of treatment for benign colonic 
stricture. Given the wide variability in etiology of 
benign stricture, the exact cause of obstruction 
secondary to narrowing of the colonic lumen 
must be investigated thoroughly to rule out an 
acute process. Strictures related to an acute epi-
sode of inflammatory bowel disease such as 
Crohn’s or ulcerative colitis can usually be 
addressed with immunomodulators and steroids. 
Other causes of stricture may not be as clinically 
obvious and warrant a more extensive workup.

The preferred method for treatment of benign 
stricture, similar to pseudo-obstruction, is a step-
 up approach where surgical intervention is 
reserved for those with complete obstruction, 
evidence of perforation, and peritonitis or those 
who fail conservative therapies. Several advanced 
endoscopy techniques now exist, allowing for a 
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multidisciplinary approach to benign colonic 
stricture. Balloon dilation has been shown to be 
effective over the long term in >60% of patients 
and, although it carries a small risk of perfora-
tion, can generally be performed under light 
sedation [77].

It is considered a reasonable first step in 
patients presenting with both anastomotic and 
inflammatory strictures. Endoscopic administra-
tion of corticosteroid injections also serves as an 
adjunct to enhance the effectiveness of balloon 
dilation in Crohn’s strictures. While the true effi-
cacy has yet to be borne out in the literature, its 
theoretical benefit lies in avoiding repeat need for 
dilation.

Savary dilation is an alternative technique to 
endoscopy utilizing serial bougies over a fluoro-
scopically guided wire. Small series have sug-
gested this is a cheaper technique when compared 
to balloon dilation, and while repeated interven-
tion is occasionally necessary, most patients 
have excellent outcomes with very low-risk pro-
files [77].

Endoscopic stent placement has been a suc-
cessful approach to strictures involving the 
proximal gastrointestinal tract. Its effectiveness 
in treating colonic strictures is less convincing. 
Often used to temporize obstructive symptoms 
related to malignancy, endoscopic stent place-
ment for benign disease has not been as effec-
tive [77].

The risk of stent occlusion, migration, and 
perforation seem to outweigh any potential ben-
efit, and larger prospective trials have not been 
pursued as a result.

 Colonic Anastomosis in Open 
Abdomen

For many years, the principles of damage control 
surgery have been incorporated into treatment 
algorithms for the emergency general surgery 
population [78]. Despite their underlying funda-
mental differences, patients presenting with 
severe physiologic derangement secondary to 
late complications of intra-abdominal sepsis and 
hemorrhage often require laparotomy with imme-

diate source control and temporary abdominal 
closure similar to their trauma counterparts [79]. 
The utility of damage control principles and the 
ultimate outcome is not nearly as well studied in 
the EGS population as it has been in the trauma 
cohort. This includes abdominal closure rates and 
when is the optimal timing to restore intestinal 
continuity. The decision between colostomy cre-
ation and a colonic anastomosis has yet to be 
definitely proven in the scientific literature and 
remains largely a practice based upon surgeon- 
specific experience and judgment.

Given the paucity of data relating to these sce-
narios specifically in the emergency general sur-
gery population, evidence-based decisions must 
be extrapolated from more heterogeneous stud-
ies. In patients undergoing laparotomy for intra- 
abdominal sepsis or hemorrhage, all reasonable 
attempts should be made to avoid leaving the 
abdomen open as it is associated with significant 
morbidity and mortality. Mortality rates associ-
ated with open abdomen have been quoted as 
high as 35% in the non-trauma population with 
notable rates of severe complications such as 
enteroatmospheric fistula, intra-abdominal 
abscess, hernia, and delayed fascial closure [80]. 
While there has been concern regarding histori-
cal overuse of the open abdomen, there are cer-
tainly instances in which such a management 
scheme is necessary. Once a decision has been 
made to leave an abdomen open following intes-
tinal resection, the dilemma becomes one of 
either performing an anastomosis or creating an 
ostomy to restore continuity.

Several patient-specific factors should help 
guide the decision to create a colostomy or to 
perform a colonic anastomosis. In patients with 
significant medical comorbidities, short life 
expectancy or intra-abdominal pathology such as 
significant intra-abdominal contamination, near- 
frozen abdomen, or destructive perforations with 
significant tissue loss, colostomy creation may be 
unavoidable. Patients with persistent physiologic 
derangements such as shock state, ongoing large 
volume crystalloid or blood product resuscita-
tion, and ongoing intestinal ischemia may also 
necessitate colostomy creation given that ulti-
mate closure of the abdominal wall should be a 
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priority and occur in as timely a fashion as pos-
sible to reduce rates of complication. Abdominal 
compartments that are left open for second look 
surgery and in patients where physiologic stabil-
ity has been established, the decision to restore 
intestinal continuity is multifactorial.

In 2010, Ordonez et  al. [81] retrospectively 
analyzed a series of 112 patients undergoing lap-
arotomy for intra-abdominal sepsis. All patients 
had bowel resection performed and were man-
aged with an open abdomen with temporary 
abdominal closure. A total of 34 patients under-
went primary anastomosis, while the remaining 
78 patients had a diverting ostomy created. There 
was no significant difference demonstrated in 
hospital mortality, anastomotic leak rate, or 
development of fistula. A subsequent prospective 
analysis of 51 patients treated with open abdo-
men for perforated diverticulitis, 38 patients 
underwent primary anastomosis with the remain-
der treated with a diverting stoma [82]. The over-
all mortality rate for the study was 10% which is 
consistent across patients treated with open abdo-
men, and >75% of the surviving patients were 
discharged from the hospital with intestinal con-
tinuity restored.

Both of these studies, along with several oth-
ers, have demonstrated the relative safety of per-
forming a primary colonic anastomosis in an 
open abdomen with the condition that adequate 
source control has been obtained and the patient 
has been appropriately resuscitated without 
ongoing physiologic derangement prior to restor-
ing continuity.

For the patients who do ultimately require 
ostomy creation, surgeons must decide the opti-
mal placement within the abdominal wall. Given 
that the majority of patients undergoing laparot-
omy in a damage control scenarios are by defini-
tion an emergent procedure, very little 
preoperative planning is likely to take place. 
Hernia rates in patients requiring emergent lapa-
rotomy often exceed 20% 1 year after their initial 
surgery [83]. Many of these patients go on to 
require additional surgery, especially in those 
with colostomy creation and subsequent take-
down. These same patients are at higher risk for 
repeat laparotomy for adhesive bowel obstruc-

tions and incarcerated hernias. Complex abdomi-
nal wall reconstruction has become the mainstay 
in treatment of patients who have undergone 
multiple prior abdominal wall surgeries. The 
approach to these procedures is further compli-
cated by the various tissue planes that have been 
disrupted during prior surgery.

To the extent possible, all patients who are to 
undergo laparotomy should ideally be marked for 
ideal stoma placement preoperatively. With 
increasing preponderance of obesity in the gen-
eral population, and the difficulty in managing an 
ostomy in the outpatient setting, it is generally 
recommended that ostomies be sited above the 
belt line where abdominal wall thickness is mini-
mized and should avoid natural skin creases [84]. 
Function takes precedence over appearance and 
aesthetics. Placement through the rectus muscle 
itself assists in prevention in stoma retraction and 
development of parastomal hernias. However, 
despite best intentions, many patients with 
ostomy creation and/or takedown will go on to 
develop large, complex ventral hernias and may 
require abdominal wall reconstruction.

Thankfully, in the last decade, techniques in 
abdominal wall reconstruction and hernia repair 
have made significant advancements including 
laparoscopic and robotic approaches. While the 
presence of a prior ostomy may add a certain 
level of complexity to an abdominal wall recon-
struction, a retrospective study of 169 patients 
over 8 years showed that outcomes in abdominal 
wall reconstruction specifically utilizing a com-
ponent separation technique were no different 
between those with rectus complex violation and 
those without [85]. Being mindful and inten-
tional with ostomy siting is essential in the surgi-
cal process, but the site does not preclude 
patients from reconstruction at a later point in 
time.

 Palliative Patients

Three randomized prospective trials [86–88] 
have compared the use of stents versus diverting 
ostomies in palliative patients with obstruction 
from unresectable colorectal cancer. In general 

13 Large Bowel Obstruction



172

all three favor stents with positive effect being 
shorter hospital stays, earlier return to a diet, and 
improved quality of life. There were concerns in 
one of the studies [87] about the rate of perfora-
tions with stents, but this has not been viewed as 
prohibitive reason to avoid stents.

Overall survival in palliative patients who 
have stents placed compared to surgery has had 
mixed results. While stents have been associated 
with shorter hospital stays, lower rates of stoma 
creation, [45, 89] and an earlier start of chemo-
therapy, they have been unable to show increased 
survival. To the contrary, studies have shown 
resection of the primary tumor was associated 
with a better prognosis compared with the stent 
group [45, 90]. A mean survival rate of 15.9–
23.7 months was observed in the resection group 
compared with 4.4–7.6  months in the stent 
group.

 Conclusions

Colonic obstruction still remains a time-sensitive 
diagnosis that requires timely intervention to 
optimize patient outcomes. Endoscopic interven-
tions such as stents have increased the options on 
hand, but the evidence is not convincing enough 
to exclude the need for surgical intervention. In 
general, surgery has move toward a one-stage 
procedure with two-stage procedure being the 
exception. Adjuvants such as bowel preparation 
and diverting proximal ostomies have limited use 
and have not been associated with improved out-
comes. To the contrary primary anastomosis even 
in unprepped bowel has been shown to be safe. 
Benign disease continues to follow classic teach-
ing. Most surgeons would treat adhesive disease 
and benign strictures the same as their malignant 
counterparts. If physiology permits, left-sided 
volvulus should be decompressed to allow for a 
semi-elective surgical intervention. Given that 
right hemicolectomy with primary anastomosis is 
the treatment of right-sided volvulus, surgery 
should proceed based on patient physiology.
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leukocytosis of 26,000/L, hemoglobin of 
16  g/dL, and a high anion gap metabolic 
acidosis. CT imaging shows free fluid in an 
incarcerated incisional hernia with bowel 
obstruction. There is concern for possible 
bowel pneumatosis. There is a clear transi-
tion point in the hernia sac. No other acute 
abnormalities.

The patient is taken emergently to the 
operating room after appropriate fluid 
resuscitation where an exploratory laparot-
omy is performed. Strangulated small 
bowel is resected and primary anastomosis 
performed. The previous intraperitoneal 
mesh has been contaminated with succus. 
The decision was made not to remove the 
previous intraperitoneal mesh at the time of 
surgery. The hernia defect was assessed 
and found to be 15 cm wide and 26 cm in 
length. The remaining fascial defect was 
able to be closed, however, under tension.

Postoperative day 5, the patient devel-
ops redness and cellulitis of the incision. 
The wound is opened, and purulent mate-
rial is drained. The following day, there 
continues to be significant drainage from 
the wound which now appears bilious in 
nature consistent with an enteroatmo-
spheric fistula. CT imaging reveals fascial 
dehiscence with air and fluid surrounding 

Case Presentation

A 45-year-old male presents to the emer-
gency room with 3  days of worsening 
abdominal pain, nausea, and vomiting. He 
has a past medical history of hypertension, 
diabetes mellitus, and atrial fibrillation for 
which he takes aspirin. He has a previous 
surgical history of exploratory laparotomy 
5  years ago for perforated diverticulitis 
resulting in a Hartmann’s procedure. He 
then had colostomy reversal 6 months fol-
lowing that operation without incident. He 
developed an incisional hernia in the mid-
line and underwent laparoscopic repair 
with an intraperitoneal mesh 3 years ago.

He is tachycardic, tachypneic, and 
hypotensive. His BMI is 42, and he has a 
non-reducible recurrent midline incisional 
hernia with surrounding skin erythema. He 
is exquisitely tender over the hernia which 
is unable to be manually reduced. He has a 

© Springer Nature Switzerland AG 2022 
M. D. Zielinski, O. Guillamondegui (eds.), The Acute Management of Surgical Disease, 
https://doi.org/10.1007/978-3-031-07881-1_14

mailto:barnesste@health.missouri.edu
mailto:Beffal@ccf.org
https://doi.org/10.1007/978-3-031-07881-1_14


178

 Introduction

An abdominal hernia is defined as any defect in 
the abdominal wall. Hernias are common across 
the world, especially in the United States where 
an estimated 1 in 4 people will have a hernia dur-
ing their lifetime [1]. Defects vary in both the 
cause and location of the hernia. There were an 
estimated 2.3  million inpatient abdominal her-
nias repaired in the United States from 2001 to 
2010 [1]. The rate of acute hernia emergency var-
ies depending on age, sex, and location of the 
hernia. In the United States, rates of emergent 
incisional hernia repair averaged 10 per 100,000 
person-years from 2001 to 2010 [1]. Incisional 
hernias comprise the largest number of emergent 
repairs when compared to inguinal, femoral, or 
umbilical hernias. When performed emergently, 
hernia repairs are associated with a high recur-
rence, worse outcomes, and an increase in post-
operative complications when compared to 
elective hernia surgery [2]. Emergent hernia 
repair remains a challenging problem faced by 
general surgeons. Seemingly simple, yet surpris-
ing complex, hernia surgery remains one of the 
most debated topics in the general surgery litera-
ture. Effective repair of hernias demand expert 
knowledge of anatomy and identification of the 
correct surgical planes.

When faced with a hernia emergency, there 
are multiple decisions to consider. The foremost 
priority is to deal with the acute problem, whether 
that be obstruction, strangulation, perforation, or 
peritonitis. Emergent hernia repairs are unique in 
that there are two issues to address: the first is to 
address the immediate threat to the patient’s life 
and second to repair the hernia defect. This may 
result in a suture-only repair of the defect in the 
acute setting. Based on the size and complexity 
of the hernia, primary repair may not always be 
possible nor advisable. This begs the question, if 
a defect cannot be primarily closed, is a pros-
thetic repair favored? Patients with previous 
prosthetic hernia repairs become more complex 
and raise questions regarding management of the 
existing mesh prosthesis. These remain challeng-
ing questions for even the most experienced sur-
geons and have few straightforward answers.

Careful intraoperative decision-making is par-
amount to achieve optimal patient outcomes. The 
choice of repair becomes the focal point after 
addressing any threats to the patient’s life. Mesh 
implantation may increase infection risk- 
contaminated fields. Conversely, if no mesh is 
used, the patient’s risk of recurrent hernia and 
associated sequelae such as dehiscence may also 
be high. Further, definitive hernia repair may 
need to be delayed if a patient’s physiology dic-
tates resuscitation in the ICU. In select scenarios, 
it is in the patient’s best interest to temporarily 
manage the defect and return to the operating 
suite at a later date for definitive repair.

The aim of this chapter is to provide evidence- 
based guidance for general surgeons to address 
acute hernia emergencies safely. The chapter will 
focus on presentation and diagnostic approach to 
acute hernias, as well as describe the intraopera-
tive decision-making for different types of her-
nia. Finally, we’ll discuss the role of prosthetic 
mesh in repairing acute hernias.

 Hernia Presentation and Diagnostic 
Approach

Many patients with abdominal wall hernias are 
unaware of their existence until pain, obstruction, 
or disfigurement prompt investigation. Some will 

the intraperitoneal mesh. The patient is 
taken back to the operating room where the 
anastomosis is resected, and healthy bowel 
is anastomosed in a two-layered hand-sewn 
fashion. The previous mesh was also 
removed. The fascia was able to be closed 
with absorbable suture primarily.

The patient improves and returns 
1  month later with bulging under the 
incision. CT confirms recurrent hernia. 
The patient then undergoes abdominal 
wall reconstruction with permanent syn-
thetic mesh in the retromuscular position 
after weight loss and improved control of 
his diabetes 6  months after the last 
operation.
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cite a single physical event, following which they 
noted a bulge or sharp pain, while others may 
describe a long-standing discomfort noticeable at 
the end of each day, which resolves with rest. 
Aside from pain, nonurgent hernias cause a wide 
array of nonspecific symptoms.

Incarceration occurs when a hernia cannot be 
reduced despite attempts to return the contents to 
peritoneal cavity. Incarceration is not always a 
surgical emergency, however. Many hernias are 
chronically incarcerated as scarring and adhe-
sions develop within the hernia sac. These types 
of hernia, however, can progress acutely and 
require emergent operative intervention. 
Strangulation occurs when mesenteric blood flow 
is compromised. Mesenteric vessels, typically at 
the neck of a hernia, become compressed and/or 
twisted, leading to ischemia requiring emergency 
surgical intervention. It should be noted that 
venous outflow is obstructed first, leading to pro-
gressive venous engorgement and hastening the 
ischemic process.

Diagnosis of an acutely incarcerated or stran-
gulated hernia begins with an accurate history and 
physical examination. Like most acute processes, 
the initial presenting symptom of acute hernia is 
typically pain. Pain may be sharp or dull and is 
regularly described as a “deep” pain that worsens 
with movement, coughing, or straining. Associated 
symptoms may include nausea, obstructive symp-
toms, or fever. Clinical signs in addition to a non-
reducible bulge may include overlying skin 
changes, which often suggest strangulation. While 
a hernia may simply be defined as an abdominal 
wall defect, there are over 50 named hernias 
throughout the abdominal cavity, and each may 
present with their characteristic symptoms and 
have unique anatomy, approach, repair, and com-
plications. Groin hernias may produce radiating 
pain to the scrotum, labia, or the thigh if a femoral 
or obturator hernia is present. Parastomal hernias 
will frequently be associated with ostomy prolapse 
and obstruction. Conversely, Richter’s hernias 
commonly result in strangulation, but without 
obstruction, as they involve herniation of the 
antimesenteric border only. Spigelian hernias 
present below the umbilicus, lateral to the right 
rectus muscle. Occurring within the layers of the 
semilunar line, Spigelian hernias may not be asso-

ciated with a mass as the hernia is contained 
beneath the external oblique fascia and frequently 
as acute intestinal obstruction. Diagnosis may be 
obscured by elements of the physical examination 
such as obesity, chronic scarring, and skin changes 
or other causes. In approximately one-quarter of 
patients, physical examination will fail to eluci-
date the presence of a hernia, and in these cases, 
additional diagnostic modalities may be beneficial 
in the acute setting [3].

 Ultrasonography

Ultrasound is a viable diagnostic option for many 
patients. Inexpensive, and readily available, 
ultrasonography is widely utilized at the bedside 
by emergency department providers and surgeons 
alike. Advances in ultrasound training and exper-
tise have led to an increasing number of centers 
favoring ultrasound as an initial diagnostic imag-
ing technique for acute hernias. The sensitivity 
and specificity of ultrasound to identify hernias 
has been reported to be up to 100% and remains 
the only dynamic imaging modality readily avail-
able for emergent diagnosis. In some series, it has 
shown to be superior to computed tomography 
imaging with regard to rates of detection, cost, 
time, and interobserver reliability across those 
interpreting images [4, 5].

When not immediately visualized, the ability 
of ultrasound to identify a hernia can be improved 
with the use of the Valsalva maneuver, which will 
aid in enlarging the sac contents. However, this is 
not likely necessary with acutely incarcerated 
hernias and may produce worsening pain when 
the probe is positioned over the hernia. When a 
hernia is present, ultrasound findings include 
identification of bowel within the hernia sac, 
characterized by hypoechoic fluid within the 
lumen. Peristalsis may be seen as well and is sug-
gestive of viability. Herniated fat will appear 
hyperechoic, and pain typically will be elicited 
upon compression with the ultrasound probe. 
When a hernia can be palpated, and manual 
reduction has not been confirmed, ultrasound 
may also be utilized. Using ultrasound guidance, 
directed reduction may be attempted. This tech-
nique may aid in reduction of difficult to palpate 

14 Abdominal Wall Hernias



180

hernias, such as in obese patients, or with femoral 
or obturator hernias [6].

While ultrasound has a number of distinct 
advantages, including perfusion analysis with 
Doppler modes, it is adversely affected by obe-
sity. Obesity is one of the biggest challenges of 
using ultrasound to identify herniation. Pannus 
adipose tissue, edema, and related anatomical 
distortion make it difficult to identify landmarks 
and fascial borders. This becomes even more dif-
ficult when scanning for a suspected inguinal 
hernia [5].

 Computed Tomography (CT)

The use of CT imaging for the evaluation of 
abdominal or inguinal pain has become ubiqui-
tous. For the diagnosis of hernia, CT has shown 
to have sensitivities and specificities above 80% 
in most series [7]. Despite these numbers, CT can 
both over- and underdiagnose hernias and has 
relatively low interobserver reliability [8]. This 
presents concerns with accurate diagnosis in 
occult hernias. Acutely incarcerated hernias, 
however, will be readily apparent on CT imaging, 
with a near 100% sensitivity and specificity.

A key advantage to CT imaging is the ability 
to identify other abnormalities that may not be 
imaged with localized ultrasound, as well as pro-
vide additional information, such as the presence 
of occult contralateral hernias, hollow viscus 
anatomy, and free intraperitoneal air that may 
change the operative approach to an acute hernia 
event. Acutely incarcerated or strangulated mid-
line incisional hernias may present as a solitary 
mass and point of pain, while the underlying 
anatomy will reveal a “swiss-cheese” defect, 
with multiple hernias that may not be clinically 
palpable during initial evaluation.

In the case of a suspected but unconfirmed 
hernia, CT imaging can be utilized to character-
ize the defect and contents of the sac. This is 
especially true in the obese population. Excess 
adipose tissue may obscure not only the fascial 
defect, but edema stemming from panniculus 
morbidus may preclude palpation of the hernia 
sac and contents. Similarly, Spigelian and 

Richter’s hernias may require CT to correctly 
identify their presence.

Just as the sensitivity and specificity of physi-
cal examination can be increased by asking a 
patient to stand or Valsalva, the sensitivity of CT 
scan can be increased via prone positioning. 
Although not likely an issue in the urgent or 
emergent arena, this may prove helpful in identi-
fying occult defects, including those in the femo-
ral or obturator spaces [9].

CT findings suggestive of bowel strangula-
tion, such as thickened or hypoenhanced intesti-
nal walls, should prompt emergent surgical 
intervention. Additional findings, such as free 
intraperitoneal air, pneumatosis intestinalis, or 
free fluid are all suggestive of strangulation as 
well [10].

 Additional Diagnostic Adjuncts

While no laboratory studies exist to diagnose a 
hernia, several markers may hasten surgical inter-
vention when a clear need for emergency repair is 
not readily apparent. Acidosis, specifically lactic 
acidosis, has been shown to be predictive of 
strangulation and is commonly ordered upon 
arrival to the emergency department. Other labo-
ratory results, such as leukocytosis, elevated 
CPK, and D-dimer, have also been shown to be 
predictive of strangulation and may assist in the 
decision for emergent surgical intervention [11].

 Indications for Emergent Repair

Most literature regarding hernia repair stems 
from the elective surgical patient. Patients pre-
senting to the emergency department with easily 
reducible hernias are unlikely to require emer-
gent operation. If concern for reduction in masse 
exists, then admission with serial examination 
may be warranted. This rare instance occurs 
when the external hernia sac and contents are 
reduced from their initial position, into the pre-
peritoneal space. The hernia appears reduced 
externally; however the incarcerating scar/orifice 
remains and can still lead to strangulation and 
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thus warrants repeat examinations. Otherwise, 
patients should undergo risk factor modulation, 
such as glucose and nutrition optimization, smok-
ing cessation, weight loss, and cardiovascular 
optimization in preparation for elective repair. 
Hernia patients who present with acute incarcera-
tion or strangulation require urgent or emergent 
operative intervention.

Obvious indicators of strangulation, such as 
hemodynamic instability, acidosis, peritonitis, or 
skin necrosis, warrant emergent surgical inter-
vention. Fortunately, most patients do not present 
in extremis. Classically, the quartet of fever, con-
tinuous pain, tachycardia, and leukocytosis have 
been used to determine if strangulation is present. 
While predictive, this specific constellation of 
symptoms rarely present together. The decision 
to operate is often complicated by distractors, 
such as patient age and comorbidities. It is cru-
cial for the acute care surgeon to acknowledge 
that delay to surgical intervention in the setting of 
a possible strangulated hernia is linearly associ-
ated with worse outcomes. Early surgical inter-
vention is warranted whenever there is a concern 
for strangulation [12, 13].

Barring overt signs pointing to the need for 
emergent operation, surgeons must distinguish 
between incarceration, strangulation, and 
obstruction. This may not be abundantly clear 
and highlights the importance of holding a high 
index of suspicion. When in doubt, patients 
should proceed to the operating room as soon as 
feasible. In select settings, a brief resuscitation 
period may be employed. This allows for a safer 
approach in the operating room and limits dire 
events during anesthetic induction. It should be 
noted, however, that resuscitation should not pre-
clude nor delay operative intervention when 
strangulation is suspected or confirmed.

 Groin Hernia

Most acute groin hernias are direct and indirect 
inguinal hernias and are most commonly identi-
fied in either young or elderly men. Often accom-
panied by a history with recent straining or heavy 
lifting, inguinal hernias are typically easier to 

diagnose than other groin hernias. Classically, 
obturator and femoral hernias occur in thin, 
elderly, multiparous women and are associated 
with vague thigh or pelvic pain. Physical exami-
nation may demonstrate a bulge below the ingui-
nal ligament in femoral hernias. Due to 
nonspecific symptoms, obturator and femoral 
hernias frequently present with delayed diagnosis 
and strangulation. As such, both of these rela-
tively rare groin hernias have disproportionately 
high-mortality and morbidity [14, 15]. Acutely 
incarcerated or strangulated groin hernias require 
surgical intervention emergently. No viable non-
operative treatment options exist. Unfortunately, 
surgical intervention is not always a simple 
answer. Entire texts exist describing the various 
methods of surgical management of groin her-
nias. Here we’ll focus on several widely utilized 
techniques.

 Surgical Approach

In the case of bowel strangulation, a bowel resec-
tion must be performed with viable margins. This 
can prove challenging with inguinal hernias 
because of incisional limitations and relatively 
narrow hernial orifices found in many inguinal, 
femoral, and obturator hernias. Via a standard 
inguinal incision, whether that be suprainguinal 
or infrainguinal, it is at times possible to deliver 
viable bowel through the existing hernia defect 
and perform adequate resection and anastomosis. 
In many instances, the hernia orifice must be 
enlarged to perform resection. It is important to 
delineate the anatomical structures when per-
forming this maneuver to avoid potential compli-
cations. This is especially important with femoral 
hernias, as division of the iliopubic tract or the 
inguinal ligament may be required. In this region, 
it is also critical to avoid injuring the femoral 
vein, which can be difficult to identify secondary 
to scarring and acute inflammation.

After freeing viscera from the hernia defect, 
viability must be assessed and resection performed 
as necessary. Multiple variables determine the 
ability to perform anastomosis via the inguinal 
incision, including defect size, bowel mobility, 
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concomitant intra-abdominal adhesions, and sur-
geon skill. When anastomosis cannot be performed 
through the groin, it can be accomplished via a 
transabdominal approach with standard anasto-
motic techniques. Some published series show up 
to a 20% need for laparotomy with strangulated 
inguinal hernias requiring resection [16, 17]. 
Laparoscopy is an option for stable patients, and 
success is largely dependent upon individual sur-
geon skill and experience.

In the case of peritonitis or severe abdominal 
pain, perforation may have already occurred. 
Abdominal pain is associated with perforation 
and necrosis within the abdominal cavity. This 
presents surgical approach dilemma. The hernia 
must be addressed, as well as the intra-abdominal 
contents. For stable patients, a laparoscopic or 
robotic approach to the abdomen is an excellent 
option to evaluate bowel viability. This may be 
combined with a minimally invasive groin hernia 
repair when viable bowel is identified and there-
fore should be considered as the first approach in 
the operating room. If non-viable bowel is identi-
fied, resection can either be performed via a 
transabdominal approach laparoscopically or 
open.

Following bowel and resection repair, the next 
step is to complete repair of the hernia defect. 
Bassini’s hernia repair technique continues to stand 
the test of time. In 1866, Eduardo Bassini suffered 
a serious groin wound and subsequently developed 
a fistula. His personal interest in hernia repair 
became his legacy, as he studied with Billroth and 
pioneered the tissue repair that now bears his name. 
The Bassini repair involves thorough dissection of 
the inguinal region and begins by opening the 
inguinal canal. Dividing the cremaster fully 
exposes the deep ring and allows for dissection in 
the preperitoneal space. Bassini’s classic repair 
involves suturing the internal oblique, transversus 
abdominis, and transversalis fascia to the shelving 
edge of the inguinal ligament.

The Shouldice method of inguinal hernia 
repair has proven to have low recurrence rates 
and low rates of complication. Developed in the 
1940s, it has been refined and modified several 
times, and is often referred to as the “modernized 
Bassini repair,” despite distinct differences. 

Namely, the Shouldice method involves a four- 
layered reconstruction with two running sutures 
that imbricate the tissue. The layers are sutured 
medial-to-lateral and back again, imbricating 
four layers within the two suture lines [18].

While these operations have been a mainstay 
of surgical training for decades, the techniques 
are rarely employed electively and often per-
formed incorrectly. Many surgeons simply 
approximate tissue bundles located cranially, to 
tissue bundles located caudally. This not only 
results in an anatomically incorrect repair, but 
one which has high rates of recurrence and com-
plication. It is therefore critical to meticulously 
dissect and identify the layers of the abdominal 
wall and inguinal canal. Commonly dubbed the 
“complete dissection,” exposure of these individ-
ual elements (internal oblique, transversus mus-
cle, and transversalis fascia) will result in 
approximation of the correct tissue layers. 
Another common misstep is identifying the 
shelving edge of the inguinal ligament too super-
ficially. This can result in a sheet-fold configura-
tion and will result in a closed but potential space 
for hernia recurrence. Again, full dissection pre-
cludes this common pitfall. With the external 
oblique retracted caudally, the deepest portion of 
the inguinal ligament is exposed with the femoral 
sheath. The iliopubic tract, lacunar, and Cooper’s 
ligaments can then not only palpated, but visual-
ized. This will prevent suture placement in the 
incorrect and superficial fold of the inguinal 
ligament.

For femoral hernias, McVay’s repair is typi-
cally performed [19]. Another variation on 
Bassini’s repair, McVay, sutured the internal 
oblique, transversus muscle, and transversalis 
fascia to Cooper’s ligament. This maneuver 
closes the space medial to the femoral vessels, 
preventing recurrent femoral herniation. 
However, to accomplish this, the medial portion 
of the iliopubic tract must be excised lateral to 
the vessels toward the lacunar ligament, thus 
exposing Cooper’s ligament and proper suture 
placement. This move should be made with trepi-
dation to avoid dividing the inguinal ligament or 
lacerating the femoral vein. While recoverable, 
both technical complications can result in signifi-

J. A. Quick et al.



183

cant morbidity if not properly addressed. 
McVay’s repair is often more difficult to perform 
secondary to untoward tension and may require a 
relaxing incision on the rectus muscle. In fact, 
many surgeons routinely do a relaxing incision 
for all but the smallest hernia defects.

Developed in the 1980s, the Lichtenstein 
repair involves anterior placement of and recre-
ation of the deep inguinal ring with nonabsorb-
able prosthetic mesh. This technique is the most 
common method of elective open inguinal hernia 
repair today. Lichtenstein tension-free hernio-
plasty is considered by many surgeons and hernia 
societies to be the criterion standard for elective 
open inguinal hernia repair due to its low recur-
rence and complication rate [20, 21]. The tech-
nique may be modified for femoral herniorrhaphy 
by suturing the inferior edge of mesh to Cooper’s 
ligament instead of the inguinal ligament. 
Additional modifications must also be made to 
accomplish femoral herniorrhaphy, such as excis-
ing a portion of the iliopubic tract. The decision 
to use prosthetic mesh is complex and is dis-
cussed later in this chapter.

Minimally invasive approaches to acute groin 
hernias should be considered for stable patients. A 
common fear of laparoscopy with acutely incar-
cerated hernias is the inability to reduce the hernia 
contents. In one series of over 300 patients oper-
ated on for acute incarceration and strangulation, 
only 6 required conversion to an open  procedure to 
complete the operation [22]. This suggests most 
hernias can be reduced and resections performed 
laparoscopically or robotically. Another common 
issue is the hernia repair itself. Laparoscopic and 
robotic techniques sans mesh are not viable 
options in the adult patient, and therefore fear of 
mesh infection often precludes surgeons to employ 
minimally invasive techniques. However, as dis-
cussed later in this chapter, mesh infection is a 
relatively rare occurrence [23].

 Ventral Hernia

Ventral hernias may occur spontaneously, as the 
result of congenital defects, or following surgery, 
and include all anterior abdominal wall hernias. 

When ventral hernias result in an acute surgical 
issue, such as acute obstruction, incarceration, 
and strangulation, a thorough history is para-
mount. Very often, patients may have had previ-
ous hernia repairs, prosthetics, and multiple 
surgical procedures that have the potential to 
change the surgical approach. Additionally, pre-
operative imaging can be helpful in planning. 
Symptoms of acute incarceration and obstruction 
are similar to those seen with other hernias and 
include pain, a palpable mass, and obstructive 
symptoms. Likewise, patients with compromised 
vascular flow may present in extremis and unsta-
ble and represent a true surgical emergency.

 Surgical Approach

Both minimally invasive and open techniques are 
commonly employed for acutely incarcerated 
and strangulated ventral hernias. As the dominant 
approach for many decades, open approaches 
offer more familiar tissue reconstruction tech-
niques and thus remain a popular option for many 
surgeons.

Large ventral hernias rarely present with 
strangulation, but are frequently chronically 
incarcerated. Despite their chronic nature, surgi-
cal emergencies occur and are often obstructive 
in nature. Acute incarceration with obstruction 
typically requires operation on an urgent basis, 
but without clear signs for operation, it may be 
prudent to pursue nonoperative means initially. 
These include nasogastric decompression, noth-
ing per mouth, intravenous resuscitation, and fre-
quent ambulation. Worsening pain, acidosis, 
tachycardia, leukocytosis, or skin changes should 
prompt timely surgical intervention.

Incisional hernia approaches should begin just 
superior or inferior to the border of the existing 
scar, in order to gain peritoneal entry with mini-
mal adhesions. Many surgeons will start superfi-
cially and excise the entirety of the existing scar 
just under the dermis and then begin deeper dis-
section in an untouched tissue plane. This is a 
safe method to gain open access to the abdomen 
and limits iatrogenic visceral injury. Care should 
be taken with electrocautery, and a combination 
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of sharp and controlled blunt techniques are rec-
ommended for the subcutaneous dissection and 
exposure of the hernia sac. Electrocautery vis-
ceral injuries can be occult and the extent of 
injury difficult to ascertain, increasing the risk for 
delayed complications to arise in the days follow-
ing operation. Transverse or incisional hernias 
located off-midline present unique entry and 
repair challenges. It is generally best to utilize the 
existing scar as a guide. There are instances, 
however, where a hernia located at a previous 
stoma site, for example, is best approached via a 
midline laparotomy given its proximity to the 
midline.

Once the hernia sac is exposed circumferen-
tially, the dissection is carried down to the intact 
fascia. The hernia sac is then opened and contents 
examined. Adhesiolysis should be done sharply, 
with limited use of blunt techniques or electro-
cautery. Blunt adhesiolysis, while effective for 
loose adhesions, can lead to unnecessary visceral 
injury when dense scar tissue is encountered. If 
resection is required, standard techniques of 
resection and anastomosis are applied.

Regarding minimally invasive approaches, 
abdominal entry should be gained in an untouched 
plane. There is no evidence favoring one entry 
technique over another and should be based upon 
surgeon preference and experience [24]. One of 
the main issues limiting minimally invasive 
 surgery in the acute setting is surgeon skill with a 
potentially difficult lysis of adhesions associated 
with acutely incarcerated, obstructed, or strangu-
lated hernias. Bowel distension frequently limits 
visualization and is commonly cited as a reason 
for conversion to an open operation. Moreover, 
laparoscopic lysis of adhesions has a significantly 
higher rate of enterotomy creation than do open 
techniques. A missed enterotomy can be a devas-
tating complication. Therefore, minimally inva-
sive approaches should be considered carefully. 
One study found that laparoscopic adhesiolysis 
was safest in patients with less than three lapa-
rotomies and whose small bowel diameter was 
less than 4 cm [25].

Repair of the acute ventral hernia can simi-
larly be approached via open or with minimally 
invasive techniques. Like groin hernias, the 

inability to reduce the hernia, perform a resection 
when necessary, and complete a prosthetic repair 
laparoscopically or robotically causes much con-
sternation among surgeons. It is important for 
surgeons to address both their own limitations 
and the limitations arising from patient factors 
(obesity, bowel dilatation, gross contamination) 
when choosing surgical approach.

Tissue repair of elective ventral hernia repair 
has largely been replaced by prosthetic repair due 
to decreased recurrence and relatively low com-
plication rates with mesh prosthetics [26]. Details 
regarding mesh are included later in this chapter. 
For patients with gross contamination or estab-
lished peritonitis, mesh is ill-advised, as the infec-
tion rates are higher than most would be willing to 
accept. For those patients, a tissue repair should 
be completed, with or without absorbable mesh. 
Small defects (<3 cm) may not require additional 
flap creation or absorbable prosthetic and can 
likely be repaired via a simple suture technique 
[11]. There is no clear superiority of interrupted 
over running suture nor a specific suture material 
used in these techniques [27].

For larger defects requiring repair in contami-
nated and dirty surgical fields, absorbable mesh 
may be considered to aid in bridging the gap. 
There is some debate regarding the utility and 
long-term outcomes of these meshes and is cov-
ered in more detail later in this chapter. Tissue- 
only methods have been well-described for many 
years. Timing of reconstruction is often debated. 
Some surgeons claim advanced repairs should be 
done early, prior to development of a larger 
defect, while others initially repair with absorb-
able mesh or temporary closure and then return to 
place synthetic nonabsorbable mesh as part of the 
delayed definitive repair months later [28].

Larger defects and hernia sacs typically 
require large dissections. This may result in cre-
ation of potential spaces within the abdominal 
wall during closure, putting patients at risk for 
seroma formation and surgical site events. Many 
surgeons utilize drains in the subcutaneous space 
or above mesh when the fascia is unable to be 
reapproximated. Despite the widespread use of 
drains, there is sparse evidence supporting the 
practice, and in some series, infection rates are 
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higher in patients with drains in place [29–31]. 
Suture approximation of skin and subcutaneous 
flaps is also frequently done, but with similar 
results [32]. Additional component separation 
techniques (either posterior or anterior based) in 
the acute setting for large hernia defects (> 10 cm 
wide) are not well studied. In our experience, 
these surgical approaches are not advisable given 
the significant additional operative time, increase 
risk for wound complications, and reducing 
options for recurrent hernia repairs in the future 
should the acute hernia repair fail.

In select instances, such as hemodynamic 
instability, it may be prudent to leave the incision 
open [11]. Patients in shock with hemodynamic 
compromise secondary to sepsis are at high risk to 
develop compartment syndrome and may not be 
able to be closed at the first operation. In this rare 
occurrence, surgeons should strive to achieve clo-
sure at the earliest possible time to avoid the 
sequelae of the open abdomen, such as enteroat-
mospheric fistulae [33]. When leaving the wound 
open, several options exist for temporary cover-
age. Commercial varieties, including hook-and- 
loop closures (Wittmann Patch, Starsurgical Inc., 
Burlington, WI) and negative pressure dressings 
(Abthera™, KCI USA, Inc., San Antonio, TX), 
may assist in temporary closure. Great care should 
take place to avoid enteroatmospheric  fistula 
development. Negative pressure wound therapy, 
while effective, can result in dressing erosion and 
fistula formation. Specially designed dressings 
are available, but do not eliminate the risk of fis-
tula. Surgeon-created devices typically involve 
placing a plastic barrier (X-ray cassette drape, 
slush drape, or IV fluid bag) placed over the vis-
cera, with a towel or dressing as the next layer. A 
complex vacuum-sealed external dressing to man-
age ascites and fluid may then be utilized [34]. 
Negative pressure wound dressings have shown 
improved closure rates, as well as lessened times 
to closure, and are the preferred method to address 
open abdominal wounds [35, 36].

Large defects or defects unable to be closed at 
the initial operation will require abdominal wall 
reconstruction in the elective setting. Posterior- 
based component separation techniques are pre-
ferred over anterior approaches due to favorable 

closure rates with low risk of recurrence. The 
transversus abdominis release (TAR) technique 
has gained popularity in recent years due to its 
ability to reestablish domain with tissue recon-
struction. The TAR is indicated for large hernia 
defects that cannot be closed with traditional 
approaches, in patients with noncompliant 
abdominal walls or in those with multiply recur-
rent hernias leading to large aggregate defects. 
Also referred to as a posterior component separa-
tion, it is associated with low recurrence rates and 
morbidity [37, 38]. Evolving from the work of 
Rives and Stoppa, the TAR involves creation of 
the retrorectus space by dissecting the posterior 
sheath away from the overlying rectus muscle. As 
the dissection extends laterally, the neurovascular 
bundles are identified and preserved, while the 
posterior sheath is incised medial to the semilu-
naris. The transversus abdominis is then divided, 
and the transversalis fascia advanced en bloc 
with the posterior rectus sheath. After completing 
this bilaterally, the medial cut edges of the rectus 
sheath leaflets are approximated. Mesh may be 
placed in the retromuscular space, further 
strengthening the repair. The TAR technique is 
capable of gaining 8–12 cm of distance toward 
the midline bilaterally. This equates to native tis-
sue coverage of up to a 24 cm defect and is thus 
our method of choice when addressing large 
defects.

Anterior component separations continue to 
have a role for the modern acute care surgeon. 
Several variations exist: the two most common 
being external oblique only and the posterior rec-
tus sheath and external oblique release [39]. 
Ramirez popularized anterior component separa-
tion in 1990 by releasing both the posterior rectus 
sheath from the rectus muscle dividing the exter-
nal oblique muscle which allow myofascial 
advancement of the abdominal wall for a tension- 
free closure for large midline hernia defects [38]. 
There are several advantages and disadvantages 
to anterior component releases. Major advan-
tages include extraperitoneal mesh placement 
and can be an alternative approach for large 
recurrent hernias that have previously undergone 
a posterior component separation now with recur-
rence. Disadvantages include raising lipocutane-
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ous skin flaps, which are prone to seroma 
formation and skin necrosis, and have higher 
rates of SSI compared to posterior component 
separation techniques [40]. These wound issues 
were mitigated by the advent of endoscopic 
release of the external oblique fascia which saved 
the creation of large lipocutaneous flaps. While 
this approach has been shown to be successful, 
however, the growing popularity of the TAR 
approach, these have been utilized less. Both of 
these complex reconstructive techniques have 
little utility in the acute setting. While in ideal 
conditions, it may be feasible to perform a com-
plex repair, often the physiology of the acute set-
ting prevents complex tissue reconstruction.

 Parastomal Hernia

It is not surprising that stoma creation has a high 
likelihood of resulting in hernia formation, with 
reported incidence of more than 50% in some 
series [41]. The very nature of stoma maturation 
deliberately creates a hernia. Multiple methods 
have been proposed to avoid herniation of other 
bowel loops or organs, including circumferential 
fascial suture placement and prophylactic mesh. 
One of the most important points regarding 
 parastomal hernias is location of the ostomy site 
and occurs long before hernia development. 
Most, if not all, ostomies created through the 
semilunaris will result in a hernia. When vio-
lated, this key anatomical landmark will almost 
always result in hernia formation. Only in rare 
instances should an ostomy be placed lateral to 
the rectus muscle.

In patients with parastomal hernias who pres-
ent acutely, obstructive symptoms are common. 
Additionally, patients may present with prolapse, 
leaking/poorly fitting appliances and/or pain. 
Initial evaluation should be to evaluate the viabil-
ity and patency of the stoma. In cases of acute 
incarceration without the ability to perform ade-
quate taxis, operative repair should follow.

Classically, patients underwent ostomy trans-
plantation to a new location within the abdominal 
wall. In the setting of perforation, established 
peritonitis, and gross contamination, this is still 

the most viable option, as simple suture repair 
has an unacceptable recurrence rate. When viable 
bowel is identified, and the hernia can be reduced, 
one of two prosthetic repairs should commence. 
The keyhole technique has been utilized for many 
years and involves splitting the mesh around the 
stoma and suturing it to the fascia. While a popu-
lar method, recurrence remains relatively high. 
First described in 1980, Dr. Sugarbaker’s tech-
nique involves placement of intraperitoneal 
mesh, from which the proximal aspect of the 
ostomy protrudes from the side. This technique is 
widely utilized both for hernia repair and prophy-
lactically at the time of ostomy creation.

 Hernia in Cirrhotic Patients

Increased intra-abdominal pressure and malnutri-
tion contribute to the high incidence of hernias in 
patients with cirrhosis. Ideally, these hernias 
would be approached electively, with optimiza-
tion of hepatic function and ascites prior to a sur-
gical emergency [42, 43]. Hernias in cirrhotic 
patients tend to enlarge rapidly and frequently 
lead to complications and worsened outcomes 
[44] (Fig.  14.1). Even with emergent surgical 

Fig. 14.1 Acutely strangulated umbilical hernia in a 
patient with cirrhosis
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intervention, a ruptured umbilical hernia in a 
patient with cirrhosis can have up to a 20% mor-
tality. Without surgery, mortality approaches 
80% [45, 46].

Following initial resuscitation of a patient 
with cirrhosis with concomitant complicated her-
nia, surgeons should consider preoperative man-
agement of ascites as it will influence early and 
late complications. Transjugular intrahepatic por-
tosystemic shunt (TIPS) is an effective method to 
decrease portal hypertension. There is evidence 
showing improved wound complications and 
long-term outcomes with urgent repair of com-
plicated hernias in cirrhotic patients when preop-
erative TIPS is employed [47]. Selected patients 
who meet criteria with ruptured umbilical hernias 
and cirrhosis should undergo urgent evaluation 
for liver transplant [48].

Most surgeons prefer an open approach to 
acute hernias in patients with cirrhosis. Large- 
volume ascites generally preclude adequate visu-
alization via minimally invasive techniques. In 
the presence of skin necrosis or leaking ascites 
requiring wound management, the benefit of 
minimally invasive approaches is less likely. 
Similar to other acute hernias, the initial manage-
ment should be directed at addressing potential 
life threats and performing resection as  necessary. 
Ascites present at the time of operation should be 
drained intraoperatively while being cognizant of 
expected fluid shifts in the setting of large- 
volume ascites evacuation. Traditionally, acute 
hernias were repaired with nonabsorbable suture; 
however there is evidence that mesh is safe and 
decreases recurrence in the presence of cirrhotic 
ascites [44, 49]. We recommend utilizing mesh, 
except in the instance of bacterial peritonitis or 
gross contamination as outlined later in the chap-
ter. No evidence exists as to the ideal position of 
mesh placement, but as in other hernias, we rec-
ommend placing mesh in the extraperitoneal sub-
lay position.

Intra-abdominal drains are a simple and effec-
tive means to accomplish decreased abdominal 
pressure postoperatively. We routinely place a 
closed suction drain into the peritoneum and 
leave it in place until the drainage decreases or 
enough time has lapsed to allow for adequate 

wound healing [50]. Drains should be placed 
through the abdominal wall in a “Z” fashion, pen-
etrating the fascial layers at angles to one another, 
with a long subcutaneous component to reduce 
leakage following drain removal.

 Flank Hernia

Lateral abdominal wall defects remain a chal-
lenging problem due to the complex anatomy and 
proximity of the hernia defect to bony structures. 
Lateral abdominal wall hernias are classified into 
four main locations as defined by the European 
Hernia Society Classification Guidelines: sub-
costal (L1), flank (L2), iliac (L3), and lumbar 
(L4) [51]. The true risk of incarceration is 
unknown due to the rarity of lateral abdominal 
hernias. Only case reports exist with strangula-
tion, incarceration, or obstruction [52]. Flank 
hernias with a wide neck may have a low risk of 
incarceration or obstruction [53].

Surgical approach can be performed open or 
utilizing a minimally invasive approach depend-
ing on the comfort and skill set of the surgeon. 
There are very few medical trials focusing on lat-
eral abdominal wall defects; however, mesh 
should be used for a definitive repair when appro-
priate. Mesh can be placed preperitoneal or intra-
peritoneal using open, laparoscopic, or robotics 
approaches. Closure of the defect is preferable; 
otherwise eventration of the mesh and abdominal 
wall bulging is common. Patient expectations 
should be managed preoperatively. It is uncom-
mon to regain a truly symmetric result following 
repair of these hernias. Often, the lateral abdomi-
nal musculature does not engage or contract in a 
similar fashion as the unaffected side due to some 
degree of muscular denervation, which creates an 
asymmetric abdominal figure.

Due to the paucity of literature, outcomes for 
flank hernias vary widely. Recurrence rates fol-
lowing open repair range from 0 to 15% [54, 55]. 
Laparoscopic approaches tend to have a lower 
recurrence rates, lower wound complications, 
and shorter lengths of stay [56]. Currently, there 
are no studies evaluating the efficacy of robotic 
surgery in the setting of flank hernia repairs.
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In the emergent setting, similar goals as 
described previously for other hernia repairs 
remain true for the flank hernias. The first priority 
is to correct the emergent life-threatening issue. 
Primary closure of the hernia defect should fol-
low. If defect closure is not possible, then a bridg-
ing absorbable or biologic mesh would be the 
next preferred option. Traumatic flank hernias do 
not necessitate immediate repair in and of them-
selves unless presenting with a life-threatening 
problem such as evisceration. Traumatic flank 
hernias can typically be managed nonoperatively 
in the acute setting and addressed later after the 
patient recovers from their injuries. Bender et al. 
describe their experience with traumatic flank 
hernias resulting from high-speed blunt trauma. 
Although rare, the few hernias that were repaired 
at time of laparotomy had a high recurrence and 
complication rate [57]. A recent metanalysis of 
traumatic flank hernias show no significant dif-
ference between early and late repair, although 
recommendations were weak due to the low qual-
ity of the studies [58]. Elective repair of flank 
hernias have been shown to have high success 
rate with low postoperative complications [59]. 
Traumatic flank hernia repair should be delayed 
in lieu of elective repair once patient is recovered 
from their injuries when possible.

Fixation of mesh, if used, can be challenging 
given the confinements and anatomy of the lat-
eral abdominal wall. Retroperitoneal structures 
including ureter, nerves, and major vasculature 
need to be considered when performing mesh 

fixation. One unique fixation method in lateral 
abdominal defects remains bone anchor fixation 
particularly to the iliac crest or the pubic bone. 
This can be a very useful and strong point for 
mesh fixation, especially if your ability for ade-
quate mesh overlap at the time of surgery is lim-
ited [60]. Bone anchors are made by several 
various third-party vendors; Fig.  14.2 depicts a 
Mitek bone anchor system by Johnson and 
Johnson.

 Mesh Characteristics

The ideal hernia repair is one that is durable with 
minimal morbidity to the patient. Unplanned and 
emergent hernia repairs carry a significant 
increase in both perioperative morbidity and 
mortality when compared to elective hernia 
repairs [61, 62]. Mesh implantation is associated 
with the highest rates of both short-term and 
long-term complications, including infection, 
chronic pain, and abnormal wound healing [63]. 
When operating in an emergent setting, the 
choice to use mesh or a tissue-based repair is a 
frequent dilemma that is not easily reconciled. 
The risks and benefits to the patient need to be 
carefully weighed and several clinical factors 
contemplated prior to making that decision. 
However, if the surgeon proceeds with a mesh- 
based hernia repair, there are several key mesh 
characteristics that warrant consideration.

Hernia mesh is described using four main 
descriptors: mesh material, pore size, weight, and 
barrier coating. Mesh materials fall into several 
broad categories: synthetic permanent, biologic, 
and synthetic absorbable. Synthetic permanent 
mesh is comprised of three main polymers: poly-
propylene (PP), polyester (PE), or expanded 
polytetrafluoroethylene (ePTFE). Polypropylene 
is a monofilament material that is inert and under-
goes little oxidation [64]. Polyester can be either 
monofilament or multifilament. Biologic meshes 
are collagen-rich materials derived from either 
human, porcine, or bovine sources [65]. ePTFE is 
a permanent synthetic laminar mesh that carries 
an excellent anti-adhesion profile, yet due to its 
lack of pores, it makes it unacceptably suscepti-Fig. 14.2 Bone anchor fixation for flank hernia repair
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ble to infection. Its use in emergent or acute her-
nia repairs has no role and should be avoided 
[66]. Synthetic absorbable meshes are typically 
porous and designed to completely absorb over 
time. These include poly-4-hydroxybutyrate 
(Phasix™, Davol Inc., Warwick, RI) [67] and 
polyglactin-910 (Vicryl®, Ethicon, New 
Brunswick, NJ).

Pore size describes the amount of space not 
comprised by mesh material. These are grossly 
categorized into three groups: macroporous, 
microporous, and laminar. Macroporous mesh is 
usually considered >75 μm, while <75 μm is con-
sidered microporous. Laminar meshes have no 
pores and are rather a flat sheet. An example of 
laminar mesh is ePTFE. The importance of this 
characteristic comes with the ability for macro-
phages to clear bacteria from mesh. Microporous 
meshes have increased foreign material density 
and make it more difficult for macrophages to 
clear bacteria from the mesh itself. Whereas, 
macroporous meshes by definition have greater 
space between the material thus reducing foreign 
material burden and allowing macrophages better 
access to any bacterial contamination and thus 
perform better in contaminated settings. Laminar- 
based meshes, such as ePTFE, are the most 
 susceptible to infection with the lowest ability to 
clear bacteria due to its laminar construct.

The location of mesh placement within the 
abdominal will determine if a coated or non- 
coated mesh is warranted. If a mesh is placed out-
side the peritoneal cavity, then an uncoated mesh 
is preferable, whether this be a preperitoneal, ret-
romuscular, or onlay based repair. Alternatively, 
any synthetic mesh placed against the visceral 
contents would benefit from an anti-adhesion 
barrier coating in order to separate the mesh 
material from the abdominal organs. The barrier 
coating is a main reason why intraperitoneal 
mesh has a very low salvage rate if a mesh infec-
tion were to occur [68]. This addition of a barrier 
coating material alters mesh composition and 
interferes with the ability to clear mesh from bac-
terial contamination, thus limiting its ability to be 
used in contaminated settings [69]. Additionally, 
the barrier coating can consist of a separate mesh 
material itself, such as ePTFE. These “compos-

ite” meshes can have excellent anti-adhesive pro-
files [70].

There are multiple characteristics to consider 
when choosing a mesh for hernia repair. The 
choice of mesh product should be dictated by the 
clinical scenario and goals of the operation. Each 
mesh construct has advantages and disadvan-
tages, and it is vital to have a basic understanding 
of the mesh material so that a suitable mesh can 
be placed in the appropriate clinical setting.

 Permanent Synthetic Mesh

The choice to use permanent synthetic mesh in 
the acute setting continues to evolve with grow-
ing support in the medical literature. Macroporous 
mesh withstands contaminated settings well due 
to the large pores being able to be cleared by 
macrophages of any potential bacterial contami-
nation. Similarly, a multifilament mesh has more 
difficulty with bacterial clearance due to the 
microstructure of the strands being woven 
together. Thus macroporous, monofilament syn-
thetics may be the best choice for contaminated 
fields.

Mesh location is important as well. Inlay 
mesh, sewn to the edges of the defect, should be 
avoided when possible due to the extremely high 
recurrence rates. Onlay mesh placed on the ante-
rior surface of the fascia, outside the abdominal 
cavity has also been associated with high recur-
rence rates. Sublay mesh can be broken down 
into three sub-positions, retromuscular, preperi-
toneal, and intraperitoneal, and is the most 
desired location.

When a hernia emergency is encountered, 
there is often ischemia, perforation, or contami-
nated fluid within the hernia sac or abdominal 
cavity due to translocation of intestinal flora. 
Traditionally, these contaminated settings have 
been a contraindication to use permanent syn-
thetic mesh for hernia repair. Recent studies have 
shown there to be at least safe use of synthetic 
permanent macroporous monofilament mesh in 
an extraperitoneal position, either retromuscular 
or preperitoneal sublay, with outcomes similar to 
elective hernia repairs [71–75]. Even laparo-
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scopic intraperitoneal onlay mesh (IPOM) can be 
used in the clean-contaminated settings in select 
clinical scenarios such as laparoscopic cholecys-
tectomy and hysterectomy without increased risk 
to the patient [76]. However, given the altered 
properties of intraperitoneal mesh constructs and 
their limited salvageability, their use in grossly 
contaminated fields should be avoided [77].

Uncoated, macroporous, midweight, monofil-
ament permanent mesh placed in an extraperito-
neal sublay position remains a safe choice for the 
management of the acute hernia emergency, even 
in contaminated settings. Permanent synthetic 
mesh produces lower recurrence rates and similar 
postoperative morbidity to absorbable or biologic 
mesh in a contaminated field [65]. Table  14.1 
summarizes several studies that highlight the use 
of permanent synthetic mesh in the contaminated 
setting with reported outcomes.

 Absorbable Synthetic Mesh

Similar to biologic mesh, absorbable mesh is an 
attractive adjunct because it eventually absorbs 
and leaves no permanent foreign material in situ. 
These mesh constructs are most commonly made 
from one of two materials: poly-4- 
hydroxybutyrate (Phasix™, Davol Inc., Warwick, 
RI) [67] and polyglactin-910 (Vicryl®, Ethicon, 
New Brunswick, NJ). Both these materials pro-
vide temporary scaffolding to allow collagen 
deposition within the abdominal wall. Polyglactin 
910 mesh has been available for decades; how-
ever, it should not be considered a viable option 
for definitive hernia repair. A newer absorbable 
biosynthetic mesh has recently gained popularity 
which is constructed of poly-4-hydroxybutyrate 
[78]. This can be formed into woven polymers 
that are similar in feel to a plastic material.

Poly-4-hydroxybutyrate (PHB) has recently 
been advocated for use in contaminated complex 
abdominal wall reconstruction. While there is a 
paucity of evidence to support its use in these set-
tings, however, there are some reports. Roth et al. 
found a similar hernia recurrence rate and wound 
complication rates when using poly-4- 
hydroxybutyrate in the retromuscular position to 

permanent synthetic mesh at 18  months [79]. 
Mess et  al. also found a similar rate of hernia 
recurrence and wound complications when com-
pared to synthetic mesh using poly-4- 
hydroxybutyrate in abdominal wall reconstruction 
on long-term follow-up [80]. Given the similar 
outcomes between permanent synthetic mesh and 
PHB, the additional and significant cost of PHB 
would not seem to be clinically justified even in 
contaminated settings. Furthermore, there are no 
long- term studies supporting its use, which may 
show a significant increase in hernia recurrence 
rate after 5 years since the complete absorption of 
PHB is 18 months [81].

Absorbable synthetic mesh remains contro-
versial, but does have several attractive qualities, 
namely, biodegradation over time. There is a sig-
nificant increase in cost with these products when 
compared to permanent synthetic mesh. Further 
studies are clearly warranted on these products; 
however, poly-4-hydroxybutyrate does appear to 
have at least comparable outcomes after hernia 
surgery to permanent synthetic mesh.

 Biologic Mesh

Biologic mesh was seen initially as an excellent 
option for hernia repair. It has several attractive 
qualities. It is made from an acellular collagen 
matrix that promotes tissue ingrowth and pro-
vides scaffolding for collagen deposition [82]. 
Additionally, there is no synthetic material that is 
implanted, and therefore its use in contaminated 
settings was thought to be ideal [82]. These traits 
propagated an explosion of biologic mesh into 
the general and acute care surgery 
armamentarium.

As biologics were implanted with little long- 
term clinical evidence of performance, several 
downsides began to emerge. There was no evi-
dence of reduction in seromas or surgical site 
events with biologic mesh compared to those 
used with synthetic mesh, even in the contami-
nated setting [74, 83]. There is evidence to the 
contrary with increased persistent bacterial bio-
films and increased difficulty in clearing infected 
biologic mesh when compared to contaminated 
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synthetic mesh [84, 85]. Biologic mesh, at best, 
has a similar recurrence rate compared to syn-
thetic mesh when used in retromuscular based 
repairs [86]. Multiple other studies have shown 
higher recurrence rates of biologic mesh when 
used as definitive hernia repair when compared to 
permanent synthetic mesh [74, 85, 87].

Significant economic burden is associated 
with the use of biologics. There have been mul-
tiple studies demonstrating a significantly higher 
cost associated with biologic mesh repairs when 
compared to synthetic mesh repairs [88, 89]. 
While cost should not be the primary driver for 
clinical decisions, fiscal responsibility should 
play a role for the modern surgeon when consid-
ering all aspects of the case.

Biologic mesh has little, if any role, for 
implantation in the elective setting, but there are 
some rare instances that it may be beneficial in 
the acute setting. Biologic mesh can be viewed as 
a safe option for severely contaminated and high- 
risk hernias. However, it should not be viewed as 
a durable hernia repair. When compared to syn-
thetic mesh place in the appropriate sublay posi-
tion, there is little benefit [65]. Biologic grafts 
have higher hernia recurrence rates, less bacterial 
clearance, and higher rates of wound complica-
tions and are less cost-effective than synthetic 
mesh. In the acute setting, biologic mesh has a 
limited role as a temporizing hernia solution 
when synthetic mesh is contraindicated or to pro-
mote tissue coverage over exposed viscera.

 Conclusion

Diagnosis of the acute hernia emergency is usu-
ally straightforward. In some instances, however, 
imaging may be beneficial when the diagnosis is 
in question, such as with femoral or Spigelian her-
nias. Emergent operative intervention is war-
ranted for patients with indicators of strangulation, 
such as hemodynamic instability, acidosis, perito-
nitis, or skin necrosis. Most patients undergoing 
an emergent operation are approached via open 
techniques, but minimally invasive techniques 
should be considered in patients not in extremis. 
Immediate threats to life must be addressed 

swiftly and definitively. Only after these have 
been remedied can hernia repair commence. Each 
hernia location has specific nuances that should 
be considered in the acute setting. Lightweight, 
macroporous meshes should be utilized in most 
circumstances, barring gross contamination. 
Biologic and laminar prosthetics should be 
avoided. Complex abdominal wall reconstruction, 
such as component separation techniques, should 
be reserved for the elective setting. In cases where 
the defect may not be initially closed, use of nega-
tive pressure therapy is the preferred method to 
address open abdominal wounds.
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15Acute Cholecystitis

Jarrett Santorelli and Todd Costantini

 Introduction

Acute calculous cholecystitis is a complication of 
cholelithiasis, a condition that afflicts more than 
20  million Americans annually with approxi-
mately 120,000 cholecystectomies performed for 
acute cholecystitis every year in the United States 

[1–3]. Gallstones have been documented to 
account for 90–95% of cases of acute cholecysti-
tis [4]. Gallstone formation is known to be a mul-
tifactorial process associated with body mass 
index (BMI), diet, family history, diabetes and 
hemolytic disease with a prevalence of gallstones 
approximately 10–15% of the population [4]. 
Because of the asymptomatic nature of choleli-
thiasis (81%), diagnosis is based upon a combi-
nation of physical exam findings, laboratory 
evaluation and imaging studies. Classic symp-
toms for presentation of acute cholecystitis 
include nausea, vomiting, fever, right upper 
quadrant or epigastric pain, right shoulder pain 
and a positive Murphy’s sign (patient “catches” 
their breath during inspiration while right upper 
quadrant palpated). Laboratory evaluation typi-
cally demonstrates elevated white blood cell 
count but also may show an increase in C—reac-
tive protein and liver function tests.

 Imaging

Abdominal pain remains one of the most com-
mon presenting symptoms to the emergency 
department (ED) with right upper quadrant pain 
accounting for a significant number of visits. 
Following physical exam and laboratory evalua-
tion, imaging studies are often performed for fur-
ther patient evaluation. Recently, a meta-analysis 
was performed to analyze the accuracy of imag-

Case Presentation
A previously healthy 44-year-old female 
presents to the emergency department with 
severe constant pain located in the right 
upper quadrant. The patient reports her 
pain began 10 h ago, is slowly worsening 
with time, and is now associated with nau-
sea and 1 episode of emesis. She reports 
prior pain in this region, often after eating 
fatty foods, but it has always been self- 
limited and she has never pursued further 
evaluation. On exam the patient is noted to 
be febrile to 38.7 °C, her heart rate is 107, 
and she has tenderness and guarding local-
ized to the right upper quadrant.
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ing studies in the diagnosis of acute cholecystitis. 
They found that ultrasound was frequently used 
to detect cholecystitis but demonstrated a large 
margin of error [4, 5]. When using ultrasound for 
evaluation, a convex multifrequency probe is 
used to evaluate the right upper quadrant. 
Multiple sonographic signs have been developed, 
and when several of these signs are present 
together, sensitivity for acute cholecystitis rises. 
The major sonographic signs associated with 
acute cholecystitis include gallbladder wall thick-
ening (>3 mm), a positive Murphy’s sign, peri- 
cholecystic fluid, distended gallbladder, 
gallstones, and sludge. When combining the find-
ings of clinical presentation with a positive sono-
graphic Murphy’s sign and gallbladder wall 
thickening (>3 mm), sonography has a positive 
predictive value of up to 94% [6, 7]. However, the 
sensitivity of ultrasound for acute cholecystitis in 
the literature has been reported from 40 to 91% 
[7–9].

Computed tomography (CT) imaging is being 
used increasingly in the ED for evaluation of 
patient’s with abdominal pain. When evaluated 
for its diagnostic accuracy, however, there is a 
lack of definitive evidence for its accuracy in the 
diagnosis of acute cholecystitis [5, 10]. There are 
multiple reasons for the shortcoming of CT for 
the diagnosis of acute cholecystitis. First, in con-
trast to ultrasonography, CT has demonstrated 
limited ability to detect gallstones and is unable 
to evaluate for focal tenderness. Second, the risks 
of radiation must be considered as an abdominal 
CT exposes the patient to significantly more radi-
ation that may not be worthwhile for a test dem-
onstrating sensitivity of 65–75% [11].

Hepato-imino diacetic acid (HIDA) scan is a 
well-established scintigraphic imaging technique 
that is considered by many to be the gold stan-
dard imaging technique for the diagnosis of acute 
cholecystitis. It has been shown to have a higher 
sensitivity and specificity compared to other 
imaging techniques and seen to be as high as 
97% in recent reviews [5]. A recent study com-
pared histopathologic findings post cholecystec-
tomy with HIDA results demonstrating a 
sensitivity of 91.7% for acute cholecystitis [7]. In 
2012, Kiewiet et al. demonstrated in a large meta- 

analysis that the sensitivity of abdominal ultra-
sound was 81% compared to a sensitivity of 96% 
for HIDA. [5].

 Tokyo Guidelines for Diagnosis 
of Acute Cholecystitis

Despite being one of the most common surgical 
diseases, diagnosis of acute cholecystitis remains 
problematic as clinical diagnosis can be incorrect 
in up to 23% of patients [7, 12]. In 2007 discus-
sions by global experts at the Tokyo Consensus 
Meeting created guidelines for diagnosis and 
severity of acute cholecystitis. Following valida-
tion studies issues with ambiguity were identi-
fied, and the criteria were revised in 2013 [13]. 
With the new diagnostic criteria, the decision was 
made to designate the presence of local signs of 
inflammation and systemic signs of inflamma-
tion. These new diagnostic criteria, seen in 
Table 15.1, were validated by a multicenter study 
of 451 patients with acute cholecystitis, which 
found that their use improved sensitivity and 
specificity to 91.2% and 96.9%, respectively 
[13–15]. The guidelines were again revised in 
2018, and after a large literature review including 
literature with 216 articles, little evidence was 
found concerning the diagnostic criteria, and thus 
they were unchanged in the publication of the 
2018 guidelines (Table 15.1).

Table 15.1 Tokyo Guidelines 18 diagnostic criteria [14]

   A. Local signs of 
inflammation.

   1.  Murphy’s sign.
   2.  RUQ mass/pain/

tenderness.
   B. Systemic signs of 

inflammation.
   1.  Fever.
   2.  Elevated CRP.
   3.  Elevated WBC.

   C. Imaging findings.    1.  Wall thickening.
   2.  Hypoechoic layer.
   3.  Debris.
   4.  Distended 

gallbladder.
Suspected diagnosis One item in A + one item 

in B
Definite diagnosis One item in A + one item 

in B + C

J. Santorelli and T. Costantini



199

In summary, the diagnosis of pathologically con-
firmed acute cholecystitis may be difficult but can 
most reliably be made with a combination of physi-
cal exam findings, laboratory findings consistent 
with inflammation, and imaging findings. 
Ultrasound remains the initial imaging test of choice 
due to its low cost, widespread availability, and rela-
tively high sensitivity and specificity [13–15].

 Management of Acute Cholecystitis

Cholecystectomy remains one of the most com-
mon surgical procedures performed each year. 
Prior to the 1800s, patients diagnosed with biliary 
colic underwent cholecystostomy procedures 
where the gallbladder was opened and drained and 
stones were removed as surgeons feared death if 
the organ was removed. In 1882, Dr. Carl 
Langenbuch performed the first successful chole-
cystectomy at the Lazarus Hospital in Berlin, cur-
ing his patient who had suffered for 16  years, 
overnight. By the early 1900s, hundreds of chole-
cystectomies had been performed, and open chole-
cystectomy for biliary colic became the gold 
standard. It wasn’t until 1985 this approach was 
changed when German surgeon Erich Mühe 
removed the first gallbladder after his construction 
of the “galloscope,” after being inspired by the 
work of Kurt Semm a German gynecologists [16].

 Severity Grading

The initial management of acute calculous chole-
cystitis is often dictated by the patient’s current 
clinical status, disease severity, and underlying 
comorbidities. Despite being one of the most 
common surgical diseases, diagnosis of acute 
cholecystitis remains problematic as clinical 
diagnosis can be incorrect in up to 23% of 
patients [7, 12]. At this time there are multiple 
severity grading systems which are often used to 
dictate further care. The two most commonly 
used severity grading systems include the Tokyo 
Guidelines (Table  15.2) and the American 
Association for the Surgery of Trauma (AAST) 
severity grading (Table 15.3) [17]. In 2007 dis-

cussions by global experts at the Tokyo Consensus 
Meeting created guidelines for diagnosis and 
severity of acute cholecystitis. These new diag-
nostic criteria, referred to as the Tokyo Guidelines, 
were validated by a multicenter study of 451 
patients with acute cholecystitis, finding that 
their use sensitivity and specificity for acute cho-
lecystitis were 91.2% and 96.9%, respectively [7, 
14, 18]. In these criteria, acute calculous chole-
cystitis is broken up into mild, moderate, and 
severe disease. In a case series published by 
Yokoe et  al., the prognosis for grade 3 patients 
was found to be significantly worse than for 
grades 1 and 2 [14, 18]. Additional studies have 
found that the length of hospital stay is signifi-
cantly increased in patients with higher TG18 
severity grades [19–22]. More recently a multi-
variate analysis has demonstrated that the TG13 
severity grade was an independent predictor of 
both length of hospital stay and conversion to 

Table 15.2 Tokyo Guidelines 18 grading scale [14]

Grade Classification Criteria
Grade 
1

Mild acute 
cholecystitis

Acute cholecystitis in a 
healthy individual without 
organ dysfunction

Grade 
2

Moderate 
acute 
cholecystitis

Acute cholecystitis with any 
one of:
   1.  WBC >18,000.
   2.  Palpable tender mass 

in the RUQ.
   3.  Duration of symptoms 

>72 h.
   4.  Marked local 

inflammation.
Grade 
3

Severe acute 
cholecystitis

Acute cholecystitis with 
dysfunction of any one 
system
   1.  Cardiovascular 

dysfunction 
(hypotension).

   2.  Confusion or AMS.
   3.  Respiratory 

dysfunction PaO2/FiO2 
<300).

   4.  Renal dysfunction 
(oliguria, creatinine 
>1.5).

   5.  Hepatic dysfunction 
(PT/INR >1.5).

   6.  Hematologic 
dysfunction (platelets 
<100,000).
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Table 15.3 AAST EGS grade descriptions of acute cholecystitis severity [17]

Grade Description Imaging Operative
Grade 
1

Localized GB inflammation Wall thickening, pericholecystic 
fluid, non-visualization of GB

Localized inflammatory changes

Grade 
2

Distended gallbladder with 
purulence or hydrops, necrosis/
gangrene

Above plus air in gallbladder 
lumen, wall, or biliary tree

Distended gallbladder with pus/
hydrops, non-perforated necrosis

Grade 
3

Non iatrogenic perforation with 
bile in the RUQ

Extraluminal fluid collection 
limited to RUQ

Non-iatrogenic gallbladder wall 
perforation with bile limited to 
RUQ

Grade 
4

Pericholecystic abscess, 
bilioenteric fistula, gallstone ileus

RUQ abscess, bilioenteric 
fistula, gallstone ileus

Pericholecystic abscess, 
bilioenteric fistula, gallstone ileus

Grade 
5

Grade 4 + generalized peritonitis Free intraperitoneal fluid Above with peritonitis

open surgery [19]. Finally both conversion rates 
from laparoscopic to open cholecystectomy and 
intraoperative biliary complications are both sig-
nificantly increased in patients with higher sever-
ity grade [14, 19, 20].

The AAST developed a clinical, radiologic, 
operative, and pathologic grading system for EGS 
diseases, including acute cholecystitis in an 
attempt to create a more universal anatomic sever-
ity grading system focusing on distinct anatomic 
changes. A study by Hernandez et al. found that 
increasing AAST severity score was associated 
with mortality, morbidity, complication severity, 
duration of stay, need for cholecystostomy tube, 
open procedure, and conversion from laparoscopic 
to open procedure [17]. This same study con-
cluded that the AAST grading system is superior 
to the Tokyo Severity Grading scale with greater 
associations for key clinical outcomes. The ability 
to rapidly assign disease severity from degree of 
anatomic injury is (1) simple to calculate, (2) does 
not require multiple laboratory values, and (3) 
does not require development of organ failure to 
associate with outcome. A second study again con-
firmed that anatomic grade is independently asso-
ciated with multiple patient outcomes; however, it 
appears to lack the ability to differentiate between 
lower grades. For example, perforated cholecysti-
tis is represented by grade 3 disease; therefore the 
majority of disease presentation is classified as 
grade 1 or grade 2 with limited ability to differenti-
ate and  prognosticate differences between these 
levels [23–26]. While both severity grading scales 
have pros and cons, universal adoption of any 

grading system, whether it be the TG or AAST, 
has the potential to improve prognostication and 
risk stratification as well as create a common lan-
guage across health care systems.

 Role of Antibiotics for Acute 
Cholecystitis

 Perioperative Antibiotic Therapy

The treatment of mild or low-grade acute chole-
cystitis with intravenous antibiotics with or with-
out surgical intervention is currently widely 
accepted and practiced. While it appears there is 
little data to support this practice, it is currently 
the recommendation of many guidelines, includ-
ing the Surgical Infection Society and the 
Infectious Diseases Society of America, to start 
empiric antibiotic therapy upon diagnosis of 
acute cholecystitis [27–30]. This recommenda-
tion is based upon consensus of the TG meeting 
as well as a comprehensive review of the man-
agement of acute cholecystitis by Strasberg et al. 
[1, 27, 30, 31] On close review, these recommen-
dations appear to be based on few small studies 
that have shown the presence of bactobilia on 
pathologic specimen. However, the incidence of 
bactobilia in patients with acute cholecystitis is 
between 23 and 72%, and a recent retrospective 
study showed that the prevalence of positive bile 
cultures was not related to severity of acute cho-
lecystitis or outcome [28, 32–36]. It is clear that 
early cholecystectomy for patients with mild or 
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moderate cholecystitis is associated with 
decreased morbidity and shorter hospital length 
of stay [37]. In these patients, we recommend no 
need for empiric antibiotic therapy and that only 
perioperative pre-incision antibiotics necessary 
to cover skin flora be given.

 Antibiotics for Use with Nonoperative 
Management

Multiple studies have challenged the need for 
antibiotics when attempting to perform conserva-
tive (nonoperative) management of acute 
 calculous cholecystitis. A prospective random-
ized controlled trial performed by Mazeh et  al. 
demonstrated little effect of antibiotics in patients 
managed conservatively, as well as their use 
being associated with increased LOS during the 
index admission. During these patients’ elective 
interval cholecystectomy, there was a lower rate 
of positive cultures in the non-antibiotic group 
possibly suggesting that antibiotic usage results 
in bacterial overgrowth [27]. Additionally, we 
have limited evidence upon whether antibiotics 
commonly prescribed for acute cholecystitis are 
able to reach therapeutic levels in bile especially 
in the case of biliary obstruction. Coccolini and 
co-workers reported a rise in the prevalence of 
resistant bacteria in bile cultures from patients 
with acute cholecystitis. While the recommenda-
tions of this chapter are to undergo operative 
removal or drainage of the gallbladder for man-
agement of acute cholecystitis (and not undergo 
conservative management with interval elective 
treatment), this discrepancy strongly demon-
strates the need for evidence-based guidelines on 
the use of antibiotics in clinical practice and in 
individual patients [28]. The most common clini-
cally significant pathogens associated with 
advanced cholecystitis are E. coli, Klebsiella, 
and, in immunocompromised individuals, entero-
coccus [38]. Commonly prescribed antibiotic 
regimens, which may be appropriate in patients 
with moderate to severe cholecystitis who have 
sepsis or are unable to undergo early cholecystec-
tomy or biliary drainage, targeting the above 
pathogens can be seen in Table 15.4.

 Timing of Cholecystectomy

Cholecystectomy, whether open or laparoscopic, 
remains the gold standard for treatment of chole-
cystitis either at the time of the initial attack or 
2–3 months after the initial attack has subsided. 
Since the introduction of laparoscopic cholecys-
tectomy, the timing of cholecystectomy in acute 
disease has been debated as the laparoscopic 
approach has clear benefits. However, there has 
been concern for increased technical difficulty in 
patients with acute cholecystitis and need for 
conversion to an open procedure. It is difficult to 
compare outcomes of early vs late cholecystec-
tomy as there remain variable definitions of early 
timing (24  h–7  days). In 2013, a review per-
formed by Gurusamy et al. compared cholecys-
tectomy at less than 7  days vs greater than 
6 weeks demonstrating no significant difference 
in conversion rate, complication, or the incidence 
of ductal injuries [39, 40]. Menahem et al. per-
formed a subsequent meta-analysis that included 
multiple randomized trials which supported these 
findings and also demonstrated a lower hospital 
stay in the early cholecystectomy group [41]. In a 
recent randomized controlled trial performed by 
Gutt et al., patients who underwent laparoscopic 
cholecystectomy within 24 h of admission had a 
lower morbidity, shorter length of stay, and lower 
hospital costs [37]. Another recent study by Cao 
et al. compared four groups of laparoscopic cho-
lecystectomy timing, finding that cholecystec-
tomy performed less than 72 h from admission 
was associated with significant reductions in 
mortality, complications, bile duct leaks, bile 

Table 15.4 Antibiotic regimen for acute cholecystitis 
[17]

Community-acquired 
moderate acute cholecystitis Cefuroxime, ceftriaxone
Community-acquired severe 
acute cholecystitis with 
physiologic dysfunction or 
immunocompromised state

Imipenem, meropenem, 
doripenem, 
piperacillin- 
tazobactam, 
ciprofloxacin, 
levofloxacin, or 
cefepime each in 
combination with 
metronidazole
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duct injuries, wound infections, conversion rates, 
length of hospital stay, and blood loss [42]. The 
findings from the above reports are echoed in the 
most recent TG18 management bundle which 
recommends operative intervention or biliary 
drainage within 72 h or more urgently for severe 
disease [43].

 Operative Technique

Removal of the gallbladder currently remains the 
only definitive management of acute cholecysti-
tis. Prior to wide use of the laparoscopic approach 
this was performed via open cholecystectomy. In 
the 1990s, performance of laparoscopic chole-
cystectomy became widespread; however, this 
was matched with a sharp increase in the number 
of major bile duct injuries as this new approach 
was being adopted widely [1]. The critical view 
of safety is a central tenet of performing safe 
laparoscopy cholecystectomy involving identifi-
cation of the cystic duct and artery with their 
complete dissection off the cystic plate. Calot’s 
triangle is cleared of fat and fibrous tissue, and 
only two structures, the cystic duct and cystic 
artery, should be connected to the lower end of 
the gallbladder (Fig. 15.1). During laparoscopic 
surgery complete removal from the cystic plate 
creates difficulty in completing clipping of the 
ducts, and thus this step was modified to mobili-

zation of the lower 1/3. In terms of validation of 
this technique, there are several studies including 
thousands of patients in which the critical view 
was used for cystic duct identification without 
any biliary injury due to misidentification [44–
46]. Critical view of safety is part of the culture 
of safety in cholecystectomy (COSIC) which has 
been taken up by the Society of American 
Gastrointestinal and Endoscopic Surgeons 
(SAGES) in an effort named “Safe 
Cholecystectomy.” In 2014, the so-called SAGES 
Safe Cholecystectomy Task Force met and per-
formed an expert Delphi consensus to encourage 
a culture focused on reducing biliary injury. At 
the conclusion, the top 5 factors for safe practice 
in laparoscopic cholecystectomy included (1) 
establishing the critical view of safety, (2) under-
standing relevant anatomy, (3) appropriate intra-
operative retraction and exposure, (4) knowing 
when to call for help, and (5) recognizing the 
need for conversion to an alternate procedure 
[47]. Interestingly, only 2 of the top 5 factors 
included technical skills highlighting the impor-
tance of the need to continue to improve knowl-
edge in these areas and prioritize future trainees’ 
understanding of the anatomy, the critical view, 
and safe intraoperative decision-making. In 2016 
the IRCAD Hepatobiliary and Pancreatic surgi-
cal experts also convened to develop a set of rec-
ommendations on safe laparoscopic 
cholecystectomy. These recommendations again 
emphasized the importance of the establishment 
of the critical view of safety while also highlight-
ing use on intraoperative cholangiography and 
the important role that partial cholecystectomy 
can play during difficult cholecystectomy [48].

 Robotic Cholecystectomy

As technology continues to develop and improve, 
the robotic surgical system has been introduced 
as another technique that may be used to perform 
minimally invasive surgery. Robotic surgery has 
touted significant benefits to the surgeon includ-
ing reported lower heart rate and even reduced 
mental strain; however, in many cases it is associ-
ated with increased cost and increased operative 
time [49, 50]. In a recent review comparing lapa-

Fig. 15.1 Critical view of safety during laparoscopic 
cholecystectomy
Critical view of safety demonstrating the cystic duct (wide 
arrow) and cystic artery (thin arrow) entering the gallblad-
der with the liver clearly visualized behind the 
infundibulum
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roscopic cholecystectomy with robotic cholecys-
tectomy, including five randomized controlled 
trials, there was no statistically significant differ-
ences in intraoperative complications, postopera-
tive complications, readmission rate, hospital 
stay, estimated blood loss, or a difference in con-
version rates. Significant findings demonstrated 
that robotic cholecystectomy was associated with 
longer operative time, a higher rate of incisional 
hernia, and increased hospital costs [49]. 
Additionally a systematic review performed by 
Huang et  al. also demonstrated the previously 
seen increased operative time as well as the over-
all hospital costs being significantly greater when 
performed robotically [51, 52]. While robotic 
surgery has been shown to reduce complications, 
conversion rates, blood loss, and hospital stay 
compared to laparoscopic surgery in some proce-
dures, it appears that robotic surgery fails to dem-
onstrate any of these benefits when performing 
cholecystectomy [49, 53–55]. Until procedure 
length and hospital costs can be reduced, laparo-
scopic cholecystectomy should remain the 
approach of choice.

 Subtotal Cholecystectomy

It has become clear that a deep understanding of 
the anatomy and clinical decision-making during 
the procedure are essential in the performance of 
safe laparoscopic cholecystectomy. In accor-
dance with both the SAGES and IRCAD recom-

mendations, it is essential to understand when it 
is time to call for help as well as when it is time 
to perform a “bail out” procedure [47, 48]. Biliary 
injuries are more common when operations are 
more difficult secondary to acute or chronic 
inflammation creating difficulty in establishing 
the critical view of safety [1, 44, 56]. The first 
description of a bail out procedure during chole-
cystectomy was performed in 1898 by Hans Kehr 
where the posterior wall of the gallbladder and 
infundibular cuff were left in place. However, 
throughout the history of cholecystectomy there 
have been many additional reports of both partial 
and subtotal cholecystectomy, but the extent of 
resection has never been defined leading to sig-
nificant confusion when using these terms. In an 
attempt to clarify terminology moving forward, 
Strasberg et al. proposed no longer using the term 
partial cholecystectomy. Additionally designa-
tion whether or not a closed remnant gallbladder 
is produced by the procedure should determine 
the use of the modifying term fenestrating (an 
open gallbladder remnant remains) (Fig.  15.2a) 
and reconstituting (a closed functional gallblad-
der remnant remains, Fig. 15.2b) be introduced 
[57]. On review there is limited data comparing 
the short- and long-term outcomes of the two 
techniques, and likely each is associated with 
their own unique complications. When perform-
ing the reconstituting technique, a gallbladder 
remnant is created. In 1966, Bodvall and 
Overgaard first defined the term gallbladder rem-
nant in 1966 which was defined as a wider part of 

a b

Fig. 15.2 Subtotal cholecystectomy. (a) Fenestrating 
subtotal cholecystectomy with open gallbladder remnant 
remaining with purse string suture of cystic duct orifice. 

(b) Reconstituting subtotal cholecystectomy with closed 
gallbladder remnant remaining
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the free end of the cystic duct that gives the 
appearance of a diminutive gallbladder [57, 58]. 
This description was first applied to a previous 
case causing symptoms, and the subject was again 
approached in 2009 by Pernice and Andreoli [59]. 
On further review it appears gallbladder remnants 
may become symptomatic requiring a second 
operation. With regard to the fenestrating subtotal 
cholecystectomy, biliary leak remains a major 
concern. However, systematic review and meta-
analysis performed by Elshaer et al. in 2015 dem-
onstrated that while fistula was more common 
with the fenestrating technique, they seemed to 
resolve spontaneously in most cases when not 
complicated by a retained CBD stone [33]. More 
recently a study performed by Van Dijk et  al. 
reviewed both the short-term and long-term com-
plications and morbidity of the two techniques 
[60]. Fenestrating subtotal cholecystectomy was 
associated with a higher rate of postoperative bile 
leak, longer hospital stay, and higher rate of com-
pletion cholecystectomies, while reconstituting 
subtotal cholecystectomy was associated with an 
increased recurrence of biliary events. Patient-
reported outcomes and quality of life were found 
to be equal between the two groups [60]. It seems 
both procedures represent viable and safe tech-
niques when difficult anatomy prevents visualiza-
tion of the critical view of safety, and which 
technique is used depends on surgeon preference 
and skill level as well as intraoperative findings.

 Indocyanine Green 
Cholangiography

New and innovative operative techniques are 
being established to aid in the safe identification 
of the biliary tree. Intraoperative visualization of 
the bile ducts using near infrared light in coordi-
nation with the fluorescent dye indocyanine 
green (ICG) is becoming increasingly common. 
ICG is given as an intravenous agent prior to the 
start of the operation. The dye is water soluble 
and bound to plasma proteins which is metabo-
lized by the hepatic parenchyma and subse-
quently secreted into bile. With the use of a near 
infrared laparoscope, the bile ducts are seen to be 
fluorescent allowing for identification of the cys-
tic duct, common bile duct, and common hepatic 
duct (Fig.  15.3). There are multiple dosage 
schemes noted on literature review ranging from 
fixed dosage of 2.5 mg to a dosage of 0.5 mg/kg. 
Zarrinpar et  al. showed a dose of 0.25  mg/kg 
administered at least 45 minutes prior to visual-
ization facilitates intraoperative anatomical iden-
tification [61, 62]. In a systematic review 
performed by Vlek et  al., visualization rates of 
the biliary structures with ICG appeared to be 
equally good for either 2.5  mg fixed dosage or 
0.5 mg per kg dosage of ICG. In comparison to 
intraoperative cholangiography, no ducts need to 
be incised in patients undergoing ICG cholangi-
ography [63]. Vlek et al. concluded that ICG pro-

a b

Fig. 15.3 Indocyanine green cholangiography (ICG).  
(a) Gallbladder anatomy visualized during laparoscopic 
cholecystectomy. (b) Gallbladder anatomy viewed after 

intravenous injection of ICG. The cystic duct (arrow) is 
identified to aid in visualization of the biliary ducts during 
laparoscopic cholecystectomy
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vided equal visualization of the bile ducts; 
however no randomized trials have been per-
formed to date. There are several limitations 
regarding the widespread use of ICG.  First, in 
order to utilize the technology, the laparoscope 
must be equipped with the near infrared technol-
ogy and have an accompanying tower. There is 
also concern that the amount of intra-abdominal 
adipose tissue can effect visualization. Osayi 
et al. have reported improved visualization of the 
cystic duct junction in patients with lower BMI, 
while other studies have reported no difference 
across BMI groups [63–65].

 Cholecystostomy Tube

Percutaneous cholecystostomy (PC) is consid-
ered a treatment option under the TG13 practice 
guidelines for patients with grade 2 disease with 
symptoms longer than 96  h and/or patients at 
high risk for surgery and in grade 3 disease as a 
temporizing measure for all patients planned for 
delayed cholecystectomy [43]. A Cochrane 
review in 2012 included two randomized clinical 
trials to evaluate the benefits and risks of PC in 
high-risk surgical patients compared to conser-
vative treatment or emergency laparoscopic cho-
lecystectomy; however, the authors were unable 
to draw conclusions and create any guidelines 
given the poor quality of evidence that was avail-
able [66, 67]. Chou et al. found that when chole-
cystostomy was performed within 1  day of 
admission, there was a lower bleeding rate and 
shorter hospital stay [68]. In a study by Bala 
et al., 37% of high-risk patients required perma-
nent cholecystostomy with tube-related compli-
cations occurring in 31% of patients, most 
commonly tube dislodgement [69]. Additionally, 
while patients undergoing PC were seen to have 
a significantly elevated mortality rate when com-
pared to those who are not, it is clear that this 
rate is likely related to selection bias with inabil-
ity to create an adequate cohort of matched 
patients to truly analyze the effects of PC. The 
rate of recurrence of symptoms within 1 year of 
PC in patients who survive the first episode and 

did not undergo cholecystectomy varies from 6 
to 20% across various studies [66]. A systematic 
review by Macchini et al. demonstrates a recur-
rence rate of approximately 12.1% [70]. Up to 
this point, it seemed that while PC has been gen-
erally been accepted as a bridging technique to 
laparoscopic cholecystectomy, it seems more 
recent studies have outlined its potential use as 
definitive treatment with rates of patients not 
undergoing cholecystectomy after PC ranging 
from 43 to 94%. The recently performed multi-
center, randomized CHOCOLATE trial demon-
strated that laparoscopic cholecystectomy is 
superior to percutaneous catheter drainage in the 
treatment of high-risk patients (defined as 
APACHE II score of 7–14) with acute calculous 
cholecystitis and reduced the rate of major com-
plications as well as reducing healthcare costs 
questioning the utility of PC [71].

 Endoscopic Ultrasound

While laparoscopic cholecystectomy remains the 
ideal management for patients with acute chole-
cystitis, some patients presenting with severe dis-
ease or severe comorbidity are not candidates for 
an operative intervention nor candidates for con-
servative management. While percutaneous cho-
lecystostomy is the most well-established 
technique, evolving technology endoscopic 
transpapillary gallbladder drainage (ETGBD) 
and endoscopic ultrasound-guided-transmural 
gallbladder drainage (EUS-TGBD), using a 
transgastric or trans duodenal puncture and drain 
or stent placement, have been suggested as novel 
techniques. Inoue et al. evaluated long-term out-
comes in high-risk surgical patients, who under-
went ET-GBD vs percutaneous drainage [72]. 
The study demonstrated success rates up to 94% 
with recurrence rates of 0% compared to 17% in 
the percutaneous group demonstrating the tech-
nique feasibility. EUS-TGBD was initially per-
formed using self-expanding metal stents 
(SEMS); however, it has now moved toward the 
use of lumen approximating metal stents (LAMS) 
(Fig. 15.4). While most of the literature consists 
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Fig. 15.4 Endoscopic transduodenal lumen apposing 
metal stent for biliary drainage

of case reports and case series, a recent meta- 
analysis was performed by Manta et  al. that 
included 62 studies with 226 patients. Overall 
LAMS were successfully placed in 95% of 
patients with clinical success in 91% while acting 
as a definitive treatment with an incidence of 
adverse events noted to be approximately 10%. 
In comparison, percutaneous cholecystostomy is 
associated with biliary peritonitis, bleeding, 
pneumothorax in up to 12%, and other potential 
complications from premature tube removal in up 
to an additional 12% of patients [73, 74]. A study 
by Kedia et al. found that hospital length of stay, 
time to clinical resolution, adverse event rate, 
number of interventions, and post procedure pain 
scores were significantly higher for the percuta-
neous compared to endoscopic procedures [75, 
76]. Overall while endoscopic biliary drainage 
may not be widely available, it represents a safe 
and effective approach in patients that are high 
risk for operative intervention.

 Outcomes

While cholecystectomy is a commonly per-
formed, safe operation, overall complication rates 
range from 5 to 15% in the literature. The most 
serious complication is bile duct injury with an 
incidence 0.3–1.5% [63, 77, 78].There has been 
many classification systems used to define these 
injuries; however they are often defined by the 
classification system created by Strasberg et  al. 

and are also commonly associated with vascular 
injuries, especially arterial injuries [56, 79, 80]. 
As previously mentioned, technical skill, opera-
tive decision-making, and thorough understand-
ing of the anatomy are all imperative in preventing 
iatrogenic injury. Complete and early diagnosis of 
the extent of the injury and possible associated 
vascular injuries are extremely important for 
operative planning and better outcomes. While 
the technical aspects of management of these 
injuries is complex and outside the scope of this 
chapter, it is important to understand reconstruc-
tion requires expert multidisciplinary teams, and 
it is best to refer patients to tertiary care centers 
equipped with advanced endoscopy, advanced 
interventional radiology, and hepatobiliary surgi-
cal techniques.
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16Appendicitis

David H. Kim and Lillian S. Kao

 Introduction

Appendicitis is one of the most common diagno-
ses the general surgeon will encounter. The indi-
vidual lifetime risk of appendicitis is 8.6% for 
males and 6.7% for females [1]. The lifetime risk 
of appendectomy is 12% for males and 23.1% for 
females [1]. The workup and treatment strategies 
are constantly evolving as the results of new trials 
become available. An understanding of the litera-
ture is necessary to be able to counsel patients 
regarding the alternative strategies and their asso-
ciated risks and benefits.

 Workup

The initial evaluation starts with a complete his-
tory and physical exam. Classically described 
symptoms include anorexia, nausea, vomiting, 
and periumbilical pain which migrates to the 
right lower quadrant. Migratory tenderness is 
present in 5–60% of patients [2]. The physical 
examination may be notable for fever and tachy-
cardia in addition to tenderness to palpation at 
McBurney’s point which is located approxi-
mately one-third of the way from an imaginary 
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Case Report
A 27-year-old previously healthy male pre-
sented to the emergency room with a 36-h 
history of periumbilical pain that migrated 
to his right lower quadrant. He denied nau-
sea or vomiting but had no appetite. He 
denied fever or chills. Positive clinical find-
ings included right lower quadrant tender-
ness and right lower quadrant referred pain 
when palpating his left lower quadrant. 
Laboratory values were notable for a leu-
kocytosis of 16,000 cells/L and an elevated 
C-reactive protein of 12 mg/L. An abdomi-
nal ultrasound was non-diagnostic, but the 
computed tomography (CT) scan showed a 
dilated appendix with periappendiceal fat 
stranding.

Surgical consultation was obtained. 
After a discussion of the risks, benefits, and 
alternatives to surgery, the patient decided 
to proceed with surgery. Laparoscopic 
appendectomy was uneventful, and non- 
perforated acute appendicitis was 
confirmed.

The patient progressed well postopera-
tively and was discharged home the next 
morning.
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Fig. 16.1 McBurney’s point. [With permissions from 
Sellars H, Boorman P. Surgery, 2017-08-01, Vol 35 (8), 
432–438]

line running from the right anterior superior iliac 
spine to the umbilicus. (Fig.  16.1) Other signs 
associated with acute appendicitis include the 
Rovsing’s sign where palpation of the left lower 
quadrant causes pain in the right lower quadrant, 
the psoas sign where extension of the right hip 
against resistance causes pain suggesting a retro-
cecal appendix, and the obturator sign where 
internal rotation of the right hip causes pain sug-
gesting the appendix lies in the pelvis. Although 
these and other signs are historically taught, each 
has a relatively low sensitivity for the diagnosis 
of acute appendicitis.

Laboratory tests that are obtained during the 
workup include a complete blood count; leukocy-
tosis is usually present in patients with acute 
appendicitis. A C-reactive protein may also be 
ordered to help rule the diagnosis out. In adults 
with a normal white blood cell count and C-reactive 
protein, the likelihood of acute appendicitis is low, 
and imaging may not be required to rule out the 
diagnosis. One study of 98 patients found a 100% 
negative predictive value when the white cell count 
and C-reactive protein levels are both normal 
(white cell count <11 × 109 cells/L and C-reactive 
protein <10 mg/L) [3]. Chemistries may also be 
ordered if the patient has been vomiting to ensure 
normal electrolytes and renal function.

 Diagnosis Prediction Models

Several different risk prediction models and scor-
ing systems have been described to assist in the 

diagnosis of acute appendicitis and in decision- 
making around obtaining imaging. Most of these 
models are based on single institution retrospec-
tive analyses [4].

The most widely known scoring system is the 
Alvarado score. Originally described by Alvarado 
in 1986, the score is a 10-point clinical scoring 
system for the diagnosis of acute appendicitis 
based on the patient’s symptoms, exam, and labo-
ratory values [5]. Higher scores increase the like-
lihood of the diagnosis.

The appendicitis inflammatory response score 
(AIRS) is another scoring system described in 
2012. The authors used prospectively collected 
data to stratify the risk of appendicitis [6]. This 
score also utilizes various elements of the history, 
physical exam findings, and labs.

The adult appendicitis score (AAS) was 
described in 2014 and is similarly comprised of 
physical exam findings and laboratory values [7]. 
Patients are stratified into low, intermediate, and 
high probability of having acute appendicitis. A 
2020 review of 5345 adult patients in the United 
Kingdom examined 15 risk prediction models to 
determine which model best identifies patients 
with right lower quadrant pain who were at low 
risk of appendicitis. In this study, 28% of women 
and 12% of men underwent a negative appendec-
tomy; 73% of women and 36% of men received 
preoperative imaging. In this patient population, 
the authors found that the AAS performed best 
for women (failure rate of 3.7%) and the appendi-
citis inflammatory response score (AIRS) per-
formed best for men (failure rate of 2.4%) [8]. 
However, there have not been any studies com-
paring outcomes based on routine use of a predic-
tion score.

 Imaging

Historically, the use of diagnostic imaging was 
viewed as extraneous in the context of classic 
symptoms and an acceptable negative appendec-
tomy rate of 10–20%. However, imaging of 
patients with suspected appendicitis has increased 
over time. Among patients diagnosed with appen-
dicitis, over 70% of children and over 80% of 
adults underwent CT imaging [9].
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Table 16.1 Sensitivity and specificity of imaging tech-
niques [12, 13]

Sensitivity Specificity
Ultrasound (children) 88% 94%
Ultrasound (adults) 83% 93%
CT (children) 94% 95%
CT (adults) 94% 94%
MRI 97% 95%

CT, ultrasound, and MRI are the imaging 
modalities of choice for suspected appendicitis. 
CT is most commonly used in adults as it is typi-
cally rapidly available and has a higher sensitiv-
ity than ultrasound (Table  16.1). Despite the 
lower sensitivity, ultrasound is typically first-line 
imaging modality in children and pregnant 
patients to limit exposure to ionizing radiation. 
When ultrasound is non-diagnostic in this popu-
lation, MRI is recommended [10, 11].

Currently, controversy exists around the opti-
mal use of CT scans and imaging. The debate is 
centered on the trade-off between use of routine 
CT imaging to reduce the risk of an unnecessary 
operation and avoidance of CT scans to minimize 
exposure to and risks of ionizing radiation, par-
ticularly in children.

As the accuracy of imaging improved over 
time, prospective observational studies reported 
increased use of both ultrasound and CT with a 
concurrent decreased in negative appendectomy 
rates [14, 15]. Lack of imaging in adult patients 
has been associated with a three times greater 
odds of negative appendectomy [15]. A small 
2007 randomized controlled trial also supported 
routine imaging in adults. In the trial, patients 
with right lower quadrant pain were randomized 
to receive mandatory versus selective CT imag-
ing. The selective cohort underwent roughly one- 
third less CT scans. Although the trial was 
underpowered, the mandatory cohort had a trend 
toward decreased negative appendectomy and 
perforation rates [16].

With the increasing use of imaging, concern 
has grown for the risks of increased exposure to 
ionizing radiation. In response, the Image Gently 
and Image Wisely campaigns were started to 
advocate for safe and effective imaging for chil-
dren and adults, respectively. Strategies to reduce 
ionizing radiation include using radiation doses 

as low as reasonably achievable (ALARA) and 
promoting an ultrasound-first strategy. In a 
single- center study, an ultrasound-first strategy 
resulted in a near-zero CT rate without any delay 
in treatment or increase in negative appendec-
tomy rates [17]. However, the strategy also 
resulted in an increased use of MRI which corre-
sponded with increased costs. Despite data to 
suggest that dose reduction programs and 
ultrasound- first strategies can decrease radiation 
exposure, these tactics have not been widely 
adopted across centers, particularly non- 
children’s hospitals [14, 15].

An additional strategy for reducing ionizing 
radiation exposure that has been evaluated in 
adolescents and young adults (15–44 years) is the 
use of low-dose CT. In 2012, a single institution 
randomized trial showed that the negative appen-
dectomy rate for low-dose CT (3.5%) was non- 
inferior to standard-dose CT (3.2%) [18]. This 
led to a much larger multi-institutional random-
ized controlled trial in 2017 which confirmed the 
findings of the prior trial; low-dose CT was non- 
inferior to standard CT with negative appendec-
tomy rates of 3.9% and 2.7%, respectively [19]. 
Based on these trials, CT can be utilized with 
lower radiation doses without significant clinical 
detriment.

 Pathology

The general belief is that appendiceal obstruction 
is the inciting insult of appendicitis. This leads to 
edema and distention of the appendiceal wall 
resulting in ischemia and perforation. Fecaliths, 
enlarged lymphoid follicles, and tumors are 
potential etiologies of luminal obstruction. 
Bacterial overgrowth and luminal distention 
occur due to ongoing mucus secretion. This 
increases the transmural pressure of the appendix 
which leads to occlusion of blood and lymphatic 
vessels. Over time, this causes overt ischemia of 
the appendix.

Enteric flora are the typical bacterial organ-
isms associated with appendicitis. Bacteroides 
and Escherichia coli are virtually ubiquitous with 
Peptostreptococcus, Pseudomonas, and 
Lactobacillus being very common as well [20].
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Rarely, a specimen will have serosal appendi-
citis on histopathologic examination. This 
describes a serosal inflammatory reaction due to 
a non-appendiceal source. This occurs in approx-
imately 0.01% of patients [21]. The cause of this 
inflammation may be obvious at the time of sur-
gery though often no primary source can be 
found. If the serositis can adequately be explained 
by another intra-abdominal source seen at sur-
gery, no additional investigation is required. 
When unexplained, the surgeon must be vigilant 
to any new clinical signs the patient may present 
with that require additional workup.

Unexpected neoplasms are found in around 
1% of appendectomy specimens [22, 23]. 
Carcinoid tumors, adenocarcinoma, and muci-
nous neoplasms are the most commonly encoun-
tered tumors. If significant concern for 
malignancy exists during the index operation, 
then it is prudent to perform a formal right hemi-
colectomy. This can be performed using a laparo-
scopic or open approach depending on the 
surgeon’s expertise. If a mucinous neoplasm is 
suspected, then care should be taken not to rup-
ture the neoplasm which could lead to pseudo-
myxoma peritonei.

If the malignancy is discovered after histo-
pathologic examination of the appendix, then a 
staging workup should be performed. Further 
treatment will be dictated by the tumor biology 
and the tumor stage. If no metastatic disease, car-
cinoid tumors that invade the lamina propria/sub-
mucosa and are ≤1 cm in size (T1) do not require 
further resection beyond appendectomy [24]. 
Patients with high T stages, incomplete resection, 
or positive nodes should undergo a staging 
workup. The management of higher T stages and 
larger tumors is controversial with a wide range 
of recommendations. Ideally, further manage-
ment of the patient would involve a multidisci-
plinary team to determine the best individual 
treatment course. If the patient is found to have 
an adenocarcinoma after appendectomy and no 

metastases, then a formal right hemicolectomy 
should be performed. Low-grade mucinous neo-
plasms with negative margins and without perfo-
ration or peritoneal involvement do not require 
additional resection beyond appendectomy [25]. 
High-grade mucinous neoplasms with the same 
criteria can usually be treated with appendec-
tomy alone but should be considered on a case by 
case basis [25]. Mucinous adenocarcinomas 
should undergo formal right hemicolectomy [25].

 Management Based on Disease 
Severity

The treatment of acute appendicitis has tradition-
ally been operative, with nonoperative manage-
ment considered for factors such as severity of 
disease and patient comorbidities. Traditionally, 
acute appendicitis has been stratified by (1) 
uncomplicated or simple appendicitis and (2) 
complicated appendicitis which includes appen-
dicitis associated with gangrene, perforation, 
phlegmon, or abscess. Alternatively, various indi-
vidual and single institution grading scales have 
been previously reported [26]. More recently, the 
American Association for the Surgery of Trauma 
(AAST) developed a grading scale for 16 emer-
gency general surgery conditions which include 
acute appendicitis. The scale provides a uniform 
reliable scoring system to predict risk and out-
comes and to aid quality improvement and 
resource management. The grading scale 
increases with severity ranging from Grade I 
(minimal) to V (severe). The grades are defined 
based on four categories: clinical, imaging, oper-
ative, and pathologic findings (Table 16.2) [27].

A large retrospective study evaluated the 
AAST grading system as a predictor of disease 
severity. The authors examined 1099 patients and 
found that increasing duration of symptoms cor-
related with increasing severity of appendicitis. 
Higher AAST grades had longer symptom dura-
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Table 16.2 AAST grading scale. [With permissions from Tominaga GT, Staudenmayer KL, Shafi S, et  al. The 
American Association for the Surgery of Trauma grading scale for 16 emergency general surgery conditions: Disease- 
specific criteria characterizing anatomic severity grading. J Trauma Acute Care Surg. 2016;81 (3):593–60)]

AAST 
grade Description Clinical criteria

Imaging criteria (CT 
findings) Operative criteria Pathologic criteria

A. Acute Appendicitis
I Acutely inflamed 

appendix, intact
Pain, leukocytosis 
and right lower 
quadrant (RLQ) 
tenderness

Inflammatory changes 
localized to appendix 
+/− appendiceal 
dilation +/− contrast 
nonfilling

Acutely inflamed 
appendix, intact

Presence of 
neutrophils at the 
base of crypts, 
submucosa +/− in 
muscular wall

II Gangrenous 
appendix, intact

Pain, 
leukocytosis, and 
RLQ tenderness

Appendiceal wall 
necrosis with contrast 
nonenhancement 
+/− air in appendiceal 
wall

Gangrenous 
appendix, intact

Mucosa and 
muscular wall 
digestion; not 
identifiable on 
hematoxylin-eosin 
stain

III Perforated 
appendix with 
local 
contamination

Pain, 
leukocytosis, and 
RLQ tenderness

Above with local 
periappendiceal fluid 
+/− contrast 
extravasation

Above, with 
evidence of local 
contamination

Gross perforation 
or focal 
dissolution of 
muscular wall

IV Perforated 
appendix with 
periappendiceal 
phlegmon or 
abscess

Pain, 
leukocytosis, and 
RLQ tenderness; 
may have 
palpable mass

Regional soft tissue 
inflammatory 
changes, phlegmon or 
abscess

Above, with abscess 
or phlegmon in 
region of appendix

Gross perforation

V Perforated 
appendix with 
generalized 
peritonitis

Generalized 
peritonitis

Diffuse abdominal or 
pelvic inflammatory 
changes +/− free 
intraperitoneal fluid 
or air

Above, with 
addition of 
generalized purulent 
contamination away 
from appendix

Gross perforation

tion, longer operative times, and increased costs 
[28]. Another single institutional retrospective 
study of 334 patients had similar findings. Grade 
of appendicitis based on preoperative CT imag-
ing was strongly correlated to operative findings. 
Also, increasing AAST grade was associated 
with open procedures, complications, and 
increased length of stay [29]. Subsequently, a 
large prospective multicenter study of 2909 
patients aimed to validate the AAST grading sys-
tem as a predictor of 30-day outcomes. The 
authors found a significant correlation between 
increasing grade and length of stay, infectious 
complications, Clavien-Dindo complications, 
and secondary interventions. They also showed a 

significant correlation with 30-day complications 
in addition to readmission rates [30].

In 2019 the AAST published a summary 
guideline for treatment of acute appendicitis 
based on grade [31]. Laparoscopic appendec-
tomy is recommended as an option for all 
AAST grades of appendicitis (Table  16.3). 
Nonoperative management is provided as an 
alternative for simple appendicitis (AAST 
Grade I) and for appendicitis with an associ-
ated phlegmon or abscess (AAST Grade IV) . 
However, these guidelines may be modified 
once updated with the results of all new ran-
domized trials comparing operative to nonop-
erative management [32].
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Table 16.3 AAST management guidelines [31]. 
[Modified from Schuster KM, Holena DN, Salim A, 
Savage S, Crandall M.  American Association for the 
Surgery of Trauma emergency general surgery guideline 
summaries 2018: acute appendicitis, acute cholecystitis, 
acute diverticulitis, acute pancreatitis, and small bowel 
obstruction. Trauma Surg Acute Care Open. 2019;4 
(1):e000281]

AAST 
Grade Clinical criteria Recommended management
I Acutely inflamed 

appendix 
(non-perforated)

Laparoscopic 
appendectomy; 
nonoperative treatment 
with antibiotics may be 
reasonable

II Gangrenous 
appendix 
(non-perforated)

Laparoscopic 
appendectomy

III Perforated 
appendix with 
minimal RLQ 
contamination

Laparoscopic 
appendectomy

IV Perforated 
appendix with 
periappendiceal 
phlegmon/
abscess

Laparoscopic 
appendectomy; 
nonoperative treatment 
with antibiotics +/− drain 
may be reasonable in 
select patients

V Perforated 
appendix with 
generalized 
peritonitis

Laparoscopic 
appendectomy if patient 
stable

 Nonoperative Management

 Acute Appendicitis: AAST Grades I–III

Several trials have challenged the dogma that 
laparoscopic appendectomy is the gold standard 
for treatment of acute appendicitis. The first ran-
domized controlled trial comparing antibiotics 
alone to appendectomy was published in 1995. 
The trial enrolled 40 patients with 1 patient fail-
ing initial antibiotic alone therapy and 7 patients 
having a recurrence within the 1-year follow-up 
[33]. Since that time, several additional random-
ized controlled trials in the adult population have 
shown similar results. These trials focused mainly 
on patients with uncomplicated appendicitis 
(AAST Grade I). Systematic reviews and meta- 
analyses of these trials have demonstrated that 
initial nonoperative therapy has a lower compli-

cation rate but a fairly high failure and recurrence 
rate, ranging from 10 to 26% [34–41]. Longer- 
term, 5-year outcomes have been reported for the 
2015 APPAC (Antibiotic Therapy vs 
Appendectomy for Treatment of Uncomplicated 
Acute Appendicitis) trial [42]. The rates of recur-
rence for nonoperative management of simple 
appendicitis based on CT were 27.3% at 1 year, 
34% at 2  years, 35.2% at 3  years, 37.1% at 
4 years, and 39.1% at 5 years [43].

A multicenter pragmatic trial, Comparison of 
Outcomes of antibiotic Drugs and Appendectomy 
(CODA), has recently been completed and will 
provide further information regarding short- and 
long-term clinical and patient-reported outcomes 
[32]. CODA, unlike prior trials, did not exclude 
patients with gangrenous appendicitis or a local-
ized perforation (AAST Grades II and III).

Based on the current available evidence, non-
operative therapy with antibiotics alone is an 
option to operative management for acute AAST 
Grade I appendicitis. The risks and benefits 
should be discussed with patients to encourage 
shared decision-making based on patients’ pref-
erences and values.

 Appendicitis with Phlegmon or 
Abscess: AAST Grade IV Appendicitis

Patients with acute appendicitis will present 
with a phlegmon or abscess 3.8% of the time 
[44]. Traditionally, adult patients who are 
hemodynamically stable with a phlegmon or 
abscess have been treated with antibiotics with 
or without drain placement. A recent system-
atic review and meta-analysis suggests that the 
management paradigm is shifting. Gavriilidis 
et al. reviewed 18 observational studies and 3 
randomized trials comparing nonoperative 
management to appendectomy in patients with 
complicated appendicitis defined as a phleg-
mon or abscess. When both observational stud-
ies and randomized trials were included in the 
analysis, nonoperative management was asso-
ciated with a lower incidence of overall com-
plications, abdominal and pelvic abscesses, 
and wound infections as compared to a surgical 
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approach. When only randomized trials were 
included, there were no significant differences 
in these outcomes, although the confidence 
interval was not precise enough to rule out a 
clinically significant difference (OR 0.46, 95% 
CI 0.17–1.29) [45].

The pediatric population with complicated 
appendicitis may benefit from early surgical 
intervention. A 2011 randomized trial investigat-
ing early vs interval appendectomy in children 
showed a benefit with early intervention. 
Appendectomy during the initial hospital stay led 
to a statistically significant decrease in time away 
from normal activities (13.8 vs 19.4  days) and 
lower adverse event rate (30% vs 55%) when 
compared to interval appendectomy 6–8  weeks 
after initial nonoperative treatment [46]. A more 
recent 2018 study of pediatric patients with com-
plicated appendicitis showed less complications 
with early appendectomy than late (26.7% vs 
34.6, p < 0.01) [47]. Current guidelines recom-
mend early appendectomy for complicated 
appendicitis [11].

In summary, based on the best available evi-
dence, both the World Society of Emergency 
Surgery and AAST guidelines recommend lapa-
roscopic appendectomy as first-line therapy in 
patients with perforated appendicitis with a 
phlegmon or abscess (AAST Grade IV) with the 
caveat that select patients may be treated with 
antibiotics and/or percutaneous drain placement 
[11, 48]. The subset of patients in whom initial 
nonoperative management is the preferred treat-
ment strategy needs to be further defined. 
Furthermore, given that both these guidelines 
have been published recently, their impact on 
changing practice has yet to be assessed.

 Interval Appendectomy

After initial nonoperative management either 
with antibiotics alone or in conjunction with per-
cutaneous drains, the question remains as to per-
form routine interval appendectomy to do with 
the appendix. Traditionally, interval appendec-
tomy was performed after initial nonoperative 
treatment 6–8  weeks after resolution. This was 

done to prevent the risk of recurrent appendicitis 
over the patient’s lifetime. The risk of recurrent 
appendicitis is up to 20% in children [49]. Risk of 
recurrent appendicitis after initial nonoperative 
management in adults varies in the literature but 
is between 5 and 14% [50, 51]. These recurrences 
usually occurred within 1 year of the initial diag-
nosis of appendicitis.

Currently, most would recommend against 
routine interval appendectomy in asymptomatic 
patients to prevent recurrence [52]. A more com-
pelling argument for interval appendectomy is to 
rule out neoplasm as the inciting cause of appen-
dicitis. A 2019 study of patients who were suc-
cessfully treated nonoperatively compared 
interval appendectomy to follow-up MRI.  This 
study was terminated early after accruing 60 
patients due to the high incidence of neoplasms. 
They found an underlying neoplasm in 20% of 
the study participants with 29% of patients 
>40 years old having a neoplasm [53]. Physicians 
should engage patients in shared decision- making 
regarding personal risk factors for a neoplasm 
along with risks and benefits of interval appen-
dectomy after successful initial nonoperative 
management.

 Operative Management

The AAST guideline recommends laparoscopic 
appendectomy for all grades of appendicitis. 
Historically, surgical dogma was to perform the 
appendectomy as soon as possible due to the per-
ceived increased risk of perforation. However, 
studies suggest that a delay in performing an 
appendectomy in less than 24  hours may not 
increase the rate of perforation, gangrene, or 
abscess [54].

General principles for operative management 
include prompt resuscitation if the patient is 
hemodynamically unstable and administration of 
appropriate preoperative antibiotics prior to inci-
sion, with re-dosing as indicated during the case.

There are multiple approaches for appendec-
tomy including open and laparoscopic. An alter-
native approach includes natural orifice 
transluminal endoscopic surgery (NOTES).
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 Open Appendectomy

Although the AAST guideline recommends lap-
aroscopic appendectomy when feasible, an open 
appendectomy may be necessary. Several inci-
sions can be utilized for the open procedure. 
The choice of incision should be made based on 
the surgeon’s comfort level and patient factors 
such as scars from previous abdominal inci-
sions. The McBurney incision is centered over 
McBurney’s point which is 1/3 the distance 
from the anterior superior iliac spine (ASIS) to 
the umbilicus. The skin incision is made perpen-
dicular to the line from the ASIS to the umbili-
cus. The paramedian, pararectus, and midline 
incision are also reasonable alternatives to the 
McBurney incision.

When utilizing the McBurney incision, sub-
cutaneous tissues are dissected until the external 
oblique aponeurosis is encountered. This is split 
along the direction of its fibers, and the external 
oblique, internal oblique, and transversus 
abdominis muscles are bluntly split using a 
clamp until the transversalis fascia and perito-
neum are exposed (Fig. 16.2). These are ele-
vated and incised sharply to gain access to the 
peritoneum. A finger sweep is utilized to iden-
tify the inflamed appendix and deliver it to the 
wound. Alternatively, the ascending colon is 
identified and the taenia followed caudad until 
the appendix is identified. Once the appendix is 
delivered into the wound, the mesoappendix is 
transected between clamps prior to suture ligat-
ing it to control the appendiceal artery. Once the 
appendiceal base is exposed after transection of 
the mesoappendix, the base is doubly ligated 
using a suture of choice prior to transecting the 
appendix and passing off the field. Some sur-
geons prefer to dunk the appendiceal stump 
using a purse string suture though this is not 
mandatory.

The peritoneum is then closed using a running 
absorbable suture prior to reapproximating the 
split muscle layers in a similar fashion. The sub-
cutaneous tissues are closed in layers as well. The 
skin may be left open when a class 4 wound is 
encountered to present surgical site infection.

 Laparoscopic Appendectomy

Based on the AAST guidelines, laparoscopic 
appendectomy is the preferred surgical approach 
when feasible. Patients who undergo laparo-
scopic appendectomy have less superficial surgi-
cal site infections, shorter length of stays, and 
less pain with equivalent outcomes when com-
pared to open appendectomy [55]. It has been 
shown in multiple studies to be safe in children, 
pregnant patients, obese patients, and the elderly 
[48].

After induction of anesthesia, the patient is 
positioned supine with the left arm tucked allow-
ing both the surgeon and assistant to stand on the 
patient’s left. If the patient did not void preopera-
tively, a urinary catheter may be placed which 
may reduce the risk of bladder injury [56].

There are multiple different options for entry 
into the abdomen, initiation of pneumoperito-
neum and trocar placement. Options for place-
ment of the initial trocar include an open or 
Hasson technique, insufflation with a Veress nee-
dle followed by use of an optical trocar, or direct 
entry into the abdomen with an optical trocar. 
Although single incision laparoscopic surgery is 
an option, the traditional approach is to use three 
trocars. When using an open technique, a peri- or 
transumbilical 10–12  mm trocar is placed, and 
the abdomen is insufflated. Two additional 5 mm 
trocars are inserted under direct visualization so 
as to allow for triangulation (Fig.  16.3). For 
example, the additional trocars may be placed 
above the pubis symphysis and in the left lower 
quadrant. The patient is placed in the 
Trendelenburg position with the right side 
elevated.

The small bowel is swept out of the pelvis 
cephalad. The ascending colon is identified and 
the taeniae coli followed caudad to their conflu-
ence at the base of the cecum. The appendix is 
elevated with an atraumatic laparoscopic grasper. 
Gentle blunt dissection may be required to expose 
the appendix due to the local inflammatory reac-
tion. When encountering a retrocecal appendix, 
the white line of Toldt must be incised to enter 
the retroperitoneum for exposure.
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Fig. 16.2 Open appendectomy. (a) Incision centered 
over McBurney’s point. B) Splitting the muscle along its 
fibers bluntly. (c) Transection of the mesoappendix. (d, e) 
Ligation and transection of the appendix. (f) Purse-string 
suture to “dunk” the stump (optional). (g) Completed 
appendectomy with “dunked” stump. [With permissions 

from: Smink D, Soybel DI. Management of acute appen-
dicitis in adults. In: UpToDate, Post TW (Ed), UpToDate, 
Waltham, MA. (Accessed on [9/1/20].) Copyright © 2020 
UpToDate, Inc. For more information visit www.upto-
date.com]
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Fig. 16.3 Laparoscopic appendectomy. (a) Trocar place-
ment. (b) Mesenteric window in the mesoappendix. (c) 
Transection of the appendix with stapler. (d) Transection 
of the mesoappendix with stapler. (e) Removal of speci-
men with retrieval bag. [With permissions from: Smink D, 

Soybel DI. Management of acute appendicitis in adults. 
In: UpToDate, Post TW (Ed), UpToDate, Waltham, MA. 
(Accessed on [9/1/20].) Copyright © 2020 UpToDate, 
Inc. For more information visit www.uptodate.com]
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The mesoappendix is now evaluated prior to 
its transection. The technique for mesenteric 
transection is left to the surgeon. Common meth-
ods for transection include using a laparoscopic 
stapler with a vascular load, harmonic scalpel, or 
laparoscopic diathermy device. After transection 
of the mesoappendix, the base of the appendix is 
evaluated.

If the tissue quality at the base of the appendix 
is adequate, then transection of the appendix may 
proceed. Various methods for appendiceal tran-
section exist as well and are left to the discretion 
of the surgeon. Common methods for appendi-
ceal transection include using a laparoscopic sta-
pler or placement of endoscopic loops.

After the appendix is transected, a retrieval 
bag is introduced thru the largest port. The appen-
dix is placed into the bag prior to removal from 
the abdomen. The trocar is replaced and the 
abdomen reinsufflated for examination of the sur-
gical bed. The mesoappendix and appendiceal 
stump are examined for hemostasis prior to 
removing the trocars under direct visualization 
and closing the fascia of 10–12  mm port in a 
method left to the surgeon.

 NOTES Appendectomy

In 2007 Bernhardt performed the first natural ori-
fice transluminal endoscopic surgery (NOTES) 
appendectomy [57]. This was performed via a 
transvaginal approach. The benefits of NOTES 
appendectomy include no visible scars, no inci-
sional hernia, no superficial wound infections, 
decreased postoperative pain, and decreased time 
to recovery [58, 59]. Though NOTES has been 
described using the stomach and anus as well, the 
vast majority of NOTES appendectomies are per-
formed in females utilizing the vagina. NOTES 
appendectomy should only be performed for sim-
ple acute appendicitis. The peritoneum is 
accessed through a culdotomy in the posterior 
vaginal fornix. A single incision laparoscopic 
surgery (SILS) port is placed allowing the sur-
geon to achieve pneumoperitoneum and intro-
duce the camera and instruments similar to a 
traditional laparoscopic appendectomy. After the 

appendix is removed, the culdotomy is closed 
using a running absorbable suture. Care must be 
taken during the initial culdotomy given its loca-
tion near the rectum and bowel. There is also risk 
of spreading endometriosis if present at surgery.

 Perforated Appendicitis (Grades 
III–V)

For patients with perforated appendicitis (Grades 
III–V), additional operative considerations may 
include whether or not to perform irrigation or to 
leave a drain. The use of irrigation is controver-
sial. The surgical dogma that “the solution to pol-
lution is dilution” has been challenged by several 
papers and meta-analyses which support forgo-
ing peritoneal irrigation [60–62]. Routine irriga-
tion with saline in children has been shown to 
have no advantage in a large randomized con-
trolled trial [63]. Use of irrigation containing 
antibiotics or povidone-iodine is controversial. A 
pilot randomized trial of povidone-iodine irriga-
tion in pediatric patients with perforated appendi-
citis suggested a possible reduction in 
postoperative abscess, but larger confirmatory tri-
als are necessary [64].

Peri-appendiceal abscesses encountered at 
surgery should be entered and evacuated intraop-
eratively. A drain may be left postoperatively. 
However, routine use of drains in the absence of 
an abscess is controversial, as it is debatable 
whether drainage actually decreases the risk of 
deep space infections [65, 66]. Moreover, leaving 
an intra-abdominal drain are associated with 
increased hospital length of stay and cost to the 
patient [67].

Additionally, in patients with perforated or 
even gangrenous appendicitis (AAST Grade II) 
involving the appendiceal base, a more extensive 
resection may be necessary. Options include par-
tial cecectomy, ileocecectomy, or right hemicolec-
tomy. Transection of the cecum just beyond the 
appendiceal base can be performed relatively eas-
ily with a laparoscopic stapler. This should only be 
performed when there is adequate cecum available 
to safely transect without compromising the ileo-
cecal valve. When a mass is present or if the suspi-
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cion for neoplasm is high, a formal right 
hemicolectomy should be performed adhering to 
sound oncologic principles. When considering 
ileocecectomy, if there is any concern for the vas-
cular status of the proposed anastomosis, then a 
right hemicolectomy should be performed. 
Laparoscopic ileocecectomy or right hemicolec-
tomy can be performed if the surgeon is comfort-
able with these techniques; otherwise, they may be 
performed after converting to an open procedure.

 Special Populations

 Pregnancy

Appendicitis occurs less frequently in pregnant 
patients when compared to age-matched non- 
pregnant patients and presents most frequently 
during the second trimester [68]. Pregnant 
patients frequently have atypical presentations of 
appendicitis. Non-specific abdominal complaints 
are most common. However, patients who have a 
classic presentation should lead to a high index of 
suspicion for appendicitis. Leukocytosis is also 
non-specific and common in pregnancy.

Ultrasound is the imaging modality of choice 
in the pregnant patient. If the diagnosis is unclear 
after ultrasound, MRI should follow. If MRI is 
unavailable, then low-dose CT should be consid-
ered [10].

Once the diagnosis of acute appendicitis is 
established, prompt surgical resection should 
occur. Nonoperative management should not be 
considered in pregnant patient with uncompli-
cated appendicitis due to the increased rate of 
complications compared with operative interven-
tion [69]. Outcomes from surgery are similar to 
those in non-pregnant patients except when per-
foration is present. Perforated appendicitis leads 
to a significantly higher rate of fetal loss than 
non-perforated appendicitis [70]. Though some 
literature suggests laparoscopic compared to 
open appendectomy increases the risk of fetal 
loss, a 2019 systematic review and meta-analysis 
found no difference in fetal loss between the two 
approaches [71, 72]. Further, the authors found 
that patients who underwent laparoscopic appen-

dectomy had shorter hospital stays and less 
wound infections [72]. Laparoscopy is safe in all 
trimesters and should not be delayed due to preg-
nancy if an indication for surgery is present [69]. 
During the second and third trimesters, initial 
port placement may require adjustment due to 
fundal height [69]. Typical insufflation pressures 
of 15 mmHg have been shown to be safe though 
some recommend lower continuous pressure and 
to adjust pressures based on the patient’s intraop-
erative hemodynamics [69].

 Obesity

Laparoscopy is preferred over open appendec-
tomy in obese patients. Laparoscopic surgery is 
associated with less wound infections, lower hos-
pital length of stay, operative time, and cost [73].

 Normal-Appearing Appendix

On occasion, the surgeon may encounter a 
grossly normal appearing appendix. It is prudent 
to examine the abdomen for another source of the 
patient’s symptoms. Some conditions to consider 
include Crohn’s disease, Meckel’s diverticulitis, 
pelvic inflammatory disease, right-sided diver-
ticulitis, and ectopic pregnancy. It is still recom-
mended that the appendix be resected as up to 
30% of normal-appearing appendices have 
appendicitis after histologic examination [74]. 
Appendectomy with a grossly normal appendix 
also aids future evaluation by removing appendi-
citis in the differential.

 Chronic Appendicitis

Patients suffering from chronic appendicitis are 
typically described as having persistent (usually 
more than 1  week) right lower quadrant pain 
which resolves after appendectomy. The pain 
may be constant or intermittent and patients often 
have a no leukocytosis. Histopathologic exami-
nation reveals chronic inflammation or fibrosis of 
the appendix [75].
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 Postoperative Management

Postoperative management after uncomplicated 
appendicitis includes pain control with a multi- 
modal approach and early ambulation. No further 
antibiotic therapy is indicated. A regular diet may 
be started immediately, and the patient is usually 
discharged on the first postoperative day although 
same-day discharge is becoming more frequent. 
Studies have not demonstrated any difference in 
short-term readmission rates or wound complica-
tions [76, 77].

Antibiotic therapy beyond the perioperative 
period (24  h) is not indicated for AAST Grade 
I-II appendicitis. Typical postoperative manage-
ment for complicated appendicitis (Grades III-V) 
includes broad-spectrum postoperative antibiot-
ics. Recent evidence suggests that the duration of 
postoperative antibiotics for complicated appen-
dicitis should not exceed 4 postoperative days 
after source control. The 2015 multicenter 
STOP-IT trial showed that there is no benefit to 
extended antibiotic therapy (8 days) versus fixed 
duration (4  ±  1  days) when adequate source 
 control is obtained from an intra-abdominal 
infection [78].

Fast-track pathways for various surgical pro-
cedures have been implemented with great suc-
cess. These aim to decrease hospital length of 
stay without increasing complication rates. 
Generally, these have been described for elective 
procedures but have started to be used for emer-
gent cases as well. Fast-track appendectomy 
pathways for uncomplicated appendicitis outline 
appropriate patient selection for participation, 
antibiotic administration, laparoscopy as the ini-
tial approach, local anesthesia, and postoperative 
pain medications given in the operating room and 
post-anesthesia care unit (PACU). Extensive 
counseling on postoperative care and restrictions 
are provided. The patient typically must meet 
several PACU criteria before discharge home. 
This has increased the number of patients who 
received same-day discharge after uncomplicated 
appendicitis without increasing morbidity or 
mortality [79, 80].

Similarly, fast-track pathways for complicated 
appendicitis have decreased hospital length of 

stay without significantly increasing complica-
tion or readmission rates [81]. Fast-track path-
ways typically pertain to patients without a 
discrete abscess or who require a percutaneous 
drain (i.e., AAST Grades I–III). Although the 
specifics may vary between institutions, such 
protocols include early resumption of a diet post-
operatively, transition to oral antibiotics if 
extended administration is indicated, and mini-
mization of unnecessary labs. Patients are dis-
charged home when their pain is controlled on 
oral medications and they are tolerating oral 
intake.

 Outcomes

Overall, the outcomes associated with appendici-
tis are good. Developed health systems have a 
mortality rate ranging from 0.09% to 0.24% [82, 
83]. Less developed countries have a higher mor-
tality rate of 1–4% [84, 85].

Surgical site infections (SSI) are the most 
common complication. Superficial SSIs have an 
incidence of 2.5%–5.4%, while organ space 
infections have an incidence of 1.3%–3% [55, 
86–89]. Laparoscopic appendectomies have a 
lower risk of superficial SSI (OR 0.37, 95% CI 
0.32–0.43) but higher risk of organ space infec-
tions (OR 1.44, 95% CI 1.21–1.73) [55].

Other less common complications include 
bleeding, usually from the mesentery, and appen-
diceal stump leak at the cecal staple line. Stump 
appendicitis is a rare clinical entity that can occur 
when an inappropriately long appendiceal stump 
is left after appendectomy. The true incidence of 
stump appendicitis is unknown, but it should be 
considered in the differential diagnosis in patients 
with abdominal pain after appendectomy [90].

 Summary

As our understanding of appendicitis evolves, so 
have the diagnostic and treatment strategies. 
Clinical suspicion for appendicitis is typically 
accompanied with an imaging study to decrease 
the number of negative appendectomies and the 
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costs associated with them. Although CT remains 
widely used for the diagnosis of appendicitis, there 
are strong advocates for use of non-ionizing tech-
niques, particularly in children. Laparoscopic 
appendectomy is the standard of care for uncom-
plicated and complicated appendicitis though 
select patients may benefit from nonoperative 
treatment. Antibiotic therapy alone is an increas-
ingly offered alternative for uncomplicated appen-
dicitis, and results from recent and ongoing trials 
can be used to inform shared decision- making. 
Finally, fast-track pathways are becoming increas-
ingly popular in facilitating early discharge and 
cost savings.
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Case Presentation
A 39-year-old man with a history of diabe-
tes mellitus, hypertension, and diverticuli-
tis presents with 3 days of worsening left 
lower quadrant pain. He has had two prior 
episodes of acute diverticulitis, both which 
resolved with IV antibiotic treatment alone. 
He has never had a colonoscopy. His vital 
signs show a heart rate of 117 beats per 
minute and blood pressure of 
139/80  mmHg, and he is febrile at 38.1 
degrees Celsius. On exam, he has localized 
tenderness to palpation in the left lower 
quadrant and suprapubic region. Labs are 
unremarkable with the exception of a leu-
kocytosis of 17 × 103/mm3. CT imaging is 
shown in Fig. 17.1.

The patient is admitted, started on IV 
piperacillin-tazobactam and IV fluids, and 
placed on bowel rest. On hospital day 4, he 
develops an ileus and requires nasogastric 

tube decompression. Leukocytosis 
increases to 25  ×  103/mm3. Computed 
tomography imaging is repeated and shows 
an increase in the appearance of the phleg-
mon and several foci of extraluminal air but 
no drainable fluid collections; small bowel 
is dilated without transition point. The sur-
geon discusses the failure of medical man-
agement with the patient who agrees to 
surgery. The patient undergoes exploratory 
laparotomy and is found to have severe sig-
moid inflammatory thickening and a small 
perforation with a minimal local fecal con-
tamination. He undergoes a sigmoid colec-
tomy with primary stapled end-to-end 
colorectal anastomosis. Given the degree 
of inflammation and contamination, a 
diverting loop ileostomy is created. 
Postoperatively his leukocytosis improves, 
and he begins to have ileostomy output on 
postoperative day 2. His pain is improved 
and diet is advanced. He is discharged 
home on by postoperative day 5 with 
instructions to follow up in clinic for wound 
check and to discuss ileostomy reversal.
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Figs. 17.1 and 17.2 Contrasted CT of the abdomen and pelvis showing pericolonic fat stranding and formation of 
pericolic phlegmon consistent with acute sigmoid diverticulitis. No organized or drainable fluid collections are present

 Introduction

Acute colonic diverticulitis has continued to 
increase in frequency over the last two decades 
[1, 2]. As a fundamental emergency surgical dis-
ease, 75 per 100,000 people will require inpa-
tient stays annually, though true prevalence is 
poorly understood as outpatient cases of acute 
colonic diverticulitis are rarely studied. 
Incidence of acute colonic diverticulitis is exac-
erbated by common problems of modern society 
including obesity, smoking, diet (especially 
low-fiber diets), a sedentary lifestyle, and the 
use of aspirin and NSAIDs [1, 2]. Annually, 
diverticulitis costs the US healthcare system 
$2.6 billion dollars [2].

Acute colonic diverticulitis occurs when 
colonic diverticuli become inflamed. Diverticuli 
become more common with age and with expo-
sure to a Western diet and lifestyle. Uncoordinated 
contractions of the colon raise intraluminal pres-
sure, which is exacerbated by low-fiber diets [1]. 
This results in formation of colonic diverticuli, 
most common in the sigmoid colon. The exact 
mechanism of subsequent inflammation is 
unclear but may result from occlusion of the 
diverticular lumen, leading to bacterial over-
growth and perforation, much like with appendi-
citis. An alternative theory postulates that an 

acute perforation of the diverticular fundus 
results in inflammation that progresses to diver-
ticulitis [1].

Though incidence of diverticulosis increases 
with age, diverticulitis is most rapidly increasing 
in populations less than 50  years of age—the 
diagnosis of which is undoubtedly facilitated by 
improvements and availability of computed 
tomography. Despite increasing occurrence in 
younger populations, older age groups are more 
likely to have complicated diverticulitis, charac-
terized by abscess formation, peritonitis, fistula 
formation, and the need for surgical intervention. 
Approximately 1 in 5 patients will require surgi-
cal intervention during their index hospitalization 
[1, 2]. The Hartmann’s procedure remains the 
most common surgical intervention, and, indeed, 
1/3 of all colonic resections and colostomies are 
attributable to diverticular disease [2]. Mortality 
remains low with this disease process, however, 
with a 1% mortality rate in patients managed 
without surgery and a 4% mortality in those 
requiring surgical intervention [1].

In this chapter, we will discuss factors predis-
posing patients to acute colonic diverticulitis, 
including high-risk populations. Special attention 
will be paid to modern grading scales for emer-
gency general surgery (EGS) diseases. Advances 
in medical and surgical management will be dis-
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cussed, as well as surgical controversies and the 
management of complicated forms of acute 
colonic diverticulitis.

 Grading Scales for Acute Colonic 
Diverticulitis

The classic grading scale for acute colonic diver-
ticulitis was proposed by Hinchey et al. in 1978 
and modified by Kaiser et al. in 2005 [3, 4]. This 
grading scale encompassed the progression from 
uncomplicated diverticulitis to complicated 
diverticulitis with peritonitis, initially based upon 
operative findings but updated to incorporate 
imaging. Despite the widespread adoption of this 
grading system, it remains specific only to diver-
ticulitis, and the general construct is not applica-
ble to other inflammatory processes in the EGS 
spectrum. The Hinchey classification also failed 
to account for different aspects of complicated 
disease.

In 2014, the American Association for the 
Surgery of Trauma (AAST) developed and pub-
lished grading scales for the classification of 
EGS conditions. Included in this series of disease 
processes was the grading scale for acute colonic 
diverticulitis [5]. Though many individual EGS 

diseases have individual grading systems, such as 
the Hinchey classification, they did not translate 
well from one pathophysiology to another. Many 
diseases have no grading systems at all. In an 
effort to design a uniform grading system, learned 
once and applied across the spectrum of EGS dis-
eases, the new grading scale created categories of 
progressively worsening disease classified in a 
variety of manners.

Table 17.1 demonstrates the grading scale for 
acute colonic diverticulitis. Disease processes are 
graded on a severity scale of 1 (mild) to 5 (the 
most severe). Increasing grades represent the 
progression from uncomplicated inflammatory 
processes to regional inflammation/abscess to 
systemic inflammatory pathology. As not every 
EGS disease is treated surgically, scores may be 
based on clinical criteria, such as physical exam 
and laboratory studies, imaging criteria, opera-
tive findings, or pathologic specimens. If a 
patient’s disease process is scored in more than 
one category, such as clinical and imaging, the 
highest grade is used as the overall score.

After creation of the grading scales, multiple 
studies were performed to validate whether the 
grading scales were indeed easy to use and pre-
dictive of worsening outcomes with increasing 
grades. An initial validation study showed mod-

Table 17.1 AAST EGS grading scale for acute colonic diverticulitis. The goal of uniform grading systems is to apply 
a single scale to a spectrum of disease processes. Disease process is graded on a severity scale of 1 (mild) to 5 (the most 
severe)

AAST 
grade Description Clinical criteria

Imaging criteria 
(CT findings) Operative criteria Pathologic criteria

I Colonic 
inflammation

Pain; leukocytosis; 
minimal or no 
tenderness

Mesenteric 
stranding; colon 
wall thickening

N/A N/A

II Colon micro- 
perforation or 
pericolic phlegmon 
without abscess

Local tenderness 
(single or multiple 
areas) without 
peritonitis

Pericolic 
phlegmon; foci 
of air (single or 
multiple); no 
abscess

Pericolic phlegmon 
with no abscess

Inflamed colon 
with 
microscopic 
perforation

III Localized pericolic 
abscess

Localized 
peritonitis

Pericolic abscess Pericolic abscess Inflamed colon 
with perforation

IV Distant and/or 
multiple abscesses

Localized 
peritonitis at 
multiple locations

Abscess or 
phlegmon away 
from the colon

Abscess or phlegmon 
away from the colon

Inflamed colon 
with perforation

V Free colonic 
perforation with 
generalized 
peritonitis

Generalized 
peritonitis

Free air and free 
fluid

Perforation with 
generalized fecal and 
purulent 
contamination

Inflamed colon 
with perforation
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erate inter-rater reliability and a significant asso-
ciation between higher grades and complications, 
as well as longer length of stay [6]. A follow-up 
multi-center validation also demonstrated signifi-
cant associations between higher EGS grades in 
acute colonic diverticulitis and clinical outcomes 
[7]. Inter-rater reliability was rated as high in the 
multi-center validation. An additional study pub-
lished in 2020 compared the AAST grading scale 
for acute colonic diverticulitis to the modified 
Hinchey classification. This study demonstrated 
equivalent ability to predict the need for interven-
tion and likelihood of complications, demonstrat-
ing non-inferiority with the existing standard [8].

As Ebersole et  al. noted in their 2020 com-
parative study, the AAST EGS classification may 
be preferable to the modified Hinchey classifica-
tion, in that it is applicable preoperatively, or 
even if no intervention is required. Overall, the 
AAST grading scales have provided a common 
language for EGS surgeons to use in order to 
facilitate clinical management, to ensure effec-
tive communication in hand-offs and transfers 
and to facilitate research on EGS diseases. 
Additionally, the structure of the scales remains 
standardized regardless of the disease process, 
meaning a clinician who learns the grading scale 
for acute colonic diverticulitis will understand 
the grading framework for appendicitis, perfo-
rated ulcers, breast infections, and a diversity of 
other EGS pathology. The use of the AAST EGS 
grading scale for acute colonic diverticulitis is 
encouraged for EGS providers, to facilitate care 
and promote research.

 Risk Factors

The prevalence of diverticular disease has 
increased over the past century from reports 
around 2–10% in the early 1900s to up to 50% in 
patients 60 years and above [9]. Hospitalizations 
and need for surgical intervention is also 
increasing.

The so-called Western diet comprising refined 
carbohydrates, red meats, and low-fiber foods has 
long been associated with a higher risk of diver-
ticular disease. Other risk factors include smok-

ing, chronic use of opioids, nonsteroidal 
inflammatory drugs, obesity with high visceral to 
skeletal fat ratios, and sedentary lifestyle.

It is surmised that these risk factors result in 
alteration of gastrointestinal motility and lead to 
increased intraluminal pressure which causes 
herniation of mucosa through a weekend colonic 
wall near perforating blood vessels. The exact 
mechanism by which a diverticulum becomes 
inflamed, converting diverticulosis to diverticuli-
tis, is not clear though several hypotheses exist. 
Some have postulated that a narrow-necked 
diverticulum may lead to bacterial overgrowth 
within the outpouching resulting in infection, 
while others hypothesize that inspissated stool 
can cause erosion through the diverticulum lead-
ing to peritonitis [10].

 Presentation and Diagnosis

Patients with acute diverticulitis may present in 
the outpatient setting or via the emergency 
department. Focused history taking and physical 
examination are important in the initial evalua-
tion of patients presenting with acute abdominal 
pain. Inflammatory diverticular disease typically 
presents with a constellation of symptoms that 
usually include left lower quadrant abdominal 
pain and fevers [11, 12]. Pain may radiate to the 
suprapubic region, groin, or back. Changes in 
bowel movements, diarrhea, nausea, vomiting, 
and anorexia may also be present. Symptoms are 
often recurrent but are not usually provoked by 
an inciting event.

 Initial Assessment

The abdominal examination of a patient with 
acute diverticulitis will vary depending on the 
degree of inflammation, stage of disease, and 
segment of colon involved. Mild symptoms are 
associated with low-grade disease. Commonly, 
patients present with left lower quadrant tender-
ness to palpation. In moderate disease, evidence 
of localized left lower quadrant peritonitis may 
be seen on examination as evidenced by rebound 
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tenderness or voluntary guarding. Generalized 
peritonitis is concerning and is associated with 
the high-grade diverticulitis and systemic illness. 
Digital rectal examination, if performed, is usu-
ally nonspecific but may be helpful in the pres-
ence of stricture and large bowel obstruction or to 
evaluate for rectal pathology.

Presence of systemic symptoms should raise 
concern for high-grade disease, and hemody-
namic derangement prompts early assessment. 
Hypovolemia may be present in patients experi-
encing poor oral intake or emesis and could man-
ifest with hemodynamic instability such as 
tachycardia or hypotension. However, these 
abnormalities should raise concern for abdominal 
sepsis or developing septic shock.

Leukocytosis or thrombocytopenia is further 
evidence of the degree of inflammation present. 
Electrolyte abnormalities, acute kidney injury, 
and lactic acidosis are also common in more 
advanced disease. C-reactive protein and other 
inflammatory markers may correlate with the 
severity of acute diverticulitis. [13–17] The 
American Society of Colon and Rectal Surgeons 
supports the use of C-reactive protein (CRP) as 
part of routine laboratory investigations [13]. 
CRP greater that 150  mg/dL is associated with 
complicated diverticulitis. In the presence of free 
fluid on imaging, elevated CRP has been associ-
ated with increased mortality. [16] The trio of 
guarding on physical examination, elevated CRP, 
and leukocytosis detect complicated diverticulitis 
with a negative predictive value of 96% [17]. 
Though these findings apply to the diagnosis of 
diverticulitis, they are nonspecific, and other 
diagnosis must be ruled out. The differential 
diagnosis is broad and includes intestinal tract 
malignancies, bowel obstruction, inflammatory 
bowel disease, perforated gastric or duodenal 
ulcers, intestinal ischemia, and others.

 Imaging

Advanced imaging has become standard of care 
in the evaluation of the patient with abdominal 
pain and is a necessary tool for guiding treat-
ment. Computed tomography (CT) scan is the 

recommended imaging modality for patients with 
suspected diverticulitis or intra-abdominal sep-
sis. The sensitivity and specificity of CT imaging 
for diagnosing diverticulitis and other mimickers 
of the disease are around 95% for each [18]. CT 
can reveal the extent of disease and help guide 
management. Presence of phlegmon (Fig. 17.1) 
versus pericolonic abscess formation will help 
distinguish the need for percutaneous interven-
tion. Large abscesses may be distinguished from 
free perforation (Fig. 17.2) which can aid in sur-
gical decision-making.

Magnetic resonance imaging (MRI) can also 
be considered for patients in which CT imaging 
is contraindicated such as in patients with con-
trast dye allergies or, in some cases, pregnancy. 
The use of ultrasound has also been described 
and may be useful in identifying fluid collec-
tions associated with diverticulitis or to diag-
nose pelvic conditions that may mimic disease, 
particularly in women with pelvic and lower 
abdominal pain [19]. Ultrasound is less sensi-
tive and specific and is not considered the goal 
standard in identifying diverticulitis and its 
complications [20].

 Management

Accepted management for acute colonic diver-
ticulitis ranges from expectant management in 
the outpatient setting to emergency sur-
gery. Subtleties of management are dependent on 
the severity of presenting disease, physiologic 
condition of the patient, and disease progression.

 Medical Management

Antibiotics are the mainstay of first-line therapy 
for patients presenting with any severity of diver-
ticulitis. More recently, management without 
antibiotics has demonstrated no statistically sig-
nificant difference in complications, time to 
recovery, or long-term recurrence compared to 
treatment with antibiotics in patients with low- 
grade, uncomplicated diverticulitis without sys-
temic symptoms [21–23]. The ASCRS 2020 
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guidelines now support outpatient treatment 
without antibiotics in immunocompetent patient 
who meet low-grade diverticulitis criteria. [13]

Expectant management should be reserved for 
patients without systemic symptoms including 
fevers, tachycardia, hypotension, and without 
peritoneal signs on physical exam. Close clinical 
follow-up is recommended when expectant man-
agement is pursued.

For those patients with evidence of more com-
plicated disease, including sepsis or systemic 
inflammatory response, antibiotics are indicated 
as first-line therapy. Patients who screen positive 
for sepsis by any parameter should be started on 
antibiotics, be provided resuscitative fluids in a 
timely fashion, and be screened for lactic acido-
sis as recommend in the 2016 surviving sepsis 
campaign [24]. For patients meeting the thresh-
olds for antibiosis, a variety of options are con-
sidered acceptable by current standards and 
evidence-based practices. However, the use of 
clinical judgment regarding the patient’s overall 
clinical picture is important. Antibiotic choice 
should include coverage of gram-negative organ-
isms and should take into account local antibio-
grams for organism resistance patterns affecting 
the local population.

Duration of antibiotic therapy has been stud-
ied in multiple settings. The STOP-IT trial dem-
onstrated that shorter course antibiotics (4 days 
vs 8 days) did not have significantly different out-
comes in complications, such as abscess forma-
tion or recurrence, in patients who had undergone 
procedural source control [25]. Additional ran-
domized controlled trials have shown no differ-
ence in patient outcomes in the treatment of 
uncomplicated diverticulitis with short course 
versus longer courses of intravenous antibiotics 
(4 days vs 7 days). [26] Furthermore, no differ-
ence has been found when comparing inpatient 
intravenous to outpatient oral antibiotics in 
patients with acute uncomplicated diverticulitis. 
[27, 28] Enteral antibiotics represent a viable 
alternative to parenteral administration in low- 
grade diverticulitis, saving patient’s hospital days 
and healthcare dollars. The DIVER trial com-
pared management of acute uncomplicated diver-
ticulitis using oral versus parenteral antibiotics. 

Among 132 randomized patients, there was no 
difference in treatment failure between groups, 
but the outpatient group demonstrated signifi-
cantly lower overall healthcare costs [27]. 
Generally, low-grade disease in immunocompe-
tent patients may be treated with oral antibiotics 
in the outpatient setting. For more complex dis-
ease, admission and treatment with intravenous 
antibiotics is indicated.

 Image-Guided Drainage
Symptoms of diverticulitis that prompt patients 
to seek emergency medical attention are often 
associated with more advanced inflammation and 
higher grade disease. Computed tomography is 
indicated to assess extent of acute colonic diver-
ticulitis. Small abscesses, <3–4 cm, can be suc-
cessfully managed with antibiotics alone. 
Contained perforations with larger, well-formed 
abscesses can safely be treated by percutaneous 
drainage if the patient does not have an indication 
for urgent laparotomy. Up to 80% of diverticulitis 
with localized abscess will resolve with a combi-
nation of antibiotic therapy and drainage [29]. 
Furthermore, larger abscess size does not pre-
clude image-guided drainage therapy and does 
not correlate with treatment failure.

 Surgical Management

 Laparoscopic Peritoneal Lavage
Laparoscopic peritoneal lavage has been used for 
abdominal washout for abscesses that are large 
and not amenable to percutaneous drainage or in 
hemodynamically stable patients with moderate 
free fluid and evidence of perforation. In general, 
the goal with this minimally invasive approach is 
to avoid the need for stoma creation [30]. In the 
LADIES trial, the LOLA arm randomly assigned 
patients with feculent peritonitis to laparoscopic 
lavage versus resection. The study was termi-
nated early by the safety monitoring for high 
rates of short-term morbidity in the lavage group 
[31, 32]. Therefore, the conclusions from this 
study are that lavage is not superior to standard 
sigmoidectomy for perforated diverticulitis. The 
SCANDIV trial assessed 199 patients with perfo-
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rated diverticulitis, who were randomly assigned 
to laparoscopic lavage versus sigmoidectomy. 
There was not difference in mortality between 
groups, but the lavage group had a significantly 
higher rage of reoperation. [33] The expert panel 
for Society of Gastrointestinal and Endoscopic 
Surgeons in 2018 came to consensus that laparo-
scopic peritoneal lavage could be considered in 
certain patient populations, but noted the lower 
incidence of stoma formation may be offset by 
increased short-term morbidity and increased 
reoperation. [34] In 2018, the American 
Association for the Surgery of Trauma published 
guideline statements on acute colonic diverticuli-
tis that recommended against the use of laparo-
scopic lavage in most cases [35].

 Emergency Surgical Resection
Emergency laparotomy is indicated in patients 
with generalized peritonitis or when systemic 
symptoms of sepsis or septic shock are present. 
Diffuse peritoneal free fluid or free air have also 
been associated with high rates of failure of non-
operative management, and emergency surgical 
resection may be required in up to 15% of acute 
cases of dieverticulitis [16, 26, 36]. Immediate 
therapy with antibiotics and crystalloid fluid 
resuscitation are important initial preparatory 
steps. Surgery should be considered urgent, and 
time to operation should minimized.

Patients who do not require emergent resec-
tion at admission but fail to resolve with nonop-
erative therapies are in the minority but should be 
considered for sigmoid resection during the same 
hospitalization. [13] These patients may continue 
to smolder without resolution of abdominal pain 
and development of abscess and phlegmon or 
demonstrate persistent intestinal ileus. Though 
there may be an absence of clinical deterioration, 
these patients have higher rates of readmission 
and recurrence and should be considered for 
resection during the index hospitalization.

 Laparoscopic Vs Open Resection
Minimally invasive surgery has revolutionized a 
number of surgical operations, such as appendec-
tomy and cholecystectomy. The advantages of 
laparoscopy have been well described. As laparo-

scopic technique has improved, laparoscopy for 
colon resection has gained popularity for a num-
ber of pathologies, including diverticular 
disease.

A number of clinical considerations should be 
considered when choosing between laparoscopic 
and open resection for diverticular disease, par-
ticularly in the acute setting. The patient’s physi-
ologic status, hemodynamics, and comorbidities 
are important factors in this decision. In general, 
laparoscopy is reserved for stable patients who 
can tolerate the physiologic stress of peritoneal 
insufflation, as well as potentially longer opera-
tion. Previous abdominal surgery, anticipated 
hostile abdominal adhesions, and intestinal dila-
tion may also render a laparoscopic approach dif-
ficult to prohibitive. Retrospective comparison of 
laparoscopic and open sigmoid resection for 
acute diverticulitis in patients who have failed 
medical treatment for complicated disease shows 
that laparoscopic procedures may be associated 
with lower blood loss, less incidence of ileus, 
more rapid resumption of a general diet, shorter 
length of hospital stay, fewer overall complica-
tions, and lower mortality compared to open col-
ectomy [37, 38]. The available literature is sparse 
and retrospective and therefore has limitations. 
However, it suggests that the laparoscopic 
approach to colectomy for acute diverticulitis 
should be considered in stable patients in centers 
where complex laparoscopic procedures are 
routine.

Robotic surgery has also become increasingly 
popular for treatment of diverticular disease. The 
outcomes of the studies reviewing the use of 
robotic surgery generally focus on comparison 
with laparoscopic procedures, rates of converting 
to open procedure, length of operation, and over-
all medical cost. [39–42] The body of literature 
investigating the benefits of robotic colectomy is 
retrospective but does reveal some promising 
data suggesting lower overall morbidities with 
robotic compared to laparoscopic resection. 
Little data exists investigating the robotic 
approach in acute inflammatory diverticulitis, 
however. More investigation is needed to further 
elucidate the benefits of this approach in the 
emergency surgical population.
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 Extent of Resection
When able, the entire sigmoid colon should be 
resected when operating for diverticulitis. As 
diverticuli may be pan-colonic; however, it is not 
necessary to remove uninvolved descending 
colon. The distal margin of resection is generally 
at the level of the sacral promontory if the rectal 
tissue is normal. The rectosigmoid junction can 
be identified by the splaying of tenia coli. If 
inflammation significantly involves the rectum, 
the distal margin may need to be deeper to the 
level of healthy tissue. [43, 44] The margins 
should be soft and viable, particularly if anasto-
mosis is planned. Mobilization of the splenic 
flexure may be necessary in order to create a 
tension- free anastomosis, if restoration of intesti-
nal continuity is planned.

 Stomas and Intestinal Continuity
A number of studies have been conducted to elu-
cidate the operative approach to urgent sigmoid-
ectomy for diverticulitis. Historically, 
sigmoidectomy with end colostomy has been 
considered the standard of care. Initially 
described as a three-staged approach, current 
practice typically involves two stages with initial 
resection and colostomy formation and subse-
quent takedown with restoration of intestinal 
continuity [45]. More recently, multiple random-
ized controlled trials have investigated the limita-
tion with which resection and primary colonic 
anastomosis, with or without defunctionalizing 
loop ileostomy, can be safely performed. The 
LADIES trial randomized 133 hemodynamically 
stable, immunocompetent patients under the age 
of 85, with purulent or feculent peritonitis,

to Hartman’s procedure or sigmoidectomy 
and anastomosis. The latter group was further 
subdivided into defunctionalizing ileostomy or 
no stoma creation. The 1-year stoma-free sur-
vival was significantly greater in the primary 
anastomosis group, and no difference in short- 
term complications was noted. [31]

The ColonPerfRCT and DIVERTI trials com-
pared treatment of purulent and feculent diver-
ticulitis by Hartman’s procedure with resection 
versus primary anastomosis and diverting ileos-
tomy. They found no difference in short-term 
morbidity and mortality; however the 1-year 

stoma-free survival rates were much higher in the 
primary anastomosis group. Furthermore, the 
perioperative complications for the stoma rever-
sal after Hartmann’s was considerably higher 
than for reversal of diverting ileostomy, prompt-
ing early termination of the ColonPerfRCT trial. 
The DIVERTI trial was carried out to completion 
and found no difference in morbidity or mortality 
between the groups but the 18-month stoma 
reversal was significantly higher in those who 
underwent primary anastomosis with defunction-
alizing ileostomy. [46, 47]

Overall, the decision to resect and divert ver-
sus perform primary anastomosis will depend on 
multiple factors. These may include physiologic 
status of the patient at the time of resection, 
degree of inflammation or contamination, quality 
of the tissue, and other patient comorbidities. 
With more current research support, the 2020 
ASCRS guideline made a strong recommenda-
tion for sigmoid resection with colorectal anasto-
mosis and creation of diverting loop ileostomy in 
appropriate patients [13]. In general, the decision 
for fecal stream diversion should be left up the 
clinical judgment of the surgeon.

 Damage Control
Damage control laparotomy was first described 
in the trauma population for major life- threatening 
abdominal injuries. Over the past decade, the 
indication for damage control surgery has been 
extended into the emergency general surgery 
population, especially in the cases of severe intra- 
abdominal sepsis, abdominal compartment syn-
drome, and progressive intestinal ischemia. [48] 
This practice is another area in which literature 
supporting or opposing its use for non-traumatic 
indications is limited to retrospective studies. 
Some suggest that the benefit of damage control 
may include shorter OR time at index operation 
and consideration of restoring intestinal continu-
ity at second-look operations. [48, 49] Far more 
data is needed for definitive conclusions to be 
drawn, but it is currently acceptable practice to 
perform damage control surgery in patients with 
high-grade diverticulitis who present in septic 
shock or have other conditions making quick 
source control and minimization of time under 
anesthesia a priority.
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 Diverticular Fistulae
Incidence of fistulizing diverticular disease is low 
but can complicate the management of acute 
diverticulitis. Though it can be related to benign 
disease, presence of either of this diagnosis 
should raise the suspicion for malignancy. Risk 
factors for colonic fistulae include chronic recur-
rent diverticulitis and smoking. [50, 51] These 
fistulae occur most commonly in the form of 
colovesicle fistula; however, colovaginal, colocu-
taneous, coloenteric, and colouterine fistulae 
have been described. The presence of pneumatu-
ria, fecaluria, or feculent vaginal discharge can 
be distressing to the patient and warrant prompt 
intervention when able.

The general accepted treatment for patients 
suffering from diverticulitis with colonic fistula 
is resection once the acute episode of diverticuli-
tis has resolved unless the physiologic condition 
of the patient mandates emergent intervention. 
Laparoscopic approach has become an accept-
able approach; however, many surgeons continue 
to opt for open resection. Restoration of intestinal 
continuity is recommended when able, particu-
larly if the operation is completed in the elective 
setting [52]. In the case of coloenteric fistulae, 
small bowel resection is usually mandatory. 
Colovesicle and colovaginal fistulae may be more 
complex. To address these fistulae, primary repair 
by direct suture of the bladder or vaginal wall is 
commonly performed. Creation of omental pedi-
cle flaps or buttresses have also been described 
but not well studied. In the case of colovesicle 
fistula, postoperative management includes 
maintenance of a Foley catheter for 7–14  days 
post repair. Cystogram is obtained prior to 
removal to ensure integrity of the urinary tract 
has been restored. It may be necessary to seek 
additional surgical expertise in complex cases 
involving the gynecologic or urinary tract. [52]

 Perioperative Considerations

 Bowel Prep

Though there is a paucity of literature in support 
of preoperative bowel preparation specific to 
diverticulitis, literature strongly supports bowel 

preparation for the general colorectal population. 
Several randomized controlled studies and retro-
spective cohorts in the general colorectal popula-
tion have revealed that a bundle which include 
preoperative mechanical bowel preparation with 
oral antibiotics significantly reduce anastomotic 
leaks, hospital readmissions, and surgical site 
infections. [53–55] These findings have been 
substantiated over the years, and it is now the 
accepted standard of care to provide both bowel 
preparation and antibiotics prior to elective col-
ectomy. When able, this practice should be incor-
porated into use for semi-elective or semi-urgent 
cases.

 Ureteral Stents

The use of prophylactic ureteral stents to avoid or 
recognize ureteral injury is a controversial topic 
and literature supporting or opposing its use is 
limited. Much of the available literature suggests 
that prophylactic ureteral stenting aids only in 
recognition of ureteral injury but does not prevent 
injury from occurring. [56, 57] The SAGES con-
sensus guidelines published in 2018 confer a 
weak recommendation for selective use based on 
patient characteristics and preoperative imaging 
in the elective setting [34]. However, there are 
currently no recommendation for the routine use 
of stenting in the urgent or emergent setting.

There are currently no randomized control tri-
als investigating the efficacy of prophylactic ure-
teral stent placement for prevention or 
identification of ureteral injury in emergency set-
tings. More recently some retrospective data 
based on NSQIP data has made a weak correla-
tion between prophylactic ureteral stent place-
ment for diverticular disease and a lower 
incidence of ureteral injury [58]. However, as 
with all retrospective data, the quality of evidence 
remains weak, and there are no strong recom-
mendations for or against their use.

The argument against the use of stents is based 
on the risks of urinary tract-related complications 
such as infection, iatrogenic injury with ureteral 
stent placement, and increased length of operat-
ing room time. [59] Until more literature is avail-
able, the general accepted recommendation is to 
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use ureteral stenting in select cases, based on sur-
geon discretion.

 Post Recovery and Elective Surgical 
Resection

 Elective Resection

Elective resection for diverticulitis has been a 
point of controversy for many years and contin-
ues to evolve. Historically, reflex elective resec-
tion after any given episode, or even multiple 
recurrent episodes of diverticulitis, was generally 
discouraged. Rather the number of recurrent epi-
sodes, degree of inflammation, and abscess 
dimensions were considered as part of the 
decision- making pathway for elective colectomy. 
More recently, the nonoperative approach has 
come under some scrutiny as more studies have 
revealed data supporting resectional treatment on 
an elective basis for patient who have recovered 
from a course of complicated diverticulitis. 
Diverticulitis recurrence has been reported 
between 9% and 61% [13].

 Uncomplicated Diverticulitis

Patients who have successful nonoperative treat-
ment of uncomplicated diverticulitis have rela-
tively low rates of recurrence. The risk of 
subsequent complicated diverticulitis, or need for 
emergent surgery with stoma creation, is not 
increased. Elective surgery after successful treat-
ment of a single episode of uncomplicated diver-
ticulitis is not recommended. The risk of recurrent 
diverticulitis after a single episode is relatively 
low, though subsequent admissions for recurrent 
diverticulitis do confer an increased risk of fur-
ther recurrences. [60–63] For patients with mul-
tiple episodes of recurring disease, elective 
colectomy should be considered on an individual 
basis and with consideration of patient’s general 
condition and comorbidities. The risk of anasto-
motic leak and the need for stoma creation, 

among other perioperative complications, should 
be weighed against the morbidity of readmission, 
time lost from work, and other quality of life 
indicators.

 Diverticulitis with Abscess

Large retrospective studies have shown the recur-
rence rate after a single episode of diverticulitis 
with abscess to be significantly higher than 
patients without abscess formation [60, 61]. 
Additionally, there is evidence to suggest that 
these patients recur with higher-grade disease 
and larger abscesses and need urgent resection 
more often when the initial occurrence required 
percutaneous abscess drainage. Recurrence rate 
in this circumstance is approximately 74%. [62] 
Given these risks, patients with abscess, particu-
larly if treated by percutaneous drainage during 
the index episode, may be considered for elective 
colectomy after the resolution of the acute epi-
sode of diverticulitis. The lengthening body of 
data suggesting that diverticulitis recurs at higher 
rates and with more morbidity than previously 
suggested has led the ASCRS to change their rec-
ommendation to consider elective resection after 
successful treatment of diverticular abscess in the 
2020 Clinical Practice Guidelines [13]. 
Consideration of the patient’s overall physiologic 
condition and consideration of the patient’s age 
and comorbidities should always be considered 
in the surgical planning and decision-making.

 Colonoscopy

For the majority of patients, nonoperative man-
agement of an acute episode of uncomplicated 
diverticulitis achieves resolution of symptoms. 
The recurrence rate for uncomplicated divertic-
ulitis has been reported between 13 and 33%. 
[64] Thus it can often be managed expectantly. 
The risk of occult malignancy in this population 
has been reported between 0.7 and 1.3%, com-
pared to complicated diverticulitis where occult 
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Fig. 17.3 CT showing pericolonic and mesenteric 
stranding with phlegmon and no drainable fluid 
collection

Fig. 17.4 CT abdomen showing perforation of colon into 
abdominal wall, free fluid, and pneumoperitoneum

Fig. 17.5 Colonoscopy showing sigmoid colon with 
chronic inflammatory change

malignancy increases to between 7.9 and 11% 
[65, 66]. Thus, in patients suffering from diver-
ticulitis complicated by abscess formation, 
purulent or feculent peritonitis, or abscess for-
mation, colonoscopy should be performed in the 
post-acute phase for full inspection of the length 
of the colon to rule out occult malignancy. 
Chronic inflammatory changes may be seen for 
several weeks (Fig. 17.3); therefore endoscopic 
exam should wait until 6 weeks after the resolu-
tions of the acute inflammatory episode 
(Figs. 17.4 and 17.5).

 Summary

Diverticular disease has become increasingly 
prevalent in the United States and other coun-
tries due to dietary and lifestyle habits. 
Historically, diverticulitis was treated as a sur-
gical emergency and mandated major open 
abdominal surgery which often resulted in the 
creation of an end colostomy. In the modern 
era, evidence-based practices have evolved as 
clinical research has expanded knowledge on 
the natural history of the disease, increasing 
the threshold for surgical intervention and need 
for stoma creation. Advances in percutaneous 
drainage techniques as a form of septic source 
control have decreased the need for emergent 
surgical resection in the inpatient setting and 
allowed for shorter hospitalizations. Much of 
this has transferred the burdens of the treat-
ment of acute diverticulitis to the outpatient 
setting.

When the benefits of elective surgery are com-
bined with the ability to perform preoperative 
bowel preparation with oral antibiotics, patients 
are at greatly reduced risk of the morbidities and 
mortality associated with anastomotic leak, sur-
gical site infection, and prolonged hospital 
course. Additionally, laparoscopic techniques are 
becoming increasingly routine, offering the ben-
efits of minimally invasive surgery.
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Despite the advances in medical management 
of acute diverticulitis having increased the thresh-
old for emergency laparotomy, patients continue 
to present with high-grade disease requiring col-
ectomy. However, even emergency surgical inter-
vention has evolved as more studies show the 
benefits of restoration of intestinal continuity in 
lieu of the Hartmann’s procedure. Novel 
approaches such as the use of damage control 
techniques continue to push the management of 
diverticulitis into a new era.

References

1. Humes DJ, Spiller RC. Review article: the pathogen-
esis and management of acute colonic diverticulitis. 
Aliment Pharmacol Ther. 2014;39:359–70.

2. Li D, Baxter NN, McLeod RS, Moineddin R, 
Wilton AS, Nathens AB.  Evolving practice patterns 
in the management of acute colonic diverticulitis: 
a population-based analysis. Dis Colon Rectum. 
2014:571397–405.

3. Hinchey EJ, Schaal PG, Richards GK. Treatment of 
perforated diverticular disease of the colon. Adv Surg. 
1978;12:85–109.

4. Kaiser AM, Jiang JK, Lake JP, Ault G, Artinyan 
A, Gonzalez-Ruiz C, Essani R, Beart RW Jr. The 
management of complicated diverticulitis and the 
role of computed tomography. Am J Gastroenterol. 
2005;100(4):910–7.

5. Shafi S, Aboutanos M, Brown CVR, Ciesla D, Cohen 
MJ, Crandall ML, Inaba K, Miller PR, Mowery NT, 
the American Association for the Surgery of Trauma 
Committee on Patient Assessment and Outcomes. 
Measuring anatomic severity of disease in emer-
gency general surgery. J Trauma Acute Care Surg. 
2014;76(3):884–7.

6. Savage SA, Klekar CS, Priest EL, Crandall ML, 
Rodriguez BC, Shafi S and the AAST Patient 
Assessment Committee. “Validating a new grading 
scale for emergency general surgery diseases.” J Surg 
Res 2015;196(2):264–269.

7. Shafi S, Priest EL, Crandall ML, Klekar CS, Nazim A, 
Aboutanos M, Agarwal S, Bhattacharya B, Byrge N, 
Dhillon TS, Eboli DJ, Fielder D, Guillamondegui O, 
Gunter O, Inaba K, Mowery NT, Nirula R, Ross SE, 
Savage SA, Schuster KM, Schmoker RK, Siboni S, 
Siparsky N, Trust MD, Utter GH, Whelan J, Feliciano 
DV, Rozycki G, the AAST Patient Assessment 
Committee. Multicenter validation of the American 
Association for the Surgery of Trauma grading system 
for acute colonic diverticulitis and its use for emer-
gency general surgery quality improvement program. 
J Trauma Acute Care Surg. 2015;80(3):405–11.

8. Ebersole J, Medvecz AJ, Connolly C, Sborov 
K, Matevish L, Wile G, Gondek S, Gunter O, 
Guillamondegui O, Dennis B.  Comparison of 
American Association for the Surgery of Trauma 
grading scale with modified Hinchey classification 
in acute colonic diverticulitis: a pilot study. J Trauma 
Acute Care Surg. 2020;88(6):770.

9. Weizman AV, Nguyen GC. Diverticular disease: epi-
demiology and management. Can J Gastroenterol. 
2011;25:385–9.

10. Young-Fadok T.  Diverticulitis. N Engl J Med. 
2018;379(17):1635–42.

11. Feuerstein JD, Falchuk KR. Diverticulosis and diver-
ticulitis. Mayo Clin Proc. 2016;91(8):1094–104.

12. Bharucha AE, Parthasarathy G, Ditah I, et  al. 
Temporal trends in the incidence and natural his-
tory of diverticulitis: a population-based study. Am 
J Gastroenterol. 2015;110:1589–96.

13. Hall J, Hardiman K, Lee S, et  al. The American 
Society of Colon and Rectal Surgeons clinical prac-
tice guidelines for the treatment of left-sided colonic 
diverticulitis. Dis Colon Rectum. 2020;63(6):728–47.

14. Hogan J, Sehgal R, Murphy D, O’Leary P, Coffey 
JC.  Do inflammatory indices play a role in distin-
guishing between uncomplicated and complicated 
diverticulitis? Dig Surg. 2017;34:7–11.

15. Kechagias A, Rautio T, Kechagias G, Mäkelä J. The 
role of C- reactive protein in the prediction of the 
clinical severity of acute diverticulitis. Am Surg. 
2014;80:391–5.

16. Mäkelä JT, Klintrup K, Takala H, Rautio T. The role 
of C-reactive protein in prediction of the severity of 
acute diverticulitis in an emergency unit. Scand J 
Gastroenterol. 2015;50:536–41.

17. Bolkenstein HE, van de Wall BJ, Consten EC, van der 
Palen J, Broeders IA, Draaisma WA.  Development 
and validation of a diagnostic prediction model distin-
guishing complicated from uncomplicated diverticuli-
tis. Scand J Gastroenterol. 2018;53:1291–7.

18. Alshamari M, Norrman E, Geijer M, Jansson K, 
Geijer H. Diagnostic accuracy of low-dose CT com-
pared with abdominal radiography in non-traumatic 
acute abdominal pain: prospective study and system-
atic review. Eur Radiol. 2016;26:1766–74.

19. Kameda T, Kawai F, Taniguchi N, Kobori 
Y.  Usefulness of transabdominal ultrasonography in 
excluding adnexal disease. J Med Ultrason (2001). 
2016;43:63–70.

20. Nielsen K, Richir MC, Stolk TT, et  al. The limited 
role of ultrasound in the diagnostic process of colonic 
diverticulitis. World J Surg. 2014;38:1814–8.

21. Chabok A, Påhlman L, Hjern F, Haapaniemi S, Smedh 
K, AVOD Study Group. Randomized clinical trial of 
antibiotics in acute uncomplicated diverticulitis. Br J 
Surg. 2012;99:532–9.

22. Isacson D, Smedh K, Nikberg M, Chabok A. Long- 
term follow-up of the AVOD randomized trial of anti-
biotic avoidance in uncomplicated diverticulitis. Br J 
Surg. 2019;106:1542–8.

S. A. Savage and B. Padilla-Jones



241

23. Daniels L, Ünlü Ç, de Korte N, et  al. Dutch 
Diverticular Disease (3D) Collaborative Study Group. 
Randomized clinical trial of observational versus 
antibiotic treatment for a first episode of CT-proven 
uncomplicated acute diverticulitis. Br J Surg. 
2017;104:52–61.

24. Rhodes A, Evans LE, Alhazzani W, et  al. Surviving 
sepsis campaign: international guidelines for manage-
ment of sepsis and septic shock: 2016. Intensive Care 
Med. 2017;43(3):304–77. https://doi.org/10.1007/
s00134- 017- 4683- 6.

25. Sawyer RG, Claridge JA, Nathens AB, Rotstein OD, 
Duane TM, Evans HL, Cook CH, O’Neill PJ, Mazuski 
JE, Askari R, Wilson MA, Napolitano LM, Namias 
N, Miller PR, Dellinger EP, Watson CM, Coimbra R, 
Dent DL, Lowry SF, Cocanour CS, West MA, Banton 
KL, Cheadle WG, Lipsett PA, Guidry CA, Popovsky 
K, STOP-IT Trial Investigators. Trial of short-course 
antimicrobial therapy for intraabdominal infection. N 
Engl J Med. 2015;372(21):1996–2005.

26. Schug-Pass C, Geers P, Hügel O, Lippert H, 
Köckerling F.  Prospective randomized trial compar-
ing short-term antibiotic therapy versus standard ther-
apy for acute uncomplicated sigmoid diverticulitis. Int 
J Color Dis. 2010;25:751–9.

27. Biondo S, Golda T, Kreisler E, et al. Outpatient versus 
hospitalization management for uncomplicated diver-
ticulitis: a prospective, multicenter randomized clini-
cal trial (DIVER Trial). Ann Surg. 2014;259(1):38–44.

28. Mege D, Yeo H. Meta-analyses of current strategies to 
treat uncomplicated diverticulitis. Dis Colon Rectum. 
2019;62(3):371–8.

29. Lambrichts DPV, Bolkenstein HE, van der Does 
DCHE, et al. Multicentre study of non-surgical man-
agement of diverticulitis with abscess formation. Br J 
Surg. 2019;106:458–66.

30. Toorenvliet BR, Swank H, Schoones JW, Hamming 
JF, Bemelman WA.  Laparoscopic peritoneal lavage 
for perforated colonic diverticulitis: a systematic 
review. Color Dis. 2010;12:862–7.

31. Lambrichts DPV, Vennix S, Musters GD, et  al. 
Hartmann’s procedure versus sigmoidectomy with 
primary anastomosis for perforated diverticulitis 
with purulent or faecal peritonitis (LADIES): a mul-
ticentre, parallel-group, randomised, open-label, 
superiority trial. Lancet Gastroenterol Hepatol. 
2019;4(8):599–610.

32. Vennix S, Musters GD, Mulder IM, Swank HA, 
Consten EC, Belgers EH, van Geloven AA, Gerhards 
MF, Govaert MJ, van Grevenstein WM, Hoofwijk 
AG, Kruyt PM, Nienhuijs SW, Boermeester MA, 
Vermeulen J, van Dieren S, Lange JF, Bemelman 
WA, Ladies trial collaborators. Laparoscopic perito-
neal lavage or sigmoidectomy for perforated diver-
ticulitis with purulent peritonitis: a multicentre, 
parallel-group, randomised, open-label trial. Lancet. 
2015;386(10000):1269–77.

33. Schultz JK, Yaqub S, Wallon C, et  al. Laparoscopic 
lavage versus primary resection for acute perforated 

diverticulitis: The SCANDIV randomized clinical 
trial. JAMA. 2015;314(13):1364–75.

34. Francis NK, Sylla P, Abou-Khalil M, et  al. EAES 
and SAGES 2018 consensus conference on acute 
diverticulitis management: evidence-based rec-
ommendations for clinical practice. Surg Endosc. 
2019;33(9):2726–41.

35. Schuster KM, Holena DN, Salim A, et al. American 
Association for the Surgery of Trauma emergency 
general surgery guideline summaries 2018: acute 
appendicitis, acute cholecystitis, acute diverticuli-
tis, acute pancreatitis, and small bowel obstruction. 
Trauma Surg Acute Care Open. 2019;4(1):e000281.

36. Ballian N, Rajamanickam V, Harms BA, Foley EF, 
Heise CP, Greenberg CC, Kennedy GD.  Predictors 
of mortality after emergent surgery for acute colonic 
diverticulitis: analysis of National Surgical Quality 
Improvement Project data. J Trauma Acute Care Surg. 
2013;74(2):611–6.

37. Letarte F, Hallet J, Drolet S, et  al. Laparoscopic 
emergency surgery for diverticular disease that failed 
medical treatment: a valuable option? Results of a 
retrospective comparative cohort study. Dis Colon 
Rectum. 2013;56(12):1395–402.

38. Turley RS, Barbas AS, Lidsky ME, Mantyh CR, 
Migaly J, Scarborough JE. Laparoscopic versus open 
Hartmann procedure for the emergency treatment 
of diverticulitis: a propensity-matched analysis. Dis 
Colon Rectum. 2013;56(1):72–82.

39. Halabi WJ, Kang CY, Jafari MD, et  al. Robotic- 
assisted colorectal surgery in the United States: a 
nationwide analysis of trends and outcomes. World J 
Surg. 2013;37(12):2782–90.

40. Raskin ER, Keller DS, Gorrepati ML, Akiel-Fu 
S, Mehendale S, Cleary RK.  Propensity-Matched 
Analysis of Sigmoidectomies for Diverticular 
Disease. JSLS. 2019;23(1).

41. Ogilvie JW Jr, Saunders RN, Parker J, Luchtefeld 
MA.  Sigmoidectomy for diverticulitis-a propensity- 
matched comparison of minimally invasive 
approaches. J Surg Res. 2019;243:434–9.

42. Al Natour RH, Obias V, Albright J, et al. A propen-
sity score matched comparison of intracorporeal 
and extracorporeal techniques for robotic-assisted 
sigmoidectomy in an enhanced recovery pathway. J 
Robot Surg. 2019;13(5):649–56.

43. Thaler K, Baig MK, Berho M, et al. Determinants of 
recurrence after sigmoid resection for uncomplicated 
diverticulitis. Dis Colon Rectum. 2003;46(3):385–8.

44. Benn PL, Wolff BG, Ilstrup DM. Level of anastomo-
sis and recurrent colonic diverticulitis. Am J Surg. 
1986;151:269–71.

45. Cirocchi R, Afshar S, Di Saverio S, et al. A histori-
cal review of surgery for peritonitis secondary to 
acute colonic diverticulitis: from Lockhart-Mummery 
to evidence-based medicine. World J Emerg Surg. 
2017;12:14.

46. Oberkofler CE, Rickenbacher A, Raptis DA, et al. A 
multicenter randomized clinical trial of primary anas-

17 Acute Colonic Diverticulitis

https://doi.org/10.1007/s00134-017-4683-6
https://doi.org/10.1007/s00134-017-4683-6


242

tomosis or Hartmann's procedure for perforated left 
colonic diverticulitis with purulent or fecal peritonitis. 
Ann Surg. 2012;256(5):819–27.

47. Bridoux V, Regimbeau JM, Ouaissi M, et  al. 
Hartmann’s procedure or primary anastomosis for 
generalized peritonitis due to perforated diver-
ticulitis: a prospective multicenter randomized trial 
(DIVERTI). J Am Coll Surg. 2017;225(6):798–805.

48. Tartaglia D, Costa G, Camillò A, Castriconi M, 
Andreano M, Lanza M, Fransvea P, Ruscelli P, Rimini 
M, Galatioto C, Chiarugi M. Damage control surgery 
for perforated diverticulitis with diffuse peritonitis: 
saves lives and reduces ostomy. World J Emerg Surg. 
2019;14:19.

49. Sohn M, Iesalnieks I, Agha A, Steiner P, Hochrein 
A, Pratschke J, Ritschl P, Aigner F. Perforated diver-
ticulitis with generalized peritonitis: low stoma rate 
using a "damage control strategy". World J Surg. 
2018;42(10):3189–95.

50. DeLeon MF, Sapci I, Akeel NY, Holubar SD, Stocchi 
L, Hull TL.  Diverticular colovaginal fistulas: what 
factors contribute to successful surgical management? 
Dis Colon Rectum. 2019;62(9):1079–84.

51. Badic B, Leroux G, Thereaux J, Joumond A, Gancel 
CH, Bail JP, Meurette G. Colovesical fistula compli-
cating diverticular disease: a 14-year experience. Surg 
Laparosc Endosc Percutan Tech. 2017;27(2):94–7.

52. Keady C, Hechtl D, Joyce M. When the bowel meets 
the bladder: optimal management of colorectal pathol-
ogy with urological involvement. World J Gastrointest 
Surg. 2020;12(5):208–25.

53. Scarborough JE, Mantyh CR, Sun Z, Migaly 
J.  Combined mechanical and oral antibiotic bowel 
preparation reduces incisional surgical site infection 
and anastomotic leak rates after elective colorectal 
resection: an analysis of colectomy-targeted ACS 
NSQIP. Ann Surg. 2015;262(2):331–7.

54. Ohman KA, Wan L, Guthrie T, et  al. Combination 
of oral antibiotics and mechanical bowel preparation 
reduces surgical site infection in colorectal surgery. J 
Am Coll Surg. 2017;225(4):465–71.

55. 2017 European Society of Coloproctology (ESCP) 
Collaborating Group. Association of mechanical 
bowel preparation with oral antibiotics and anasto-

motic leak following left sided colorectal resection: 
an international, multi-centre, prospective audit. 
Colorectal Dis. 2018;20(Suppl 6):15–32.

56. Bothwell WN, Bleicher RJ, Dent TL.  Prophylactic 
ureteral catheterization in colon surgery: a year 
review. Dis Colon Rectum. 1994;37:330–4.

57. Kuno K, Menzin A, Kauder HH, Sison C, Gal 
D.  Prophylactic ureteral catheterization in gyneco-
logic surgery. Urology. 1998;52:1004–8.

58. Coakley KM, Kasten KR, Sims SM, Prasad T, 
Heniford BT, Davis BR.  Prophylactic ureteral cath-
eters for colectomy: a national surgical quality 
improvement program-based analysis. Dis Colon 
Rectum. 2018;61(1):84–8.

59. Merola J, Arnold B, Luks V, et al. Prophylactic ureteral 
stent placement vs no ureteral stent placement during 
open colectomy. JAMA Surg. 2018;153(1):87–90.

60. Rose J, Parina RP, Faiz O, Chang DC, Talamini 
MA. Long-term outcomes after initial presentation of 
diverticulitis. Ann Surg. 2015;262:1046–53.

61. Aquina CT, Becerra AZ, Xu Z, et al. Population-based 
study of outcomes following an initial acute diverticu-
lar abscess. Br J Surg. 2019;106:467–76.

62. Devaraj B, Liu W, Tatum J, Cologne K, Kaiser 
AM. Medically treated diverticular abscess associated 
with high risk of recurrence and disease complica-
tions. Dis Colon Rectum. 2016;59:208–15.

63. Hupfeld L, Burcharth J, Pommergaard HC, Rosenberg 
J.  Risk factors for recurrence after acute colonic 
diverticulitis: a systematic review. Int J Color Dis. 
2017;32(5):611–22.

64. Hall JF, Roberts PL, Ricciardi R, et al. Long-term fol-
low- up after an initial episode of diverticulitis: what 
are the predictors of recurrence? Dis Colon Rectum. 
2011;54:283–8.

65. Sharma PV, Eglinton T, Hider P, Frizelle F. Systematic 
review and meta-analysis of the role of routine colonic 
evaluation after radiologically confirmed acute diver-
ticulitis. Ann Surg. 2014;259:263–72.

66. Meyer J, Orci LA, Combescure C, et  al. Risk of 
colorectal cancer in patients with acute diver-
ticulitis: a systematic review and meta-analysis of 
observational studies. Clin Gastroenterol Hepatol. 
2019;17:1448–56.

S. A. Savage and B. Padilla-Jones



243

18Intestinal Ischemia

Eric M. Campion, Melanie Hoehn, 
and Clay Cothren Burlew

An 82 y/o F presented to the emergency depart-
ment with the acute onset of diffuse abdominal 
pain. It was associated with some nausea but no 
vomiting or diarrhea. She had a history of severe 
PAD and had undergone a previous carotid end-
arterectomy. On exam she was noted to have a BP 
of 105/65 and a HR of 112. Her WBC was 14 and 
her lactate was 2.9. Her abdominal exam revealed 
mild to moderate distention with some tender-
ness but no signs of peritonitis. She went imme-
diately to the CT scan where she was noted to 
have evidence of severe aortic and branch vessel 
disease resulting in a severe stenosis of her celiac, 
an occlusion of her SMA, and a stenotic 
IMA. There was some mild small bowel thicken-
ing but no evidence of necrosis or perforation. 
She was taken to the interventional suite where 
an angio confirmed the arterial disease and a 
SMA stent was placed. She was admitted for 
serial abdominal exams. Her pain resolved and 
her diet was slowly advanced. She was dis-
charged post procedure day #3.

Intestinal ischemia represents a unique chal-
lenge to the practicing emergency general sur-
geon. It is a rare but time-sensitive and potentially 
devastating condition that requires prompt diag-
nosis and treatment for optimal outcome. 

Intestinal ischemia, or mesenteric ischemia, is an 
emergency condition in which the intestinal oxy-
gen supply does not meet its metabolic needs 
leading to ischemia and eventually necrosis. The 
overall incidence of intestinal ischemia is difficult 
to ascertain due to low autopsy rates. A historic 
study from Sweden with a high autopsy rate iden-
tified 12.9 cases/100,000/year from 1970 to 1982 
[1]. A more recent study from Finland identified 
7.3 cases per 100,000 per year from 2009 to 2013 
[2]. While rare, it has a high mortality with reports 
of historic mortality of up to 80% [3]. Modern 
data have shown a decline in in-hospital mortality 
down to 21% [4]. While a significant improve-
ment, this still is one of the most lethal conditions 
to present to most general surgeons. In order for 
an optimal outcome, mesenteric ischemia must be 
on the differential for every patient with acute 
abdominal pain and ruled out rapidly when the 
symptoms are consistent with the diagnosis.

 Anatomy

The superior mesenteric artery arises from the 
abdominal aorta 1–2 cm distal to the celiac axis. 
The first branch of this artery is the pancreatico-
duodenal artery. This artery is of particular 
importance as it is able to provide collateral flow 
through the gastroduodenal artery to the celiac 
axis when occlusions of the superior mesenteric 
artery (SMA) develop slowly. The middle colic 
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artery is the next branch which provides blood 
flow to the proximal colon. After this branch, the 
SMA abruptly narrows. Clots traveling through 
the SMA often lodge at either the origin of the 
middle colic artery or at the early jejunal 
branches. Occlusion proximal to the middle colic 
artery (approximately 70% of cases) will fre-
quently lead to ischemia of the majority of the 
small bowel and ischemia of the right half of the 
colon. This is typically lethal without urgent 
revascularization. In the remaining 30% of 
patients, emboli lodge distal to the middle colic 
resulting in fewer areas of ischemic intestine. The 
need for revascularization at these sites depend 
on how distal the clot lodged and amount of 
bowel at risk. Less frequently due to its distal 
location, the inferior mesenteric artery (IMA) can 
be involved resulting in colonic ischemia. This is 
more commonly due to diffuse atherosclerotic 
disease rather than emboli and can lead to an 
ischemic colitis involving the sigmoid and parts 
of the descending colon. The rectum is typically 
spared due to its robust collateralization includ-
ing blood supply outside the mesenteric vascular 
system.

 Pathophysiology

Intestinal ischemia can have several different 
underlying pathophysiologic etiologies. The 
most common is acute arterial embolism 
accounting for 50% of cases [5]. This is classi-
cally associated with atrial fibrillation but can 
occur from other cardiac causes such as mural 
thrombus and endocarditis or from an athero-
sclerotic aorta. The SMA is the most common 
clinically relevant site involved due to lack of 
significant collaterals. Embolism to the SMA 
typically lodges between 3 and 10 cm distal to 
the SMA takeoff thus possibly sparring the 
proximal jejunum and colon [6]. This leads to 
acute ischemia of a large portion of the small 
bowel and produces significant acute abdominal 
pain that is classically “pain out of proportion to 
exam.” This pain typically begins suddenly and 
is not well localized. Patients tend to have rela-
tively benign abdominal exam with minimal to 

no tenderness during the early stages. Some 
patients may have an audible bruit on ausculta-
tion, but this is not a sensitive finding. As the 
bowel moves from ischemia to necrosis, signs of 
peritonitis occur. At this point, the ischemia is 
often not reversible and bowel needs to be 
resected. The amount of bowel at risk for necro-
sis depends on how distally the clot has lodged. 
A high index of suspicion early in the disease 
course is paramount to diagnose and treat intes-
tinal ischemia before bowel necrosis occurs 
(Fig. 18.1).

Acute occlusion of a chronically diseased ves-
sel is the second most common type of mesen-
teric ischemia, representing 20–35% of cases [5]. 
Acute on chronic intestinal ischemia can be par-
ticularly difficult to diagnose as the symptoms 
are varied and potentially more subtle. 
Atherosclerotic mesenteric ischemia typically 
occurs at the proximal SMA. Plaque rupture can 
lead to acute thrombosis of a chronic lesion. 
Classically, atherosclerotic stenosis leads to 
symptoms of chronic mesenteric ischemia due to 
narrowed blood flow; a subset of patients with 

Fig. 18.1 Ischemic bowel
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clinically silent atherosclerotic narrowing exists 
making a close evaluation of preoperative imag-
ing essential in choosing the appropriate treat-
ment modality. Chronic intestinal ischemia 
originates from atherosclerosis in proximal mes-
enteric arteries and over time leads to develop-
ment of collaterals that can provide some 
perfusion to the intestine during acute thrombosis 
of a chronic atherosclerotic lesion. This can cloud 
the clinical presentation and lead to a delayed 
diagnosis of acute ischemia. Symptoms range 
from severe pain out of proportion to exam to dif-
fuse and vague abdominal pain, diarrhea(often 
bloody), or vomiting. Additionally, they may 
present in a more subacute fashion with necrosis 
developing over days rather than hours and can 
have relatively normal lab values(lactate and 
white blood cell count). The amount of bowel 
that is threatened can span from devastating pan- 
intestinal ischemia to small patchy areas due to 
collateralization of blood flow and intestinal tol-
erance to low flow. Patients presenting with acute 
abdominal symptoms should be queried for a his-
tory of postprandial pain, food fear, and weight 
loss.

Mesenteric venous thrombosis (MVT) is an 
uncommon but potentially devastating condition 
and accounts for 5–15% of mesenteric ischemic 
events [6]. This occurs when there is clotting of 
the major venous outflow of the bowel leading to 
impaired circulation, ischemia, and eventually 
necrosis. This can occur secondary to inflamma-
tory conditions in the vicinity of the major veins 
of the mesentery or can be due to a hypercoagu-
lable state. MVT involves the superior mesen-
teric vein in the vast majority of cases and is 
described as the target sign on CT [6]. Prolonged 
occlusion of the venous outflow at this level leads 
to infarction of the ileum, jejunum, and, less 
commonly, the duodenum. Non-specific abdomi-
nal pain is the primary symptom of MVT. This 
pain can be insidious and wide ranging in sever-
ity. Unfortunately, the pain can be mistakenly 
attributed to the inflammatory cause of the throm-
bosis allowing thrombosis to go unrecognized. 
As with all intestinal ischemia, a high index of 
suspicion is critical to making the diagnosis in a 
timely manner.

Nonocclusive mesenteric ischemia occurs 
when a low flow state causes inadequate perfu-
sion of the bowel to meet its demands. This can 
occur from a variety of causes such as a low flow 
state secondary to shock from another cause. 
Again, a high index of suspicion is key as patients 
are often already critically ill and further deterio-
ration or a lack of appropriate response to resus-
citation can easily be attributed to other causes. 
Other rare causes of ischemia include vasculitis 
and arterial dissection.

 Diagnostic Workup

The diagnostic workup of a patient with intestinal 
ischemia begins with the clinician recognizing it 
as a diagnostic possibility. The most common 
presenting symptom is acute abdominal pain 
(95%) followed by nausea (44%), vomiting 
(35%), and diarrhea(35%) [7]. As with all patients 
presenting with acute abdominal pain, a through 
history and physical examination is essential. 
Any patient with acute onset of severe abdominal 
pain should raise suspicion for the diagnosis. 
Details of the onset of the pain, timing, and loca-
tion can be helpful to narrow the differential 
diagnosis. History of a predisposing condition 
such as atrial fibrillation, recent myocardial 
infarction, and prior arterial embolus should 
serve as red flags for acute embolic mesenteric 
ischemia secondary to an embolus. Symptoms of 
chronic mesenteric ischemia should be sought 
(pain after eating, chronic nausea or vomiting, 
early satiety, weight loss, and food fear) as these 
may be suggestive of acute on chronic ischemia. 
A history of peripheral arterial disease or coro-
nary disease should also raise suspicion. 
Additionally, a history of prior venous thrombo-
sis or known thrombophilia disorder would sug-
gest the possibility of mesenteric venous 
thrombosis. Nonocclusive mesenteric ischemia 
typically presents with a low flow state with asso-
ciated shock. In these cases, the ischemia is typi-
cally not the presenting symptom unless the 
patient has had a delay to medical care.

Physical examination is often non-specific but 
can be helpful in a number of ways. Classically, 
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acute mesenteric ischemia presents with a rela-
tively benign abdominal examination with ten-
derness and other signs that are disproportionate 
to the patient’s significant abdominal pain. Signs 
of localized tenderness can be suggestive of alter-
native diagnoses; however if clinical suspicion of 
mesenteric ischemia persists, definitive diagnos-
tic evaluation is warranted. Auscultation of the 
abdomen can sometimes identify a bruit. As the 
ischemia progresses, intestinal necrosis leads to 
classic findings of peritonitis and septic shock.

Laboratory evaluation is important in the 
workup of all patients with abdominal pain; how-
ever no biomarker is specific enough for intesti-
nal ischemia to rule in or out the diagnosis [6, 8]. 
Leukocytosis is often present but is non-specific. 
An elevated lactate can be present as the ischemia 
progresses, but a normal or slightly elevated lac-
tate should not be reassuring as up to 50% of 
patients with AMI will present with a normal lac-
tate [9]. Normal lactate levels are also frequently 
found in patients with acute on chronic ischemia 
[8]. Other laboratory values are mostly helpful in 
evaluating alternative diagnoses or helping in 
gauge the resuscitation and suitability for the 
abdominal exploration.

The mainstay of imaging in the modern era is 
the CT angiogram (CTA) (Fig. 18.1). In fact, a 
“CTA should be performed as soon as possible 
for any patient with suspicion of acute mesen-
teric ischemia” is a grade 1A recommendation 
by the World Society of Emergency Surgery [6]. 
Many institutions recommend a non-contrast 
phase prior to injection of contrast to identify 
atherosclerotic lesions of the vessels. A well-
timed CTA can reliably identify occlusive 
lesions in the SMA, SMV, and other mesenteric 
vessels (Fig. 18.2). It will also identify athero-
sclerotic lesions consistent with acute on chronic 
disease. CTA is a reliable diagnostic too with a 
high sensitivity and specificity, 96.4% and 
97.9%, respectively, in a recent study [10]. 
Embolic occlusions will appear as an oval-
shaped lesion in the SMA typically distal to the 
first branch point. This along with absence of 
significant atherosclerotic disease is classic for 
acute embolic ischemia. In atherosclerotic dis-
ease, there is often multivessel involvement. 

Venous mesenteric thrombosis will be demon-
strated by clot in the SMV and portal vein on the 
portal venous phase. CT imaging is also able to 
identify signs of bowel ischemia and necrosis. 
Thickened or thinned bowel, hyperattenuation, 
bowel wall enhancement, bowel dilatation 
>25  mm, and ascites can be associated with 
AMI. CT will also identify late signs of bowel 
necrosis such as free air, portal venous gas, and 
pneumatosis intestinalis. Early on in the disease 
process, the bowel can look relatively normal, 
and imaging should not be used in isolation to 
determine need for direct operative visualiza-
tion of the bowel. In a delayed presentation, 
bowel perforation may occur with resultant free 
air and free fluid. Bowel findings on imaging 
combined with the history, physical examina-
tion, and laboratory values are critical in deter-
mining the need for operative evaluation of the 
bowel.

Duplex ultrasound can be considered for diag-
nosis of mesenteric ischemia but is often unreli-
able due to overlying bowel gas and other 
technical limitations of the study. However, if a 
technically proficient study is obtained, it can be 

Fig. 18.2 CT Angiogram demonstrating acute on chronic 
superior mesenteric artery occlusion at the origin
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diagnostic. Given the difficulty in obtaining an 
adequate ultrasound exam of the mesenteric 
 vessels in a patient with an acute abdomen, it is 
unwise to delay CTA imaging while awaiting an 
attempt at ultrasound.

Angiography is the gold standard but is rarely 
used for purely diagnostic purposes in the mod-
ern era. It can be considered when the diagnosis 
remains in doubt after less invasive imaging, but 
is more commonly done in conjunction with 
another procedure. Angiography is typically the 
first step during endovascular treatment or during 
operative exploration in a hybrid operating room, 
particularly if perioperative imaging was not 
obtained, the diagnosis is in question, or a vascu-
lar intervention is necessary.

 AAST Grading System

The AAST has created a grading system for 
emergency general surgery conditions 
(Table 18.1). This system uses anatomic sever-
ity to grade acute mesenteric ischemia and was 
developed based on expert consensus. This 
grading schema has recently come under scru-
tiny in a recent article that did not find correla-
tion to patient outcomes in AMI [11]. It is 
likely that other factors related to the overall 
patient condition beyond the anatomic severity 
of injury, such as comorbidities and physio-
logic status, will be required to adequately 
stratify the patient’s condition. Further, the 
grading system as currently devised requires 
an evaluation of the intestinal mucosa for 
grades 1 and 2 which would require endoscopy 
or opening the bowel which is not often per-
formed during laparotomy for mesenteric isch-
emia save for pathological evaluation after 
bowel resection. Further research efforts will 
be required to identify an accurate grading 
scale for AMI.

 Management

In critically ill patients, resuscitation and diagno-
sis should be undertaken simultaneously. 
Correction of hypotension and electrolyte abnor-
malities is paramount prior to any operative inter-
vention and should be begun without delay. Upon 
making the diagnosis of intestinal ischemia, anti-
coagulation with heparin should be initiated rap-
idly. This has been shown to be most beneficial in 
mesenteric venous thrombosis but is generally 
recommended for all types [12]. The next steps in 
management will depend on the etiology of the 
ischemia and the need for assessment of the 
bowel.

 Arterial Mesenteric Ischemia

Acute arterial mesenteric ischemia can be treated 
with both open and endovascular approaches 
depending on the patient’s lesion and vascular 
anatomy as well as whether a laparotomy is 
planned. Typically an open approach is via mid-
line laparotomy. The abdomen is entered and the 
bowel is evaluated for frank necrosis or perfora-
tion which are managed with rapid resection or 
temporary oversewing to manage contamination. 
The mesenteric blood supply is then evaluated. 
The distal duodenum is mobilized to the right by 
lysing its attachments to the ligament of Treitz. 
The SMA can be palpated at the root of the trans-
verse colon mesentery using the right hand with 
fingers posterior to the mesentery and thumb 
anterior. For acute embolus, the origin of the 
SMA may still be pulsatile but can be “water 
hammer” in fashion as the occlusion can be distal 
to this area. Doppler evaluation can be used to 
ensure there is diastolic flow. The small bowel 
mesentery is palpated out distally to manually 
identify any lack of blood flow. The Doppler can 
also be used to evaluate the bowel itself with a 

Table 18.1 AAST acute mesenteric ischemia grading scale

Grade I Grade II Grade III Grade IV Grade V
Ischemia 
without tissue 
loss

Ischemia with mucosal 
ulceration only, without 
transmural infarction

Segmental transmural 
infarction without 
perforation

Segmental transmural 
infarction with 
perforation

Pan-intestinal 
infarction
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signal on the antimesenteric border being reas-
suring. If malperfusion is identified, the next step 
depends on the etiology, chronicity, and anatomic 
location of the occlusion. In the absence of a pre-
operative CTA, an on table angiogram can give 
information about the etiology as well as the 
location of the occlusion. Both will affect the 
approach for revascularization. The SMA should 
be surgically exposed unless it can be assured to 
have adequate flow (Fig. 18.3). Soft tissue over-
lying the SMA is divided with care taken to not 
injure the SMV which lies to the right.

In the most common scenario, arterial emboli-
zation, the preferred approach is a surgical embo-
lectomy. After obtaining proximal and distal 
control, an arteriotomy is made. This approach is 
best performed transversely if the vessel feels 
soft and healthy. A #3 or #4 Fogarty catheter is 
passed distally as well as proximally into the 
aorta and inflated while it is retracted. Once the 
thrombus is removed, the artery is closed with 

double armed Prolene suture. If questions remain 
about the adequacy of distal flow, arteriography 
is warranted. The bowel must be thoroughly 
inspected. If blood flow is not adequately 
restored, then an alternate approach such as a 
bypass or proximal stent must be undertaken.

SMA bypass can be used if adequate inflow 
cannot be restored. This is frequently the case 
in the setting of atherosclerotic acute on 
chronic disease. This can be performed utiliz-
ing a vein or externally supported prosthetic 
graft. In the emergency setting, the right com-
mon iliac artery is used more frequently, but 
the infrarenal aorta, supraceliac aorta, or either 
iliac artery can be used. The atherosclerotic 
disease burden as well as the patients’ ability 
to tolerate aortic clamping all factor into the 
decision. Vein graft is ideal for resisting infec-
tion in the setting of bowel necrosis, but is 
more prone to kinking but with a 3-year 
patency approaching 80–90%. There is no dif-
ference in complications or patency between 
the approaches [13, 14].

Even during the conduct of a laparotomy, 
endovascular stenting can potentially offer an 
advantage. This can be approached in the tradi-
tional manner from the femoral, brachial, or 
radial approach. Another option is a retrograde 
SMA stent of the underlying lesion. When throm-
bectomy fails, it is most commonly due to athero-
sclerosis of the proximal SMA at the origin. This 
area is amenable to stenting and has acceptable 
patency rates, particularly when covered stents 
are used [15]. The sheath and the stent can be 
placed directly through the exposed SMA. This 
has the theoretical advantage of a shorter “clamp 
time” as well as no prosthetic use in the setting of 
contamination. Complications, reintervention, 
and mortality rates are similar to those of mesen-
teric bypass in the setting of AMI [16].

Once blood flow is reestablished, any obvi-
ously necrotic bowel is resected, while bowel of 
questionable viability is preserved when possi-
ble. A planned second look is essential to reeval-
uate the bowel until viability of the remaining 
bowel is assured.

Fig. 18.3 Surgical exposure of the superior mesenteric 
artery

E. M. Campion et al.



249

In situations where intestinal ischemia is sus-
pected yet the clinical symptoms do not warrant 
immediate laparotomy, an urgent endovascular 
approach can be utilized to restore intestinal per-
fusion. The decision to defer laparotomy should 
be based on an overall clinical picture that sug-
gests a low likelihood of bowel necrosis. This is 
based on a benign clinical exam, normal or only 
mildly elevated lactate and WBC, and symptoms 
that are not acutely worsening. Serial abdominal 
examinations and serial laboratory evaluation are 
mandatory until symptoms resolve. If there is 
suspicion of bowel necrosis, operative explora-
tion with laparotomy or laparoscopy is 
warranted.

The specific technical considerations of endo-
vascular intervention are based on the location 
and underlying pathology of the lesion. 

Percutaneous thrombectomy can be employed in 
patients with a true embolic etiology, but this sce-
nario is rare, as most will require laparotomy. In 
the setting of laparotomy for embolic disease, 
open thrombectomy is a fast definitive way to 
establish flow, but the percutaneous approach is 
being used with increased frequency. 
Endovascular solutions are much particularly 
appealing in acute on chronic or subacute isch-
emia where laparotomy may be avoided. 
Depending on the lesion’s chronicity, this may 
involve some component of percutaneous phar-
macomechanical thrombectomy in addition to 
stenting of the underlying lesion. SMA stenting 
is well established with newer data suggesting 
patency rates similar to bypass; however, they do 
have a significant reintervention of 40% at 3 years 
[17] (Fig. 18.4).

a b

Fig. 18.4 Superior mesenteric artery with high-grade stenosis before (a) and after stent placement (b)
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 Venous Mesenteric Ischemia

The patient with mesenteric ischemia is evalu-
ated and resuscitated in a similar manner to arte-
rial ischemia above. Heparin is initiated 
immediately on making the diagnosis. Clinical 
exam, laboratory values, and imaging findings 
are carefully evaluated to determine if operative 
evaluation of the bowel is required. A history of 
genetic hypercoagulable disorder, leukocytosis, 
lactic acidosis, and bowel wall thickening on CT 
scan have been shown to be predictors for resec-
tion. Bowel rest and NG tube decompression are 
employed for nonoperative management. Serial 
abdominal examinations and laboratory evalua-
tion is employed to identify evolving bowel isch-
emia. If necrosis of the bowel is suspected, open 
or laparoscopic evaluation should occur without 
delay. Anticoagulation with unfractionated hepa-
rin is the mainstay of early treatment. This is then 
transitioned to anticoagulation with warfarin 
(INR 2–3), low molecular weight heparin, or 
other full anticoagulation agent. While a large 
number of these patients improve without requir-
ing a bowel resection, there remains a high rate of 
readmission for abdominal pain. All patients 
should be evaluated for a hypercoagulable disor-
der [18].

In severe acute cases that remain refractory to 
management with unfractionated heparin, or 
when a significant amount of intestine is thought 
to be at risk, endovascular treatment can be con-
sidered. This decision is made based on imaging 
findings and the patient’s clinical course. This is 
challenging as access to the portovenous system 
is limited. The most common approach is via a 
transjugular or transhepatic approach with lysis 
catheters. The techniques are similar to the arte-
rial approach involving percutaneous thrombec-
tomy and the direct infusion of thrombolytics.

 Nonocclusive Mesenteric Ischemia

The diagnosis of NOMI is challenging and tradi-
tionally requires digital subtraction angiography; 
however MDCT is gaining acceptance [19]. 
Findings include diffuse arterial spasm, poor fill-
ing of distal branches, or “pruning,” reflux of 

contrast in to the aorta, slow portovenous filling, 
and improvement with the administration of 
papaverine (Fig. 18.5). Traditionally, NOMI is 
treated by aggressively resuscitating the patient 
in shock, restoring systemic perfusion, and treat-
ing the underlying pathology. Signs of ischemic 
bowel are sought and surgical evaluation of the 
bowel is undertaken if there is concern for necro-
sis. Any obviously necrotic bowel is resected, 
and questionable bowel is left behind for a 
planned second-look laparotomy. Re-exploration 
continues until no further questionable bowel is 
identified at which time the abdomen is closed. 
There is increased interest in intra-arterial 
 papaverine infusion; a recent study has shown a 
significant improvement in mortality from 97% 
to 66% with vasodilator infusion, but it remains a 
highly lethal condition [20].

 Further Considerations

In the setting of embolic disease, the patient 
needs a full workup including a CTA of the chest, 
abdomen, and pelvis as well as an echocardio-
gram to identify a potential source. No specific 

Fig. 18.5 Mesenteric angiogram in a patient with nonoc-
clusive mesenteric ischemia showing diffuse vessel 
spasm, “pruning,” and poor distal filling of the branches of 
the superior mesenteric artery
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imaging is necessary for follow-up after a throm-
bectomy; however, lifelong anticoagulation 
should be considered. If a stent or a bypass is per-
formed, then the patient should be treated for 
their underlying peripheral arterial disease. 
Antiplatelet medications are the mainstay of 
treatment. These patients also require surveil-
lance imaging within 1 month of the procedure, 
then at 6 months and 12 months, and then annu-
ally thereafter.
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 Introduction

Perforated peptic ulcer (PPU) is a life- threatening 
emergency associated with peptic ulcer disease 
(PUD) . Although perforation is less common 
than bleeding, complications associated with 
PUD, with a perforation to bleeding ratio of 
approximately 1:6, it is the most common indica-
tion for emergency operation in PUD and causes 
about 40% of all ulcer-related deaths [1]. 
Approximately 5% of patients with PUD will per-

forate [2]. While the exact mechanism of PUD 
resulting in PPU is not well defined, it is broadly 
described as an imbalance between acid, pepsin, 
and mucosal defense barriers. Some studies 
describe a 90-day mortality rate of up to 30% [3, 
4]. Risk factors for perforation include nonsteroi-
dals, Helicobacter pylori (H. pylori), and physio-
logic stress [5]. The total cost of PUD in the USA 
is estimated at USD 5.65 billion dollars/year [6]. 
While PUD and PPU rates are decreasing in the 
developed world, their incidence remains a sig-
nificant issue in the developing world.

 Epidemiology

PUD annually affects 4  million people world-
wide. The lifetime prevalence of perforation is 
estimated at 2–14% [7]. The overall prevalence 
of PUD has drastically declined over the last 
50 years. The decline can be attributed to antise-
cretory medications, along with eradication of H. 
pylori, which is one of the most common infec-
tions worldwide [8]. Furthermore, H. pylori is 
prevalent in up to 50–80% of patients with PPU 
due to its physiologic effects on the gastrointesti-
nal system, causing increased gastric acid secre-
tion and decreased mucosal defense mechanisms 
[9]. The first major decline was noted in 1977 
with the introduction of histamine H2 receptors 
antagonists. In the 1980s, proton pump inhibitors 
(PPI) further decreased the disease burden, along 
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Case Report
A 68-year-old female with a history of 
rheumatoid arthritis on steroids and 
NSAIDS presents to the emergency depart-
ment with acute onset of severe epigastric 
pain that awoke her from sleep. CT abdo-
men/pelvis was obtained which revealed 
free air, likely from the duodenum. The 
patient was taken to the operating room and 
underwent an open abdominal exploration 
with modified graham patch repair of a 
1 cm perforated duodenal ulcer.
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with need for surgical management. Finally, a 
better understanding of H. pylori pathophysiol-
ogy and eradication led to even further decline. 
Initially, the efficacy of the standard H. pylori 
treatment (PPI and two antibiotics, such as clar-
ithromycin plus amoxicillin or metronidazole) 
was 90%. However, due to novel strains and 
increased resistance over the years, it has now 
reduced the efficacy rate to around 70% [10].

Medical management of PUD is critical and 
includes minimizing nonsteroidal anti- 
inflammatory drugs (NSAIDS), along with 
smoking and alcohol cessation. NSAIDS are 
widely used for the analgesic, anti-inflammatory, 
anti-pyretic effects and, for certain conditions 
(rheumatoid arthritis, osteoarthritis, pericarditis, 
other chronic disease states), are required for pro-
longed periods. It is also well-known that 
NSAIDS increase the risk of PPU [11]. Smoking 
has a twofold impact on increased risk of PPU, as 
it inhibits bicarbonate secretion from the pan-
creas, increasing the acidity in the duodenum 
while also inhibiting the body’s healing ability 
for ulcers that are already present.

Overall, the current prevalence of PUD in 
western civilization is approximately 0.2–0.5%. 
In contrast, Asian countries have approximately a 
2–3% prevalence due to higher H. pylori inci-
dence, but also attributed to higher incidence of 
screening endoscopies for gastric cancer [12]. In 
the developing world, patients tend to be young, 
male, smokers, while in developed countries, 
patients tend to be elderly with multiple comor-
bidities and associated use of NSAIDs or steroids 
[13].

 Diagnosis

A detailed history and physical exam are para-
mount in diagnosing patients with PPU. It is one 
of the most easily diagnosed acute abdominal 
conditions, provided that the symptoms are 
known and appreciated [14]. A broad differential 
for acute abdominal pain should be utilized, 
including but not limited to abdominal aortic 
aneurysm, aortic dissection, appendicitis, 
Boerhaave’s syndrome, cholecystitis, foreign 
body ingestion, mesenteric ischemia, neoplasm, 

perforated viscus (other than stomach or duode-
num), and small bowel obstruction. History 
should include previous diagnosis of PUD, previ-
ous or current H. pylori infection, NSAID use, 
smoking or illicit drug use, steroid use, and previ-
ous medical and surgical history. Specific ques-
tions about pain, including location, severity, 
worsening or alleviating factors, and radiation, 
are also important.

Patients with PPU disease will commonly 
present with sudden and severe epigastric pain. 
Over time, this localized pain can spread to the 
left upper quadrant, right upper quadrant, and 
back or even become generalized. Associated 
symptoms include syncope, cool extremities nau-
sea, vomiting, early satiety, fevers, and chills. On 
physical exam, abdominal rigidity, guarding, and 
rebound tenderness may be present. It should be 
noted that physical exam findings may be sup-
pressed or missing in patients who are obese, 
immunocompromised, pediatric, elderly, or those 
on steroids. The classic triad that hallmarks pep-
tic ulcer perforation is sudden onset of abdominal 
pain, tachycardia (the earliest vital sign change), 
and abdominal rigidity [15]. Patients may even-
tually develop local or diffuse peritonitis and can 
develop sepsis with tachypnea, hypotension, and 
fever. However, typical symptoms may only be 
present in 2/3 of the patients presenting with PPU 
[16].

Imaging is an important adjunct in diagnosing 
PPU. An upright plain x-ray is a reasonable ini-
tial test, but it will miss up to 25% of patients 
with free air [17]. Patients with peritonitis may 
not tolerate erect X-rays, and thus a left lateral 
decubitus X-ray is an alternative for patient com-
fort. CT scan with IV and oral contrast has a sen-
sitivity rate greater than 98% for PPU diagnosis 
[18]. An added benefit of obtaining a CT scan is 
the ability to rule out other causes of acute 
abdominal pathology that may not require opera-
tive intervention, such as acute pancreatitis. CT 
scan findings suspicious for perforation include 
pneumoperitoneum, bowel wall thickening, 
unexplained intraperitoneal fluid, mesenteric fat 
stranding, and presence of extraluminal water- 
soluble contrast (if given) [19]. Careful note of 
contained versus non-contained perforation is 
critical in the decision-making of operative ver-
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sus a trial nonoperative management. If free air is 
not seen on imaging but suspicion remains high 
for perforation, imaging with water-soluble con-
trast (via either oral or nasogastric tube) can be 
performed [20]. Regardless of the imaging 
modality, an active leak of enteric contrast con-
firms the diagnosis. However, the lack of a leak 
does not preclude it, as a perforation may have 
sealed spontaneously.

Routine lab tests including CBC, BMP, and 
type and screen should be obtained. Blood amy-
lase and lipase can also be obtained to assist 
with differential diagnosis for acute pancreati-
tis. Any patient with vital sign abnormalities 
concerning for sepsis should be worked up with 
the addition of an arterial blood gas (ABG) and 
lactate. As part of the septic workup, blood cul-
tures should be obtained, along with ruling out 
other sources of sepsis. Broad-spectrum antibi-
otics should be started and not necessarily 
delayed for cultures.

 Risk Scores

Perforated peptic ulcers (gastric or duodenal) 
have significant morbidity and mortality, espe-
cially in those patients with significant comor-
bidities. The American College of Surgeons 
(ACS), American Society of Anesthesiologists 
(ASA), and APACHE scoring systems have been 
used to estimate overall morbidity and mortality 
rates for patients. Specific to PPU, multiple grad-
ing systems have been used, including the Boey 
and Peptic Ulcer Perforation (PULP), for risk 
stratification to estimate the severity of PPU and 
predict outcomes [21–23]. The American 
Association for the Surgery of Trauma (AAST) 
developed a set of standardized definitions to fur-
ther clarify the severity of PPU (Table 19.1) [24]. 
As disease severity increased, the rate of laparo-
scopic repair decreased, while the laparotomy 
rate increased [25]. Furthermore, as expected, the 
worse the AAST grade, the higher incidence of 

Table 19.1 AAST grading system [24]

AAST 
grade Description Clinical criteria

Imaging criteria (CT 
findings) Operative criteria Pathologic criteria

I Micro-perforation 
without peritonitis

Discomfort in 
the epigastric 
region

Extraluminal gas with 
no associated 
inflammatory changes

Preservation of 
normal anatomy with 
dissection required to 
identify the 
perforation

Perforation with 
minimal bowel 
wall 
inflammation

II Contained 
perforation with 
localized 
peritonitis

Tenderness 
confined to the 
right upper 
quadrant 
(RUQ)

Extraluminal gas 
contained in a walled 
off collection or the 
retroperitoneum

Presence of 
inflammation and 
stigmata of 
perforation with 
contained collection

Perforation with 
bowel wall 
inflammation

III Perforation with 
localized 
peritonitis and 
localized fluid 
collection in lesser 
sac or RUQ

Tenderness 
confined to the 
RUQ

Perforation with 
associated collection 
that is not contained in a 
anatomic space or 
abscess but not 
disseminated

Inflammation and 
contamination of 
peritoneal cavity 
confined to the RUQ

Perforation with 
bowel wall 
inflammation

IV Free perforation 
with peritonitis

Diffuse 
peritonitis

Perforation with 
disseminated air and 
fluid

Perforation with 
disseminated succus 
or purulent 
peritonitis

Perforation with 
bowel wall 
inflammation

V Perforation with 
duodenal 
destruction ± 
penetration into 
adjacent organs 
and generalized 
peritonitis

Diffuse 
peritonitis

Perforation with 
disseminated air and 
fluid with loss of local 
anatomic planes at the 
site of perforation

Perforation with 
disseminated succus 
or purulent 
peritonitis and 
erosion into adjacent 
structures

Destructive 
erosion of 
involved 
structures
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postoperative complications, such as postopera-
tive dehiscence, pneumonia, and acute kidney 
injury.

 Management

Perforated peptic ulcer, especially with associ-
ated sepsis, is a medical/surgical emergency 
requiring rapid management [26]. All patients 
with perforated peptic ulcer require, at a mini-
mum, prompt surgical consultation, volume 
resuscitation, antibiotics, proton pump inhibitor, 
and nasogastric decompression. Furthermore, 
many patients will benefit from intensive care 
monitoring. Goals for initial resuscitation include 
mean arterial pressure (MAP) >/− 65  mmHg, 
urine output >/− 0.5  mL/kg/h, and lactate nor-
malization. Operative intervention should not be 
delayed for ongoing resuscitation.

 Trial of Nonoperative Therapy

A significant number of ulcers are observed to 
seal spontaneously at the time of exploration, and 
therefore, in highly selected individuals, a trial of 
nonoperative management may be acceptable. 
Appropriate candidates for a trial of nonoperative 
management are those who are younger and 
those with relatively minor symptoms. Older 
(>70  years of age), immunocompromised, or 
obese patients are more likely to fail nonopera-
tive management [27]. Volume of intraperitoneal 
air and fluid may be another marker for failure 
[28, 29]. Contained retroperitoneal perforations 
that lack signs of free intraperitoneal rupture and 
peritonitis may also be appropriate for this 
approach. If initial imaging is performed without 
enteral contrast, repeat imaging with contrast 
may be reassuring in these patients.

Our practice is to continue nasogastric tube 
decompression for at least 24–48 h. High-quality 
repeat imaging with upper gastrointestinal con-
trast that distends the upper GI tract and confirms 
ulcer seal should be considered prior to tube 

removal and diet advancement. Patients should 
also be placed on PPI therapy.

ICU level monitoring and treatment according 
to Surviving Sepsis Campaign is warranted in 
many patients, regardless of initial approach [30–
32]. Patients with perforated peptic ulcers will 
require significant volume resuscitation and 
treatment of associated electrolyte and renal 
abnormalities. Persistent tachycardia and supra-
ventricular arrythmias may be a sign of uncon-
trolled leak.

Adequate source control via surgical interven-
tion or drainage, along with antimicrobial ther-
apy, is critical in the management of PPU. 
Broad-spectrum antibiotics should be initiated to 
treat gram-negative, gram-positive, and anaero-
bic bacteria. Consideration of antifungal treat-
ment should be given to patients who are 
immunocompromised. De-escalation or modifi-
cation of the empiric antimicrobial treatment 
should be completed to avoid microbial resis-
tance and should be based on hospital antibio-
grams [33]. Duration of antibiotics is not well 
defined in this patient population.

Failure of nonoperative management, with 
conversion to operative treatment, must be clearly 
defined, as delay to operative treatment is associ-
ated with increased mortality. Recognizing and 
accepting a failure is paramount. Ongoing or 
worsening symptoms, sepsis, or radiologic evi-
dence should prompt exploration.

 Operative Management

Patients who are not candidates for a trial of non-
operative therapy or those who fail should 
promptly undergo surgical management. This 
should not be delayed for further resuscitation. 
Studies have shown that the time from perfora-
tion to operative intervention is independently 
associated with increased mortality, as much as 
6% increased risk of death per hour delay in sur-
gery [34, 35]. Patients should have adequate IV 
access, and consideration should be given for 
central IV access, arterial access, and bladder 
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decompression. Specific operative management 
is highly dependent on ulcer location, size of the 
defect, tissue quality, and local conditions. In 
addition to source control, consideration may be 
given to feeding gastrostomy, jejunostomy, or 
even nasojejunal feeding tube that can be placed 
and confirmed intraoperatively. Acid-reducing/
drainage operations have nearly been abandoned 
in the acute setting due to high morbidity and 
mortality. Rare exceptions may be considered for 
patients with known absolute inability to tolerate 
PPI, inability to cease NSAIDs, nonsmokers, or 
those with negative H. pylori.

 Perforated Duodenal Ulcers

The duodenal bulb is the most common location. 
This is followed by the pyloric channel. Rarely 
perforations may occur in the third or fourth 
 portions of the duodenum. Smaller ulcers, less 
than 2 cm, are generally managed with a combi-
nation of closure with omental or falciform liga-
ment patching. Intraoperative leak test can be 
considered. Drainage tubes remain controversial. 
Our practice is generally to leave drains in all but 
the smallest repairs, as postoperative access in 
the case of leak can be challenging. However, 
they do not prevent infections. Conflicting data 
exists on use of drains and is surgeon specific and 
dependent on local conditions and comfort with 
surgical repair [36].

A rare phenomenon associated with perfo-
rated duodenal ulcers is a synchronous posterior 
“kissing” duodenal ulcer with hemorrhage. 
Treatment of these includes repair of ulcer, with 
either ligation of gastroduodenal artery (GDA) or 
embolization as adjuncts [37].

Large duodenal perforations remain challeng-
ing to manage, and there is no clear best practice. 
Options include attempt at repair with omental 
patch or serosal patch. However, frequently, more 
extensive procedures are required due to the large 
nature of the perforation, location in relation to 
the ampulla, and local tissue conditions. Pyloric 
exclusion with loop gastrojejunostomy is one 

option for the high-risk perforation. Other less 
common options include jejunal serosal patch, 
Roux en-Y duodenojejunostomy, and retrograde 
duodenostomy. In these challenging cases, wide 
drainage with Malecot catheters placed into 
defects and closed suction drains are imperative, 
as postoperative leak is common and morbid. 
Though not without its own risks, percutaneous 
biliary drainage of the duodenum is sometimes a 
useful adjunct for postoperative leaks that cannot 
be treated with reoperation.

 Illustration

 Perforated Gastric Ulcers

In contrast to duodenal ulcers, gastric ulcers carry 
significantly higher risk of underlying malig-
nancy. Typically, these are an adenocarcinoma, 
but occasionally are gastrointestinal stromal 
tumors (GISTs) or mucosa-associated lymphoid 
tissue (MALT) [38]. Therefore, tissue biopsy at 
the time of operation is appropriate when feasi-
ble, based on local conditions. If not, follow-up 
endoscopic assessment within 8  weeks is pru-
dent. Occasionally, preoperative imaging may 
suggest underlying mass or metastases, but a 
definitive radiologic diagnosis is frequently 
obscured by inflammatory changes.

Ulcers of the greater curve can be treated with 
similar methods of closure with patching, as 
described above. Stapled resection is also appro-
priate. Ulcers located on the lesser curve are 
more challenging to treat due to the left gastric 
artery distally and proximity to the gastroesopha-
geal junction proximally. Distal ulcers that are 
not amenable to simple repair may require distal 
gastrectomy or antrectomy.

Though marginal ulceration is a far more 
common complication after Roux-en-Y gastric 
bypass (RYGB), perforations of peptic ulcers 
may present in the remnant stomach. The rem-
nant stomach, in theory, is a low pressure/low 
volume viscus, diverted of upper GI secretions. 
These may be treated appropriately with gastros-
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tomy tube placement by CT guidance. Imaging 
must delineate a gastric remnant perforation from 
a gastric pouch perforation. Additionally, one 
must consider the possibility of gastro-gastric 
fistula.

 Damage Control Surgery

In critically ill patients, source control is the pri-
mary goal. PPU may progress to septic shock 
with progressive organ dysfunction, hypother-
mia, hypotension, coagulopathy, and acidosis. 
Thus, in this patient population, a staged approach 
to surgical treatment may be warranted with tem-
porary abdominal closure and aggressive resusci-
tation in the intensive care setting. However, 
committing a patient to an open abdomen is not 
without risk for complications such as enteroat-
mospheric fistula. Once the patient is appropri-
ately resuscitated and hemodynamically stable 
(usually over the next 24–48 h), the abdomen can 
be reexplored and closed.

 Laparoscopic Surgery

Minimally invasive approaches are safe and 
appropriate to attempt with similar outcomes to 
open surgery when repair is straightforward [39]. 
Rate of conversion to open surgery is acceptable 
and associated with larger, more complex ulcers. 
When the preoperative diagnosis is uncertain, 
laparoscopy may be an appropriate first step if it 
can be performed in a timely fashion. Surgical 
judgment and experience will dictate the mode of 
surgical intervention.

 Adjuncts to Nonoperative 
Management and Emerging 
Therapies

Given the high operative mortality, a number of 
procedures have been evaluated as adjuncts to 
nonoperative management. These include endo-
scopic drainage via NOTES approach or omental 

patching, as well as a variety of endoscopic sutur-
ing, clipping, and stenting [40]. Small series have 
shown some promise in selected patients, but 
should only be performed in the setting of clini-
cal trial with appropriate consent [41]. Endoscopic 
techniques may be more useful for postoperative 
complications, such as stricture, or perhaps leak, 
especially those not amenable to reoperation.

 Postoperative Management

Duration of NGT should be guided by local con-
ditions at the time of exploration. While a conser-
vative approach to PPU patients postoperatively 
is common, there are studies that suggest an 
enhanced recovery after surgery (ERAS) path-
way is acceptable in the appropriate patient popu-
lation (i.e., simple repair of PDU) [42].

In the setting of diffuse peritonitis or contami-
nation, or in the setting of a tenuous repair, post-
operative imaging may be reassuring prior to 
drain removal and diet advancement.

 H. pylori Testing

In the setting of perforated peptic ulcer, H. pylori 
testing can be performed by tissue biopsy at the 
time of exploration, by fecal antigen, or by IgG 
blood levels. Breath test is generally not feasible 
in this acute setting. Fecal antigen will diagnose 
active infection, but post-surgical patients may 
suffer from ileus, preventing sampling. Positive 
IgG test will only indicate exposure, but will not 
delineate active from previous infection.

 Drain Management

Drains should be placed at the discretion of the 
surgeon, based on local conditions and comfort 
with quality of repair or surgical approach [43]. 
However, there is no clear evidence to support the 
placement of drains. Our general approach is fre-
quently to leave a drain near the site of the repair 
or anastomosis if there is any concern for postop-
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erative leak. We perform postoperative contrast 
study and remove the drain when the patient tol-
erates oral intake without concerning change in 
drainage quality or character.

Repeat endoscopy to ensure healing and rule 
out underlying malignancy is appropriate, several 
weeks following surgery [44].

 Conclusion

Peptic ulcer disease, and specifically PPU, 
remains a significant healthcare problem, which 
can consume considerable financial resources, 
regardless of whether operative or nonoperative 
management is utilized. Management may 
involve various subspecialties including sur-
geons, gastroenterologists, and radiologists. 
Successful management of patients with PPU 
involves prompt recognition, resuscitation when 
required, appropriate antibiotic therapy, and 
timely surgical and/or radiological treatment.
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Case Presentation
A 41-year-old man was transferred to the 
tertiary center intensive care unit for man-
agement of acute necrotizing pancreatitis 
and two recent bouts of hematemesis. He 
had suffered multiple bouts of acute pan-
creatitis over the past 2 years, secondary to 
hypertriglyceridemia which was only par-
tially controlled by fenofibrate. Upper 
endoscopy revealed old blood products and 
a small ulcer in the posterior wall of the 
stomach. Contrast-enhanced CT scan dem-
onstrated an enlarged hypoattenuating pan-
creas with extravasation of contrast from 
his gastroduodenal artery, which was coil 
embolized by interventional radiology. 
Two days later, he suffered a large bout of 
hematemesis with a cardiac arrest but was 
successfully resuscitated by CPR and mas-
sive transfusion. Once stabilized, he was 
taken for a repeat CT scan, demonstrating 
extravasation near the left gastric artery. In 
angiography immediately afterward no 
extravasation was seen, but the left gastric 
artery was empirically embolized.

He had another large-volume upper GI 
bleed 3  days later. He was taken to the 
operating room, where he underwent upper 
endoscopy, unfortunately limited by a large 
amount of clot in the stomach. As endo-
scopic and angiographic options had been 
exhausted; a laparotomy was performed. 
The anterior wall of the stomach was 
opened widely, blood was evacuated from 
the stomach, and the posterior wall was 
opened, incorporating a fistulous tract into 
the retroperitoneum. Blood and necrotic 
pancreas were evacuated from the retro-
peritoneum, but no active bleeding was 
found. The stomach was closed, and the 
patient returned to the intensive care unit. 
Three hours later, he developed a recurrent 
upper gastrointestinal hemorrhage and pro-
found hypotension. A Zone 1 REBOA was 
placed, and the patient was immediately 
transferred back to the operating room, 
where his laparotomy was re-opened. 
There was active bleeding from the approx-
imate location of the splenic artery, which 
was suture ligated. More bleeding was 
coming from the area of the gastroduode-
nal artery, and the previous embolization 
coils were visualized from within the pan-
creatic bed. Suture ligation failed to stop 
the bleeding. Vascular surgery was con-
sulted and placed a stent graft in the com-
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 Workup

Patients with acute pancreatitis almost always 
present with severe epigastric pain radiating to 
the back. The pain may be localized to either side 
or may be in the midline and is typically associ-
ated with significant tenderness to palpation and 
guarding, although without the diffuse tender-
ness, rigidity, or rebound tenderness characteris-
tic of peritonitis. Nausea and nonbilious emesis 
are frequent associated symptoms; less com-
monly, patients in whom pancreatitis has caused 
a localized gastric ileus may also have distention 
focused in the left upper quadrant. The date of 
onset of symptoms should be elicited and clearly 
recorded in the medical record; this may be dif-
ficult to discern in a patient who has been trans-
ferred to a tertiary center with altered mental 
status or under sedation, but is of crucial impor-
tance in understanding the maturation and evolu-
tion of pancreatic inflammatory processes, as will 
be discussed below.

All patients in whom pancreatitis is suspected 
should have a biochemical workup including a 
comprehensive metabolic panel, a complete 
blood count, amylase, and lipase. In patients with 
the correct historical and examination findings, 
lipase or amylase levels at least three times the 
upper limit of normal are diagnostic of acute pan-
creatitis. Transaminitis feature in some predictive 
scoring models for severe pancreatitis, as will be 
discussed below. However, the most crucial use 
of hepatic function tests is to rule out concurrent 
biliary pathology. Three to 5% of patients with 
gallstone pancreatitis may present with concur-

rent choledocholithiasis or even cholangitis [1, 
2]; as with any other patient, true cholangitis is an 
emergent condition and requires prompt biliary 
drainage, typically endoscopic retrograde chol-
angiopancreatography (ERCP), for source con-
trol. Rarely, severe pancreatic edema may cause 
extrinsic compression of the common bile duct 
with direct hyperbilirubinemia and alkaline phos-
phatemia, which should be relieved by biliary 
stenting. A lactate level should be measured to 
assess end-organ perfusion. Any patient with 
signs of physiologic compromise (e.g., acute kid-
ney injury (AKI), lactemia, unexplained hypoxia) 
should undergo a contrast-enhanced computed 
tomography scan (CECT) of the abdomen and 
pelvis contrast to assess for pancreatic necrosis. 
CECT may also reveal a pancreatic or periampul-
lary tumor, although in the setting of acute pan-
creatic and peripancreatic edema, this is more 
often a vague suggestion than a clearly demar-
cated finding. Additionally, CECT may be useful 
in those patients with a suspicious history but 
normal laboratory values, especially if they have 
had pain for more than a few days, as amylase 
and lipase levels may have returned to normal 
before the patient presented to medical attention.

In addition to measuring the severity and 
assessing for complications of pancreatitis, the 
initial workup should attempt to determine the 
etiology of pancreatitis. A significant majority of 
acute pancreatitis is caused by alcohol abuse or 
by mechanical obstruction of the pancreatic duct 
by an impacted gallstone. The exact pathophysi-
ologic mechanism of alcoholic pancreatitis 
remains unclear, but given the intractable nature 
of alcohol addiction, many of these patients suf-
fer recurrent bouts of acute pancreatitis. Other, 
less common causes of pancreatitis include 
hyperlipidemia, medications, autoimmune dis-
ease, ERCP (pancreatitis is the most common 
complication, occurring 3.5% of the time [3]), 
pancreatic ductal obstruction by a pancreatic duct 
calculus or tumor, trauma, congenital abnormali-
ties such as pancreas divisum, and the sting of the 
Tityus trinitatis scorpion native to Trinidad. A 
significant proportion of pancreatitis is idio-
pathic. Treatment for the precipitating factors 
does not lessen the severity or shorten the dura-

mon hepatic artery, covering the origin of 
the gastroduodenal artery and arresting the 
hemorrhage. The patient’s retroperitoneum 
and stomach were packed, and the abdo-
men was temporarily closed. He was re- 
explored on postoperative day 2, with 
closure of the stomach and abdomen. He 
was discharged home 3 weeks later and has 
not had additional bleeding episodes in 
3 years of follow-up.
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tion of a bout of pancreatitis, but the etiology 
should be determined whenever possible to pre-
vent future occurrences.

Alcohol use, medication history, recent ERCP, 
prior cholecystectomy, and exposure to 
Trinidadian scorpion bites should be assessed by 
history. To discriminate between different etiolo-
gies, all patients presenting with a first episode of 
acute pancreatitis should have a right upper quad-
rant ultrasound to rule out cholelithiasis. 
Additionally, a serum triglyceride level should be 
sent, as hypertriglyceridemia is a treatable 
condition.

For patients presenting with recurrent pancre-
atitis known to be secondary to alcohol abuse, we 
forgo an involved workup if a patient presents 
with a subsequent bout of mild pancreatitis. 
However, in those patients who have recurrent 
pancreatitis without an obvious etiology, uncom-
mon causes should be investigated—anatomic 
abnormalities such as pancreas divisum can be 
seen on magnetic resonance cholangiopancrea-
tography (MRCP), or an elevated serum IgG4 
level suggests autoimmune pancreatitis. 
Consultation with gastroenterology may be use-
ful in determining the etiology if the common 
causes have been ruled out.

 Severity Scoring: Schemata 
for Prognostication 
and Classification

After making the diagnosis of acute pancreatitis, 
the next factor the surgeon must determine is the 
severity of the pancreatitis episode—whether the 
patient is in for a painful but short-lived episode 
which will self-resolve within a few days or is on 
their way to multisystem organ dysfunction or 
failure, with or without pancreatic necrosis that 
may lead to any of a variety of intra-abdominal 
complications. Over the past several decades, 
several schemata have been developed to predict 
which patients are at elevated risk of death or a 
complicated hospital course. More recently, as 
the acute care surgery literature has grown, new 
classification systems have allowed patients’ dis-
ease processes to be stratified, allowing similar 

patients to be identified for prospective research 
or treatment algorithms and allowing for mean-
ingful comparisons in retrospective studies.

In 1974, Ranson et al. analyzed biochemical 
data from 300 patients at Bellevue Hospital and 
identified 9 factors (age, WBC, glucose, AST, 
and LDH at admission; hematocrit drop, BUN 
increase, calcium, PaO2, base deficit, and fluid 
requirement at 48 h), which were associated with 
mortality or prolonged intensive care unit (ICU) 
stay [4]. The Glasgow criteria, published a decade 
later, simplified this to eight data points, with 
slightly different cutoff values (age, WBC, glu-
cose, AST or ALT or LDH, BUN, calcium, PaO2, 
albumin) (Table 20.1) [5, 6]. In the decades since 
then, multiple other scores have been used to pre-
dict the severity of acute pancreatitis, including 
general critical illness survival scores such as 
APACHE-II, as well as numerous pancreatitis- 
specific scores including the Japanese Severity 
Score (JSS) [7], Pancreatitis Outcome Prediction 
(POP) [8], Panc 3 [9], Bedside Index for Severity 
in Acute Pancreatitis (BISAP) [10], and the 

Table 20.1 Ranson score for severity of alcoholic pan-
creatitis and Glasgow criteria for pancreatitis of any etiol-
ogy. Increasing scores are associated with increased 
mortality and resource utilization

Ranson Glasgow
At admission Age >55 years

WBC >16,000/μL
LDH >350 μ/L
AST >250 μ/L
Glucose >200 mg/dL

48 hours 
from 
admission

Drop in hematocrit 
>10%

PaO2 
<60 mmHg

BUN increase 
>5 mg/dL

Age >55

Calcium <8 mg/dL WBC 
>15,000/μL

PaO2 < 60 mmHg Calcium 
<8 mg/dL

Base deficit 
>4 mEq/L

BUN >45 mg/
dL

Fluid resuscitation 
>6 L

LDH 
>600 μ/L
Albumin 
<3.2 g/dL
Glucose 
>180 mg/dL
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Harmless Acute Pancreatitis Score [11]. A head- 
to- comparison of these scoring systems, as well 
as APACHE-II and the SIRS criteria, found that 
no scoring system provided more than moderate 
accuracy at predicting organ failure >48 h, with 
the highest performing model being the JSS with 
AUCs of 0.84 and 0.74  in two different patient 
cohorts [12]. In our practice, we do not routinely 
calculate any of the available predictive scores, 
although when deciding whether to admit patients 
to a monitored setting, we do look closely at the 
early markers of organ failure which constitute 
the components of the various scores.

In addition to these biochemical- and 
physiologic- based indices, Balthazar et  al. 
described the computed tomography severity 
index (CTSI, commonly referred to as the 
Balthazar score) in 1990 [13]. The CTSI assigns 
0 to 4 points based on the extensiveness of edema 
and fluid collections and 0 to 6 points for increas-
ing degrees or necrosis, for a total possible score 
of 10. This correlates closely with the Ranson 
score [14], and its chief contribution is not that it 
supersedes physiologic and biochemical criteria, 
but rather that it showed as early as 1990 that 
CECT can predict the clinical course of acute 
pancreatitis.

Given the plethora of possible complications 
from pancreatitis, as will be discussed in detail 
later in this chapter, discussion of the disease can 
quickly become impossible if different people 
use different words to describe different subsets 
of the disease process or, even worse, if people 
use the same words to describe different pro-
cesses. To prevent this imprecision in the litera-
ture, a group of 40 physicians from 6 specialties 
and 15 countries gathered in Atlanta, Georgia, in 
1992 to set common definitions for presentations 
of acute pancreatitis [15]. Equally importantly, 
they recommended abandonment of terms which 
they felt to be particularly ambiguous, including 
“phlegmon” and “hemorrhagic pancreatitis.” The 
article’s discussion benefitted from advances in 
the understanding of acute pancreatitis from CT 
imaging. Their clearly described set of defini-
tions was widely adopted, allowing for much 
clearer clinical and especially research communi-
cation. However, the recommended changes to 

terminology were applied inconsistently, and 
additional clinical entities were reported that 
were not adequately captured by the terminology 
from the Atlanta classification system [16, 17]. 
Additionally, improvements in CT imaging tech-
nology and management strategies led to a 
greater understanding of the disease process.

An Internet-based, collaborative, iterative 
revision process was begun in 2012, involving 11 
national and international pancreatic associa-
tions. The resulting revised Atlanta classification 
(RAC) schema was published in 2012 (Table 20.2) 
[18]. The RAC divides acute pancreatitis into two 
types, interstitial edematous pancreatitis (IEP) 
and necrotizing pancreatitis (NP; Figs. 20.1a and 
20.1b, respectively). IEP is differentiated from 
NP on the basis of CECT findings; the edematous 
but perfused pancreatic tissue in IEP appears 
similar in color to splenic tissue, while NP shows 
significant hypoattenuation of the pancreatic 
parenchyma or peripancreatic tissues. The RAC 
defines three levels of severity, with severe 
defined as persistent single- or multiple-organ 
failure (a modified Marshall score of ≥2 for 
>48 h) [19], moderately severe defined as tran-
sient organ failure (<48  h) and/or local or sys-
temic complications (e.g., an exacerbation of a 
chronic lung illness or a non-ST elevation myo-
cardial infarction), and mild defined as lacking in 
organ failure or other complications. For IEP, the 
RAC defines two additional morphologic fea-
tures  – acute peripancreatic fluid collections 
(occurring with the 4 weeks of symptom onset, 
with homogeneous fluid density and no definite 
encapsulating wall), which either resolve or turn 
into pseudocysts (typically more than 4  weeks 
after symptom onset, with homogeneous fluid 
density and a clear capsule). For NP, they defined 
two analogous morphologic entities, acute 
necrotic collections (intra- and/or extra- 
pancreatic, with heterogeneous density but no 
encapsulating wall) which typically mature into 
walled-off necrosis, a process that typically takes 
at least 4 weeks from symptom onset.

In 2012–2013, the American Association for 
the Surgery of Trauma (AAST) Patient 
Assessment Committee created uniform grading 
systems for the severity of emergency general 
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Table 20.2 Morphologic features of acute pancreatitis based on the revised Atlanta criteria [18]

Morphologic 
feature CECT appearance

Morphologic 
feature CECT appearance

Interstitial 
edematous 
pancreatitis

Acute edema and stranding of the 
pancreatic parenchyma and surrounding 
tissues, with homogeneous enhancement 
of parenchyma by IV contrast

Necrotizing 
pancreatitis

Inflammation associated with 
pancreatic parenchymal or 
peripancreatic necrosis, with areas of 
lack of enhancement

Acute 
pancreatic 
fluid 
collection

Seen within first 4 weeks of onset; 
peripancreatic fluid without associated 
peripancreatic necrosis. Homogeneous 
fluid, confined by normal tissue planes, 
without intrapancreatic extension or 
definable encapsulating wall

Acute 
necrotic 
collection

Usually seen within first 4 weeks of 
onset; fluid collection(s) with variable 
amounts of solid and liquid contents, 
associated with pancreatic 
parenchymal or pancreatic necrosis. 
No encapsulating wall

Pancreatic 
pseudocyst

Usually seen at least 4 weeks from onset; 
well-circumscribed, usually regular 
oval- or spherical-shaped homogeneous 
fluid collection without solid components 
but with a defined, completely 
encapsulating wall

Walled-off 
necrosis

Usually seen at least 4 weeks from 
onset; heterogeneous, liquid, and solid 
density collection associated with 
necrosis, completely encapsulated by a 
well-defined wall

a b

Fig. 20.1 (a) Computed tomography image of interstitial 
edematous pancreatitis. A biliary stent is in place in the 
common bile duct traversing the edematous head of the 

pancreas. (b) Computed tomography image of necrotizing 
pancreatitis. Air is noted within the necrotic pancreas

surgery (EGS) conditions, including acute pan-
creatitis. These are intended not as clinical tools, 
like for the Ranson score and the Glasgow crite-
ria, nor as communication standards like the 
RAC, but rather as research and quality improve-
ment tools analogous to the AAST’s Organ 
Injury Scales (OIS) from the field of traumatol-
ogy. Like the OIS, the EGS scores were intended 
to be graded on a five-point ordinal scale. For 
each EGS disease process, grades I and II are 
confined to the organ with either minimal or 

severe abnormality, grade III has local exten-
sion, grade IV has regional extension, and grade 
V has widespread or systemic extension of the 
disease process [20]. The definitions of the five 
grades for 16 EGS diseases, including acute 
pancreatitis, were subsequently described in 
2016 (Table 20.3) [21]. The AAST EGS score 
correlates closely with the Ranson score, the 
modified Glasgow criteria, and the BISAP score 
and has similar to slightly better receiver operat-
ing characteristics [22].
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 Management of Acute Pancreatitis

The treatment of acute pancreatitis is, in many 
ways, analogous to that of many other condi-
tions in trauma and emergency general surgery. 
Most pancreatitis can and should be managed 
nonoperatively, albeit monitoring for and man-
aging the physiologic changes of organ failure 
and critical illness. For moderately severe and 
some severe pancreatitis, there is a clear role for 
percutaneous interventions, and advanced 
endoscopy may allow successful treatment of 
some patients who need more invasive interven-
tions. However, there continues to be a portion 
of patients with severe necrotizing pancreatitis 
who require operative interventions, and these 
frequently require damage control techniques 
and all the clinical judgment that an acute care 
surgeon, or an entire clinical division of acute 
care surgeons, can muster. We will describe our 
approach to pancreatitis, first the basic princi-
ples of nonoperative management for mild and 
moderately severe pancreatitis, and then our 
approach to the various local complications 
which require more invasive therapies.

 Mild Pancreatitis

Mild acute pancreatitis—defined as the absence 
of organ failure or local complications—by its 
nature resolves within a few days. Typically, 
patients present to an emergency department with 
significant epigastric pain, which begins to 
improve significantly within 12–24  h. Most 
patients will be mildly dehydrated due to anorexia 
and/or nonbilious emesis, so moderate intrave-
nous resuscitation should be performed with a 
standard buffered crystalloid, e.g., lactated ring-
ers or Plasmalyte. The systemic inflammatory 
response with vasodilation and capillary leak, 
which is characteristic of moderately severe or 
severe pancreatitis, is typically modest in mild 
pancreatitis, so large-volume resuscitation (>5 L) 
is usually unnecessary. A urinary catheter or 
invasive hemodynamic monitoring are rarely, if 
ever, needed. Most patients can tolerate a solid 
low-fat diet within 2 days of admission.

The traditional approach to diet management 
is to make the patient nil per os (NPO) until pain 
and other gastrointestinal symptoms begin to 
improve and then to increase the diet in stepwise 
fashion, slowing down or moving back toward 
NPO status if symptoms worsen. This makes 
physiologic common sense, since pancreatic 
enzyme secretion is stimulated primarily by pro-
tein and fat intake. However, in randomized con-
trolled trials of immediate ad lib nutrition versus 
advancing diet based on symptoms or lipase lev-
els for patients with mild pancreatitis, no 
increases in pain or worsened outcomes were 
reported in ad lib groups, with hospital length of 
stay reported as 1–2  days shorter [23–25]. For 
this reason, both the American Gastrointestinal 
Association’s and the International Association 
of Pancreatology/American Pancreatic 
Association’s guidelines recommend immediate 
ad lib enteral nutrition for mild pancreatitis [26, 
27].

Attention must also be paid to the etiology of 
the pancreatitis. In most patients, this will be 
either due to gallstones or heavy alcohol use. 
Alcohol abusers should be counseled regarding 
abstinence. A serum triglyceride level should be 
sent; even in the presence of other etiologic fac-
tors, a triglyceride level above 500 is a significant 
risk factor for pancreatitis and warrants medical 
treatment with a statin, fibrate, niacin, or fish oil, 
as well as primary care follow-up.

All patients with gallstones visible on right 
upper quadrant ultrasound should undergo chole-
cystectomy before discharge unless there are sig-
nificant contraindications. This has been the 
subject of a single randomized controlled trial, 
the PONCHO trial, conducted across 23 Dutch 
hospitals [28]. In total, 266 patients were ran-
domized to same-admission laparoscopic chole-
cystectomy versus cholecystectomy following a 
25–30-day interval. There were no significant 
differences in mortality, operative time, subjec-
tive operative difficulty, conversion to open oper-
ation, or operative complications. The primary 
endpoint of mortality or readmission for 
gallstone- related complications occurred with a 
risk ratio of 0.28 (p  =  0.002] in the same- 
admission group, and only 3% vs. 51% 
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(p  <  0.0001) of patients reported colicky pain 
during the interval. In a large database analysis, 
deferred cholecystectomy is associated with an 
odds ratio of 2.27 for readmission [29]. In our 
practice at an urban safety-net hospital, our 
patients are frequently lost to follow-up; same- 
admission cholecystectomy ensures that they 
receive appropriate care.

 Medical Management of Moderate 
and Severe Pancreatitis

The medical management of moderate and severe 
pancreatitis differs quantitatively, rather than 
qualitatively, from that of mild pancreatitis. By 
definition, these patients have local complica-
tions and/or at least transient organ failure, so 
they generally require consideration of proce-
dures to manage the local complications or criti-
cal care evaluation and support for organ failure. 
As with any other disease process, patients with 
signs of organ failure at the time of initial evalua-
tion should be admitted to an intensive care unit; 
the difference between transient (moderate pan-
creatitis) and persistent (severe pancreatitis) 
organ failure may only become evident after 
48  hours, but appropriate monitoring and stan-
dard goal-directed resuscitation will help avoid 
persistent organ failure.

Nutrition management, like for mild pancre-
atitis, should emphasize enteral nutrition. 
Traditional teaching has emphasized avoiding 
oral alimentation for fear that this will encourage 
additional pancreatic enzyme secretion. Even for 
necrotizing pancreatitis, however, enteral nutri-
tion is associated with two- to fourfold lower 
incidences of morbidity (infected necrosis, multi-
organ failure, need for surgical debridement) and 
mortality than the use of total parenteral nutrition 
[30, 31]. Specialty guidelines recommend oral 
nutrition to be started within 72 h of admission, 
with all possible attempts made to keep the 
patient on oral or enteral alimentation [32]. 
Severe inflammation of the pancreas and lesser 
sac frequently causes a regional ileus of the stom-
ach and duodenum; in these patients, enteral 

nutrition should be delivered through a nasoduo-
denal or nasojejunal feeding tube, positioned to 
administer the feeds distal to the Ampulla of 
Vater. This may require endoscopic placement, 
but is still preferable to parenteral nutrition. Even 
for patients with stable, low-level vasopressor 
requirements—relatively common in patients 
with severe pancreatitis—enteral nutrition should 
be cautiously provided, monitoring for signs of 
feeding intolerance or mesenteric ischemia [33]. 
Pancreatic exocrine insufficiency is common, 
and pancreatic enzyme supplementation should 
be administered to patients with significant diar-
rhea or steatorrhea.

Many patients with pancreatitis will have 
received CT scans of the abdomen and pelvis at 
the discretion of emergency department staff 
prior to surgical consultation. While cross- 
sectional imaging is unnecessary for most 
patients with mild pancreatitis, those patients 
with leukocytosis, lactemia, or organ dysfunc-
tion should undergo CECT. The use of IV con-
trast is necessary to differentiate between 
necrotizing and interstitial edematous pancreati-
tis. In either situation, the acute management of 
peripancreatic fluid collections should be 
expectant. Fluid collections in interstitial edem-
atous pancreatitis frequently resolve without 
management. While collections are less likely to 
resolve in necrotizing pancreatitis, early inter-
vention has been strongly associated with 
increased mortality (75% within 14  days of 
admission, 45% from 15 to 29 days of admis-
sion, and 8% at 30+ days) [34]. This delay 
allows a rind to form around the collection and 
is associated with lower mortality even in the 
setting of infected necrosis or persistent organ 
failure. Patients with signs of infection should 
undergo repeat CT scans as they are at risk for 
pancreatic and peripancreatic infections. In the 
absence of clinical changes, frequent serial 
CECTs should be avoided during this period as 
they are unlikely to change management. Rarely, 
patients with significant pancreatic necrosis on 
imaging may remain clinically well; they may 
be discharged home with close follow-up and 
appropriate discharge instructions to seek medi-
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cal attention with any sign of complications, 
e.g., fevers or significant emesis.

The main clinical significance of necrosis is 
the possibility that it will become secondarily 
infected, requiring drainage through any of sev-
eral modalities. Infected necrosis has been the 
subject of a large amount of research and changes 
in clinical practice over the past decade. Until the 
early 2000s, guidelines for the management of 
necrotizing pancreatitis recommended prophy-
lactic IV antibiotic administration in an attempt 
to prevent secondary infection [35–37]. More 
recent and more methodologically sound research 
has consistently reported an absence of benefit 
[38–40], and such use is no longer recommended 
[32, 41], especially since prophylactic use may 
select for antibiotic resistance when infection 
does occur. Nonetheless, this remains a common 
practice among American gastroenterologists 
and primary care physicians [42], and the con-
sulting surgeon should recommend the cessation 
of prophylactic antibiotics.

Determining whether pancreatic necrosis is 
infected requires clinical judgment. As with any 
other infection, the gold standard to determine if 
an acute necrotic collection or walled-off necro-
sis is infected is to obtain a tissue culture, either 
via percutaneous or endoscopic fine needle aspi-
ration (FNA), with or without placement of a 
percutaneous drain. Unfortunately, if a collec-
tion is not already infected, aspiration or drain-
age brings a theoretical risk of introducing 
bacteria into a ready substrate for infection, thus 
creating the infection that it was meant to diag-
nose. Short of a tissue culture, the next best way 
to diagnose infection is by CT appearance. The 
one and only pathognomonic feature of infected 
pancreatic necrosis is gas within the collection. 
Since even sterile pancreatitis is an intense 
inflammatory process, all mature walled-off 
collections—pseudocysts or walled-off necro-
sis—will form a contrast- enhancing rind such as 
is otherwise seen around an intra-abdominal 
abscess. Regardless of the radiologist’s interpre-
tation, these collections should not be consid-
ered infected unless there are locules of gas 
within them.

 Assessment and Management 
of Infected Pancreatic Necrosis

Since instrumentation of a necrotic collection 
brings a risk of introducing infection, it should be 
reserved for situations with high pre-test proba-
bility of finding infection. This often requires sig-
nificant restraint on the part of the surgeon, as 
other physicians involved in a patient’s care may 
exert significant pressure to sample or drain col-
lections that may not be infected. Patients with 
severe pancreatitis are often critically ill for 
weeks and are at risk of all the usual infections 
among the critically ill, including urinary tract 
infections, pneumonia, central line-associated 
bloodstream infections, and septic thrombophle-
bitis. The patient with signs of infection—most 
frequently fever and worsening leukocytosis—
should undergo a standard infectious workup, 
including two sets of peripheral blood cultures, 
urinalysis and urine culture, and chest X-ray with 
or without bronchoalveolar lavage as indicated. A 
CECT of the abdomen and pelvis should be 
obtained; new locules of gas appearing within 
pancreatic necrosis make the diagnosis of 
infected necrosis. In the absence of gas, pancre-
atic necrosis should only be cultured in the set-
ting of persistent or recurrent bacteremia without 
an obvious alternative source.

While sterile asymptomatic pancreatic necro-
sis should be cautiously ignored, infected pan-
creatic necrosis frequently requires management 
via invasive procedure. For most of the twenti-
eth century, the only viable option for managing 
infected necrosis was open necrosectomy, a 
highly invasive operation with complication 
rates reported as 30–95% and mortality rates of 
11–39% [43–50]. In the current era, there are 
four potential modalities through which drain-
age of pancreatic necrosis may be performed—
in order of increasing invasiveness: percutaneous 
drainage, endoscopic debridement, video- 
assisted retroperitoneal drainage surgery 
(VARDS), and open pancreatic necrosectomy 
via laparotomy. As with most therapeutic 
options in emergency general surgery, the least 
invasive appropriate option should generally be 
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attempted first, but ultimately the patient’s 
physiology and anatomy dictate the optimal 
course of therapy.

This philosophical guidance is encapsulated 
in the step-up approach to pancreatitis, as 
described in the landmark PANTER study by van 
Santvoort et  al. in 2010 [51]. Eighty-eight 
patients with acute pancreatitis, either pancreatic 
or peripancreatic necrosis, and evidence or strong 
suspicion of infection were randomized to either 
open necrosectomy or a step-up approach. All 
surgical interventions were delayed for at least a 
month following hospital admission when possi-
ble. The step-up approach consisted of either per-
cutaneous (41/43 patients) or endoscopic 
transgastric drainage (2/43 patients); these 
patients were observed for 72 h following drain-
age. If there was no improvement, additional 
drainage was performed, via repeat percutaneous 
or endoscopic methods if possible (19 patients, 
44%), or else via surgical necrosectomy (26 
patients, 60%), either VARDS (24 patients) or via 
laparotomy (2 patients without appropriate retro-
peritoneal access). Neither mortality (19% step-
 up, 16% primary necrosectomy) nor duration of 
stay (50 vs. 60  day median) differed between 
groups, but the step-up group had significantly 
lower rates of new-onset organ failure (5% vs. 
19%), incisional hernia (3% vs. 11%), new-onset 
diabetes (7% vs. 17%), pancreatic exocrine insuf-
ficiency (3% vs. 15%), and new ICU admissions 
(7% vs. 18%).

While percutaneous and, to a lesser extent, 
endoscopic drainage had already been reported 
by numerous publications, the PANTER trial 
firmly established their role as the first procedure 
for source control in infected pancreatic necrosis. 
While percutaneous drainage is performed by an 
interventional radiologist, the surgeon should be 
involved in the planning. As will be discussed 
below, an appropriately placed percutaneous 
drain is an important guide during VARDS should 
such an operation become necessary, allowing 
the surgeon to find the main area of necrosis 
while avoiding the other retroperitoneal struc-
tures of the left upper quadrant. The surgeon 
should review the patient’s CT with the interven-
tional radiologist prior to drainage, with all 

efforts made to identify a horizontal percutane-
ous window via the left retroperitoneum.

Endoscopic drainage and debridement appear 
to have significant advantages over surgical 
drainage. The major downsides of the procedure 
are the relatively uncommon skillset required—
endoscopic ultrasound and advanced endoscopy 
are not available at many hospitals. Even if 
appropriately skilled endoscopists are available, 
the necrotic collection must be in close proximity 
to the stomach to allow for endoscopic access. 
Given these specifications, the scientific litera-
ture on endoscopic debridement consists of even 
smaller studies than that for surgical debride-
ment. If the procedure can be performed, it 
appears to cause a much smaller inflammatory 
response than open surgery, with a concomitant 
decrease in multi-system organ failure [52]. 
Additionally, since the necrotic collection is 
accessed from within the GI tract, persistent 
drainage of pancreatic fluid is essentially physi-
ologic and does not create pancreatic fistulae as 
can minimally invasive or open surgical debride-
ment. The desirability of allowing necrotic col-
lections to mature for at least a month—in other 
words, to become walled-off necrosis by the 
RAC definition—is even higher for endoscopic 
debridement than for surgical debridement. One 
of the authors has managed a patient who had 
undergone attempted endoscopic debridement 
before the necrotic collection had matured; the 
insufflation spread infected pancreatic necrosis 
and gastrointestinal flora throughout the perito-
neal cavity, leading to recurrent and ultimately 
fatal intra-abdominal abscesses.

 Technique for Video-Assisted 
Retroperitoneal Debridement 
Surgery (VARDS)

VARDS is indicated if the patient remains clini-
cally sick despite appropriate placement of a per-
cutaneous drain. The procedure works best for 
walled-off necrosis within the normal location of 
the pancreas; it is difficult to debride much infe-
riorly along the left paracolic gutter and nearly 
impossible to do so along the right paracolic gut-
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ter. Additionally, a percutaneous drain should be 
placed via the left flank prior to VARDS.

We position the patient supine with a bump 
under the left flank and the percutaneous drain 
prepped into the field. A 5 cm horizontal incision 
is made below the costal margin at the posterior 
axillary line. The drain site may be included in 
the incision, or else the drain should be identified 
in its subcutaneous course at the level of the 
abdominal wall. Using electrocautery, dissection 
is carried out through the oblique muscles of the 
abdominal wall and into the retroperitoneal 
space, taking care to follow the percutaneous 
drain into the walled-off necrosis. Often some 
portion of the necrotic pancreas can be removed 
blindly with gentle sweeps of a Yankauer suction 
device, creating a working space within the cav-
ity. As the cavity is too deep to allow direct visu-
alization and too small to permit the angulation 
necessary for coordinated minimally invasive 
techniques, a right-angled thoracoscope con-
nected to a laparoscopic tower allows for both 
visualization and a working channel through 
which an atraumatic grasper can be used for 
debridement. An empty sponge-stick holder or a 
Yankauer suction tip can also be inserted into the 
cavity alongside the thoracoscope, allowing 
debridement much like as for a video-assisted 
thoracoscopic (VATS) decortication. The cavity 
should be repeatedly lavaged with saline, improv-
ing visualization and removing liquid compo-
nents of the necrosis.

The most dangerous complication of VARDS 
is bleeding, particularly from the splenic artery or 
vein. This risk can be minimized through prudent 
technique. Any tissue which seems still attached 
to the cavity should be left in place; tearing intact, 
hyperemic tissue quickly leads to nuisance bleed-
ing that impedes visualization. Much worse, 
intact tissue which is forcibly torn from the walls 
of the cavity may be adherent to the wall of a 
named vessel, bringing the potential for cata-
strophic bleeding deep within a cavity with lim-
ited visualization. Even major venous bleeding 
can typically be controlled with packing. For 
major arterial bleeding, open surgical control via 
laparotomy is both time-consuming and likely to 
be unsuccessful, as the friable edges of the 

splenic artery within an area of walled-off necro-
sis cannot be durably repaired using vascular 
techniques. Even suture ligation of the splenic 
artery or a dorsal pancreatic branch may fail 
when bathed in pancreatic fluid. Most arterial 
bleeding, however, can be temporized with 
aggressive packing, allowing time for the patient 
to undergo angiographic embolization. For this 
reason, it is prudent to communicate with inter-
ventional radiology or vascular surgery prior to 
beginning the procedure, to make sure that angio-
graphic interventions can be readily performed.

As long as catastrophic bleeding does not 
interrupt the operation, debridement should con-
tinue until no more tissue can safely be removed. 
At this point, a large Axiom or Abramson drain 
should be inserted into the cavity. We prefer 
Abramson drains, as they are made of relatively 
soft material and thus may be less likely to erode 
into nearby bowel or blood vessels. Depending 
on the size and geometry of the now-debrided 
cavity, one or two drains should be placed, with 
the fascia closed around them if possible and the 
skin reapproximated. Both types of drains have 
irrigation channels as well as a suction channel; 
irrigation through each drain with 50  mL per 
hour of normal saline for a few days, with suction 
applied to the main channel at 80–100  mmHg, 
may help clean up residual pus and bacteria. 
Depending on the character of the drain output, 
an attempt should be made to remove Abramson 
or Axiom drains within a week to avoid erosion 
into vital structures. If significant drainage con-
tinues, interventional radiology can be consulted 
to replace the drains with softer pigtail catheters 
via the Seldinger technique with fluoroscopic 
guidance, reducing the chance of erosion and 
gastrointestinal fistula.

 Technique for Open Necrosectomy

While nonoperative management and minimally 
invasive procedures have reduced the need for 
open necrosectomy in the modern era, there con-
tinue to be patients whose infected necrosis is not 
anatomically amenable to these therapies or for 
whom these therapies prove inadequate. Open 
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necrosectomy continues to be a crucial technique 
for source control and shows no sign of obsoles-
cence. While technically more simple than other 
drainage procedures, knowing when to perform 
open necrosectomy requires significant clinical 
judgment. And since there is significant postop-
erative mortality from the procedure, yet more 
clinical judgment, surgical critical care expertise, 
and clinical resources are needed to shepherd 
patients through the perioperative period. For 
these reasons, open necrosectomy is likely best 
performed at tertiary centers that can provide 
these resources.

Patients who require open necrosectomy 
have intense acute inflammatory responses and 
large areas of necrosis, frequently extending 
into areas of the retroperitoneum that are inac-
cessible to other drainage techniques, such as 
the paracolic gutters. Normal anatomy is nearly 
always distorted, and anatomic structures such 
as blood vessels and bowel wall may be both 
friable and impossible to differentiate from the 
thickened rind of the necrotic collection by nor-
mal techniques of visualization and palpation. 
For these reasons, a recent CECT should be 
reviewed before proceeding to the operating 
room, with special attention paid to which areas 
require debridement and where these lie in rela-
tion to important structures such as the colon, 
porta hepatis, gastroduodenal artery, and splenic 
artery.

The inflammatory rind of pancreatic necrosis 
collections typically adheres densely to the pos-
terior wall of the stomach, obliterating the lesser 
sac. In trauma and surgical oncology, the body 
and tail of the pancreas are typically accessed by 
dividing the gastrocolic ligament; this may not be 
possible for pancreatic necrosectomy. Similarly, 
medial visceral rotation of the spleen and pancre-
atic tail cannot typically be accomplished as the 
avascular plane behind the spleen has been oblit-
erated; should this maneuver be attempted and 
the splenic artery be avulsed, it may be impossi-
ble to gain control of the vessel. When the lesser 
sac cannot be used for access, there are two safe 
alternative routes to the pancreas in the setting of 
infected necrosis. The first is via the gastrohe-
patic ligament, taking care to avoid the left gas-

tric artery and any replaced or accessory left 
hepatic arteries seen on preoperative CT imag-
ing. The alternative route, giving better access 
into the inferior reaches of the retroperitoneum, 
is transgastric. An anterior gastrotomy is created 
using electrocautery for approximately 8 cm. A 
posterior gastrotomy is then created with electro-
cautery, dividing both the wall of the stomach 
and the adherent anterior wall of the necrotic col-
lection. To provide hemostasis and prevent the 
collection from becoming walled off from the 
stomach again, we run a continuous 3-0 polydiox-
anone (PDS) suture around the posterior gastrot-
omy (Fig. 20.2).

Regardless of which route is used into the 
necrotic collection, we find that the operation is 
best performed with the assistance of a 
Bookwalter self-retaining retractor. Heavy body 
wall and Richardson retractors are used to keep 
open a generous upper midline or full laparotomy 
incision. Malleable retractors are placed into the 
necrotic collection, either retracting the lesser 
curve of the stomach caudally in the case of gas-
trohepatic ligament access or else holding apart 
the anterior gastrotomy in the case of transgastric 
access.

Debridement follows the same principles as 
discussed above for VARDS. Cultures should 
always be sent; these are typically polymicrobial 
infections, but cultures will allow for targeted 
antimicrobial treatment of fungal and antibiotic- 
resistant bacterial flora. Suction should be used 
where possible. For debridement of more solid 
necrosis, an empty sponge stick holder is used to 
gently remove only those tissues that readily give 
way. Aggressive debridement of firmly adherent 
tissues is likely to cause significant oozing from 
still-viable hyperemic tissue and may lead to 
disastrous arterial injuries. Should a named artery 
be injured, it is neither possible nor advisable to 
attempt vascular repair, as the suture line is 
unlikely to survive being bathed in infected fluid 
full of pancreatic enzymes. If possible, major 
arterial bleeding can be staunched via ligation 
using large figure-of-eight sutures; if this is not 
possible, the cavity should be tightly packed and 
the patient taken emergently for angiographic 
embolization.
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Fig. 20.2 Technique for cystgastrostomy (a) After per-
forming an anterior gastrotomy, the necrotic collection is 
identified by palpation and its location is confirmed by 
aspiration. (b) An elliptical area of the posterior gastric 

wall, directly overlying the necrotic collection, is excised 
with electrocautery. (c) The edges of the cystgastrotomy 
are sutured for hemostasis and to prevent premature clo-
sure [58]

Drains should be left in the necrotic collec-
tion. When the necrosis has been debrided by the 
transgastric route, drainage may be performed 
directly into the GI tract, with one nasogastric 
tube directed through the posterior gastrotomy 
into the necrotic collection and another nasogas-
tric tube left in the stomach or passed slightly 
beyond the pylorus. In the case of transperitoneal 
access, Axiom or Abramson drains should be left 
in the cavity, which may be used for irrigation in 
addition to suction as described above. We make 

every attempt to avoid unnecessary contact 
between these drains and the GI tract; they can be 
directed through the abdominal wall in the bilat-
eral upper quadrants, coming in contact only with 
the well-vascularized and relatively erosion- 
resistant wall of the lesser curve of the stomach.

Necrosectomy often benefits from repeat lapa-
rotomy. In the case of significant bleeding requir-
ing packing with or without embolization, this is 
mandatory. Even if hemorrhage is not a concern, 
a second look may allow for further demarcation 
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of necrosis and additional debridement. These 
patients often have a large degree of intra- 
abdominal edema and often bowel dilatation 
from dysmotility, frequently preventing fascial 
closure and requiring a planned ventral hernia. If 
abdominal fascial closure must be delayed, direct 
peritoneal resuscitation may reduce intraperito-
neal edema, facilitate subsequent fascial closure, 
and minimize the associated risk intra-abdominal 
complications such as abscess and enterocutane-
ous fistula [53, 54].

Prior to abdominal wall closure or commit-
ment to a planned ventral hernia, two additional 
maneuvers should be performed when possible. 
If adequate visualization is possible, a cholecys-
tectomy should be performed to prevent further 
episodes of pancreatic duct obstruction and future 
risks of cholecystitis. Even patients with different 
etiologies for their pancreatitis are at consider-
able risk for biliary pathology, and even after 
complete recovery from pancreatitis, the gall-
bladder will be relatively inaccessible by even 
open surgical techniques, let alone laparoscopy. 
Even more importantly, distal feeding access 
should always be obtained. If a relatively mild 
postoperative course is anticipated, this may be 
accomplished by guided placement of a nasojeju-
nal tube. For most patients requiring open necro-
sectomy, a surgical jejunostomy tube at some 
distance from the pancreas is the safest and most 
durable option.

 Other Local Complications 
of Pancreatitis

In addition to infected collections, necrotizing 
pancreatitis and severe interstitial edematous 
pancreatitis cause a variety of intra-abdominal 
complications. In our experience, these account 
for a significant portion of the abdominal surgery 
that severe pancreatitis patients require. Even in 
the PANTER trial of van Sanvoort et al., a third of 
excluded patients met exclusion criteria for prior 
laparotomies or acute complications requiring 
laparotomy [51]. Should any of the complica-
tions below occur, consideration should be given 
to performing open necrosectomy, cholecystec-
tomy, and distal feeding access at the same time, 

as subsequent safe surgical access may become 
impossible.

Abdominal compartment syndrome (ACS) 
may occur, typically within the first few days of 
an episode of acute pancreatitis, as a side effect 
of massive fluid resuscitation. While intra- 
abdominal hypertension is common, the diagno-
sis of abdominal compartment syndrome requires 
both increased intra-abdominal pressures and 
signs of end-organ malperfusion, most com-
monly oliguria and acute kidney injury. Elevated 
peak airway pressures are a clue to ACS, but its 
diagnosis requires measurement of bladder pres-
sure after neuromuscular blockade. In the setting 
of end-organ malperfusion attributed to intra- 
abdominal hypertension, a bladder pressure 
≥25 mmHg is an absolute indication for decom-
pression, and strong consideration should be 
given with a bladder pressure of 20–24 mmHg. In 
addition to retroperitoneal and bowel edema, 
ascites and intestinal distention may play a role in 
the development of ACS, both of which are most 
reliably assessed by CT scan. Any significant 
ascites should be drained by bedside paracentesis 
with ultrasound guidance. Gastrointestinal dis-
tention may be relieved enough by nasogastric 
decompression to obviate the need for laparot-
omy. In the absence of these factors, decompres-
sive laparotomy with temporary abdominal 
closure with a Barker (“poor man’s VAC”) or 
AbThera dressing (3M, Maplewood, MN) is indi-
cated. If significant resuscitation continues fol-
lowing decompression, bladder pressures should 
be rechecked every 4 or 6 h. While uncommon, 
abdominal compartment syndrome may recur 
with a temporary abdominal closure device in 
place; in this case, the temporary closure dressing 
should be replaced either as a sterile procedure in 
the ICU or else in the operating room.

The local inflammation surrounding the pan-
creas may cause thrombosis in arteries or veins. 
Venous thrombosis may occur in the portal vein, 
superior mesenteric vein, or splenic vein and is 
typically detected as an incidental finding in a 
CECT. Complete obstruction of venous outflow 
from the small intestine causes fatal mesenteric 
venous ischemia. For this reason, patients with 
proximal mesenteric venous thrombosis should 
be treated with full anticoagulation. Given the 
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risks of hemorrhage or other acute complica-
tions requiring emergent invasive procedures, 
heparin infusion is the safest method of antico-
agulation until the patient has reached the con-
valescent stage of illness and preparations are 
being made for discharge, at which point they 
can be transitioned to enoxaparin or warfarin. 
We typically avoid the use of direct oral antico-
agulants, due to difficulty in reversing their 
effect should the patient require further invasive 
procedures.

Arterial thrombosis typically presents in a 
more dramatic fashion. The middle colic artery is 
the first major branch of the superior mesenteric 
artery and lies adjacent to the enlarged inflamed 
pancreas, making it the most commonly affected 
vessel. This leads to infarction and necrosis of the 
transverse colon, typically presenting hours later 
with peritonitis due to perforation. If the patient 
has already undergone laparotomy and re- 
intervention is deemed to be absolutely contrain-
dicated, percutaneous drainage may suffice to 
convert the necrotic colon into a controlled colo-
cutaneous fistula. Most patients, however, should 
undergo laparotomy. The mesentery of the trans-
verse colon may be inaccessible within a hard-
ened inflammatory mass, precluding a standard 
bowel resection. The liquefied, necrotic trans-
verse colon should be resected, with bleeding 
points controlled with suture ligation. Drains 
should be left in place, with proximal diversion 
via ileostomy. Small bowel may be necrosed as 
well as, or instead of, colon.

In addition to mesenteric arterial thrombosis 
leading to necrosis, pancreatitis may cause bowel 
perforation through direct erosion into the wall of 
adjacent portions of the GI tract, primarily the 
stomach and duodenum. A perforation contained 
within the retroperitoneum may be managed con-
servatively, as this is anatomically the same as 
endoscopic drainage. However, if this causes peri-
tonitis, severe sepsis, or accelerated organ failure, 
it should be treated with necrosectomy and man-
agement of the perforation even in the setting of 
acute necrosis (less than 4 weeks from onset). The 
second, third, and fourth portions of the duode-
num are directly adjacent to the pancreas and are 
some of the most inaccessible portions of the GI 
tract, especially when acute inflammation obliter-

ates normal dissection planes. Simply identifying 
the perforation may be difficult. Techniques we 
have used to identify the location have included 
intraoperative endoscopy and foregut insufflation 
or instillation of dilute methylene blue via a naso-
gastric tube. Prior to using any of these tech-
niques, the proximal jejunum should be gently 
occluded with an atraumatic bowel clamp to pre-
vent gaseous distention of the distal GI tract, 
which may preclude fascial closure. The perfora-
tion itself is unlikely to be amenable to primary 
repair; even if it can be adequately exposed, any 
suture line will be bathed in pancreatic fluid and is 
nearly guaranteed to break down. Instead, drain-
age and resection to a margin away from the pan-
creatic necrosis should be performed, with 
diversion similarly located beyond the reach of 
pancreatic fluid. For distal duodenal perforations, 
this may require a segmental resection with a lat-
eral duodenojejunostomy.

Blood vessels in proximity to the pancreas are 
at risk for mural erosion, leading to potentially 
dramatic hemorrhage into the retroperitoneum. 
This is a greater concern for arteries than veins, 
as the higher pressure makes arteries more sus-
ceptible to pseudoaneurysm formation whereas a 
vein is more likely to thrombose. The highest risk 
vessels are the gastroduodenal artery and splenic 
artery, as they are in close proximity to the pan-
creas, although severe necrosis may engulf the 
entirety of the celiac axis (Fig. 20.3). This may 

Fig. 20.3 Contrast-enhanced CT of a patient with necro-
tizing pancreatitis, showing pancreatitis engulfing the 
celiac axis with active extravasation within the walled-off 
collection. Patient was ultimately managed with a hybrid 
open and endovascular operation to control hemorrhage 
from the splenic and gastroduodenal arteries
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present as an upper gastrointestinal bleed via 
either hemobilia or concomitant gastrointestinal 
fistulization. Alternatively, the bleeding may be 
contained within the retroperitoneum or may 
evacuate into the peritoneal cavity. Direct surgi-
cal control is an unappealing option, as it is typi-
cally difficult to visualize the bleeding vessel 
within a necrotic collection. Even if the bleeding 
location can be visualized, vascular repair is 
unlikely to offer durable hemostasis as the suture 
line will be bathed in pancreatic fluid; even if the 
friable vessel wall can be repaired with suture, 
the vessel is likely to thrombose or rupture again. 
The first-line treatment for hemorrhagic pancre-
atitis is angiographic embolization in a more 
proximal portion of the affected vessel. Should 
this prove ineffective, direct surgical control is 
the only remaining option. This should be per-
formed in conjunction with vascular surgery or 
interventional radiology in a hybrid operating 
room or with a C-arm, as angiography can be 
invaluable in  locating the bleeding vessel and 
additional attempts at embolization can be made 
during a combined operation. We have success-
fully used resuscitative endovascular balloon 
occlusion of the aorta (REBOA) placed in Zone 1 
(descending thoracic aorta) to temporize an 
exsanguinating patient for transport to the operat-
ing room. If there is any unavoidable delay in 
transporting the patient to the operating room, 
femoral arterial access can be obtained at bedside 
in addition to large-bore venous access for resus-
citation. An existing femoral arterial line can be 
rapidly converted to a vascular sheath for REBOA 
deployment or angiographic access in the operat-
ing room.

 Chronic Complications of Acute 
Pancreatitis

The persistent critical illness which accompanies 
severe pancreatitis brings its own panoply of 
respiratory, renal, neuropsychiatric, and other 
complications which are beyond the scope of this 
chapter. Pancreatitis itself may cause both 
 systemic metabolic complications and local ana-
tomic complications.

The normal pancreas has both endocrine and 
exocrine functions; both may be affected by 
severe pancreatitis, particularly if necrosis and 
debridement obliterate a significant portion of 
the pancreatic parenchyma. Glycemic control is 
the most critical of the pancreatic endocrine 
functions; other pancreatic hormones have more 
subtle effects that are difficult to separate from 
chronic pain and dysmotility, are difficult or 
impossible to replace if their deficiencies can be 
measured, and receive far less attention in the 
clinical setting or the scientific literature. Insulin 
deficiency, however, leads to diabetes in a sig-
nificant number of patients. A recent systematic 
review reported a 23% prevalence of new-onset 
diabetes within a year of the first episode of 
acute pancreatitis and a 30% prevalence for 
those patients with severe pancreatitis. For those 
patients followed for 60 months after their first 
episode of pancreatitis, the diabetes prevalence 
reached 40% [55]. A review of pancreatic exo-
crine insufficiency in acute pancreatitis gave a 
pooled prevalence of 62% during the initial hos-
pital admission, and 35% had continued exo-
crine insufficiency in follow-up. Severe vs. mild 
and necrotizing vs. interstitial edematous pan-
creatitis were associated with higher rates. The 
included studies measured exocrine insuffi-
ciency using a variety of direct and indirect lab-
oratory assays, contributing to high 
heterogeneity in the meta- analysis [56]. It is not 
clear whether all such patients required pancre-
atic enzyme supplementation or what the clini-
cal sequelae were beyond this. The only clear 
takeaway is that both endocrine and exocrine 
insufficiency occur in a large minority of 
patients; they should be assessed in the surgical 
clinic, with appropriate referrals made to endo-
crinology, gastroenterology, and high-quality 
primary care as needed.

Pseudocysts are the most frequent chronic 
anatomic complication of acute pancreatitis. 
They arise from a disruption of the pancreatic 
duct or a major branch and can occur after inter-
stitial edematous or necrotizing pancreatitis. A 
pseudocyst is a collection of pancreatic fluid that 
has been walled off by the patient’s immune sys-
tem. While peripancreatic fluid collections are 
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relatively common in interstitial edematous pan-
creatitis, they do not become pseudocysts for at 
least 4 weeks, as it generally takes this long for a 
wall to form around the collection. Many peri-
pancreatic collections seen on imaging early in 
the course of pancreatitis will resolve; even 
formed pseudocysts frequently become smaller 
or resolve without intervention. While pseudo-
cysts frequently lead to surgical consultation, 
they only warrant treatment when they compress 
the stomach or small intestine sufficiently to 
cause early satiety or obstructive symptoms. The 
first line of treatment is endoscopic cyst gastros-
tomy or cyst duodenostomy, which should be 
guided by endoscopic ultrasound. This is a simi-
lar but simpler procedure than endoscopic necro-
sectomy; one to three plastic stents connecting 
the cyst to the GI tract are usually enough to 
allow drainage, and once drained the cavity typi-
cally scars down and obliterates.

In rare circumstances where the pseudocyst is 
anatomically inaccessible, surgical drainage 
may still be necessary. Depending on the loca-
tion of the pseudocyst, a cyst gastrostomy, cyst 
duodenostomy, or cyst jejunostomy using a 
Roux limb or a loop of proximal jejunum may be 
indicated. Similar to transgastric necrosectomy, 
the uninvolved margin of the stomach or small 
bowel is incised and retracted, exposing the side 
of the GI tract in connection with the pseudo-
cyst. An 18-gauge needle is used to aspirate 
pseudocyst fluid, confirming its location. The 
involved wall of the stomach or small bowel is 
then divided with electrocautery, and the con-
tiguous wall of the cyst and GI tract are sutured 
with a running continuous polydioxanone suture 
for hemostasis. If the pseudocyst is to be 
accessed through the transverse mesocolon, the 
cyst is opened into the peritoneal cavity, and an 
anastomosis is made to the appropriately mobi-
lized loop of jejunum. A recent small random-
ized controlled trial of endoscopic versus 
surgical drainage demonstrated equal efficacy 
with higher physical and mental health scores 
among patients undergoing endoscopic drain-
age, as well as hospital charges less than half as 
much as for surgical drainage [57], confirming 
endoscopy’s role as first-line therapy.

Less frequently, patients may develop discon-
nected duct syndrome. This occurs when pancre-
atic necrosis, with or without debridement, 
obliterates the body or head of the pancreas, 
resulting in a persistent pancreatic fistula from a 
retained, functional pancreatic tail. If the pancre-
atic fistula fails to resolve after several months of 
expectant management and imaging demon-
strates a persistent pancreatic tail, this may be 
managed by distal pancreatectomy. Given the 
extensive scarring found in this situation, this is 
typically a more challenging and morbid opera-
tion than the distal pancreatectomy performed for 
trauma or cancer.

 Conclusions

Despite advances in interventional radiology and 
endoscopy, and despite accumulating evidence 
favoring more conservative approaches to pancre-
atic debridement in the last two decades, acute 
pancreatitis remains an important disease process 
in general surgery. Its management requires sev-
eral of the core competencies of the acute care 
surgeon, including surgical critical care, coordi-
nating a multidisciplinary team, and the ability to 
perform both minimally and maximally invasive 
surgeries when needed. While most patients with 
even severe pancreatitis do not need surgical man-
agement, those that do require some of the most 
complex pre-, intra-, and postoperative decision-
making in all the general surgery subspecialties.
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Case Report
72-y/o man presented with a recto-urethral 
fistula in the setting of prostate cancer sta-
tus post-open radical prostatectomy. To 
repair this urinary fistula, he underwent 
pelvic exenteration, ileal conduit forma-
tion, and an end sigmoid colostomy. This 
procedure was complicated by a midline 
wound dehiscence and the development of 
a high-output enterocutaneous fistula 
within the confines of the wound. He devel-
oped severe electrolyte derangements and 
skin irritation prompting. He required vol-
ume resuscitated and correction of his elec-
trolytes. The volume of effluent from his 
ECF was medically optimized with anti- 
diarrheal medications, and his skin irrita-

tion improved with topical therapy and the 
maintenance of a well-sealed wound man-
ager. He was placed on TPN. He was even-
tually discharged to rehab with intent to 
limit oral intake with full parenteral nutri-
tional support. During follow-up, he 
reported continued watery output from his 
fistula, averaging about 1 liter per day with 
frequent wound manager leakage issues 
now handled by his wife at home. He was 
able to tolerate limited soft foods in addi-
tion to his ongoing TPN support. There was 
no output from his colostomy or rectum. 
His most recent labs revealed a normal 
WBC, stable electrolytes, and a pre- 
albumin of 23. He continued to report good 
function of his urostomy site although he 
endorsed issues with appliance leaking into 
his fistula wound. After a thorough discus-
sion of the risks and benefits of the proce-
dure, informed consent was obtained for a 
planned enterocutaneous fistula takedown 
via a midline incision 9  months after the 
enterocutaneous fistula was diagnosed.

At exploration, the patient had an exten-
sive lysis of adhesions with ECF takedown 
with resection of the involved small bowel. 
Ongoing lysis of adhesions looking for 
downstream obstructions revealed dense 
adhesive disease. Through meticulous 
sharp lysis of adhesions, multiple bowel 
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 Overview

Enterocutaneous fistulas (ECFs), defined as the 
abnormal connection between the bowel and 
skin, are among the most challenging problems 
that acute care surgeons face in clinical prac-
tice. They frequently arise as the consequence 
of complex underlying disease processes, 
require thoughtful and resource-intensive mul-
tidisciplinary care, and are often difficult to 
surgically treat. While improved approaches to 
treating sepsis, nutritional support, wound 
care, and surgical technique have resulted in 
improved outcomes, fistula-related mortality 
remains in the range of 5–15% [1–5]. 
Resolution of the fistula without surgery is 
uncommon (15–40%) [3–6] and the rate of 
successful healing after operative intervention 
is 75–90% [3–5, 7]. This chapter will provide a 
stepwise approach to ECF management by 
classifying the pathology, reviewing manage-
ment priorities, and highlighting key consider-
ations when planning for definitive management 
of this intimidating problem.

 Classification and Risk Factors

ECFs are classified based upon their anatomy, 
etiology, and physiologic impact on the patient 
[8]. In understanding these factors, the best 
approach to management can be planned.

 Anatomy

An ECF is categorized anatomically by which 
segment of the gastrointestinal (GI) tract it origi-
nates. For example, gastrocutaneous, enterocuta-
neous, and colocutaneous refer to fistulas that 
arise from the stomach, small intestine, and 
colon, respectively. While the term “enterocuta-
neous” most strictly refers to fistulas between the 
small bowel and the skin, it is frequently used to 
describe any fistula arising from the GI tract. 
While dependent on local practice and referral 
patterns, retrospective series show small bowel 
fistulas are most common (70–90%), followed by 
colonic (15–25%) and gastric (0–8%) [4, 5, 9].

 Etiology

Etiologic classification of ECFs is based on the 
underlying disease processes and circumstances 
under which they arose (Table 21.1). The major-
ity of ECFs occur as the consequence of prior 
surgery (85–90%), while spontaneous fistulas are 
less common (10–15%) [1, 2, 4, 5]. Spontaneous 
ECFs are most likely to occur in the presence of 
inflammatory bowel disease (most commonly 

Table 21.1 Causes of enterocutaneous fistula

Etiology Frequencya

Post-operative 85–90%
Spontaneous 10–15%
Inflammatory bowel disease 35–50%
Malignancy 9%
Foreign body (mesh) 6%
Radiation 5%
Diverticular disease 5%

aMultiple conditions may be present in the same patient; 
therefore, frequencies add up to greater than 100%

loops were mobilized out of the pelvis and 
the small bowel was run from ligament of 
Treitz through the resected ECF to the ileo-
cecal valve beyond the existing ileal–ileal 
anastomosis from his ileal conduit creation. 
Due to extensive de-serosalization, the 
decision to resect the involved small bowel 
including the dilated appearing prior small 
bowel anastomosis was made. A stapled 
iso-peristaltic side-to-side small bowel 
anastomoses was created to restore intesti-
nal continuity. He remained NPO with an 
NGT to suction until his ostomy was func-
tional by post-operative day 9; his diet was 
advanced as tolerated. A calorie count was 
started once he was tolerating a regular 
diet, he was eating enough by calorie 
counts and his TPN was discontinued. He 
was dismissed to a skilled nursing facility 
for ongoing rehabilitation needs.
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Crohn’s disease) or malignancy, often following 
percutaneous drainage for control of spontaneous 
perforation [5, 6]. For patients undergoing sur-
gery, factors that predispose to post-operative fis-
tula formation include inflammatory bowel 
disease, malignancy, prior radiation therapy, mal-
nutrition, presence of infection, and prior opera-
tions performed in the emergency setting [6].

The mnemonic “FRIEND” is helpful to 
remember risk factors for fistula formation and/
or persistence: Foreign body (e.g., presence of 
mesh), Radiation, Inflammation or Infection, 
Epithelialized tract (shorter/wider tracts less 
favorable), Neoplasm, Distal obstruction [6]. The 
presence of these factors also predicts that a fis-
tula is unlikely to heal spontaneously.

 Physiology (Output)

ECFs are also classified by volume of fistula out-
put [6, 8]. Output has traditionally been grouped 
into three categories: low output (<200 mL per 
day), moderate output (200–500  mL per day), 
and high output (>500 mL per day). Fistulas that 
originate from the proximal GI tract are more 
likely to be high output. Patients with high- output 
fistulas are more likely to present with significant 
electrolyte imbalances, dehydration, and malnu-
trition due to the loss of GI fluids rich in electro-
lytes, minerals, and protein. High-output fistulas 
are also less likely to be amenable to spontaneous 
closure without surgical intervention.

 Diagnosis and Stabilization

The diagnosis of ECF is made clinically. Early 
recognition and medical stabilization are essen-
tial. The diagnosis of an ECF may be obvious in 
some, manifesting as frank dehiscence of an 
anastomosis or serosal injury into the surgical 
wound, or as feculent output from a percutaneous 
drain placed for source control. In others, the 
manifestation of an ECF might be preceded by 
some period of faltering clinical progress after 
surgery, mounting signs of sepsis, and physio-

logic derangement. The presence of risk factors 
discussed in the previous section should raise 
clinical suspicion. Others present with a subcuta-
neous or intra-abdominal fluid collection after 
surgery. Ultimately, the result is the same: leak-
age of enteric content, whether bile-tinged succus 
or feculent material, into a drain, a wound or 
through a defect in the skin.

Once the diagnosis of ECF is made, attention 
and resources should be directed at addressing 
four potentially life-threatening clinical prob-
lems [6, 8]: (1) resuscitation and correction of 
electrolyte imbalances, (2) treatment of sepsis, 
(3) protecting the skin and controlling fistula out-
put, and (4) ensuring adequate nutrition.

 Initial Resuscitation and Electrolyte 
Replacement

Patients presenting with ECF frequently show 
evidence of intravascular volume depletion and 
electrolyte abnormalities. Therefore, an initial 
priority in the acute phase of management is the 
accurate assessment of volume status and 
thoughtful fluid resuscitation. Physical examina-
tion may reveal clinical signs of dehydration, 
such as dry mucus membranes and decreased 
skin turgor. Vital sign findings such as tachycar-
dia or relative hypotension reflect hypovolemia. 
Laboratory findings consistent with acute kidney 
injury (AKI) of a pre-renal nature (increased 
serum BUN:Cr ratio and decreased urinary frac-
tional excretion of sodium), in addition to oligu-
ria, are common findings. Generous fluid 
replacement should be given with frequent re- 
assessment of these measures to ensure a trajec-
tory toward improvement.

Equally important are the correction of elec-
trolyte abnormalities and replacement of ongoing 
losses. Electrolytes that most often require sup-
plementation are sodium, potassium, and magne-
sium [10]. The volume of fistula output should be 
monitored accurately and replaced every 4–6 h, 
initially on a 1:1 basis, during the acute phase of 
care. Replacement fluids should reflect the com-
position of the GI effluent being lost. For exam-
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ple, normal saline with supplemental potassium 
(e.g., NS + 10 mEq/L KCl) is recommended for 
replacement of losses from small bowel fistulas 
[8, 10]. Ringer lactate can be a reasonable option 
to replace fistula output. The addition of bicar-
bonate may be required in more proximal fistulas 
involving duodenal or pancreatic losses [8].

 Treatment of Sepsis

Sepsis is a leading cause of fistula-related mor-
tality, accounting for between 40 and 90% of in- 
hospital deaths in retrospective series [1, 4, 5]. 
Therefore, evaluating for signs and sources of 
infection is the primary goal in the acute phase 
of care for patients presenting with ECF and 
must be conducted in parallel to fluid resuscita-
tion. Patients manifesting signs of sepsis or sep-
tic shock should be managed in accordance with 
latest guidelines from the Surviving Sepsis 
Campaign [11]. Empiric antimicrobial therapy 
with broad spectrum coverage of intra-abdomi-
nal organisms, with consideration to local anti-
biograms, should be started early based on 
clinical suspicion. Critically ill patients should 
be transferred to an intensive care setting where 
critical care personnel and monitoring are avail-
able. Shock may require support with 
vasopressors.

Anatomic source control is then prioritized. 
For patients presenting systemically unwell 
with signs of peritonitis, urgent surgical inter-
vention with laparotomy is required for the pur-
pose of drainage, exteriorization of the leak, or 
proximal diversion [8]. Where surgery is not 
indicated, CT scan is the investigation modality 
of choice for identification of abscess, which 
should then be drained by percutaneous 
approach when feasible. It is important to be 
aware that manipulation of septic foci may pro-
voke transient bacteremia exacerbating systemic 
signs of sepsis and so patient monitoring and 
supports should be planned accordingly [6]. 
Culture data taken at the time of source control 
procedures should be reviewed frequently for 
consideration of de- escalating and narrowing 
antibiotic coverage.

 Skin Protection and Wound 
Management

Controlling the fistula effluent is an essential 
component of care in patients with ECFs and 
must be carefully planned. Enteric fluids, particu-
larly those arising from the proximal GI tract rich 
in bicarbonate, are irritating and caustic to the 
skin. Failure to protect the integrity of the skin 
can result in significant pain and distress to the 
patient, and risk of secondary soft tissue infec-
tion. Therefore, a wound care specialist or entero- 
stomal therapist should be consulted early to 
determine a successful management strategy 
appropriate to the unique patient [6, 8]. This is 
particularly important in the case of high-output 
fistulas and those involving complex wounds. 
Doing so will facilitate ongoing nursing care and 
lay the groundwork for longer-term, outpatient 
management.

Common strategies for management of fistula 
output include skin barriers and pouches. Simple 
gauze dressings may suffice for low-output fistu-
las. A sump drain can occasionally be used in 
conjunction with a wound management system to 
directly drain effluent from the fistula opening. 
Vacuum-assisted closure (VAC) systems have 
recently gained favor. While no randomized evi-
dence exists, a recent systematic review of retro-
spective studies found a median fistula closure 
rate of 65% with VAC therapy [12]. Fistula out-
put is an important predictor of closure with 
VAC, ranging from 86% in low-output to 42% in 
high-output fistulas. Median time to closure 
approached 60  days. In the largest study of 
patients with high-output fistulas, 40% did not 
improve with VAC therapy and required surgical 
correction [13].

Entero-atmospheric fistulae, defined as fistu-
las that occur in the setting of an open abdomen, 
present unique challenges. Management of the 
fistula is complicated by the presence of exposed 
small bowel in the field of a larger wound. Such 
fistulas often require intensive wound care using 
multiple modalities, including improvised collec-
tion systems for controlling the fistula effluent in 
combination with VAC therapy. Caution must be 
taken, however, as the authors have experienced 
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new fistula formation with VAC therapy when 
applied directly to intra-abdominal granulation 
tissue. Regardless of the strategy selected to con-
trol the fistula output, the ultimate goal is to 
divert the effluent away from the skin to allow for 
wound formation with minimal bacterial 
contamination.

 Nutritional Support

Malnutrition is present in many patients present-
ing with ECF due to poor oral intake, ongoing 
enteric losses, and the hypercatabolic state of 
sepsis [6]. Developing an effective nutrition strat-
egy tailored to the patient is essential to support 
their metabolic needs and ability to heal. Once 
initial resuscitation and management of sepsis is 
underway, the patient’s current nutritional state 
should be assessed. Physical examination might 
reveal a clinical picture of cachexia while periph-
eral edema might suggest protein malnutrition. 
Total body weight and body mass index should 
be measured to determine the patient’s deviation 
from baseline. Laboratory measures of nutrition 
should be drawn, including albumin, pre- albumin, 
and transferrin. Liver function tests and triglycer-
ides should be measured in anticipation of need 
for parenteral nutrition.

Nutritional support and monitoring should be 
planned with inpatient nutrition specialists. In 
most of the patients with active fistulas, daily 
caloric and protein requirements approach 
30 kcal/kg and 1.5–2.5 g/kg, respectively [6, 8]. 
It is common that patients are unable to achieve 
these requirements by mouth although, if possi-
ble, early enteral nutrition should be undertaken 
to prevent intestinal mucosal atrophy thereby 
supporting the immune function of the gut [6]. If 
the effluent increases and puts wound healing at 
risk, then enteral nutrition may not be possible. 
This is particularly true for fistulas present higher 
in the gastrointestinal tract such as the duodenum 
or jejunum. Oral solutions rich in electrolytes 
(high sodium) and glucose can be helpful in 
replacing fluid and electrolyte losses [2]. If indi-
cated, whether due to inadequate oral intake or 
malnourished state, supplemental parenteral 

nutrition should be started to achieve nutritional 
goals. This should be done with caution and con-
sideration to the risk of refeeding syndrome, 
which is greatest in critically ill chronically mal-
nourished patients. Where refeeding syndrome is 
a concern, hypocaloric feeding with close moni-
toring and replacement of electrolytes (phos-
phate, magnesium, potassium) and vitamins 
(especially thiamine) may be required [14]. In 
patients with intestinal discontinuity, proximal 
fistulas with <75 cm bowel length, or where fis-
tula output is very high (>1.5 L), enteral nutrition 
might not be feasible [10]. Even when enteral 
nutrition is possible, intestinal absorption may be 
impaired. In these cases, total parenteral nutrition 
may be necessary.

Monitoring progress with respect to nutri-
tional recovery should be done by measuring 
patient weight and serum nutritional markers at 
least weekly in the early phase of care [10]. 
Determining the endpoint is not straightforward. 
Nutritional support, including supplemental or 
total parenteral nutrition, is continued until either 
the fistula has closed, or the patient’s nutritional 
state has improved to where surgical intervention 
is deemed appropriate. Evidence suggests that 
nutritional status is a potent predictor of outcome 
in patients undergoing surgery for ECF, with 
mortality approaching zero in those with albumin 
>3.5 g/dL [15]. A period of weight gain and cor-
rection of albumin, pre-albumin, and transferrin 
to normal ranges is therefore ideal.

 Investigations

 Laboratory Workup

Laboratory investigations obtained at presenta-
tion should include a complete blood count 
(CBC) and basic metabolic panel (BMP) with 
“extended electrolytes” including calcium, mag-
nesium, and phosphate. Liver function tests 
(LFTs), serum triglycerides, pre-albumin, and 
transferrin should also be included. AKI with evi-
dence of pre-renal azotemia (elevated BUN:Cr 
ratio) is common as evidence of dehydration. 
Urine electrolyte studies with low calculated 
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fractional excretion of sodium (FeNa <1%) con-
firm pre-renal AKI likely secondary to hypovole-
mia in these patients. Electrolyte imbalances are 
common and should be corrected aggressively. 
Albumin, pre-albumin, and transferrin provide a 
baseline assessment of nutrition. Pre-albumin 
specifically has a short half-life (2–3 days) and 
responds quickly to correction of catabolism with 
nutritional replacement. Transferrin has an inter-
mediate half-life (8–9 days) and is both a reflec-
tion of systemic inflammation and iron status. 
However, according to a recent guideline pub-
lished by The American Society for Parenteral 
and Enteral Nutrition (ASPEN) regarding nutri-
tional support of adult patients with ECF: 
although serum protein level monitoring was 
common in the 1980s–1990s, it is now accepted 
that the values lack sensitivity and specificity in 
making a diagnosis of malnutrition. Decreased 
plasma concentrations of serum albumin, trans-
ferrin, retinol binding protein, and pre-albumin 
may be more a consequence of ECF-related 
inflammation rather than a true marker of nutri-
tional status. While not an appropriate nutrition 
assessment parameter, low serum protein con-
centrations may still have valuable clinical prog-
nostic significance regarding spontaneous ECF 
closure or the ability to heal an anastomosis at 
time of surgical ECF takedown [16]. LFTs pro-
vide a baseline sense of liver synthetic function 
and are required in preparation for parenteral 
nutrition, as are triglycerides. LFTs, triglycer-
ides, and electrolytes should be monitored closely 
upon beginning parenteral nutrition.

Where sepsis is a concern, it is important to 
remember to obtain cultures from all possible 
infectious sources, including surgical or percuta-
neous drainage procedures, central lines, and 
urine. This should be done prior to administering 
antibiotics when possible.

 Imaging

Imaging studies are performed to elucidate fistula 
anatomy and aid in planning for definitive man-
agement. This should be done when the patient 
has been medically stabilized. Abdominal CT has 
largely replaced fluoroscopic fistulogram as the 

radiologic study of choice. CT scans are often 
able to demonstrate the fistula tract anatomy, the 
segment of the GI tract from which it arises, as 
well as identifying undrained sources of sepsis, 
distal obstruction, or associated pathology [8]. 
Coordination with the radiologist performing the 
study is helpful, particularly with regard to plan-
ning timing of the study with regard to luminal 
contrast. An upper GI contrast study can be used 
to assess transit time and distance along the GI 
tract to the fistula. Fistulogram, performed by 
injecting water-soluble contrast directly into a 
well-epithelialized fistula opening, can be helpful 
in confirming the presence of communication 
with the GI tract but often does not delineate 
anatomy as well as CT.  Magnetic resonance 
imaging enterography can be helpful in patients 
with inflammatory bowel disease where there is 
suspicion for complex fistula or strictures [10].To 
rule out colonic obstruction, colonoscopy or 
hypaque enema should be considered.

 Medical Management

The aim of medical management of ECFs is to 
reduce fistula output. In doing so, wound care, 
fluid balance, and nutritional support can be opti-
mized. Medical treatments to control fistula out-
put fall into three broad categories: (1) antimotility 
agents, (2) somatostatin analogues, and (3) anti-
secretory agents (Table 21.2) [17].

Table 21.2 Medical strategies for reducing fistula 
output

Medication Dose, route, and frequency
Antimotility agents
Loperamide 4 mg PO TID every 6 h 

before food
Diphenoxylate/
atropine

2.5–5 mg/0.025–0.05 mg PO 
every 6 h before food

Codeine 15–30 mg PO every 6 h 
before food

Tincture of opium 6 mg PO undiluted every 6 h 
before food

Antisecretory agents
Pantoprazole 40 mg IV BID
Somatostatin analogues
Octreotide 100 mcg SC TID

TID Three times daily, BID Twice daily

J. P. Byrne et al.
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Antimotility agents that are commonly used 
are opioid derivatives. These medications are 
taken by mouth, ideally before consuming food 
for optimal effect. Loperamide (brand name 
Imodium) is the first agent used. In one study of 
high-output ileostomies, while both loperamide 
and codeine decreased output, loperamide 
resulted in improved electrolyte balance and 
fewer side effects [18]. For high-output fistulas, 
we recommend beginning at the maximal dose of 
4  mg PO every 6  h. Diphenoxylate/atropine 
(brand name Lomotil) can be added and up 
titrated to 5 mg diphenoxylate (two tablets) every 
6  h. Where possible, the liquid formulations of 
loperamide and diphenoxylate/atropine should 
be avoided due to the cathartic effects of propyl-
ene glycol and sorbitol content respectively. 
While codeine and tincture of opium can be 
added in high-output fistulas, their use is limited 
by central nervous system side effects (namely, 
sedation). While higher doses of loperamide 
(40 mg daily) and codeine (240 mg daily) have 
been described in the management of high-output 
fistulas [2, 5], slow up-titration and caution 
should be used at higher-than-recommended 
doses.

Proton pump inhibitors have been shown to 
decrease intestinal output and improve water 
absorption [19]. Intravenous agents avoid chal-
lenges with respect to limited absorption of the 
medication. Therefore, it is recommended that 
intravenous proton pump inhibitors (e.g., panto-
prazole) are used in the initial phase of care in 
patients with high-output fistulas [17].

The addition of a somatostatin analogue 
(e.g., octreotide) is recommended after a brief 
period of stabilization on other antimotility and 
antisecretory medications [17]. Recent meta-
analyses of randomized-controlled trials have 
concluded that use of a somatostatin analogue 
(typically octreotide 100 mcg SC TID) results in 
significant reduction in fistula output and shorter 
time to closure [20, 21]. However, the current 
evidence does not confirm a significant improve-
ment in fistula closure rates [17]. Current rec-
ommendations support a 72-hour trial of 
octreotide in patients with high-output fistulas 
[2, 5]. If reduced output is achieved, this treat-
ment is continued.

 Operative Management

The decision to undertake surgical correction of 
ECFs is based on an understanding of patient and 
disease factors that make non-operative manage-
ment unlikely to succeed (Table  21.3). Fistulas 
that are high output, with short/wide defects, 
which arose in the presence of intestinal disease, 
irradiated bowel, or distal obstruction, are 
unlikely to close without surgery [2, 6, 10]. A 
trial of non-operative management with intensive 
wound care, nutritional support, and medical 
therapies to decrease fistula output is appropriate. 
This time period may last several weeks to 
months, during which associated wounds are 
allowed to heal and sources of infection are 
resolved. Ultimately, only 15–40% of fistulas 
close without surgery [3–6].

Surgery for intestinal fistula is often complex 
and highly morbid. This is, in part, due to the 
patient population often having experienced 
complicated courses from prior surgery, fre-
quently in the setting of significant underlying 
comorbidity. In one series from a high-volume 
US center, patients undergoing definitive surgical 
treatment of ECFs had a mean of 6 previous 
abdominal surgeries, 80% had required paren-
teral nutrition, with only 40% being functionally 
independent [9]. The majority of patients (75–
80%) are referred from other institutions for 
definitive surgery [2, 9]. Therefore, it is essential 
to review available records and obtain sufficient 
imaging to fully understand the patient’s surgical 
history and unique anatomy. Operative duration 

Table 21.3 Predictors of success or failure of non- 
operative fistula closure

Favorable Unfavorable
Long, narrow 
fistula tract

Short, wide fistula tract

Intestinal 
continuity

Discontinuity or distal 
obstruction

Low fistula output High fistula output
Good nutritional 
status

Poor nutritional status

No sepsis Intra-abdominal sepsis
Absence of 
systemic illness

Systemic illness adversely 
affecting healing

No intrinsic 
intestinal disease

Inflammatory bowel disease, 
malignancy, radiation enteritis

21 Enterocutaneous Fistula
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is longer than 8 h in 25% of patients and peri- 
operative blood transfusion is required in 70% 
[9]. In-hospital complications from definitive 
ECF surgery occur in more than 80%, with sys-
temic sepsis (35%) and surgical site infection 
(30%) being common [9, 22]. One in 4 require 
mechanical ventilation for more than 48  hours 
[9]. Peri-operative mortality is approximately 
5–7% [2, 22] with 15% deceased within 1 year of 
surgery [9].

The optimal timing for surgery is a matter of 
clinical judgment. Ideally, patients should be 
free of sepsis, well-nourished, and their surgi-
cal wounds healed [23]. Sufficient time should 
have elapsed from the previous operation to 
have allowed intra-abdominal inflammation to 
have settled and re-peritonealization to have 
occurred [24]. The abdomen should be soft and 
supple to examination. This may take several 
months. The median time from previous sur-
gery or diagnosis of ECF to definitive surgery 
is 8–9 months in large retrospective series [2, 
5, 9, 25].

Definitive surgery for ECF requires careful 
planning. It is wise not to schedule other major 
operations on the same day, as operations for 
ECF are frequently “all-day cases” [8]. The 
potential for difficulty in closing fascia should be 
anticipated and a surgeon experienced in abdomi-
nal wall reconstruction should be involved in 
advance where necessary. If distal small bowel or 
colonic obstruction was identified in previous 
imaging, it should be address during fistula take-
down surgery. Entry into the abdominal cavity is 
through an incision placed so as to avoid injury to 
underlying bowel. This process might be compli-
cated by the presence of mesh from prior sur-
gery—this should be fully excised. Extensive and 
meticulous lysis of adhesions is then performed 
to mobilize the intestine sufficiently. Care must 
be taken to identify and repair injuries to the 
serosa during this process. The bowel must be 
followed along its entire length from proximal to 
distal at the level of the rectum. Downstream 
obstruction must be excluded or addressed surgi-
cally. The fistula should be clearly defined. The 
segment of bowel from which the fistula arises 
should be excised back to healthy tissue or seg-

mentally resected, and GI continuity is re- 
established [24]. There is no clear evidence to 
support the technique for anastomosis, hand 
sewn, or stapled. Definitive closure of the abdom-
inal wall defect is then undertaken. Fascial clo-
sure is achieved in only 70% of patients and 
component separation or use of mesh is often 
required [9, 22].

Recurrence of fistula is unfortunately com-
mon, occurring in 10–20% [9, 22]. The use of 
mesh in closure of the abdominal wall is a 
strongly predictive factor in recurrence.
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22Necrotizing Soft Tissue Infections

Jiselle M. Bock and Addison K. May

 Incidence, Mortality, and Disease 
Burden of NSTI

Necrotizing soft tissue infections (NSTIs) are a 
diverse group of life-threatening infections that 
may involve any of the soft tissue layers alone or 
in combination and include necrotizing cellulitis, 
fasciitis, and myositis [1]. The diverse microbio-
logic etiologies, highly variable clinical presenta-
tion, and inconsistent nomenclature used to 
describe NSTIs all contribute to difficulty in 
assessing the true incidence of disease. Many 
reviews of NSTI cite an incidence of 0.4 cases 
per 100,000 people, extrapolated from CDC sur-
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Case Report
A 52-year-old obese diabetic woman pre-
sented to the emergency department after 
sustaining a dog bite to her left lower 
extremity. In the ED, she underwent wound 
washout and closure in layers by the ED 
physician. She was discharged home on 
oral amoxicillin and clavulanate. She 
returned to the ED 5 days later complaining 
of severe pain in the affected extremity 
with tracking erythema and swelling. 
Physical exam demonstrated tense edema-
tous and erythematous leg with dispropor-
tionate pain. There was ecchymosis and 
necrosis of the skin at the reapproximated 
wound. She was non-toxic in appearance 
without signs of shock. Laboratory studies 
did not demonstrate any significant abnor-
malities other than hyperglycemia. Broad- 
spectrum empiric antibiotics were initiated 
along with intravenous fluids and she was 

taken for urgent surgical exploration and 
debridement. Intraoperatively she was 
found to have deep puncture wounds with 
necrotizing fasciitis tracking lateral and 
proximally along the limb. Wide debride-
ment was performed including excision of 
overlying necrotic skin, subcutaneous fat, 
and included all involved fascia. She under-
went repeat wound inspection the follow-
ing day and the wound bed was found to be 
clean without evidence of ongoing infec-
tion. She continued with local wound care 
for several weeks and eventually under-
went successful skin grafting of the remain-
ing superficial defect.
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veillance data for group A streptococcal infec-
tions [2–6]. At the current U.S. population 
(329,000,000; http://worldpopulationreview.
com/countries/united- statespopulation/), this 
incidence would equate to between 1000 and 
1500 cases annually, grossly underestimating the 
true incidence. Recent studies using large national 
datasets provide a much higher incidence of 
NSTI, estimating between 8.7 and 10.3 infections 
per 100,000 persons (28,500–33,600 cases) in 
2018 [7].

Mortality from NSTI remains significant but 
has been decreasing over time (see Table 22.1), 
the decline believed to be related improved rec-
ognition, decreased time to operative debride-
ment, and advances in resuscitation [1, 7–10]. In 
30 studies of NSTI from 1980 through 1999 
including 945 patients, the average mortality was 
28% [1]. More recent data demonstrate a much 
lower mortality, closer to 10% [8, 9, 11, 12]. In 
seven more recent studies between 2007 and 
2018 including 252 patients all undergoing sur-
gery in less than 24 h of presentation (frequently 
less than 12  h), average mortality was 9% [13, 
14].

Admission for the treatment of NSTI is asso-
ciated with significant hospital cost, likelihood of 
requiring readmission, and long-term impact on 
patient quality of life [7, 11, 15]. Estimated mean 
cost for an index hospitalization for NSTI 
between 2010 and 2015 is $45,500 to $50,500 
per admission [7, 11]. Patients with NSTI who 
survive to discharge have a 90-day readmission 
risk of 28%, the majority unplanned [7]. Mean 
cost of readmission in 2015 was greater than 
$23,000.

 Pathophysiology, Bacteriology, 
and Terminology

Necrotizing soft tissue infections differ from 
other non-necrotizing skin and soft tissue infec-
tions by the presence of devitalized and necrotic 
tissue [1]. The tissue necrosis provides a unique 
pathophysiologic environment, feeding bacterial 
microorganisms while simultaneously limiting 
the immunological response [1]. The infections 
tend to have rapid tissue involvement with pro-
gressive destruction, resulting in risk of limb loss 
and death [10].

Necrotizing soft tissue infections may be 
caused by a diverse array of microbiologic etiolo-
gies and have variable clinical presentations, thus 
contributing to the variety of terms used to 
describe these conditions. Necrotizing infection 
may involve any of the soft tissue layers, alone or 
in combination. Necrotizing cellulitis is an infec-
tion of the dermis and subcutaneous fat, necrotiz-
ing fasciitis is an infection of the deep fascial 
layers, and necrotizing myositis and myonecrosis 
are infections of the muscle layers. Each of the 
tissue layers has variable resistance to infection 
that contributes to the relative frequency of which 
layer becomes infected. Intact, well-perfused 
dermis and subcutaneous layers and muscle have 
relatively higher resistance to most infections and 
are involved less frequently than the fascia. The 
deep fascia has tentative blood supply and lym-
phatic drainage with necrotizing fasciitis account-
ing for 50–75% of all infections [1, 10, 16].

Necrotizing soft tissue infections may be 
grouped by bacterial pathogenesis, originally 
proposed by Giulliano and colleagues and since 
extended and variably defined in the literature [2, 
6, 17–19]. We prefer to group infections into 
three types, based upon bacterial species and 
pathogenesis. Type 1 infections are polymicro-
bial in nature, typically arise from a more chronic, 
indolent source and subsequently enter and 
spread across fascial planes. The great majority 
of cases of necrotizing fasciitis are type 1 infec-
tions. Fourier’s gangrene represents a subset of 
type 1 necrotizing fasciitis that involves the 
perineum, perianal, periurethral, or genital area. 
Patients with type 1 necrotizing infections are 

Table 22.1 Mortality trends in published series of necro-
tizing soft tissue infections

Publication 
dates:

Number 
of studies

Number 
of cases

Number 
of deaths

Percent 
mortality

1980–1990 17 375 118 31.7%
1991–2000 15 628 167 26.6%
2001–2010 37 2670 565 21.2%
2011–2014 11 2508 394 15.7%
Total 
1980–2014

80 6181 1245 20.1%

J. M. Bock and A. K. May
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typically comprised of both aerobic and anaero-
bic and may have gram-positive and gram- 
negative bacteria, with on average more than 4 
species isolated [1, 20]. Most patients with type 1 
necrotizing infections have significant medical 
comorbidities placing them at risk such as diabe-
tes and morbid obesity [8].

Type 2 infections are monomicrobial infec-
tions caused by gram-positive, aerobic cocci 
either virulent Streptococcal species (most com-
monly S pyogenes) or community-acquired 
methicillin-resistant Staphylococcus aureus 
(CA-MRSA) [19, 21]. The pathogenesis and pre-
sentation of these infections are significantly 
related to toxin production by these bacteria 
which allow them to invade and disrupt healthy 
tissue, particularly the dermis. These infections 
can be very rapidly progressive. S pyogenes may 
cause a necrotizing cellulitis, a necrotizing fasci-
itis, or a necrotizing myonecrosis with or without 
a clearly defined portal of entry [19].

Type 3 infections are also monomicrobial 
infections, caused by either gram-positive or 
gram-negative bacilli. As in type 2 infections, 
pathogenesis and disease presentation are related 
to toxin production by the bacteria and are rap-
idly progressive. These infections may be caused 
by Clostridia, Bacillus, Vibrio, Aeromonas, and 
Eikenella species. Of type 3 infections, those 
caused by Clostridia species are most common in 
the United States.

Of the Clostridial species, C. perfringens is 
the most common pathogen, accounting for 
70–80% of all Clostridial infections. Clostridium 
is a spore-forming obligate anaerobic bacteria 
that produce potent extracellular toxins including 
α toxin (phospholipase C) and θ toxin (perfringo-
lysin) that cause microvascular thrombosis and 
ischemia, hemolysis, and impede migration of 
polymorphonuclear leukocytes. Under appropri-
ate conditions, Clostridial growth is extremely 
rapid with doubling time of approximately 8 min 
[10]. Its rapid growth under anaerobic conditions 
produces large amounts of non-CO2 gases that 
collect in tissue, the rationale for the frequently 
used term of “gas gangrene.” While most cases of 
Clostridial NSTI are initiated by some inciting 
trauma, cases can occur spontaneously. 

Spontaneous C. septicum infections have been 
associated with leukemia and gastrointestinal 
malignancy [10].

 NSTI Severity Stratification 
and Prediction of Mortality

NSTI severity stratification is complex due to the 
diversity of bacteriology and clinical presenta-
tion, the complexity of quantitatively assessing 
extent of tissue involvement, the variable nature 
of systemic involvement that may dramatically 
change from pre-debridement to post- 
debridement, and the relative infrequency of the 
disease. To date, no accepted standard exists to 
stratify NSTI severity. Numerous non-therapy- 
related factors have been shown to be indepen-
dently associated with mortality using regression 
analysis. These factors can be categorized into 
four groups, comorbidity, organ system dysfunc-
tion, patient physiology, and bacteriology as out-
lined in Table  22.2. The Fournier’s Gangrene 
Severity Index (FGSI) combines nine different 
physiologic and laboratory variables to estimate 
overall mortality. A FGSI threshold score of 9 
performed reasonably well in one study (71% 
sensitive, 90% specific) [22], but has not been 
validated in multicenter studies. Three additional 
severity stratification systems have been studied 
and applied to NSTIs and are discussed below, 
the American Association for the Surgery of 
Trauma (AAST) grading scale for including skin 
and skin structure infection (SSTI), the modified 
Sequential Organ Failure Assessment (mSOFA) 
score, and the Acute Physiology and Chronic 
Health Evaluation II (APACHE II) score.

AAST NSTI Grade: In 2016, the AAST cre-
ated an anatomic-based grading system for sev-
eral emergency general surgery conditions, 
including SSTI [23]. While the AAST anatomic 
severity grading scale for SSTI has been shown 
to correlate with outcomes [24], it has not been 
validated in any multicenter fashion and lacks 
many components shown to correlate to mortality 
[11, 14, 20, 25, 26].

mSOFA: The degree of organ dysfunction at 
presentation has previously been shown to inde-

22 Necrotizing Soft Tissue Infections
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Table 22.2 Factors independently associated with mortality in NSTI

Comorbidity: Organ dysfunction:
   –  Age [3, 11, 20, 26, 29, 31, 

82, 83]
   –  Liver disease [3, 11, 26]
   –  Pulmonary disease [3, 11]
   – Cancer [3, 25]

   – > 1 comorbidity [31]
   – Heart disease [84]
   –  Immunocompromised 

[83]

   – AKI [3, 11, 20, 26, 29, 31, 82, 83]
   – Coagulopathy [11, 26, 31]
   – SOFA/organ dysfunction [20, 27]

Patient physiology: Bacteriology
   – Shock [3, 11, 25, 29]    –  WBC/bandemia [25, 

26, 82, 84]
   –  Extent of 

infection [20, 
30]

   – Lactate [8, 20, 85]    – Hypothermia [82]    – Bacteremia [26]
   –  APACHE II [8, 29, 30]    – Heart rate [82]    –  Pathogen 

including
    •  Aeromonas 

[25, 26]
    • Vibrio [25]

    • Clostridia [84]
    •  Strep Toxic 

Shock [83]

Table 22.3 Clinical features strongly suggestive of 
NSTI—hard signs (In at-risk patients, these findings 
should prompt operative exploration)

1.  Pain disproportionate to the findings on physical 
exam

2. Tense edema
3. Bullae
4. Skin ecchymosis/necrosis
5. Cutaneous anesthesia over area
6. Systemic toxicity
7. Progression despite appropriate antibiotic therapy
8. Soft tissue gas on exam or radiographic imaging

pendently correlate with mortality in NSTI [20]. 
More recently, using mSOFA (SOFA with biliru-
bin excluded) score to quantitate organ dysfunc-
tion, NSTI patients with an mSOFA of ≥3 on 
admission were demonstrated to have a higher 
mortality risk, required greater ventilator use, 
required prolonged intensive care, and had a 
lower return of renal function [27]. A similar 
association of mSOFA score with mortality has 
been demonstrated in other studies [12, 28].

APACHE II: The APACHE II is frequently 
used in critically ill populations to stratify and 
assign mortality risk and has been used in several 
NSTI studies to risk stratify. As its name implies, 
it includes both physiologic parameters and mea-
sures of medical comorbidities to provide a com-
bined numerical score. The APACHE II score 
includes several of the physiologic and 
 comorbidity variables shown to be independently 
associated with mortality in NSTI. APACHE II 
has been shown to independently correlate with 
mortality from NSTI in several studies [8, 29, 30] 
with reasonably good predictive performance 
(area under the receiver-operating characteristic 
curve = 0.86) [8].

 Diagnosis of NSTI

Establishing the early diagnosis of NSTI is sig-
nificantly important to patient outcome as numer-
ous studies demonstrate that delays in operative 

intervention worsen outcome [10, 13, 16, 20, 31, 
32] and misdiagnosis is independently associated 
with operative delay [9]. Unfortunately, the diag-
nosis is frequently difficult to establish. In retro-
spective series of patients with NSTI, the correct 
diagnosis is made on admission a minority of the 
time; the majority being diagnosed with either 
cellulitis or abscess [25, 32–34].

Several clinical findings strongly suggestive 
of NSTI should be considered “hard signs” (see 
Table  22.3) and prompt operative exploration 
unless other etiologies of findings can be firmly 
established. However, many of these findings 
develop late in the clinical course and are pres-
ent less than 50% of NSTI cases [10, 16]. The 
presence of gas in the soft tissue is also very 
specific for NSTI and is more readily detected 
on imaging than on physical exam. CT and MRI 
are both more sensitive for the detection of gas 
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in tissues than plain imaging [10, 16]. However, 
we must emphasize that the absence of gas does 
not eliminate NSTI as a diagnosis and very 
severe infections may be present without this 
finding. Gas within tissues results from the pro-
duction of poorly diffusible gases during anaer-
obic metabolism. The product of both aerobic 
metabolism and fermentation is carbon dioxide, 
a gas that is rapidly diffusible through tissues. 
Thus, potentially highly virulent pathogens such 
as Streptococcus pyogenes may produce very 
severe infections without the finding of gas in 
tissues.

Several laboratory values have been shown to 
be predictive of NSTI and can aid in the diagno-
sis as shown in Table 22.4 [10, 16]. In general, 
these values add specificity and should increase 
one’s clinical suspicion for NSTI if present, but 
they lack sensitivity. The use of laboratory 
parameters in addition to clinical findings does 
appear to improve individual clinical diagnostic 
ability [35]. To improve the diagnostic accuracy 
for NSTI, Wong and colleagues combined sev-
eral laboratory values to create a composite score 
to patients into low, medium, and high risk for 
NSTI.  The Laboratory Risk Indicator for 
Necrotizing Fasciitis Score, or LRINEC score, 
utilizes six laboratory parameters including CRP, 
WBC, hemoglobin, sodium, creatinine, and glu-
cose to create a composite score [33]. In the 
authors original study, a LRINEC score of 6 
demonstrated good positive and negative predic-
tive power. However, the enthusiasm originally 
generated for the use of the LRINEC score has 
been tempered by case reports of severe NSTI 
with scores of 0 and an inability to validate its 
sensitivity and specificity [36–40].

Ultimately, the diagnosis of NSTI may only 
be made once an incision is created. Surgical 
exploration is indicated if clinical suspicion is 

high and considering that the consequences of 
delay are catastrophic. Early surgical consulta-
tion is essential and taking the approach of “rul-
ing out” NSTI rather than “ruling in” is warranted 
considering the high mortality of this infectious 
process.

 Treatment

In patients with NSTI, three factors are strongly 
associated with outcome, particularly patients 
with shock:

 1. Time to appropriate resuscitation
 2. Time to appropriate empiric antibiotic 

therapy
 3. Time to operative debridement.

Resuscitation: For patients with NSTI and 
shock, like all patients with septic shock, appro-
priate resuscitation improves outcomes [41–43]. 
Aggressive resuscitation should be undertaken 
for preoperative preparation, continue into the 
operating theater, and post-operatively as 
required. As the time to operative debridement is 
strongly associated with outcome, quantitative 
fluid resuscitation, rapid and ongoing correction 
of coagulopathy, and vasoactive support as 
needed should be all be undertaken in a manner 
to limit delay to the operating room.

Empiric antibiotic therapy: Initiating appro-
priate antibiotic therapy early in the course 
also significantly alters outcomes. For patients 
with soft tissue infection and septic shock, 
selection of appropriate antibiotics that cover 
the pathogens involved greatly increases sur-
vival (OR ~10) compared with inappropriate 
selection [44]. Additionally, the time to initia-
tion also has a significant impact on survival 
with roughly a 14% increase in mortality for 
each hour from onset of hypotension to antibi-
otic therapy. Selection of appropriate empiric 
antibiotic therapy should be directed toward 
the likely pathogens involved which can be 
determined by the clinical setting and course, 
inciting pathophysiology, and previous expo-
sure to antibiotics [10, 16].

Table 22.4 Laboratory values predictive of the presence 
of NSTI (these factors generally add specificity but lack 
sensitivity)

1. White blood cell count >14 × 109/L
2. Serum sodium concentration <135 mmol/L
3. BUN >15 mg/L

4. C-reactive protein (CRP) ≥150 mg/L
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Distinguishing NSTIs as either type 1 polymi-
crobial infections that typically arise from a pre- 
existing, indolent source versus a more rapidly 
progressive type 2 or type 3 infection where very 
rapid growth and toxin production contribute sig-
nificantly to the clinical course is an important first 
step. Type 1 infections, such as Fournier’s gan-
grene, are polymicrobial by definition and typi-
cally involve gram-positive and gram- negative 
bacteria as well as aerobic, facultative aerobic, and 
anaerobic bacteria. Generally, if there is no prior 
antibiotic exposure or known colonization or his-
tory of CA-MRSA, then multiple single-agent or 
combination choices provide adequate therapy as 
shown in Table 22.5 [10, 16, 34].

Patients with rapidly progressive type 2 and 
type 3 infections likely benefit from combination, 
high-dose antibiotic therapy with beta-lactam 
class and with anti-ribosomal class agents. The 
improved outcome with this combination therapy 
is believed to be related to two separate phenom-
ena in these clinical settings (1) inhibition of bac-
terial toxin production by anti-ribosomal agents 
and (2) failure of cell-wall active agents with 
high inoculum infections due to downregulation 
of penicillin binding proteins in stationary phase. 
This has been demonstrated for both gram- 
positive and gram-negative pathogens [10, 45]. 
Anti-ribosomal antibiotics shown to inhibit toxin 
production and/or improve efficacy differ for 
gram-positive and gram-negative pathogens:

 – gram-positive bacteria—clindamycin or 
linezolid

 – gram-negative bacteria—tetracycline class 
antibiotics

An understanding of the clinical scenario and 
result of gram stain may be required to correctly 
target these aggressive infections. Table  22.6 
below provides a summary of these pathogens 
and their characteristics.

Antibiotic therapy should be tailored to the 
cultures as results return. No high-quality data 
exist to make strong recommendations regarding 
the length of antibiotic treatment. Our practice is 
to continue antibiotics until hemodynamics 

Table 22.5 Recommended empiric antibiotics for type I 
NSTI

Effective single-agent regimens:
   –  Piperacillin-tazobactam, imipenem-cilastatin, 

meropenem, ertapenem, ticarcillin-clavulanic 
acid, and tigecycline

Combinations regimens—many available:
   –  2nd/3rd generation cephalosporins +/− 

fluoroquinolone in combination with anaerobic 
agents—metronidazole or clindamycin

Increasing resistance among Enterobacteriaceae 
may limit the use of:
   –  Ampicillin-sulbactam, Ciprofloxacin, 

Levofloxacin
CA-MRSA Colonization or clinical history suggestive 
of CA-MRSA
   –  Consider adding vancomycin, linezolid, 

daptomycin, or clindamycin

Table 22.6 Rapidly progressive NSTI: characteristics and pathogens

Metabolism
Anaerobic and 
facultative anaerobic Obligate aerobic and fermentation

Radiographic findings Gas in tissue No gas in tissues
Gram stain Gram-positive rods Gram-positive cocci Gram-negative rods
Pathogens and clinical 
syndromes

Clostridium species
   –  Necrotizing 

myonecrosis.

Group A Streptococcus
   – Necrotizing cellulitis
   –  Necrotizing 

myonecrosis

Vibrio
   – Salt water/shellfish exposure
   –  Bullous skin necrosis, 

myonecrosis
Aeromonas
   – Fresh water exposure
   –  Necrotizing cellulitis, 

fasciitis, myonecrosis
Staphylococcus aureus
   –  Necrotizing cellulitis, 

fasciitis

Eikenella
   – Human bite wounds
Pasteurella
   – Dog/cat bites

J. M. Bock and A. K. May



299

improve and the wound bed appears healthy. We 
do not continue them until the wounds are fully 
covered and healed.

Operative debridement: While resuscitation 
and appropriate antibiotic therapy have signifi-
cant impact on outcome, operative debridement 
is the mainstay supporting positive outcomes, 
with time to debridement having a strong correla-
tion with outcome [10, 13, 16, 20, 31, 32]. 
Debridement should be undertaken as soon as the 
diagnosis is established or strongly suspected and 
the patient appropriately resuscitated and stabi-
lized. Graded recommendations for time to 
debridement target less than 12 hours from diag-
nosis [13].

 Surgery and Debridement 
Technique

Index debridement: The cornerstone of operative 
debridement is to gain source control by removal 
of all necrotic tissue, provide drainage for all 
infected fluid collections, and prevention of fluid 
recollection. No high-quality data exist to guide 
the determination of when adequate debridement 
has been reached. Early reports emphasized wide 
debridement of involved tissues as a requirement 
for positive outcomes [46, 47] and debridement 
of all overlying skin, subcutaneous fat, fascia 
and, in some cases, musculoskeletal elements has 
become the traditional approach by many sur-
geons [48, 49]. With improvements in overall 
mortality from NSTI, focus has expanded to 
include preservation of function and decreasing 
morbidity. Surgical approach has evolved to skin- 
sparing technique which focuses on debridement 
of only the involved tissues and preserving over-
laying skin and subcutaneous tissue [48–52].

As described by Wong et al., the degree of tis-
sue involvement may be classified into three 
zones [52]. Zone 1 is necrotic tissue, zone 2 tis-
sue remains viable but is involved with infection 
and inflammation, zone 3 is healthy, uninvolved 
tissue. Zone 1 tissue must be fully excised and 
skin in this zone demonstrates the “hard find-
ings” of NSTI, hemorrhagic bullae, dermal hem-
orrhage, cutaneous anesthesia, and frank dermal 

gangrene. Zone 2 tissue is potentially salvageable 
and requires significant judgment and under-
standing of the pathophysiology of the infectious 
process.

Necrotizing infections that have a component 
of necrotizing fasciitis travel along fascial planes 
beyond the direct involvement of overlying skin 
and subcutaneous tissues. Collateral blood flow 
to skin from the dermal and subdermal plexus 
allow preservation of overlying tissue [50, 51]. 
The skin-sparing technique includes using curvi-
linear incisions and stairstep bridging incisions, 
debriding underlying fascia, and evacuating all 
purulent fluid, while preserving skin perforators 
to ensure viability of skin flaps. The technique 
has been shown to improve outcomes without 
increasing complications [48]. Progressive ten-
sioning is a technique that has been described to 
limit the enlargement of the wound defect caused 
by removal of necrotic fascia to aid in wound 
healing [50].

Repeat debridement: Re-examination of the 
surgical wounds and repeat debridement as indi-
cated at bedside or in the operating theater is also 
an important aspect of management of NSTI [1, 
10, 16]. The optimal time interval to re- 
examination and repeat debridement has not been 
established by studies and is likely altered by the 
aggressiveness of the infectious process, clinical 
response to the index debridement, and comorbid 
factors of the patient. Most authors recommend 
re-examination and debridement within 24  h, 
with this time interval independently associated 
with improved outcome [53].

 Adjunctive Therapies

Several adjunctive therapies have been proposed 
and studied in specific clinical scenarios of 
NSTI including hyperbaric oxygen therapy 
(HBO), Reltecimod (see below), steroids, and 
intravenous immunoglobulin. Adjunctive thera-
pies, by definition, are provided in addition to 
the accepted standard therapies of NSTI includ-
ing resuscitation, antibiotic therapy, and timely 
and adequate surgical debridement and source 
control.
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Reltecimod: A synthetic octapeptide with 
homology to portions of the T lymphocyte recep-
tor CD28 that blocks binding of superantigens 
from gram-positive organisms to the receptor and 
impairs endotoxin mediated T-cell activation. A 
phase 2 human trial demonstrated significant 
improvement in resolution of organ dysfunction 
in the treatment groups [54]. In a recently com-
pleted multicenter, phase 3 randomized con-
trolled trial, treatment with Reltecimod achieved 
success in the composite endpoint for the per- 
protocol analysis but not the modified intent to 
treat analysis (primary endpoint). Treatment did 
result in significant improvements in resolution 
of organ dysfunction in both the per-protocol and 
modified intent to treat analyses [12]. This 
 medication is under review by the FDA at the 
time of writing this chapter.

Hyperbaric oxygen therapy: The administra-
tion of oxygen under high atmospheric positive 
pressure in the treatment of “gas phlegmon” was 
first described by Brummelkamp in 1961 [55]. 
Hyperoxia has significant theoretic benefits in- 
vitro including enhancement of leukocyte-killing 
activity, suppression of bacterial growth and bac-
tericidal effects of some anaerobic bacteria, 
enhanced antibiotic efficacy, and suppression of 
clostridial alpha toxin production [56]. Some ani-
mal data of Clostridial NSTI support the benefit 
of HBO [57, 58]. Studies in humans have all been 
observational in nature providing mixed results, 
with no controlled prospective trials available 
[59–63]. With the limited human data, meta- 
analyses, reviews, and guidelines do not strongly 
support HBO use, providing recommendations 
from “may be beneficial/considered” to “not rec-
ommended” [10, 34, 59–68]. Studies of the 
National Inpatient Sample demonstrate that HBO 
is used in only a very small minority of patients 
with NSTI, roughly 1% overall [69, 70].

Steroids: Short-course, high-dose steroid ther-
apy has been advocated by some authors for the 
treatment of Streptococcal pyogenes (Group A 
Streptococcus—GAS) toxic shock syndrome in 
the setting of skin infections, though data are lim-
ited. Short courses of high-dose steroids have 
proven to improve outcomes in meningitis, a set-
ting in which an exuberant inflammatory response 

contributes to adverse outcomes [71]. High-dose, 
short-course steroids have also been shown to 
improve time to resolution in uncomplicated ery-
sipelas [72]. Specifically, 30 mg of prednisolone 
tapered over several days shortened the time to 
resolution, antibiotic therapy, hospital stay with 
no difference in relapse, recurrence, or complica-
tions [72, 73]. Guidelines for treatment of celluli-
tis state that steroids may be considered as a weak 
recommendation [74]. A few case reports and 
case series are reported with favorable outcome 
[75–79]. To date, no significant observational 
data or controlled studies are available.

Intravenous immunoglobulin: Similar to the 
rationale supporting potential efficacy of steroids 
in GAS toxic shock syndrome, intravenous 
immunoglobulin (IVIG) has been proposed as an 
adjunctive therapy. Several case reports describe 
the use of IVIG in settings of toxic shock syn-
drome including cases of necrotizing fasciitis 
with good results [10, 80]. However, case series 
provide conflicting outcomes [80]. One random-
ized, controlled trial of IVIG for toxic shock syn-
drome has been published, though it was stopped 
early with only 21 patients due to slow enroll-
ment. The study was underpowered to demon-
strate mortality benefit but did reach significance 
with decrease in sepsis-related organ failure at 
days 2 and 3 [81]. Three contemporary observa-
tional or national surveillance trials do support 
the use of IVIG in this setting, though the total 
cohort size is small [64]. More controlled and 
randomized data do exist regarding IVIG in a 
more broadly defined septic shock setting, though 
these data remain conflicting as well [80]. 
Considering this data, guidelines provide recom-
mendations to consider IVIG in the setting of 
toxic shock syndrome but not in other NSTIs [10, 
64].

 Conclusion

Necrotizing soft tissue infections comprise a 
group of life-threatening infections with highly 
variable clinical presentations. Initially consid-
ered rare infections, recent studies have demon-
strated a much higher incidence. NSTIs have a 
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unique pathophysiology and have a diverse 
microbiological etiology which is used to clas-
sify them by types and guide antibiotic selection. 
Patients may present with a variety of physio-
logic derangements from non-toxic to fulminant 
septic shock with organ dysfunction. Time to 
appropriate resuscitation, empiric antibiotics 
administration, and operative debridement are 
strongly associated with clinical outcome. Early 
diagnosis of NSTI is critical to improving sur-
vival. Several hard signs are highly suggestive of 
NSTI including disproportionate pain, tense 
edema, bullae, skin ecchymosis or necrosis, cuta-
neous anesthesia, soft tissue gas on imaging, sys-
temic toxicity, or progressive clinical worsening 
despite appropriate antibiotic treatment. These 
signs should prompt surgical exploration. The 
index operation is critical to gaining source con-
trol by debridement of involved tissues while 
maintaining uninvolved skin and subcutaneous 
tissue in a skin-sparing technique. Often a 
second- look wound exploration is utilized to 
ensure source control. Adjunctive therapies 
including steroids and IVIG have been utilized 
with overall mixed results; however, a new spe-
cific immunomodulator is showing promise.
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23Acute Perianal Disease

Kerri A. Ohman, Kellie E. Mathis, and Paul E. Wise

 Introduction

Perianal disease is a common problem that can 
present with several etiologies and appearances. 
Acute variations of these problems include peri-
anal abscess and fistula, which is most commonly 
related to cryptoglandular disease but may be the 
first manifestation of Crohn’s disease; hemor-
rhoids, which may present with bleeding, throm-
bosis, or prolapsing tissue; anal fissure, which 
can be acute or chronic and associated with pain; 
or a number of other infections or acute pathol-
ogy. It is important to be able to do a thorough 
examination to properly diagnose and treat 
patients with these conditions. A patient may 
seem to have a common or straightforward his-
tory but may actually have an underlying diagno-
sis of Crohn’s disease, malignancy, or an 
undrained abscess that may be missed without 
appropriate and directed questioning or a thor-
ough examination or imaging. Basic tenets of 
management can vary from supportive care/
expectant management to a quick incision and 

drainage to far more complex and definitive sur-
gical interventions, with therapy tailored uniquely 
to each patient.
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Case Report
A 23-year-old man with no known past 
medical history presents to the emergency 
department with a chief complaint of peri-
anal pain for 24 h. Upon further question-
ing, he denies other relevant symptoms 
such as abdominal pain, change in bowel 
habits, or weight loss and denies family 
history of inflammatory bowel disease. His 
temperature is 37  °C, heart rate 90, and 
blood pressure 110/80. He appears well but 
is unable to sit in a chair without discom-
fort. On external examination, you detect a 
tender fullness approximately 1  cm from 
the anal verge in the left posterolateral peri-
anal tissue that is fluctuant without signifi-
cant overlying cellulitis. Digital rectal 
examination (DRE) is performed, and no 
intra-anal fluctuance, lesions, or other 
masses are detected. After consenting the 
patient, you perform an incision and drain-
age to evacuate the abscess. No antibiotics 
are indicated as he has no overlying celluli-
tis, signs of undrained collections, or sep-
sis. He follows up in clinic in the next few 
weeks with complete resolution of his 
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 Perianal Abscess and Fistula

 Introduction

Perianal abscess is one of the most common eti-
ologies of acute perianal disease, and while it 
may arise as an isolated problem, it may be the 
first manifestation of other perianal pathology or 
later develop into a fistula-in-ano. The majority 
of perianal abscesses arise from cryptoglandular 
disease, which is also the leading cause of fistula- 
in- ano, but there are other less common etiolo-
gies that may present similarly (Fig. 23.1a). An 
abscess may arise secondary to inflammatory 
bowel disease (IBD), trauma, malignancy, or less 
common infectious etiologies. In young adults 
such as in the Case Report, a perianal abscess 
may be the first symptom or presentation of 
Crohn’s disease. It is important to perform a thor-
ough history and physical examination in patients 

presenting with acute abscess, assessing for other 
systemic symptoms such as weight loss, abdomi-
nal pain, or change in bowel habits (or personal 
or family history of IBD). Trauma may lead to an 
undrained abscess, possibly in the setting of a 
retained foreign body, impalement injury, or pre-
vious surgery including procedures such as hem-
orrhoidectomy or episiotomy during childbirth.

Less common etiologies such as malignancy 
or the more rare infectious etiologies (e.g., tuber-
culosis, Actinomyces, Lymphogranuloma vene-
reum) should remain on the differential diagnosis 
to be thorough and complete. Patients with acute 
or chronic complaints of perianal pain may have 
an associated malignancy such as an advanced 
anal squamous cell carcinoma or low rectal ade-
nocarcinoma, so a thorough examination with 
DRE should be routinely performed. While even 
less common, lymphoma and leukemias may 
present as a perianal abscess as well.

 Work-Up

The history and physical examination is para-
mount to an accurate diagnosis and therefore 
treatment. It is important to assess prior history 
of abscess or prior perianal procedures or repairs, 
assess for personal or family history of IBD and 
continence. If the patient otherwise appears well 
and non-toxic, laboratory tests such as a com-
plete blood count and electrolyte panel are not 
indicated. In patients appearing ill or toxic with 
more concerning signs on examination, laborato-
ries may help guide your resuscitation and antibi-
otic therapy.

Routine imaging is not indicated unless there 
is suspicion for a more complicated abscess or 
fistula. CT may be helpful if the diagnosis is 
uncertain or if the patient has pain out of propor-
tion to examination without any clear features on 
physical exam. Pelvic MRI may be considered in 
patients with a recurrent abscess or with features 
suspicious for a more complex abscess such as 
concern for supralevator or bilateral extension or 
an occult abscess or in those patients with con-
founding disease processes such as Crohn’s or 
known or suspected malignancies. Ultrasound 

symptoms and no evidence of ongoing 
infection or drainage on examination.

Six months later, he presents again with 
a perianal abscess at the same location. He 
notes new complaints of increased perianal 
drainage, vague abdominal pain, abnormal 
bowel movements with new diarrhea, and 
weight loss over the last few weeks. On 
examination, an external opening is found 
in the left posterolateral perianal tissue at 
the site of the prior abscess. On DRE, a 
scant amount of purulent fluid is expressed 
through the external opening. Given clini-
cal suspicion for fistula-in-ano, he is taken 
to the operating room for an exam under 
anesthesia. Anoscopy is performed and an 
internal opening is noted in the posterior 
midline. A probe is passed through the tract 
and you can palpate external and internal 
sphincter, confirming your suspicion of a 
transsphincteric fistula. You place a drain-
ing seton and refer him for evaluation for 
Crohn’s disease, including consideration of 
colonoscopy and cross-sectional imaging.

K. A. Ohman et al.
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Fig. 23.1 Anatomy of anorectal abscess and fistula-in- 
ano development. (a) Cryptoglandular theory of inflam-
mation of anal crypt leading to anorectal abscess formation 
and later fistula development. (b) Perianal abscess is 
superficial and may be treated with simple I&D compared 
to more complex abscess formation such as supralevator 

and ischiorectal abscesses, which may not be detectable 
on external examination alone. (These images were origi-
nally published in CIBA Clinical Symposia, Volume 37 
(6), Authors Robert D. Fry, MD and Ira J. Kodner, MD, 
Illustrator John A.  Craig, MD, “Anorectal Disorders,” 
Plate 9, Copyright Elsevier 1985)

with either transanal or transcutaneous tech-
niques is very user dependent and should not be 
routinely used unless the examiner is comfort-
able and skilled with this technique as the exam-

iner may miss an undrained collection. 
Furthermore, transanal ultrasound may be 
uncomfortable and not well tolerated by the 
patient.

23 Acute Perianal Disease
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 Examination

On perianal examination, an area of erythema 
or induration that will likely be fluctuant and 
tender to touch. Based on time of presentation, 
the patient may have either partially or 
 completely evacuated the abscess cavity, but it 
is important to ensure that the abscess cavity is 
completely drained or it will re-accumulate. 
DRE should be routinely performed to ensure 
that there are no other undrained abscesses or 
pathology, as a patient with an intersphincteric 
or supralevator abscess (Fig.  23.1b) may not 
have findings on external assessment. You may 
palpate a fluctuant area in the anal canal or 
elicit pain and tenderness on examination.

In patients with more complex abscesses such 
as intersphincteric abscess or supralevator 
abscess, obtaining the correct diagnosis is impor-
tant as a simple superficial perianal incision and 
drainage (I&D) may be inadequate and inappro-
priate therapy. Similarly, patients with more com-
plex fistulous disease should be identified and 
referred to a specialist after drainage of the 
abscess.

It is estimated that 16–25% of patients will 
develop a fistula-in-ano after I&D of a perianal 
abscess [1–3], and patients with Crohn’s dis-
ease are more than twice as likely to progress 
to fistula formation [2]. An internal opening to 
a fistula may be identifiable on digital exam, 
which may be palpable as a soft but firm full-
ness in the anal canal. Goodsall’s rule 
(Fig.  23.2a), initially published in 1900, may 
point toward the direction of the internal open-
ing. Based on Goodsall’s rule, if the external 
opening lies posterior to a line drawn trans-
versely across the anal verge, the fistula is 
likely to track posteriorly and open onto the 
posterior midline. If the external opening is 
anterior to this line, the fistula tracks directly 
into the anal canal. The exception is for ante-
rior fistulas that are more than 3 cm from the 
anal verge as they may have a more indirect 
course. Of note, recent literature has chal-
lenged its predictive accuracy, so it is impor-
tant to not base surgical planning on the rule 
alone [4–6].

Anal fistulas are defined as “simple” or “com-
plex.” While the terms are not standardized, com-
plex fistulas include those that are high 
transsphincteric, suprasphincteric, or extrasphinc-
teric, those occurring anteriorly in women, or any 
that increase the risk of fecal incontinence fol-
lowing fistulotomy. Fistulas due to Crohn’s dis-
ease or malignancies or those that arise from 
trauma or other iatrogenic procedures are also 
considered complex. The Parks classification of 
anal fistula described the four main routes in 
which fistulas may track: intersphincteric, trans-
sphincteric, suprasphincteric, and extrasphinc-
teric (Fig. 23.2b) [7].

If the patient is able to tolerate DRE, anoscopy 
may be considered to assess for other internal 
pathology or the location of the internal opening.

 Pathology

Cultures are not routinely indicated. If abnormal 
pathology is observed on exam, a biopsy should 
be sent to evaluate for IBD, malignancy, and 
other pathologies.

 Non-operative Management

I&D is the mainstay of therapy for an acute peri-
anal abscess and may be performed at the bedside 
if the patient is able to tolerate it. If not, this may 
require I&D in the operating room (see below). 
Ideally, the I&D opening will be made as close to 
the dentate line as possible so that any resultant 
fistula will be as superficial as possible. Whether 
the abscess is fully unroofed and packed versus 
drained with a punctate incision and placement 
of a mushroom-type catheter is based on the 
experience and preference of the practitioner. 
Antibiotics are not routinely indicated unless the 
patient is immunocompromised, shows signs of 
systemic illness or sepsis, if there is significant 
cellulitis, or if the abscess is unable to be fully 
drained. Antibiotics have been suggested to be 
utilized to prevent fistula formation, but the qual-
ity of evidence is low and there was no protective 
effect observed on a randomized, double-blinded, 
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Fig. 23.2 Fistula-in- ano. (a) 
Goodsall’s rule. External openings to 
the fistula that open anterior to the 
transverse anal line are associated 
with a radial tract to the anal canal 
whereas external openings that open 
posterior to the transverse anal line 
will have a curvilinear passage and 
open in the posterior midline in the 
anal canal. (b) Parks classification of 
fistula-in-ano: (1) intersphincteric, 
(2) transsphincteric, (3) 
suprasphincteric, (4) extrasphincteric. 
(These were modified and originally 
published in CIBA Clinical 
Symposia, Volume 37 (6), Authors 
Robert D. Fry, MD and Ira J. Kodner, 
MD, Illustrator John A. Craig, MD, 
“Anorectal Disorders,” Plate 9, 
Copyright Elsevier 1985)

multicenter trial [8, 9]. If antibiotics are indi-
cated, patients may be treated with a short course 
of amoxicillin-clavulanate or ciprofloxacin and 
metronidazole; an intravenous correlate may be 

utilized if the patient requires operative drainage. 
Wound culture should be considered for immu-
nocompromised patients or those with recurrent 
abscesses.

23 Acute Perianal Disease
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 Operative Management

Examination under anesthesia (EUA) should be 
performed for patients with a recurrent abscess, 
an abscess too painful for bedside I&D, or those 
with suspicion for a fistula. A simple linear or 
cruciate incision may be used to evacuate (± 
packing) the cavity. Mushroom (e.g., Pezzer or 
Malecot, Fig.  23.3) catheters are not routinely 
needed if the cavity is adequately drained and not 
too large. It is important to note that while a 
superficial abscess may be drained through the 
perianal skin, those with a submucosal, inter-
sphincteric, or supralevator abscess will require 
internal drainage for adequate source control. 
These patients should be seen and evaluated by a 
specialist if available. Drainage of an 
 intersphincteric abscess may be by internal 
sphincterotomy as part of the fistulotomy. 
External drainage may be considered but that 
risks development of a fistula. The origin of a 
supralevator abscess dictates its management. If 
the abscess arises from superior extension of an 
intersphincteric abscess, it should be drained 
internally by internal sphincterotomy or transanal 
drainage catheter into the cavity. If the abscess 
arises from superior extension of an ischiorectal 

abscess, it should be drained externally as close 
to the dentate line as possible. In the event of a 
horseshoe abscess, which is typically a deep pos-
terior anal space abscess that progresses either 
unilaterally or bilaterally into the ischiorectal 
spaces—hence, a “horseshoe” appearance—the 
modified Hanley procedure is indicated. The 
modified Hanley is sphincter-preserving and 
involves drainage of the posterior anal space with 
seton placement and debridement and drainage 
of the lateral tracts and extension. Of note, a 
supralevator abscess may be associated with 
intra-abdominal pathology (e.g., diverticulitis, 
appendicitis, etc.).

If drainage persists beyond 6–12 weeks, the 
patient should undergo an EUA to assess for a 
fistula. However, if on index presentation the 
patient presents with an abscess and a concomi-
tant fistula-in-ano, fistulotomy may be per-
formed for a simple fistula if there is low risk of 
incontinence or complication [10, 11]. If there is 
any concern, a draining seton should be left 
instead.

In patients with a fistula where the internal 
opening can be identified, either a draining 
seton or a primary fistulotomy can be consid-
ered. A draining seton is a loosely placed silas-
tic band or suture placed through the external 
opening to the internal opening and is around 
the subcutaneous tissue and sphincter muscula-
ture; it is loose to promote abscess drainage and 
fibrosis of the tract. Fistulotomy is a definitive 
treatment for simple anal fistulas and is success-
ful in healing more than 90% of patients with 
high patient satisfaction scores [12, 13]. Primary 
fistulotomy may be employed for submucosal, 
intersphincteric, or low transsphincteric fistulas; 
however, if there is a significant burden of 
sphincter overlying the fistula, if the fistula is 
complicated, if there is concern for IBD, or if 
the patient has pre- operative incontinence, fistu-
lotomy should not be performed and a seton 
should be placed across the tract instead. The 
patient should be referred to a specialist for fur-
ther evaluation and to consider advanced proce-
dures such as ligation of intersphincteric fistula 
tract [LIFT], endorectal or cutaneous advance-
ment flap, or fistula plug.

Fig. 23.3 Mushroom catheters such as the Pezzer cathe-
ter (above) and Malecot catheter (below) may be employed 
for larger cavities to promote adequate drainage and are 
more comfortable and easier for patients to manage than 
traditional packing. Excess tubing length may be trimmed 
for patient comfort. The drain is typically removed after 
the drainage has stopped, typically within a week after 
placement
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 Outcomes

There is no “perfect” procedure for a fistula-
in- ano. Fistulotomy for any non-subcutaneous 
fistula mandates partial division of the sphinc-
ter with subsequent risk of fecal incontinence, 
with rates varying from 6.9% to 45% of 
patients experiencing at least some degree of 
impairment in fecal continence [14–18]. 
Cutting setons, which work by draining the 
abscess and slowly dividing the sphincter by 
tightening the seton over time with subsequent 
healing of the fistula tract, also carry the risk 
of incontinence, with a rate of 12% [19]. While 
it is not specified if the incontinence is to fla-
tus, liquid stool, or solid stool, any form can 
certainly be distressing for the patient. 
Furthermore, the fistula may eventually recur, 
with patients with complex or previous fistu-
las being at highest risk [14].

Advanced procedures such as the LIFT pro-
cedure or endorectal advancement flap do not 
involve dividing the sphincter musculature but 
have varied success rates. In a recent system-
atic review and meta-analysis, endorectal 
advancement flap had an overall success rate of 
69.9%; patients with a cryptoglandular etiol-
ogy had a success rate of 74.6% and patients 
with Crohn’s disease had a success rate of 61% 
[20]. The overall success rate for patients after 
LIFT was 68.9%; patients with cryptoglandu-
lar etiology had an overall success rate of 
69.1% and those with Crohn’s disease had a 
success rate of 53% [20]. Given the risk of fail-
ure and complications related to these proce-
dures, these procedures should be performed 
by a specialist after appropriate informed 
consent.

 Hemorrhoids

 Introduction

Hemorrhoids are a common anorectal complaint, 
leading to nearly 4 million office and emergency 
department visits yearly as well as varying 
degrees of impact in quality of life for patients 
[21]. All patients have hemorrhoidal tissue, but in 
some patients the hemorrhoidal cushions can 
become symptomatic, likely from a combination 
of bowel habit issues, sphincter dysfunction, and/
or excessive straining. Hemorrhoids are normal 
vascular cushions in the anal canal, consisting of 
submucosal, fibrovascular, and arteriovenous 
sinusoids thought to have a role in sensation, 
sampling, facilitating anal continence, and pro-
tecting the anal sphincter. Hemorrhoidal com-
plexes are typically found in the left lateral, right 
anterolateral, and right posterolateral positions of 
the anal canal. Hemorrhoids are further classified 
as internal or external based on their relationship 
to the dentate line. Internal hemorrhoids are 
proximal to the dentate line, external hemor-
rhoids are distal, and mixed hemorrhoids extend 
both proximally and distally. This distinction is 
important in determining therapy because distal 
to the dentate line, the anoderm is innovated by 
somatic nerves and is more sensitive to pain, 
whereas sensation above the dentate line is from 
parasympathetic and sympathetic nerves.

Internal hemorrhoids more commonly present 
with painless bleeding or itching and are classi-
fied based on their degree of prolapse (Table 23.1). 
These are thought to become symptomatic from 
vascular congestion and mucosal prolapse. 
Factors that increase intra-abdominal pressure 
such as obesity, pregnancy, or abnormal bowel 

Table 23.1 Classification and treatment of internal hemorrhoids

Grade Presentation Treatment
1 No prolapse Dietary and lifestyle optimization
2 Prolapse that spontaneously reduces Dietary and lifestyle optimization; rubber band ligation or 

other office-based measures; hemorrhoidectomy in select 
patients

3 Prolapse that requires manual reduction Dietary and lifestyle optimization; rubber band ligation; 
hemorrhoidectomy

4 Prolapse that cannot be reduced Dietary and lifestyle optimization; hemorrhoidectomy
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Fig. 23.4 Acute anorectal pathology. (a) Thrombosed 
external hemorrhoid; (b) prolapsed internal hemorrhoids; 
(c) incarcerated and thrombosed internal hemorrhoids; (d) 

chronic anal fissure; (e) rectal prolapse. (Images courtesy 
of Dr. Richard Devine)

habits with straining can cause subsequent 
engorgement and decreased venous return of the 
hemorrhoidal cushions, leading to vascular con-
gestion [22]. Mucosal prolapse may be due to 
abnormal sphincter musculature or loss of sup-
porting tissue, either due to trauma or aging. As 
support is lost, the mucosa prolapses, and the 
veins become distended [23].

Symptomatic external hemorrhoids are usu-
ally thrombosed presenting with a spontaneously 
developing, exquisitely tender, blue/purple peri-
anal lump (Fig.  23.4a). Anal skin tags may be 
found as a residual lesion after resolution of a 
thrombosed external hemorrhoid.

 Work-Up

Abnormal bowel habits such as constipation 
and diarrhea with prolonged straining are com-
monly elicited in the history. Dietary patterns 

such as fiber and water intake should be 
assessed as those will be the mainstay of pre-
vention or symptom minimization in the future. 
Patients may complain of painless bleeding, 
possibly associated with a bowel movement or 
straining, itching, and possible prolapse of tis-
sue. Symptomatic external hemorrhoids are 
often acute and painful. Before proceeding 
with any therapy for hemorrhoidal disease, 
patients must be assessed for sphincter dys-
function (including past surgeries and trauma 
from vaginal delivery) and baseline continence 
to both gas and stool. Patients with rectal 
bleeding and other indications for colon cancer 
screening should undergo colonoscopy as part 
of their evaluation. The updated guidelines 
now recommend beginning screening at age 45 
[24]. For other patients, an individualized risk 
assessment should be performed to guide the 
need for additional or repeat testing with sig-
moidoscopy or colonoscopy.
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 Examination

External exam and DRE should be performed to 
rule out any other intra-anal pathology or distal 
rectal masses. For patients with prolapsing hem-
orrhoids who do not easily exhibit the prolapse 
on exam, having patients use the commode to 
strain to reproduce their degree of prolapse may 
be helpful (Fig. 23.4b). For incarcerated prolaps-
ing internal hemorrhoids, visual inspection for 
strangulation (i.e., ischemic changes ± necrosis) 
should be performed to determine the safety of 
reduction (versus need for more urgent excision) 
(Fig.  23.4c). Anoscopy can help assess which 
column is symptomatic (based on prolapse or fri-
ability or active bleeding) and therapeutic if the 
equipment is available to perform rubber band 
ligation (for non-strangulated internal hemor-
rhoids only).

 Pathology

Specimens during excisional hemorrhoidectomy 
should be sent to pathology to review for any 
underlying dysplasia or malignancy.

 Non-operative Management

Therapy for symptomatic internal hemorrhoids is 
guided by the degree of prolapse, but all patients 
benefit from dietary and lifestyle optimization. 
Patients should be instructed to increase dietary 
fiber to 20–35 g daily or take a fiber supplement 
such as psyllium. With that, it is important to 
increase water or any non-caffeinated and non- 
alcohol beverage intake to 64 ounces daily to pre-
vent constipation. Patients should minimize 
straining and time on the toilet.

There are a number of office-based therapies, 
but most are employed in specialty offices, such 
as infrared photocoagulation or sclerotherapy. 
Elastic band ligation is a common procedure that 
can be utilized in patients with grade 1 and 2 and 
in select grade 3 internal hemorrhoids. It is per-
formed by grasping and ligating the hemorrhoid 

at the apex, above the dentate line, thus correct-
ing prolapse and decreasing the blood flow to the 
hemorrhoid. Before the band is placed, the patient 
should be asked if they feel pain or tenderness 
when the hemorrhoid is grasped. Typically, only 
1–3 bands should be placed during a session 
given the risk of bleeding, urinary retention, and 
vasovagal reactions. Local anesthetic can be 
injected into the swollen hemorrhoid to prevent 
the band from slipping off. The band creates isch-
emia to the hemorrhoid, with the tissue sloughing 
off within the course of a week. Bleeding is an 
expected consequence, but can be a significant 
post-procedure risk, occurring up to a week after 
band placement (which should be avoided in 
patients on therapeutic anticoagulation). While 
rare, pelvic sepsis may occur and is characterized 
by fever, pain, and sometimes urinary retention. 
Patients should be resuscitated with IV fluids, 
started on IV antibiotics, and monitored with a 
low threshold to return to the OR for 
debridement.

 Operative Management

Surgical excision should be offered to patients 
who have failed or cannot tolerate office-based 
procedures, have grade 3 or 4 hemorrhoids, incar-
cerated/strangulated hemorrhoids, or mixed 
internal and external hemorrhoids [25]. 
Hemorrhoidectomy is the most successful proce-
dure but also carries with it an increased risk of 
complications as well as a significant burden of 
pain compared to other techniques [26].

For an excisional hemorrhoidectomy, patients 
undergo either monitored anesthetic care (MAC) 
or general anesthesia and are placed in either 
prone jack-knife or lithotomy position with a 
perineal/perianal block performed at the start of 
the case. DRE and anoscopy are then performed 
to assess and confirm which columns will be 
excised. With the use of a retractor, a clamp is 
used to grasp the hemorrhoid and lift it gently off 
of the underlying sphincter musculature. An 
elliptical incision around the external aspect of 
the hemorrhoid is made which is elevated off the 
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sphincter complex. The pedicle/hemorrhoid apex 
internally is ligated with a 2-0 or 3-0 Chromic or 
other dissolvable suture to guide hemostasis and 
the hemorrhoid is then excised using electrocau-
tery. Tension and retraction are obtained by using 
a lap pad or a gauze in the opposite hand, aiding 
in dissecting the hemorrhoid off of the internal 
and external sphincters. The defect is either 
closed with a running absorbable suture or left 
open. Locked stitches can be helpful in obtaining 
hemostasis and small bites of internal sphincter 
may also be taken to help decrease the dead space 
in the defect. It is imperative to maintain signifi-
cant skin bridges of at least 1 cm2 between hem-
orrhoidectomy specimens to prevent anal canal 
stenosis. If a medium-size Hill–Ferguson retrac-
tor is able to be passed after hemorrhoidectomy 
that would indicate a minimal risk of anal steno-
sis. For strangulated/necrotic grade 4 internal 
hemorrhoids, all necrotic tissue must be excised, 
thus complicating the ability to preserve anoderm 
and increasing the risk for postoperative anal 
stenosis.

Other techniques include stapled hemorrhoid-
opexy and transanal hemorrhoidal 
 dearterialization, reserved more for chronic as 
opposed to acute hemorrhoidal symptoms. 
Briefly, stapled hemorrhoidopexy involves utiliz-
ing an end-to- end stapling device to circumferen-
tially staple and resect hemorrhoidal tissue above 
the dentate line using a single fire. Patients expe-
rience less postoperative pain but the procedure 
has a higher risk of recurrence [27]. Additionally, 
the procedure should not be performed for 
patients with concurrent symptomatic external 
disease as the procedure only treats the internal 
component. Transanal hemorrhoidal dearterial-
ization is performed using an anoscope with a 
doppler to locate and subsequently ligate feeding 
arteries and is associated with less pain that con-
ventional excisional hemorrhoidectomy [28]. 
Mucopexy may also be performed at this time to 
treat the prolapsing columns but patients with 
grade 4 disease may require an additional 
procedure.

 Special Scenarios

In the setting of symptomatic thrombosed exter-
nal hemorrhoids, if the patient is unable to toler-
ate the pain and discomfort and it is within 
3–4  days after the acute thrombosis, surgical 
excision of the overlying skin and clot evacua-
tion will improve and expedite resolution of 
pain. If it is after that time frame, surgical inter-
vention will not impact healing as the thrombo-
sis has organized and contracted, and 
non-operative therapy is recommended 
(Table 23.2). In certain instances, if the OR is 
not available or preferred by the patient, after 
local blockade, an incision and enucleation of 
the clot can be performed to relieve patient and 
pressure with the understanding that there is an 
increased risk of recurrence.

Strangulated hemorrhoids are prolapsed inter-
nal hemorrhoids that have thrombosed and pos-
sibly necrosed. These patients often present with 
severe anal pain and non-reducible hemorrhoids 
with gross evidence of thrombosis, ischemia, 
and/or necrosis. Urgent hemorrhoidectomy is the 
mainstay of treatment. If hemorrhoids are acutely 
incarcerated and unable to be reduced, hemor-
rhoidectomy is indicated.

Table 23.2 Non-operative therapy for symptomatic 
thrombosed external hemorrhoids

Recommendation
Increase dietary fiber to 20–35 g daily or begin fiber 
supplementation and increase water intake to 64 
ounces daily
Avoid straining and prolonged toileting
Sitz baths with warm water three times daily and after 
bowel movements
Consider topical therapies (lidocaine ointment or 
mixed hydrocortisone/lidocaine ointment) but do not 
apply steroid longer than 1 week given risk of contact 
dermatitis
Consider anti-spasmodics such as topical nitroglycerin 
or calcium channel blockers
Oral pain medications such as acetaminophen and 
NSAIDs as needed; narcotics should be utilized 
selectively due to constipating side effects
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 Outcomes

Urinary retention is the most common complica-
tion after hemorrhoidectomy, and the judicious 
use of fluids in the operating room, avoiding 
postoperative constipation, and pain control are 
important for prevention [29]. It is important to 
ensure that patients can urinate and are properly 
informed prior to discharge. Bleeding is also a 
common complication, as bands can fall off or 
erode and sutures can break or separate. Delayed 
bleeding can be observed 7–10 days postopera-
tively. Anal stenosis can occur after hemorrhoid-
ectomy if there are insufficient skin bridges 
between suture lines. Dilation is often ineffective 
and patients may require as anocutaneous 
advancement flap to surgically treat the stenosis. 
Fecal incontinence may also occur either due to 
an injury from retraction, injury to the nerves or 
sphincter musculature, or due to loss of the hem-
orrhoidal cushions.

 Anal Fissure

 Introduction

Anal fissure refers to a tear in the anoderm of the 
anal canal, typically extending from the dentate 
line to the anal verge, and is typically associated 
with abnormal bowel habits, especially 
 constipation. The hallmark symptom is anal pain, 
and many patients can recall the acute onset of 
pain during defecation that caused the anal fis-
sure. Pain may last minutes to hours and is worse 
with and after bowel movements; anorectal 
bleeding may also be present and confuse the 
diagnosis for hemorrhoids. Fissures occur most 
commonly in the posterior midline from the 
stress created from the anorectal angle, but they 
may be present anteriorly or simultaneously both 
anteriorly and posteriorly. Lateral fissures are 
atypical and should raise clinical concern for dis-
eases processes such as Crohn’s disease, malig-
nancy, or infectious processes such as syphilis, 

tuberculosis, or HIV. Acute fissures are defined 
as symptoms lasting less than 6–8 weeks and are 
likely to heal with only dietary modification, res-
olution of bowel habit changes, and supportive 
local care. Chronic anal fissures, lasting more 
than 6–8 weeks, are less likely to heal with con-
servative measures.

 Work-Up

Patients will likely be able to recall the acute pain 
of the fissure and may recall straining or passing 
a hard stool. Pain or spasm may last up to several 
hours and there may be occasional anorectal 
bleeding, usually manifesting as a streak of blood 
on the toilet paper (versus the more typical drip-
ping of blood in the toilet water associated with 
symptomatic internal hemorrhoids). Chronicity 
and severity of symptoms often dictate therapy.

 Examination

Patients may not be able to tolerate DRE due to 
pain, but it is important to perform a thorough 
external examination to rule out any other obvi-
ous pathology. Begin by gently separating the 
buttocks to see the entire anoderm and overcome 
any local muscle spasm. An external sentinel skin 
tag may be present in patients with a chronic anal 
fissure. A cotton swab or Q-Tip can be used to 
lightly probe the perianal tissue to elicit tender-
ness and locate the position of the fissure. While 
most fissures are in the posterior midline, it is 
important to be mindful that atypical fissures can 
occur elsewhere and are more likely associated 
with other disease processes, as mentioned above. 
Many patients will not tolerate DRE or anoscopy 
given the anorectal pain and spasm, but if an 
internal examination is tolerated, increased 
sphincter tone is commonly noted. If anoscopy is 
tolerated, in an acute fissure, a longitudinal tear 
in the anoderm is visible. In a chronic fissure, an 
external sentinel tag at the apex is often present 
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along with exposed internal anal sphincter mus-
cle and a hypertrophied anal papilla (Fig. 23.4d).

 Pathology

Specimens are not required for patients with typi-
cal or acute fissures; however, in patients with 
atypical fissures or with clinical concern for a 
more advanced disease process, biopsy should be 
considered for diagnosis, rule out cancer, and 
subsequently tailoring appropriate treatment.

 Non-operative Management

Non-operative management is the first-line ther-
apy for typical acute fissures as they are well tol-
erated and with minimal side effects. Sitz baths 
provide symptomatic relief and relax sphincter 
spasm, and fiber supplementation with a bulking 
agent along with increased water intake to 64 
ounces daily may heal fissures alone. Topical 
anesthetics (e.g., lidocaine 2–5%) and OTC non- 
narcotic pain medications can help with discom-
fort associated with these fissures.

If there is no symptomatic relief from those 
measures, a topical compounded ointment such 
as nitroglycerin (0.2%) or a calcium channel 
blocker such as diltiazem (2%) or nifedipine 
(0.2–0.3%) may be employed. These topical 
agents have been associated with healing rates 
that vary widely from 49% to 89% [30–32]. 
Headaches may occur in patients utilizing nitro-
glycerin ointment up to 30%, leading to cessation 
of its use.

Botulinum toxin (Botox) injections, while less 
efficacious than surgical sphincterotomy, should 
be considered in patients who have failed topical 
agents and are at increased risk of fecal inconti-
nence. Results typically last 3 months and can be 
repeated at least once if symptoms or the fissure 
recur.

 Operative Management

Lateral internal sphincterotomy remains the gold 
standard for chronic anal fissure and can be per-

formed as a first-line therapy in select patients. It 
can be performed in an open or closed technique 
with the mainstay of therapy involving dividing 
the lateral internal sphincter muscle to the apex 
of the fissure or until the palpable band of hyper-
trophied sphincter muscle is released in the lat-
eral anal canal. Sphincterotomy at the site of the 
fissure may lead to a keyhole deformity. 
Sphincterotomy risks fecal incontinence if there 
is prior sphincter damage due to previous proce-
dure or trauma including vaginal deliveries. 
Patients who fail sphincterotomy may be candi-
dates for more advanced procedures such an ano-
cutaneous advancement flap to cover the fissure.

 Outcomes

For the initial management of a patient with an 
anal fissure, non-operative therapy and topical 
agents are low risk and should be utilized first for 
most patients. Botox injections have variable suc-
cess, with reports ranging from 33% to 96% in 
the literature with no evidence of dose-dependent 
efficacy [33]. Lateral internal sphincterotomy has 
the highest rates of healing compared to other 
therapies with rate of healing up to 96% [34, 35].

 Rectal Prolapse

 Introduction

Rectal prolapse is a pelvic floor disorder in which 
the rectum has loss of or weakened attachments 
that normally keep it fixated in the pelvis, caus-
ing the rectum to protrude through the anal canal. 
Prolapse can either be complete (full-thickness), 
partial (mucosal only), or occult (does not extend 
beyond the anus), and common symptoms 
include mucous discharge or seepage or frank 
fecal incontinence, rectal bleeding, rectal bulge, 
difficulty evacuating, and anal or rectal pain or 
pressure. Symptoms may also be similar to the 
presentation of internal hemorrhoids. On exami-
nation, it is important to distinguish the orienta-
tion of the mucosal folds—prolapsing 
hemorrhoids have radial mucosal folds whereas 
rectal prolapse has circular folds of mucosa—as 
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they require different therapies (Fig.  23.4b, e). 
Rectal prolapse is more common in women than 
men [36], occurring only rarely children [37].

 Work-Up and Examination

The history should raise concern for rectal pro-
lapse, and the physical examination is key in con-
firming the diagnosis. The patient should try to 
elicit prolapse by straining and this can be aided 
by the use of a commode to simulate defecation. 
It is important to note how much prolapse is pres-
ent. Examination will also commonly reveal a 
patulous anus with decreased sphincter tone. 
Proctoscopy may show distal rectal inflammation 
and/or a solitary rectal ulcer. In a patient with 
additional vaginal vault or urinary symptoms, 
urogynecologic exam should be performed and 
urodynamics should be considered. These 
patients may require a multidisciplinary team for 
appropriate repair.

Some patients present acutely with incarcer-
ated or strangulated rectal prolapse. If reduction 
of incarcerated prolapse is not successful or if the 
prolapse is strangulated, the patient will need to 
proceed with emergent surgery. A transabdomi-
nal approach should be avoided in these cases, 
favoring a transanal approach known as a peri-
neal proctectomy to resect the ischemic tissue.

 Non-operative Management

The mainstay of treatment for rectal prolapse is 
operative repair, but in those patients who are too 
high risk or minimally symptomatic, non- 
operative management may be entertained with 
the understanding that non-operative therapy can 
only palliate but not resolve prolapse. Fiber and 
stool softeners may help regulate bowel move-
ments and prevent diarrhea and constipation, 
common precipitating factors for rectal prolapse. 
Pelvic floor physical therapy may help with con-
tinence issues.

Patients must be counseled on appropriate 
techniques for manual reduction. Lying in 
Trendelenburg position with gentle pressure on 
the prolapse may reduce the rectum back into the 

pelvic cavity alone. If that is not successful, table 
sugar can be placed topically on the prolapse to 
decrease the edema and thus facilitate reduction 
[38].

 Operative Management

For the acute rectal prolapse that is either incar-
cerated and unable to be reduced and/or strangu-
lated, perineal proctectomy (Altemeier) is the 
procedure of choice. Altemeier initially described 
his technique in 1952, and the procedure remains 
widely used today in the acute setting and for 
patients who are weak, debilitated, and/or with 
severe co-morbidities and thus at increased risk 
from a transabdominal procedure [39]. A perineal 
approach minimizes contaminating the abdomi-
nal cavity in the setting of strangulation or perfo-
ration (which is difficult to reduce from above via 
a transabdominal procedure regardless). The pro-
cedure can be performed without general anes-
thesia (e.g., spinal anesthesia) in patients at 
increased risk. However, the procedure can also 
safely be performed for many patients under gen-
eral anesthesia and in prone jack-knife position. 
The buttocks are gently taped apart and a self- 
retaining retractor may also be utilized for expo-
sure. A circumferential incision is made with 
electrocautery 2–5  cm proximal to the dentate 
line and continued through all layers of the rectal 
wall and to the mesorectal fat with continuous 
attention to meticulous hemostasis. An energy 
device such as a LigaSure can be utilized to then 
divide the mesorectum circumferentially. The 
anterior cul-de-sac is then entered, and tension is 
placed on the prolapsed segment to determine the 
extent of resection needed to eliminate any 
redundancy of the rectum and distal colon. The 
mesorectum is divided circumferentially until the 
point of modest tension to ensure viability of the 
anastomosis while resecting sufficient intestine 
to prevent recurrence, and the remaining mesen-
tery is divided flush to the bowel wall. 
Levatorplasty of the levator ani musculature may 
be considered. The bowel is then incised with 
electrocautery on the posterior aspect and 3-0 
Vicryl (or silk, if preferred) full-thickness stay 
sutures are placed from the proximal and distal 
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ends to prevent the colon from retracting back 
into the abdominal cavity. The remaining colon is 
then divided, specimen sent to pathology, and 
full-thickness sutures are placed in the remaining 
cardinal directions. Intervening sutures are then 
placed circumferentially in an interrupted or run-
ning fashion to fill all visible defects. The anasto-
mosis is then inspected and a DRE is performed 
to ensure that there are no obvious defects or 
injuries.

The Delorme procedure is a mucosal sleeve 
resection of prolapsed tissue with imbrication of 
the muscularis layer and is best for a short seg-
ment of full-thickness rectal prolapse or for those 
at increased risk with a transabdominal proce-
dure, just as with the Altemeier. This is less use-
ful for acute prolapse and incarceration, and is 
not an option for strangulated prolapse.

Abdominal procedures, which should not be 
utilized in the setting of an incarcerated or stran-
gulated rectal prolapse, include techniques such 
as the suture rectopexy (± sigmoid resection) and 
ventral mesh rectopexy. Suture rectopexy 
involves posterior rectal dissection down onto the 
pelvic floor with tacking of the mesorectum to 
the sacral promontory with permanent suture. 
Ventral mesh rectopexy involves scoring the peri-
toneum on the right side of the sacral promontory 
until crossing anterior across the cul-de-sac/ante-
rior peritoneal reflexion. After peritoneal flaps 
are made and the sacral promontory is identified, 
polypropylene wide-pore soft mesh is secured to 
the distal anterior rectal surface using interrupted 
sutures. DRE is then performed to confirm that 
there is no intraluminal suture material and that 
the lumen is patent. The mesh is then directed 
along the right pararectal gutter and then secured 
to the sacral promontory or the body of S1 using 
interrupted sutures. The peritoneum is then 
closed to exclude the mesh from the abdominal 
cavity.

 Outcomes

Recurrence of disease is the main outcome of 
interest following repair of rectal prolapse. 
Perineal proctectomy carries a risk of recurrence 

ranging from 7% to 27% and abdominal tech-
niques have a recurrence rate ranging from 2% to 
13%, varying based on the technique and center 
[40–46]. For perineal proctectomy, addition of 
levatorplasty has been observed to decrease 
recurrence rate by more than half compared to 
perineal proctectomy alone [47]. There are very 
little data on outcomes after perineal proctec-
tomy for incarcerated or strangulated rectal pro-
lapse. Of note, fecal diversion may be an option 
to be considered per the surgeon’s judgment [48].

 Sexually Transmitted Infections

Sexually transmitted infections (STIs) can lead to 
a variety of perianal disease including genital, 
anal, and perianal ulcerations, proctitis, or abnor-
mal growths such as anal condyloma. While 
some of these disease processes may present 
chronically, occasionally patients will present 
acutely with worsening perianal or rectal pain, 
drainage of mucous or blood, or abnormal bowel 
movements. It is important to assess patients for 
risk factors associated with STIs such as high- 
risk sexual behavior or those with known HIV 
infection.

 Genital, Anal, and Perianal 
Ulcerations

Infections such as herpes simplex virus types I 
and II (HSV-1 and HSV-2), syphilis (Treponema 
pallidum), chancroid (Haemophilus ducreyi), 
lymphogranuloma venereum (Chlamydia tracho-
matis serovars L1–3), and donovanosis 
(Klebsiella granulomatis) can lead to ulcerations, 
but not all causes of ulcerations are infectious nor 
sexually transmitted. Other sources of ulcerations 
include Behcet’s syndrome, Crohn’s disease, 
Epstein–Barr virus, and HIV.

A full history and physical examination should 
be performed with specific emphasis on the sex-
ual history to assess specific risk and pertinent 
signs and symptoms such as pain and tenderness, 
constitutional symptoms, urinary symptoms, as 
well as duration and frequency of symptoms. 

K. A. Ohman et al.



319

Table 23.3 Treatment for acute proctitis [49]

Infectious etiology When to prescribe Treatment
Gonorrhea and 
chlamydia

For all patients Ceftriaxone 250 mg intramuscularly once and
Doxycycline 100 mg orally twice a day for 7 days

LGV For patients with ulcerations and bloody 
rectal discharge and either positive rectal 
chlamydia NAAT or HIV infection

Doxycycline 100 mg orally twice a day for 
3 weeks

HSV For patients with perianal or mucosal 
ulcerations

Valacyclovir 1 g orally twice a day for 10 days or
Famciclovir 500 mg orally twice a day for 
7–10 days or
Acyclovir 400 mg orally three times a day for 
7–10 days

Syphilis For patients with ulcerations or positive 
test

Penicillin G benzathine 2.4 million units 
intramuscularly once

Herpetic lesions appear as grouped vesicles on an 
erythematous base whereas syphilitic lesions 
typically appear as a single ulcer (or chancre) but 
there may be multiple lesions or associated rashes 
in more advanced disease. Lymphogranuloma 
venereum may begin as a single papule followed 
by inguinal lymphadenopathy. Donovanosis 
lesions may be painless but are highly vascular 
and likely to bleed.

All patients with ulcerations should be evalu-
ated. Common testing includes syphilis serology, 
HSV culture or PCR and serology, HIV testing, 
and testing for Haemophilus ducreyi in areas of 
prevalent disease [49]. Patients with clinical con-
cern for syphilis should be treated even before the 
test results as early treatment decreases the likeli-
hood of transmission or spread of disease [49]. 
Other therapies should be based on clinical pre-
sentation and testing.

 Proctitis

Proctitis should also be on the differential 
diagnosis for patients who present with rectal 
pain, bleeding, or purulent discharge in addi-
tion to the more common diagnosis such as fis-
tulas, abscesses, and hemorrhoidal disease. 
Physical examination should be thorough and 
also include inspection of the skin for rashes 
and lesions and mucous membranes for ulcer-
ations and other abnormalities. External exam-
ination may detect ulcerations or purulent 
discharge.

DRE should be performed, if able to be toler-
ated, to rule out any anorectal masses or other 
pathology. However, it is important to note that if 
there is high clinical concern for proctitis, the 
bacteriostatic properties of lubricant may inter-
fere with specimen analysis and swabs should be 
performed first. Anoscopy or proctoscopy should 
be performed as an adjunct in the event of a pal-
pable abnormality or rectal pain or discharge.

With concern for infectious proctitis (as 
opposed to inflammatory or, very rarely, isch-
emic), intra-anal swabs for chlamydia and gonor-
rhea, HSV culture or PCR, syphilis serology, and 
an anal Pap smear (if not performed in last 
12  months) should be performed [49]. Patients 
should be treated based on clinical suspicion but 
empiric treatment should be given for those at 
increased risk (Table 23.3).

 Anal Condyloma

While the disease process is not acute, patients 
may still present to an urgent care or emer-
gency department with complaints of a persis-
tent perianal mass(es). While those patients are 
unlikely to need acute intervention, it is impor-
tant to be aware of these clinical exam findings 
to refer the patient appropriately. Human papil-
lomavirus (HPV) subtypes 6 and 11 (low risk) 
are associated with 75–90% of cases of genital 
warts, whereas HPV subtypes 16 and 18 
(higher risk) are associated with 70% of cases 
of all invasive cervical cancer [50]. HPV infec-
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tion may lead to the development of anogenital 
warts, which may be present on the external 
genitalia, perineum, anal canal, or surrounding 
skin. The condyloma are typically soft papules 
or plaques and may be single or multiple; they 
may vary in appearance from simple and flat to 
cauliflower-shaped and fungating. Diagnosis is 
typically made by physical examination alone, 
but biopsy can be performed if the diagnosis is 
unclear.

Patients with external warts should be assessed 
for risk factors for other STIs including HIV and 
other immunocompromised states. The urethral 
orifice and anal canal should also be examined in 
patients with external warts; women should also 
undergo speculum examination.

While genital warts may spontaneously 
resolve in up to 30% of patients, patients should 
be offered treatment given the risk of the disease 
enlarging or the growth of new lesions [50]. 
Treatment ranges from topical medications to 
surgical removal with excision and fulguration. 
Patients with a small burden of disease may elect 
to proceed with topical therapy rather than sur-
gery. Topical prescription agents that patients 
may use to treat at home include Imiquimod, 
Podophyllotoxin, and Sinecatechins [49]. 
Patients may also elect to undergo ablation with 
either cryotherapy, trichloroacetic acid, or surgi-
cal removal with excision and/or fulguration 
[49]. Surgery is best suited for patients with large 
condyloma or a more extensive burden of dis-
ease. Representative specimens should be sent to 
pathology to rule out any underlying dysplasia or 
malignancy.

 Pilonidal Disease

 Introduction

Pilonidal disease results from traumatization and 
injury of the skin and hair follicles in the natal 
cleft resulting from trapping of hairs and local 
injury. While many patients are asymptomatic, 
some may develop a granulomatous foreign 
body-type reaction and subsequently develop 
areas of acute induration and infection.

 Work-Up

Patients may complain of a lump with occasional 
drainage (serous or purulent) or may be entirely 
asymptomatic. It is important to assess the degree 
of discomfort and interference with the patient’s 
life as the definitive surgical therapy can often be 
quite uncomfortable and can often be more 
uncomfortable and painful than the disease itself. 
Patients who have developed an abscess may 
experience worsening pain, increased drainage, 
fever, and erythema or induration of the affected 
region. It is important to note how many proce-
dures the patient has undergone (either I&D or 
even attempts at definitive surgery) to help under-
stand the burden of disease for the patient.

 Examination

Pits are commonly observed in the midline inter-
gluteal cleft with associated induration lateral to 
the midline in acutely infected cysts. Additional 
draining sinuses and tunneling tracts may also be 
present. The area should be palpated to assess for 
an abscess—key physical exam findings such as 
an area of fluctuance or induration with associ-
ated erythema or tenderness should point to that 
diagnosis.

 Non-operative Management

Definitive surgical therapy can often be quite 
painful and lead to large wounds for the patient to 
heal, so patients who are asymptomatic or only 
mildly symptomatic may elect for non-operative 
management. Risk factor modification can be 
helpful in prevention of acute abscess. Patients 
are encouraged to avoid prolonged sitting and 
clip or removal the hair in the affected area. 
Weight loss can also help in the obese patient.

 Operative Management

For an infected pilonidal cyst, I&D of the abscess 
is the mainstay of therapy. Definitive therapy 
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should not be proceeded with in the case of an 
acute infection but patients may elect to undergo 
definitive therapy later, with options that range 
from more to less invasive. Excisional therapy of 
the cyst and sinus tracts is commonly performed 
and may lead to a large wound to manage. It is 
surgeon preference whether to excise all tracts 
down to the level of the sacrococcygeal fascia or 
to unroof and debride the tracts without a full 
excision. The wound can subsequently be left 
open to close by secondary intention with pack-
ing with gauze dampened with normal saline one 
to two times daily, marsupialized to decrease the 
overall wound size but still leave it open to drain-
age, closed primarily with the risk of abscess, or 
closed with a flap technique, which is a more 
advanced procedure.

Pit picking is a less invasive procedure than 
can be performed in the clinic or the operating 
room and entails excising the epithelial lining of 
central pits to a margin of skin typically less than 
1  mm as well as the associated lateral fistula 
tracts. All retained hair is evacuated and the 
wound is either closed or left open. The proce-
dure is less invasive than a complete excision, 
thus decreasing wound morbidity, pain, and time 
to recovery for the patient. Some patients may 
require an additional procedure if still symptom-
atic. The overall risk of complication and recur-
rence is low, and as the procedure is well tolerated 
in an office setting, if additional procedures are 
required it is at low risk to the patient [51, 52].

 Outcomes

Wound morbidity is a challenge for patients with 
pilonidal disease. While wounds may heal more 
quickly when primary closure is employed, there 
is a greater risk of recurrence of disease if the 
wound is not left open [53]. While the overall 
reported incidence of recurrence is rare, esti-
mated at 8%, healing by secondary intention may 
lead to a 58% lower risk of recurrence compared 
to a closed wound [54]. It is important to take in 
account wound morbidity as well as risk of recur-
rence when managing patients with pilonidal 
disease.

 Foreign Body

 Description

Rectal foreign bodies can be a challenge to man-
age, as they can be caused by a variety of objects 
and lead to variable degrees of rectal trauma. 
Placement may be voluntary or forced, and it is 
important to remain sensitive to the patient and 
the circumstances. While it is more common for 
foreign bodies to be introduced voluntarily 
through sexual practice, it is important to be 
aware that foreign bodies may arise also involun-
tarily through rape or through body-packing of 
substances, for example. Patients may feel 
uncomfortable disclosing this information, and 
their presentation may be delayed by hours to 
days due to fear or embarrassment.

 Work-Up and Examination

As patients may be reluctant to disclose all 
details, direct questioning may help in obtaining 
an accurate history. Eliciting duration of symp-
toms and timing of placement may be helpful in 
triaging injury or ischemic or perforation risk. 
Physical examination is helpful in determining if 
the patient has a benign or peritonitic abdomen, 
and DRE may be diagnostic or even therapeutic 
(although this should be avoided until the nature 
and safety of the item is confirmed to avoid injury 
to the patient or provider). However, absence of 
foreign body on DRE does not exclude its pres-
ence as it may have migrated more proximally. 
Plain radiographs may help locate the foreign 
body and evaluate for pneumoperitoneum. CT 
scan should not be routinely performed but can 
be considered when there is suspicion for a radio-
lucent foreign body.

 Management

Patients who have signs of sepsis or perforation 
should be resuscitated, given appropriate antibi-
otics, and undergo emergent surgical interven-
tion. Stable patients may be observed first to see 
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if the foreign body will pass distally but there 
should be a low threshold to proceed with 
extraction.

Most foreign bodies can be removed transa-
nally [55]. Adequate patient relaxation is impera-
tive and can be achieved with intravenous 
sedation and perianal nerve blockade. Lithotomy 
is the preferred position for adequate access to 
the perineum and abdomen. After relaxation, it 
may be easier to grasp the foreign body either 
digitally or with a clamp or forceps. Blunt objects 
may create a seal around the rectum. Passing a 
foley catheter or insufflating air with a colono-
scope above the object to break the seal may aid 
in removal. Using endoscopic techniques includ-
ing snare or obstetrical tools such as forceps or 
vacuum devices have also been employed in 
extracting foreign bodies [56, 57].

In the event of a sharp object, blind or manual 
extraction should not be attempted due to the risk 
of injury, both to surgeon and to the patient. 
Sharp objects may cause significant trauma and 
have increased risk of rectal perforation and war-
rant extraction under direct visualization. In the 
unique setting of body-packing, in which drug- 
filled packets are placed into a body cavity such 
as the rectum to conceal the paraphernalia, sharp 
instrumentation should be avoided as they risk 
injuring the packet and causing systemic absorp-
tion of the agent, possibly leading to overdose 
and death. Patients should undergo endoscopy 
after foreign body extraction to rule out injury 
and ensure viability to the rectum, especially 
after a sharp or difficult-to-remove object has 
been extracted.

Objects that are more proximal in the rectum 
or in the sigmoid colon may require a combined 
perineal and abdominal approach [55]. The assis-
tant can press on the abdomen to help guide the 
foreign body to the pelvis. If those techniques are 
unsuccessful, a small laparotomy may be 
required. In the absence of perforation or injury, 
a colotomy is not required as the foreign body 
can be manipulated down to the pelvis with the 
guidance of the surgeon below. If this is unsuc-
cessful, a colotomy can be made to extract the 
specimen. Proximal diversion is not required in 
the absence of perforation or gross spillage.

 Summary and Key Points

Management of acute perianal disease often pres-
ents a diagnostic challenge to the provider, and 
accurate diagnosis is key to tailoring appropriate 
therapy for the patient.

• Perianal abscess is successfully treated by 
I&D, but if there is recurrence, be mindful of 
a potential fistula and the need for subsequent 
definitive procedures.

• Acute anal fissure can usually be successfully 
managed non-operatively, but may require 
Botox or sphincterotomy if these interven-
tions fail as the fissure becomes more chronic.

• Most patients presenting with hemorrhoidal 
complaints can be managed by non-operative 
therapy; however, those with strangulated or 
incarcerated hemorrhoids require definitive 
excisional hemorrhoidectomy. Thrombosed 
external hemorrhoids may require excision if 
non-operative therapy fails.

• Rectal prolapse can often be manually 
reduced; sugar may be employed to decrease 
edema. In the event of incarceration and stran-
gulation, perineal proctectomy is indicated.

• STIs require thoughtful consideration of pos-
sible etiologies and etiology-directed 
treatments.

• For an infected pilonidal cyst, I&D is recom-
mended. Definitive therapy should be avoided 
in the setting of acute infection.
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24Complications After Metabolic 
and Bariatric Operations

Kimberly A. Davis and Dirk C. Johnson

 Complications After Metabolic 
and Bariatric Operations

A 45-year-old woman with a past surgical history 
significant for laparoscopic Roux-en-Y gastric 
bypass 6  years earlier presents with diffuse 
abdominal pain and distension for 24 h. She has 
had similar intermittent symptoms over the past 
year, but this episode has lasted for longer than 
her typical duration. She has lost over 105 pounds 
from her heaviest with a current BMI of 29. 
Computed tomography demonstrates small 
bowel dilatation of the Roux limb with swirling 
of the associated mesenteric vessels. Emergent 
laparoscopic exploration by the on-call acute 
care surgeon showed the Roux limb had herni-
ated through a defect formed by the potential 
space between the transverse mesocolon, retro-
peritoneum, and the Roux limb mesentery. The 
small bowel was repositioned and the defect was 
closed with running suture. She had an unevent-
ful recovery.

Obesity has long been as significant negative 
health predictor. In recent years, it has gained 
increasing recognition international as major 
public health issues. With this recognition, our 
options for management have expanded from 
purely medical and behavioral options to include 
surgical therapies. Sporadic reports of weight 
loss operations date back to the tenth century but 
the rise of modern bariatric surgery did not begin 
until the 1990s [1]. Since then, its usage has 
steadily increased with over a quarter of a million 
being performed annual. Bariatric surgery is 
highly effective. It leads to sustained weight loss, 
improvement of obesity-related comorbidities 
and mortality, and improvement of quality of life.

Historically bariatric surgery was performed 
with open techniques, but the field was revolu-
tionized in 1994 when the first laparoscopic pro-
cedure was performed setting the stage for the 
exponential growth in its usage worldwide. It 
continues to be one of the fasting growing seg-
ments of the surgical care. Being able to recog-
nize and treat the complications that are bound to 
develop afterward, as with all medical proce-
dures, is essential for acute care surgeons. 
Fortunately, many standard general surgical prin-
ciples are applicable to these patients, but spe-
cific conditions related to the various bariatric 
operations should influence the differential diag-
noses considered. Additionally, altered postsurgi-
cal anatomy may impact management priorities 
and options in many instances.
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 Common of Operations

The two major physiologic underpinnings pro-
duce long-term weight loss after metabolic and 
bariatric procedures. Operations can be classified 
as restrictive, malabsorptive, or a combination of 
both. Restrictive procedures reduce gastric vol-
ume available to store ingested food. 
Malabsorptive procedures exclude a length of 
small bowel from the absorptive process, thereby 
allowing food to bypass the excluded segment. 
There are some significant hormonal changes 
related to all bariatric operations which are poorly 
understood due to conflicting results of studies. 
These changes may contribute to the weight loss 
or simple be a result of the operation [2].

Biliopancreatic diversion with or without duo-
denal switch (BPD/DS), laparoscopic adjustable 
gastric banding (LAGB), Roux-en-Y gastric 
bypass (RYGB), and sleeve gastrectomy are the 
most commonly bariatric operation performed. 
These four established options have shifted dra-
matically in relative popularity in the past two 
decades. The latter two account for over 90% 
cases in recent years with SG gaining market 
share annually while RYGB is waning. LAGB 
and BPD/DS account for less than 5% of proce-
dures in the USA annually [3]. SG evolved into 
an independent bariatric procedure after first 
being described as the first stage of planned bilio- 
pancreatic diversion and has been recommended 
for over a decade.

SG is favored due to technical ease, short 
learning curve, and similar rapid initial weight 
loss and impact on weight-related conditions as 
RYGB. There is greater long-term excess weight 
loss with malabsorptive procedures like RYBG 
but the clinical significance of this advantage 
continues to be debated. Although RYGB is still 
considered “the gold standard,” SG now accounts 
for over half of the weight loss operations per-
formed in the USA.

The only pure malabsorptive operation is the 
traditional biliopancreatic diversion which is 
rarely performed insolation or as a primary 
weight loss operation. Instead, it is most often 
combined with a SG and dubbed duodenal 
switch. The DS and RYGB combine both malab-

sorptive and restrictive principles to achieve 
weight loss. The gastric band, in contrast, is a 
purely restrictive procedure.

The LAGB is the safest but least effective 
option for weight loss and resolution of comorbid 
conditions. BPD is the highest risk operation but 
most effective. SG has low morbidity and mortal-
ity, good results in reduction of excess weight 
although less than RYGB and BPD/DS.  The 
RYGB has similar impact on comorbidities and 
short-term morbidity and mortality rates as SG 
but has longer operative times and long-term 
risks [4].

 General Postoperative Surgical 
Complications

Bariatric patients are at risk for typical postoper-
ative complications of abdominal operations like 
myocardial infarctions, pulmonary embolism, 
surgical site infections, and incisional hernias. 
The nature of the operation and required patient 
characteristic for metabolic and bariatric opera-
tions are inherent risk factures for many of these. 
Pulmonary embolism (PE) risk tracks with BMI 
and increased for open as compared to laparo-
scopic operations. The rate is low but PE is the 
most common cause of perioperative mortality 
after bariatric surgery. PE is frequently identified 
in patients that have other postoperative compli-
cations. Diabetes and obesity are also risk fac-
tures for surgical site infections and hernias. 
Incisional hernias are significantly higher in open 
operations than in the now much more common 
laparoscopic procedures.

 Nutritional Deficiencies

The nutritional consequences of bariatric pro-
cedures could potentially hinder the clinical 
benefits of this therapeutic option. The ana-
tomic alterations make patients susceptible to 
developing nutritional deficiencies of nutrients, 
both micro and macro, and series disease states 
such as anemia, osteoporosis, protein malnutri-
tion. Most obese patients have nutritional defi-
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cits prior to surgery, the most importantly 
vitamin D and iron, which should be identified 
and addressed. However, these issues can per-
sist in the postoperative patients and impact 
perioperative management of subsequent 
operations.

Protein malnutrition, associated with malab-
sorptive procedures, is the most severe macronu-
trient complication. The incidence of protein 
calorie malnutrition is up to 20% after BPD/DS 
and is also seen in 10% of patients after RYGB, 
particularly when the Roux limb is longer than 
150  cm. Vitamins D and B-12 deficiencies are 
the most common which is why these patients 
are routinely prescribed postoperative supple-
mentation. Decreased absorption of vitamin D 
increases the risk of osteoporosis due to second-
ary hyperparathyroidism. The loss of acidifica-
tion by the anatomic rearrangement inactivates 
intrinsic factor and negatively impacts iron and 
B-12 levels [5].

While less common in SG and LAGB, mal-
adaptive eating behaviors can also leave patients 
with protein malnutrition. Clinical signs are 
edema, hearing loss, and hypoalbuminemia. 
Dumping syndrome, which occurs in 5–10% of 
patients, and hypoglycemia which is much more 
rare (<1%) can be seen after RYGB but also after 
SG.  Life-long monitoring of nutritional status 
and supplementation of minerals and vitamins as 
needed can prevent deficiencies after bariatric 
surgery [6].

 Cholecystitis and Symptomatic 
Cholelithiasis

Bariatric surgery predisposes patients to develop 
gallstones [7]. Changes in entero-hepatic circula-
tion, gallbladder emptying, and hormones may 
lead to formation of stones or make formerly 
silent stones become symptomatic. The develop-
ment of symptomatic cholelithiasis is related to 
the amount and speed of weight loss. Patients 
may have pain which is not postprandial or other 
atypical symptoms because of rearranged anat-
omy, delayed transmissions from the signaling 
apparatus for gallbladder contraction. The risks 

of biliary symptoms after bariatric operations are 
highest 3–18 months after surgery, paralleling the 
period of peak weight loss. Some bariatric sur-
geons perform cholecystectomy at the time of 
weight loss operation while others suppress stone 
formation with ursodeoxycholic acid for 6 
months postoperatively [8].

If gastrointestinal anatomy is preserved, stan-
dard management of biliary disease applies. 
Common procedures for biliary colic or chole-
cystitis such as laparoscopic cholecystectomy 
with or without intraoperative cholangiogram 
can be performed with little trouble. 
Cholangiography should be performed routinely 
in patients with malabsorptive procedures where 
postoperative endoscopic access the common 
bile duct would be difficult. Inspection of the bar-
iatric surgical anatomy while in the operating 
room to ensure there are no other pathologies is 
recommended.

 Procedure-Specific Postoperative 
Surgical Complications

 Biliopancreatic Diversion With or 
Without Duodenal Switch

Both technical difficulty and high potential mor-
bidity have been identified as impediments to 
wider adoption of BPD despite the best long- 
term results for both weight loss and resolution of 
comorbidities. The classic BPD required two 
anastomoses but was modified to require just one 
and combined with a SG.

Due to sporadic use, it is difficult to draw 
definitive conclusions about the risk of complica-
tions. A recent review identified 12 studies for a 
meta-analysis which included less than 600 
patients in total. A 5% complication rate was 
reported, with diarrhea being the most common 
acute complication. Staple line and anastomotic 
leaks, bowel obstruction, gastroesophageal 
reflux, bleeding, and hernias were reported. 
However, each was a relatively rare event occur 
in less than 1% of patients [9]. Excessive side 
effects or weight loss may require revision or 
reversal is can be challenging.
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 Laparoscopic Adjustable 
Gastric Band

While LAGB has low rates of complications 
which tend to be also less severe, inferiority to 
SG and RYGB to long-term results has led to loss 
in popularity. When compared to more invasive 
procedures, most LAGB complications can be 
managed with less invasive strategies. Most band 
complications are mechanical issues with the 
device itself. Either the band is malpositioned or 
damaged (band, balloon, or tubing breakage). 
Other serious problems include band erosion, 
acute obstruction, ischemia, and mega-esophagus 
or pseudo-achalasia. Acute care surgeons should 
be able to recognize typical band anatomy and 
the signs and symptoms LAGB.

When additional stomach prolapses through 
the band, a larger than normal gastric pouch 
results above the band. This is known as band 
slippage because functionally the band is dis-
placed downward. This is the most common 
complication after LAGB [10], seen in approxi-
mated 10% [11], despite taking technical precau-
tions to prevent it at the time of band placement 
[12]. Patients presents with postprandial nausea 
and vomiting either immediate or delayed. They 
may also have abdominal fullness only relieved 
by vomiting. Occasionally, the only symptoms 
are upper abdominal pain or discomfort.

When managing this complication, identify-
ing the band type and volume of fill if available is 
helpful. A plain abdominal X-ray should be 
obtained if this diagnosis is suspected. The 
expected band position is approximated 15° 
obliquely angled just left of the spine. 
Alternatively, the angle between the vertical (the 
spine) and the band, the phi angle, is typically 
45–58°. Bands that have a phi angle that is more 
obtuse (>58°) are considered slipped. If a band 
projects as a complete ring on a properly posi-
tioned anterior–posterior plain abdominal X-ray, 
the “O sign” [13] a slipped band should also be 
suspected. Other radiographic signs of band slip-
page are the distance of the superior edge of the 
band being more than 2.4 cm from the diaphragm 
and an air fluid level superior to the band [14] 
(Fig. 24.1).

Initial treatment of band complication in 
nearly all instances is to completely evacuate the 
fluid from the band’s balloon. Often this resolves 
the slippage and relieve symptoms. An upper GI 
series can evaluate for restoration of gastric posi-
tion. If symptoms improve, a liquid diet and out-
patient follow-up with a bariatric specialist are 
advised.

Severe cases of band slippage can have com-
plete obstruction at the level of the band and isch-
emia. Intense, intractable pain, and signs of 
sepsis should be treated as an emergency. Patients 
fail to improve symptomatically with emptying 
of the band or have persistent slippage on follow-
 up imaging require urgent surgery for band 
removal and possibly gastrectomy for ischemia 
or necrosis.

Removal of LAGB is fraught with all the 
issues common to reoperative surgery, most nota-
bly adhesions. Bands may be obscured by adhe-
sions between the left lobe of the liver and upper 
third of the stomach or redundant stomach adher-
ent to itself. The clue to the band’s position may 
be its tubing. The left lobe of the liver can usually 
be separated from the superior portion of the 
stomach with slow and cautious dissection. 
Reverse Trendelenburg position and self- 
retaining retractors may help once the liver is 
free. Following the inflation tubing will lead to 
the band’s buckle, which should be on the lesser 
curve. Once the buckle has been identified, it 
must be freed of scar tissue to mobilize it for 
removal. The remaining part of the band usually 

Φ
Φ

Phi Angle

Fig. 24.1 On the left is a band in its expected position. 
On the right the band has an obtuse phi angle therefore 
considered slipped
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remains mobile because it is made of silastic. 
This makes it resistant to adhesion formation and 
susceptible to slippage. When the band is freely 
mobile, circumferentially it can be divided with 
scissors and passed off the field. If operating lap-
aroscopically, most bands fit through a 15-mm 
port. Otherwise, a smaller port can be enlarged to 
extract it from the abdomen. The entire device 
including the tubing and subcutaneous access 
port should be removed. Prior to closing the 
abdomen, the stomach should be evaluated for 
signs of perforation and ischemia. A fundoplica-
tion should only be taken down in the acute set-
ting if it is necessary to adequately assess tissue 
integrity and potential need for resection. If the 
gastric tissue appears normal, taking down a fun-
doplication can be safely accomplished with 
either careful sharp dissection or a linear stapler. 
The staple technique places the narrow side 
(anvil) the stapler in the channel created by the 
fundoplication and the staple load on the 
outside.

 Band Erosion
Band erosion is an uncommon complication and 
rarely a surgical emergency. It occurs in a small 
minority of patients [15, 16]. The process of ero-
sion is slow and allows for adhesion formation 
which usually minimizes abdominal contamina-
tion and prevents widespread peritonitis. Patients 
present with nonspecific and vague complaints of 
upper abdominal or back pain, loss of food 
restriction, new reflux symptoms, or an infection 
at subcutaneous band port site without history for 
recent accessing. This infection is from bacteria 
tracking along the band tubing from the gastric 
erosion to the subcutaneous port. Abdominal 
X-rays may identify a slipped band malposition. 
Cross-sectional imaging or an upper GI contrast 
series may suggest an intraluminal band and 
inflammatory changes in the upper stomach. Part 
of the band may be seen in the lumen stomach on 
upper endoscopy.

Eroded bands in patients that are not septic, 
the usual presentation, can be started on antibiot-
ics and referred to a bariatric center for manage-
ment. If this option is not available management 
for acute care surgeons, should be dictated by the 

extent of erosion. If more than 50% of the band 
has migrated intraluminal, it can be removed 
endoscopically by cutting the tubing and remov-
ing them transorally with good success rates [17, 
18]. The erosion can be expected to seal quickly 
as do gastrostomy sites after tube removal. 
Patients with minimal or mild symptoms can be 
managed with surveillance endoscopy until suit-
able for extraction non-operatively [5]. 
Symptomatic partial erosions can be extracted 
with the technique used from slipped bands. 
Perforations or injuries can be repaired with 
omental or fundus patching. Avoid aggressive 
exploration for holes as closed suction drainage, 
antibiotics, gastric decompression, and restric-
tion of oral intake will allow most erosions to 
self-seal. Prior to restarting a diet, an UGS can 
evaluate for leaks.

 Mega-Esophagus or Pseudo-Achalasia
A late complication of LAGB is Mega-esophagus, 
also known as pseudo-achalasia. It is caused by 
chronic overeating or an overfilled functional 
band limiting gastric capacity leading to massive 
esophageal dilation. Patients may report loss of 
restriction which may be treated by augmenting 
the volume of fill in the band. This compounds 
the situation, by increasing the obstruction and 
stretching of the esophagus. Other symptoms 
include worsening dysphagia, regurgitation, and 
vomiting. Imaging studies often show the band in 
normal position, but the esophagus is wider than 
the band. Initial evaluation and treatment for 
patients presenting acutely should consist of 
plain films and UGS to document the problem. 
Mega-esophagus rarely needs urgent intervention 
and first treatment is to empty the band. These 
patients should have the band removed or referred 
to a bariatric center for management 
alternatives.

 Complications After RYGB

 Choledocholithiasis
Choledocholithiasis or cholangitis management 
may be a challenge because the duodenum and 
consequently the ampulla of Vater is no longer 
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directly accessible from the stomach. A standard 
ERCP is not an option for stone extraction. 
Highly skilled endoscopists may be able to reach 
the ampulla via the roux limb with a pediatric 
colonoscope or specialized double-balloon 
endoscopy. Transhepatic cholangiography with 
percutaneous access with image guidance is an 
option for decompression. Surgical common bile 
duct exploration, or surgical assisted ERCP, the 
“rendezvous” procedure, where a surgeon laparo-
scopically accesses the excluded stomach rem-
nant for the gastroenterologist to get to the 
ampulla of Vater with a standard side viewing 
ERCP scope, may be needed to remove the 
obstruction. A newer technique uses endoscopic 
ultrasound to access the gastric remnant with a 
metal stent thus creating a pathway for an other-
wise standard ERCP.

 Anastomotic Leaks
Anastomotic failure is the most feared complica-
tion of all bariatric procedures because it 
increases risk of other morbidities and mortality 
[19, 20]. The rate is reported around 2% for 
RYGB [4]. It leads to increases in hospital lengths 
of stay and may result in long-term issues like 
fistulae. Super morbidly obese patients (preoper-
ative BMI >50 kg/m2) and those having revision 
bariatric operations are most at risk for leaks 
[21–23]. Persistent tachycardia, shortness of 
breath, fevers, and abdominal pain are signs of a 
leak. Typically, leaks are an early complication 
presenting on average on postoperative day 3 
[24]. Most bariatric patients are discharged by 
POD2 and the leak is often diagnosed in an emer-
gency department. The only symptom may be 
tachycardia which should heighten suspicion of a 
leak and rapid investigation. Pulmonary and car-
diac evaluation is essential as thromboembolic 
events are also possible. After these are ruled out, 
emergency return to the OR for either laparo-
scopic or open exploration is the next step. When 
choosing laparoscopy versus open approach 
hemodynamic status and surgeon comfort should 
be considered. There are three main goals: reduce 
contamination, control the leak, and feeding 
access. Closing the leak is not mandatory and 

may not be safe or possible. If a repair is under-
taken, interrupted sutures and omental patching 
are recommended.

If hemodynamic status allows, other causes 
for tachycardia, such as hemorrhage, volume 
depletion, and sepsis from other causes (i.e., 
pneumonia), should guide the need for reopera-
tion. An abdominal computed tomography (CT) 
with a small volume of oral contrast (100  cc) 
immediately prior to the scan will detect most 
leaks [24, 25]. Additionally, CT may rule in or 
out other diseases on the differential diagnosis. 
Evidence of an abscess, phlegmon, or fluid col-
lection on CT should be treated as a leak even if 
no frank extravasation is identified. An upper GI 
series, while less sensitive, can be used as an 
alternative imaging modality. Neither CT nor 
upper GI series is sensitive for distal leaks at a 
jejuno-jejunal or jejunal-ileal anastomosis. There 
should be a low threshold for surgical exploration 
for patients with persistent tachycardia (P > 120), 
even without radiographic suggestion, if no other 
etiology of shock can be identified because 
20–40% of leaks do not have radiographic signs. 
Negative laparoscopic exploration seems to have 
no impact on postoperative results [5]. In the 
absence of sepsis physiology, leaks can be man-
aged with percutaneous image-guided drainage 
and bowel rest.

Leaks after bariatric operations are not unique 
to RYGB. All procedures with intestinal anasto-
mosis have a reported leak rated with BPD/DS 
having the highest rate at nearly 5%. RYGB is 
next followed closely by SG at slightly above and 
below 2%, respectively. The intraluminal pres-
sure of the intestine at the level of the leak leads 
to different management considerations and par-
adigms. The gastric pouch of RYGB has low- 
pressure system because the pylorus has been 
excluded. Sleeve leaks, on the other hand, occur 
in a high-pressure system and their management 
will be discussed later. For RYGB leaks, opera-
tive or non-operative simply controls effluent 
without definitive closure can effectively treat a 
alone in over 70% of cases [26]. Endoscopic 
placed clips, covered stents, or a vacuum dress-
ings can help close chronic or persistent leaks 
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lasting longer than 30 days [27]. Nutrition is an 
essential adjunct to healing leaks and preferably 
provided with distal enteral feeding. TPN may be 
necessary if distal feeding tube cannot be placed 
in the Roux limb, biliopancreatic limb, or com-
mon channel safely.

Hemodynamic instability in the postoperative 
period should raise high suspicion for a leak and 
be treated with as such with surgical exploration 
whether the diagnosis is confirmed or not. The 
operation should focus on control of contamina-
tion, drainage, and feeding access. Following sur-
gery, the patient should receive 4 days of 
intravenous antibiotics and restriction of oral 
intake until the leak is sealed. Image-guided 
drainage is more appropriate for stable patients 
and may be supplemented with endoscopic 
interventions.

 Hemorrhage
Among the most concerning of all postoperative 
complications is bleeding. Some report the rate 
around 10% but the vast majority resolve without 
reoperation [28, 29]. Potentially life-threatening 
bleeding requires establishment of adequate IV 
access and balanced blood component resuscita-
tion with packed cells, plasma, and platelets sup-
plemented with crystalloid. Progress is monitored 
with serial blood counts and vital signs. All anti-
coagulants must be stopped, and coagulopathies 
corrected.

Patients unresponsive to transfusions or who 
have continued hemodynamic instability need 
emergency exploration. Common sites of bleed-
ing are the anastomoses, mesentery, omentum, 
and spleen. If no hemoperitoneum or bleeding 
source is identified evaluate intraluminal possi-
bilities including the gastric remnant, biliopan-
creatic limb, and Roux limb as alternatives. 
Endoscopic examination and intervention can be 
done safely by an experienced endoscopist as 
first-line treatment with surgical support as a 
backup.

For patients with better clinical status determi-
nation of intraluminal and extraluminal sources 
of hemorrhage is key establishing management 
strategy. Intraluminal bleeding may be managed 

with resuscitation and urgent endoscopy gastros-
copy. Extraluminal bleeding from staple lines, 
spleen, liver, or abdominal wall is managed sur-
gically with laparoscopic or open evacuation of 
hemoperitoneum and establishing hemostasis. 
Hemorrhages can also be treated with endovascu-
lar therapies but should be used with extreme 
caution when the source is near the site of an 
anastomosis.

 Marginal Ulcers
Marginal ulcers are a result of gastric acid injur-
ing the jejunal mucosa at the gastro-jejunal anas-
tomosis. Epigastric burning pain is the most 
frequent symptom and is present in over half of 
patients. The next most common presentation is 
bleeding, seen in 15% of patients [30]. Marginal 
ulceration is a postoperative complication occur-
ring in 5% or more of RYGB patients [30, 31]. 
Typical peptic ulcers in the first portion of the 
duodenum are in the literature and should be con-
sidered during the work up [32]. Marginal ulcers 
may be associated with fistulas to either the gas-
tric remnant or colon. Smoking, nonsteroidal 
anti-inflammatory drug use, or noncompliance 
with acid suppression therapy may be clues from 
the patients’ history. Ischemia from anastomotic 
tension and Helicobacter pylori infection are also 
contributing factors to ulcer formation. Patients 
sometimes present with bleeding, but more often 
with nausea, abdominal pain, obstructive symp-
toms from anastomotic stenosis, or peritonitis 
due to perforation. Treatment with proton pump 
inhibitors for acid suppression and follow endos-
copy after 6 weeks has a high rate of success. 
Nonsteroidal anti-inflammatory drugs should be 
avoided, H. pylori infections treated, and coun-
seling for smoking cessation offered. Evaluation 
for gastro-gastric or gastro-colic fistula with UGI 
series or CT should be performed. When medical 
management of marginal ulcers fails or is not 
safe due to the condition of the patient, surgery 
may necessary. Patients with perforations, persis-
tent pain, or recurrent bleeding even with maxi-
mal medical therapy may require operations. 
Patients with contained leaks on imaging may be 
managed with percutaneous drainage. However, 
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those with uncontained perforation should 
undergo exploration. Stable patients can be 
referred to a bariatric center for revision of the 
gastrojejunostomy [33]. Unstable patients can 
have perforations covered with an omental patch, 
removal of contamination, and feeding tube 
placement. If the anastomosis is stenotic, the GJ 
revision should deferred to at a later operation 
when the patient is more stable.

Bleeding from marginal ulcers is relatively 
common but massive hemorrhage is rare [31]. A 
classic presentation with melena or bright red 
blood per rectum, hematemesis, and hemody-
namic compromise is common. Management fol-
lows traditional algorithms consisting of 
large-bore intravenous access, correction of 
coagulopathies, fluid and balanced blood compo-
nent resuscitation, and acid suppression. Bleeding 
from the GJA can be controlled with endoscopi-
cally with only a minority of patients requiring 
operative control of bleeding. When surgery is 
required, the ulcer should be resected entirely 
and the GJA revised in an unaffected area of the 
gastric pouch. Non-healing ulcers or large/dilated 
gastric pouches may need elective revision or 
referral to a bariatric center. After management of 
the acute issue, patients with marginal ulcers 
should be counseled against smoking and NSAID 
usage.

 Anastomotic Strictures (Stenosis)
Stricture occurs when GJA orifice is narrowed 
from inflammation or ischemia. An accumulation 
of scar tissue blocks or slows food from passing 
through the gastric pouch to the small bowel. 
Patients report symptoms include of dysphagia, 
nausea, vomiting, or inability to tolerate food. 
Strictures can be either acute or chronic. If found 
in the immediately postoperative period, most 
strictures will resolve with non-operative care of 
bowel rest, intravenous fluids, and nutritional 
support. If they persist, endoscopic pneumatic 
dilation can be offered. Need for surgical revision 
is exceedingly uncommon.

 Small Bowel Obstruction
Small bowel obstructions are a common condi-
tion requiring acute surgical care. RYGB patients 

may have standard small bowel obstructions 
related to internal hernias or postoperative adhe-
sions but have potential for more unusual causes. 
They may have a stenosis of the GJA or more 
rarely stenosis of the JJA. Small bowel bezoars 
and intussusception (at the JJA) have also been 
identified as the points of obstruction after 
RYGB. Presentation may be misleading as vom-
iting may be absent or less impressive because 
the gastric pouch is too small to accumulate suf-
ficient volume. Other typical symptoms like nau-
sea, distension, bloating, and abdominal pain are 
often present. Adhesive bowel obstruction is 
more common after open procedures. Patients 
who have had laparoscopic RYGB internal her-
nias account for over half of small bowel obstruc-
tions [34].

 Internal Hernia
RYGB postoperative anatomy creates three 
potential spaces for internal hernias. Herniation 
can occur at the level of the JJA through the mes-
enteric defect, under the afferent Roux limb 
(Peterson’s defect) or through the transverse 
mesocolon if the GJA is retrocolic in position. 
Some bariatric surgeons close these defects pro-
phylactically during the index operation. It 
reduces the rate of internal hernias but may 
increase incidence of adhesive disease and other 
complications. This practice remains a subject of 
debate [35].

Nonspecific and periodic symptoms make 
internal hernias a diagnostic challenge. They are 
a late complication after RYGB but can be cata-
strophic if associated with bowel ischemia. 
Patients may report sudden or rapid onset of epi-
gastric or periumbilical pain. Their pain may 
intermittent or constant, often, exacerbated by 
eating. Late in the course, obstruction symptoms 
may predominate with obstipation and vomiting. 
In more insidious cases, providers may have 
ordered endoscopy or ultrasounds suspecting 
marginal ulcers or biliary disease delaying defini-
tive treatment [36, 37]. Cross-sectional imaging 
is more helpful and may show mesenteric swirl-
ing, dilated bowel, or enlarged mesenteric lymph 
nodes [38]. However, CT is not sensitive in this 
population and may be interpreted falsely as neg-
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ative in 30% or more of patients [39, 40]. Changes 
in hemodynamics and laboratory abnormalities 
are a late sign of vascular compromise.

Patients with a history of RYGB and con-
firmed or suspected small bowel obstruction lap-
aroscopic exploration are generally best. 
Nasogastric decompression will not reduce and 
internal hernia and may perforate the jejunum 
[41]. It is helpful to know the patient’s anatomy 
but is often not available. Examining the bowel 
retrograde, from the terminal ileum toward the 
obstruction, aids in identifying anatomy and 
appropriate direction to apply traction to reduce 
an internal hernia. A volvulus may be a part of 
the hernia and appear as a “knot” or twist of 
bowel loops. This can it more difficult to reduce 
the bowel through the defect. If the bowel is 
healthy and no resection is needed, the defect 
should be closed with permanent suture. 
Gangrenous or ischemic bowel should be 
resected. Reconstruction of remaining bowel is 
acceptable, even if short gut syndrome is a con-
cern. Prior to closure, inspect for additional mes-
enteric defects. Most cases of internal hernia can 
be treated laparoscopically but converting to 
open is not uncommon.

 Complications of Gastric Sleeve 
Surgery

 Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) is a 
very common long-term complication after bar-
iatric surgery but is seen most often after SG. The 
pathophysiology is poorly understood and diffi-
cult to study. Many bariatric patients have preop-
erative GERD, which improves in many cases; 
others have de novo GERD postoperatively. 
There numerous anatomic and physiologic fac-
tors interacting, but most patients have relief with 
acid suppression by proton pump inhibitors. If 
operation is needed, the procedure of choice is 
conversion of SG to RYGB unless there is another 
anatomical problem such as a stricture, kink, or 
twist. Of note, patients should not expect addi-
tional weight loss by the conversion [42].

 Bleeding

Bleeding after a SG is most often from the staple 
line, but splenic injuries may also occur. The 
management principles discussed above for 
RYBG apply.

 Leaks

Leaks are less common after SG than RYGB 
likely because there are fewer suture lines. 
However, they can be more difficult to treat due to 
differences in endoluminal pressure related to the 
pyloric sphincter in addition to the lower esopha-
geal sphincter. The superior margin of resection is 
the most susceptible to break down due to its 
blood supply. Tachycardia, dyspnea, and fever 
may be the only signs. Stenosis, kinking, and 
twisting of the SG can also decrease the caliber of 
the lumen increase the pressure and lead to a leak. 
These predisposing structural problems must be 
addressed when treating a leak. The risk of staple 
line failure is estimated around 2%.

Leaks in the first few days after surgery should 
be reexplored laparoscopically and repaired. 
Patients that show signs of a leak more than a 
week postoperatively with acceptable hemody-
namics may be better treated with percutaneous 
drainage and endoscopic placement of covered 
stents. Some advocate placement of a stent long 
enough to cover both the lower esophageal and 
pyloric sphincters to decrease the pressure to and 
promote healing [43]. However, it is difficult to 
find devices sufficiently long and others have 
reported success with shorter devices. Unstable 
patients should go directly to the operating room 
for control of contamination and draining or 
repair if possible.

 Stenosis, Twists, or Kinks

Like RYGB, SG can become stenotic either 
intrinsically or due to a kink or a twist. Pure ste-
noses occur infrequently and are seen less than 
2% of patients [44–46]. Dysphagia or intolerance 
of oral intake, the primary symptoms of “steno-
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sis,” may actually be the result of a kink in the SG 
or a twist around the SG’s longitudinal axis. 
These conditions collectively may affect nearly 
one in ten patients [47]. Endoscopy may miss the 
pathology because insufflation during scope 
advancement can reposition the anatomy. Static 
UGS may not demonstrate the abnormality if the 
kink or twist is dynamic and not present at the 
time of imaging. UGS with video fluoroscopy 
with real-time image interpretation is more sensi-
tive to make the diagnosis.

Correction of focal stenoses without dynamic 
kinks or twists can generally be achieved with 
2–3 serial balloon dilatations to result in an 
acceptable diameter [46]. Longer length of steno-
sis may require stenting for 6 weeks. Persistent 
strictures may benefit from a myotomy, which 
can be performed either endoscopic or laparo-
scopic [48]. When all other treatments for stric-
tures have failed, conversion of SG to RYGB or 
total gastrectomy can be considered. Patients 
with kinks or twists receive little benefit from 
endoscopic treatment. There are a few reports of 
repeat balloon dilations to avoid an additional 
operation [44]. However, most patient’s anatomy 
reverts to its abnormal position after the interven-
tion is completed.

Conversion to a RYGB is their best option. 
Some of these cases are associated with leaks 
which influences the optimal timing of operative 
management. Control of contamination should 
be prioritized an operation delayed until inflam-
mation has improved. Stenting for 6 weeks may 
temporize a leak and allow for a less formidable 
operative field for a conversion.

 Conclusion

As bariatric operations continue to grow in popu-
larity, surgeons will find themselves caring for 
increasing numbers of patients who have this in 
their past medical history. Most have permanent 
anatomy arrangements predisposing to certain 
complications. Acute care surgical care for post- 
bariatric surgery patients should not ignore com-
mon etiologies of acute surgical abdomen. These 
patients may still suffer from appendicitis, infec-
tious or ischemic colitis, and pancreatitis. In 

many instances, the history of bariatric surgery 
has no bearing on work-up or treatment. On the 
other hand, some problems have different treat-
ment options or additional concerns based on the 
new anatomy.

Well-trained surgeons need to able to provide 
acute surgical care for bariatric patients. Surgeons 
not trained as bariatric providers can safely care 
for patients who have had bariatric surgery 
including many of the complications related to 
their weight loss procedures.
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25Airway Emergencies

Michael C. Smith and Bradley M. Dennis

 Preparation

The key to success with any airway procedure, 
whether emergent or not, is proper planning and 
preparation. The urgency of the airway need may 
limit the extent of the preparation, but it does not 
eliminate the need for adequate prep. Preparation 
and planning for emergent airway procedures 
typically begin well before the emergent need 
arises. This prep should include creating a stan-
dard operating procedure for airway manage-
ment. There are a few key components that 
should be considered in any airway management 
plan:

 1. Personnel
 2. Equipment
 3. Medications
 4. Preprocedure airway assessment
 5. Difficult airway algorithm

 Personnel

Emergency airway situations are prone to attract 
a lot of attention from other healthcare workers 
who are often eager to help, learn, or observe. 
Unfortunately, the attention can create chaos. 
Therefore, crowd control and noise discipline are 
essential for the delivery of efficient care in the 
setting of an emergent airway. The first step to 
establishing crowd control is defining the essential 
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Case Presentation
A 20-year-old male patient is transported to 
the emergency department after a gunshot 
wound to the face. He is brought in on a 
stretcher sitting upright, holding a Yankauer 
suction catheter through which he is suc-
tioning a large quantity of bright red blood. 
The team recognizes the gravity of the situ-
ation and plans to perform endotracheal 
intubation.
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personnel. All other personnel should minimize 
talking and keep a safe distance from the patient’s 
bedside in order to allow essential personnel to 
do their jobs. Essential personnel for most emer-
gent airway situations are the proceduralist, the 
backup proceduralist, the medication administra-
tion provider. The proceduralist is the individual 
who will be performing the airway procedure. 
The proceduralist should have familiarity with 
the procedure prior to performing it. In teaching 
settings, this person may have variable degrees of 
familiarity with the procedure, but less experience. 
In this situation, the backup proceduralist should 
be very closely supervising and guiding the pri-
mary proceduralist through the procedure. Even 
in the setting of experienced proceduralist, having 
experienced backup proceduralist has been associ-
ated with increased rates of successful intubation 
[1, 2]. Both proceduralists should have training 
and familiarity with placing surgical airways in 
the event that  intubation or supraglottic airways 
fail. The medication administration provider is 
the nurse or physician who administers sedatives, 
paralytics, vasopressors, and any other medica-
tions required for the procedure. This role should 
be filled by someone familiar with the medications 
and medication administration. Depending on the 
setting, this may be a paramedic, registered nurse, 
advanced practice provider, or a physician.

Other personnel that are helpful if conditions 
allow include respiratory therapist, scribe, and 
procedural support assistant. Often, respiratory 
therapists are among the first members of the 
healthcare team at the patient’s bedside in devel-
oping airway situations. The respiratory therapist 
is helpful in setting up the ventilator and putting 
the patient on the ventilator after intubation. They 
are often present prior to intubation administer-
ing supplemental oxygen, providing bag-valve 
mask ventilation, and performing other respira-
tory care interventions. While not essential to the 
procedure, having another team member perform 
these tasks frees the proceduralist to do other 
tasks. Scribes are helpful in documenting inter-
ventions, medications, and vital signs in real 
time. A procedural support assistant is a role that 
can have tremendous benefit to airway proce-
dures, particularly surgical airway procedures. 

The procedural support assistant may be asked to 
perform a variety of roles. Retrieving supplies 
and equipment for surgical airway, setting up for 
a surgical airway procedure, and even assisting 
the proceduralist during a surgical airway are all 
potential tasks performed by the procedural sup-
port assistant. At the authors’ institution, this role 
is filled by a dedicated procedure support nurse.

One note related to personnel that bears men-
tioning is the importance of personal protective 
equipment. Protection of the team should be of 
the utmost importance. This notion is especially 
true since the outbreak of the SARS-CoV-2 virus 
and COVID-19. Protection from both blood- 
borne and airborne infections is required. While 
it is tempting to forego PPE due to the speed of 
an airway emergency, it is important that all team 
members take the time to protect themselves. 
Appropriate personal protective equipment 
should be available. At a minimum, non-sterile 
gloves, surgical mask, and eye protection should 
be used for any intubation. For surgical airways, 
sterile gloves, surgical cap, and sterile gown 
should be also be included. For patients suspi-
cious for airborne infections, consideration 
should be given to N95 mask or powered air-
purifying respirators (PAPR).

 Equipment

Preparation for emergent airway management 
should also include accumulating the appropriate 
equipment. Many places that perform emergency 
airway management with some frequency, like 
emergency departments and ICUs, keep all nec-
essary equipment in a specially designated cart or 
bag. Airway carts or emergency airway bags 
ensure that last minute scrambles to find supplies 
or airway adjuncts are not needed. It is important 
that an emergency airway kit (whether a cart, a 
bag or some other method) includes non-invasive 
airway supplies, invasive airway supplies, airway 
adjuncts, and rescue airway devices. Specific air-
way devices will be discussed later in this 
chapter.

Non-invasive devices include nasal canula, 
preferably one that can also measure end-tidal 
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CO2, nasopharyngeal airway devices (NPA), and 
oropharyngeal airway devices (OPA). Various 
sizes of NPAs and OPAs should be available to 
accommodate patients of different sizes. Various 
sizes of endotracheal tubes and supraglottic air-
way devices should be available as well. In addi-
tion to airway devices, adjuncts to aid intubation 
should be present. The gum-elastic bougie is an 
essential airway adjunct. Other important equip-
ment includes syringes for cuff inflation, lubrica-
tion, end-tidal detection devices (qualitative and/
or qualitative), and sterile scalpels. Many facili-
ties utilize mats with outlines of the essential 
equipment needed for basic airway management 
(Fig. 25.1). These mats allow for proceduralists 
to rapidly identify if any essential equipment is 
missing.

One of the most essential pieces of equipment 
of airway management is the laryngoscope. Any 
useful emergency airway kit will have direct 
laryngoscopes. Straight and curved blades of 
 various sizes should also be present. Video laryn-
goscopy has become increasingly popular. There 
are many types of video laryngoscopes. Some are 
small enough to fit in an emergency airway bag. 
Others are larger free-standing units and are sta-

tioned in locations where emergency airway pro-
cedures are frequently performed such as the 
emergency department trauma bay. For difficult 
airways, fiberoptic bronchoscopes may be 
employed. Using a fiberoptic scope allows one to 
pass an endotracheal tube over the scope and 
then, under video guidance, maneuver the bron-
choscope through the oropharynx and beyond the 
vocal cords. At that point, the endotracheal tube 
is passed back over the scope into the trachea and 
inflated below the cords.

 Medications

Medications are used for airway management to 
accomplish specific goals. Understanding these 
goals is important in selecting the most appropri-
ate medications or when a medication is not 
needed. Medications for the purpose of intuba-
tion are intended to achieve two goals:

 1. Creating good intubating conditions (i.e., 
muscle relaxation/paralysis)

 2. Prevent patient recall of the procedure (i.e., 
sedation)

Common RSI (Rapid Sequence Intubation) Drugs
Drug IV Dose Typical 

Dose
Notes

Sedative/Hypnotics
Etomidate 0.3-0.5mg/kg 20-40mg First line agent for RSI –typical dose- 

Versed 0.1 – 0.3mg/kg 2-5mg Commonly used post intubation. Provides short/medium 

term sedation

Ativan 0.05mg/kg Not commonly used during RSI

Neuromuscular
Blockers
Succinylcholine 1-2 mg/kg 100-200mg First line paralytic agent for RSI. Contraindications in pa-

tients with hyperkalemia

Vecuronium 0.1-0.3mg/kg 7-10mg Typical dose 8-10mg IV. Used post intubation for long term 

chemical paralysis

Rocuronium 0.6-1.2 mg/kg 80-120mg

than succinylcholine

Analgesics
Fentanyl 1-4mcg/kg 50-100mcg Minimal hemodynamic effect

Morphine 0.1mg/kg 5mg Caution in hemodynamically labile patients

Other
Ketamine 1-4mg/kg Has both analgesic and sedative properties

Atropine 0.01mg/kg 0.5-1mg Used to treat/prevent bradycardia during intubation

Lidocaine 1-1.5mg/kg 100mg Rarely used. Given as a pretreatment agent to prevent la-

ryngospasm

Propofol 2mg/kg – may 

be given as  a 

drip

Strong sedative/hypnotic. May produce hypotension. Cau-

tion in hemodynamically labile patients
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Fig. 25.1 Pre-arrival checklist
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In most cases, both paralysis and sedation are 
required. When choosing a paralytic or muscle 
relaxant, consideration should be given to the time 
of onset, duration of effect, and method of clear-
ance. Understanding mechanism of action (depo-
larizing or non-depolarizing) is also useful 
information. In current medical practice, succinyl-
choline is the only depolarizing paralytic used. 
Use of succinylcholine will result in myoclonus 
followed by widespread fasciculations that signify 
onset of medication. Depolarization of acetylcho-
line receptors results in potassium efflux out of 
muscle cells, potentially causing hyperkalemia. 
Understanding this mechanism of action is key to 
understanding and anticipating potential side 
effects of these medications. Duration of action is 
a key consideration in choosing these medications 
as well. Short-acting paralytics are preferred in 
situations where the patient is still breathing spon-
taneously and the proceduralist anticipates a 
potentially difficult airway. By using a short-act-
ing paralytic, the proceduralist shortens the dura-
tion that the patient may be unable to breathe 
spontaneously. In settings where the patient is 
inadequately oxygenating or ventilating indepen-
dently or a surgical airway is needed, a longer act-
ing paralytic may be a better choice.

Sedation or anxiolysis is important for patient 
comfort and reducing the potential for procedural 
recall or awareness by the patient. Like with par-
alytics, consideration should be given to time of 
onset, duration of effect, and method of clear-
ance. Important to this class of medications is 
understanding effects on hemodynamics as these 
patients. Many patients requiring emergent air-
ways are hypovolemic or in shock. As a result, 
they can be very sensitive to the cardiovascular 
suppressive effects of many anxiolytics.

One important note related to medication use 
in airway management is that there are conditions 
in which no paralytic or sedation medications 
may be required. Most notably is the pulseless 
patient or the patient in extremis. In these patients, 
the goals of patient relaxation and lack of patient 
recall are achieved without medications. 
Therefore, these patients often do not need medi-
cation to aid intubation. In select patients, admin-
istration of paralytics and/or deep sedation may 

be high risk for airway loss. For these patients, 
local anesthetic applied to the vocal cords may be 
all that can safely be given. Examples of these 
patients may include severe facial trauma and 
large oropharyngeal tumors.

 Airway Assessment

Prior to embarking on an emergent airway, it is 
essential to perform an airway assessment. The 
purpose of the airway assessment is to attempt to 
prospectively identify potentially difficult airways. 
Rapid sequence induction (RSI) and orotracheal 
intubation are the preferred strategy for most 
emergent airway management scenarios. However, 
RSI may not be the best approach for patients with 
difficult airways. An anticipated difficult airway 
way warrant reconsideration of the airway man-
agement strategy. Awake intubation or even a sur-
gical airway may be preferable to rapid sequence 
intubation. A systematic preprocedural assessment 
of the patient’s airway can help identify potentially 
difficult airways. One common method of airway 
assessment is the LEMON method (Table  25.1) 
[3]. Patients with findings predictive of difficult 
airway should be thoughtfully re-evaluated to 
determine whether RSI is the most appropriate air-
way management approach. One important note 
related to airway assessment is patient stability. 
Airway assessment may not be possible in all clin-
ical settings, particularly in situations of severe 
hypoxia or hemodynamic instability.

Table 25.1 LEMON criteria

LEMON criteria
L = Look 
externally

Facial trauma 1
Large incisors 1
Beard or mustache 1
Large tongue 1

E = Evaluate the 
3-3-2 rule

Incisor distance—3 finger 
breadths

1

Hyoid-mental distance—3 
finger breadths

1

Thyroid-to-mouth 
distance—2 finger breadths

1

M = Mallampati Mallampati score >3 1
O = Obstruction Epiglottitis, abscess, trauma 1
N = Neck mobility Limited neck mobility 1
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 General Approach

Once the decision has been made to perform an 
airway procedure, personnel should move quickly 
to secure the appropriate medications and equip-
ment to perform the procedure. While medica-
tions, equipment, and key personnel are being 
assembled, the patient should be placed on high- 
flow supplemental oxygen to pre-oxygenate the 
patient before starting the procedure. Prior to 
pushing medications and beginning the proce-
dure, a preprocedure checklist should be com-
pleted. Checklists have been demonstrated to 
enhance patient safety [4, 5]. For emergent intu-
bations, using a brief checklist has been shown to 
be feasible and safe [6]. These can and should be 
completed expeditiously, typically in less than 
1 min. The checklist should only include the most 
essential steps in the procedure. One such exam-
ple of a brief airway checklist is shown in 
Table  25.2. In less emergent situations, a more 

inclusive checklist can be employed. Upon com-
pletion of the checklist, induction medications 
should be administered.

Typically, sedation is administered first, fol-
lowed immediately by paralyzing agent. After 
medications have taken effect, the procedure 
commences. Ideally, the patient should continue 
to receive high-flow supplemental oxygen via 
nasal cannula throughout the procedure. 
Administration of oxygen after induction of 
anesthesia is known as apneic oxygenation. 
Oxygen diffuses across the alveolar membrane 
readily (250  mL/min) even during periods of 
apnea [7]. Supplemental oxygen during apnea 
can significantly lengthen the duration before 
desaturation occurs. Oxygen saturations of 100% 
can be maintained for minutes longer with admin-
istration of supplemental oxygen compared to no 
oxygen [7, 8].

 Difficult Airway Algorithm

Every intubation should come with the expecta-
tion of difficulty. As such, the proceduralist 
should anticipate a difficult airway before it 
occurs. To prepare for difficult airways, every 
proceduralist should be familiar with a difficult 
airway algorithm. There are many published and 
readily available difficult airway algorithms, but, 
to some extent, each proceduralist will have a 
unique algorithm. It is ideal to have a common 
algorithm in an institution to minimize 
variability.

Degrees of comfort and familiarity with 
techniques and equipment, and even availabil-
ity of various airway adjuncts, will vary across 
the many proceduralists and institutions. As 
such, the specific algorithm used by a proce-
duralist will be tailored to the individual’s 
skills and knowledge as well as clinical condi-
tions. In the end, though, all airway algorithms 
have the same last step—surgical airway. 
Therefore, it is imperative that anyone attempt-
ing airway management with any regularity 
needs to be familiar with performing a surgical 
airway. This topic will be covered in detail 
later in the chapter.

Table 25.2 Airway checklist

Prior to patient arrival
All items must be verified by EM resident and 
attending
Oxygen mask and NC available with flow
Oral airway available
Suction available and on
Blade/handle available and checked
Tube/stylet available and shaped appropriately
Extra tubes/stylet available
Bougie available
Backup devices available (LMA, King, crich kit)
Monitors/Storz screen positioned appropriately
BVM with ETCO2 attachment available
IVF available
Individual designated to hold inline stabilization
Airway plan verbalized
Pre-induction time out
All items must be verified by scribe and EM attending
Pre-arrival checklist  completed
Airway plan confirmed between trauma and ED 
attendings (including bougie, LMA, surgical airway)
IV functioning
RSI drugs/doses confirmed and drawn up
Inline stabilization designated
Preoxygenation (NC + mask) underway
Patient positioning optimized
BP cuff on opposite arm than IV
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 Airway Devices

There are four basic types of tubes that are used 
to manage airways.

 1. Endotracheal tubes
 2. Supraglottic devices
 3. Tracheostomy tubes
 4. Cricothyrotomy tubes

Within each category above, there are numerous 
variations of each tube. An exhaustive discussion of 
the many modifications of each device would be 
outside the scope of emergency airway manage-
ment. Instead, what follows will be a  general dis-
cussion of each basic category of airway device 
used in emergency airway management.

 Endotracheal Tubes

For almost all emergency airway situations, the 
endotracheal tube is the default airway device. It 
is, far and away, the device with which providers 
have the most experience using. Difficult airway 
algorithms and difficult airway adjuncts focus 
extensively on assisting providers in achieving 
successful endotracheal intubation. Endotracheal 
tubes come in a wide range of sizes. The sizing of 
endotracheal tubes is based on the internal diam-
eter of the tube in millimeters. Most adults can be 
successfully intubated using endotracheal tubes 
between 7.0 and 8.5  mm. Endotracheal tubes 
should be inserted far enough into the trachea to 
allow the entire cuff to rest below the vocal cords. 
Care should be taken to ensure the distal tip of the 
tube does not enter a mainstem bronchus. The 
depth of insertion will vary based on patient size 
but the typical adult is around 21–25  cm from 
incisors to vocal cords. Cuffs are manufactured 
with various shapes and sizes. Some cuffs are 
designed to distribute force across a broad area to 

prevent pressure necrosis on the trachea. Some 
cuffs are designed in a tapered fashion to prevent 
migration out of the airway. Many cuffs are 
designed to prevent drainage of oropharyngeal 
secretions into the airway and lungs. Cuffs should 
be inflated with enough air to allow contact with 
the trachea but not so much as to cause ischemia 
due to pressure.

 Supraglottic Devices

In the event that an endotracheal intubation is not 
possible, a supraglottic airway may be an accept-
able short-term alternative. Supraglottic devices 
sit with the ventilatory portion of the device 
above the glottic opening. These devices are con-
sidered short-term airway devices because they 
are not secured below the vocal cords and are 
therefore somewhat tenuous. There are a number 
of different products in this category of airway. 
They vary based on where the sealing mechanism 
rests (base of tongue vs perilaryngeal), cuffed vs 
uncuffed, protection against aspiration [9].

Two specific devices warrant special mention. 
The laryngeal mask airway (LMA) has been used 
for many years by anesthesiologists for select 
operative procedures. It consists of a mask sur-
rounded by an inflatable cuff at the distal end of 
an airway tube. The distal end of the device encir-
cles the laryngeal structures to create a bowl that 
allows for oxygenation and ventilation in a supra-
glottic position. There have been many modifica-
tions and additions to the standard LMA design 
over the years, but the functional principles are 
largely the same. In the prehospital setting, the 
King Airway (Ambu A/S, Ballerup, Denmark) is 
a very popular supraglottic airway device. It con-
sists of an airway tube with oropharyngeal and 
esophageal cuffs. While the LMA can be used as 
a first line airway device, the King Airway is rec-
ommended for emergency use only in situations 
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of failure to intubate or ventilate [10]. It is 
inserted blindly and is considered easy to insert, 
but it comes with a relatively high rate of airway 
obstruction.

 Surgical Airway Tubes

Tubes for surgical airways, like the other airway 
devices, all have the same basic parts, but many 
unique alterations and modifications exist. Tubes 
designed to be used for surgical airways typically 
consist of a short airway tube and a skin-level 
flange that attaches to it and allows for the tube’s 
securement and connection to the ventilator. The 
surgical airway tubes are more highly curved 
than endotracheal tubes due to the insertion point 
on the neck being much closer and more perpen-
dicular to the trachea. The decreased distance 
from insertion point to airway requires some 
curve on the tube to allow it to sit properly in the 
airway.

Tracheostomy tubes are constructed of vari-
ous materials depending on the intended use. 
Metal, typically stainless steel, tubes lack cuffs 
and adapters to allow for attachment to a 
 ventilator. Therefore, tracheostomy tubes used 
for emergent surgical airways should be made of 
polyvinyl chloride (PVC), polyurethane, or sili-
cone rather than metal. Tubes of constructed of 
these materials are softened by the patient’s body 
temperature and are able to conform to the soft 
tissues of the patient’s airway more effectively 
than metal tubes. However, these tubes are more 
rigid than endotracheal tubes made of similar 
materials because they are at higher risk of 
kinking.

There is much more variation in size in trache-
ostomy tubes than in endotracheal tubes. Most of 
the available devices for tracheostomy come in 
various inner diameter sizes like endotracheal 
tubes. With increasing inner diameter size also 

comes increasing airway tube length. The reason 
for the increasing length is that most tracheos-
tomy tubes are not made to adjust the depth of 
insertion. The position of the cuff may vary along 
the length of the airway tube based on the spe-
cific product chosen; however, most are located 
within about 1 cm of the distal tip of the tracheos-
tomy tube. Differences in patients’ neck sizes 
requires some variation in the soft tissue portion 
of tracheostomy tubes. Therefore, some manu-
facturers have created tubes with increased length 
from cuff to flange. Not often seen in the setting 
of emergency airway management, some manu-
facturers have created tubes with longer airway 
tubes distal to the cuff to allow tubes to extend 
beyond areas of tracheal pathology like tracheo-
malacia. In the setting of emergency surgical air-
way, most proceduralists will use a cuffed 
tracheostomy tube. Cuffless tracheostomy tubes 
are typically not used in the setting of emergency 
airway management due to the need for con-
trolled oxygenation and ventilation. Some tra-
cheostomy tubes have an inner cannula within 
the tracheostomy tube itself. These inner cannu-
las can be removed and cleaned or discarded and 
replaced. Lastly, some tracheostomy tubes come 
fenestrated in which there is an opening in the 
posterior portion of the tube above the cuff [10].

 Cricothyrotomy Tubes

Cricothyrotomy is much less common procedure 
than tracheostomy or endotracheal intubation. 
Additionally, cricothyrotomies are almost always 
short-term airways. For these two reasons, most 
cricothyrotomy tubes are essentially modifica-
tions of endotracheal tubes or tracheostomy 
tubes. In most adults, a cricothyrotomy tube is 
equivalent to a 6.0 endotracheal tube (6 mm inner 
diameter). In fact, a 6.0 endotracheal tube is fre-
quently used as the airway tube for cricothyroto-
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mies. A smaller tube is used in cricothyrotomies 
to decrease the risk of iatrogenic injury from the 
insertion procedure or the tube itself. With the 
cricothyroid membrane being just inferior to the 
vocal cords, there is an increased risk of injury to 
the structures in this area.

 Cricothyroidotomy

When time is of the essence and orotracheal intu-
bation cannot be performed, a cricothyroidotomy 
is the most expeditious and technically straight-
forward technique for definitive airway access. 
The only equipment required is a scalpel and a 
tube; an endotracheal tube or tracheostomy tube 
can be used. If available, a bougie can help facili-
tate expeditious tube placement. As the anatomy 
is more favorable than that of a tracheostomy, it 
can allow for less blood loss in the pursuit of a 
definitive airway [11–13].

It is ideal to prepare for a cricothyroidotomy 
prior to an intubation attempt, to ensure all equip-
ment is available and patient positioning opti-
mized. For an open cricothyroidotomy, the 
minimum necessary equipment is a scalpel and a 
tube, either a small (5.0 or 6.0) endotracheal tube 
or a tracheostomy tube. A bougie can help facili-
tate placement (“scalpel-finger-bougie tech-
nique”). If possible (and cervical spine injury not 
suspected), a shoulder roll can help optimize 
patient positioning for more favorable anatomy. 
As well, an assistant with a suction catheter can 
aid in visualization. Finally, any available light, 
whether overhead, a headlamp, or procedural 
lights can be of great assistance during such a 
procedure [13, 14].

If time allows, the neck is prepped with anti-
septic solution. Though either a transverse or 
longitudinal incision may be made, the authors 
prefer a longitudinal incision in the midline of 
the neck over the trachea, as it is an extensible 
incision and helps avoid injury to the anterior 

jugular veins. This incision is carried down to 
the trachea at the level of the thyroid and cricoid 
cartilage. The cricothyroid membrane is incised 
to gain access to the lumen of the trachea. If a 
bougie is available, it may be inserted into the 
cricothyroid incision and the tube inserted over 
it. If no bougie is available, the handle of the 
scalpel may be used to hold the tracheal incision 
open and insert the available cuffed tube [11, 
13, 14].

Once the tube is inserted into the airway, the 
cuff is inflated and connected to a bag-valve 
mask. Capnometry should be used to confirm air-
way placement if available. It is important to aus-
cultate for breath sounds, as it is exceedingly 
common to intubate a mainstem bronchus if 
using a standard endotracheal tube for a cricothy-
roidotomy. Once the position is confirmed, the 
tube is secured.

Percutaneous cricothyroidotomy kits are also 
available. These allow for placement via the 
Seldinger technique. An incision is made over the 
thyroid and cricoid cartilages. A needle is inserted 
into the cricothyroid membrane and is exchanged 
over a wire for a cricothyroidotomy tube. As with 
an open cricothyroidotomy, the tube position 
should be confirmed using capnometry and aus-
cultation, and the tube secured. In an animal 
model, this was found to be slower than an open 
cricothyroidotomy [15].

Once the patient is stabilized, it is ideal to 
revise a cricothyroidotomy to a tracheostomy, to 
limit the risk of subglottic stenosis and vocal 
cord impairment, unless extubation is antici-
pated [16, 17]. Training is vital for this proce-
dure, as it is rarely performed, but with 
repetition, time to a secure airway is reduced 
[18]. Additionally, with training, anesthesiolo-
gists and paramedics could achieve similar time 
to placement and success rates, suggesting that 
comfort and experience with operative tracheos-
tomy is not necessary to effective performance 
of cricothyroidotomy [19, 20].
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 Tracheostomy

When time allows, a tracheostomy is a more 
durable procedure to obtain a definitive airway 
with less long-term complication risk. The 
authors find this technique particularly useful for 
a patient who can be ventilated, either using Bag- 
Mask ventilation or a supraglottic airway device 
but cannot be intubated. This affords the extra 
time necessary to perform the procedure 
[21–26].

Like a cricothyroidotomy, a tracheostomy 
may be performed open via a tracheal incision, or 
percutaneous using the Seldinger technique [22]. 
The authors prefer a modified percutaneous tech-
nique which is described below. Performing a 
tracheostomy when able is advantageous as it 
provides a durable definitive airway without the 
need for revision. In addition, it is associated 
with a lower rate of subglottic stenosis than cri-
cothyroidotomy [16, 17, 27, 28].

If possible, the patient is positioned on a 
shoulder roll to facilitate exposure. The neck is 
prepped using an antiseptic solution. An inci-
sion is made in the one fingerbreadth above the 
sternal notch. As with a cricothyroidotomy, the 
authors prefer a vertical incision to minimize 
the risk of venous injury. Using blunt dissection, 
the trachea is exposed and palpated. The endo-
tracheal tube is retracted above the intended 
insertion site (this step is omitted if no endotra-
cheal tube is in place). A needle is inserted 
between the first and second tracheal rings, and 
serially dilated over a wire to accommodate a 
tracheostomy tube. The balloon is inflated, the 
inner cannula inserted, and position is con-
firmed with capnometry. The tracheostomy 
device secured with suture and a tracheostomy 
tie [29].

If no percutaneous tracheostomy kit is avail-
able, an open tracheostomy may be performed. 
As with the percutaneous technique, an incision 
is made between the thyroid cartilage and the 

sternal notch. This is carried through the pla-
tysma and the strap muscles separated in the 
 midline. The thyroid gland is then encountered. 
This may be retracted superiorly, inferiorly, or 
divided between ties as necessary to expose the 
trachea. A cricoid hook is used to retract the tra-
chea superiorly to expose the rings. A tracheot-
omy is then made below the first tracheal ring and 
is dilated using a tracheal dilator. The tracheos-
tomy tube is passed with an obturator, the balloon 
inflated, the obturator removed, inner cannula 
inserted, and position confirmed with capnome-
try. The device is secured with suture and a tra-
cheostomy tie.

 Post-procedure Management

Obtaining a secure airway in the emergent situ-
ation is often a stressful exercise for all involved. 
It is very easy to let one’s guard down after 
inserting a tube into the trachea. However, 
neglecting to properly secure an airway device 
can lead to a second emergent situation. 
Depending on the airway device used and insti-
tutional practice, one may use an endotracheal 
tube holder, umbilical tape, tracheostomy ties, 
and/or sutures to secure a device in place. This 
helps to prevent unintended dislodgment of the 
tube to help support the patient through their ill-
ness [30].

It is important to ensure the patient is appro-
priately sedated and that restraints are used in a 
judicious fashion to reduce the risk of self- 
extubation or decannulation. Furthermore, the 
authors’ institution has instituted a Compromised 
Tracheostomy Algorithm which includes a lami-
nated sign in the patient’s room which holds the 
obturator, details about the placement of the tra-
cheostomy, and a checklist of mandatory supplies 
to be kept in the room (Fig. 25.2). Additionally, it 
includes emergency phone numbers for the 
Emergency Airway Team.
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Algorithm for Compromised Tracheostomy

Date Placed:

_________

Tracheostomy
Type:

_________

Size:

_________

Placed by:

_________
(TEAM)

Begin FACE BAG/MASK VENTILATION

Implement STAT Procedures 1-1111

Trauma Airway Management: In-House phone 480-1149

1. Ven�late Pt with
Resuscita�on Bag

2. Pass Suc�on
Catheter

3. A�ach CO2

Detector

TRACH DISLODGED

IF DIFFICULTY MET

IF UNSUCCESSFUL

NO COLOR CHANGE

PL
AC

E
OB

TU
RA

TO
R 

HE
RE

ROOM CHECKLIST

o Ambu Bag
o 6.0 ETT
o CO2 Detector
o Suction Kit/Red

Rubber
o Replacement Trach
o Yankauer

Fig. 25.2 Compromised tracheostomy checklist
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 Case Conclusion

The team prepares for the patient’s arrival with its 
pre-arrival checklist and a detailed airway plan 
communicated between the team members. The 
patient is positioned optimally, and using a video 
laryngoscope, suction, and a bougie, the patient 
is intubated without desaturation. His facial inju-
ries are identified on CT scan and repaired by the 
oral maxillofacial surgeons. The patient then has 
an uneventful recovery. This case highlights the 
complexity of emergency airway management as 
well as all the necessary steps for appropriate 
preparedness.
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26Non-operative Approaches 
to the Biliary Tree

Kevin D. Platt and Ryan J. Law

 Introduction

While first-line treatment in patients with biliary 
disease often involves surgery, there remains a 
substantial role for less invasive options, particu-
larly with the growing number of medically com-
plex and aging patients who may not be surgical 
candidates. It is therefore prudent that surgeons 
be familiar with the available non-operative 
armamentarium for management of patients with 
biliary disease, which includes a growing number 
of percutaneous and endoscopic techniques 
which can serve as alternative or complimentary 
approaches to conventional management. 
Similarly, interventional radiologic and endo-
scopic interventions have had an expanding role 
in the management of adverse events from biliary 
surgery. In this chapter, we will review the most 
common biliary diseases requiring intervention: 
cholecystitis, choledocholithiasis, cholangitis, 
and bile leaks. We will focus on percutaneous 
and endoscopic techniques and highlight non- 

operative approaches in patients with surgically-
altered gastrointestinal anatomy.

 Section 1: Acute Biliary Disease

 Cholecystitis

Acute cholecystitis is an infection of the gallblad-
der, most commonly (>90%) caused by gallstone 
disease (calculous) leading to cystic duct obstruc-
tion, with the minority of cases being related to 
bile stasis and hypoperfusion (acalculous) [1]. 
Overall, treatment consists of antibiotics and 
either cholecystectomy or non-surgical methods 
of gallbladder decompression. Please refer Chap. 
15 for additional details regarding the clinical 
presentation, evaluation, and conventional surgi-
cal management.

While cholecystectomy remains the standard 
of care in the management of acute cholecystitis, 
in patients deemed unfit for surgery due to acute 
illness and/or significant medical comorbidities, 
there are a variety of non-operative approaches 
for consideration, including percutaneous chole-
cystostomy, transpapillary cystic duct stent place-
ment, or endoscopic ultrasound (EUS)-guided 
gallbladder drainage. As described below, these 
approaches may serve as a bridge to future chole-
cystectomy or may be used as destination 
therapy.
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 Percutaneous Cholecystostomy
Percutaneous cholecystostomy (PC) was first 
introduced in 1980 [2]. The technique involves 
using ultrasonographic or computed tomographic 
guidance to puncture the gallbladder allowing 
subsequent wire-guided placement of a percuta-
neous pigtail catheter. This approach effectively 
resolves acute cholecystitis in approximately 
90% of patients [3]. The use of PC has been on 
the rise, now accounting for nearly 3% of gall-
bladder procedures performed in the Medicare 
population [4].

The most frequent reported adverse event of 
PC is catheter dislodgement (8.6%). Other 
adverse events include hemorrhage, sepsis, bile 
leak, bowel perforation, and pneumothorax, 
occurring overall in <2% of procedures. Intra- 
procedural mortality is <0.5%. The 30-day mor-
tality ranges from 10% to 15%, likely reflecting 
the medically complex population who undergo 
PC [3, 5].

Advantages of PC include a high rate of tech-
nical and clinical success. Additionally, the pro-
cedure can be performed at the bedside in 
critically ill patients with no need for general 
anesthesia, as is typically needed for surgical and 
advanced endoscopic techniques. The major dis-
advantage of this approach revolves around the 
external drainage system. Percutaneous drainage 
catheters require routine maintenance with cath-
eter exchanges and are often complicated by 
inadvertent dislodgement and patient discomfort, 
which can adversely affect quality of life [6, 7].

There is a growing body of literature compar-
ing outcomes of cholecystectomy and PC.  The 
recently completed CHOCOLATE trial by Loozen 
et al. [8] compared laparoscopic cholecystectomy 
and PC in severely ill patients with acute calculous 
cholecystitis. In this study, 142 high operative risk 
patients (APACHE II score >7) with symptoms of 
acute cholecystitis were randomly assigned to 
either laparoscopic cholecystectomy or percutane-
ous catheter drainage. Mortality at 1-year did not 
significantly differ between the two cohorts (3% 
vs. 9%, p = 0.27), but the rates of major adverse 
events (65% vs. 12%, p < 0.001), need for re-inter-
vention at 1-year (66% vs. 12%, p < 0.001), and 
recurrent biliary disease at 1-year (53% vs. 4.5%, 

p < 0.001) favored the cholecystectomy approach. 
While this study favored cholecystectomy, there 
remain questions of generalizability to real-world 
scenarios, as only 17% of screened patients were 
ultimately enrolled in the trial and very high-risk 
patients (APACHE II scores ≥15) were excluded 
[9].

PC is often performed to serve as a bridge to 
definitive surgery; however, available data sug-
gest >50% of patients who undergo percutaneous 
drainage do not ultimately undergo cholecystec-
tomy [3, 10]. The rate of recurrent cholecystitis 
within 1  year of those patients who do not 
undergo interval cholecystectomy is up to 40% 
[11]. In patients who remain poor surgical candi-
dates after percutaneous drainage, gallbladder 
drainage can be internalized via endoscopic tech-
niques using transpapillary cystic duct stent 
placement [12] or EUS-guided gallbladder drain-
age [13].

 Endoscopic Transpapillary Gallbladder 
Drainage (ERCP with Cystic Duct Stent 
Placement)
Transpapillary drainage of the gallbladder was 
first described in 1990 [14]. During endoscopic 
retrograde cholangiopancreatography (ERCP), 
the bile duct is cannulated, and a guidewire is 
passed into the biliary tree. The guidewire is 
then manipulated through the cystic duct and 
ultimately coiled in the gallbladder. A trans-
papillary double-pigtail plastic stent is then 
deployed with one pigtail in the gallbladder 
and the other pigtail in the duodenum, thus 
facilitating gallbladder decompression into the 
intestinal lumen (Fig. 26.1a, b). The procedure 
can be technically challenging as it requires 
selective guidewire access into the thin, tortu-
ous and often obstructed cystic duct, as well as 
advancement of a stent through the cystic duct 
into the gallbladder lumen. Cystic duct patency, 
as determined by fluoroscopic visualization 
during contrast injection, is paramount in 
achieving successful guidewire passage and 
stent placement into the gallbladder. Lack of 
fluoroscopic visualization of the cystic duct 
most commonly occurs due to obstruction by a 
stone or, less commonly, from malignant 
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a b

Fig. 26.1 Transpapillary gallbladder stent placement. (a) 
Following selective cannulation of the bile duct, a guide-
wire is passed into the cystic duct takeoff. The guidewire 
is manipulated through the Valves of Heister and ulti-
mately coiled in the body of the gallbladder. A second 

guidewire is seen in the left hepatic duct. (b) Over the 
guidewire, a double-pigtail plastic stent is place with one 
pigtail in the gallbladder and the other in the duodenal 
lumen. A second plastic stent is seen in the common bile 
duct

obstruction. In such circumstances, access to 
the cystic duct will be extremely difficult, if 
not impossible [15]. Cholangioscopy using a 
digital, single operator cholangioscope 
(Spyglass DS; Boston Scientific, Marlborough, 
MA) or dedicated direct peroral cholangio-
scope may be helpful in identification of the 
cystic duct orifice [16]. Most commonly, dou-
ble-pigtail  plastic stents either 5–7 Fr in diam-
eter and >12 cm in length are used.

When the procedure is technically successful, 
this method provides effective treatment in 90% 
of patients with acute cholecystitis [17]. The stent 
may be left indefinitely or can serve as bridge to 
surgery with removal prior to cholecystectomy 
[18]. Cystic duct stents can be left in place indefi-
nitely—compared to common bile duct (CBD) 
stents—because they act as “wick” whereby bile 
flows around the stent, and thus patency of the 
stent is not imperative to maintain bile flow from 
the gallbladder [19]. As mentioned above, trans-
papillary cystic duct stents can also be used to 
facilitate removal of an indwelling PC tube after 
the tract has matured [12].

Adverse events can be seen in up to 10% of 
patients, including post-ERCP pancreatitis, stent 
migration, or post-sphincterotomy bleeding (if 

biliary sphincterotomy is performed) [18, 20]. In 
a recent review of 38 patients, technical success 
of first-attempt transpapillary drainage was 
observed in 84%, with 76% clinical success [20]. 
Recurrent cholecystitis was observed in 6 of 32 
patients (18%), ranging from 23 to 865 days after 
the procedure. Recurrent cholecystitis is typi-
cally managed with antibiotics, stent exchange, 
EUS-guided gallbladder drainage, or cholecys-
tectomy, if feasible.

There are advantages of transpapillary gall-
bladder drainage that make it attractive in certain 
patient populations, particularly those with 
advanced liver disease and coagulopathy. The 
procedure is done endoscopically, with no inci-
sions required externally, and can be done with-
out performing biliary sphincterotomy, thereby 
minimizing the risk of bleeding in patients with 
coagulopathy or those receiving systemic antico-
agulation [21]. Furthermore, internal drainage is 
performed while leaving the anatomy untouched, 
without internal or external fistulous tracts, mak-
ing transpapillary drainage the procedure of 
choice in patients with advanced liver disease 
with ascites and/or awaiting liver transplantation 
[22, 23].
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 EUS-Guided Gallbladder Drainage
EUS-guided gallbladder drainage (EUS-GBD) 
was first described in 2007 [24]. A linear-array 
therapeutic channel echoendoscope is passed 
transoral and positioned in the distal gastric 
antrum or duodenum to identify the gallbladder 
body. There are several techniques which can be 
utilized. The conventional method requires 
 puncture of the gallbladder wall with an EUS-
FNA needle, followed by bile aspiration and/or 
cholecystography using water-soluble contrast 
and fluoroscopy. A guidewire is passed through 
the needle and coiled within the gallbladder 
lumen. The tract is then dilated using electrocau-
tery and/or balloon dilation. The stent, either a 
double- pigtail plastic stent, fully covered self- 
expandable metal stent (FCSEMS), or lumen-
apposing metal stents (LAMS), can then be 
deployed under endosonographic and fluoro-
scopic guidance to appose the gallbladder and 
gastrointestinal lumen [25]. More recently, the 
gallbladder puncture and stent deployment are 
done with a LAMS that has an electrocautery tip 
without the need for guidewire placement and 
tract dilation (Fig. 26.2a, b). This approach mini-
mizes over-the-wire device exchanges, allowing 
for a theoretically safer and more efficient proce-
dure [26].

EUS-guided gallbladder drainage is associ-
ated with high technical (>90%) and clinical suc-

cess (>90%) rates. Technical failure may occur 
due to inability to pass the guidewire, accidental 
guidewire loss, or stent maldeployment [27]. 
Adverse events have been reported at a frequency 
of 7–15% and include bleeding, recurrent chole-
cystitis, stent migration, stent occlusion, and 
pneumoperitoneum [28, 29]. When comparing 
the various stent options for EUS-GBD, data sug-
gest that LAMS have the lowest rate of adverse 
events [28]. LAMS are specifically designed for 
transmural drainage, shaped like a barbell with 
two flanges to appose each luminal surface, thus 
carrying a very low risk of migration while also 
allowing for a larger inner lumen diameter than 
either plastic stents or FCSEMS.

Laparoscopic cholecystectomy may be techni-
cally difficult or impossible in certain patients 
following EUS-guided gallbladder drainage as 
this procedure creates a permanent fistula 
between the gallbladder and the adjacent gastro-
intestinal lumen. EUS-GBD is contraindicated in 
patients with gallbladder perforation, untreated 
large-volume ascites, or uncorrectable coagulop-
athy [30].

Several studies have compared percutaneous 
cholecystostomy and EUS-GBD [31, 32]. 
Results have shown no difference in technical or 
clinical success rates for the treatment of acute 
cholecystitis; however, these studies have shown 
statistically significant differences in time to 

a b

Fig. 26.2 Transmural EUS-guided gallbladder drainage. 
(a) From the antrum of the stomach or the proximal duo-
denum the gallbladder can be seen endosonographically. 
A cautery-enhanced catheter housing a lumen-apposing 
metal stent (LAMS) can then be passed into the gallblad-

der body. (b) The LAMS is then deployed thereby creat-
ing an anastomosis between the gallbladder and 
gastrointestinal lumen. A short double-pigtail stent is 
placed to minimize mucosal irritation from the stent and 
prevent stent migration/separation
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resolution of cholecystitis, need for re-interven-
tion, mean pain scores, adverse events, and hos-
pital length of stay, favoring EUS-GBD [32]. 
More recently, a randomized trial (DRAC 1) of 
80 patients comparing PC and EUS-GBD dem-
onstrated that EUS-GBD significantly reduced 
1-year adverse events, 30-day adverse events, 
and  re- interventions with equivalent technical 
and clinical success rates [33].

In comparing the endoscopic approaches to 
manage acute cholecystitis, there are several ret-
rospective studies comparing outcomes between 
transpapillary (cystic duct stent) and EUS- 
GBD.  These have demonstrated that the EUS- 
guided approach is associated with better 
technical and clinical success with a trend toward 
lower adverse event rates and lower recurrence of 
cholecystitis [20, 34]. Furthermore, a recent 
meta-analysis including over 80 studies compar-
ing transpapillary, EUS-guided, and percutane-
ous drainage found EUS-GBD to have better 
clinical success, with comparable adverse events 
between all groups [35].

 Choledocholithiasis

Choledocholithiasis, or bile duct stones, gener-
ally results from migration of gallstones from the 
gallbladder into the biliary tree [36]. Less com-
monly, stones may develop de novo within the 
CBD. Small bile duct stones may spontaneously 

pass through the ampulla of Vater and into the 
duodenum which may cause intermittent symp-
toms or may result in no clinical symptoms at all. 
Symptomatic choledocholithiasis typically mani-
fests with characteristic biliary pain with elevated 
liver enzymes. More serious sequelae of choledo-
cholithiasis include obstruction of bile duct 
drainage leading to cholangitis and irritation of 
the pancreatic duct orifice leading to biliary pan-
creatitis. Choledocholithiasis is typically man-
aged with endoscopic stone extraction, followed 
by interval cholecystectomy.

Among those with symptomatic cholelithiasis 
or acute cholecystitis, 10–20% have concomitant 
choledocholithiasis [37, 38]. The evaluation and 
management strategy differs depending on the 
pretest probability of bile duct stones (Table 26.1). 
The available data clearly support that patients at 
high risk for choledocholithiasis should undergo 
ERCP prior to cholecystectomy, while patients at 
low risk should proceed directly to cholecystec-
tomy. Patients at intermediate risk should be 
referred for either EUS, magnetic resonance 
cholangiopancreatography (MRCP), or intraop-
erative cholangiography (IOC) [39]. All three of 
these modalities have high sensitivity and speci-
ficity for choledocholithiasis and can identify 
patients in need of endoscopic therapy, with the 
choice between them often based on local exper-
tise and availability of resources.

ERCP is the first-line therapeutic modality for 
choledocholithiasis. Endoscopic sphincterotomy 

Table 26.1 ASGE risk stratification of choledocholithiasis

Probability Predictors of choledocholithiasis Recommended management
High 1.  CBD stone visualized on ultrasound or cross-sectional 

imaging
or
2.  Total bilirubin >4 mg/dL and dilated CBD (>6 or >8 mm 

in patients who have undergone cholecystectomy)
or
3. Ascending cholangitis

ERCP

Intermediate 1.  Abnormal liver biochemical tests
or
2. Age >55
or
3. Dilated CBD

EUS vs MRCP

Low None of the above Cholecystectomy

ASGE Standards of Practice Committee, Buxbaum JL, Abbas Fehmi SM, et al. ASGE guideline on the role of endos-
copy in the evaluation and management of choledocholithiasis. Gastrointest Endosc. 2019;89(7):1075–1105.e15
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with stone extraction is successful in more than 
90% of cases, with an overall adverse event rate 
of approximately 5%. Adverse events of ERCP of 
include pancreatitis (2–10%), bleeding (2%), 
perforation (<1%), and cholangitis (<1%) [40]. 
During this procedure, a duodenoscope is passed 
into the second portion of the duodenum where 
the ampulla can be identified. Selective bile duct 
cannulation is achieved using a catheter or 
sphincterotome. Contrast is then injected under 
fluoroscopy for cholangiography, allowing for 
delineation of biliary anatomy and identification 
of stones. A biliary sphincterotomy is performed 
using electrocautery. This small incision through 
the sphincter of Oddi enlarges the papillary open-
ing permitting easier stone removal. Stones can 
then be extracted from the duct using a stone 
extraction balloon or a wire basket (Fig.  26.3a, 
b). An alternative technique to endoscopic 
sphincterotomy is balloon dilation of the intact 
biliary sphincter (endoscopic balloon sphinctero-
plasty) to enlarge the biliary orifice using hydro-
static dilating balloons (up to 10  mm). This 
approach may be best suited for removal of bile 
duct stones in patients at high risk for post- 
sphincterotomy bleeding (i.e., routine antithrom-
botic use) or those with unfavorable or 
surgically-altered anatomy which may preclude 

sphincterotomy [41, 42]. While historical data 
have suggested a higher rate of post-ERCP pan-
creatitis with endoscopic papillary balloon dila-
tion, this risk appears to be mitigated with the use 
of larger balloons (>12 mm) held for longer dura-
tion (>30 s) [42, 43].

For larger stones (>1 cm), a partial sphincter-
otomy may be combined with large papillary bal-
loon dilation, using a larger hydrostatic dilating 
balloon (12–20 mm) to further distend the ampul-
lary orifice (Fig.  26.4) [44]. Alternatively, the 
stones may need to be fragmented using mechan-
ical or intraductal lithotripsy. During mechanical 
lithotripsy, a wire basket is used to capture and 
crush the stone using mechanical force (Fig. 26.5) 
[45]. Intraductal electrohydraulic or laser litho-
tripsy can be performed using a cholangioscope, 
either passed through a duodenoscope into the 
bile duct (mother-baby system) or by transoral 
passage of a dedicated small caliber endoscope 
(direct peroral cholangioscope). An electrohy-
draulic probe (oscillating shock waves) or pulsed 
laser (beam of energy) is directed at the stones 
leading to fragmentation (Fig.  26.6). Fragment 
clearance can then be performed with standard 
stone extraction methods. Rarely, extracorporeal 
shock wave lithotripsy (ESWL) can be used as a 
last resort [46]. If complete stone removal is not 

a b

Fig. 26.3 Choledocholithiasis. (a) An occlusion cholan-
giogram demonstrating a large common hepatic duct 
stone with smaller stones noted in the right and left hepatic 

ducts. (b) Removal of a large bile duct stone into the duo-
denal lumen using a balloon extraction technique
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Fig. 26.4 Endoscopic large papillary balloon dilation. 
Fluoroscopic image of a large (>10 mm) dilating balloon 
is used to dilate the papillary orifice to aid in extraction of 
larger common bile duct stones

Fig. 26.5 Mechanical lithotripsy. The mechanical litho-
tripter can be passed into the common bile duct. The litho-
tripter basket is opened and the basket is used to ensnare 
large stones. After stones are ensnared, the basket is grad-
ually closed until stones are crushed or fragmented

Fig. 26.6 Electrohydraulic lithotripsy. Cholangioscopic 
images demonstrating intraductal electrohydraulic litho-
tripsy to fracture a large common bile duct stones which 
was not amenable to retrieval using conventional meth-
ods. Surgical suture can be visualized which served as a 
nidus for stone formation

achieved, a plastic or covered-metal biliary stent 
should be placed to maintain biliary drainage 
until repeat ERCP is performed [47].

Interval cholecystectomy should be performed 
in the vast majority of patients following stone 
clearance, given the high rate (20%) of recurrent 
symptoms including cholecystitis, pancreatitis, 
and recurrent choledocholithiasis [48, 49].

 Cholangitis

Acute cholangitis, or infection in the bile duct, 
occurs when biliary obstruction results in cho-
lestasis and infection (Fig.  26.7). This is most 
often secondary to a bile duct stone, but can also 
occur in the setting of malignancy, prior biliary 
instrumentation, biliary strictures secondary to 
surgery or chronic pancreatitis, or other infec-
tious or auto-immune cholangiopathies [50]. 
Cholangitis classically presents with Charcot’s 
triad [51], consisting of fever, right upper quad-
rant pain, and jaundice, or Reynold’s pentad [52] 
(hypotension and altered mentation) if the patient 
is in shock. Historically, cholangitis carried a 
high mortality rate, particularly in the elderly 
[53]. In addition to antibiotics, timely biliary 
drainage is the cornerstone in management. 
Endoscopic transpapillary biliary drainage via 
ERCP is currently the standard of care, with suc-
cess rates of >90–95% [54]. Reasons for failure 
of conventional ERCP include ampullary pathol-
ogy (adenoma/carcinoma), periampullary diver-
ticulum, gastric outlet or duodenal obstruction, or 
variant anatomy (e.g., Roux-ex-Y) [55]. When 
ERCP cannot be completed, alternative 
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Fig. 26.7 Cholangitis. Pus emanating from the major 
papilla following endoscopic sphincterotomy

Fig. 26.8 Percutaneous transhepatic biliary drainage. A 
percutaneous cholangiogram obtained by contrast injec-
tion of an internal-external biliary drain

approaches include percutaneous transhepatic 
biliary drainage (PTBD), or EUS-guided biliary 
drainage [56].

 Endoscopic Transpapillary Biliary 
Drainage
As noted above, endoscopic transpapillary biliary 
drainage is first line in the management of chol-
angitis [40]. ERCP performed within 48 h of pre-
sentation is associated with improved outcomes 
[57]. Patients with overt sepsis and frail, elderly 
patients who may decompensate quickly should 
undergo ERCP as soon as it is clinically safe to 
do so. The technical aspects of the procedure are 
identical to those used for choledocholithiasis. 
The primary goal is to establish biliary drainage. 
In patients with cholangitis secondary to choled-
ocholithiasis, sphincterotomy and stone/sludge 
extraction are generally sufficient to provide ade-
quate biliary drainage, with stent placement 
reserved for cases where the stone cannot be eas-
ily removed or the patient is too ill to undergo a 
prolonged procedure. Similarly, in patients with 
obstruction due to benign or malignant strictures, 
biliary stent placement with or without stricture 
dilation is generally needed to provide adequate 
drainage. The one exception to this approach is in 
patients with primary sclerosing cholangitis 
(PSC), whereby stent placement is avoided if 
possible, with focus on stricture dilation and 
stone removal to promote biliary drainage.

 Percutaneous Transhepatic Biliary 
Drainage (PTBD)
Percutaneous bile duct access was first described 
in 1937 [58], and ultimately refined for routine 
clinical use in the 1980s with the advent of 
specially- designed needle catheters. The tech-
nique involves ultrasound-guided identification 
and percutaneous puncture of an intrahepatic bile 
duct using an 18–22-gauge needle. After con-
firming backflow of bile, a guidewire is advanced 
through the needle into the bile duct. Using fluo-
roscopic guidance, a 7–10 Fr catheter is advanced 
into the bile duct over the guidewire. If the guide-
wire can be passed into the duodenum, the cath-
eter may provide both internal (into duodenal 
lumen) and external biliary drainage (into exter-
nal bag) (Fig. 26.8). If the wire cannot reach the 
duodenum (e.g., obstructed by a stone or stric-
ture), the catheter can be left in the bile duct, 
facilitating external drainage only.

PTBD has a high success rate (>90%) and can 
be done without general anesthesia. PTBD is 
often used to access to the biliary tree when 
endoscopic approaches are unsuccessful. Similar 
to percutaneous cholecystostomy, one major dis-
advantage is the need for an external catheter 
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which may require frequent catheter exchanges 
and can be associated with catheter dislodge-
ment, patient discomfort, and impaired quality of 
life [59]. Additional adverse events include sepsis 
(2.5%), bleeding (2.5%), inflammation/infection 
(1.2%—including abscess, peritonitis, cholecys-
titis, pancreatitis), and pneumothorax (0.5%) 
[60].

 EUS-Guided Biliary Drainage
First described in 2001 by Giovannini et al. [61], 
endoscopic ultrasound-guided biliary drainage 
(EUS-BD) is a minimally invasive endoscopic 
option, increasingly offered as an alternative to 

PTBD for biliary decompression when conven-
tional ERCP fails. In comparison with PTBD, a 
recent meta-analysis found that EUS-BD had 
better clinical success, fewer adverse events, and 
a lower rate of re-intervention [62]. EUS-BD has 
evolved over the last 20 years and encompasses 
three main techniques: EUS-guided biliary ren-
dezvous (Fig.  26.9a–d), EUS-guided choledo-
choduodenostomy (extrahepatic bile duct 
drainage), and EUS-guided hepaticogastrostomy 
(intrahepatic bile duct drainage).

To perform EUS-guided biliary rendezvous 
(EUS-RV), the echoendoscope is advanced to 
either the duodenum to puncture the extrahepatic 

c d

a b

Fig. 26.9 EUS-guided biliary rendezvous procedure. (a) 
The bile duct is identified and punctured under EUS- 
guidance. Following access, a cholangiogram can be 
obtained and a guidewire is passed antegrade into the dis-
tal bile duct, through the major papilla and ultimately 
coiled in the duodenum. (b) The echoendoscope is 
exchanged for a duodenoscope. The duodenoscope is 

passed into the small bowel and the guidewire is located. 
(c) The guidewire is grasped and retrieved through the 
working channel of the duodenoscope allowing for con-
ventional retrograde interventions. (d) Retrograde place-
ment of a fully covered self-expandable metal stent across 
a benign distal bile duct stricture using the rendezvous 
technique

26 Non-operative Approaches to the Biliary Tree



358

biliary duct, or the stomach to puncture a left 
intrahepatic bile duct. After confirmation of 
access (i.e., bile aspiration and contrast injec-
tion), a guidewire is passed through the EUS- 
FNA needle into the biliary system with the goal 
of traversing the ampulla and coiling in the duo-
denum. Following placement of the “rendez-
vous” guidewire, the echoendoscope is removed 
leaving the guidewire in place. A duodenoscope 
is then passed transorally in parallel to the 
 guidewire and into position within the second 
portion of the duodenum. The bile duct may then 
be cannulated alongside the “rendezvous” guide-
wire, or the guidewire can be grasped and with-
drawn through the working channel of the 
duodenoscope to allow for device/accessory pas-
sage over the grasped “rendezvous” guidewire 
[63].

For EUS-guided choledochoduodenostomy 
(EUS-CDS), the echoendoscope is positioned in 
the duodenal bulb and the CBD is punctured with 
an EUS-FNA needle. After confirmation of nee-
dle location, the tract between the duodenum and 
extrahepatic bile duct is dilated using mechanical 
dilation (i.e., rigid graduated dilating catheters, 
dilation balloon) or electrocautery (i.e., electro-
cautery enhanced LAMS, cystotome) or a combi-
nation of the two modalities. Finally, a FCSEMS 
or LAMS, depending on the chosen approach, is 
placed to create an anastomosis between the 
CBD and the duodenum.

For EUS-guided hepaticogastrostomy (EUS- 
HGS), the echoendoscope is positioned in the 
stomach to identify a left intrahepatic biliary 
radicle. An EUS-FNA needle is then used to 
puncture the bile duct, aspirate bile to confirm 
location, and inject contrast to obtain a cholan-
giogram. Similar to choledochoduodenostomy, 
the tract is dilated using a variety of devices, 
dependent on the endoscopist’s preference. A 
FCSEMS is placed across the tract, generally not 
less than 8 cm in length, with the distal flange in 
the left hepatic duct and the proximal flange in 
the gastric lumen. Often a plastic double-pigtail 
stent may be placed to straighten the stent and 

prevent stent migration/separation of the tract. 
This EUS-guided approach allows for immediate 
or future antegrade therapies using conventional 
ERCP techniques (i.e., balloon dilation or 
FCSEMS placement across a distal bile duct 
stricture, stone fragmentation with lithotripsy 
devices followed by stone removal, etc.). 
Uncommonly, antegrade therapies may be per-
formed without formal creation of a hepaticogas-
trostomy tract. This less common technique 
involves passage of a guidewire into the biliary 
system followed by over-the-guidewire tract dila-
tion using a rigid graduated catheter or balloon 
dilator. Antegrade therapy, most commonly a 
FCSEMS across a distal bile duct stricture, can 
then be performed without creation of an anasto-
mosis. This idea relies on the premise that bile 
will flow in the path of least resistance (i.e., 
through the bile duct stent) and not out the site of 
puncture/access [64]. The technical success rate 
for the EUS-antegrade approach (77%) is less 
than other EUS-guided biliary drainage 
(EUS-BD) techniques, owing to the difficulty of 
guidewire passage and stent delivery from an 
intrahepatic access site to traverse an area of 
obstruction [56].

Lastly, and less commonly, EUS-guided gall-
bladder drainage (cholecystoenterostomy) can be 
used to decompress the biliary system, assuming 
the cystic duct is patent and above the level of 
obstruction [65]. This approach is as described 
above for the non-surgical management of acute 
cholecystitis. When this technique is used for 
biliary drainage, it is often in the setting of malig-
nant distal bile duct obstruction with failed ERCP 
[66].

The cumulative technical success rate of 
EUS-BD has been reported around 90–95%, with 
a clinical success rate of 90–95%, and adverse 
event rate of 15–23% [67, 68]. Adverse events 
include bleeding (4%), bile leak (4%), pneumo-
peritoneum (3%), stent migration (2.7%), and 
cholangitis (2.4%). In terms of comparing the 
EUS-BD methods, EUS-CDS and EUS-HGS 
have been found to have equal efficacy and safety, 
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with nearly identical technical success rates [69]. 
These methods are generally superior to EUS-RV, 
which has an overall success rate of 80% and 
adverse event rate of 15% [63]. In the context of 
currently available literature, there is no optimal 
EUS-BD approach. Rather, the endoscopist must 
factor in the clinical circumstance and individual 
anatomy (e.g., level of obstruction, degree of 
duct dilation, surgical alteration) as well as the 
goals of the procedure when choosing the appro-
priate EUS-BD therapy [70].

 Biliary Access in Surgically-Altered 
Anatomy

Surgically-altered gastrointestinal anatomy may 
result in anatomic changes that make endoscopic 
access to the biliary tree technically difficult or 
impossible. These include gastric resections (e.g., 
Billroth II gastrectomy), bypass procedures or 
weight loss operations (e.g., Roux-en-Y gastric 
bypass [RYGB], loop gastrojejunostomy, duode-
nal switch with biliopancreatic diversion), pan-
creatic resections (e.g., Whipple 
pancreaticoduodenectomy), or biliary drainage 
surgeries (e.g., Roux-en-Y hepaticojejunostomy 
or choledochojejunostomy). Depending on the 
length of the Roux limb in resection surgeries, a 
duodenoscope or forward-viewing endoscope 
may be able to reach the major papilla to allow 
for “conventional” ERCP. However, in patients 
with RYGB anatomy or a long Roux limb, this is 
usually not feasible. There are three major endo-
scopic approaches for biliary interventions in 
patients with surgically-altered anatomy when 
conventional accessories cannot be utilized: (1) 
device-assisted enteroscopy ERCP, (2) 
laparoscopic- assisted ERCP, and (3) EUS- 
directed transgastric ERCP.

Device-assisted or “deep” enteroscopy per-
mits advancement of an endoscope deep into the 
small bowel by “telescoping” the small-bowel 
over an overtube to bring the target closer, rather 
than relying on forward propulsion [71]. Devices 

used in practice include the single-balloon enter-
oscope, double-balloon enteroscope, and spiral 
enteroscope. In the context of Roux-en-Y anat-
omy, the enteroscope must traverse the Roux 
limb and advance into the pancreaticobiliary limb 
in order to reach the biliary orifice, at which point 
ERCP can be performed. This approach has sev-
eral limitations and has fallen out of favor at 
many institutions. First, the surgical anastomosis 
or major papilla may not be reachable. Second, 
the enteroscope—which is not designed for 
ERCP—is forward-viewing, lacks an elevator, 
and is more difficult to maneuver in the region of 
the papilla, all of which make biliary cannulation 
technically challenging. Furthermore, accesso-
ries for therapeutic interventions are limited 
because of the long length (200 cm) and small- 
diameter working channel of the enteroscopes. 
The success rate varies widely in the literature, 
with technical success rate ranging from 60–70% 
at best [72, 73].

Laparoscopic-assisted ERCP requires a sur-
geon to access the excluded gastric remnant lapa-
roscopically followed by placement of a 15-mm 
laparoscopic port. The duodenoscope can then be 
passed through the port and into position for con-
ventional ERCP. Following ERCP, surgical clo-
sure of the gastrostomy is performed; however, if 
repeat ERCP will be required (e.g., removal of 
stents, stone removal, etc.), a gastrostomy tube 
can be placed through the tract to maintain 
patency. Tract dilation may be needed prior to 
subsequent ERCP to allow scope passage. A 
major advantage of this approach is that it allows 
for concomitant cholecystectomy in the same 
operation. Very high rates of technical success, 
nearing 100%, have been reported [74]. The most 
significant limitation of the laparoscopic 
approach is the need to coordinate logistics 
between surgical and gastroenterological teams 
to perform a combined procedure [75].

Most recently, EUS-guided approaches have 
been described with equally high success rates. 
One method, EUS-directed transgastric ERCP 
(EDGE), involves the creation of a gastro- 
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gastrostomy between the gastric pouch and 
gastric remnant in patients with RYGB 
(Fig. 26.10a–d). To perform this procedure, the 
gastric remnant is located endosonographically 
from either the gastric pouch or the blind jeju-
nal pouch of the Roux limb. A 19-gauge needle 

is used to puncture the gastric remnant, which 
is then filled with dilute contrast and a coloring 
agent. Following instillation of ~500  cc of 
dilute contrast, the gastric remnant is ade-
quately distended and can serve as an endo-
sonographic target. A LAMS is then deployed 

a

c

b

d

Fig. 26.10 EUS-direct transgastric ERCP (EDGE) pro-
cedure. (a) The excluded gastric remnant is identified 
endosonographically and is punctured using a 19-g FNA 
needle. Dilute contrast is instilled to distend the gastric 
remnant. (b) Fluoroscopic image immediately after 
deployment of the lumen-apposing metal stent creating 

the gastrogastric anastomosis. (c) Endoscopic confirma-
tion of transgastric access following balloon dilation of 
the stent lumen. The mucosa of the gastric remnant can be 
visualized through the stent lumen after dilation. (d) 
Passage of the duodenoscope through the lumen-apposing 
metal stent to perform conventional ERCP

K. D. Platt and R. J. Law



361

into the gastric remnant using a cautery-
enhanced catheter, either over a guidewire or 
using a freehand technique, thereby creating a 
gastrogastric or jejunogastric anastomosis. 
Subsequently, the LAMS can then be balloon 
dilated to allow for passage of the duodeno-
scope into the gastric remnant to complete 
ERCP during the same session. Alternatively, 
in stable patients, ERCP can be deferred to a 
later date (i.e., minimum 2  weeks) to allow 
tract maturation. It should be noted that the 
single-session approach carries an increased 
risk of stent dislodgement during duodeno-
scope passage [76]. Once interventions are 
complete, the LAMS is removed at a subse-
quent procedure, and the tract can be closed via 
endoscopic suturing or placement of an over-
the-scope clip, or left to close without endo-
scopic closure. Procedural success rates with 
EDGE are >95% [73, 77]. Serious adverse 
events occur rarely in expert hands, and include 
stent migration, perforation, bleeding, and 
chronic fistulization with risk of weight regain. 
EDGE is becoming the preferred procedure at 
centers with expertise in therapeutic EUS and 
ERCP, as it confers many advantages including 
high success rates, low rates of serious adverse 
events, cost-effectiveness, and the ability to 
use a standard duodenoscope and accessories 
[78–80].

An alternative EUS-guided approach is EUS- 
HGS, as described above. Therapeutic interven-
tions can be performed in an antegrade fashion 
as necessary (i.e., stricture dilation and stent 
placement, stone removal, etc.). Similar to 
EDGE, interventions can be performed during 
the index procedure or in subsequent staged 
procedures. Recent studies have reported suc-
cess rates over 90% with an acceptable adverse 
event rate [81, 82]; however, this approach is 

limited by the need for a sufficiently dilated 
intrahepatic duct and the availability of techni-
cal expertise.

Finally, percutaneous transhepatic biliary 
drainage (PTBD), as described above, is also an 
option; however, this approach requires an exter-
nal drainage catheter and is associated with the 
limitations previously mentioned. Ultimately, the 
procedural approach depends on the clinical sce-
nario and local expertise.

 Section 2: Bile Leaks and Bile Duct 
Injury

 Introduction

Bile duct injury (BDI) is a rare and dreaded 
adverse event of cholecystectomy, which is 
associated with significant morbidity and mor-
tality. While the incidence of BDI has increased 
in the laparoscopic era, it remains low at 
approximately 0.5%, ranging in severity from 
minor bile leaks to complete bile duct transec-
tion [83, 84]. While the majority of BDIs can 
be treated with endoscopic interventions, some 
require surgical repair. Prompt recognition of 
BDI and involvement of a multidisciplinary 
team including hepatobiliary surgeons, inter-
ventional endoscopists, and interventional 
radiologists is essential to optimize outcomes 
[85]. In terms of endoscopic management, the 
most important factor is whether or not there is 
continuity of the injured bile duct with the 
CBD.  While various classification schemata 
have been proposed to guide management deci-
sions (Fig.  26.11a–c), the Strasberg system 
remains the most popular and widely used 
(Table 26.2) [86].
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c

a b

Fig. 26.11 Near-complete bile duct transection. (a) 
Cholangiography demonstrating near-complete clip tran-
section of the common bile duct at the level of the cystic 
duct insertion. No contrast extravasation is seen and the 
common hepatic duct and intrahepatics opacify suggest-

ing partial connection to the distal common bile duct. (b) 
Balloon dilation across the site of clip transection. (c) 
Placement of two plastic common bile duct stents to 
recanalize the bile duct thus promoting antegrade bile 
drainage and prevent the need for surgical intervention
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Table 26.2 Strasberg classification of bile duct injury

Strasberg classification Definition Frequency Treatment
Leak from the cystic 
duct or duct of 
Luschka

45–85%
75% from 
cystic duct 
stump
10% from 
the ducts of 
Luschka

ERCP

Ligated sectoral 
duct

1% Communication 
with CBD 
branches: ERCP
No 
communication 
with CBD 
branches: 
Surgery

Leak from 
non-ligated sectoral 
duct

1% Communication 
with CBD 
branches: ERCP
No 
communication 
with CBD 
branches: 
Surgery

(continued)
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Table 26.2 (continued)

Strasberg classification Definition Frequency Treatment
Side wall injury to 
the common hepatic 
duct or CBD

2% ERCP is the 
preferred therapy 
unless there is a 
significant loss 
of duct 
warranting 
surgical 
intervention

Complete bile duct 
transection or 
circumferential 
(>50% of 
circumference) 
injury of larger bile 
duct)
E1: Injury >2 cm 
from junction of the 
right and left 
hepatic duct
E2: Injury <2 cm 
from junction of the 
right and left 
hepatic duct
E3: Stenosis or 
section at junction 
of right and left 
hepatic ducts
E4: Stenosis or 
section A
E5: Type C injury 
plus injury of the 
main bile duct 
below the junction 
of the hepatic ducts

E: 15–49%
E1: 15%
E2: 18%
E3: 7%
E4: 8%
E5: 1%

Generally 
surgery, unless 
continuity is 
maintained

Strasberg SM, Hertl M, Soper NJ. An analysis of the problem of biliary injury during laparoscopic cholecystectomy. J 
Am Coll Surg. 1995;180(1):101–125; Pitt HA, Sherman S, Johnson MS, Hollenbeck AN, Lee J, Daum MR, Lillemoe 
KD, Lehman GA.  Improved outcomes of bile duct injuries in the 21st century. Ann Surg. 2013 Sep;258(4):490–9; 
Abbas A, Sethi S, Brady P, Taunk P. Endoscopic management of postcholecystectomy biliary leak: When and how? A 
nationwide study. Gastrointest Endosc. 2019 Aug;90(2):233–241
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 Bile Leak

The majority of biliary leaks are not detected dur-
ing surgery, with patients typically presenting 
post-operatively within the first 2 weeks. Typical 
signs and symptoms include abdominal pain, dis-
tention, fever, and jaundice [87, 88]. Patients may 
be prone to clinical deterioration due to peritoni-
tis and sepsis. While ultrasound or CT scan may 
depict fluid collections and/or other suggestive 
findings, these imaging modalities may be unable 
to identify leaks. Cholescintigraphy (HIDA) has 
a high accuracy for the detection of bile leaks; 
however, its utility for locating the site of ductal 
injury and thus planning treatment is limited by 
poor spatial resolution. MRCP is the best non- 
invasive imaging modality as it provides excel-
lent delineation of the biliary anatomy. 
Cross-sectional imaging can also be helpful in 
identifying associated vascular injury.

ERCP has become both the preferred diagnos-
tic and treatment modality for clinically signifi-
cant post-cholecystectomy bile leaks (Fig. 26.12a, 
b). It can characterize the site of the leak in >95% 
of cases and leads to effective healing in >90% of 
cases [89]. Bile leaks may be classified into two 
grades based on cholangiography. If extravasa-
tion is detected prior to filling of the intrahepatic 
ducts, it is classified as high-grade; if the leak is 
detected after filling of the intrahepatic ducts, it 
is deemed low grade [88].

The goal of therapy is to eliminate the trans-
papillary pressure gradient, thereby promoting 
preferential flow of bile into the duodenum and 
allowing the leak site to heal [90]. This can be 
achieved through a variety of endoscopic tech-
niques, of which biliary sphincterotomy, biliary 
stenting, or a combination of both techniques are 
most commonly used [40]. A recent retrospective 
review of over 1000 patients suggested that stent 

a b

Fig. 26.12 Postcholecystectomy bile leak. (a) 
Extravasation of contrast at the cystic duct stump follow-
ing cholecystectomy. (b) The common hepatic duct and 

intrahepatics can only be opacified with contrast with 
injection above the leak site, consistent with a high-grade 
bile leak
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placement alone (failure rate 4%) or combination 
therapy (failure rate 3%) were superior to sphinc-
terotomy alone (failure rate 11%) [91].

In clinical practice, most endoscopists per-
form sphincterotomy with placement of a short 
(i.e., <7  cm) 10 Fr plastic stent. This approach 
can be applied to most bile leaks. In cases where 
there is a leak from a branch of the hepatic duct, 
placement of a longer and possibly smaller cali-
ber stent which traverses the leak site should be 
considered. Placement of a FCSEMS should be 
considered for high-grade leaks or leaks second-
ary to large disruption of the CBD wall [92]. Data 
are limited regarding the optimal approach, and 
thus, the choice of endoscopic intervention is 
often made based on several factors, such as loca-
tion and grade of the leak, presence of concomi-
tant bile duct stones, and individualized patient 
considerations (i.e., use of antithrombotic agents, 
etc.).

Stents are left in place for approximately 4–6 
weeks, at which point ERCP is repeated to 
remove the stent and determine if the leak has 
resolved. Of note, if a percutaneous drain was 
placed as part of management of the bile leak, the 
drain should be removed, or the output should be 
<10  mL/day, prior to biliary stent removal. In 
cases of refractory bile leak (i.e., persistent leak 
on cholangiography or persistent high output per-
cutaneous drainage), rescue endoscopic options 
include the following: placement of a stent which 
bridges the leak site, placement of multiple plas-
tic stents, or placement of a FCSEMS, with data 
suggesting that FCSEMS are superior [92–94].

In the setting of complete transection of the 
bile duct (Strasberg E), the treatment of choice 
has traditionally been surgical hepaticojejunos-
tomy, given biliary discontinuity. However, in 
select cases, recanalization of the bile duct may 
be feasible with a percutaneous-endoscopic ren-
dezvous procedure [95]. A recent retrospective 

review of 47 patients undergoing this rendezvous 
procedure found a primary success rate of 94%, 
with procedure-related adverse events occurring 
in 18% of patients, none of which were life- 
threatening. Rendezvous was the final successful 
treatment in 55% and served as a bridge to sur-
gery in 30% [96].

 Biloma

A bile leak may result in the formation of a 
biloma. While the majority of bilomas will 
resolve spontaneously, up to 20% will require 
drainage due to clinically significant symptoms 
such as abdominal pain, nausea, vomiting, gastric 
outlet obstruction, or abscess formation [86]. 
Percutaneous drainage remains the treatment of 
choice for most patients [97]; however, if the 
biloma is close to the gastric or duodenal wall, it 
may be drained via EUS-guided drainage [98].

 Biliary Stricture

Post-operative injuries can result in biliary stric-
tures, which often present much later than biliary 
leaks (median of 2 months). This delayed presen-
tation is usually a result of ischemic injury with 
resultant fibrosis [99]. Patients typically present 
with signs of biliary obstruction, namely jaun-
dice, cholestatic liver biochemistries, and biliary 
dilation on imaging.

Endoscopic treatment involves stricture dila-
tion and serial placement of multiple plastic 
stents until stricture resolution (often over 
12 months), with exchanges approximately every 
3  months [100–102]. Alternatively, FCSEMS 
appear to have excellent efficacy and require less 
frequent exchanges (Fig. 26.13a, b) [91]. When 
using FCSEMS, the stent should be left in place 
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a b

Fig. 26.13 Distal common bile duct stricture. (a) 
Cholangiogram images showing a refractory distal com-
mon bile duct stricture in the setting of chronic pancreati-

tis. (b) Placement of a fully covered self-expandable 
metal stent into the distal bile duct

for a minimum of 3 months to treat the stricture. 
In rare cases, biliary strictures refractory to endo-
scopic therapy may require surgical biliary 
bypass.

 Conclusion

Non-operative interventions are valuable tools in 
the management of biliary diseases and bile duct 
injuries. In patients unfit for surgery, endoscopic 
and/or percutaneous procedures may serve as pri-
mary treatment modalities or as a bridge to future 
surgical intervention. Recent advances in endo-
scopic tools and techniques, particularly EUS- 
guided interventions, have greatly enhanced the 
armamentarium. The increasing complexity of 
patients and therapies alike underscore the impor-
tance of multidisciplinary and team-based care.
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27Acute Urologic Emergencies

Niels V. Johnsen and Hunter Wessells

 Introduction

Acute surgical emergencies involving the genito-
urinary tract may arise from a multitude of fac-
tors. However, exclusive of traumatic injuries, 
these emergencies are most commonly due to 
infectious or obstructive etiologies. Specifically, 
while both urinary tract obstruction and infection 
alone can be problematic for patients, the combi-
nation of the two can be particularly life- 
threatening and immediate intervention is often 
required to achieve appropriate urinary drainage, 
source control, and targeted antimicrobial ther-
apy. Furthermore, the genitalia are particularly at 
risk for necrotizing soft-tissue infections that 
require prompt evaluation, diagnosis, and aggres-
sive surgical debridement to avoid significant 
morbidity or mortality. Herein, the evaluation, 
diagnosis, and management of patients with 
acute surgical emergencies related to the genito-
urinary system will be reviewed. For organiza-
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Case Report
A 63-year-old man with a history of poorly 
controlled diabetes and coronary artery dis-
ease presents to the emergency room with a 
2-day history of fevers, fatigue, and scrotal 
pain. Laboratory evaluation shows a 
marked leukocytosis with associated hypo-
natremia and lactic acidosis. Physical 
examination reveals significant edema and 
erythema of the scrotum with palpable 
crepitus and a 4-cm eschar on the inferior 
surface. The patient was hemodynamically 
stable and, thus, brought for cross-sectional 
imaging that revealed diffuse genital soft- 
tissue infection with associated subcutane-
ous emphysema. He was initiated on 
broad-spectrum antibiotics and brought 
urgently to the operating room for exten-
sive tissue debridement of the scrotum, 
perineum, and gluteal regions. Following 

debridement, he required prolonged vaso-
pressor support and ICU-level care until 
the entirety of infected and necrotic tissue 
was able to be fully debrided in two subse-
quent procedures. Long-term wound care 
and closure plans were then initiated.
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tion purposes, disease processes will be presented 
by region of the genitourinary system affected.

 Upper Urinary Tract

 Upper Tract Obstruction

The upper urinary tract is comprised of paired 
kidneys and their accompanying drainage sys-
tem: the renal pelvis and ureter. Obstruction of 
urinary drainage can be the result of intrinsic, 
extrinsic, or congenital causes and lead to the 
severe, paroxysmal pain associated with renal 
colic. The clinical presentation of upper urinary 
tract obstruction can be variable due to differ-
ences in the degree and chronicity of obstruction. 
The pain present in acute obstruction results from 
distension of the proximal segment of the 
obstructed system and is often referred to the 
flank, costovertebral angle, ipsilateral groin or 
lower quadrant, and/or scrotum. This pain is not 
improved by changes in positioning and is often 
accompanied by significant nausea and vomiting 
due to the concomitant passage of afferent nerve 
fibers from the renal pelvis and proximal ureter 
along the course of the vagus nerve. Conversely, 
long-standing chronic obstruction is often 
entirely asymptomatic in the absence of associ-
ated upstream infection.

While the symptoms and history of renal colic 
are often pathognomonic for upper urinary tract 
obstruction, numerous other diseases involving 
other organ systems should be included in the ini-
tial differential diagnosis (Table  27.1). 
Gynecologic, gastrointestinal, adrenal, and vas-
cular etiologies should be specifically considered 
and appropriately evaluated even in the presence 
of apparently straightforward renal colic. Disease 
processes such as ectopic pregnancy, diverticuli-
tis, pancreatitis, appendicitis, and aortic dissec-
tion can all be mistaken for acute renal colic and 
thus be mismanaged if the diagnosis is not 
verified.

The most common etiology of renal colic in 
an otherwise healthy individual is obstruction 
due to urolithiasis, and this should be high on 
one’s differential diagnosis list when evaluating 

the acute patient. Other common causes include 
upper tract urothelial cancer, congenital ure-
teropelvic junction obstruction, ureteral stric-
ture, and extrinsic ureteral compression due to 
retroperitoneal tumors or retroperitoneal 
fibrosis.

 Evaluation
Initial evaluation should include an in-depth his-
tory and physical examination. In particular, a 
history of prior urolithiasis is a significant predic-
tor of recurrent stone formation, with first-time 
stone formers having an approximately 50% risk 
for recurrence in the subsequent 10  years [1]. 
Patients with histories of stones and prior stone 
procedures are also at risk for obstruction due to 
stricture formation within the ureter from prior 
ischemic injury, which can present with identical 

Table 27.1 Primary differential diagnosis of acute flank 
pain

Urologic
Ureteral calculi
Urothelial malignancy
Ureteropelvic junction obstruction
Ureteral stricture
Extrinsic obstruction of ureter
Pyelonephritis
Renal/perinephric abscess
Clot obstruction
Polycystic kidney disease
Adrenal hemorrhage
Gastrointestinal
Cholecystitis
Appendicitis
Pancreatitis
Peptic ulcer disease
Diverticulitis
Inflammatory bowel disease
Volvulus
Gynecologic
Ectopic pregnancy
Ovarian torsion
Endometriosis
Vascular
Abdominal aortic aneurysm
Aortic dissection
Renal/iliac artery aneurysm
Renal vein thrombosis
Renal artery embolus
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symptoms as an acute stone episode. Patients 
may also have other medical histories that put 
them at particular risk for stone formation. These 
include prior weight-loss surgeries, malignancy, 
and urinary or fecal diversion, as well medica-
tions such as protease inhibitors or the anti- 
epileptic topiramate [2–6].

Laboratory evaluation at initial presentation 
includes urinalysis, routine basic metabolic 
panel, and a complete blood count. One primary 
decision point in the initial evaluation of a patient 
with suspected upper urinary tract obstruction is 
the determination of concomitant infection. 
Patients with obstruction and infection are at sig-
nificant risk for developing bacteremia and sep-
sis, and this should be considered a surgical 
emergency. Patients with unilateral renal obstruc-
tion in the absence of infection may be consid-
ered for urgent intervention if severely 
symptomatic with uncontrollable pain, nausea, or 
vomiting. However, patients with unilateral 
obstruction due a stone who can be symptomati-
cally managed with oral medications and 
 hydration can often be considered for delayed 
management and allowed time to pass the offend-
ing stone. Patients with bilateral renal obstruction 
or obstruction of a solitary kidney, however, 
require immediate intervention.

Historically, patients with suspicion for 
obstruction due to urolithiasis were imaged with 
plain film KUBs, and this practice has generally 
been retired in the United States in favor for 
more definitive evaluation methods. Renal ultra-
sound is often used as a preliminary modality 
for evaluating patients with suspected nephroli-
thiasis and has been shown in a large, multi-
center randomized trial to decrease unnecessary 
computed tomography (CT) scan usage and 
limit unnecessary radiation exposure, without 
significantly impacting patient outcomes [7]. 
However, while ultrasounds may show evidence 
of hydronephrosis supporting a diagnosis of 
upper tract obstruction, this imaging modality 
has relatively poor sensitivity for identifying 
ureteral calculi as the obstructive etiology in 
particular, which may lead to delays in diagno-
sis and even to unnecessary further imaging [8]. 
Non-contrast abdominal CT scans are generally 

the most frequently used diagnostic imaging 
tool available, with reported sensitivities and 
specificities for detecting ureteral stones of 
94–100% [9]. CT allows for identification and 
localization of multiple potential obstructive 
etiologies, as well as visualization of secondary 
findings such as forniceal rupture, edema, or 
perinephric stranding.

 Management
Indications for acute surgical management for 
patients with upper urinary tract obstruction are 
based on symptoms and concern for infection. As 
previously stated, bilateral renal obstruction or 
any degree of obstruction in the presence of asso-
ciated urinary tract infection or signs of systemic 
inflammatory response (SIRS) are indications for 
emergent intervention. Similarly, fever, anuria, 
obstruction of a transplanted or solitary kidney, 
or intractable pain and vomiting are all indica-
tions for intervention. The goals of urgent inter-
vention are to relieve the obstruction, protect 
renal function, and facilitate drainage of infected 
urine. Also of importance is the obtaining of a 
urine sample from proximal to the obstruction to 
send for culture to ensure that targeted antibiotics 
can be provided.

There are two options for acute intervention 
for renal colic and upper urinary tract obstruc-
tion, with the primary goal of simply obtaining 
appropriate drainage and returning in a delayed 
fashion for definitive treatment of the obstruc-
tion. Cystoscopy and retrograde stent placement 
are the standard first-line management options 
and are appropriate in all but the most severely ill 
patients. While this procedure routinely involves 
a general anesthetic which may be associated 
with increased risk in some patients, some pro-
viders have recently advocated for performance 
of this procedure bedside in awake patients using 
just local anesthesia in order to minimize time 
delays of going to the operating room or potential 
risks associated with anesthesia [10]. These 
authors found that bedside placement was suc-
cessful in 71% of patients and may serve a role in 
expediting decompression in certain patients.

In more severely ill patients, or in those in 
which retrograde attempts to place a stent are 
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unsuccessful, referral to interventional radiology 
for a percutaneous nephrostomy tube is appropri-
ate. Potential benefits of a percutaneous nephros-
tomy tube include expeditious drainage of the 
obstructed kidney and the ability to be placed 
under ultrasound or fluoroscopic guidance with 
only local anesthesia, thus avoiding the potential 
risks associated with a general anesthetic. 
However, unlike an indwelling ureteral stent 
which drains the kidney into the bladder, a neph-
rostomy tube requires an externalized drainage 
bag that the patient must carry and maintain until 
he or she obtains definitive treatment of the 
obstruction.

 Special Considerations

Ureteropelvic Junction Obstruction
Ureteropelvic junction (UPJ) obstruction rep-
resents a unique form of urinary tract obstruc-
tion often triaged in the emergency department. 
This condition is often congenital and usually 
presents during infancy or childhood, but may 
progress undiagnosed into adulthood. Adult 
patients  presenting with acute renal colic and 
imaging consistent with isolated UPJ obstruc-
tion in the absence of prior urologic instrumen-
tation or procedures often have congenital UPJ 
obstructions that went undiagnosed during 
childhood. These patients frequently present 
with a syndrome of severe flank pain, nausea, 
and vomiting that is intermittent and often pre-
ceded by excessive fluid or diuretic intake. 
This syndrome, known as Dietl’s crisis, is due 
to a rapid dilation of the renal pelvis with large 
volume diuresis, but an inability to rapidly 
excrete this fluid due to obstruction at the level 
of the junction to the proximal ureter. Contrary 
to many other etiologies of acute renal colic, 
patients with congenital UPJ obstruction often 
do not require immediate surgical intervention, 
as their pain often resolves as their hydration 
status equilibrates. However, for patients with 
intractable symptoms, either a nephrostomy 
tube or a ureteral stent may be used for man-
agement, although a nephrostomy tube is often 
preferred by urologists prior to eventual 
reconstruction.

Renal Colic in Pregnancy
One special scenario that warrants mention is 
renal colic in pregnancy, which is one of the top 
non-obstetric causes for hospital admission in 
pregnant women [11]. While relatively rare, this 
situation presents unique diagnostic and thera-
peutic difficulties that require special consider-
ation. Pregnant women are at high risk for 
developing physiologic hydroureteronephrosis 
during pregnancy due to three primary causes: 
dextrorotation of the uterus causing ureteral com-
pression, reduced ureteral peristalsis due to pro-
gesterone effects, and increased glomerular 
filtration leading to increased urine volumes [12]. 
As such, women presenting with acute flank pain 
should be evaluated for urolithiasis, but care 
should be taken to ensure that there is an identifi-
able obstructing offender, as these women often 
have physiologic hydroureteronephrosis that can 
ultrasonically or radiographically appear as acute 
obstruction.

In pregnant women with concern for acute 
renal colic, appropriate diagnosis and manage-
ment are paramount, as renal colic has been asso-
ciated with preterm rupture of membranes and 
preterm delivery [13]. Renal ultrasound has been 
considered the first-line diagnostic tool given the 
low cost and lack of radiation exposure to the 
fetus, but overall has low sensitivity in identify-
ing ureteral calculi and interpretation can be 
influenced by the degree of physiologic upper 
urinary tract dilation present [14]. Magnetic reso-
nance urography (MRU) has emerged as a highly 
touted second-line imaging modality due to the 
lack of ionizing radiation, with numerous studies 
failing to identify negative effects of MRU on 
developing fetuses [15, 16]. CT without contrast 
remains superior to MR in detection of ureteral 
calculi and remains the most definitive evaluation 
tool for renal colic in pregnant patients suspected 
of having urolithiasis. Nonetheless, CT is gener-
ally avoided in the first trimester and is only rec-
ommended in patients with unclear pathology 
and only after consultation between urology, 
obstetrics, and radiology to determine risks ver-
sus benefits for that particular patient.

Management of urinary tract obstruction in 
pregnant patients has other unique considerations. 
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For pregnant patients with urolithiasis and well-
controlled symptoms, observation should be first-
line management. Observation is often performed 
in conjunction with medical expulsive therapy, 
which consists of pharmacologic treatment with an 
oral alpha blocker such as tamsulosin to hasten 
stone passage. However, women should be coun-
seled that although the use of alpha blockers in 
pregnancy has not been rigorously evaluated, initial 
studies suggest that they are safe [17]. For patients 
not appropriate for conservative management, ini-
tial management with either a ureteral stent or a 
nephrostomy tube, or immediate endoscopic treat-
ment of offending stones in the absence of infec-
tion, is appropriate [18]. However, pregnant women 
are at high-risk for encrustation of both stents and 
nephrostomy tubes and may require frequent 
replacement throughout the course of pregnancy 
until treatment of the obstruction is undertaken. 
Thus, for stable women in their second trimester, 
once infection has been treated or ruled out, defini-
tive ureteroscopic laser treatment of urolithiasis is 
recommended to limit risks of stent encrustation 
and to minimize multiple anesthetic trips to the 
operating room for stent exchanges.

 Renal and Perinephric Abscesses

Renal abscesses, also sometimes referred to as 
renal carbuncles, are an uncommon secondary 
infection following acute pyelonephritis [19]. 
These lesions represent localized collections of 
purulent fluid confined to the renal parenchyma 
and are most commonly due to the same gram- 
negative bacteria often responsible for pyelone-
phritis [20]. Prior to the current widespread use 
of antibiotics, however, the majority of renal 
abscesses were due to hematogenous spread of 
gram-positive bacteria from non-urinary sources. 
While hematogenously spread abscesses are still 
occasionally encountered, these are most often 
identified in patients with a history of intravenous 
drug use and immunosuppression. Similarly, for-
mation of a renal abscess in an otherwise immu-
nologically intact individual is relatively rare, 
with 30–50% of cases occurring in patients with 
diabetes mellitus [19–21].

Perinephric abscesses differ from renal 
abscesses in that they are not completely con-
tained to the renal parenchyma and often repre-
sent renal abscesses that have ruptured and spread 
within Gerota’s fascia. As such, they have a simi-
lar etiology to renal abscesses and are most often 
due to ascending gram-negative bacteria, 
although they too can be due to hematogenous 
spread of gram-positives as well. Furthermore, 
both renal and perinephric abscesses are rela-
tively uncommon in healthy and anatomically 
normal individuals and most often occur in 
patients with recent instrumentation, obstruction, 
or injury. These lesions can also be found in indi-
viduals with large staghorn renal calculi, vesico-
ureteral reflux, distal ureteral obstruction, or 
polycystic kidney disease [22].

Clinical presentation of renal or perinephric 
abscesses is generally indistinguishable from 
acute pyelonephritis, with flank pain, fever, 
chills, fatigue, and malaise. Large perinephric 
abscesses may cause upper quadrant pain or even 
present with associated empyema. However, 
many patients will present with a history of recent 
similar symptomatology with failure to improve 
despite appropriate antibiotics, as these lesions 
often progress from simple pyelonephritis. As 
such, clinical suspicion for a potential abscess 
should be high in any patient with persistent 
symptoms despite previous antibiotic treatment 
or a rapid recurrence of symptoms after 
treatment.

 Evaluation
Laboratory evaluation will often show a leukocy-
tosis; however, urinalysis and urine culture may 
in fact be negative, especially if the patient’s pre-
disposing pyelonephritis has previously been 
treated with antibiotics or if hematogenous 
spread is suspected. Blood cultures, on the other 
hand, may be positive in patients with possible 
hematogenous spread and should be obtained at 
presentation for any patient with SIRS or history 
concerning for intravenous drug use.

Patients with suspected renal or perinephric 
abscesses require imaging to determine the 
diagnosis as well as to guide management. 
Ultrasonography has a limited role, but may help 
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Fig. 27.1 CT images showing multifocal left renal abscess (a), left perinephric abscess with expansion into Gerota’s 
fascia (b), right emphysematous pyelitis (c), and left emphysematous pyelonephritis (d)

identify a fluid-filled cavity in the renal cortex or 
perirenal space. Contrast-enhanced CT remains 
the gold standard for identifying and diagnosing 
renal and perinephric abscesses (Fig. 27.1). These 
images can definitively diagnose a rim- enhancing, 
low-density lesion on or around the kidney, as 
well as any evidence of locoregional invasion and 
involvement of surrounding structures including 
the psoas muscle. Also often identified with con-
trast-enhanced CT is lobar nephronia, a term uti-
lized by radiologist to identify a hypodense region 
of the kidney suggestive of infection with possible 
progression to a renal abscess, but without lique-
faction and rim enhancement.

 Management
Management of patients with renal and perineph-
ric abscesses depends on size and associated 
symptoms. All patients should be initiated on 
appropriate broad-spectrum antibiotics at presen-
tation based on clinical suspicion. If a urinary 
source is suspected, gram-negative coverage is 
required. For patients at risk for hematogenous 
spread from intravenous drug use, gram-positive 
coverage including coverage for methicillin- 
resistant Staphylococcus with vancomycin is 
often required. Therapy should then be directed 
to the causative organism once culture data are 
available.
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Determining the size of the lesion is vital, as 
abscesses larger than approximately 3–5  cm 
have been shown to respond poorly to intrave-
nous antibiotics alone and require CT or 
ultrasound- guided percutaneous drainage [23–
25]. Once appropriate source control is 
obtained, patients can generally be transitioned 
to culture-specific oral antibiotics for 
2–4  weeks. In select cases, however, where 
severe anatomic abnormalities such as a non-
functioning kidney or a large staghorn calculus 
are present, or where percutaneous drainage is 
either not possible or ineffective, open surgical 
debridement and possible nephrectomy may be 
warranted, although in contemporary series 
this has been infrequently reported [19]. 
Follow-up imaging is recommended in patients 
who fail to clinically progress, as well as to 
confirm that loculated collections have been 
completely drained prior to drain removal and 
cessation of antimicrobials.

 Emphysematous Pyelonephritis

Emphysematous pyelonephritis represents a 
potentially life-threatening urologic emergency 
that requires prompt intervention. This disease 
process results from necrotizing infection of the 
renal parenchyma due to gas-forming bacterial 
infections and occurs almost exclusively in dia-
betic patients who have poor tissue perfusion and 
urinary obstruction [26–28]. The most common 
bacterial offenders include E. coli, Klebsiella, 
and Proteus, as well as Clostridium.

 Evaluation
Patients present with clinical findings similar 
to both acute pyelonephritis and renal or peri-
nephric abscesses with flank pain, fever, chills, 
and malaise. Diagnosis is confirmed by the use 
of CT that identifies the presence of air within 
the parenchyma of the kidney. This should not 
be confused with air within the collecting sys-
tem (emphysematous pyelitis), which is a much 
less serious condition that can be treated 
as  pyelonephritis with antibiotics alone 
(Fig. 27.1).

 Management
Management consists of early initiation of broad- 
spectrum antibiotics, tight blood glucose control, 
and supportive care. Traditionally, this diagnosis 
has represented a true surgical emergency and 
has been treated with immediate open drainage 
and nephrectomy; however, more contemporary 
series have reported excellent management with 
antibiotics and percutaneous drainage alone [29–
31]. A systematic review found that patients 
treated with antibiotics alone had a 50% mortal-
ity rate, while those treated with antibiotics plus 
nephrectomy had a 25% mortality rate and those 
treated with antibiotics plus percutaneous drain-
age a 13.5% mortality rate [31]. However, 
patients not treated with immediate nephrectomy 
should be carefully monitored and undergo surgi-
cal drainage and nephrectomy if the infection 
fails to resolve or patients fail to improve clini-
cally. There are no standardized guidelines as to 
the duration of antibiotics, but treatment courses 
similar to those for percutaneously drained 
abscesses (2–4  weeks) have been regularly 
utilized.

 Spontaneous Retroperitoneal 
Hematoma

Acute, nontraumatic spontaneous retroperitoneal 
hematoma (SRH) is a relatively rare entity and 
usually occurs secondary to either vascular rup-
ture of an underlying pathologic lesion or a sys-
temic coagulopathy. While patients often present 
with acute flank or truncal pain, many present in 
a delayed fashion in acute hemorrhagic shock 
due to significant blood loss into the retroperito-
neal space [32]. As such, this entity has the poten-
tial for significant morbidity and even mortality if 
the diagnosis is missed or inappropriately 
managed.

Patients with known bleeding diathesis or 
those on anticoagulation are at particular 
increased risk for SRH. Prior reports have sug-
gested that up to 6.6% of patients on heparin and 
0.6% of patients on warfarin are at risk for SRH; 
however, up to 15% of patients in one series of 
SRH were on no form of anticoagulation [33–
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36]. In non-anticoagulated patients, underlying 
renal lesions (both benign and malignant) have 
been reported to be the underlying cause for up to 
60% of SRH [37, 38]. For malignant lesions, 
renal cell carcinomas, sarcomas, Wilms tumors, 
and transitional cell carcinomas have all been 
reported to present with SRH [38–41]. The most 
common benign renal tumors causing SRH are 
angiomyolipomas. While the reported bleeding 
rates vary widely in the literature, patients with 
angiomyolipomas greater than 4 cm in size have 
an approximately 50% chance of presenting with 
a SRH [42]. Other potential etiologies include 
adrenal hemorrhage (particularly in critically ill 
patients), adrenal tumors, and arterio-venous 
malformations.

 Evaluation
Clinical presentation is often non-specific and 
comprised of generalized abdominal or flank 
pain that is continuous and may be associated 
with nausea or vomiting. Patients may appear 
hypovolemic with signs such as tachycardia, 
weakness, flank or abdominal bruising, palpable 
flank masses and dyspnea, as well as symptoms 
such as gross hematuria and abdominal or flank 
pain. In one series, 50% of patients presented 
with hemodynamic instability, highlighting the 
potential for significant blood volume loss with-
out external signs of bleeding [43].

The mainstay imaging modality for the diag-
nosis of SRH is CT with intravenous contrast. 
However, pregnant women and young children 
may undergo abdominal ultrasonography or 
MRI if there are concerns related to radiation 
exposure. While CT may identify an underlying 
retroperitoneal lesion if present, it is not uncom-
mon for underlying renal or adrenal masses to 
be poorly visualized in the acute hemorrhage 
phase due to the surrounding hematoma. As 
such, it is recommended to reimage in 
1–2 months after initial presentation to identify 
any potential causative lesions that may require 
further intervention. Additional clinical evalua-
tion includes serial hematocrit or hemoglobin 
testing to assess for ongoing bleeding and coag-
ulation panels to identify any potential underly-
ing coagulopathies.

 Management
The majority of patients can be managed with 
medical therapies alone, although a small propor-
tion will require either angiographic or surgical 
interventions. Medical management consists of 
volume resuscitation, blood transfusion as indi-
cated, and reversal of anticoagulation [43]. 
Patients with hypovolemic shock unresponsive to 
volume resuscitation and transfusion who have 
normalized coagulation profiles should be 
promptly referred to interventional radiology for 
radiographic evaluation and embolization. Rates 
of requiring angiographic intervention vary based 
on etiology of the SRH, but have been reported to 
be as high as 25% of patients [35, 36].

In contemporary practice, surgical interven-
tion for SRH is rare and often not indicated. 
However, for patients who fail multiple attempts 
at angiographic embolization or for patients 
being managed at centers without interventional 
radiologic capabilities, surgical intervention may 
be indicated [44]. One other notable indication 
for surgical intervention is the development of 
abdominal compartment syndrome, which 
requires decompression of the retroperitoneum in 
order to decrease abdominal pressures. In cases 
of spontaneous hemorrhage, these procedures 
may be approached through midline abdominal 
incision. While the goal is to decompress via 
removal of the hematoma and to obtain hemosta-
sis, surgeons should be prepared to perform a 
nephrectomy and/or adrenalectomy at the time of 
exploration given the difficulty in visualization 
and in obtaining appropriate vascular control in 
this setting. As previously stated, all patients with 
uncertain diagnoses as to the cause of their SRH 
require imaging follow-up as an outpatient to rule 
out associated renal, adrenal, or retroperitoneal 
lesions that could have been the cause of the ini-
tial hemorrhage.

 Bladder

 Acute Urinary Retention

The primary nontraumatic surgical emergency 
related to the urinary bladder is acute urinary 
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retention (AUR). While this can often be man-
aged with simple urethral catheter placement, the 
underlying etiology demands careful evaluation 
and management to appropriately address the 
patient’s condition. AUR can present as a sudden 
and often unrelenting pain in the pelvis due to 
distention of the urinary bladder with urine and 
an inability to expel it either due to obstruction of 
the bladder outlet or failure of the bladder to pro-
duce and sustain a detrusor contraction sufficient 
to empty. Identifying the true cause of retention 
is vital to ensure appropriate care in the acute 
setting.

The most common cause of AUR in men is 
benign prostatic hyperplasia (BPH). In this con-
dition, as the prostate grows it encroaches into 
the urethral lumen at the bladder neck and 
obstructs the flow of urine from the bladder into 
the remainder of the urethra. Patients will gener-
ally report a gradual worsening of their lower uri-
nary tract symptoms over time preceding a 
presentation of AUR.  These symptoms include 
straining to void, weak stream, nocturia, diffi-
culty initiating their stream, and post-void 
dribbling.

However, a multitude of other causes of 
retention should be on the differential diagno-
sis and require consideration when presented 
with a new patient in AUR.  Anatomic outlet 
obstruction can be due to BPH, scar tissue for-
mation at the bladder neck (bladder neck con-
tracture) or within the urethra (urethral 
stricture), stones, tumors, or prostatic inflam-
mation secondary to prostatitis or prostate 
abscess, to name a few. Acute functional 
impairment due to neurologic insult, such as 
cerebrovascular accidents, spinal cord lesions, 
or peripheral neuropathies, may also cause 
AUR and often require prompt diagnosis to 
guide further management (Table 27.2).

 Evaluation
While a detailed history is required for long-term 
management of a patient in AUR, in the emer-
gency setting this is not always warranted. 
However, patients presenting with clinical signs 
and symptoms of AUR should have a brief his-
tory taken to evaluate for potential related pathol-

ogies that could be the underlying cause. History 
of prior AUR, urethral or bladder procedures, 
genitourinary malignancy, diabetes mellitus, and 
voiding history is vital in the initial evaluation. 
Similarly, the use of medications known to influ-
ence bladder function such as antihistamines, 
narcotics, sedatives, and anticholinergics should 
be queried.

Initial examination may reveal a palpable 
midline lower abdominal mass suggestive of 
bladder distension. Some patients may have 
bilateral flank pain from urinary obstruction and 
back pressure on the kidneys. Men should be 
evaluated for phimosis or meatal stenosis as 
potential obstructing factors. A digital rectal 
examination may be useful if there is concern for 
prostatitis or prostatic abscess as an underlying 
etiology. Women may require pelvic examination 
to evaluate for severe pelvic organ prolapse or 
pelvic masses causing bladder outlet 
obstruction.

Laboratory evaluation with a basic metabolic 
panel and complete blood count is often not 
acutely warranted prior to intervention but will 

Table 27.2 Common etiologies of acute urinary 
retention

Obstructive causes
Benign prostatic hyperplasia
Clot retention
Bladder neck contracture
Urethral stricture
Bladder stone
Meatal stenosis
Pelvic organ prolapse
Urethral diverticulum
Pelvic mass
Acute prostatitis/prostate abscess
Neurologic causes
Alpha-agonist medications
Stroke
Multiple sclerosis
Spinal metastasis
Spinal cord infarct
Brain tumor
Spinal shock
Post-anesthesia
Diabetes mellitus
Peripheral nerve injury
Vertebral disc herniation
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be needed for follow-up management. Urinalysis 
and urine culture often cannot be obtained until 
retention has been relieved but are vital in further 
evaluation and management. While imaging is 
often not required if the initial diagnosis is clini-
cally clear, pelvic ultrasound may be useful 
acutely to visualize a large, distended bladder. 
Follow-up imaging should, however, be consid-
ered in the diagnosis of the potential etiology of 
urinary retention and for consideration of long- 
term management strategies. This is especially 
true in patients in which urethral catheterization 
is not possible and percutaneous placement of a 
suprapubic catheter is required. Also, bladder 
ultrasound may show a large intravesical clot 
burden as the etiology of outlet obstruction, 
which may further guide treatment decisions. 
However, a simple ultrasonic bladder scanner 
that can quantify the volume of bladder contents 
is often sufficient to establish a diagnosis of 
AUR.

 Management
Management of AUR involves prompt establish-
ment of bladder drainage, most frequently 
through placement of a urethral catheter. In gen-
eral, difficult catheterization in women is due to 
body habitus or sometimes a hypospadiac 
meatus within the vaginal canal that is difficult 
to visualize or access. Trendelenburg position-
ing and use of assistants to aid in retraction can 
help in exposure in the obese patient, while 
placement of a gloved fingertip inside the vagina 
can help guide the catheter into the meatus in 
women with hypospadias. Difficult catheteriza-
tion in men can be due to a multitude of condi-
tions but is most often due to the BPH or urethral 
stricture. Coudé catheters can help navigate the 
posterior urethra in men with BPH, while uro-
logic consultation for cystoscopy, dilation, and 
Councill tip catheter placement over a guide-
wire may be needed in patients with urethral 
stricture disease. In any scenario, multiple 
attempts should be avoided and early urologic 
consultation obtained in order to prevent signifi-
cant urethral trauma that may make catheter 
placement more difficult and potentially lead to 
later stricture formation.

Suprapubic catheterization may be required in 
situations where urethral catheter placement is not 
possible or not appropriate. This procedure can be 
performed with local anesthesia alone in the 
emergency department, although some patients 
and providers may prefer a general anesthetic if 
possible. Bedside, ultrasonography, as previously 
stated, can be useful in visualizing the location of 
the distended bladder and ensuring appropriate 
trajectory and depth of percutaneous trocar pas-
sage. Special note should be taken of any previous 
abdominal surgeries that may have disrupted the 
space of Retzius or of pelvic radiation that may 
have caused significant fibrosis. Patients should 
be placed in Trendelenburg position to encourage 
the bowels to move cephalad away from the blad-
der and a small punch suprapubic catheter can be 
placed approximately 2 fingerbreadths above the 
pubic symphysis. For patients with a history of 
pelvic surgery or other concerning findings on 
ultrasound, open suprapubic tube placement in 
the operating room may be preferred to avoid 
inadvertent injury to the bowel.

Once bladder drainage has occurred, urine 
should be sent for culture and antibiotics consid-
ered if an infectious etiology is suspected. Most 
importantly, patients with long-standing obstruc-
tion should be monitored for the development of 
post-obstructive diuresis. Post-obstructive diure-
sis has been variably defined in the literature, but 
in general refers to excess urine output (>3 L per 
24 h) following relief of bilateral renal obstruc-
tion [45, 46]. While physiologic post-obstructive 
diuresis occurs as a normal result of long-term 
obstruction as the body attempts to regain fluid 
homeostasis, pathologic post-obstructive diure-
sis can cause significant dehydration and electro-
lyte abnormalities. Excessive urine output 
>200  mL/h following decompression should 
prompt providers to closely monitor the volume 
and electrolyte status of patients. Many patients 
can regulate their volume with sufficient oral 
fluid intake, but in some instances fluid replace-
ment with intravenous fluids is required. 
Common practice is to replace urine losses with 
0.45% normal saline at half the rate of urine out-
put per hour until patients normalize and can 
maintain sufficient fluid intake orally.
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Providers should not forget that once the acute 
process has been addressed, patients still require 
complete evaluation to identify the underlying 
pathologic process. While the long-term manage-
ment of these underlying etiologies is beyond the 
scope of this text, special consideration should be 
given to patients in retention secondary to large 
clot burdens within the bladder that often requires 
aggressive bedside hand irrigation or cystoscopic 
clot evacuation in the operating room. Also, acute 
urinary retention may be a presenting symptom 
of a new neurologic lesion that requires prompt 
evaluation and treatment by specialists.

 Scrotum

 Fournier’s Gangrene

Fournier’s gangrene is a rapidly progressive nec-
rotizing soft-tissue infection of the genitals and 
perineum. This represents a true life-threatening 
emergency with historical mortality rates reach-
ing nearly 50%, although contemporary mortal-
ity appears to be closer to 5–20% [47–51]. 
Appropriate management requires prompt diag-
nosis, aggressive surgical debridement of 
involved tissues, intravenous antibiotics, and 
fluid resuscitation to stave off mortality.

While Escherichia coli is the most commonly 
isolated bacteria in patients with Fournier’s gan-
grene, this disease process most often represents a 
synergistic polymicrobial infection. Other caus-
ative organisms commonly found include 
Klebsiella, enterococci, Bacteroides, Clostridium, 
Pseudomonas, and streptococci variants [52–54]. 
Fournier’s gangrene is almost entirely limited to 
individuals with significant medical comorbidi-
ties, with up to 70% of patients having diabetes 
mellitus [55]. Other predisposing risk factors 
include immunosuppression, alcoholism, malig-
nancy, obesity, and malnutrition [52, 55–60]. As 
such, patients with these comorbid conditions and 
recent histories of perirectal or perianal abscesses, 
urethral stricture disease with periurethral infec-
tion, scrotal abscesses, genital skin wounds, or 
epididymitis are particularly at risk for develop-
ment of this necrotizing infection [52, 61].

As is true with other necrotizing soft-tissue 
infections, the pattern of spread of Fournier’s 
gangrene is along the fascial planes of the geni-
tals and perineum and can progress to the medial 
thighs, glutes, and anterior abdominal wall. In the 
genitals, infection spreads along Colles’ and dar-
tos fascial planes in particular often sparing the 
deeper structures unless advanced disease is pres-
ent. Necrosis occurs as infection causes small 
vessel thrombosis leading to ischemia and, thus, 
further extension of the infection [62]. Notably, 
histologic studies have previously shown that the 
epidermis and superficial dermis are often spared 
from the necrotizing process, while the deeper 
soft-tissues show extensive vasculitis, thrombo-
sis, and tissue necrosis [63].

 Evaluation
Clinical presentation of patients with Fournier’s 
gangrene is variable. Some patients present early 
prior to systemic signs of illness and before 
extensive visible tissue destruction, while others 
may present in septic shock and in immediate 
need for resuscitation and vasopressor support. 
However, in both cases, the urgency with which 
the patient requires antibiotics and surgical 
debridement are similar and intervention should 
not be delayed. Early presenters may have pain, 
erythema, and swelling of the involved scrotal or 
perineal tissues, while patients with more pro-
gressed disease will have signs of black or purple 
tissue discoloration, skin sloughing, and crepitus 
(Fig. 27.2). Patients capable of providing a his-
tory may report history of recent genital wounds, 
scrotal pain, rectal or urethral instrumentation, or 
perirectal drainage or pain.

Laboratory evaluation often shows a signifi-
cant leukocytosis, as well as hyponatremia, ele-
vated creatinine, and lactic acidosis [62, 64]. In 
patients with advanced disease with palpable 
crepitus and visible tissue necrosis, imaging is 
not required for diagnosis but may be useful in 
showing the extent of underlying soft-tissue 
involvement. However, in patients with visible 
cellulitis but who lack a definitive diagnosis, CT 
provides a high degree of specificity and sensitiv-
ity for diagnosis [65] and can guide surgical 
debridement. Pathognomonic of necrotizing soft- 
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Fig. 27.2 Variable clinical presentations of Fournier’s 
gangrene. Scrotal swelling and discomfort without overt 
skin necrosis (a), but diffuse soft-tissue emphysema (b). 

Frank necrosis and purulence (c) with similar CT findings 
of subcutaneous emphysema (d)

tissue infection is the presence of subcutaneous 
or deep tissue gas on CT imaging, which should 
prompt immediate surgical debridement.

 Management
Initial management of patients with Fournier’s gan-
grene involves early initiation of broad- spectrum 
antibiotics, intravenous fluid resuscitation, vaso-
pressor support if needed, and emergent surgical 
debridement of infected and necrotic tissues. Blood 
cultures should be obtained prior to starting antibi-
otics as patients are at risk for bacteremia. 
Antibiotics should cover gram-positive, gram-neg-
ative, and anaerobic bacteria. Clindamycin, in par-
ticular, is recommended for the first 48  h after 
presentation as it has the added benefit of inhibiting 
the effects of potential Clostridium toxins.

Aggressive surgical debridement should be 
undertaken immediately to remove devitalized 
tissues and any signs of infection and should be 
performed until healthy bleeding tissues are 
encountered. Wound cultures should be sent to 
microbiology for culture in order to help tailor 
antibiotics. As a rule, repeat debridements are 
required every 24–48 h to ensure that all involved 
tissues have been removed and, as such, any 
attempts at wound closure or coverage should be 
delayed until patients have clinically improved 
and show no recurrent signs of soft-tissue infec-
tion. Although the skin and deep tissues of the 
penis and scrotum are regularly involved, the cor-
pus spongiosum, corpora cavernosa, and the tes-
ticles tend to be spared given their independent 
blood supplies and separation along fascial 
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planes. However, patients presenting with 
epididymo- orchitis as the inciting infection may 
require orchiectomy, while patients with periure-
thral abscesses from extravasation of infected 
urine due to distal urethral obstruction may have 
involvement of the corpus spongiosum and 
urethra.

Large wounds with perirectal involvement 
may require fecal diversion to aid in wound heal-
ing and minimize further wound contamination. 
Urethral catheterization is generally sufficient for 
urinary diversion, but suprapubic catheter place-

ment may be required in patients with significant 
obesity or those with urethral involvement. We 
generally recommend wrapping denuded testi-
cles in Xeroform or Vaseline gauze between ini-
tial debridements. Long-term management of the 
testicles depends on patient and surgeon prefer-
ence and may consist of either creation of thigh 
pouches for skin coverage or scrotal reconstruc-
tion with meshed split-thickness skin grafts in a 
delayed fashion (Fig. 27.3).

It is our practice to stop antibiotics once 
patients have been completely debrided, are afe-
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Fig. 27.3 Genital wound management following serial 
debridements for Fournier’s gangrene. Exposed testicles 
(a) managed with bilateral thigh pouches and delayed pri-

mary wound closure of perineum (b). Separate patient 
with exposed testicles (c) managed with meshed split- 
thickness skin grafting (d)

27 Acute Urologic Emergencies



386

brile, and show signs of clinical improvement 
with a down-trending leukocytosis and fever 
curve. Patients with bacteremia will require a 
longer duration of intravenous antibiotics based 
on the particular microbiology and recommenda-
tions from infectious disease specialists. Delayed 
primary wound closure is often able to be per-
formed for the perineum as well as the scrotum, 
assuming at least 50% of the scrotal tissue has 
been spared. In patients with larger defects, 
meshed split-thickness grafts for scrotal recon-
struction have excellent results.

 Testicular Torsion

Any patient presenting with acute scrotal pain, 
tenderness and swelling requires prompt evalua-
tion to rule out emergent etiologies. While the 
differential is broad, the most significant acute 
scrotal pathology that requires surgical interven-
tion, aside from a necrotizing soft-tissue infec-
tion, is testicular torsion. Testicular torsion in 
adolescents and adults involves the twisting of 
the spermatic cord within the tunica vaginalis due 
to a congenital abnormality in how the testicle 
and epididymis are fixated within the scrotum 
called a bell clapper deformity (Fig. 27.4) [66]. 

While more common in adolescents, testicular 
torsion can occur in adults and may present in an 
intermittent fashion, where patients have inter-
mittent twisting of the spermatic cord causing 
pain that spontaneously resolves without 
intervention.

 Evaluation
Testicular torsion presents with acute onset, uni-
lateral scrotal pain and is often associated with 
nausea and vomiting. Physical signs of testicular 
torsion include a firm, high-riding testicle with a 
horizontal lie and absence of the ipsilateral crem-
asteric reflex. While testicular torsion remains a 
clinical diagnosis and obtaining imaging in a 
patient with a high suspicion for torsion is not 
required, many patients will undergo scrotal 
ultrasonography prior to going to the operating 
room. Color Doppler ultrasound has been shown 
to have a sensitivity of approximately 90% and a 
specificity of 99% in diagnosing acute testicular 
torsion [67]. Diagnosis is confirmed by a lack of 
arterial blood flow within the parenchyma of the 
affected testicle.

There are a number of other diagnoses on the 
differential that must be considered when eval-
uating the acute scrotum, however. Epididymitis/
epididymo-orchitis is an inflammatory disease 
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Fig. 27.4 Anatomic 
representation of bell 
clapper deformity 
leading to testicular 
torsion. (Adapted with 
permission from Taghavi 
K., et al., The bell- 
clapper deformity of the 
testis: The definitive 
pathological anatomy. J 
Ped Surg, 2020, E-pub 
ahead of print)
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that can have both viral and bacterial etiologies, 
as well as noninfectious etiologies such as 
reflux of sterile urine into the epididymis. This 
diagnosis can clearly be distinguished for tes-
ticular torsion by the presence of hypervascu-
larity of the involved testicle or epididymis of 
Doppler ultrasonography. While acute epidid-
ymo-orchitis rarely requires acute surgical 
intervention, failure of patients to clinically 
respond to intravenous antibiotics may prompt 
surgical exploration and orchiectomy. Torsion 
of a testicular or epididymal appendage can 
also present similarly, although some patients 
will present with the “blue dot sign,” which is 
pathognomonic of torsion of the appendix testis 
or epididymis. Unlike testicular torsion, this is 
not a surgical emergency and supportive care is 
all that is warranted. Other disease processes 
such as hydroceles, varicoceles, spermatoceles, 
and testicular tumors can similarly be verified 
on ultrasonography, and although many do not 
warrant emergent surgical intervention, there is 
a risk for urgent or emergent intervention in 
some cases.

 Management
Patients with confirmed or suspected testicular 
torsion should undergo immediate surgical inter-
vention, and this should not be delayed by unnec-
essary radiographic evaluation in patients with 
clinical examination findings consistent with tor-
sion. Previous work has shown that the likelihood 
of testicular salvage following testicular torsion 
declines precipitously with delays in surgical 
intervention, with 97% of testicles being sal-
vaged if intervention occurs within 6  h [68]. 
However, testicular salvage rates decline to 80% 
at 7–12 h, 61% at 13–18 h, and 42% at 19–24 h. 
Manual detorsion may be performed as a tempo-
rizing maneuver, but should not preclude scrotal 
exploration. To perform manual detorsion, an 
“open book” approach should be taken where the 
testicle is rotated medial to lateral initially. 
Success will be noted if the patient has immedi-
ate relief of acute pain, but may only be success-
ful in approximately 26% of cases [69]. If this is 
not successful, attempts to rotate lateral to medial 
may be attempted.

Surgical treatment involves exploration of the 
affected hemiscrotum and detorsion of the testi-
cle. Once the spermatic cord has been untwisted 
and blood flow restored, the testicle should be 
wrapped in moist gauze and attention can be 
turned to the contralateral testicle. For this rea-
son, the procedure is best performed through a 
single midline raphe incision to allow access to 
both testicles. The contralateral testicle should 
then be exposed and an orchiopexy performed, as 
the congenital malformation responsible for tor-
sion of the affected side is believed to be present 
in both testicles. Orchiopexy is generally per-
formed by direct suturing of the tunica albuginea 
of the testicle to the scrotal dartos in at least three 
points to minimize the risk of torsion. Attention 
is then turned back to the affected testicle. If pink 
and viable, a similar orchiopexy procedure is per-
formed on that side. If the testicle fails to show 
signs of perfusion, viability may be assessed with 
an intraoperative Doppler of the spermatic cord 
or by incising the tunica albuginea of the testicle 
to assess for arterial bleeding. If the testicle is not 
perfused, scrotal orchiectomy is completed.

 Penis

 Priapism

Priapism is defined as a persistent erection unre-
lated to sexual stimulation that lasts for at least 
4 h in duration [70]. While relatively rare, it is 
one of the more common urologic emergencies 
and often requires procedural intervention either 
in the emergency department or in the operating 
room. There are two types of priapism: nonisch-
emic priapism and ischemic priapism. 
Nonischemic priapism is due to unregulated cav-
ernous artery inflow and is most commonly due 
to acute trauma [71]. Ischemic priapism, how-
ever, is due to impaired venous outflow from the 
penis, which subsequently impairs arterial inflow 
and leads to hypoxia, cell death, and fibrosis 
within the corpora cavernosa [72]. There is also a 
variant of ischemic priapism known as stuttering 
or recurrent priapism, in which patients have 
intermittent ischemic priapism.
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Ischemic priapism is much more common 
than nonischemic and is most often idiopathic. 
However, numerous associated etiologies of isch-
emic priapism have been identified. Medications 
such as trazodone, phosphodiesterase type-5 
inhibitors, amphetamines, and cocaine have all 
been implicated in cases of ischemic priapism 
[73–75]. Spinal cord injuries and pelvic malig-
nancies have similarly been associated. One of 
the more common causes of ischemic priapism, 
in pediatric populations in particular, is sickle 
cell disease [76]. While the pathology of sickle 
cell disease causing priapism is not entirely clear, 
it is believed that low pH and oxygen tensions 
present in the cavernosal tissues during erection 
may cause sickling of diseased erythrocytes that 
then block venous outflow, leading to ischemia.

 Evaluation
Patients presenting with priapism will have a firm 
erection that usually only involves the corpora 
cavernosa, as the corpus spongiosum and glans 
are generally soft and not involved. Painful erec-
tions are more likely in ischemic priapism, while 
nonischemic priapism is less frequently associ-
ated with pain. Patients should be queried on 
recent medication or illicit drug use, recent peri-
neal or penile trauma, and history of prior pria-
pism episodes. Special concern should be taken 
to evaluate for history of sickle cell disease or 
other hematologic disorders that could be con-
tributing causes. While priapism itself requires 
acute management, patients should be simultane-
ously evaluated and managed for underlying 
causes as well.

Once a diagnosis of priapism has been made, 
it is vital to determine if it is ischemic or nonisch-
emic in nature. Nonischemic priapism is not a 
surgical emergency and can most often be man-
aged with observation alone. For patients who do 
not resolve spontaneously and remain erect, angi-
ographic embolization may be attempted as an 
outpatient. Ischemic priapism, however, requires 
prompt surgical intervention, as the duration of 
ischemic priapism is directly related to the likeli-
hood of long-term erectile dysfunction. Previous 
work has shown that resolution of priapism 
within 24 h results in approximately 92% of men 

regaining baseline erectile function, while only 
22% of those that persisted greater than 7 days 
did [77]. Furthermore, conservative management 
of ischemic priapism without intervention was 
associated with just 31% of patients maintaining 
potency from the same study.

There are two primary methods for differenti-
ating ischemic from nonischemic priapism: 
penile Doppler ultrasound and corporal blood gas 
measurement. In either test, the goal of evalua-
tion is determination of the presence or absence 
of maintained cavernosal arterial blood flow. 
Documentation of cavernosal artery flow on 
Doppler ultrasound confirms the absence of isch-
emic priapism. Corporal aspiration of blood in 
ischemic priapism often reveals dark, hypoxic 
blood, while the oxygenated blood in nonisch-
emic priapism is bright red. Blood gas measure-
ments in ischemic priapism, furthermore, will 
typically show hypoxia (PO2 < 30 mmHg), hyper-
carbia (PCO2  >  60  mmHg), and acidosis 
(pH < 7.25) [70].

 Management
As previously stated, nonischemic priapism does 
not require immediate intervention and may be 
observed. However, patients with ischemic pria-
pism require urgent intervention, as oral medica-
tions have failed to show clinical efficacy. Initial 
management involves aspiration of old, ischemic 
blood from the corpora, often with concomitant 
administration of intracavernous phenylephrine. 
The use of 100–500  μg/mL of phenylephrine 
every 3–5 min for 1 h has been recommended and 
patients should be closely monitored for adverse 
side effects including hypertension, palpitations, 
and reflex bradycardia. Patients who fail to 
respond to aspiration and injection of sympatho-
mimetic mediations should then be considered 
for surgical decompression. Successful treatment 
will be identified by detumescence and resolution 
of pain. However, patients are at risk of early 
recurrence and should be monitored following 
treatment prior to discharge to home.

There are a number of surgical options for 
patients who fail to respond to lesser invasive 
treatments. Historically, the goal has been to cre-
ate a surgical shunt between the corpora caver-
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nosa with either the corpus spongiosum or the 
venous system in order to divert blood away from 
the engorged penis and allow restoration of arte-
rial blood blow. A corporoglanular shunt should 
be the initial surgical procedure performed given 
its ease and low likelihood of complication. The 
most commonly performed corporoglanular 
shunt procedures include the Winter’s shunt, 
where a large-bore biopsy needle is passed 
through the glans into the tip of the corpora cav-
ernosa, and the Ebbehoj or T-shunt, where a scal-
pel blade is inserted through the glans into the 
distal tip of the corpora cavernosa [78, 79]. 
However, the most effective corporoglanular 
shunt is the Al-Ghorab shunt, where a small 2-cm 
horizontal incision is made on the dorsum of the 
glans to expose the engorged tips of the corpora 
cavernosa. The tips are then excised to create a 
shunt to the corpus spongiosum [80]. This proce-
dure is often coupled with corporal dilation 
through the excised corporal tips to aid in evacu-
ation and decompression of the corpora [81].

Proximal shunts have also been reported but 
are less commonly employed contemporarily. 
These include the Quackels shunt, where a proxi-
mal shunt is created by anastomosing the corpus 
spongiosum to the cavernosa, and the Grayhack 
shunt, where the saphenous vein is anastomosed 
to the corpora cavernosa [82, 83]. A newer 
approach to management of recurrent ischemic 
priapism has employed performing simple 
decompression of the corpora cavernosa via a 
penoscrotal skin incision [84]. In this approach, 
shunting is not performed, and priapism is treated 
like a penile compartment syndrome, in which 
after decompression the corpora are then closed. 
Early reports suggest excellent results that may 
change the paradigm for management of recur-
rent ischemic priapism in patients in whom distal 
shunting has failed.

 Prostate

 Prostatitis and Prostate Abscess

Much like renal and perinephric abscesses that 
may form following acute pyelonephritis, pros-

tatic abscesses often arise following acute bacte-
rial prostatitis. Patients at risk for acute bacterial 
prostatitis include patients with prior history of 
urinary tract infection, urethral instrumentation, 
prostate biopsy, or immunosuppressive states 
including diabetes mellitus, HIV, and chronic 
kidney disease [85–87]. The most common caus-
ative organisms are gram-negative bacteria and 
include E. coli, Proteus, Klebsiella, and 
Pseudomonas species [88, 89]. However, up to a 
quarter of men will have gram-positive infections 
due to hematogenous spread [90].

 Evaluation
Presenting symptoms of prostatic abscess and 
prostatitis are often quite similar, and the diagno-
ses are often only distinguishable by cross- 
sectional imaging. Patients most often report 
lower urinary tract symptoms such as dysuria, 
urinary urgency, sensation of incomplete bladder 
emptying, and perineal pain, but also often pres-
ent with fevers, chills, and low back pain as well 
[90]. Other generalized symptoms such as mal-
aise and myalgias may be present. Physical 
examination often reveals a painful, irregular, 
and boggy prostate gland on digital rectal exami-
nation, although aggressive digital prostatic 
examinations are not recommended due to the 
potential to induce bacteremia [91]. Laboratory 
evaluation should include urinalysis with urine 
culture to identify causative organisms, while a 
complete blood count and blood cultures may be 
indicated based on clinical presentation. Ensuring 
that patients are not in urinary retention via ultra-
sound is also vital during initial evaluation. 
Patients in retention have traditionally been man-
aged with suprapubic catheter placement due to 
concerns related to inducing bacteremia with 
passage of a urethral catheter; however, this 
dogma has been shifting toward acceptance of 
urethral catheterization when indicated due to 
lack of clear evidence that this worsens patient 
outcomes [92].

 Management
Initial management involves initiation of appro-
priate antimicrobial agents based on urine culture 
data. Early empiric antibiotic selection should 
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a b

Fig. 27.5 CT imaging showing large, multifocal prostatic abscesses in two patients (a and b), both treated with trans-
urethral unroofing

cover likely causative organisms, primarily gram- 
negative bacteria, unless patients are at risk for 
gram-positive hematogenously spread infections. 
Fluoroquinolones and trimethoprim- 
sulfamethoxazole have shown to have excellent 
prostatic tissue penetration and are often chosen 
as first-line therapies for the majority of patients 
until culture data are available to more appropri-
ately guide antibiotic choices. Men younger than 
35 who are sexually active should also be consid-
ered for coverage of N. gonorrhea and C. tracho-
matis due to possible sexually transmitted 
infection as the cause of prostatitis [93].

While the incidence is low, patients who fail to 
clinically improve despite appropriate antimicro-
bial treatment should be specifically evaluated 
for development of a prostatic abscess. Cross- 
sectional imaging with contrasted CT serves as 
the optimal imaging modality for diagnosis of 
prostatic abscesses with the highest specificity 
and sensitivity (Fig.  27.5). Transrectal ultraso-
nography may also be useful, but is less com-
monly used in the initial diagnostic phase today. 
CT showing a non-enhancing fluid collection 
within the prostatic parenchyma, possibly with 
septations or rim enhancement, is diagnostic.

Traditionally, patients with small abscesses 
<1 cm in size have been managed with culture- 
specific antibiotics and follow-up imaging alone, 
as these smaller lesions often respond without 
surgical intervention [94]. However, more recent 
work has suggested that patients with abscesses 
up to 2 cm in size may also do well with antibi-

otic therapy alone [95]. Patients with larger 
lesions, or those who are severely ill or immuno-
compromised, often require drainage. Multiple 
different approaches have been reported in the 
literature, all with high rates of success. 
Transrectal ultrasound-guided drainage, percuta-
neous transperineal drainage, and transurethral 
unroofing utilizing a resectoscope are all viable 
options. Larger, multiloculated abscesses are 
often best served by transurethral unroofing, 
while smaller solitary abscesses are generally 
well managed with drainage procedures. For 
patients treated with drainage procedures, fol-
low- up imaging should be performed to ensure 
abscess resolution. Patients treated with transure-
thral procedures generally keep a urethral cathe-
ter in place for 1  week and are monitored for 
clinical signs of improvement.
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Case Presentation
A 32-year-old female, gravid 2, para 2, 
presents to the emergency department with 
the sudden onset of right lower quadrant 
pain, nausea, and vomiting. The patient 
reports no significant prior medical or sur-
gical history. She was in her normal state of 
health until the onset of sharp, colicky pain 
that started ~18 h prior to presentation. On 
physical examination, the patient’s temper-
ature is 99.1  °F, pulse 110  bpm, and BP 
118/64. Her abdomen is tender in the RLQ 
with moderate guarding. Laboratory evalu-
ation reveals a Hgb of 11.2  g/dL and a 
WBC of 13.2  k/mm3. A urine pregnancy 

test is negative. A CT scan performed 
reveals a complex right lower quadrant 
mass without clear visualization of the 
appendix, interpreted as suspicious for 
appendiceal rupture and/or abscess.

As the general surgeon on call, you are 
consulted and take the patient to the operat-
ing room for a laparoscopic evaluation. At 
the time of surgery, you discover a 7  cm 
torsed right ovary with a bluish hue. The 
appendix is visualized and appears 
normal.
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 Introduction

Although uncommon, the general surgeon may 
encounter situations in which knowledge regarding 
the management of common OB/GYN diagnoses 
would be valuable. In this chapter, we describe 
some of these common diagnoses, reviewing clini-
cal presentations, relevant anatomy, and directed 
surgical (or nonsurgical) management.

 Adnexal Torsion

 Symptoms and Causes

As this case presentation has illustrated, the pre-
senting symptom of adnexal torsion is the abrupt 
onset of unilateral lower quadrant pain which is 
often associated with nausea and vomiting. Torsion 
is a common gynecologic emergency accounting 
for 2.7% of emergent gynecologic surgical cases 
[1]. Adnexal torsion occurs when the blood supply 
to the ovary gets twisted and compromised. This is 
most frequently caused by an ovarian cyst which 

causes the ovary to become enlarged. Less fre-
quently paratubal cysts may cause torsion of the 
ovary or even of the fallopian tube. Usually, the 
ovary twists around both of its ligamentous sup-
ports, the infundibulopelvic ligament and the 
utero-ovarian ligament. As a result, there is contin-
ued partial influx of arterial blood and a marked 
decreased egress of the compressed venous blood 
flow. This causes the ovary to become edematous 
and enlarged, distending the ovarian capsule. If 
left untreated, the tissue becomes necrotic and ulti-
mately causes peritonitis.

 Relevant Pelvic Anatomy

Ovarian torsion is a surgical emergency. In order 
to discuss surgical management options, it is 
worth reviewing the relevant pelvic anatomy. The 
major blood supply to the ovary is supplied by 
the ovarian artery, which is a branch of the 
descending aorta (Fig. 28.1). The ovarian artery 
and vein travel across the pelvic brim in the 
infundibulopelvic ligament, also called the sus-

Renal veins

Right ovarian vein

Ovarian arteries

Left ovarian vein

Fig. 28.1 Ovarian 
vasculature. 
(Reproduced with 
permission from 
Falcone, Tommaso, 
et al. Operative 
Techniques in 
Gynecologic 
Surgery: 
Gynecology. 
Philadelphia: 
Wolters Kluwer, 
2017. Copyright 
@2017 Wolters 
Kluwer)
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Fig. 28.2 Surgical 
photo of right pelvic 
brim, illustrating the 
proximity of the ureter 
to the right 
infundibulopelvic 
ligament (a: internal 
iliac artery; b: ureter; c: 
infundibulopelvic 
ligament)

pensory ligament of the ovary. The suspensory 
ligament attaches the ovary to the pelvic side-
wall, while the utero-ovarian ligament attaches 
the ovary to the uterus. A branch of the uterine 
artery also supplies blood to the ovary through 
the utero-ovarian ligament. The mesosalpinx is 
the portion of the broad ligament that connects 
the ovary to the fallopian tube. The fallopian tube 
extends from the cornua of the uterus and runs 
superior and anterior to the ovary.

It is also important to recognize the path of the 
ureter in the female pelvis as it relates to ovarian 
anatomy, as it can easily be injured during 
adnexal surgery (Fig. 28.2b). The ureter courses 
across the bifurcation of the common iliac from 
lateral to medial as it crosses the pelvic brim. 
Anatomic studies have shown that the mean dis-
tance between the ureter and infundibulopelvic 
ligaments is 2.2  cm on the right (range 0.5–
3.5 cm) and 2.6 cm on the left (range 1.0–4.5 cm) 
[2]. Given this close proximity, it is important to 
identify the ureter before ligating and transecting 
that ligament to avoid a ureteral injury.

 Surgical Management

The first step in surgical management of adnexal 
torsion is to reestablish normal anatomy. This 
usually involves untwisting the ovary multiple 
times. If an ovary has been torsed for multiple 
hours, it may appear black. When it is untwisted, 
it should start to return to a normal color. 

Numerous studies in pediatric adolescent gyne-
cology illustrate that detorsed ovaries remain 
functional the vast majority of the time [3]. The 
trend in gynecology is toward conservative man-
agement by leaving the ovaries in place, either 
with or without an ovarian cystectomy.

If the ovary is detorsed and appears viable, it 
is reasonable to end the case, leaving the ovary, 
and the likely cyst behind. When adnexal pathol-
ogy was present, Adiyemi-Fowode et  al. found 
the rate of recurrent ovarian torsion to be 2–12%. 
They discuss a higher rate of repeat torsion in 
girls without adnexal pathology [3]. If there is an 
identifiable ovarian cyst, another treatment option 
is to proceed with an ovarian cystectomy in order 
to decrease the likelihood of recurrent torsion.

 Abdominal Ovarian Cystectomy

To perform an abdominal ovarian cystectomy, 
the ovary must be visualized. The patient should 
be placed in slight Trendelenburg. A retractor 
may be necessary, and the bowel may need to be 
packed away. An abdominal ovarian cystectomy 
is performed by grasping the ovary. The infun-
dibulopelvic ligament and utero-ovarian liga-
ment should be identified. The outermost layer, 
the ovarian cortex, should be carefully incised 
with a scalpel or cautery to the level of the cyst 
wall. The incision should be located where the 
cyst is taut, distal from both of the ovary’s sus-
pending ligaments. A knife handle is then used 
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to shell out the cyst from the surrounding ovar-
ian cortex. The cyst wall can be grasped with 
Allis clamps to aid in the dissection. It is impor-
tant to remove the cyst wall completely to pre-
vent recurrence. To achieve hemostasis, the 
ovarian cortex can then be sutured together 
using a fine absorbable suture, such as 3-0 poly-
glactin, in a continuous fashion. If the ovary is 
hemostatic after the cystectomy, suturing is not 
required. Pathologic examination of the cyst 
wall should be performed to determine whether 
the cyst was benign or malignant, the potential 
risk of recurrence, and if future medical man-
agement might be indicated (as with an endo-
metrioma). Future follow-up can be arranged 
with the patient’s gynecologist.

 Laparoscopic Ovarian Cystectomy

A laparoscopic ovarian cystectomy is performed 
in a similar manner. The patient is placed in 
Trendelenburg so that the bowel falls into the 
upper abdomen and the pelvic organs can be iden-
tified. The ovary is identified and often brought 
out from posterior cul-de-sac behind the uterus. 
The infundibulopelvic ligament and utero-ovarian 
ligament are identified. The ovary is stabilized 
with a bowel grasper or atraumatic grasper. An 
incision is made in the cortex of the ovary using 
an advanced energy device like a harmonic scal-
pel or a monopolar device like the monopolar 
scissors. It is more difficult to make an incision in 
the ovarian cortex without rupturing the cyst lapa-
roscopically. If the cyst is kept intact, the ovarian 
cortex is grasped, and a second instrument gently, 
and often bluntly, peels the cyst wall away. 
Sometimes, sharp dissection is needed to cut 
away tissue attaching the cyst wall to the ovary. If 
the cyst is ruptured, the same technique is used to 
separate the cyst wall from the cortex. It is impor-
tant to keep track of which instrument is grasping 
the ovarian cortex and which is holding onto the 
cyst wall, especially after a cyst rupture, as the 
color and texture of the ovarian cortex and cyst 
wall are very similar. Consistent identification of 
the cyst wall ensures this tissue is dissected and 
removed (and not ovarian cortex).

Sometimes, the ovarian bed bleeds after a cys-
tectomy. Hemostasis may be achieved using a 
bipolar device. If this is unsuccessful, a 2-0 or 3-0 
barbed suture can be used to close the ovarian 
defect. This usually establishes hemostasis.

Once the cyst is resected, it should be placed 
into a specimen retrieval bag. When the bag is 
removed, specimen extraction may be limited by 
the fascia. If the cyst is intact, it can be ruptured 
and the fluid should be drained using wall suc-
tion. The cyst can then be removed using Kocher 
clamps to grasp it. If the cyst does not deliver eas-
ily through the laparoscopic incision, the incision 
can be widened, or the cyst morcellated. If there 
is concern for an ovarian malignancy, it is impor-
tant to ensure the specimen’s removal is con-
tained within the specimen retrieval bag, so that 
malignant cells are not spread throughout the 
pelvis.

 Abdominal Oophorectomy

If the ovary is detorsed and remains hemorrhagic 
and necrotic, then the treatment becomes an 
oophorectomy. An oophorectomy is accom-
plished by cutting off the blood supply to the 
ovary by transecting the infundibulopelvic liga-
ment and the utero-ovarian ligament. The ovary 
is then removed from the mesosalpinx. In an 
abdominal oophorectomy, the ovary is identified. 
In order to see the uterus and ovary, the patient 
should be placed in Trendelenburg and the bowel 
should be packed away. Once again, this may 
require a retractor. The ovary is then grasped and 
tented upward. The peritoneum lateral to the 
infundibulopelvic ligament is grasped with blunt 
pickups and incised, opening up the retroperito-
neum. The ureter is located retroperitoneally 
coursing along the medial leaf of the broad liga-
ment. Blunt dissection is performed until the ure-
ter is identified. A hole is made in the broad 
ligament between the infundibulopelvic ligament 
and ureter. A large clamp, like a Kelly clamp or 
Haney clamp, is placed through this hole from 
lateral to medial, clamping the infundibulopelvic 
ligament. A second clamp should be placed dis-
tally. The tissue between the two clamps is cut. A 
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free tie is used to secure the pedicle. A transfixion 
suture is then placed between the free tie and the 
clamp. The infundibulopelvic ligament is now 
secure.

A second window is then made between the 
fallopian tube and utero-ovarian ligament in 
order to isolate the utero-ovarian ligament. Again, 
two clamps are placed on this pedicle. The tissue 
between the clamps is cut. A free tie, followed by 
a transfixion suture, is placed on the pedicle. 
When the ligaments are both transected, the 
mesosalpinx can be severed using cautery. It is 
not necessary to remove the fallopian tube as it 
can still play a role in fertility, even when the 
ipsilateral ovary has been removed.

 Laparoscopic Oophorectomy

The steps for an oophorectomy laparoscopically 
are the same except that an advanced bipolar 
device is used for every step. The patient is placed 
in steep Trendelenburg. The ovary is identified, 
and peritoneum is incised lateral to the infundib-
ulopelvic ligament. The infundibulopelvic liga-
ment is grasped with a blunt grasper and tented 
toward the opposite sidewall. Blunt dissection is 
used to open the retroperitoneum to identify the 
ureter. A hole is made in the retroperitoneum 
between the ureter and the infundibulopelvic lig-
ament. This hole can be made bluntly using an 
instrument with a sharper tip like a Maryland or 
by using an advanced hemostatic device. When 
the infundibulopelvic ligament is isolated, the 
pedicle is coagulated and transected using an 
advanced hemostatic device. The hemostatic 
device is placed through the opening made in the 
peritoneum. It is important to coagulate, or triple 
burn, the pedicle so that when it is transected and 
retracts, it does not bleed.

The utero-ovarian ligament should then be 
identified. It should be coagulated and transected 
using an advanced hemostatic device. Avoidance 
of the uterine artery running laterally up the 
uterus is necessary as it can bleed briskly. When 
this vessel is secure, an advanced hemostatic 
device should then be used to remove the ovary 
from the mesosalpinx. Small vessels run within 

the mesosalpinx, so it is easier to use energy 
when cutting through this tissue than performing 
this step without energy.

 Oophoropexy

The risk of a repeat ovarian torsion may be 
decreased by performing a suspending proce-
dure—the oophoropexy. This involves either 
shortening the utero-ovarian ligament or suturing 
the ovary to a structure like the utero-sacral liga-
ment with a permanent suture. The gynecology 
data are unclear regarding the risks and benefits of 
this procedure, and it is usually reserved for 
patients who have repeat ovarian torsions. In a 
review of ovarian torsion in the pediatric literature, 
there was no evidence to support oophoropexy 
after a single episode of ovarian torsion. In this set-
ting, a fixation procedure did not eliminate the 
possibility of future torsion events and also dem-
onstrated that the oophoropexy may negatively 
affect future fertility for the patient due to altering 
the ovarian anatomy and blood supply [4]. As a 
general surgeon, it is unlikely that you would per-
form this procedure in the acute setting.

 Hemorrhagic Ovarian Cysts: 
Symptoms and Management

The presenting symptom of a ruptured hemor-
rhagic cyst is the acute onset of severe unilateral 
pelvic pain with imaging demonstrating blood or 
free fluid in the pelvis. This presentation can 
mimic that of a patient with a ruptured ectopic 
pregnancy. Since a ruptured ectopic pregnancy is 
another common cause of an adnexal mass with 
free fluid in the pelvis, the workup for a patient 
with these symptoms should always include a 
pregnancy test. Most patients with a ruptured 
hemorrhagic cyst are managed nonoperatively 
with observation and pain medication in the acute 
setting. Infrequently, patients with a hemorrhagic 
cyst will need a transfusion due to blood loss 
from the cyst. Even in this situation, the bleeding 
from the ovary usually resolves on its own. In the 
outpatient setting, patients are often initiated on 
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oral contraceptives in order to suppress future 
ovarian cyst formation.

Uncommonly, patients who present with hem-
orrhagic cysts may have unstable vital signs. This 
occurs because the ovaries have a dual blood sup-
ply and can bleed quickly into the peritoneal cav-
ity. Patients may also present with peritoneal 
signs. The decision to operate should be based on 
the patient’s full clinical picture and if the patient 
can be stabilized medically (typically with blood 
product replacement). If the patient remains 
unstable despite resuscitation, surgical manage-
ment should aim at clearing the pelvis of any 
blood or clot so that the site of bleeding can be 
identified. If any ongoing bleeding is found, it 
should be rendered hemostatic. Either advanced 
bipolar devices or suturing may be used. If this is 
unsuccessful, an ovarian cystectomy or oopho-
rectomy should be performed as described previ-
ously. Commonly, no obvious site of bleeding 
can be identified during these procedures as the 
ovarian bleeding if often self-limited.

 Vulvar Abscess/Necrotizing Fasciitis

Vulvar abscesses are a common gynecologic 
problem. Most represent polymicrobial infec-
tions, often arising in the hair-bearing areas of the 
labia majora (an exception, the Bartholin’s gland 
abscess, should be managed by a gynecologic 
specialist and will not be addressed here). 
Although the exact incidence of vulvar abscess is 
unknown, there are a number of risk factors asso-
ciated with their development, including diabetes 
mellitus, obesity, shaving or waxing of the pubic 
hair, and pregnancy [5].

 Anatomic Considerations

The skin of the vulva contains a number of glands 
that carry the potential for infection. Holocrine 
sebaceous glands are associated with the hair 
shafts of the labia majora. Apocrine sweat glands 
are also located lateral to the vaginal introitus and 
the anus—these glands may become chronically 
infected in circumstances such as hidradenitis 

suppurativa and may require surgical 
debridement.

The subcutaneous tissue underlying the labia 
majora consists of lobules of fat interlaced with 
fine connective tissue septae. This fatty tissue is 
quite similar to that encountered in the anterior 
abdominal wall. Beneath this layer is a more 
fibrinous, membranous layer (also known as 
Colles fascia). This layer is similar to Scarpa’s 
fascia of the abdominal wall. Notably, this mem-
branous layer attaches laterally to the ischiopubic 
rami and posteriorly to the perineal membrane. It 
does not, however, have an anterior attachment to 
the pubic rami. Thus, infections or hematomas of 
the vulva may spread to the anterior abdominal 
wall (and, similarly, infections or hematomas 
from the anterior abdominal wall may spread to 
the perineum) [6].

 Surgical Management

The initial management of small vulvar abscesses 
(<2 cm) can be conservative in nature—applica-
tion of warm compresses 3–4 times a day will 
often lead to spontaneous drainage of the abscess. 
Antibiotics may be added if the lesion does not 
resolve after 1–2 days. A broad-spectrum agent 
including coverage for methicillin-resistant 
Staphylococcus aureus (MRSA) should be 
selected (trimethoprim–sulfamethoxazole or 
doxycycline are common choices).

Abscesses over 2 cm in size generally should 
be incised and drained. This may be accom-
plished in the office setting, although larger 
abscesses should be drained in the operating 
room under general anesthesia to facilitate patient 
comfort. The area should be prepped, and a local 
anesthetic should be injected at both the incision 
site and around the base of the abscess. Usually, 
the drainage incision should be made in the ante-
rior–posterior axis of the vulva; this maximizes 
exposure and assists with healing as there will be 
less tension on the incision. The incision should 
be large enough to facilitate complete debride-
ment of the abscess. During drainage, an aerobic 
and anaerobic culture should be obtained. After 
drainage, the abscess cavity should be irrigated 
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and packed with a saline-soaked gauze. Most 
commonly, this dressing is changed daily, allow-
ing healing of the abscess cavity by secondary 
intention. However, for larger abscess cavities, a 
wound vacuum may be used. Although the data 
supporting continued antibiotic use after surgical 
drainage are unclear, most experts recommend 
continued antibiotics for patients at high risk for 
failure or recurrence, including:

• Diabetes
• Abscess size >5 cm
• Infection extending into the abdominal wall/

extensive cellulitis
• High likelihood of MRSA infection [7]

 Necrotizing Fasciitis

Although rare, necrotizing fasciitis can result 
from vulvar infections. Diabetic patients are at 
particular risk [5]. As with other anatomic 
regions, symptoms will often include fever, per-
ceived pain out of proportion to physical exami-
nation findings, and possible hemodynamic 
instability.

Vulvar necrotizing fasciitis represents a surgi-
cal emergency. The patient’s clinical status 
should be optimized with intravenous fluids and/
or vasopressor support. Central venous access 
and placement of a urinary catheter to monitor 
urine output are also indicated. Blood cultures 
should be obtained and broad-spectrum antimi-
crobial therapy initiated. Informed consent for 
surgical debridement should be obtained, ensur-
ing to review both the potential need for exten-
sive debridement as well as the prolonged 
postoperative course of wound healing.

In the OR, the patient should be placed in the 
lithotomy position to facilitate exposure. As the 
area of necrosis may extend beyond what was ini-
tially expected, the surgeon should be prepared to 
debride extensively until normal, healthy, bleed-
ing tissue is encountered. Given the anatomic 
considerations of the vulvar fascia mentioned 
previously, necrotizing fasciitis of the vulva may 
extend to the lower abdomen, requiring extensive 
vulvar and abdominal debridement (Fig. 28.3).

Postoperative care is similar to other cases of 
necrotizing fasciitis, focused on repeated 
debridement (if needed), antibiotic administra-
tion, pan management, and wound care. A vari-
ety of antimicrobial dressings may be employed 
(dilute Dakin’s solution, silver-impregnated 
dressings) and negative pressure wound thera-
pies may also be utilized—to either facilitate 
granulation tissue formation in anticipation of 
future skin grafts or as a mechanism for final 
wound closure. Although the anatomy of the 
vulva may present challenges in securing a reli-
able seal, the use of various fillers and adhesive 
agents will usually allow for the successful use 
of this technology.

 Cesarean Delivery

Cesarean delivery is the most common surgical 
procedure performed in the United States, rep-
resenting approximately 1.3 million cases 
annually [8]. Roughly one-third of all deliver-
ies are currently performed via cesarean [8]. 
Although there are a number of acceptable 
indications (Table  28.1), the most common 
include repeat cesarean delivery, arrest of dila-
tion or descent, and nonreassuring fetal status 
during labor.

Fig. 28.3 Wide surgical excision of a diabetic patient 
with necrotizing fasciitis of the left vulva; photograph 
taken on approximately hospital day 28, when closure was 
performed. (Reproduced with permission from Sweet RL, 
Gibbs RS.  Atlas of Infectious Diseases of the Female 
Genital Tract. Philadelphia: Lippincott Williams & 
Wilkins, 2005. Copyright ©2005 Lippincott Williams & 
Wilkins)
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 Preoperative Preparation

As with any surgical procedure, informed con-
sent should be obtained. The major risks of cesar-
ean delivery include bleeding, postoperative pain, 
infection (either endometritis or wound infec-
tion), damage to other abdominal organs such as 
the bladder or intestines, and the potential need 
for future cesarean deliveries. As cesarean deliv-
eries are often pursued when a safe vaginal deliv-
ery cannot be accomplished, these risks are seen 
as acceptable in the majority of cases.

As cesarean delivery is associated with an 
increased risk of infection compared to vaginal 
delivery, antibiotic prophylaxis is indicated. Most 
commonly, cefazolin 2 g IV as a single dose is 
utilized, with consideration of 3 g in patients with 
a weight >120 kg. For patients in labor or with 
ruptured membranes, the addition of azithromy-
cin 500 mg IV has been shown to decrease infec-
tious morbidity and should be considered 
standard of care [9]. For penicillin-allergic 
patients, a combination of gentamycin and 
clindamycin may be used.

 Procedure/Surgical Anatomy

Cesarean deliveries are most commonly per-
formed through a low transverse Pfannenstiel inci-
sion, although a vertical incision or a transverse 
muscle-splitting incision such as the Maylard may 

be used in certain circumstances. The Pfannenstiel 
incision allows for improved cosmesis, lower lev-
els of postoperative pain, and a decreased inci-
dence of incisional hernias compared with vertical 
incisions [10]. At the level of the Pfannenstiel inci-
sion, the abdominal wall fascia lies completely 
anterior to the rectus muscles. Typically, the fascia 
will be incised transversely and dissected from the 
underlying rectus muscles, exposing the perito-
neum in the midline. This peritoneum may then be 
entered either bluntly or sharply at the surgeon’s 
discretion. The peritoneal incision should be 
extended, with attention paid to the inferior margin 
and the location of the bladder.

Once the peritoneal cavity is entered, retrac-
tors are placed to expose the lower uterine seg-
ment and retract the bladder inferiorly. Ideally, 
the uterine incision should be placed transversely 
across the lower uterine segment, typically ~1 cm 
above the vesicouterine peritoneum. Under most 
circumstances, dissecting the bladder inferiorly 
is not required. However, adhesions from a prior 
cesarean delivery may result in cephalad scarring 
of the bladder to the lower uterine segment—in 
this case, the vesicouterine peritoneum should be 
incised and the bladder dissected inferiorly to 
allow access to the lower uterine segment. The 
low transverse incision typically provides enough 
space for atraumatic delivery of the fetus and also 
has several advantages, including limiting blood 
loss, allowing easy reapproximation, and decreas-
ing the risk of uterine rupture in subsequent preg-
nancies [11]. A vertical or “classical” incision 
extending cephalad into the upper muscular por-
tion of the uterus may be needed under certain 
circumstances including:

• A underdeveloped, narrow lower uterine seg-
ment (often seen in severely preterm 
deliveries)

• A densely adherent bladder
• Lower uterine segment pathology (e.g., uter-

ine fibroid) preventing access to the lower 
uterine segment

• When significant manipulation is anticipated 
for delivery, including extreme macrosomia or 
fetal malpresentation

• Postmortem delivery

Table 28.1 Indications for cesarean delivery

Indications for planned cesarean delivery:
   •  Elective cesarean after prior cesarean delivery
   •  Prior classical cesarean incision
   •  Prior full-thickness myomectomy
   •  Fetal malpresentation
   •  Placenta previa or abnormal placentation
   •  Obstructive genital tract mass (e.g., cervical 

cancer)
   •  Significant birth trauma in a prior vaginal delivery
   •  Fetal macrosomia
Indications for unplanned cesarean delivery:
   •  Arrest of cervical dilation
   •  Arrest of fetal descent
   •  Nonreassuring fetal status/abnormal fetal heart 

rate
   •  Failed operative vaginal delivery
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Classical incisions can lead to heavier bleed-
ing from the myometrium as well as an increased 
risk of extension of the incision into the bladder 
or cervix. These incisions also carry a higher risk 
of uterine rupture in subsequent pregnancies. 
Given these reasons, the vast majority of cesare-
ans utilize a low transverse incision.

Once the uterine cavity is entered, the incision 
can be extended bluntly in a cephalad/caudad 
direction (the transverse nature of the uterine 
muscle fibers will result in the incision naturally 
extending transversely instead of vertically). For 
a classical incision, bandage scissors will be 
required to sharply extend the incision vertically 
into the muscular upper segment. Once the inci-
sion is extended, the fetal vertex can be delivered 
by flexing the fetal head, bringing it to the level 
of the hysterotomy and applying fundal pressure. 
After the fetus is delivered and the umbilical cord 
is clamped, the uterus should be massaged to 
allow spontaneous delivery of the placenta.

The uterus may be exteriorized at this point to 
facilitate exposure. The uterine incision may be 
closed in a single or double layer; either is consid-
ered acceptable. Single-layer closures are associ-
ated with a lower operative time and less blood 
loss; double-layer closures are believed to decrease 
the risk of a subsequent uterine rupture, but overall 
the evidence is unclear [11]. Classical incisions 
will always require more than one layer to approx-
imate the thicker upper uterus and ensure hemo-
stasis. A 0 or No. 1 synthetic delayed absorbable 
suture such as polyglactin or polyglecaprone is a  
common choice. After replacing the uterus into the 
abdominal cavity, the remainder of the abdominal 
wall closure (peritoneum,  fascia, subcutaneous 
space, and skin) may be closed via standard clo-
sure techniques. If the subcutaneous depth is 
>2 cm, data clearly support closure to minimize 
postoperative wound complications [12].

 Management of Postpartum 
Hemorrhage

One of the most likely complications of cesarean 
delivery is postpartum hemorrhage. Given the 
uterine artery blood flow of ~500–600 cc/min at 

term, the risk of massive hemorrhage is substan-
tial. Postdelivery hemostasis is primarily achieved 
by myometrial contraction, which compresses the 
blood vessels previously supplying the placental 
bed. Uterine atony, or a suboptimal contraction of 
the uterine myometrium, represents the most 
common cause of postpartum hemorrhage.

When brisk bleeding due to uterine atony is 
encountered, the problem may be approached med-
ically or surgically. Nonsurgical approaches are 
usually attempted initially, including the following 
interventions aimed at increasing uterine tone:

• Brisk manual massage of the uterine fundus
• IV oxytocin infusion (typically 40  units/1  L 

normal saline infused at a rate of up to 
500 cc/h)

• IM methylergonovine (0.2  mg; contraindi-
cated in patients with hypertension); may be 
repeated every 2–4 h

• IM carboprost tromethamine (250 mcg; con-
traindicated in patients with asthma); may be 
repeated every 15–90 min

• Misoprostol (400  μg sublingual or 800  μg 
rectal)

If the above measures do not resolve the atony, 
the antifibrinolytic tranexamic acid (1 g IV over 
20 min) may be administered.

Should medical therapy not resolve the hem-
orrhage, ligation of the uterine arteries may 
reduce bleeding by decreasing perfusion pressure 
to the uterus. Knowledge of pelvic anatomy is 
critical as the ureter lies just lateral to the uterine 
arteries. Typically, a 0-polyglycolic acid suture 
on a CT-1 needle will be passed through the lat-
eral lower uterine segment as close to cervix as 
possible and then passed through the broad liga-
ment lateral to the uterine arteries. The sutures 
can be placed and tied bilaterally, if needed.
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29Ruptured Abdominal Aortic 
Aneurysm

Anna N. Romagnoli and Joseph J. DuBose

 Introduction

While the prevalence of abdominal aortic aneu-
rysm has been declining in the past decades [1], 
the progression of the disease process to rupture 
continues to be associated with a greater than 
80% mortality rate in all comers and a  >40% 
mortality rate in those who survive to operation 
[2]. Aortic aneurysms are more common in men 
than in women. They have the highest incidence 
in the ninth decade of life. Age and genetic pre-
disposition, including connective tissue disor-
ders, are nonmodifiable risk factors associated 
with their development. Modifiable risk factors 
include atherosclerotic disease, hypertension, 
hypercholesterolemia, inflammation, and smok-
ing [1]. The relationship between cigarette smok-
ing, matrix metalloproteinases, and aneurysmal 
degeneration has been well described and is 
implicated in both initial development and expan-
sion of abdominal aortic aneurysms [3].

Risk of aneurysm rupture is directly corre-
lated to aneurysmal diameter. As explained by 
the law of Laplace, as the radius of the aneurysm 
sac increases, the wall tension increases, thereby 
increasing the risk of rupture [4]. Estimated 
annual risk of rupture for abdominal aortic aneu-
rysms increases dramatically as diameter 
increases (Table 29.1) [5], with rupture risk sur-

Case Report
You are called to see a patient in the emer-
gency room presenting with abdominal pain 
and hypertension. The patient is a 61-year-
old male with a history of hypertension and 
an abdominal aortic aneurysm for which he 
was being followed by vascular surgery. His 
last ultrasound measurement of the aneu-
rysm was 3.8  cm in maximal diameter 2 
years prior, and he has neglected to follow up 
with his vascular surgeon since. He has no 
surgical history. He complains of tearing low 
back and abdominal pain and is diaphoretic 
with a blood pressure of 88/45. On examina-
tion, he has a palpable pulsatile mass in the 
infraumbilical region that is tender, but does 
not have frank peritonitis. He responds to 
fluid resuscitation, with an increase in blood 
pressure to 95/52, and receives a subsequent 
contrast-enhanced CT examination demon-
strating contained rupture of a 5.2 cm infra-
renal abdominal aortic aneurysm.
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Table 29.1 Annual rupture risk of abdominal aortic 
aneurysms (AAA) based on diameter [5]

AAA diameter (cm) Annual risk of rupture (%)
<4 0
4–5 0.5–5
5–6 3–15
6–7 10–20
7–8 20–40
>8 30–50

Fig. 29.1 Computed tomographic angiography (CTA) 
demonstrating ruptured abdominal aortic aneurysm

passing general operative risk of elective repair at 
>5  cm. Elective repair in otherwise healthy 
patients is recommended with fusiform aneu-
rysms with diameter >5.4 cm and for all saccular 
aneurysms [6].

In the setting of elective aortic aneurysm 
repair, endovascular aneurysm repair (EVAR) 
has been demonstrated to be associated with a 
marked reduction in 30-day mortality in compar-
ison with open repair [7–9]; however, there is 
conflicting data in the literature regarding its ben-
efit in ruptured abdominal aortic aneurysms. 
Three notable multicenter randomized controlled 
trials have evaluated the topic. The Amsterdam 
Acute Aneurysm Trial (n = 116) showed no sig-
nificant difference in death/severe complications; 
however, it did demonstrate decreased blood 
product transfusion, ICU admission, and ventila-
tor dependence [10]. The Endovasculaire ou 
Chirurgie dans les Aneurysmes aorto-iliaques 
Rompus (ECAR) trial (n = 107) failed to show a 
mortality benefit at 30 days or 1 year; however, 
ruptured endovascular aneurysm repair (REVAR) 
was associated with a lower complication rate 
[11]. The largest randomized controlled trial on 
the topic to date is the Immediate Management of 
Patients with Rupture: Open versus Endovascular 
Repair (IMPROVE) trial (n = 623). No difference 
in 30-day mortality between the two repair 
modalities was detected in all comers; however, a 
subgroup analysis did demonstrate a survival 
benefit in women. Additionally, patients under-
going REVAR were more likely to be discharged 
home [12]. While there was no difference in mor-
tality at 1 year [13], the 3-year follow-up analysis 
of the IMPROVE study was notable for a survival 
advantage, improved quality of life, and reduced 
cost in the REVAR group [14].

 Diagnosis

Hypotension and abdominal pain in a patient 
with a known abdominal aortic aneurysm should 
be considered a rupture until proven otherwise. 
However, patients with a contained or early rup-
ture may have a more subtle presentation includ-
ing abdominal or back pain with other signs of 
systemic illness. A palpable abdominal mass may 
be appreciated on examination, but can be 
obscured by body habitus. Hypotension on pre-
sentation is a worrisome finding, which increases 
mortality in the setting of aneurysmal rupture. 
Definitive diagnosis is achieved by computed 
tomographic angiography (CTA—contrast- 
enhanced CT), which will both reveal the diagno-
sis and delineate pertinent anatomy for subsequent 
treatment (Fig. 29.1).

 Initial Management

Large-bore IV access should be rapidly obtained. 
Laboratory tests include blood typing and cross-
matching. While no randomized controlled trials 
comparing hypotensive to normotensive resusci-
tation in the setting of ruptured abdominal aortic 
aneurysm have been performed [15], animal stud-
ies suggest that hypotensive resuscitation may be 
beneficial [16]. Resuscitation to a systolic blood 
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pressure between 70 and 90 mmHg (hypotensive 
resuscitation) as long as the patient has intact 
mentation is recommended by the Society of 
Vascular Surgery (SVS) [6] (Fig. 29.2). Caution 
should be taken, however, when extrapolating the 
widely accepted principles of damage control 

resuscitation in trauma [17, 18] to this patient 
population. Unlike the trauma population, patients 
with ruptured abdominal aortic aneurysms are 
older and likely have concomitant cerebrovascu-
lar and cardiovascular disease. The effect of pro-
longed hypotension in the setting of aortic rupture 

Suspected Ruptured Abdominal Aortic Aneurysm (rAAA)
Algorithm

Recommended Time Goals

Evaluation by an Emergency Physician of Any Patient
Suspected of Having a Ruptured AAA

•  Airway, Breathing, Circulation (ABC) protocol
•  General assessment
•  Vital sign monitoring

Diagnosis

Immediate Management

Consideration of Transfer to Regional Center

Rapid Transfer

•  Clinical diagnosis of a rAAA in patients:
        •  Age > 50 with abdominal or back pain AND hypotension
        •  Known AAA and symptoms of abdominal or back pain.
            hypotension, or impending cardiovascular collapse
•    Radiologic confirmation (ultrasound or CT) only required when
        •  Alternative diagnosis is more likely on clinical grounds

•   Intravenous access with two large bone peripheral IVs (central
    and/or arterial not immediately necessary)
•   Permissive hypotension (to maintain a mental status and target
    systolic pressure 70–90 mmHg)
•   Lab work or x-rays should only be obtained to confirm the
    diagnosis of rAAA

•   If appropriate vascular services cannot be provided:
         •   Patients with good functional status and without severe
              co-morbidity should be transferred without delay
         •   Patients previously declined elective surgery should still
              be considered for transfer and subsequent treatment
         •    Patient should be discussed with a receiving vascular
               surgeon
                    •  Goals of care
                    •   Medical comorbidities
                    •   Homodynamics
•       Contraindication for transfer
            •  Patients suffering from ongoing cardiac arrest

•   Physician-to-physician phone
    handoff
•   If images are obtained at referring
    hospital, they must be transferred
    with patient
•   In-transit care: vital sign monitoring
    and permissive hypotension
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Fig. 29.2 Algorithm for management of suspected rAAA [6]
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on cerebral, coronary, and spinal cord perfusion in 
this patient population has not been well studied.

Every effort should be maintained to obtain a 
preoperative CTA. This allows for assessment of 
anatomic suitability for endovascular repair and 
planning for both endovascular and open surgical 
repairs. The assessment of aneurysm neck length 
and angulation, proximal aortic diameter, and 
access vessel diameter allows for preoperative 
endograft selection. Prior to open repair, the 
identification of potential clamp sites is critical 
(i.e., infrarenal, suprarenal, and supraceliac) and 
may impact the operative approach and the deci-
sion to transfer to a high-volume facility. 
Additional evaluation of anatomy, including 
retro-aortic left renal vein and horseshoe kidney, 
may also inform operative decision making.

Upon clinical or radiographic diagnosis of 
ruptured abdominal aortic aneurysm, quick deci-
sion making and emergent intervention must be 
undertaken. Resuscitative endovascular balloon 
occlusion of the aorta (REBOA) has gained sig-
nificant traction in the trauma community over 
the past decade. While this technology was ini-
tially coopted from endovascular maneuvers to 
obtain proximal aortic control [19] and certainly 
can be life-saving, blind instrumentation of an 
injured aorta should be performed as a last resort.

 Intervention vs Palliation

A number of scoring systems have been devised 
to quantify chances of survival; however, most 
have not demonstrated consistent correlation 
with outcome [20]. One simplified scale did iden-
tify the following predictors of mortality after 
open repair: age >76 years, creatinine >2.0 g/dL, 
pH <7.2, and blood pressure <70 mmHg at any 
time. When all four are present, open repair is 
associated with a 100% mortality rate [21].

When counseling patients and their families, it 
is critical that they understand that if they survive 
the initial operative intervention, there is an 
almost certain prolonged ICU and hospital course 
to follow, which may include tracheostomy, 
dependence on enteral feeds, temporary or per-
manent dialysis, or paralysis.

 Stabilization and Transfer

Institutions with an established protocol for man-
agement of patients with rAAA have demon-
strated a reduction in mortality [22, 23], with one 
study demonstrating a 30-day mortality reduction 
from 57.8% to 35.3% [23]. Analysis of trends 
and outcomes in the United States reveals 
increased utilization of endovascular repair and 
improved mortality rate [1, 24]; these benefits are 
most realized in high-volume teaching facilities 
[2, 24].

Historically, mean time from admission to 
hospital death from ruptured AAA is 8 h [25]. In 
the modern era, however, median time from onset 
of symptoms to hospital admission has been 
reported at 2  h, 30  min (range 44  min–36  h), 
median interval between admission and death 
10 h, 40 min (range 1 h–143 h 55 min), while the 
median time from onset of symptoms to death 
was 16 h, 38 min (range 2 h 6 min–146 h 50 min) 
[26]. While a goal door-to-intervention time of 
≤90  min is recommended by the SVS [6], a 
recent retrospective review suggests that this 
benchmark does not have significant impact on 
morbidity and mortality [27]. Although there is 
data demonstrating lower perioperative mortality 
in high-volume institutions with in-place “rup-
ture protocols” [23, 28], interfacility transfer is 
associated with an overall increase in mortality 
[29, 30] in some studies. Other studies suggest 
improved mortality rate with a regionalized 
approach to management of ruptured abdominal 
aortic aneurysms [23, 31].

The SVS strongly recommends EVAR over 
open repair for treatment of ruptured abdominal 
aortic aneurysm; however, the quality of evidence 
supporting this recommendation was low at the 
time of publication [6]. A subsequent meta- 
analysis which included 267,259 ruptured aortic 
aneurysm patients found that REVAR was asso-
ciated with reduced perioperative mortality in 
comparison to open surgical repair (OR 0.54, 
95% CI 0.51–0.57, p < 0.001) [32]. Many facili-
ties are not equipped with personnel or equip-
ment to perform EVAR at all or in the setting of a 
ruptured AAA. If preoperative CTA demonstrates 
a pararenal or paravisceral aneurysm, unless the 
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operating surgeon is familiar with supraceliac 
clamping and visceral reconstruction, expedi-
tious transfer is necessary. Because of the poten-
tial mortality benefit associated with transfer to 
high-volume facilities, the probable mortality 
and known morbidity benefit of REVAR, as well 
as the often relatively long window between 
symptom onset and mortality, the risks and ben-
efits of transfer should be considered in all 
patients presenting with rAAA.

Endotracheal intubation should be undertaken 
thoughtfully and with caution. Resuscitation 
should be initiated prior to intubation, particu-
larly for those patients presenting with significant 
hypotension. It is prudent to prepare for decom-
pensation at the time of intubation by prepping 
the abdomen for immediate surgical entry or by 
being prepared to counter the anticipated loss of 
vasomotor tone with the utilization of an endo-
vascular balloon. Via femoral access with the 
patient yet awake, the balloon can be positioned 
under fluoroscopic guidance above the aneurys-
mal rupture in amenable patients.

For open repair, the use of a suction-based cell 
saver collection system is prudent. Planning in 
this fashion will permit autotransfusion of shed 
blood within the abdominal cavity. Enteric con-
tamination is uncommon in simple ruptured 
abdominal aneurysms, affording the utilization of 
this blood in subsequent resuscitation.

 Operative Management

Regardless of operative management strategies, 
proximal aortic control must be obtained expe-
ditiously. Indications for aortic occlusion 
balloon placement include cardiac arrest, 
hemodynamic instability, and anatomic limita-
tions preventing expeditious repair [23, 33]. 
While endovascular balloon occlusion of the 
aorta has been shown to reduce intraoperative 
mortality, it has not been shown to improve 
other outcomes [34]. Similarly, open aortic 
cross-clamping has traditionally been associ-
ated with improved hemorrhage control and 
remains a critical maneuver of open repair—but 
has not been well studied.

In the setting of elective open and endovascu-
lar aneurysm repair, systemic anticoagulation is 
routinely administered. When managing a rup-
tured AAA, the decision to anticoagulate should 
be made on a case-by-case basis based on the 
patient’s intrinsic coagulation status, as deter-
mined by traditional laboratories, thromboelas-
tography, or clinical evidence of coagulopathy.

 Endovascular Repair

For elective EVAR, general exclusion criteria 
include aortic neck diameter  ≤32  mm, neck 
length  ≤15  mm, circumferential calcifications, 
thrombus >40%, >60° aortic neck angulation, 
and access vessel diameter <6.5 mm [23]. There 
are now a number of devices on the market which 
can safely be used with fewer anatomic exclu-
sions. Comprehensive review of available devices 
and their limitations, however, is beyond the 
scope of this chapter. In the setting of a ruptured 
aneurysm, it is not uncommon for the operating 
vascular surgeon to perform off-IFU 
REVAR.  However, off-IFU REVAR has been 
reported at the abstract level to be associated with 
a higher mortality rate than on-IFU 
REVAR. When compared to OSR patients with 
supraceliac clamp, off-IFU REVAR was associ-
ated with improved mortality rate. This was not 
observed when off-IFU REVAR was compared 
with OSR with infrarenal or suprarenal clamps 
[35].

 Open Surgical Repair

Unless the operating surgeon routinely performs 
aortic surgery via a thoracoabdominal incision in 
the lateral position, a transperitoneal supine 
approach is recommended (Fig. 29.3). If an infra-
renal or immediately suprarenal clamp site is fea-
sible, after performing a generous midline 
laparotomy the transverse colon should be 
reflected superiorly and the small bowel packed 
off to the right. The ligament of Treitz is sharply 
taken down, allowing for the entirety of the small 
bowel to be packed into the right side of the abdo-
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Fig. 29.3 Ruptured abdominal aortic aneurysm (rAAA) 
at operation, exposed via peritoneal approach

men. The aneurysm neck should be identified by 
palpation, and the peritoneum is sharply divided. 
The dissection should be carried out posteriorly 
on both sides of the aorta until the vertebral bod-
ies are palpable. Circumferential mobilization of 
the aorta is not necessary and can result in the 
avulsion of hidden lumbar arteries. A large aortic 
clamp should be placed with the handle directed 
cephalad.

For heavily calcified aortas, an infrarenal or 
immediately suprarenal clamp may not coapt the 
aortic walls adequately enough to provide hemo-
stasis. In this setting, supraceliac aortic control 
should be attempted, as this region of the aorta is 
generally spared from calcific disease. After mid-
line laparotomy and division of the falciform 
ligament, the left lobe of the liver is retracted to 
the patient’s right, allowing the gastrohepatic 
ligament is being divided. The stomach and distal 
esophagus are retracted to the left. To clamp the 
aorta at this location, the right crus of the dia-
phragm must be divided; a clamp can then be 
passed taking care to not injure posterior branches 

of the vagus nerve. If suprarenal or supraceliac 
control is initially obtained, it is critical to move 
the clamp to an infrarenal location as soon as is 
feasible to limit warm ischemia time to the vis-
cera and kidneys.

After proximal control has been obtained, 
attention should be turned to obtaining distal 
control. Common iliac arteries should be dis-
sected and clamped. Again, circumferential dis-
section is unnecessary and may result in 
iatrogenic injury to the iliac veins which will 
result in torrential hemorrhage. If the calcium 
burden of these vessels precludes occlusive 
clamping, Pruitt occlusion balloons can be passed 
under direct vision to provide distal control.

After satisfactory clamp application, the aneu-
rysm sac is opened from below the cross-clamp to 
a centimeter or two above the iliac bifurcation. 
Unless the rupture involves one of the iliac arter-
ies, bifurcate grafts should be avoided in the 
emergent setting. The aneurysm sac is tee-d off at 
its cephalad and caudad extents. Mural thrombus 
and other debris are then scooped out of the sac to 
permit clear visualization of any bleeding lumbar 
vessels. These should be suture ligated with 
figure- of-eight 2-0 or 3-0 silk suture; visualization 
may be aided by placing a self-retaining retractor 
within the aneurysm sac. An appropriately sized 
Dacron graft is brought onto the field; the proxi-
mal anastomosis is performed using 3-0 or 4-0 
polypropylene suture. The inlay technique 
described by Creech in 1966 is still widely 
employed today, whereby the proximal aspect of 
the posterior wall of the aneurysm sac is incorpo-
rated into the suture line [36]. Once the proximal 
anastomosis is complete, the graft is clamped dis-
tally, and the proximal suture line is checked for 
hemostasis. Repair stitches are placed as needed. 
The graft is then trimmed to size, and the distal 
anastomosis is then performed in similar fashion.

Diminished back bleeding from the iliac arter-
ies should prompt the operating surgeon to con-
sider the potential for embolization of intra-aortic 
debris or formation of thrombus during clamp-
ing. Fogarty embolectomy should be performed 
until all clot or debris is removed and robust back 
bleeding occurs, followed by an additional pass 
of the balloon catheter.
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The graft should be forward and back flsuhed 
with any trapped air evacuated prior to complet-
ing the distal anastomosis. Before perfusion is 
restored to the lower extremities, the anesthesia 
team must be notified, as the washout of ischemic 
byproducts from aortic cross-clamping can have 
significant effects on hemodynamics, up to and 
including cardiac arrest.

Consideration should be given to reimplanting 
the inferior mesenteric artery (IMA) into the dis-
tal aortic graft, utilizing a carrel patch. If robust 
back bleeding is observed from the orifice of the 
IMA indicating adequate collateral flow through 
the arc of Riolan and superior rectal arteries, the 
IMA can be ligated. However, in the setting of 
postoperative hypotension and vasopressor use, 
the left colon may be at risk for ischemia in spite 
of intraoperative observation of intact collateral 
flow.

Once hemostasis has again been verified, the 
aneurysm sac is closed using running 2-0 vicryl 
suture. The aorta should then be reperitonealized 
or covered with omentum to mitigate the risk of 
future development of an aortoenteric fistula.

Consideration should be given to open abdom-
inal management/damage control laparotomy in 
the same fashion as applied to traumatic opera-
tions. As such, hypothermia, acidosis, or the 
presence of clinical or laboratory documented 
coagulopathy should be considered prudent 
markers for the utility of temporary damage con-
trol laparotomy with or without a suction assisted 
dressing. Return to the operating room for re- 
exploration and closure should then occur only 
after this “deadly triad” has been corrected 
through thoughtful resuscitation.

Prior to leaving the operating room, the distal 
lower extremities should be assessed for adequate 
blood flow via pulse or hand-held Doppler exam-
ination. If there is a discrepancy in, distal embo-
lization of thrombus or debris should be 
presumed. Open cutdown and fogarty embolec-
tomy should then be performed. If there was a 
prolonged interruption of flow to the lower 
extremities, or clinical examination is concerning 
for compartment syndrome, compartment pres-
sures should be checked, or fasciotomies empiri-
cally performed.

 Postoperative Complications

If the patient survives the operation, they can 
expect to move on to a prolonged critical care 
phase. Open surgical repair following ruptured 
AAA is associated with a longer ICU length of 
stay and a higher rate of major complications 
(respiratory, cardiac, cerebrovascular, renal fail-
ure, lower limb ischemia) [37].

 Abdominal Compartment Syndrome

Abdominal compartment syndrome represents 
the extreme of the intra-abdominal hypertension 
spectrum and occurs when sustained elevations 
in the intra-abdominal pressure (IAP) result in 
new end-organ dysfunction. IAP should be mea-
sured via the bladder after a maximal instillation 
of 25  mL sterile saline, at end expiration, with 
muscles relaxed and transducer at the mid- 
axillary line. In critically ill adults, normal IAP is 
5–7  mmHg. Intra-abdominal hypertension is 
defined by a sustained or repeated pathological 
elevation in IAP ≥12  mmHg. Abdominal com-
partment syndrome (ACS) is defined as a sus-
tained IAP >20 mmHg, with or without abdominal 
perfusion pressure  <60  mmHg (mean arterial 
pressure—IAP), accompanied with new organ 
dysfunction or failure [38].

ACS occurs following ruptured abdominal 
aortic aneurysm repair in 4–34% of patients [39–
43], mortality rate of those with ACS ranges from 
30% to 70% [39, 41, 43]. A recent review of the 
Swedish Vascular Registry demonstrated high 
mortality following abdominal aortic aneurysm 
repair. Three pathophysiological findings were 
identified at decompressive laparotomy: bowel 
ischemia (21%), bleeding (29%), and edema 
(50%). Poor outcomes were associated with lon-
ger suprarenal clamp and greater volume of 
transfused blood products. On multivariate anal-
ysis, however, the only independent predictor for 
development of abdominal compartment syn-
drome was age [39]. Duration of IAP ≥20 mmHg 
was an independent predictor for renal replace-
ment therapy. Abdominal compartment syn-
drome following ruptured abdominal aortic 
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aneurysm repair and abdominal compartment 
syndrome secondary to bleeding were negative 
predictors for survival [39]. The standard of care 
for treatment of ACS is decompressive laparot-
omy. Timing of decompressive laparotomy after 
ruptured abdominal aortic aneurysm repair has 
not been studied; however, extrapolation from the 
trauma literature suggests that earlier decompres-
sion is associated with improved survival [44, 
45].

In addition to the abovementioned etiologies 
for abdominal compartment syndrome, patients 
who have undergone REVAR are also at risk for 
continued hemodynamically significant 
endoleak. Type II endoleaks (persistent perfusion 
of the aneurysm sac via collateral vessels, most 
commonly lumbar arteries or the IMA) may 
result in continued pressurization of the aneu-
rysm sac in spite of excluding its major in-flow 
and out-flow vessels. This potentially places the 
patient with a contained rupture at continued risk 
for free rupture. In the setting of an aneurysm sac 
that has already ruptured, continued bleeding 
through the lumbar vessels or the IMA into the 
peritoneal space may contribute to ongoing 
hemodynamic instability and development of 
ACS. This potential risk is reflected in the lower 
threshold to perform decompressive laparotomy 
following REVAR in comparison to patients who 
had undergone open repair for ruptured abdomi-
nal aortic aneurysm (median 2.8 vs 30.8  h, 
p < 0.001) [39].

 Acute Renal Failure

Acute renal failure (ARF) following ruptured 
abdominal aortic aneurysm repair is associated 
with high mortality rates [46–48] and is an inde-
pendent predictor for in-hospital mortality [49, 
50]. The incidence of postoperative ARF in survi-
vors of ruptured abdominal aortic aneurysms is 
20–34% [46, 51]. The development of postopera-
tive ARF is multifactorial, with age, pre-existing 
renal disease, hypotension, contrast administra-
tion, and aortic cross-clamping contributing [52]. 
REVAR eliminates the need for prolonged aortic 
occlusion and can be done under local anesthetic 

which mitigates any hypotension associated with 
induction of general anesthesia and may be the 
reason it has a lower rate of postoperative ARF 
(6.9% vs 13.5% p < 0.001) [53] and long-term 
hemodialysis [50].

 Colonic Ischemia

Colonic ischemia occurs in 6–44% of survivors 
of ruptured abdominal aortic aneurysm [10, 12, 
54]. The patency of the IMA is likely complicit in 
development of ischemic colitis; however, treat-
ment or nontreatment of the IMA at time of oper-
ation was not associated with development of 
colonic ischemia. Preoperative shock, greater 
intraoperative blood loss [54], and high postop-
erative vasopressor requirement [55] were asso-
ciated with the development of colonic ischemia. 
In one small study, most patients with postopera-
tive bowel ischemia had chronically occluded 
IMAs and therefore would not have been candi-
dates for reimplantation [54]. In the absence of a 
frankly bloody bowel movement, colonic isch-
emia can be challenging to diagnose in the peri-
operative period. Flexible sigmoidoscopy has 
been demonstrated to be a valuable tool in this 
setting [55].

 Other

Spinal cord infarction is a rare complication 
(<1%) of ruptured abdominal aortic aneurysm 
repair and occurs with equal incidence after both 
open and endovascular intervention [10, 56]. In 
the modern era, postoperative respiratory failure 
and myocardial infarction are independent pre-
dictor for mortality in survivors of ruptured AAA, 
but neither has an increased incidence following 
OSR compared with REVAR [50].

 Case Conclusion

The patient was rapidly delivered to the operating 
room, where he underwent placement of an aortic 
occlusive balloon in the proximal abdominal 
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aorta to facilitate intubation and open exposure of 
the aneurysm. The aneurysm then underwent 
repair utilizing a Dacron interposition graft to 
repair his infrarenal aorta. The graft was covered 
with retroperitoneum, and the abdomen was left 
open in a damage control fashion. The next day, 
the patient underwent re-exploration and abdom-
inal closure. After 2 days in the intensive care 
unit and 6 days of hospitalization, he was dis-
charged to home.
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30Management of Esophageal 
Perforation

Nabeel H. Gul, Valerie X. Du, and Shawn S. Groth

 Overview

Esophageal perforations fall on a spectrum of 
severity, from clinically inconsequential micro- 
perforations on one end to septic shock from 
large uncontrolled perforations surrounded by 
devitalized tissue on the other end. Esophageal 
perforations are associated with significant mor-
bidity and mortality rates, particularly if there are 
signs of sepsis on presentation. Indeed, though a 
systematic review of the literature noted a mor-
tality rate of 13.3%, mortality rates over 30% 
have been reported [1]. Importantly, experienced 
centers have reported mortality rates of 5–10%, 
highlighting the importance of understanding the 
nuances of managing these patients.

Although esophago-cutaneous fistula second-
ary to rupture was mentioned in the Smith 
Papyrus from 2500 BC [2], the first case of spon-
taneous esophageal rupture was reported by 
Herman Boerhaave in 1724. After consuming a 
gluttonous meal,1 Baron Jan Gerrit van Wassenaer 
heer van Rosenberg, the Grand Admiral of the 
Dutch Fleet, tried to induce emesis after drinking 

1 “At the last meal on the day he took sick he ate veal soup 
with fragrant herbs; he took a little white cabbage boiled 
with sheep; spinach; and calf sweetbreads lightly roasted 
(or fried); a little duck, the thigh and breast; two larks; a 
bit of apple compote and bread; and ended his meal with 
dessert consisting of pears, grapes, and sweetmeats. With 
his meal he drank a little beer, and a little wine from 
Moselle.”
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Case Report

A 55-year-old man presented to the emer-
gency department with sudden onset of 
excruciating chest pain and dyspnea after a 
bout of forceful vomiting. Upon presenta-
tion, he was tachycardiac, tachypneic, afe-
brile, and had normal blood pressure. EKG 
and troponin were normal. Laboratory inves-
tigation revealed leukocytosis and mild ele-
vation of creatinine. Chest X-ray showed a 
large left-sided pleural effusion. CT scan of 
the chest revealed large loculated left pleural 
effusion, lung collapse, and pneumomedias-
tinum. He was resuscitated with fluids and 
broad-spectrum antibiotics were initiated. A 
large-bore chest tube was placed and drained 
turbid appearing fluid with food particles. A 
diagnosis of Boerhaave syndrome was sus-
pected and the patient was taken to the oper-
ating room for intervention.
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several cups of Carduus Benedictus (a thistle 
used for various medicinal purposes including 
indigestion) forcefully vomited, perforated his 
esophagus, and “suddenly gave forth a horrifying 
cry” [3]. During the ensuing 16  h before the 
Admiral died of septic shock, Hermann 
Boerhaave carefully scribed the clinical course.

The dramatic description of the Admiral’s con-
dition by Boerhaave as “the most atrocious mal-
ady” which “cannot be remedied by any assistance 
of the medical profession”, resonated fear among 
many physicians for centuries. Indeed, for two 
centuries, esophageal perforation was left for an 
autopsy before evaluation [4]. It was not until 1947 
that Norman Barrett in London and O.T. Clagett at 
Mayo Clinic independently reported the first cases 
of timely diagnosis and successful repair [5, 6]. 
Other reports of successful intervention led to pri-
mary repair becoming the standard of care for the 
majority of the twentieth century. In 1965, 
Mengold and Klassen first reported the “non-oper-
ative” management of esophageal perforations [7]. 
With the evolution of minimally invasive surgery 
and interventional endoscopy, there is a growing 
array of options for managing esophageal perfora-
tions. What began as a paradigm of early surgical 
intervention has evolved into a multi-disciplinary 
hybrid approach [8].

 Etiology

Today, the most common cause of esophageal 
perforation is an iatrogenic injury during diag-
nostic or therapeutic interventions, accounting 
for nearly 60% of all perforations [9]. The risk of 
iatrogenic perforation is predicated on the type of 
endoscope and the therapeutic intent of the endo-
scopic intervention. Indeed, there is a higher risk 
of perforation with rigid endoscopy (0.11%), as 
compared with flexible endoscopy (0.03%). 
Furthermore, as compared with diagnostic endos-
copy, the risk of perforation is higher for thera-
peutic interventions such as dilation, stenting, 
sclerotherapy, and endoscopic resection of 
lesions.

The area at greatest risk of perforation is the 
Killian’s triangle, a weakness in the posterior 

wall of the pharynx between the cricopharyngeal 
and thyropharyngeal muscles, followed by the 
distal esophagus just proximal to the gastro-
esophageal junction and the mid-esophagus, 
where the aortic arch and the left main stem bron-
chus impinge on the esophagus. Intraoperative 
injury to the esophagus can also occur during 
paraesophageal surgery. Such injuries have been 
reported with fundoplication and hiatal hernia 
repair, vagotomy, tracheostomy, lung transplan-
tation, pneumonectomy, thoracic aortic aneurysm 
repair, and cervical spine surgery [10–13].

Though it has received much attention, 
Boerhaave’s syndrome accounts for only 10–15% 
of all esophageal perforations. These spontane-
ous esophageal perforations are barogenic—the 
result of a sudden increase in the intra- esophageal 
pressure and simultaneous failure of the upper 
esophageal sphincter to relax. Though forceful 
vomiting is a common cause, spontaneous rup-
ture can also result from childbirth, coughing, or 
weightlifting [14]. It results in a longitudinal tear 
that mostly occurs in the distal third of the esoph-
agus, typically 1–8 cm in length [15]. The major-
ity of these perforations in the distal esophagus 
communicates with the left pleural cavity but can 
communicate with the right pleural space, high-
lighting the importance of accurate pre- 
interventional diagnostic evaluation.

Foreign body ingestion is a less common 
cause of esophageal perforation; although, most 
foreign bodies that reach the gastrointestinal tract 
will pass spontaneously. Bones are the most com-
mon foreign body ingestion. While fishbones are 
the most common foreign body ingested in Asia, 
chicken bones are the most common foreign 
body ingestion in the West. The pharynx is the 
most common location where foreign bodies 
become lodged and cause perforation. While 
most can be removed endoscopically; the risk of 
perforation is rare and the reported incidence is 
0.001% [16].

Traumatic injuries to the esophagus are rare 
and account for less than 1% of all trauma inju-
ries. The most common mechanism is penetrat-
ing injury. The thoracic esophagus is deeply 
seated in the chest cavity and well protected by 
the rib cage, making it exceedingly rare to have 
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an isolated esophageal injury. Typically such 
patients also have rib fractures and a pneumotho-
rax. The cervical esophagus, however, lies in the 
neck and is susceptible to penetrating injuries. 
Mortality and morbidity are likely results of inju-
ries to other major structures. In a retrospective 
analysis of 641 patients with esophageal trauma, 
it was found that the largest risk of mortality with 
esophageal trauma was a high injury severity 
score [17].

Other less common etiologies include caustic 
ingestions, esophageal cancer, transesophageal 
echocardiography, or perforation from surround-
ing infection, especially in immunocompromised 
patients.

The etiology has a significant impact on the 
outcome. Spontaneous esophageal perforations 
carry the greatest mortality rate of 36% (0–72%), 
likely due to a delay in diagnosis because the pre-
senting symptoms are often confused with other 
diagnoses. In contrast, iatrogenic perforations are 
often diagnosed during the procedure, can be 
managed expeditiously, and have a reported  
mortality of 19% (7–33%). Traumatic perfora-
tions are typically limited to the cervical esopha-
gus, which is contained by the fascial planes in 
the neck and carries a mortality of 7% (0–33%) 
[18–30].

 Clinical Presentation

The clinical presentation of esophageal perfora-
tion differs depending on the etiology, location of 
the injury, time interval since perforation, and the 
degree of contamination. Common symptoms 
include chest pain, dysphagia, dyspnea, fever, 
chills, neck, or abdominal pain. These symptoms 
may be mild if the presentation is early or perfo-
ration is contained within the mediastinum. 
Often, presenting symptoms following cervical 
esophageal perforation is less severe, because 
such perforations are contained within the fascial 
planes of the neck. In contrast, perforation of the 
thoracic esophagus may result in mediastinal and 
pleural space contamination, which initiates an 
intense cytokine-mediated reaction that leads to 
fluid sequestration, hypotension, and sepsis.

Pain is a common presenting symptom. Pain 
from posterior mediastinal contamination is often 
localized in the epigastric region with radiation to 
the infra-scapular region. Pleural contamination 
can result in pleuritic chest pain on the affected 
side. Intraperitoneal contamination may be 
accompanied by acute abdominal signs. During 
the initial evaluation, it is important to obtain a 
focused history on pre-existing symptoms of gas-
troesophageal reflux disease, dysphagia, weight 
loss, prior esophageal surgeries, and intervention, 
since it may influence the treatment modality.

Physical examination may reveal fever, tachy-
cardia, hypotension, tachypnea, crepitus, and 
edema of the chest or neck. Hamman sign, a 
crunching, rasping sound heard over the precor-
dium synchronous with cardiac rhythm, due to 
emphysema of the mediastinum can be found in 
nearly half of the patients [31]. Subcutaneous 
emphysema is detected by the physical examina-
tion in 60% of patients after cervical perforation 
and 40% after thoracic perforation [20].

 Diagnosis

The initial symptoms are vague, and perforation 
of the esophagus is usually not at the top of the 
differential diagnosis in patients presenting with 
chest pain. The timely diagnosis of perforation is 
crucial in mitigating the deleterious effects of 
mediastinal and pleural contamination. Therefore, 
it is imperative to have high suspicion.

Radiological studies are paramount to diag-
nose esophageal perforation. A quick and inex-
pensive chest X-ray may reveal pleural effusion, 
hydro-pneumothorax, pneumomediastinum, 
mediastinal widening, pneumoperitoneum, or 
subcutaneous emphysema. However, it is impor-
tant to understand that a normal chest X-ray does 
not reliably rule out perforation, particularly 
early in the disease process or with contained 
perforations. Some of the findings such as pleural 
effusion and widening of the esophagus might 
require several hours to appear [32].

A contrast esophagram is the gold standard 
for diagnosing esophageal perforations. It has 
the advantages of assessing esophageal anatomy 
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and underlying pathology (i.e., strictures, 
masses, and hiatal hernias), identifying the loca-
tion (and side) of the perforation, and evaluating 
the extent of the contamination. The study is 
performed using water-soluble, iodinated con-
trast (e.g., diatrizoate sodium-diatrizoate meglu-
amine solution; Gastrografin®). Gastrografin® is 
rapidly absorbed and safer than barium, which 
can potentially exacerbate the inflammatory 
response to mediastinal, pleural, or abdominal 
contamination. Of note, the patient must be alert 
and cooperative to safely complete a contrast 
esophagram. Gastrografin, if aspirated, can 
cause severe chemical pneumonitis. In an intu-
bated patient, the study can be performed by 
instilling the contrast via a naso-esophageal 
tube or through the working channel of a flexi-
ble esophagoscope under fluoroscopy. Despite 
the advantages of water- soluble contrast, bar-
ium has a high viscosity, has better mucosal 
adherence, and hence offers greater anatomic 
detail. Consequently, if there is a high index of 
suspicion of esophageal perforation, a negative 
water-soluble contrast study should be followed 
by an esophagram with thin barium to increase 
the sensitivity of the test. Indeed, the false-neg-
ative rate for water-soluble contrast esophago-
grams (22–50%) is higher than barium 
esophagograms (10–12%) [20].

Contrast esophagography has inherent limi-
tations in an emergent setting, including the 
availability of experienced radiology staff, the 
ability of the patient to cooperate, and poten-
tially the time needed to obtain the appropriate 
views. As an alternative, computed tomography 
(CT) avoids many of these limitations. CT scan 
can typically detect pneumomediastinum, medi-
astinal abscesses, pleural effusions, and 
esophago- pleural fistulas. In a recent large ret-
rospective analysis conducted in an emergency 
department setting, CT was associated with a 
higher sensitivity for diagnosing esophageal 
perforation (100%), as compared to contrast 
esophagograms (77%). However, due to the 
high false-positive rates with the CT scan, the 
authors recommended following up a positive 
CT scan with an esophagram to confirm the 
diagnosis, when possible [33].

Fiberoptic esophagoscopy provides the added 
benefit of directly visualizing the degree of 
mucosal injury and identifying underlying 
pathology, such as strictures, diverticula, or 
malignancy. In traumatic esophageal perforation, 
esophagoscopy is associated with a sensitivity of 
100% and a specificity of 83% [34]. Concern has 
been raised about the safety of esophagoscopy in 
the setting of non-traumatic perforations as insuf-
flation could create a tension pneumothorax, 
worsen pneumoperitoneum, or convert a small or 
partial-thickness perforation to a larger defect. 
However, in experienced hands with careful 
attention to detail, flexible esophagoscopy can be 
performed safely and provides invaluable infor-
mation for guiding treatment.

Each diagnostic modality has inherent risks, 
benefits, and limitations. The application of each 
study must be carefully weighed in the appropri-
ate clinical circumstances. These diagnostic 
modalities are not mutually exclusive; rather, 
they are complementary. Finding the location of 
the perforation and the extent of contamination is 
critical information for treatment planning.

 Treatment

 Initial Management

Like all severe illnesses, the basic tenants of criti-
cal care—source control, resuscitation according 
to oxygen transport criteria, and metabolic sup-
port—provide a framework for managing patients 
with esophageal perforation [35]. Furthermore, a 
mindful, proactive approach is necessary to miti-
gate the risk of morbidity and mortality from 
esophageal perforation. Once the diagnosis is 
suspected, antimicrobials to cover gram posi-
tives, gram negatives, anaerobes, and fungus 
should be given during the initial evaluation and 
within 1 h of triage for both sepsis and septic 
shock [36]. Anti-fungal treatment is especially 
important for patients on proton pump inhibitors, 
which are known to increase the fungal coloniza-
tion in the stomach [37]. If a large pleural effu-
sion or hydro-pneumothorax is present, a tube 
thoracostomy provides temporary control of 
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pleural contamination while the patient is stabi-
lized, assessed, and triaged to treatment.

Due to the controversy in the proper manage-
ment of this condition, Luketich and colleagues 
proposed the Pittsburgh Perforation Severity 
Score (PSS), to provide a framework for making 
treatment decisions based on 10 clinical variables 
at the time of presentation. The score was based 
on 119 cases of esophageal perforations treated 
at the University of Pittsburgh Medical Center 
[38]. The pre-existing conditions and clinical 
variables at the time of presentation are assigned 
points (range 1–3) for a possible total score of 18. 
Points are given according to the following scale: 
1 = age >75 years, tachycardia (>100 bpm), leu-
kocytosis (>10,000 white blood cells/mL), or 
pleural effusion (on chest radiograph, computed 
tomography, or barium swallow); 2  =  fever 
(>38.5 °C), non-contained leak (on barium swal-
low or computed tomography), respiratory com-
promise (respiratory rate >30, increasing oxygen 
requirement, or need of mechanical ventilation), 
or time to diagnosis >24 h; and 3 = presence of 
cancer or hypotension. It has been shown that the 
PSS may be a useful tool to stratify patients into 
low, intermediate, and high-risk groups [39, 40]. 
However, the PSS was devised from retrospective 
studies, and its value in treatment allocation 
remains debatable [41].

 Primary Repair

Primary repair remains the gold standard for the 
definitive treatment of esophageal perforation.

 Traditional “Open” Approach

The location of the perforation dictates the 
approach. While cervical esophageal perfora-
tions are typically performed via a left neck inci-
sion and mid-thoracic perforations are often best 
approached through the right chest, a distal 
esophageal perforation is usually approached 
through the left chest, classically via a muscle- 
sparing thoracotomy through the left seventh 
intercostal space. Upon entering the chest, the 

pleural space is lavaged clear and, if needed, a 
decortication is performed.

If the location of the perforation is not immedi-
ately apparent, on-table endoscopy is a helpful 
adjunct. A longitudinal myotomy is performed 
overlying the perforation to expose the full extent 
of the mucosal injury. Often, the degree of muco-
sal injury is greater than what is initially appreci-
ated by examining the area of full-thickness 
injury. Necrotic, devitalized tissue should be 
debrided. At this point, the surgeon must ascertain 
whether the esophagus can be repaired (or at least 
spared). If not, an esophagectomy is required.

Once the extent of the mucosal injury is fully 
exposed and the devitalized tissue has been 
debrided, the repair is performed in two layers. 
The inner layer (mucosa and submucosa) is 
closed with absorbable suture and the outer layer 
(muscularis propria) is closed with non- 
absorbable suture. Importantly, the repair should 
be performed over a Bougie (i.e., 40–48 French) 
both to mitigate the risk of stricturing and to 
relieve any distal obstruction (e.g., an esophageal 
stricture) [42]. For patients with untreated esoph-
ageal outflow obstruction (i.e., achalasia), a con-
tralateral esophageal myotomy should be 
performed and carried 2  cm onto the stomach. 
Despite meticulous closure, the esophageal leak 
is a common complication. Consequently, the 
suture line should be buttressed with a vascular-
ized pedicle of intercostal muscle, serratus ante-
rior, latissimus dorsi, pleura, or pericardial fat 
pad to reduce the rate of fistula formation. 
Nonetheless, leaks are a common (15–50%), 
even with tissue reinforcement [38, 43]. 
Consequently, we recommend leaving a small 
drain (i.e., #10 Jackson-Pratt) adjacent to the 
repair for chronic fistula management.

For distal esophageal perforations, a gastros-
tomy (or gastro-jejunostomy) is placed for 
chronic gastric decompression and a feeding 
jejunostomy is placed for nutritional support. For 
proximal perforations in the absence of a hiatal 
hernia or chronic symptoms of reflux, a gastros-
tomy alone may be sufficient. Depending on the 
stability of the patient and the length of operative 
time for the primary repair, the gastrostomy and 
jejunostomy may be placed on a separate day.
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 Minimally Invasive Approach

The safety, feasibility, and advantages of standard 
video-assisted thoracoscopic surgery (VATS) and 
laparoscopy and robot-assisted approaches for 
elective transthoracic procedures are well-docu-
mented [44]. However, most of the literature 
regarding the utilization of minimally invasive 
approaches for esophageal perforation is limited to 
case reports and small case series. Most of the 
reported cases describe the treatment of Boerhaave 
perforation and repair of perforation caused by 
pneumatic dilation in achalasia [45–50]. Patients in 
these series were stable, had minimal contamina-
tion, and were diagnosed early after the injury. The 
same principles of open repair apply to minimally 
invasive approaches: (1) perform a longitudinal 
myotomy to expose the full extent of the injury; (2) 
repair the esophagus in two layers over a Bougie; 
(3) reinforce the repair with vascularized tissue; (4) 
leave a drain for chronic fistula management.

 Timing of Repair

Esophageal perforations should be managed as 
expeditiously as possible. Unfortunately, patients 
with esophageal perforation often have a delayed 
presentation. An older (now outdated) dogma of 
managing esophageal perforations is to avoid 
attempts at repair for perforations more than 24 h 
old, due to concern of an inordinate risk of failure 
of the repair [51]. Instead, some advocated drain-
age alone, esophagectomy (with or without 
reconstruction), or esophageal diversion for those 
patients with a delayed presentation. Grillo and 
Wilkins were among the first to challenge this 
surgical dogma and recommended repair when-
ever possible, regardless of the time interval 
between injury and intervention [52].

With increasing experience, additional reports 
of primary repair of perforations more than 24 h 
old have documented the safety and feasibility of 
repair in this subset of patients to avoid the morbid-
ity associated with resection or diversion and the 
need for a second reconstructive operation [9]. A 
number of patients who undergo diversion are 
never able to undergo reconstruction. Though mor-

bidity and mortality rates are higher among those 
patients who have a delayed presentation, what is 
likely more important than timing is the clinical 
status of the patient, underlying esophageal pathol-
ogy, and the quality of the tissue that is injured.

 Outcomes of Primary Repair

In a seminal paper, Dr. Orringer and colleagues 
reported their series of 22 patients who were 
treated at their institution over 17  years (1976–
1993). They noted an 80% successful closure rate 
and a remarkably low (5%) 30-day mortality rate 
[53]. Since then, numerous other investigators 
have reported the safety and efficacy of primary 
repair including a 3–30% mortality rate, a 40–65% 
complication rate (depending on the severity of 
sepsis upon presentation), and a 15–30% leak rate 
[34, 54–58]. After primary repair, 20% of patients 
require (unplanned) re- intervention. Therefore, it 
is inaccurate to presume that primary repair is a 
“one-and-done” procedure, as compared to inter-
ventional techniques which frequently require 
repeat interventions.

Dr. Orringer and colleagues also evaluated 
long-term functional outcomes of primary repair. 
In their series of 25 patients who underwent pri-
mary repair over a nearly 20-year period (1977–
1995) with a mean follow-up of 3.7 years, 40% 
required at least 1 dilatation. At a mean of 
21 months after the primary repair, 5 of the 10 
patients who required dilation ultimately under-
went esophagectomy due to a recalcitrant peptic 
stricture. In the total cohort, 90% of patients were 
subjectively satisfied with their swallowing func-
tion afterward. The 10% of patients that were dis-
satisfied all had peptic strictures [59]. Despite the 
limitations of this study, select patients who have 
a perforation in the setting of a severe peptic 
stricture may be best served by esophagectomy.

 Esophagectomy

Esophagectomy is usually reserved for patients 
whose esophagus is not salvageable because of 
underlying esophageal pathology (e.g., esoph-
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ageal cancer, end-stage achalasia, and recalci-
trant peptic and caustic strictures) or poor 
tissue quality. The approach (transthoracic vs 
transhiatal) and technique (minimally invasive 
vs. open) is dictated by the nature and location 
of the injury and by the experience of the sur-
geon. Contaminated pleural and mediastinal 
spaces should be washed out, debrided/decorti-
cated, and drained. Not surprisingly, the mor-
tality rate from esophagectomy is higher in the 
emergent, as compared with the elective set-
ting. In one literature review (1990–2003), 129 
patients underwent esophagectomy for esopha-
geal perforation, a mean mortality rate of 17% 
(range, 0–43%) was noted among the reported 
series [9].

 One-Staged Reconstruction

For hemodynamically stable patients, esophagec-
tomy and primary reconstruction is a safe treat-
ment plan [25]. One-staged reconstruction can 
potentially avoid the need for a second operation 
but requires careful selection of patients. The 
feared complication of anastomotic leak after an 
emergent reconstruction has led some surgeons 
to prefer deferring reconstruction to a later stage.

 Bipolar Exclusion and Delayed 
Reconstruction

For hemodynamically unstable patients who 
require esophagectomy, reconstruction should 
be delayed. As an alternative, some surgeons 
have advocated for proximal and distal diver-
sion without esophagectomy and leaving recon-
struction after recovery. Proximal diversion can 
be performed via an end cervical esophagos-
tomy or placement of an esophageal T-tube and 
loop cervical esophagostomy. The need for the 
second operation and the technical challenges 
in restoring gastrointestinal continuity at a later 
stage have made this option less desirable. 
Furthermore, if the esophagus is left in situ, a 
mucocele will ensue unless the mucosa is 
resected. We also find a loop esophagostomy 

often problematic since it tends to retract into 
the wound, even with an external bolster.

Consequently, for patients who require 
esophagectomy but are not candidates for recon-
struction, we recommend end cervical esopha-
gostomy. Typically, 20–25  cm (approximately 
the level of the azygous arch) of the remnant 
esophagus will remain viable. The remnant 
esophagus should be brought through the ster-
nocleidomastoid and under the skin over the 
clavicle and out the left chest wall. The chest 
wall provides a more rigid structure for the 
application of an ostomy bag and is more com-
fortable for patients than an ostomy bag overly-
ing the left neck.

 “Non-operative” Hybrid Treatment

In 1965, Manigold and Klassen reported their 
experience with “non-operative” management 
of esophageal perforations. Their approach 
entailed interventional endoscopy, drainage of 
all collections, intravenous antibiotics, and par-
enteral or enteric nutritional support [7]. Since 
then, with advancements in interventional 
endoscopy, there has been a paradigm shift in 
the utilization of endoscopic techniques for 
managing esophageal perforations from 37% in 
1994 to 80% in 2009 [8]. Of note, the term 
“non-operative” management is somewhat of a 
misnomer since intervention (including the 
potential need for pleural drainage and decorti-
cation) is a cornerstone of this treatment 
approach. This approach has been applied to 
patients at all time intervals from perforation 
and provides the benefit of combining the diag-
nostic and treatment capabilities of advanced 
endoscopy. Currently available endoscopic 
strategies include esophageal stenting, 
endoluminal suturing (OverStitch™, Apollo 
Endosurgery, Inc., Austin, TX), through-the- 
scope (TTS) clips, over-the-scope clips (OTSC® 
System, Ovesco Endoscopy, Cary, NC), and 
endoscopic vacuum therapy (endoVAC).

Several investigators have published criteria 
to identify patients who are candidates for this 
approach [60]:
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• Early diagnosis (or delayed diagnosis of a 
contained leak)

• Contained in neck or mediastinum (not abdo-
men or pleural space)

• Not traversing neoplastic tissue
• No distal obstruction
• No signs of sepsis
• Experienced thoracic surgeon available

 Endoluminal Stenting

Self-expanding metal stents (SEMS) offer many 
advantages as a minimally invasive treatment for 
esophageal perforations. Initially, early metal 
stents were used for only palliative procedures of 
malignant strictures, but the addition of synthetic 
polymer coatings has broadened its applications 
and decreased rates of complications (e.g., tissue 
in-growth) after placement.

Pre-procedural assessment includes radio- 
opaque markers placed to indicate proximal 
and distal boundaries of the planned stent 
placement. While the procedure can be per-
formed without fluoroscopy by placing the 
endoscope adjacent to the stent and deploying 
the stent under endoscopic visualization, we 
prefer the use of fluoroscopy under general 
anesthesia. The diameter and length of the cho-
sen stent are dictated by the anatomy of the 
esophagus and the location of the perforation. 
In general, stent positioning at the upper esoph-
ageal sphincter is poorly tolerated by patients. 
Though unavoidable at times, stenting across 
the gastroesophageal junction increases the risk 
of gastroesophageal reflux and aspiration. Stent 
migration is a common complication of covered 
stents, occurring in 8–40% of patients [61–71]. 
This risk can be mitigated by fixing the stent in 
place with clips or suture.

Care must be taken when deploying the stent. 
While it is relatively easy to reposition a stent 
that was placed slightly too distal to the desired 
location, it is generally not possible to advance a 
fully deployed stent that was initially positioned 
too proximal to the desired location. A chest 
X-ray is obtained after the procedure to establish 
a baseline for assessing any future stent migra-

tion. To minimize the risk of stent erosion/perfo-
ration and to assess for healing, we recommend 
removing the stent and re-evaluating the perfora-
tion every 2–4 weeks.

Due to the rarity of esophageal perforations and 
differences in training and treatment biases between 
practitioners who manage these patients, there will 
never be a randomized controlled trial comparing 
stenting and primary repair. Nonetheless, multiple 
observational studies have demonstrated compara-
ble morbidity (including leak) and mortality rates 
of esophageal stenting and primary repair in appro-
priately selected patients [8]. Freeman and col-
leagues used the Premiere database (2009–2012) 
and propensity- matched 30 patients who under-
went primary repair and 30 who underwent stent-
ing for iatrogenic perforation. They found that 
stenting was associated with a shorter intensive 
care unit and total hospital length of stay, earlier 
initiation of oral intake, reduced morbidity, lower 
likelihood of discharging to a long-term acute care 
hospital, lower total hospital costs, and no differ-
ence in leak rates, the need for re-intervention, or 
mortality [72].

 Endoscopic Clipping

Endoscopic clipping in acute esophageal perfora-
tions is ideally undertaken for smaller lacerations 
with healthy tissue margins, such as iatrogenic 
perforations. Initially used for post-operative 
anastomotic leaks, its applications have broad-
ened to spontaneous and iatrogenic perforations 
and for fistulas after transluminal endoscopic sur-
geries [73]. Of note, endoscopic clipping has a 
higher success rate (69.1%) as a primary inter-
vention rather than a salvage intervention after 
previously failed management attempts (46.9%) 
as the tissue quality becomes less amenable to 
clipping [74]. Perforations are characterized 
radiographically before endoluminal therapy to 
allow identification of the location and appropri-
ate clip size. Through-the-scope (TTS) clips are 
ideal for smaller perforations (<1 cm) surrounded 
by healthy tissue. The newer over-the-scope clips 
(OTSC System) can also be used for larger perfo-
rations. The clip size is chosen based on the mar-
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gins of healthy tissue surrounding the pathologic 
portion to allow proper adhesion and seal after 
application. Suction is applied to the perforation 
to gather tissue through the distal scope for the 
approximation of margins and control. The jaws 
of the clips are closed, inspected for correct 
placement, and deployed. Successful closure can 
be determined as complete closure without leak-
age 24 h after contrast esophagogram or water-
soluble contrast X-ray.

The efficacy of clipping is limited by the size 
of perforation and the dimension of available 
clips currently available OTSC diameters are 6, 
11, 12, and 14 mm while TTS clips typically have 
a wingspan of 9–16-mm. Though success rates 
for OTSC for managing esophageal perforations 
approach 85%, these are best reserved by perfo-
rations 10-mm or less in size [75]. Though longer 
perforations can be managed with a series of TTS 
clips (or endoscopic suturing), such perforations 
have a higher risk of treatment failure with endo-
scopic clips. In addition to size, perforations with 
minimal inflammation and perforations that are 
acute (rather than chronic fistulas) are other fac-
tors favorable for endoscopic clipping [73].

 Endoluminal Vacuum-Assisted 
Closure

Endoluminal vacuum-assisted closure (also known 
as endoVAC or EVAC) devices were first used to 
treat rectal anastomotic leaks. Its application has 
since expanded to other defects in the gastrointesti-
nal tract, including esophageal leaks and perfora-
tions. Though a prefabricated device is not available 
in the United States, it can be readily constructed 
using a standard black VAC sponge, suture, and 
nasogastric (NG) tube. Negative pressure applied 
through the NG tube (typically 175 mmHg) allows 
for relief of edema and removal of infectious secre-
tions, gradually closing the lesion. CT or contrast 
esophagogram can be performed after the first 
endoscopic placement to confirm correct placement 
and exclude pneumothorax or other abscesses 
requiring external drainage [76]. Importantly, surgi-
cal or interventional radiology drains next to the 
perforation will compete with the endoVAC system 

and should be removed as soon as possible. We rec-
ommend sponge exchange every 3–5  days, with 
successful therapy indicated by shrinkage of the 
mediastinal cavity and development of healthy 
granulation tissue. The longer the sponge is left in 
place, the more likely esophageal secretions will 
overwhelm the capacity of the VAC foam and suc-
tion (and therefore efficacy) is impaired. Many 
groups have reported success rates for endoVAC 
treatment ranging from 88% concurrently with sur-
gical and endoscopic therapies as well as 73.3% 
with endoVAC alone [77, 78]. Though success rates 
over 90% for esophageal leaks and perforations 
have been reported, typically patients require 
3–4 weeks of (inpatient) therapy to achieve closure 
[79].

Indications for the inclusion of endoVAC ther-
apy include poor surgical candidacy for extensive 
surgery, contained perforations with paraesopha-
geal abscesses, or failure of other aforementioned 
therapies. Common complications include stric-
ture secondary to granulation tissue develop-
ment, requiring additional dilation repairs. Due 
to the risk of fistula formation, endoVACs should 
not be placed when there is no tissue between the 
perforation and airways or aorta.

 Nutritional Management: Enteral 
vs. Parenteral

Determinants of nutritional management during 
repair and hospitalization can be assessed based 
on the individual patient’s condition and the sur-
geon’s judgment. For more conservative repairs 
with anticipated oral feedings 2–3 weeks after the 
repair, peripheral access to total parenteral nutri-
tion (TPN) can be sufficient, though we prefer 
enteric nutritional support for all patients when-
ever possible. However, long-term feeding meth-
ods are required in the management of complex 
cases such as intra-pleural leaks and complicated 
esophageal repairs. Enteral nutrition with a phar-
yngostomy, gastrostomy, or jejunostomy avoids 
the catheter-related complications  associated with 
TPN and maintains the health of the intestinal 
microbiome [80]. Consideration of the extent of 
esophageal damage, additional mediastinal com-
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plications, and duration of nutritional support can 
guide the best decision for the oral feeding method.

 Primary Repair vs Non-operative, 
Endoscopic Management

There are several key determinants that should be 
taken into consideration when choosing a manage-
ment strategy for a particular patient, including 
patient age, comorbidity, etiology of the perfora-
tion, location of the perforation, time from injury to 
treatment, tissue quality, length of the injury, 
underlying pathology (e.g., malignancy or other 
underlying pathology which is unlikely to respond 
to endoscopic treatment), and the probability of 
endoscopic treatment failure. For instance, predic-
tors of stent failure include spontaneous perfora-
tions, perforations more than 6 cm in length, and 
perforations that violate the gastroesophageal junc-
tion [81]. Such patients are better served by surgi-
cal intervention if they can tolerate an operation.

Regardless of the initial approach, practitio-
ners caring for patients with esophageal perfora-
tions should be well versed in all available 
surgical, endoscopic, and interventional radiol-
ogy treatment options to provide patient- centered, 
individualized treatment approaches and be nim-
ble enough to quickly move between treatment 
approaches to mitigate morbidity when the cur-
rent treatment plan is failing.

 Conclusion

Clinical outcomes in cases of esophageal perfora-
tions have substantially improved with advance-
ments in diagnoses and both operative and 
non-operative techniques. With careful attention 
to detail and a proactive approach to patient care, 
utilization of the full armamentarium of surgical 
and endoscopic treatments result in the best out-
come through individualized approaches to 
patient care.Conflict of InterestGroth (Intuitive 
Surgical Inc.: speaker and proctor honoraria).
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Case 1
A 45-year-old male presented with 
hematemesis and melena. Symptoms began 
earlier this morning with melena; he most 
recently developed hematemesis in the emer-
gency room. His past medical history is sig-
nificant for an open right inguinal hernia 
repair, moderate alcohol consumption of 2–6 
beers per night, and occasional ibuprofen for 
back pain. On exam, the patient appears anx-
ious, is tachycardic to 120 s, blood pressure 
is 140/110, respiratory rate of 20 breaths/
min, with an O2 saturation of 96% on room 
air. There is no evidence of scleral icterus, 
palmar erythema, or abdominal wall varices. 

His abdomen is obese and non-tender with-
out evidence of ascites or palpable liver or 
splenomegaly. Digital rectal exam reveals 
melena without masses or hemorrhoidal dis-
ease. His point of care hemoglobin is 11 mg/
dL. Two large-bore IVs were placed, and a 
type and cross was sent. A nasogastric tube 
was placed, revealing bright-red blood. At 
this time, his blood pressure drops to 80/58 
with an increase in tachycardia to 140. Given 
the persistent tachycardia, narrowed pulse 
pressure, and hypotension, the patient 
received two units of packed red blood cells 
with an appropriate improvement in vital 
signs. He was transferred to the surgical 
intensive care unit where he received two 
additional units over the next 12 h, for a total 
4 units within 24 h. Viscoelastic testing was 
sent at the time, demonstrating coagulopathy 
and need for fresh frozen plasma. GI consul-
tation was obtained, and the patient was pre-
pared for upper gastrointestinal endoscopy 
with a single dose of erythromycin. At 
endoscopy, he was found to have a large 
ulcer, Forrest 2a with a visible vessel; this 
was treated with epinephrine injection and 
clipping with adequate hemostasis. He went 
on to recover in the SICU while remaining 
on proton-pump inhibitor therapy without 
further signs of hemorrhage.
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 Introduction

The work-up of upper gastrointestinal hemor-
rhage (UGIH) should be performed in an expedi-
tious manner and begins with early identification 
of hemorrhage and prompt resuscitation and con-
trol. In this chapter, we review the definition, epi-
demiology, triage and immediate management, 
risk factors, and further diagnosis and manage-
ment strategies of UGIH.

It is important to ultimately define the loca-
tion of a gastrointestinal bleed by anatomic con-
siderations—although this is not readily 
available in the emergency setting. The ligament 
of Treitz defines the border between an upper 
gastrointestinal hemorrhage vs lower and is 
important to identify as it defines next steps of 
the algorithm in definitive management and 
localization.

 Incidence, Morbidity and Mortality, 
and Risk Factors

Hemorrhage of the upper gastrointestinal tract 
(UGIH) has become less common in incidence 
over time, with an estimated annual incidence of 
40–150 cases per 100,000 population [1, 2]. 
UGIH however remains a very morbid condition, 
especially affecting malnourished, elderly, and 
cirrhotic patients presenting with variceal hemor-
rhage [3]. In addition to associated morbidity and 
mortality, UGIH is also associated with pro-
longed length of stay and hospitalization costs 
due to the need for serial hemoglobin monitoring, 
blood transfusions, repeat endoscopies, and non- 
invasive and surgical interventions [4, 5]. There 
are several clinical risk factors for developing 
UGIH including increased age (>60  years), 
underlying comorbidities, hypotension, use of 
anticoagulation, signs of active bleeding, and 
number of transfusions, among others 
(Table 31.1) [6–8].

Detailed history intake should include a com-
plete medication list, including anticoagula-
tion—this includes antiplatelet agents, vitamin K 
antagonists, and new direct oral anticoagulants 
(DOACs).

 Causes of Upper Gastrointestinal 
Hemorrhage

Despite advances in identification and treatment in 
H. pylori and peptic ulcer disease (PUD) [9], 
bleeding from PUD remains the most common eti-
ology of UGIH in both non-variceal hemorrhage 
and variceal hemorrhage. In order, PUD is most 
common from 28% to 58%, followed by mucosal 
erosive disease approaching 47% (gastritis, esoph-
agitis, duodenitis), Mallory-Weiss tears (4–7%), 
malignancies (2–4%), and other uncommon etiol-
ogies [1, 2]. Although there are subsequent, finer 
details of managing the many etiologies of UGIH, 
the initial diagnosis and management of UGIH 
should remain consistent. Please refer to Table 31.2 
for a detailed list of causes.

• Peptic Ulcer Disease (PUD) remains the 
most common cause of upper GI hemorrhage 
and is associated with Helicobacter pylori sta-
tus and NSAID use. The majority of duodenal 
and gastric ulcers are associated with H. 
pylori, and of those that test negative for H. 
pylori, are directly related to frequency of 
NSAID use [9] (Fig. 31.1).

• Esophagitis and gastritis are common causes 
of UGIH, and are often related to severe gas-
troesophageal reflux disease and caustic 
 injection, infection, medications, and less so 
from radiation [10].

• Dieulafoy lesions are likely caused by vascu-
lar dysplasia from chronic gastritis. Ongoing 
inflammation leads to thrombosis and necrosis 
of these abnormal tortuous submucosal arter-
ies, which then are prone to ulceration and 
perforation [11].

Table 31.1 Clinical risk factors for upper gastrointesti-
nal hemorrhage

Older age (>60–65 years)
Severe medical comorbidities (cardiac, pulmonary, 
renal, hepatic)
Signs of active bleeding: melena, hematemesis, bloody 
NG aspirate, hematochezia
Hypotension or shock
Use of anticoagulants or NSAIDs
Traumatic brain injury
Severe burns
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Table 31.2 Differential diagnoses/etiologies of UGIH

Non-variceal UGIH
Esophagitis
Mallory-Weiss tears
Hemorrhagic gastritis
Peptic ulcer disease: H. pylori infection, NSAID use, 
marginal ulcer
Cameron lesions
Dieulafoy lesions
Gastric antral vascular ectasia (GAVE)
Arterio-venous malformation
Aorto-enteric fistulae
Hemosuccus pancreaticus/hemobilia
Splenic vein thrombosis with gastric varices
Neoplasms
Post-operative intestinal bleed
Variceal UGIH
Gastric
Esophageal
Duodenal

NSAID  non-steroidal anti-inflammatory drug, UGIH 
upper gastrointestinal hemorrhage

Fig. 31.1 Bleeding peptic ulcer with overlying, adherent 
clot

• Mallory-Weiss tears are a result of increas-
ing abdominal pressure against a closed 
gastro- esophageal sphincter, and are com-
monly located at or above the gastro-esopha-
geal junction or cardia. Patients often present 
with hematemesis after prolonged periods of 
retching. These episodes are usually self-lim-
iting but may require endoscopic control, and 
in rare cases, surgical intervention [12].

• Gastrointestinal tumors can cause UGI 
bleeding, less commonly hemorrhage. 

Malignancy of the esophagus, stomach [13], 
and duodenum [14] can not only cause bleed-
ing [15], but are often associated with other 
symptoms related to obstruction from luminal 
narrowing or perforation. Endoscopy is help-
ful for tissue diagnosis, but depending on the 
type and stage of tumor, medical management 
with radiation or chemotherapy or surgical 
resection may be warranted.

• Cameron lesions are ulcerations at the dia-
phragmatic hiatus, are uncommon causes of 
upper GI hemorrhage (<1%) and usually 
encountered in patients with hiatal hernias. 
Patients with Cameron lesions in the setting of 
hiatal hernias tend to be female, elderly with 
chronic anemia with an increased risk of bleed-
ing related to hiatal hernia size and NSAID use. 
Based on frailty and other comorbidities, these 
patients may be treated with medical manage-
ment, consisting of twice- daily proton-pump 
inhibitor versus hiatal hernia repair [16, 17].

• Gastric antral vascular ectasia (GAVE) or 
“watermelon stomach” is a result of fibromuscu-
lar hyperplasia of gastric antral mucosa and 
microvascular thrombosis. This results in dila-
tion and ectasia of superficial, mucosal vessels 
that are prone to ulceration and bleeding. Patients 
often present with chronic anemia and occult 
blood loss over overt GI hemorrhage [18, 19].

• Far less common causes of UGIH include 
splenic artery aneurysm [20], hepatic artery 
pseudoaneurysm from major liver trauma 
[21], and aorto-enteric fistula [22]. Although 
endoscopy may be utilized first in diagnosis, 
endoscopic measures as clipping, injection, 
and banding are not effective in treatment 
compared to angio-embolization or surgical 
intervention. Computed-tomographic angiog-
raphy (CTA) is most effective in diagnosis.

• Recent interventions: Lastly, patients with 
recent surgical intervention (including small 
bowel anastomosis, sleeve gastrectomy, 
gastro- jejunostomy) or GI tract intervention 
[23] (endoscopy with biopsy, ERCP with 
sphincterotomy, cyst-gastrostomy) can 
develop UGIH at these sites. A thorough 
review of the history, recent interventions, and 
technique is critical in defining next steps in 
diagnosis and management.
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 Early Management

Once the diagnosis of UGIH is suspected, it is 
paramount to stabilize and resuscitate, focusing 
on protecting the airway and establishing large- 
bore IV access. Patients should be connected to 
continuous cardiac monitoring and pulse 
 oximetry, and an airway established if required. 
Crystalloid boluses [24] can be the initial form of 
volume resuscitation, but should soon be fol-
lowed with blood products and activation of mas-
sive transfusion protocol if the patient presents 
with hemorrhagic shock [25]. Early identification 
and resuscitation can mitigate the increased risk 
of mortality and cardiovascular complication 
[26].

While establishing IV access, it is critical to 
send a type and cross-match in additional to a full 
panel of laboratory studies, including CBC, full 
chemistry panel, lactate, liver function tests, bili-
rubin, prothrombin/partial thromboplastin/INR 
and viscoelastic testing such as rotational throm-
boelastometry (ROTEM) or thromboelastogra-
phy (TEG), whichever one is available to help 
guide resuscitation. A point of care hemoglobin 
is useful in obtaining a baseline but should not 
help direct the provider in transfusion if the 
patient is actively hemorrhaging.

Serial hemoglobin, lactate, and coagulation 
studies, which could include ROTEM, TEG, or 
PT/PTT/INR, should be drawn during active 
resuscitation to help guide transfusions. ROTEM 
and TEG are preferred blood analyses to address 
the coagulopathy associated with massive bleed-
ing and can help target transfusions to prevent 
ongoing non-surgical hemorrhage [27]. In the 
setting of acute blood loss, vitamin K antagonists 
(VKA), direct oral anticoagulants (DOACs), and 
antiplatelets should be held with appropriate 
reversal of the first two. Vitamin K antagonists 
can be reversed with prothrombin complex con-
centrate, fresh frozen plasma, and vitamin K, 
with respective increase in time to efficacy of 
reversal [24]. These agents are not as effective in 
reversing DOACs, which generally have a shorter 
half-life and will require time to eliminate by 
clearance.

 Restrictive Versus Liberal Transfusion

Similar to other studies on transfusion strategies 
and risk of mortality, a restrictive transfusion 
strategy in patients with non-massive, non- 
variceal UGIH is recommended (target Hb 7–9 g/
dL) to a liberal threshold of Hb 9–11 g/dL with 
improved survival and reduced re-bleeding rates 
[28, 29]. However, in massive UGIH, massive 
transfusion protocol should be activated with a 
focus on restoring circulatory volume until hem-
orrhage is controlled and the patient is stabilized. 
Transfusion targets may shift to higher hemoglo-
bin levels in patients with other significant liver, 
cardiac [30], and pulmonary comorbidities.

 Breathing and Securing the Airway

Oftentimes during active hematemesis, patients 
will prefer to sit upright, which is a critical step in 
avoiding aspiration. If the patient is actively vom-
iting blood, and the airway is not protected, a 
nasogastric tube should be inserted and the patient 
intubated. If airway protection in a patient with 
hematemesis is required, endotracheal intubation 
should be performed ideally with a rapid sequence 
intubation strategy. This includes nasogastric 
decompression to avoid aspiration and enough 
initial resuscitation to avoid cardiovascular col-
lapse on induction. While cardiopulmonary com-
plications may occur after endoscopy, prophylactic 
endotracheal intubation for UGIH may not neces-
sarily increase these complications [31]. However, 
pre-induction resuscitation may help mitigate the 
cardiovascular collapse [32] and aspiration that 
may occur with sedation and paralysis [33].

 Nasogastric Decompression

Nasogastric decompression and lavage can be 
utilized to evaluate for UGIH, but the studies are 
mixed depending on the severity of the bleeding. 
In patients without hematemesis, the sensitivity 
is poor [34]. Sensitivity of nasogastric lavage in 
defining an upper versus lower GIH can be as low 
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as 44% but with high specificity of 95%. 
However, in patients with severe UGIH, includ-
ing hematemesis, the sensitivity and specificity 
are improved to 77% and 76% respectively [35, 
36]. Another critical role of nasogastric decom-
pression is also to reduce the risk of aspiration of 
blood, particularly if airway control is necessary 
for endoscopy. Although providers may hesitate 
to place a nasogastric tube in patients with known 
varices or variceal bleeds, this is a critical step in 
potential diagnosis and in decreasing aspiration 
risk.

In the setting of suspected or known variceal 
bleeding, achieving early tamponade of these 
engorged varices can temporize the massive 
bleeding that can occur secondary to long- 
standing portal hypertension.

The three most commonly used balloon devices 
include (1) Sengstaken-Blakemore, (2) Minnesota, 
and (3) Linton-Nachlas tubes. However, these bal-
loon devices are temporary measures for hemor-
rhage control by compression of these varices 
along the gastric wall, GE-junction and esophagus 
and carry risks of perforation, additional bleeding, 
and/or necrosis of the tissues. Balloon tamponade 
can be employed while the patient undergoes active 
resuscitation, correction of coagulopathy, and pro-
vides time to transition to definitive measures.

 Obtaining a History 
and Physical Exam

After initial stabilization, a thorough history and 
physical examination should be performed to eval-
uate for risk factors for UGIH, including non-vari-
ceal and variceal, the latter which is most often 
seen in patients with advanced cirrhosis. Patients 
with advanced cirrhosis may present with jaundice, 
encephalopathy, fluid-wave secondary to ascites, 
and less common, abdominal wall varices.

Risk factors for non-variceal UGIH 
(NVUGIH) include peptic ulcer disease (NSAID, 
H. pylori), recent abdominal trauma (including 
liver and pancreas), history of malignancy, and 
use of anticoagulation medication. Variceal 
UGIH is commonly associated with advanced 
cirrhosis with subsequent portal hypertension, 

but other less common etiologies include splenic 
vein thrombosis with associated gastric varices.

 Assessing Risk of Re-bleeding, 
Intervention, and Mortality

Several risk-scoring systems exist to stratify risk 
of bleeding, need for endoscopic intervention, 
need for acute level of care, and mortality. 
However, the most commonly referenced scor-
ing systems include the Glasgow-Blatchford 
Score (GBS) to predict re-bleeding and need for 
intervention [37], and the Rockall score for risk 
of mortality from UGIH [38] (Tables 31.3 and 
31.4).

 Initial Diagnosis

Early diagnosis and control of UGIH are essential 
to mitigate morbidity and mortality. As outlined 
above, nasogastric tube placement should be 

Table 31.3 Glasgow-Blatchford Score: risk of interven-
tion and re-bleeding

Points
Systolic blood pressure, mmHg
100–109 1
90–99 2
<90 3
Blood urea nitrogen, mmol/L
6.5–7.9 2
8.0–9.9 3
10.0–24.9 4

≥25.0 6

Hemoglobin for men, g/dL
12.0–12.9 1
10.0–11.9 3
<10.0 6
Hemoglobin for women, g/dL
10.0–11.9 1
<10.0 6
Other risk variables

Pulse ≥100 1

Melena 1
Syncope 2
Hepatic disease 2
Cardiac failure 2
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Table 31.4 Rockall Scoring System to predict mortality from UGIH. Maximum additive score prior to diagnosis = 7, 
maximum additive score following diagnosis = 11

Variable
Score
0 1 2 3

Age <60 years 60–79 years ≥80 years
Shock SBP ≥100, pulse <100 SBP ≥100, 

pulse ≥100
SBP <100

Comorbidity No major comorbidity Cardiac failure, 
ischemic heart disease, 
major comorbidity

Renal failure, liver 
failure, disseminated 
malignancy

Diagnosis Mallory-Weiss tear, no 
lesion identified, and no 
signs of recent hemorrhage

All other 
diagnoses

Malignancy upper GI 
tract

Major signs of 
recent 
hemorrhage

None or dark spot only Blood in upper GI tract, 
adherent clot, visible or 
spurting vessel

inserted as a first-line diagnostic approach in 
patients with UGIH. It is also important to incorpo-
rate knowledge of the patient’s history (e.g., antico-
agulants), recent sleeve-gastrectomy, and prior 
history of GI bleed and interventions to narrow the 
differential and exclude lower gastrointestinal 
hemorrhage. Up to 60% of GI bleeds are related to 
previously known lesion [39], thus a thorough his-
tory and review of recent interventions can help 
expedite diagnosis and source control.

 Medical Management

After hemodynamic stabilization and reversal of 
coagulopathy, there are other medical, pharmaco-
logic therapies that should be implemented to 
reduce the need for intervention and alleviate 
symptoms.

 Acid-Reduction

Acid-reduction therapies should be implemented 
early, especially for stress-ulcer gastritis, gastric 
and duodenal or marginal ulcers where acid 
exposure propagates ulceration and bleeding 
[40]. Two main therapies exist, including hista-
mine- 2 receptor blockers and proton-pump 
 inhibitors, although the latter has demonstrated 
improved outcomes and reduced incidence in 
bleeding [41].

After bleeding cessation, twice daily high- 
dose IV or PO (in patients that can tolerate) has 
been shown to be as effective as continuous infu-
sion [42, 43]. However, in the immediate setting 
for UGIH, high-dose PPI with 80 mg IV bolus 
followed by an 8 mg infusion/hr. can help accel-
erate the resolution of signs of bleeding and the 
need for endoscopic intervention [44, 45].

 Pro-kinetics

Pro-kinetic agents as metoclopramide and 
odansetron help with motility of blood prod-
ucts and alleviating symptoms of nausea. Dose 
of 10 mg IV of metoclopramide prior to induc-
tion may also help reduce the risk of aspiration 
and help empty the stomach prior to endoscopy 
[46, 47]. However, erythromycin in a single 
dose of 250 mg IV infused 30–120 min prior to 
endoscopy may have the same result and has 
also been associated with decreased rates of 
repeat endoscopy, transfusions, and length of 
stay [48, 49].

 Antibiotic and Other Therapies

Lastly, patients with advanced cirrhosis should 
be initiated on antibiotics, specifically a third- 
generation generation cephalosporin (such as 
ceftriaxone) for prophylaxis of spontaneous 
bacterial peritonitis. Recent data suggests the 
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benefit of empiric antibiotic prophylaxis is more 
pronounced for Child’s B and C cirrhosis [50]. 
Many of these patients are generally borderline 
hypotensive while on beta-blockers (proprano-
lol), diuretics (spironolactone) or cathartics 
(rifaximin, lactulose), and require vasopressor 
support. Vasopressin remains a first-line choice 
in this population as it is more selective on the 
splanchnic system for its vasoconstrictive 
effects [51]. Beta-blockers such as nadolol or 
propranolol are important for medical mainte-
nance but should be avoided in the resuscitation 
phase [52, 53].

 Diagnostic (and Therapeutic) 
Modalities

The first-line diagnostic modality for UGIH has 
been endoscopy for the past few decades, with 
many therapeutic additions [54]. Endoscopy 
remains the gold standard and is a quality indica-
tor [55] given its diagnostic and potentially thera-
peutic potential and should be performed within 
24 h or earlier (<12 h) for patients presenting with 
an acute UGIH with signs of hemodynamic insta-
bility. However, computed tomography angiogra-
phy (CTA) and angiogram can play essential roles 
in the diagnosis of bleed that cannot be localized 
or is not amenable to endoscopy.

 Endoscopy

The use of endoscopy blossomed in the 1980s 
and since then has evolved with new over the 
scope techniques, including clipping, banding, 

thermal and argon-plasma coagulation, and other 
techniques and topicals for hemostasis.

The timing of endoscopy very early (<12 h), 
early (<24 h), or delayed (>24 h) is dictated by 
the patient’s hemodynamic stability and failure 
of medical management with active resuscitation 
and contraindication to cessation of anticoagula-
tion [24]. Early endoscopy can decrease the 
length of stay, and potentially decrease the risk of 
re-bleeding, and the need for surgery [56].

Assessing the risk of re-bleeding is important 
as it impacts decision-making (therapeutic tech-
niques) and consideration of a second-look endos-
copy and characterization of low- or high- risk 
lesion. The Forrest classification is most com-
monly used to characterize ulcers from low risk to 
high risk of bleeding (Table 31.5, Fig. 31.2).

 Endoscopic Techniques

Endoscopic techniques for non-variceal UGIH 
include injection, thermal, mechanical, and topical 
sprays. Endoscopic injection typically consists of 
epinephrine with good success [59]. Thermal treat-
ments include monopolar and argon-plasma coag-
ulation [60] (Fig.  31.3). Mechanical treatments 
include clipping [61] and banding [62]. Lastly, 
hemostatic spray [63] and glues have been imple-
mented in conjunction with clipping, injection, and 
thermal treatments with recent success in hemosta-
sis, particularly with areas of diffuse bleeding.

For bleeding in the small bowel distal to the 
ligament of Treitz, typically angiodysplasia and 
arterio-venous malformations, double-balloon 
enteroscopy may be useful to examine the entire 
small bowel [64].

Table 31.5 Forrest classification of ulcer disease

Grade Endoscopic characteristics Risk of re-bleeding (%)
I Active hemorrhage
Ia    Spurting 60–100
Ib    Oozing 25
II Signs of recent hemorrhage
IIa    Visible vessel 50
IIb    Adherent clot 30
IIc    Hematin-covered flat spot <10
III No hemorrhage—clean ulcer bed <3
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a b

Fig. 31.3 (a, b) AV malformation before and after argon plasma coagulation. (Courtesy of Anna Tavakkoli, MD, MSc, 
Division of Digestive and Liver Diseases, University of Texas Southwestern Medical Center)
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Fig. 31.2 Forrest classification of PUD with prevalences 
and post-endotherapy re-bleed risks based on data from 
Guglielmi et al. [57]. (a) Forrest 3: Clean base, (b) Forrest 
2c: Flat pigmented spot, (c) Forrest 2b: Adherent clot, (d) 

Forrest 2a: Visible vessel, (e) Forrest 1b: Oozing vessel, 
(f) Forrest 1a: Spurting vessel. (Courtesy of Keith Siau, 
MD, Department of Gastroenterology, Russell’s Hall 
Hospital, Dudley [58])

 Computed Tomography Angiography 
(CTA)

When endoscopy cannot be performed, or can-
not localize bleeding secondary to patient anat-
omy (such as a Roux-en-Y gastric bypass), CTA 
can be performed to more precisely localize 
bleeding. This modality is especially useful for 
bleeding within the small bowel that may be less 
accessible with standard endoscopy. In one 
study, the overall location-based accuracy, sensi-

tivity and specificity for the detection of GI 
bleeding by 64-row CTA was 98.8% and 95.0% 
respectively [65]. Limitations include contrast 
exposure, and the inability to provide simultane-
ous therapeutic options. However, it has been 
shown to be accurate, and cost-effective in the 
diagnosis of acute UGIH [66] as it can guide 
interventional radiologists to the likely source of 
bleeding during an angiogram, minimize con-
trast and radiation exposure, and decrease time 
to hemorrhage control.
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 Percutaneous: Endovascular 
Techniques

Interventional radiology techniques, including 
endovascular techniques, have exponentially 
increased in utility and application since the 
1980s, when its use played a pivotal role in the 
treatment of hemobilia after major liver trauma 
[67]. Trans-catheter arterial embolization (TAE) 
can play a significant role in the identification 
and treatment of UGIH but should be considered 
generally after appropriate resuscitation and 
endoscopic attempts have failed.

Since the 1980s, the application and diver-
sity of endovascular techniques have increased 
dramatically to include bleeding duodenal 
ulcers [68], arterial hemorrhage from pancre-
atic pseudocysts [69], and bleeding from hyper-
vascular malignancies [70]. Within this 
armamentarium includes coils, plugs with gel-
foam [71], local instillation of heparin to pro-
voke bleeding and of vasopressin to create 
vasoconstriction [72].

Lastly, the creation of intra-hepatic porto- 
systemic shunts has replaced a classically morbid 
operation of selective shunting for patients with 
advanced cirrhosis. This percutaneous technique, 
the trans-jugular intrahepatic portosystemic 
shunt (TIPS), requires access to the hepatic vein 
and creation of a shunt between the portal and 
hepatic veins. This procedure can reduce portal 
venous pressure by 10–15  mmHg and subse-

quently decrease in bleeding from engorged 
esophago-gastric varices [73]. Patients who oth-
erwise fail TIPS may require devascularization 
either open with splenectomy (Sugiura proce-
dure) or laparoscopically [74, 75].

 Nuclear-Medicine Studies

The role of nuclear medicine studies is limited in 
the diagnosis of UGIH, as its utility is best in 
occult bleeding with rates as low as 0.1 mL/min 
[76]. Heparin administration can provoke bleed-
ing to aid in localization using tagged RBC stud-
ies [77]. However, compared to endoscopy, 
angiogram, or surgery, the sensitivity of localiza-
tion is quite low [78] and is not recommended in 
the setting of UGIH.

 Capsule Endoscopy

Capsule endoscopy (CE) retains a limited role in 
the diagnosis of UGIH. It historically has been a 
more effective method in evaluating occult GI 
bleed, particularly in the small bowel with a high 
positive predictive value of 95.5% and negative 
predictive value of 100% [79]. However, in the 
setting of UGIH, CE can facilitate patient triage, 
identify gross blood, and prompt earlier endos-
copy, but should not be considered a substitute 
for endoscopy [80] (Fig. 31.4).

Concern for 
NVUGIH

Hemodynamically 
stable

Cross-match, 
serial Hb PPi Endoscopy within 

24 hours

Hemodynamically 
unstable

Resuscitate, 
active MTP

Early surgical 
consultation

Serial Hb, 
ROTEM/TEG PPI Early endoscopy 

<12hrs

Successful 
attempt

Unsuccessful 
attempt

CTA 

IR for TAE

Surgical 
intervention

Fig. 31.4 Approach to non-variceal upper gastrointestinal 
hemorrhage. NVUGIH non-variceal upper gastrointestinal 
hemorrhage, PPi proton-pump inhibitor, Hb hemoglobin, 

ROTEM rotational thromboelastometry, TEG thromboelas-
tography, IR interventional radiology, CTA computed tomog-
raphy angiography, TAE trans- catheter arterial embolization
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 Specific Considerations for Surgical 
Management

With the advent of acid-reduction therapies, and 
the availability of advanced endoscopy and inter-
ventional percutaneous, surgical intervention for 
acute UGIH is increasingly rare and limited to 
patients with refractory bleeding not amenable to 
the above strategies. We discuss a few scenarios 
with an emphasis on additional work-up and sur-
gical approach.

Scenario:
47F with history of H. pylori and NSAID use pre-
senting with a bleeding peptic ulcer; patient has 
failed two endoscopic attempts at epinephrine 
and injection of an actively bleeding, large ulcer. 
Patient is undergoing active resuscitation but is 
becoming coagulopathic. Percutaneous attempt 
with embolization of the left gastric artery is 
moderately successful. Patient however contin-
ues to require blood transfusions in the next 24 h.

Patients with refractory bleeding are those that 
may be pre-disposed to bleeding (cannot come off 
anticoagulation, uremia from renal disease) or with 
large ulcers and may require surgical intervention.

Prior to surgery:

 1. Secure access: the patient should have con-
firmed, secure IV access and active type and 
cross-match.

 2. Localize bleed: most of these patients have 
undergone an attempt at an endoscopy, CTA, 

or percutaneous angiography with localiza-
tion of the bleed, which is critical in triaging 
an upper versus lower GIH.

 Case #1: Bleeding Gastric Ulcer

Other adjuncts or equipment to consider:

• Concomitant endoscopy may be helpful 
in  localizing the bleed to perform a limited 
wedge resection.

Approach:
Minimally invasive or open approach may be 
used depending on the comfort level of the 
surgeon.

Depending on the ulcer location, such as the 
greater curvature or anterior stomach, a limited 
wedge resection might be sufficient.

However, large ulcers near the lesser curvature 
or antrum may be more appropriate for antrec-
tomy with Billroth I or II anastomosis. If the 
patient is stable, truncal vagotomy should be per-
formed, especially if the patient has failed medi-
cal therapy with ant-acid reduction in the past. 
Small ulcers near the GE junction may be 
approached with an anterior gastrotomy with 
biopsy and oversewing; if the ulcer is large, a 
Csendes procedure may be necessary.

For juxta-cardial or more posterior ulcers that 
are not amenable to wedge resection and/or if 
endoscopy is not available for localization, an 
anterior gastrotomy can be performed to visualize 
the posterior wall and oversew bleeding vessels 
[81]. This approach is less appropriate for large, 
cratered ulcers or tumors that should be resected.

 Case #2: Bleeding Duodenal Ulcer

Other adjuncts or equipment to consider:

• Potential choledochoscope or Fogarty catheter 
to thread in common bile duct if near gastro-
duodenal artery.

• Resuscitative endovascular balloon occlusion 
of the aorta has been implemented in case 
reports for stabilization purposes [82].

Key Points

• Resuscitate and address coagulopathy
• Early endoscopy for patients with hemo-

dynamic instability
• Risk-stratify the patient based on clini-

cal factors, ulcer appearance
• Continue medical management post- 

endoscopic intervention with PPI, 
transfusions

• Consider other diagnostic adjuncts—
CTA or percutaneous angiography with 
difficult anatomy or failed endoscopy
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Approach:
Minimally invasive or open approach can be per-
formed based on surgeon-comfort level.

Bleeding duodenal ulcers are often posterior 
with involvement of the gastroduodenal artery 
(GDA). It is imperative to palpate or doppler the 
GDA and localize in relation to the proper hepatic 
artery to avoid inadvertent ischemia to the liver.

Kocherize the duodenum after taking down 
the hepatic flexure. Create a longitudinal inci-
sion from the distal stomach across the pylorus 
and place stay sutures on the posterior and ante-
rior aspects of the incision. The GDA typically 
traverses north to south (12 o’clock, and 6 
o’clock) under the ulcer, which can individually 
be controlled with three independent stitches 
using PDS. There should be a superior and infe-
rior U-stitches to control the GDA and a medial 
stitch to control the transverse pancreatic 
branches that are typically at 3 o’clock under-
neath the ulcer.

The common bile duct (CBD) is located lat-
eral to the GDA, so caution must be taken when 
placing the superior and inferior stitches, as to 
not injure the CBD.  If there is any concern for 
proximity to the common bile duct, a Fogarty 
catheter or choledochoscope should be threaded 
into the CBD from the cystic duct or cystic-CBD 
junction and palpated during this suture ligation.

The incision should then be closed trans-
versely via Heineke-Mikulicz pyloroplasty and a 
truncal vagotomy performed if the patient has a 
history of failed medical management.

 Case #3: Aorto-Enteric Fistula

Scenario:
65Y male patient with history of hypertension, 
prior open abdominal aortic aneurysm repair 
with Dacron graft presenting with hematemesis 
and syncope. He is tachycardic and hypotensive 
to 90/60 but mentating with mild mid-epigastric 
abdominal pain. Two large-bore IVs are placed 
and two units of packed red blood cells trans-
fused. Given his history, a CTA is obtained, and 
demonstrates air around his graft concerning for 
aorto-enteric fistula (Fig. 31.5).

Patients with prior aortic intervention, particu-
larly open aortic bypass (aorto-bifemoral, 
abdominal aortic aneurysm) are at risk for devel-
oping this potentially fatal complication [83]. 
Aorto-enteric fistula is a result of graft inflamma-
tion, most commonly at the proximal anastomo-
sis between the third and fourth portions of the 
duodenum.

A thorough history and physical is critical to 
excluding this diagnosis as soon as possible in 
patients with UGIH.  Patients may present with 
the classic “sentinel bleed” with large volume 
hematemesis or melena, which may cease and 
then propagate into massive hemorrhage. 
Endoscopy may demonstrate a large ulceration of 
the third portion of the duodenum [84]. CTA is 
often performed initially given the patient’s his-
tory of aortic instrumentation and may show 
extravasation into the duodenum, although air 
around the graft is a more common radiologic 
finding in more stable patients that can undergo 
CTA.

Other adjuncts or equipment to consider:

• Endovascular balloon occlusion.

Approach:
Major tenets to this operation include: (1) obtain 
hemorrhage control, (2) ligate and protect the 

Fig. 31.5 Air outside of and proximal to aorto-bifemoral 
graft. (Courtesy of Fatemeh Malekpour, MD; Department 
of Vascular Surgery, University of Texas Southwestern 
Medical Center)
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proximal aortic stump, (3) washout and control 
of enteric contents, and (4) extra-anatomic bypass 
or replacement.

A generous laparotomy incision is created and 
right medial visceral rotation is performed to 
expose the second and third portion of the duode-
num. Proximal aortic control should be obtained, 
endovascular technique is recommended, and a 
side-biting clamp placed on the aorta proximal to 
the fistula as the para-aortic tissues tend to be fri-
able. The fistula is then taken down, and the graft 
removed in its entirety. The remaining aortic cuff 
is ligated and covered with an omental flap, if 
available. The wound bed is washed out and irri-
gated thoroughly and the enteric portion of the 
fistula—typically the third portion of the duode-
num, requires excision and bypass (Fig. 31.6).

Options include primary repair, patch repair, 
and fistula-takedown with resection and primary 
anastomosis. Primary and patch repair with omen-
tum or serosal patch are unlikely to heal given a 

chronic inflammatory state. Therefore, duodeno-
jejunostomy may be required. The bed should be 
widely drained and distal feeding access obtained.

A critical step is restoring aortic continuity, 
which typically consists of extra-anatomic bypass 
(axillo-bifemoral) in a more controlled situation 
or rifampin-soaked graft placement in-situ. There 
are more recent explorations in endovascular 
replacement in this setting, but have not been 
widely studied, and have been typically employed 
for palliative purposes [84].

 Take-Home Points

• Upper gastrointestinal hemorrhage remains a 
morbid condition with associated complica-
tions, prolonged length of stay, and utilization 
of resources. Early diagnosis, resuscitation, 
and hemorrhage control are critical to mitigat-
ing these complications.

• A thorough history, including medical, surgi-
cal history, and medications, is essential to 
triaging an upper versus lower GIH with 
decreased time to appropriate intervention.

• Endoscopy is the standard of care in diagnosis 
and should be performed early in patients with 
hemodynamic instability.

• Repeat endoscopy may be utilized in patients 
with high-risk lesions, however other diagnos-

Fig. 31.6 Intra-operative findings of aorto-enteric fistula. 
(Courtesy of Fatemeh Malekpour, MD; Department of 
Vascular Surgery, University of Texas Southwestern 
Medical Center)

Key Points

• Establish access early and resuscitate
• Early endoscopy for patients with hemo-

dynamic instability
• Localize bleed with endoscopy for sus-

pected PUD
• Pursue interventional percutaneous 

embolization after failed endoscopy
• Localize bleed with CTA for suspected 

aorto-enteric fistula
• Consider other adjuncts in the operating 

room, including on-table endoscopy, 
choledochoscopy, or Fogarty catheter to 
identify the common bile duct, endovas-
cular occlusion of the aorta
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tic and therapeutic modalities, such as CTA or 
percutaneous angiography, should be consid-
ered early in the algorithm.

• Indications for surgery include failure of the 
above modalities, hemodynamic instability, or 
ongoing transfusions.
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32Acute Lower Gastrointestinal 
Hemorrhage

Amelia Walling Maiga and Bradley M. Dennis

 Introduction

Acute lower gastrointestinal hemorrhage (LGIH) 
comprises bleeding originating distal to the liga-
ment of Treitz, including the small bowel, colon, 
and anorectum. Approximately 20–24% of all 
major episodes of gastrointestinal hemorrhage 
are lower [1–3]. The clinical presentation of 
LGIH ranges from occult melena to intermittent 
hematochezia to massive bleeding [4]. LGIH is a 
common challenge encountered by acute care 
surgeons. Identification and management of the 
bleeding often necessitates a multidisciplinary 
approach with the involvement of gastroenterolo-
gists, interventional radiologists, surgeons, and 
intensivists.
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Case Scenario
A 65-year-old male presents with hemato-
chezia. Symptoms began 1 week ago and 
have been intermittent. Earlier today he 
became lightheaded and nauseated, 
prompting his presentation to the emer-
gency room.

Past medical history is pertinent for 
coronary artery disease and peripheral vas-
cular disease. Past surgical history is perti-
nent for CABG 5 years ago. Social history 
is noted for a 30 pack-year smoking his-
tory. He takes metoprolol, aspirin, and 
Plavix.

On exam, patient appears anxious, HR 
80s, BP 110/50, RR 22, and O2 saturations 

are normal without oxygen. Orthostatics 
are notable for a drop in the BP to 90/48. 
Abdomen is obese and non-tender without 
evidence of ascites or palpable liver or 
splenomegaly. Digital rectal exams reveal 
hematochezia without masses or hemor-
rhoidal disease.

Point of care hemoglobin is 6.8 mg/dL.
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 Incidence, Morbidity and Mortality, 
and Risk Factors.

The annual incidence of LGIH is 0.03% among 
adults, causing 30,000 deaths and 300,000 hospi-
talizations in the United States [1, 5]. Most deaths 
among patients with LGIH are not directly attribut-
able to hemorrhage but rather to underlying comor-
bidities or nosocomial conditions [6]. LGIH is 
more common in men and increases in frequency 
with older age, particularly over 60 years [7].

Identifying the etiology of a LGIH can be par-
ticularly challenging due to the intermittent 
nature of blood loss and broad differential diag-
nosis. Patient age and history can help guide the 
differential diagnosis of undifferentiated 
LGIH. Younger patients are more likely to bleed 
from small bowel tumors, inflammatory bowel 
disease, and anatomic abnormalities such as 
Meckel’s diverticulum and Dieulafoy lesions. 
Patients over age 40 most commonly bleed from 
angiodysplasias, neoplasms, and diverticulosis 
[8]. Use of nonsteroidal anti-inflammatory drugs 
(NSAIDs) is associated with diverticular bleed-
ing [9]. Among patients already hospitalized in 
the ICU, ischemic colitis and acute hemorrhagic 
rectal ulcers are most common [10].

Anticoagulants and antiplatelet agents com-
monly unmask or exacerbate LGIH.  Acute 
 coronary syndrome (ACS) deserves special men-
tion because these patients are frequently on anti-
platelet agents and may develop LGIH requiring 
involvement of the acute care surgeon [11–13]. 
Bleeding is most common in patients with ACS 
over age 70, and ischemic colitis is the most com-
mon etiology of LGIH in this population [14, 15]. 
Among high-risk cardiac patients, troponin levels 
and an ECG should be obtained to rule out a 
silent MI in the setting of a LGIH [16].

 Causes of Lower Gastrointestinal 
Hemorrhage

• Diverticulosis causes 20–55% of LGIH and is 
characterized by acute, painless hematochezia 
that ranges from indolent to massive [16]. 
Diverticular bleeding most commonly originates 
from right-sided diverticula due to rupture of the 

vasa recta of the marginal artery at the dome of 
the diverticulum or at the antimesenteric margin 
[17]. Although most diverticular bleeds are self-
limited, up to 25% require intervention. Semi-
elective surgical resection is usually offered after 
a second diverticular bleeding episode because 
once a second episode has occurred, the risk that 
a third will follow exceeds 50% [7].

• Angiodysplasias are responsible for 3–40% of 
LGIH and include vascular ectasias, arteriove-
nous malformations (AVMs), and angiomas 
due to degeneration of submucosal venules 
[18–21]. They are particularly common in the 
elderly and among patients with renal failure 
and aortic stenosis [22, 23]. Lesions are most 
common in the cecum and right colon, but they 
can cause intermittent, recurrent bleeding in 
any area of the small bowel or colon [24]. 
Multiple lesions are common. Angiodysplasias 
are often the diagnosis of exclusion for occult 
LGIH, particularly in the absence of diverticu-
losis. AVM bleeding will stop spontaneously 
in 85–90% of cases but recurs in 25–85%.

• Colitis is another frequent cause of LGIH, 
particularly among hospitalized patients [10, 
25]. Colitis can be ischemic, inflammatory, or 
infectious.
 – Ischemic colitis causes transient bleeding 

due to a temporary, reversible reduction in 
small-vessel mesenteric blood flow, classi-
cally occurring in “low-flow” states and 
affecting the watershed areas of the colon, 
namely the splenic flexure and the rectosig-
moid junction. Ischemic colitis is diag-
nosed as dusky mucosa on colonoscopy. 
Ischemic colitis rarely causes massive 
bleeding.

 – Inflammatory colitis includes inflamma-
tory bowel disease (IBD), ulcerative colitis, 
and Crohn’s disease. Bleeding can occur 
with either disease but is more common 
with Crohn’s disease [26]. Clinical or fam-
ily history usually suggests this diagnosis.

 – Infectious colitis in the immunocompetent 
patient is most commonly attributable to 
Clostridium difficile infection.

• Anorectal sources of LGIH account for 
2–11% of acute severe hematochezia [5, 7, 
27]. Hemorrhoids are common. Acute hemor-
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rhagic rectal ulcer syndrome (AHRUS), while 
infrequent overall, is a relatively common 
cause of LGIH in the ICU [10]. AHRUS is 
characterized by massive, painless hemato-
chezia in elderly bedridden patients with 
severe comorbidities [28, 29]. The pathophys-
iology is thought to be a stress-related muco-
sal injury. The ulcers appear endoscopically as 
single or multiple round Dieulafoy-like lesions 
in the lower rectum.

• Neoplasm is an uncommon cause of LGIH, 
and the associated bleeding tends to be insidi-
ous rather than massive. However, any patient 
with a family history of colorectal cancer or 
not up to date on colorectal screening merits a 
complete colonoscopy to exclude a neoplasm 
as the cause for LGIH [16, 30].

• Dieulafoy lesions can also affect the small 
intestine and colon and should also be included 
in the differential diagnosis of LGIH. In par-
ticular, stercocal ulceration from the pressure 
of solid stools in the colon can cause rupture 
of submucosal arterioles and precipitate 
unpredictable, massive bleeding [31, 32].

• Recent interventions can also cause LGIH, 
particularly polypectomies [33]. Post- 
polypectomy bleeding comprises 2–5% of 
LGIH and is the most likely cause of bleeding 
in the patient with a history of a recent colo-
noscopy and polypectomy. Most cases resolve 
without intervention, but these are most ame-
nable to endoscopic intervention.

• Other less common etiologies include 
Meckel’s diverticula in patients under 30 years, 
NSAID-induced coagulopathy, radiation proc-
titis in those with a history of pelvic radiation, 
CMV ulcers in the immunosuppressed popula-
tion, and aortoenteric fistulae in patients with a 
history of aortic aneurysm repair.

 Early Management

The management of an acute LGIH includes ini-
tial stabilization, bleeding localization, and site- 
specific interventions. Initial stabilization of 
acute LGIH mirrors that of acute UGIH – priori-
tization of the patient’s airway, breathing, and 
circulation, including ensuring adequate IV 

access, blood product resuscitation, and correc-
tion of any coagulopathies. Of note, it may take 
up to 24 h for the hematocrit to equilibrate and 
accurately reflect blood loss.

Treatment options for LGIH include medical, 
endoscopic, angiographic, and surgical. The 
majority of cases of LGIH (>80%) respond to 
conservative management and/or stop spontane-
ously. Approximately 20% will require interven-
tion and 5% will require surgery.

A careful and directed history and physical 
examination will guide localization and subse-
quent management. Faster passage of blood 
through the GI tract (i.e., less than 5 h) classically 
presents with hematochezia, whereas blood pres-
ent in the GI tract for >20 h almost always pres-
ents as melena [34]. Guaiac and other fecal occult 
blood tests are rarely relevant for the massive 
LGIH patient population for which acute care 
surgeons are typically involved.

History should review any associated symp-
toms (i.e., abdominal pain, changes in bowel hab-
its, weight loss, dizziness, other evidence of 
shock), previous surgeries and radiation, prior 
bleeding episodes, medications, and known 
coagulopathies. A careful physical exam includes 
a full set of vital signs, orthostatics, focused car-
diopulmonary exam, complete abdominal exam, 
assessment for signs of liver disease, surgical 
scars, and a rectal exam. Standard laboratory 
tests should be sent including a complete blood 
count, complete metabolic panel, coagulation 
studies, and type and cross-match.

 Rule Out Upper GIB and Anorectal 
Etiology

Early placement of an NGT and gastric washout 
is critical to identify the 10–15% of patients with 
an UGIH presenting instead with acute LGIH 
[35, 36]. Of note, approximately 20% of cases of 
UGIH may not yield bloody NGT output due to a 
duodenal source, and upper endoscopy is needed 
to rule out an UGIH in the case of non-bilious 
aspirate. Please refer to the first part of this chap-
ter for further workup of UGIH.

After excluding an UGI source, bedside visual 
rectal and digital rectal exam is essential to rule 
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out obvious anorectal causes of bleeding and con-
firm the color and quantity of the bleeding. 
Anoscopy or rigid sigmoidoscopy should be used 
as needed to supplement the rectal exam. 
Importantly, identification of an anorectal lesion 
does not obviate the need for proximal endoscopic 
evaluation in the context of ongoing hemorrhage.

 Medical Management

In contrast to UGIH, medications do not play a 
key role in the management of LGIH, aside from 
IBD-directed therapies. Hormonal therapy with 
estrogen/progesterone compounds can be 
attempted as part of medical management of 
LGIH attributed to angiodysplasia, but recent 
reports suggest these are ineffective [37, 38].

 Endoscopic Management

In a hemodynamically stable LGIH patient, colo-
noscopy should be the first intervention of choice 
[29, 39] (Fig. 32.1). Colonoscopy is important for 

diagnosing and potentially treating hemorrhagic 
pathologies, but also for localizing pathologies 
not amenable to endoscopic treatment. 
Localization of bleeding allows for more directed 
surgical therapy. Colonoscopy is consistently the 
most accurate methodology of diagnosing the 
cause of a LGIH, with a diagnostic yield above 
75% in large studies [35, 40–44]. It can be per-
formed on unprepped bowel with variable accu-
racy, but works best after a thorough bowel 
preparation, ideally within 24  h of the 
LGIH. Stigmata of bleeding are rarely identified 
on examinations delayed beyond 24  h in the 
absence of ongoing hemorrhage.

Diagnostic colonoscopy has a complication 
rate of 0.3–0.5%, and endoscopic interventions 
raise that to an acceptable 1.3% [45–47]. Bedside 
colonoscopy can be even safely performed in 
most patients with UGIH in the ICU [10].

Diverticuli are often visualized, particularly 
in most patients over age 50, but it is hard to 
definitely identify them as responsible for the 
hemorrhage (Fig.  32.2). Angiodysplasias may 
appear as flat, red lesions 2–10  mm in size, 
sometimes accompanied by a feeding vessel. 

Colonoscopy

Source identified?
Endocopic treatment

Source identified?
Endocopic treatment

Source not identified?
Upper endocopic

Source not
identified?

Bleeding from
ileocecal valve?

Small bowel evaluation

Unsuccessful and
bleeding slows?

Occult GIB
algorithm

Unsuccessful and
ongoing bleeding?

Mesenteric
angiography

Bleeding
controlled?

Ongoing
surveillance

Bleeding not
controlled.

Patient
stable?

Urgent surgical
exploration

Yes

No

Fig. 32.1 Approach to the hemodynamically stable LGIH
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a b

Fig. 32.2 Diverticula with active bleeding (a) and arteriovenous malformation (b)

Angiography
available?

Yes - proceed with
mesenteric angiography

Yes - urgent
colonscopy for

localization

No - is patient stable
enough for urgent

colonoscopy?

Bleeding not
controlled,

Patient
stable?

 Bleeding
controlled?

Ongoing
surveillance

Occult GIB
algorithm

Urgent surgical
explorationYes No

No

Fig. 32.3 Approach to 
the hemodynamically 
unstable LGIH

However, angiodysplasias detected during 
colonoscopy for LGIH should not automati-
cally be assumed to be the source of bleeding 
unless there is active bleeding or stigmata of 
recent bleeding such as adherent clot, which is 
rare.

If the LGIH source is identified on colonos-
copy, endoscopic treatment may be attempted.

Endoscopic interventions may include epi-
nephrine injection, cautery, and hemoclips. 
However, in contrast to upper endoscopy, colo-
noscopy is often only diagnostic for LGIH.

If the entire colon is adequately inspected and 
no source of bleeding found, the terminal ileum 
should be intubated. Fresh blood in the terminal 
ileum reflects a small bowel source of the 

LGIH.  If a bleeding source is not found, addi-
tional workup should be pursued to identify the 
bleeding before any attempt at operative 
 management, including upper endoscopy and 
angiogram/CTA.

In a hemodynamically unstable patient, the 
diagnostic and therapeutic yield of an urgent 
colonoscopy is limited. Angiodysplasias are dif-
ficult to visualize in unstable patients with mes-
enteric vascular constriction. A timely 
middle-of-the-night unprepped colonoscopy is 
only helpful in select situations—e.g., when 
interventional radiology capabilities are unavail-
able and the patient is stable enough to undergo 
an attempt at localization prior to urgent surgical 
resection (Fig. 32.3).
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 Angiography

For the persistent LGIH that fails to respond to 
conservative management, mesenteric angiogra-
phy is the next procedure of choice. Angiography 
has the added benefit of being potentially thera-
peutic as well as diagnostic. In some centers, 
cross-sectional imaging in the form of a CTA is 
routinely obtained prior to angiography to visual-
ize bleeding (at least 0.3 cc/min) and help direct 
site-specific interventional radiology (IR) treat-
ments. However, a pre-procedural CTA is not 
mandatory.

Angiography was first reported for the treat-
ment of LGIH in the 1970s. Angiography suc-
cessfully localizes the bleeding in 40–86% of 
patients with LGIH [47–49]. Of note, bleeding 
must be at least 0.5 cc/min in order to be detected 
on angiography [45]. Rapid, profuse bleeding is 
most easily identified. In one study, a systolic 
blood pressure  <90  mmHg and the need for at 
least 5 units of blood had an 85% positive predic-
tive value for bleeding localization [50].

Extravasation can be arrested with coil or gel-
foam embolization with single-digit complica-
tion rates in the short-term [51]. Rates of 
downstream bowel ischemia initially ranged 
from 10% to 20%, but the routine use of superse-
lective angioembolization has improved clinical 
success rates while lowering the risk of both isch-
emia and rebleeding [52–56]. Superselective 
embolization is an effective rescue treatment 
modality after failed endoscopic management. It 
has also almost entirely replaced catheter- 
directed vasoconstrictive therapy, thus avoiding 
the potential deleterious systemic effects of vaso-
pressin administration. Other complications of 
angiography include access site complications, 
contrast reactions, and embolism from dislodged 
thrombus [57].

If embolization is not possible but a bleeding 
vessel is localized as contrast extravasation on 
angiography, the area should be marked to aid in 
intraoperative identification and segmental resec-
tion. Methylene blue can either be injected into 
the bleeding vessel while the patient is in the IR 
suite, or the superselective catheter can be left in 
place for the surgery. In the operating room, 

injecting 0.5 mL of methylene blue through the 
catheter will help to localize the segment for 
resection while avoiding diffusion of the dye 
throughout the operative field. Leaving the embo-
lization catheter in place can also facilitate urgent 
operations for ischemia related to coil placement. 
Depending on the thickness of the mesentery, the 
coils can be difficult to palpate in some patients.

Some controversy exists regarding whether 
massive LGIH with hemodynamic compromise 
should be treated first with angiography, surgery, 
or colonoscopy. Colonoscopy in the unstable, 
unprepped, actively bleeding patient is rarely 
beneficial [1, 45]. Our preference is to proceed 
with urgent angiography before colonoscopy in 
this patient population, with or without CT angi-
ography to define extravasation. Patients should 
only be sent for non-therapeutic localization 
studies if they are hemodynamically stable.

 Approach to the Occult LGIH

Approximately 5% of patients will fall into the 
category of having an occult or obscure GI bleed-
ing, defined as ongoing or recurrent bleeding 
without source on upper and lower endoscopy 
[58–60]. Repeat endoscopy may occasionally 
identify the source not seen on first examination 
[61, 62].

The small intestine is the “great unknown” for 
LGIH, responsible for one-third of all cases of 
LGIH yet arguably the majority of the diagnostic 
headaches [35, 47, 63, 64]. Various options exist 
to evaluate the small bowel endoscopically and 
radiographically. Cross-sectional imaging is 
most useful for identifying masses that may or 
may not be responsible for the bleeding. This 
includes standard contrasted CT, CT angiography 
(CTA), and CT enterography (CTE). CTA is 
occasionally useful in identifying colonic angio-
dysplasias [65].

CTE is a multiphase CT with both IV and oral 
contrast after patients have fasted for 4  h. 
Interpretation of these studies can be challenging, 
as 2-mm slices in both axial and coronal planes 
covering the entire abdomen and pelvis repeated 
for all three phases generate 1500–2500 images 
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to review. CTE also involves significant patient 
radiation dose (approximately 35–40  mSv), 
which is most relevant in younger adults with an 
occult LGIH.

Options to evaluate the small intestine endo-
scopically include push enteroscopy, double- 
balloon endoscopy (DBE), capsule endoscopy, 
and intraoperative endoscopy. Intraoperative 
endoscopy is a messy, frustrating endeavor best 
only undertaken when other localization options 
have been unsuccessful. The lack of retroperito-
neal attachments of the small attachments renders 
endoscopic navigation uniquely challenging. Push 
enteroscopy allows evaluation of anywhere from 
60 to 160 cm of the proximal jejunum, depending 
on whether an overtube is used to  prevent looping 
in the stomach [66]. Depending on the indication 
and technique used, diagnostic yield from push 
enteroscopy ranges from 13% to 78% [67].

DBE is technically challenging but, in theory, 
permits evaluation of the entire small bowel [68, 
69]. DBE involves a specialized enteroscope with 
an overtube and two inflatable balloons. Once the 
distal end of the endoscope is reached, the over-
tube balloon is inflated, and the overtube and 
endoscope are gently withdrawn, causes pleating 
of the small intestine over the overtube/endo-
scope assembly. The endoscope balloon is then 
deflated, the endoscope is advanced further, and 
the entire process is repeated. While the goal is to 
reach the ileocecal valve, a retrograde approach 
may be necessary to do so.

Capsule endoscopy is a low-risk, well- 
tolerated diagnostic procedure that may aid 
in localizing a bleeding small bowel lesion, par-
ticularly if it is actively bleeding [70, 71]. 
Entrapment is an infrequent problem, and often 
occurs at the site of pathology, essentially mark-
ing it for segmental resection [72]. Clinical 
guidelines vary in their support for the use of cap-
sule endoscopy due to low-quality data [73, 74].

Radionuclide studies, including 99mTc-labeled 
sulfur colloid scans and 99mTc-labeled tagged red 
blood cell scans, are noninvasive tests that may 
help detect slower active bleeding (0.1  cc/min) 
[75, 76]. These modalities may be over- 
represented in the literature and rarely provide 
clinically relevant localization. Of concern, 

radionuclide results are frequently either non- 
diagnostic or may result in a high proportion of 
incorrect segmental resections [77–81]. 
Anatomically selective colon resections for LGIB 
should never be performed based on localization 
obtained through radionuclide scanning alone. In 
the pediatric population, a Meckel’s scan is still a 
useful, highly sensitive adjunct [81, 82].

 Provocative Angiography

For experienced centers, provocative mesenteric 
angiography is an option if the initial angiogra-
phy and other localization studies all fail to local-
ize a recurrent bleed. Provocative angiography 
should only be attempted at specialized centers 
and with the close cooperation of a surgical team 
to ensure prompt operative management of 
uncontrolled bleeding [83]. It successfully identi-
fies the source of LGIH about 33% of the time 
[84]. Protocols vary by institution but often 
involve a stacked approach. For example, a bolus 
of systemic heparin is first given (e.g., 5000 units 
IV followed by an infusion of 1000  units per 
hour). Next, 100 mcg of nitroglycerin is infused 
in the mesenteric vessel of interest followed by 
tissue plasminogen activator (tPA) in 5–10  mg 
increments until the desired effect is achieved. 
Typically, the SMA injected first, then the IMA, 
and finally the celiac trunk if provocation in the 
first two vessels is negative. As with non- 
provocative angiography, if extravasation is visu-
alized but bleeding is not controlled, the catheter 
can be left in place in the vessel until manage-
ment in the operating room.

 Surgical Management

While only necessary in approximately 5% of 
patients with LGIH, surgical management plays 
an important role. Surgical resection should be 
reserved for bleeding lesions that are persistent or 
unable to be controlled with endoscopic or 
catheter- based interventions. Surgery equates to 
either a targeted or blind resection. Preoperative 
localization with the workup described above is 
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ideal (e.g., colonoscopic tattoo, angiographic 
methylene blue injection, or positive Meckel’s 
scan) as it facilitates a segmental resection of the 
affected area. In stable patients, open or laparo-
scopic approaches are both acceptable. Segmental 
resection with primary anastomosis is often fea-
sible in patients who are stable and have local-
ized, discrete bleeds. For more extensive bleeding 
etiologies, like ischemic colitis or inflammatory 
colitis, resection and anastomosis may not be 
advisable.

Unfortunately, the bleeding source is not always 
clearly identified preoperatively. Surgical explora-
tion is occasionally necessary for patients with 
hemodynamic instability and persistent hemor-
rhage that has precluded further diagnostic workup 
[85]. Open exploration and resection should be per-
formed for patients with unstable LGIH or unlocal-
ized LGIH.  As a general rule, blind segmental 
resections are ill-advised as they are associated 
with rebleeding rates as high as 75% and mortality 
as high as 50% [86, 87]. Few situations are more 
frustrating than an occult LGIH that cannot be 
localized intraoperatively. Exploration includes a 
thorough running of the entire small and large 
bowel to rule out any palpable lesions. Options in 
this scenario include intraoperative endoscopy with 
its limitations, a subtotal colectomy, and a tempo-
rizing or diagnostic ileostomy. While none of these 
are appealing, the least bad option in an unstable 
patient is a “blind” subtotal colectomy with end 
ileostomy. This procedure is associated with a ~4% 
rebleeding rate and mortality ranging from 20% to 
50% [88].

 Conclusion

• Most acute LGIH is self-limited. Only 20% 
require intervention and only 5% require 
surgery.

• Rule out an upper gastrointestinal source of an 
acute LGIH and obvious anorectal source 
early.

• Colonoscopy should be performed first except 
in cases of hemodynamic instability.

• Angiography is both diagnostic and therapeu-
tic and should be performed early in cases of 
hemodynamic instability.

• Practically speaking, colonoscopy, angiogra-
phy, and capsule endoscopy are most likely to 
assist in bleeding localization.

• Occult LGIH can occasionally be localized 
using push or double-balloon endoscopy, 
nuclear medicine scans, and in select cases, 
provocative angiography.

• Do not operate blindly if at all possible. 
Subtotal colectomy is the resection of choice 
with uncontrolled bleeding that cannot be fur-
ther localized.
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33Emergency Surgery as a Team 
Sport

Alison A. Smith and Donald Jenkins

 Emergency General Surgery Team 
Dynamics Case Report

A 68-year-old man with multiple co-morbid 
medical conditions presents to the Emergency 
Department complaining of abdominal pain for 1 
day duration. A clerk immediately notifies the 
nurse of the patient’s arrival. The patient is tri-
aged by a nurse who quickly realizes that the 
patient is in critical condition. The medical tech-
nician records the patient’s vital signs, medica-
tions, medical history, and contact information in 
an expeditious manner. She alerts the Emergency 
Medicine physician who promptly examines the 
patient, orders laboratory work, and other appro-
priate diagnostic tests. He then consults the 
Emergency General surgeon on call after discov-
ering pneumoperitoneum on an X-ray.

After written informed consent and an in- 
depth discussion with the patient and his family, 
the patient completes the pre-operative process, 
and he is brought without delay to the operating 
room for an exploratory laparotomy. Prior to the 

case start, the surgeon discussed the operative 
plan with the operating room (OR) team in detail 
and ensures that all necessary equipment is pres-
ent using the Emergency General Surgery (EGS) 
checklist. The team prepares for any potential 
pitfalls during the case and confirms that extra 
equipment is readily available. The surgical team 
regularly participates in simulation scenarios 
specific for emergent cases and is familiar with 
the EGS checklist.

At the start of the case, the surgeon leads the 
OR team through the standardized timeout prior 
to initiation of the procedure. All team members 
actively engage during the timeout. During the 
case, the OR nurse provides regular updates to 
the family. The surgeon and Anesthesia team dis-
cuss the progression of the case, and how the 
patient is tolerating anesthesia. The patient is 
extubated at the conclusion of the case. While 
being moved to the stretcher, he goes into cardiac 
arrest. The surgeon serves as the team leader for 
the code and assigns roles to each team member. 
The anesthesiologist quickly secures the airway 
and begins to bag the patient. The circulator nurse 
is the recorder while the nurse anesthetist admin-
isters medication. The scrub tech performs chest 
compressions alternating with another scrub 
tech. Return of spontaneous circulation is 
obtained, and the patient is transported to the 
(ICU). The surgeon leads a dynamic de-briefing 
with the operating room team to discuss areas in 
which the team performed well and where 
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improvements could be made. All team members 
actively participate and freely voice any con-
cerns. The suggested areas for improvement are 
relayed to the hospital’s Quality Improvement 
Task Force.

While in the ICU, the attending surgeon 
rounds on the patient daily with a multi- 
disciplinary team comprised of ICU nurses, 
nutrition, pharmacy, case management, and phys-
ical/occupational therapy. A comprehensive daily 
plan is developed with all of the team’s input. On 
post-operative day 5, the patient is transferred to 
an inpatient rehabilitation center. The patient’s 
case data and outcomes are recorded into the hos-
pital’s EGS registry.

 Background on Emergency General 
Surgery

Emergency general surgery (EGS) represents a 
rapidly expanding field of surgical disease. 
Although EGS was initially recognized as a sur-
gical subspecialty in the early 2000s, it encom-
passes a wide variety of surgical diagnoses which 
were first formally defined in 2013 [1–3]. In the 
past decade, there has been an estimated increase 
in EGS cases by almost 30% [4]. Despite this 
vast experience, the population of EGS remains 
challenging to treat with on-going poor out-
comes. EGS patients have an estimated eight- 
fold increase in mortality and 50% risk of 
post-operative complications compared to their 
elective surgery counterparts [5–7]. These 
patients also have higher rates of medical errors 
[8]. Some potential sources of the disparate out-
comes for EGS patients likely stem from a sicker 
patient population at baseline with multiple pre- 
existing and often untreated co-morbid condi-
tions. The sub-optimal circumstances revolving 
around the nature of EGS operative procedures 
due to limited time for patient and OR team prep-
aration often lead to high-stress situations and 
lack of coordination that compound the likeli-
hood of post-operative complications and medi-
cal errors [3].

The current costs associated with EGS are 
staggering with an estimated increase of greater 

than 40% anticipated over the next four decades 
[1]. This tremendous projected rise in EGS 
patients will likely place additional hindrances 
on an already strained healthcare system in the 
United States. Given the significant and growing 
burden of EGS on the medical infrastructure, an 
important goal in the near future should be to 
optimize the surgical and ancillary care teams for 
these high-risk patients.

 An Introduction to Teamwork

A team is two or more individuals working 
together to achieve a shared goal through task- 
specific competencies, specialized work roles, 
shared resources, and communication in order to 
coordinate and adapt to a changing situation [9]. 
The multi-disciplinary approach is defined as a 
team-based structure that includes different lev-
els of medical personnel (i.e., physicians, nurses, 
nursing assistants, technicians) collaborating 
together for the patient’s plan of care [10]. In the 
field of medicine, this strategy was first pio-
neered through the development of tumor boards 
which bring together multiple medical special-
ties to discuss the patient’s plan of care. The con-
cept has expanded to include multi-disciplinary 
teams for daily patient care rounds [11, 12]. The 
goal of this approach is to break down conven-
tional communication barriers between medical 
specialties and to encourage open dialogue 
among team members in order to improve safety, 
patient satisfaction, and to decrease hospital 
length of stay [10]. This structure has been 
shown to improve patient outcomes and provider 
efficency [10, 13]. For the trauma patient popu-
lation, the standardization of trauma centers 
across the United States helped to improve out-
comes and to provide a standard of care [14–16]. 
However, a similar strategy has not yet been 
instituted for the EGS patient population [1, 2, 
4]. In order to combat the challenges associated 
with the lack of a consistent definition of EGS 
and its complex patient population, a team-
based, multi-disciplinary approach could address 
particular areas of short- comings in this surgical 
subspecialty.

A. A. Smith and D. Jenkins



461

 The Benefits of Team Sports

Team play is a unique attribute of the human spe-
cies [17]. While evidence of humans engaging in 
sporting events can be traced back to pre-historic 
times, the exact period for the evolution of team 
sports remains unclear [18]. Through team sports, 
teammates work to develop cooperative relations 
in order to achieve common goals through com-
plex relations and interactions that surpass the sum 
of individual performances [19]. In a study by 
Pluhar and colleagues, the importance of team 
sports was highlighted by the observation that ath-
letes who participated in team sports had less anxi-
ety and depression than individual athletes [20].

 Team Dynamics

A growing area in sports science is the study of 
performance analysis and team dynamics [21, 
22]. Observing the interpersonal interactions in 
performance analysis of team sports, which is 
based on the relationship between perception and 
action, is essential to understand how a team 
functions [23]. The individual team members 
face physical and social constraints that must be 
overcome with synergy for the team to collec-
tively achieve the performance goals [24]. In 
addition, an analysis of how the individual team 
members interact with the environment helps to 
evaluate which circumstances result in success or 
failure [23].

The American Heart Association (AHA) iden-
tified and defined important elements of team 
dynamics. These elements are now incorporated 
into training as a part of AHA certification, and 
they are important to review in order to help 
improve team dynamics [25]. First, closed-loop 
communication is required to verify vital infor-
mation that is conveyed between team members 
and to confirm the completion of tasks. 
Constructive intervention involves critiquing 
poor performance without criticizing [26]. Clear 
messages are essential to adequate team member 
communication, and it is necessary to provide 
additional clarification to the team as needed. 
Next, it is important for team members to have 

clear roles in order to ensure that the best care is 
provided to the patient by the most appropriate 
person. Understanding one’s limitations is criti-
cal for knowing when to ask for help. Knowledge 
sharing is key to obtaining the most comprehen-
sive assessment of a situation. Mutual respect is 
essential to provide positive feedback and a pro-
fessional environment. Finally, re-evaluation and 
summarizing a situation can assist with review-
ing essential information and developing a 
scientific- driven plan going forward.

 Failure of the Team

What leads to a breakdown and subsequent fail-
ure of the team? First, team cohesiveness is 
essential for advancing team-related schemas and 
developing a collective sense of confidence 
amongst team members [27]. Mutual respect 
among team members serves as the foundation 
for success and subsequently the first step towards 
failure if respect is lacking [26]. The team will 
also falter if there is a lack of assertive communi-
cation. All team members regardless of position 
should feel empowered to voice concerns and not 
be fearful of the potential repercussions.

Wergin and colleagues investigated specific 
factors that led to collapse of the team [28, 29]. 
The investigators determined that it was a com-
plex cascade of events that resulted in team col-
lapse and not the summation of individual failures 
[29]. The major triggers identified were: emo-
tional contagion, decreased performance conta-
gion, lack of accountability, limited 
communication, and blaming other players for 
mistakes [29]. It has also been emphasized that 
team members should be questioned about their 
mistakes outside of the public arena. One frame-
work to follow when addressing team member 
shortcomings is Pendleton’s rules [30]. The team 
member should first be asked about his/her indi-
vidual strengths, which is then followed by the 
leader stating the team member’s strengths. 
Specific areas for improvement or how the situa-
tion could have been handled differently should 
be discussed. Suggestions for improvement with 
the team leader are also worth addressing [31].
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When extrapolating the concepts of the team to 
surgery, it has been suggested that greater success 
will happen when the surgeon focuses on the team’s 
welfare ahead of the individual surgeon’s needs 
[26]. Further, the Joint Commission on Accreditation 
of Healthcare Organizations (JCAHO) identified 
communication breakdown of the team in the OR as 
a leading cause for sentinel events and medical 
errors [32]. Given this philosophy, it is important to 
review examples from the medical literature when 
the concepts of team sports have been applied in the 
medical community and how these principles could 
be applied to improve EGS outcomes.

 Why Medicine Is a Team Sport

Given the far-reaching impacts of healthcare, the 
mitigation of medical errors and optimal patient 
safety should be viewed as a public health issue 
[33, 34]. There has been a major culture shift 
within the structure of hospitals to improve qual-
ity and standardize the delivery of care. Part of 
this revolution was ignited by the publication of a 
report in 1999 by the Institutes of Medicine titled, 
“To Err is Human: Building a Better Health 
System” [34]. The fallout from this groundbreak-
ing report resulted in interest from many different 
stakeholders to overhaul to the existing system.

Teamwork has been a significant force in the 
movement to improve the delivery of healthcare. 
The hierarchical structures of medicine are being 
replaced with the creation of multi-disciplinary 
teams with representatives from all levels of health-
care workers that function together. Hospitals with 
team-based structures demonstrate improved staff 
satisfaction [35] and lower reported rates of burn-
out [36]. Further, dysfunctional team dynamics is 
linked to worsening the associated healthcare 
workers’ attitudes and personal trauma when pre-
ventable patient errors occur [37]. Following 
reports of poor patient outcomes, the Department 
of Veterans Affairs (VA) system underwent a 
renaissance to improve the quality of care delivered 
across its system through the creation of the 
National Center for Patient Safety (NCPS) [38]. 
The basic tenets of the program focus on a nonpu-
nitive approach to reporting unsafe behavior and an 

analysis of the system when errors occur to deter-
mine where the issues happened. The success of 
this program has been demonstrated in a significant 
improvement of outcomes at VA hospitals and the 
spread of this program to the private sector. In 
1994, the VA also developed the National VA 
Surgical Quality Improvement Program (NSQIP) 
program to specifically address improvement in 
peri-operative care [39, 40]. As a result, the pro-
gram led to a reduction in 30-day post-operative 
morbidity and mortality [40].

 The Role of Team Sports 
and the Medical Trainee

The rigorous process of acceptance into medical 
school does not reward team-behavior but rather 
individual achievements [41]. However, efforts are 
being undertaken to incorporate team training into 
medical school curriculums [42–45]. A study by 
Chole and investigators found that the most suc-
cessful otolaryngology residents had an established 
history of excelling in team sports [46]. In this study 
of 46 individuals, resident performance was not 
found to be linked to medical school grades, letters 
of recommendation, or standardized test scores. An 
investigation by Spitzer et al. showed that orthope-
dic residents with a history of participation in var-
sity sports were more likely to be selected as chief 
residents [47]. As the selection criteria for medical 
students and residents continues to evolve, it is 
likely that the ability of a trainee to participate effec-
tively in teamwork should be considered.

 Surgery as a Team Sport

The complex dynamics of the interactions 
between multiple levels of healthcare workers, 
and high-stake consequences when these relation-
ships fail results in the surgical field as the prime 
battleground for teamwork. Preventable medical 
errors in the operating room (OR) are linked to a 
lack of communication and a failure of team lead-
ership [48–50]. Accordingly, it is imperative to 
review the various components of the surgical 
team that are necessary to achieve success.
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 The Surgeon Athlete

The surgeon has traditionally been viewed as the 
“captain of the ship” in the OR [51, 52]. While 
surgeons are largely still regarded as the leader of 
the OR, it is important to recognize that the sur-
geon must learn to effectively lead the OR team 
and recognize the value of team members. To 
help improve performance, the training of a sur-
geon can thus be likened to the training of an elite 
athlete [53]. The rigors of surgical training can be 
improved if an approach for training athletes is 
undertaken, including one-on-one coaching, 
video-based review of performance, and develop-
ment of tailored training programs targeting indi-
vidual weaknesses [53, 54].

 The Surgical Coach

Similar to professional athletes, surgeon and 
author, Dr. Atul Gawande, suggested that sur-
geons can improve technical performance by 
enlisting the help of a surgical coach [55]. The 
concept of coaching has drawn increased interest 
not only in the OR to improve technical skills, but 
also spread to varying aspects of the surgical pro-
fession, including one-on-one mentorship and 
strengthening of personal relationships [56–58]. 
There are two types of coaches: peer and expert. 
Peer coaching can involve video review of sur-
geon performance with directed critiques and 
coaching [58–60]. Several professional coaching 
organizations comprised of experts in coaching 
tactics specifically designed for surgeons have 
been created [61]. As team-based concepts in 
medicine continue to grow, it is likely that the 
idea of healthcare professional coaches will also 
continue to expand.

 Team Work in the Operating Room

Given the complex dynamics that involve multi-
ple levels of medical providers working together 
closely in the OR, this location has been identi-
fied as the most error-prone [62]. A team-based 
approach in the OR has thus been demonstrated 

to impact patient care and quality outcomes [63]. 
However, the OR team will fail if there is a lack 
of stability and the existing hierarchy overrides 
the team’s ability to function [64]. Several studies 
found discrepancies between the surgeon’s per-
ception of the situation compared to other mem-
bers of the OR team. In a simulation-based 
scenario of the OR, majority of surgeons reported 
that their most significant personal weakness is 
communication skills. OR nurses and anesthesi-
ologists reported a need to work on improving 
self-assertiveness [65]. A survey conducted by 
Makary and colleagues found disparate responses 
between surgeons and OR nurses regarding the 
team’s performance with nurses more often per-
ceiving interactions as poor while surgeons were 
more likely to rate these same situations in a 
more favorable manner [66]. Further, a study by 
Mills and colleagues, which surveyed 384 OR 
staff across 6 Veteran’s Affairs Hospital, found 
that nurses and anesthesiologists were more criti-
cal of team performance in the OR compared to 
surgeon’s perception of the situation [67]. These 
studies highlight the importance of open commu-
nication and de-briefing with the OR team to 
understand all team member’s perceptions.

Surgeon arrogance, which manifests as an 
unwillingness to solicit or respond to input from 
other team members, is a main cause of conflict 
among OR team members [68]. As a result, feed-
back or suggestions from team members could be 
perceived as questioning the surgeon’s knowl-
edge and authority. It remains important to train 
surgeons how to respond to team members’ input 
with respect but without restricting the surgeon’s 
need for autonomy [69].

 The Surgeon’s Playbook

In many professional sports, a playbook contain-
ing team strategies is utilized to help coordinate 
the team’s plan [70]. Similarly, a surgeon’s play-
book should be developed in order to outline a 
plan for success in the OR. Important elements of 
this playbook include: clearly defined roles for 
OR team members, simulation practice scenar-
ios, and pre-specified OR checklists. In 2008, the 
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World Health Organization (WHO) safety check-
list was introduced as a tool to identify prevent-
able errors prior to the start of the surgery [71]. 
Surgical checklists serve to improve team com-
munication through reviewing protocols, goals, 
and encouraging case-specific discussion [72–
74]. Checklists can also include charting of pre- 
operative medications and post-operative 
instructions. An investigation led by Haynes and 
colleagues reported that the use of a surgical 
checklist was associated with a significant reduc-
tion in mortality, preventing 50% of deaths within 
30 days of surgery [75]. Singer et al. found that 
surgeon engagement was needed to ensure the 
success of safety checklists [73]. Integrating 
checklists to improve teamwork requires team 
members to view the checklist as a trigger for dis-
cussion and not simply as a means to “check a 
box” [76, 77].

 Structured Teamwork Training 
and Simulations

Highly functional teams demonstrate the best 
performance outcomes [78]. The airline indus-
try has demonstrated that simulation training 
can improve human errors [79]. Therefore, rou-
tine structured training of team members is 
required. First, teamwork in the OR can be 
improved through several interventions focused 
on improving communication. OR team mem-
bers should feel empowered to raise concerns 
without fear of the potential consequences. This 
type of communication has been termed “appro-
priate assertion” [49]. Other important elements 
of team communication include: critical lan-
guage to identify certain phrases which will 
convey concern among team members, situa-
tional awareness of the “big picture,” and de-
briefing [49]. Wolf and colleagues analyzed the 
implementation of 4863 standardized medical 
team trainings (MTT) [80]. MTT was an inten-
sive 1 day training for the OR team that focused 
on a standardized briefing/debriefing/periopera-
tive routine. This training resulted in improved 
OR function, including decreased case start 
time delays.

Clear expectations for every team member 
and institutional processes for error reporting 
should be established. Disruptive behavior from 
any team member should be immediately 
addressed and not tolerated. Multi-disciplinary 
morbidity and mortality conferences should be 
established with input from all involved health-
care workers, including OR nurses [41]. Support 
from leadership should enforce the principles of 
teamwork.

As a result of the recommendations from the 
Institute of Medicine report on medical errors, 
the Department of Defense and Agency for 
Healthcare Research and Quality (AHRQ) 
developed a systematic approach to facilitate 
training, Team Strategies and Tools to Enhance 
Performance and Patient Safety 
(TeamSTEPPS™) [34, 81]. The program is 
based on four core principles: communication, 
leadership, mutual support, and situation moni-
toring and provides healthcare teams with tools 
and strategies to succeed as a team [82, 83]. 
Since the introduction of TeamSTEPPS™, sev-
eral studies have reported successful outcomes. 
It has been shown to increase on-time OR case 
starts, decrease OR case length, ameliorate 
issues with availability of OR equipment, help 
with turnover time, enhance team members’ atti-
tudes, and improve patient safety [83–86]. Mayer 
and colleagues described the implementation of 
the training program for staff in pediatric and 
surgical ICUs. Post-training evaluation 1 year 
after the training revealed continued improved 
communication between team members, 
increased time spent by staff at rapid response 
events, and lower nosocomial infections [87]. 
Despite the documented success of 
TeamSTEPPS™ in improving performance, sev-
eral studies have demonstrated the culture dete-
rioration of team skills learned during the course 
[88, 89]. The need for skill “refreshers” of 
TeamSTEPPS™ training has been proposed as a 
way to keep the team functional [89]. However, 
the optimal method to promote a sustainable cul-
ture of teamwork remains ill defined. Some 
fields of surgery demonstrated successful out-
comes when applying these concepts to address 
specific areas.
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 Teamwork and Trauma Surgery

Advanced Trauma Life Support (ATLS) was first 
introduced in 1979 and has served as the world-
wide standard for the initial assessment of the 
trauma patient [90]. ATLS focuses on the core 
principles of teamwork and subsequent programs 
such as the Rural Trauma Team Development 
Course (RTTDC) were developed to further inte-
grate all players involved in the initial trauma 
patient encounter at critical access hospitals [91, 
92]. The Trauma Evaluation and Management 
(TEAM) was adapted from ATLS to provide a 
structure for medical students to receive formal-
ized training on the multi-disciplinary principles 
of trauma [93]. TeamSTEPPS™ has also been 
implemented for the trauma team to improve 
teamwork skills and efficiency in the trauma bay 
[94]. Another effort to improve team trauma 
resuscitation is the development of a specific 
Trauma care checklist by the WHO [95]. Finally, 
Dutton and colleagues described a multi- 
disciplinary approach to trauma rounds which 
included the Trauma fellow and senior staff, an 
orthopedic surgeon, the hospital bed manager, 
discharge planner, nursing staff, physical, occu-
pational, and speech therapists. This approach 
was found to decrease patient length of stay 
through improved communication among multi-
ple disciplines [12].

 Teamwork and Cardiac Surgery

The body of literature on the importance of team-
work in cardiac surgery is extensive. The inten-
sity and intricacies of running cardiopulmonary 
bypass (CPB) lend itself to fostering a culture of 
teamwork [96]. Since the inception of CPB in 
1953, this technology thrives on closed-loop 
communication between team members and 
sharp attention to detail [96]. Given the high-risk 
nature of cardiac surgeries, the role of team inter-
actions is important to help improve outcomes 
and meet the necessary quality metrics [11, 97–
101]. A landmark study performed by the AHA 
in 2013 recommended that team training of all 
OR staff be incorporated into the cardiac OR 

[99]. A study by Hollingsworth and colleagues 
demonstrated that patients undergoing coronary 
artery bypass grafting (CABG) have improved 
outcomes including lower 60-day mortality rates 
if their surgery was performed at an institution 
with well-established teamwork [101]. Dahl et al. 
described the incorporation of TeamSTEPPS™ 
training of all cardiac OR team members to 
improve teamwork [102]. The progress of this 
initiative will be assessed using a pre and post 
questionnaire.

 Teamwork and ECMO Programs

The increasing utilization of ECMO at many 
hospitals has also demonstrated the importance 
of a multi-disciplinary team approach to 
develop ECMO programs [103, 104]. ECMO 
programs require complex coordination of 
multiple levels of healthcare providers includ-
ing physicians, nurses, perfusionists, and other 
support staff to work together to treat the most 
critically ill patients. Furthermore, the success 
of ECMO transport teams has re-enforced the 
importance of coordinated team efforts that 
can navigate multiple hospital systems in order 
to care for these patients [105–108]. Mayer 
and colleagues reported decreased time for 
placing patients on ECMO after the initiation 
of the TeamSTEPPS™ program for team mem-
bers [87].

 Teamwork and Orthopedic Surgery

Due to the nature of orthopedic surgery, the com-
parisons between this field and team sports are 
natural. Previous studies have identified a lack of 
teamwork as contributing to adverse events 
within the field of orthopedics [109, 110]. Caprari 
and colleagues identified four specific areas for 
improvement in orthopedic teams including: 
improve daily rounds by reducing cognitive over-
load and promoting confidence, collaboration by 
building empathy, connect the patient with the 
professional team, and support changes by foster-
ing learning [111].
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Several initiatives have been undertaken within 
the Orthopedic surgery community to help pro-
mote teamwork and improve outcomes. First, the 
American Academy of Orthopedic Surgeons made 
a commitment to integrate TeamSTEPPS™ into 
orthopedic surgery to improve teamwork and 
patient safety [112]. Lee et al. described the appli-
cation of the TeamSTEPPS™ program to 24 
orthopedic surgical teams with reinforcement in 
the form of lectures with videos on leadership 
skills, an online self-paced learning program on 
communication skills for nursing staff, a summary 
on leadership skills e-mailed to surgical staff, and 
a 1-h perioperative grand rounds. Nursing staff 
demonstrated improved leadership and communi-
cation skills whereas surgical staff showed 
enhanced leadership [82]. Another initiative by 
LeBlanc and colleagues to formulate a checklist 
specific for orthopedic patients has been investi-
gated to help improve patient hand- offs [113]. 
Finally, patient-reported outcome measures 
(PROMs) are being developed in a multi-disciplin-
ary fashion targeted to the needs of the orthopedic 
surgery population. The goal of PROMs is to 
improve efficiency and patient compliance [114].

 Teamwork and Colorectal Surgery

The field of colorectal surgery has been a fore-
runner in leading efforts to develop multi- 
disciplinary pathways for improving 
peri-operative care of patients. The Enhanced 
Recovery After Surgery (ERAS) largely took 
shape from advances in colorectal surgery [115–
117]. ERAS has resulted in decreased hospital 
length of stay and associated costs [118]. In addi-
tion, a multi-disciplinary team at Mayo Clinic 
was pioneered to design a specific colorectal sur-
gical site infection (SSI) reduction bundle. This 
strategy was utilized across all phases of patient 
care and frequent feedback was provided to the 
team members involved in the program. Cima 
and colleagues reported that this bundle resulted 
in a sustained reduction in SSIs [119].

The other area for improvement using a multi- 
disciplinary approach has been the development 
of ileostomy pathways. The crux of these pro-

grams focuses on coordinated efforts between 
physicians, nurses, wound care nurses, nurse 
practitioners, and social workers to educate 
patients using a standardized program [120]. In 
addition, checklists, phone calls, and home visits 
are utilized to help increase patient compliance 
[121, 122]. Since the inception of these pro-
grams, there has been decreased hospital re- 
admissions and dehydration secondary to high 
ileostomy output [120, 123–125]. Higher patient 
satisfaction and decreased hospital costs have 
also been reported [121].

 Team Sports and Emergency 
Surgery: What Is the Future?

Given the vast experience with improving surgi-
cal outcomes in the fields of elective and trauma 
surgery, it remains important to review how these 
lessons could be applied to create a structured 
framework that will advance the burgeoning field 
of EGS. Based upon these experiences, both pos-
itive and negative, from previous studies in other 
surgical disciplines, the field of EGS can advance 
when the principles of teamwork serve as the 
foundation for improved patient outcomes and 
satisfaction. Several of these specific targets will 
be reviewed.

Structured de-briefing is an essential compo-
nent to improving teamwork in the OR. A study 
by Ahmed and colleagues interviewed 33 sur-
geons, anesthesiologists, and OR nurses from the 
United States, United Kingdom, and Australia to 
identify key elements to debriefing. The themes 
identified included: appropriate approach, estab-
lishing a learning environment, learner engage-
ment, managing learner reaction, reflection, 
analysis, diagnosis, and application to clinical 
practice [126]. These areas could serve as the 
starting framework to develop standardized de- 
briefing tools for EGS specific-situations. 
Leadership must affirm that routine briefings and 
debriefings occur as part of the OR culture [77].

Another potential area to improve EGS is the 
development of a surgeon’s playbook specific for 
this area. Important items to include in this 
 playbook include a standardized WHO timeout, 
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an OR checklist, and specified briefings directed 
to the needs and challenges of this field. Similar 
to the progress in other surgical fields, it is impor-
tant to develop specific evidence-based materials 
to meet the demands of EGS. These materials are 
particularly invaluable for EGS as a result of the 
24 h a day/7 days a week nature of this specialty, 
team members may not routinely work together. 
Additionally, the development of an EGS registry 
will help to support future research efforts and 
quality improvement initiatives.

Surgical education will be a large part of the 
success or failure of EGS evolving into a team 
sport in the future. As EGS fellowships become 
more common and formalized, the concepts of 
teamwork and opportunities to improve upon 
skills need to be incorporated into the education 
of trainees. One tool which could help to facili-
tate structured de-briefing sessions for EGS oper-
ative cases is the use of video-based learning. 
This strategy has proven to be successful for 
improving trauma resuscitations [127–131] and 
also for the structured training of surgical resi-
dents [132–136].

Several areas of team-dynamics in healthcare 
have un-answered questions which will require a 
thoughtful approach as this area develops within 
the sub-specialty of EGS.  The optimal strategy 
for monitoring team dynamics and the frequency 
needed to refresh team skills needs to be 
addressed. Another area of potential teamwork 
breakdown that is particularly troublesome for 
EGS is patient handoffs [48, 137]. This form of 
communication is high-risk across all medical 
specialties but given the emergent and constant 
workflow of this surgical sub-specialty, this is a 
topic of particular interest. Possible solutions to 
this challenge include the development and 
implementation of structured hand-off tools 
[138] and standardized training of medical pro-
viders in communication techniques. To address 
these potential weaknesses, a rigorous multi- 
institutional research network must be built to 
provide a standardized and peer-reviewed pro-
cess. Finally, the integration of patient participa-
tion into improving the OR team structure needs 
to be a consideration to achieve the best outcomes 
for patient safety and satisfaction.

 Conclusion

As the field of EGS matures into a more struc-
tured field of surgery, the potential to create an 
evidence-based, quality-driven, and patient- 
centered standard of care remains plausible. 
Similar to the evolution of trauma surgery as a 
standardized surgical specialty many decades 
ago, EGS lies in a unique position to be steered 
into new but familiar territory. Transposing valu-
able lessons and scientific evidence on team 
dynamics and the multi-disciplinary approach 
from more mature surgical fields remains within 
reach and can shape the future of EGS to stand 
as an example of improvement in clinical and 
quality outcomes.Author Disclosures and 
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34Sepsis Resuscitation

Christopher A. Guidry and Robert G. Sawyer

 Diagnosis of Sepsis and Septic 
Shock

 Evolving Definitions

For over 20 years, sepsis was defined as existing 
on a clinical spectrum beginning with systemic 
inflammatory response syndrome (SIRS) and 
ending with septic shock [1, 2]. Using these crite-
ria, sepsis was defined as SIRS plus an infectious 
source, severe sepsis was defined as sepsis with 
organ dysfunction, and septic shock was defined 
as severe sepsis with persistent arterial hypoten-
sion despite adequate resuscitation [2].

In 2016, the Third Consensus Definition for 
Sepsis and Septic Shock re-defined sepsis as 
“life-threatening organ dysfunction caused by a 
dysregulated host response to infection” [3]. 
The consensus task force acknowledges that this 
definition is somewhat vague and that there 
remains no standardized clinical measure of a 
dysregulated host response [3]. Septic shock is 
the subset of sepsis with profound circulatory 
and metabolic abnormalities, clinically identifi-
able by the need for vasopressors to maintain a 
mean arterial pressure of 65 mmHg, and a serum 
lactate >2 mmol/L in the absence of hypovole-
mia [3].

In the current definitions, organ dysfunction is 
operationalized as an increase of ≥2  in the 
Sequential Organ Failure Assessment (SOFA) 
score [3]. SOFA has been validated as a marker 

Case Presentation
You are the surgical intensivist covering 
the SICU overnight. One of your patients is 
a 65-year-old, 80 kg female with a history 
of diabetes and congestive heart failure 
who is now 4 h status post a sigmoid colec-
tomy with end colostomy for perforated 
diverticulitis. She is intubated, sedated, in 
sinus tachycardia, with hypotension on 
escalating doses of two vasoactive agents 
to maintain a mean arterial pressure of 
65 mmHg. Her hemoglobin level is 8.0 g/
dL, INR is 1.8, with a lactate of 
4.2 mmol/L. She was given approximately 
2 L of crystalloid during the operation. The 
resident asks you if the patient might ben-
efit from additional volume resuscitation.
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of organ dysfunction related to mortality in mul-
tiple patient populations [4, 5]. The term “severe 
sepsis” is still occasionally used but is no longer 
a part of the current definitions.

There are several limitations to the application 
of these definitions in current practice which 
affect treatment. It is important to note that the 
SOFA score is a maker of mortality related to 
organ dysfunction, not the presence or absence of 
infection [6]. Because SOFA describes organ 
dysfunction, trauma patients with significant 
injury often present with elevated SOFA scores 
on admission. SEPSIS-3 defines infection-related 
organ dysfunction as an increase in the SOFA 
score of ≥2, some patients may have trouble 
meeting this formal definition, as trauma patients 
frequently have lower SOFA scores at the time of 
infection compared with admission [7]. 
Additionally, the Quick Sequential Organ Failure 
Assessment (qSOFA) score is not well-validated 
and appears to perform poorly in ICU popula-
tions [5].

 Initial Assessment of Volume 
Resuscitation

The goal of volume resuscitation in sepsis is to 
improve cardiac output and, as a result, improve 
perfusion and oxygen delivery thereby reducing 
organ dysfunction [8]. Conceptually, this is 
straightforward, however, in practice providing 
the “right” amount of fluid is difficult to assess. 
Patients with sepsis can present with varying 
degrees of hypovolemia due to volume loss from 
several sources (e.g., gastrointestinal loss or 
fever), and relative hypovolemia due to vasodila-
tion and endothelial leak. These states are com-
pounded by the patient’s comorbidities resulting 
in varying degrees of responsiveness to volume 
resuscitation [8, 9].

Current practice involves initial empiric fluid 
administration followed by ongoing assessments 
of the patient’s response to therapy and need for 
additional fluid. There is no “one-size-fits-all” 
approach and there can be a fine line between 
appropriate volume replacement and over 
resuscitation.

 History and Physical Exam

The assessment of the septic patient begins with 
the history and physical exam. A patient who has 
been struggling at home with diminished intake 
for several days may have more profound volume 
requirements than one whose symptoms began a 
few hours ago. Moreover, a history of significant 
or ongoing volume loss such as vomiting or diar-
rhea should alert the clinician to the need for vol-
ume resuscitation. Classic findings such as dry 
mucus membranes or decreased skin turgor may 
also be found in the septic patient, although these 
findings may be affected by the duration of symp-
toms, comorbidities, and the patient’s baseline 
intake. Vital signs such as tachycardia and hypo-
tension are also classically considered reliable 
markers of volume status; unfortunately, they are 
not specific and are subject to the patient’s 
comorbidities [10]. Using vital signs alone to 
predict shock-appropriate treatment is not reli-
able; clinicians are poor at predicting the type of 
shock-appropriate treatment using vitals alone 
[11]. Most of the literature on vital signs and 
physical exam makers of volume status are in 
patients with heart failure or those with acute 
blood loss limiting their generalizability to 
patients with sepsis or septic shock [12]. While it 
remains important to elucidate a proper history 
and physical exam, in practice, physical exam 
has limited utility in the assessment of intravas-
cular volume and volume responsiveness [13].

A review of physical exam findings in hypovo-
lemic patients found that a dry axilla was associ-
ated with an increased likelihood of hypovolemia 
(positive likelihood ratio: 2.8; 95% CI: 1.5–5.4) 
while moist mucus membranes and a tongue 
without furrows did not support hypovolemia 
(negative likelihood ratio: 0.3; 95% CI 0.1–0.6). 
Skin turgor, mild postural dizziness, and capillary 
refill were not associated with volume status in 
this study [14]. Significant postural hypotension 
was sensitive (97%; 95% CI: 91–100%) and spe-
cific (98%; 95% CI: 97–99%) for hypovolemia to 
large volume blood loss, but not due to hypovole-
mia by other causes [14]. The authors point out 
that in the absence of acute blood loss, most exam 
findings are unreliable [12, 14].
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Most of the literature relating physical exam 
findings with volume overload comes from heart 
failure patients. While sepsis and septic shock are 
vasodilatory states generally resulting in func-
tional volume depletion, hypervolemia can exist 
concurrently in sepsis, particularly after several 
days of resuscitation and/or in the setting cardiac 
or renal failure. Findings such as pitting edema 
and dyspnea are not specific for intravascular vol-
ume and can be caused by a variety of mecha-
nisms. One review of patients presenting to the 
emergency department with dyspnea found that 
paroxysmal nocturnal dyspnea, a third heart 
sound (S3 gallop), and atrial fibrillation to be the 
history and exam elements most correlated with 
the presence of heart failure [15]. The absence of 
rales or dyspnea were the exam findings that 
 suggested that heart failure was not the cause of 
the patient’s dyspnea [15]. While heart failure is 
generally associated with hypervolemia, caution 
should be taken when applying these findings to 
patients with potential sepsis.

 Early Goal-Directed Therapy

In 2001, Rivers et  al. published the first major 
study of early goal-directed therapy (EGDT) in 
severe sepsis and septic shock [16]. In this study, 
263 patients with two or more SIRS criteria, a 
systolic blood pressure of ≤90  mmHg (after a 
20–30  cc/kg fluid bolus), and/or a lactate 
≥4 mmol/L were randomized to either “standard 
therapy” or early goal-directed therapy. In this 
study, EGDT was a standardized sepsis resuscita-
tion algorithm that consists of placement of a 
central line to measure central venous pressure 
(CVP) and central venous oxygen saturation 
(ScvO2). Volume was given in 500 cc increments 
to achieve a CVP of 8–12 mmHg and vasoactive 
agents are given to maintain a mean arterial pres-
sure (MAP) of greater than 65 mmHg. In EGDT, 
blood was also administered to achieve a hemato-
crit of at least 30% if the ScvO2 was less than 
70%. In this initial study, in-hospital mortality 
was significantly lower in the group that received 
EGDT compared to standard therapy (30.5% vs. 
46.5%; p-value = 0.009) [16]. Based on the suc-

cess of this trial and others, early goal-directed 
therapy was incorporated into the Surviving 
Sepsis Guidelines [17].

Since publication of the Rivers trial, there 
have been several large randomized trials that 
have challenged early-goal-directed therapy. In 
contrast to the single-site Rivers trial, the 
ProCESS, ARISE, and ProMISe trials enrolled 
over 4200 patients in aggregate across 138 cen-
ters, with each trial having a minimum of 1260 
patients [18–20]. None of these three trials were 
able to replicate the findings of the Rivers trial. A 
subsequent meta-analysis also failed to identify a 
mortality benefit to protocolized sepsis resuscita-
tion as outlined by early goal-directed therapy 
algorithms [21]. Early goal-directed therapy also 
was found to be less cost-effective than standard 
treatment [20, 21].

 Empiric Fluid Administration Goals

Fluids are commonly given empirically during 
the initial assessment of a patient with suspected 
sepsis or septic shock. The Surviving Sepsis 
Campaign recommends an empiric fluid adminis-
tration of 30  mL/kg over the first 3  h for all 
patients with sepsis or septic shock [22]. The 
ProCESS and ARISE trials both averaged 
approximately 30  mL/kg before randomization 
[18, 19, 22]. A recent retrospective study identi-
fied that patients who were elderly, male, obese, 
had end-stage renal disease, heart failure, or doc-
umented “fluid overload” were less likely to 
achieve the SCC’s fluid goal by 3 h [23]. While 
concerns for limiting over-resuscitation are 
appropriate and valid, failure to meet this initial 
fluid resuscitation goal of 30 mL/kg by 3 h has 
been associated with increased mortality (OR 
1.52; 95% CI: 1.03–2.24) [23]. Another retro-
spective analysis identified that patients who 
received at least 0.25 mL/kg/min infusion rates to 
meet the 30 mL/kg goal had higher proportions 
of shock resolution (HR: 1.22; 95% CI: 1.06–
1.41), shorter median times to shock resolution, 
and lower mortality rates at 28 days (HR: 0.71, 
95% CI: 0.60–0.85) than those with lower infu-
sion rates [24]. Even patients with a history of 
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congestive heart failure, who are typically con-
sidered more at risk from high-volume resuscita-
tion, have been found to have improved mortality 
in sepsis when they meet the 30 mL/kg within 3 h 
goal [25].

 Over Resuscitation

While initial empiric fluid administration of 
30 mL/kg within the first 3 h is associated with 
improved outcomes, “more” is not “better.” 
Several observational studies have demonstrated 
poor outcomes with increased fluid balance [26–
29]. One retrospective analysis of Vasopressin in 
Septic Shock Trial (VASST) data demonstrated 
that a positive fluid balance and elevated central 
venous pressure was associated with increased 
mortality [26]. Another retrospective study of 
2632 ICU patients with sepsis suggests that for 
every 1  L of cumulative fluid balance at 72  h, 
hospital mortality increased by 6% (OR 1.06%, 
95% CI: 1.04–1.08) [27]. A recent meta-analysis 
found that fluid overload at any time point was 
associated with an adjusted relative risk for mor-
tality of 2.79 (95% CI: 1.55–5.00) [30]. Another 
study of 23,513 patients with sepsis and septic 
shock found that patients who received >5 L of 
fluid on the first hospital day had increased mor-
tality [31]. Fluid overload has also been associ-
ated with a decreased slope in the recovery of the 
SOFA score in septic patients following initial 
resuscitation suggesting prolonged organ dys-
function in that subset of patients [32]. Not sur-
prisingly, increased fluid balance has also been 
associated with acute kidney injury and respira-
tory failure [33].

 Dynamic Measures of Volume 
Responsiveness

Protocolized volume resuscitation is not associ-
ated with improved outcomes; however, achiev-
ing 30 mL/kg within the first 3 h does appear to 
reduce mortality. Further complicating resuscita-
tion is cumulative fluid balance and fluid over-
load being associated with increased mortality. 

For up to 50% of hemodynamically unstable 
patients, additional fluid may not result in 
improved hemodynamics [31]. Given these 
seemingly conflicting viewpoints, what informa-
tion can be used to guide ongoing resuscitation 
measures? Current management following initial 
empiric volume resuscitation has transitioned to 
using measures of volume responsiveness to 
guide resuscitation efforts beyond initial empiric 
fluid administration. The use of these markers of 
fluid responsiveness, particularly dynamic tests, 
has been associated with reduced mortality and 
fewer complications compared to standard ther-
apy [33, 34].

 Fluid Challenge

In practical terms, the fluid challenge may be the 
most common method of assessing volume 
responsiveness. The approach is simple enough: 
give fluid and see if the patient’s hemodynamics 
improve. While the results are easy to interpret, 
this method clearly predisposes to over resuscita-
tion. However, with close cardiac output moni-
toring (via thermodilution, bioimpedance, or 
pulse contour analysis) smaller volumes of fluid 
(100 mL) can be given very rapidly over about 
1  min and changes to stroke volume can be 
quickly assessed. Using this method of low- 
volume rapid infusion, fluid responsiveness can 
be directly tested while minimizing the risk of 
volume overload. A recent meta-analysis found 
that the pooled sensitivity and specificity of the 
“mini” fluid challenge for predicting volume 
responsiveness in sedated, mechanically venti-
lated patients without arrhythmia was 82% (95% 
CI: 76–88%) and 83% (95% CI: 77–89%) [35].

 Passive Leg Raise

The passive leg-raise (PLR), or modified fluid 
challenge, is a straightforward way to assess 
whether a fluid bolus will result in improved 
stroke volume. The procedure is performed by 
lying the patient flat in bed. Both legs are then 
simultaneously raised to 45° angle. Venous blood 
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that had been pooling in the lower extremities is 
then quickly transferred to the central venous 
system increasing preload. An increase in stroke 
volume of 10–15% or more is considered a posi-
tive test and is associated with volume respon-
siveness. The benefits of this maneuver are that 
the increased volume is relatively small (250–
300 mL) and it is completely and rapidly revers-
ible. Additionally, the PLR is useful in both 
mechanically ventilated and spontaneously 
breathing patients as well as those with cardiac 
arrhythmias [8]. A large meta-analysis demon-
strated that PLR had a pooled sensitivity of 86% 
(95% CI: 79–92%) and specificity of 92% (95% 
CI: 88–96%) for predicting volume responsive-
ness [36]. Frequently, an increase in pulse 
 pressure of 10–15% or more on an arterial line 
tracing is used as a surrogate for stroke volume or 
cardiac output. Using pulse pressure variation as 
a surrogate in this setting is associated with 
reduced sensitivity (58%; 95% CI: 44–70) and 
specificity (83%; 95% CI: 68–92%) of PLR [36]. 
A recent randomized controlled trial found that 
the use of PLR (with response measured via 
NICOM bioresistance device) was associated 
with lower cumulative fluid balance as well as 
lower rates of renal and respiratory failure when 
compared to traditional fluid management rely-
ing on vital signs [33]. Notably, this test should 
not be used in those with spine, pelvic, or lower 
extremity injuries.

 End-Expiratory Occlusion Test

Preload varies naturally with inspiration. Many 
of the tests discussed in this chapter make use of 
that fact. In patients who are deeply sedated and 
mechanically ventilated, the ventilator can be 
used to exploit this relationship and provide a 
temporary and completely reversible fluid 
“bolus” to assess volume responsiveness similar 
to the passive leg raise. Left-sided cardiac pre-
load decreases with inspiration, therefore per-
forming a 15-s end-expiratory hold should 
prevent this inspiration-associated drop in pre-
load. An increase in arterial pulse pressure of 
>5  mmHg is considered a positive test [37]. In 

one recent meta-analysis the EEOT had the high-
est pooled sensitivity (86%; 95% CI: 74–94%) 
and specificity (91%; 95% CI: 85–95%) of all the 
methods assessed [35].

 Pulse Pressure and Stroke Volume 
Variation

Pulse pressure is the difference between the sys-
tolic and diastolic blood pressures as determined 
by arterial waveform analysis. These values vary 
naturally over the course of the respiratory cycle 
as changes in intrathoracic pressure influence 
preload. Pulse pressure variation (PPV) is defined 
as the maximum pulse pressure (PPmax) minus 
the minimum pulse pressure (PPmin) divided by 
the average of these two values (PPavg). This 
ratio is multiplied by 100 to represent a percent-
age of variation with respect to the mean 
[PPV = (PPmax − PPmin/PPavg) × 100]. Pulse 
pressure variation of 12% or more is considered 
consistent with fluid responsiveness [37]. A large 
meta-analysis identified a pooled sensitivity of 
88% (95% CI: 81–92%) and a specificity of 89% 
(95% CI: 84–92%) for predicting fluid respon-
siveness in a population of critically ill mechani-
cally ventilated patients receiving at least 8 mL/
kg tidal volumes [38].

Like pulse pressure variation, stroke volume 
naturally varies across the respiratory cycle. 
Using pulse waveform analysis (via FloTrac or 
PiCCO) the stroke volume can be estimated. 
Stroke volume variation can be measured using 
the analogous formula to that used for PPV.  A 
stroke volume variation of 13% or more is con-
sidered consistent with volume responsiveness 
[37]. In critically ill mechanically ventilated 
patients receiving at least 8 mL/kg tidal volumes, 
SVV has a sensitivity of 81% (95% CI: 77–85%) 
and specificity of 80% (95% CI: 68–89%) for 
predicting fluid responsiveness [39].

The PPV and SVV measurements share many 
of the same limitations. Both require an invasive 
arterial line with SVV requiring additional 
devices for practical use. They are both validated 
for intubated patients receiving large tidal vol-
umes (8–10 mL/kg) who are not spontaneously 

34 Sepsis Resuscitation



478

breathing and have no cardiac arrhythmias [37]. 
In practice, most patients may not meet these cri-
teria. One prospective study found that only 2% 
of the patients they evaluated met the criteria for 
accurate use of PPV [40]. The tidal volume limi-
tation can be overcome by incorporating a “Tidal 
Volume Challenge” where the PPV and/or SVV 
measurements are taken, the tidal volumes are 
temporarily increased to 8–10  mL/kg and the 
measurement are then repeated. A change in the 
PPV of at least 3.5% between the lower and 
higher tidal volume states (2.5% for SVV) is 
associated with fluid responsiveness [41].

 Systolic Blood Pressure Variation

Respiratory variation in systolic blood pressure 
(SPV) is occasionally and inappropriately used 
interchangeably with pulse pressure variation in 
clinical settings. Pulse pressure variation follows 
the measurement and calculation described. 
Measuring systolic blood pressure variation 
involves establishing the baseline systolic blood 
pressure during a short end-expiratory pause on 
the ventilator and then using an arterial waveform 
to measure respiratory changes in systolic blood 
pressure both above (“delta up” or “dUP”) and 
below (“delta down” or “dDown”) this baseline 
[37]. One study of cardiac surgery patients found 
that the overall systolic pressure variation thresh-
old of >8.5 mmHg had a sensitivity of 82% and 
specificity of 86% for predicting volume respon-
siveness. The delta down component, with a 
threshold of >5 mmHg, had a sensitivity of 86% 
and sensitivity of 86%. In this series, both the 
overall variation in SPV and the delta down com-
ponent were both inferior to PPV in predicting 
fluid responsiveness [42]. Another small series of 
patients with sepsis-induced hypotension found 
that delta down component of SPV >5  mmHg 
had a positive predictive value of 95% and a neg-
ative predictive value of 93% for predicting vol-
ume responsiveness [43]. As with PPV and SVV, 
accurate SPV measurements require that the 
patient be mechanically ventilated without spon-
taneous respiration. Additionally, the patient 
should be without any cardiac arrhythmias [37].

 Inferior Vena Cava Index

Respiratory variation in the IVC diameter is an 
increasingly common method of evaluating fluid 
responsiveness. The M mode on the ultrasound is 
used to measure the maximum and minimum 
IVC diameters across the respiratory cycle; ide-
ally at about 1 cm caudal to the hepatic veins. The 
threshold for volume responsiveness is a change 
in IVC diameter of 40–50% in spontaneously 
breathing patients and 12–18% in mechanically 
ventilated patients [44]. One meta-analysis found 
an overall sensitivity of 63% (95% CI: 56–69%) 
and specificity of 73% (95% CI: 67–78%) for 
volume responsiveness. This same study found 
that the sensitivity and specificity for non- 
ventilated patients was 52% (95% CI: 42–62%) 
and 77% (95% CI: 68–84%) respectively while 
the sensitivity and specificity of the IVC index in 
mechanically ventilated patients was 67% (95% 
CI: 58–75%) and 68% (95% CI: 60–76%) respec-
tively [44]. Another recent meta-analysis found 
that the pooled sensitivity and specificity for pre-
dicting volume responsiveness in mechanically 
ventilated patients was 69% (95% CI: 51–83%) 
and 80% (95% CI: 66–89%) respectively [45].

There are several benefits to the IVC index 
that have made it popular. It is a completely non- 
invasive test that can be repeated as many times 
as needed without the requirements for invasive 
monitoring or expensive cardiac output devices. 
The only mechanical requirement is a capable 
ultrasound machine which is found in almost all 
modern intensive care settings. Additionally, the 
visual information garnered by the ultrasound 
provides intuitive gross information about the 
patient’s volume status. However, like the CVP 
measurement (discussed below) the IVC diame-
ter, and therefore IVC index, is influenced by sev-
eral factors that will affect its interpretation. Tidal 
volumes, heart failure, tricuspid regurgitation, 
pericardial tamponade, pneumothorax, COPD, 
intra-abdominal hypertension, and pericardial 
disease can all affect the central venous pressure, 
which may then alter the diameter of the IVC [37, 
44]. Using the IVC index as opposed to the IVC 
diameter should minimize, but not negate these 
confounding factors as it provides a more func-
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tional assessment rather than a static value. 
Additionally, while calculating the IVC index is 
straightforward, it is operator dependent. 
Visualization of the IVC can also be affected by 
factors such as retained pneumoperitoneum from 
recent surgery, gastric or colonic distension, or 
body habitus.

 Static Measures of Volume 
Responsiveness

Static predictors of volume responsiveness are 
generally considered to be less accurate than 
dynamic measures which is why they are not rec-
ommended by clinical guidelines [22]. Most of 
the static assessments below represent estimates 
of preload without any indication of myocardial 
contractility. Since the steep slope of the Frank- 
Starling curve is dependent on contractility, and 
the relationship between preload and stroke vol-
ume is non-linear, static preload estimates often 
fail to provide an accurate assessment of volume 
responsiveness [46].

 Central Venous Pressure

Central venous pressure (CVP) has long been 
known to have no correlation with intravascular 
blood volume [47]. However, largely due to early 
goal-directed therapy protocols, titrating volume 
to a goal CVP of 8–12 mmHg remained a main-
stay of sepsis resuscitation until recently. Central 
venous pressure is thought to represent right ven-
tricular end-diastolic volume and is used as a 
marker of pre-load. However, a variety of condi-
tions can result in an elevated CVP including, but 
not limited to, right heart failure, tricuspid regur-
gitation, pulmonary embolism, pulmonary hyper-
tension, tension pneumothorax, renal failure, 
cardiac tamponade, and increased intrathoracic 
pressure from positive pressure ventilation [48, 
49]. Left heart failure may present with an 
increased or decreased CVP [49]. In fact, for 
patients with cardiac dysfunction, a falling CVP 
is more likely to indicate improved stroke volume 
and cardiac function rather than hypovolemia 

[49]. While hypovolemia and venous dilation 
remain common causes of a decreased CVP in 
surgical patients, the high prevalence of other 
comorbidities complicates the interpretation of 
the CVP measurement and therefore make it an 
unreliable marker of volume responsiveness. One 
large meta-analysis demonstrated no correlation 
between CVP measurements and volume respon-
siveness in either the ICU or intra-operative set-
ting demonstrating an AUC of 0.56 [50].

 Pulmonary Artery Occlusion Pressure

The use of pulmonary artery catheters in the 
diagnosis and treatment of septic shock is largely 
historical. Much of the information gathered 
from these devices is now collected via non- 
invasive or minimally invasive means. These 
catheters carry a significant risk of complication 
including arrhythmias, pulmonary artery rupture, 
and entanglement [51]. The pulmonary artery 
occlusion (or wedge) pressure (PAOP) was 
thought to be a reliable measure of left ventricu-
lar preload [37]. However, in practice, PAOP is 
subject to many other conditions unrelated to vol-
ume status that can alter the measurement and 
decrease its accuracy, including left ventricular 
compliance, right ventricular function, pericardi-
tis, and intrathoracic volume [37]. One review 
found that in 7 out of 9 studies, there was no cor-
relation between PAOP and volume responsive-
ness [52].

 Inferior Vena Cava Diameter

Measurement of the inferior vena cava diameter 
is assumed to correlate with right atrial pressure 
and therefore serve as a marker of preload. 
Assessment of the IVC diameter via bedside 
ultrasound is relatively straightforward but is 
highly operator-dependent. Additionally, factors 
such as the presence of residual pneumoperito-
neum after surgery, pneumothorax, dilated stom-
ach or colon, and body habitus can make the 
visualization of the vena cava difficult. In essence, 
static measurement of the IVC diameter is a 

34 Sepsis Resuscitation



480

visual representation of the central venous pres-
sure and is subject to the same limitations [53].

 Left Ventricular End-Diastolic Area

Bedside echocardiography has increased in pop-
ularity in the ICU setting. Measuring the left 
 ventricular end-diastolic area (LVDA) has been 
proposed as a measure of volume responsiveness. 
In practical use, bedside echocardiography is 
highly operator-dependent and requires more 
skill than ultrasound assessment of the IVC 
diameter. The LVDA is measured in the four- 
chamber view using a transthoracic or trans-
esophageal approach and is expected to be low in 
hypovolemic patients and increase with volume 
loading [37]. The LVDA can be assessed before 
and after volume loading to provide a LVDA 
index. This step, however, can only be performed 
after the volume is already given and is therefore 
of little utility when trying to avoid over resusci-
tation. LVDA has been found to have a lower 
AUROC than systolic pressure variation [43].

 Choice of Fluid

 Crystalloid

Crystalloid solutions are the most prescribed 
form of volume expander in septic patients with 
normal saline (0.9% saline solution) being the 
most commonly used historically. Recently the 
paired SALT-ED and SMART cluster random-
ized trials compared normal saline administration 
to balanced crystalloid solutions (lactated 
Ringer’s solution or Plasma-lyte A) [54, 55]. The 
SALT-ED trial was focused on non-critically ill 
patients and evaluated a primary outcome of 
hospital- free alive days with a secondary com-
posite outcome of death, new renal-replacement 
therapy, or persistent renal dysfunction. Across 
13,347 patients there was no difference in the 
number of hospital-free alive days based on the 
fluid given. However, patients receiving balanced 
crystalloids had a lower rate of the composite 
secondary outcome (4.7% vs. 5.6%; p  =  0.01) 

compared to those receiving saline [54]. The 
SMART trial focused on critically ill patients and 
had a primary composite outcome of death, new 
renal-replacement therapy, or persistent renal 
dysfunction censored at 30  days. Similar to 
SALT-ED, of the 15,802 patients that were 
enrolled in the SMART trial, those that received 
balanced crystalloid solution had lower rates of 
the composite outcome compared to those that 
received saline (14.3% vs 15.4%; p = 0.04) [55]. 
A subgroup analysis of the SMART trial found 
that septic patients also had lower rates of the 
composite outcome as well as lower overall mor-
tality when receiving balanced crystalloid solu-
tion (supplemental appendix) [55].

Concerns for new or worsening hyperkalemia 
when using balanced crystalloid solutions also 
appear unfounded. Two randomized trials of lac-
tated Ringer’s solution versus normal saline in 
renal transplant recipients both found that those 
receiving normal saline were more likely to have 
hyperkalemic episodes than those receiving lac-
tated Ringer’s solution [56, 57].

 Colloid

Despite minimal evidence of clinical benefit, 
colloids remain an often-suggested resuscitative 
fluid. Multiple prospective clinical trials have 
demonstrated no difference in mortality between 
albumin (or other colloids) versus crystalloids 
for patients in a variety of shock states [58, 59]. 
Patients with sepsis were included as subgroup 
analyses in both the SAFE and CRISTAL studies 
and demonstrated no difference in mortality [58, 
59]. A cost-effectiveness analysis using these 
studies demonstrated that albumin, but not 
hydroxyethyl starch, was cost-effective com-
pared to crystalloid [60]. The 2014 ALBIOS 
study found that during the first 7 days, mean 
arterial pressure was higher, heart rates were 
lower, and net fluid balance was lower in patients 
who received albumin. However, there was no 
difference in organ failure or mortality rates 
between the groups [61]. Interestingly, a post-
hoc analysis of patients in septic shock, demon-
strated a relative risk of mortality of 0.87 (95% 
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CI: 0.77–0.99) [61]. A retrospective analysis of 
the ALBIOS cohort failed to identify a signifi-
cant mortality difference based on albumin 
administration (48.7% vs 54.9%; p = 0.11) when 
the new SEPSIS-3 criteria for septic shock were 
applied [62].

 Blood Products

Transfusion of blood products, particularly 
packed red blood cells (PRBCs), were a key com-
ponent of early-goal-directed therapy protocols 
[16, 18–20]. However, PRBC transfusion has 
been associated with adverse outcomes such as 
immune suppression, increased infection rates, 
and increased rates of cancer recurrence [63–71]. 
The TRICC trial established that a restrictive 
transfusion threshold of 7.0  g/dL was safe and 
effective in stable critically ill patients [72]. The 
TRISS trial further evaluated transfusion thresh-
olds in patients with septic shock and again found 
no difference in outcomes [73]. There is some 
data to suggest that oncologic patients in septic 
shock may benefit from a liberal transfusion 
threshold [74]. For patients with sepsis or septic 
shock, who are not bleeding acutely or displaying 
symptomatic anemia, we recommend a restric-
tive transfusion threshold of 7.0 g/dL.

In recent years, plasma-heavy resuscitations 
have demonstrated improved outcomes in the set-
ting of trauma and major abdominal surgery [75–
77]. Fresh frozen plasma (FFP) has demonstrated 
improved survival in animal models of sepsis 
[78]. While FFP is clearly beneficial in the cor-
rection of coagulopathy, there is currently limited 
data on its use as a resuscitative fluid in septic 
patients [79].

 Resuscitation Endpoints

 Serum Lactate

Since the current sepsis definitions use serum 
lactate, and not hemodynamics, as the primary 
determinate of septic shock, it should come as no 
surprise that normalization of serum lactate is 

considered an endpoint of resuscitation [3]. 
While not a direct measure of tissue hypoperfu-
sion, the Surviving Sepsis Campaign neverthe-
less recommends correction of serum lactate to 
normal levels as the primary resuscitation end-
point [22]. Lactate is the byproduct of anaerobic 
glycolysis in the setting of tissue hypoperfusion. 
Multiple trials have demonstrated benefit in 
resuscitation strategies based on lactate clearance 
[80–84]. Recently the ANDROMEDA-SHOCK 
trial compared resuscitation protocols aimed at 
lactate clearance of at least 20% every 2  h to 
another protocol based on normalization of capil-
lary refill time. While there was a trend toward 
increased mortality in the lactate clearance arm 
that did not meet statistical significance, organ 
dysfunction rates were also higher at 72 h in the 
lactate clearance arm [85].

 Base Deficit

Base deficit is often mentioned as another poten-
tial endpoint of resuscitation, as abnormal values 
are associated with poor outcomes in patients 
with shock. Larger negative values (below 
−3 mmol) are associated with metabolic acidosis 
and generally considered to be a marker of meta-
bolic acidosis. However, despite being associated 
with outcomes, base deficit is affected by many 
other common clinical entities such as hypother-
mia, renal failure, CO2 retention, alcohol con-
sumption, and sodium bicarbonate administration 
to name a few [86]. These confounding factors 
limit the use of base deficit as a reliable endpoint 
of resuscitation.

 Empiric Antimicrobials

 Timing

The Surviving Sepsis Campaign guidelines rec-
ommend aggressive initiation of antimicrobials 
within the first hour of recognition of sepsis or 
septic shock [22]. Recently, these recommenda-
tions have come under scrutiny as a growing 
body of evidence indicates that a more nuanced 
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approach to antimicrobial initiation may be war-
ranted [87–89]. A number of prospective obser-
vational studies have identified no association 
between the timing of antimicrobials and patient 
outcomes [90–95], while others have demon-
strated a mortality benefit only for those patients 
presenting with septic shock. For example, a 
recent study of mandated sepsis care in New York 
State demonstrated that overall delays in antibi-
otic administration increased mortality by 4% 
per hour [96]. However, when analyzed sepa-
rately, only patients with septic shock had a 
higher mortality rate with delays in initiation 
while those presenting without shock had no 
benefit from earlier antibiotic administration 
[97]. A large study by the Surviving Sepsis 
Campaign reported that patients for whom anti-
biotics were started within 3 h of sepsis recogni-
tion had improved survival rates [98]. However, 
patients with and without shock were not ana-
lyzed separately.

In 2018, Alam et al. published their prospec-
tive randomized trial of antimicrobial initiation in 
patients suspected of sepsis. In their study, 
patients en route to the hospital who were sus-
pected of having sepsis were randomized to 
either have antibiotics started hyper-aggressively 
while in the ambulance before arrival at the hos-
pital versus having them initiated after initial 
evaluation in the emergency department. They 
randomized 2672 patients and had a differential 
time to antibiotic administration of 96  min 
between groups. There was no difference in 
28-day or 90-day mortality between the groups. 
More importantly, there was no difference based 
on severity of illness, including those presenting 
with septic shock [99]. To date this remains the 
only randomized trial on this topic.

Current guidelines recommend aggressive ini-
tiation of antimicrobials in cases of suspected 
sepsis. While we also recommend aggressive ini-
tiation in those patients presenting with septic 
shock, we believe the current literature supports 
selective initiation of antibiotics in cases without 
shock where sepsis is suspected but not yet con-
firmed. The clinician must weigh the risks and 
benefits of antimicrobial initiation versus watch-
ful waiting in each patient individually.

 Empiric Agents

Once the choice to start empiric antimicrobials is 
made, it is important to choose agents most likely 
to cover the expected pathogens. The Surviving 
Sepsis Campaign recommends that one or more 
agents be initiated to cover all likely pathogens 
with daily assessment for possible de-escalation 
[22]. Clinicians must strike a balance between 
prescribing inappropriately broad antibiotics for 
the clinical situation, and inadequate antimicro-
bial coverage since inadequate coverage is asso-
ciated with poor outcomes in sepsis [100–102].

 Source Control

Surgical elimination of the infectious focus when-
ever possible is a core tenet of sepsis care. One 
prospective study of critically ill patients with 
sepsis found that the timing of source control less 
than 6 h from presentation was the most important 
predictor of outcomes in patients requiring surgi-
cal intervention [90]. In this study, even the timing 
or adequacy of antibiotics was not associated with 
improved outcomes when controlling for the tim-
ing of source control [90]. We recommend aggres-
sive surgical source control as soon as feasible.

 Case Conclusion

We do not advocate using a single isolated piece 
of information to guide resuscitation. Rather, we 
would evaluate the patient using a number of 
techniques and use the prevailing evidence to 
guide fluid administration. Our goal is to provide 
adequate volume resuscitation as long as the 
patient is volume responsive and correct her lac-
tic acidosis, but not necessarily to liberate the 
patient from vasopressors initially.

In this case, a bedside ultrasound demonstrates 
a collapsible inferior vena cava as well as an under-
filled left ventricle. Pulse pressure variation is cal-
culated at 15%. A passive leg raise is also performed 
which demonstrates a 12% increase in pulse pres-
sure. An additional 1.5 L of balanced crystalloid 
solution is given. After volume resuscitation, her 
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vasopressor requirements are decreasing, her lac-
tate is now almost normalized, and her pulse pres-
sure variation only 9%. The patient is no longer 
volume responsive so further resuscitation is held.
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Case Report
A 69-year-old female with a history of hepa-
titis C/alcoholic cirrhosis (MELD 16) pre-
sented to an outside hospital with an umbilical 
hernia. She reports she had the hernia for 
years. She had noticed some skin changes for 
several months with an acute onset of leakage 
of fluid. She reported that within the past sev-
eral days, she had increasing output from the 
hernia site that had been leaking through her 
clothes. She denied any bleeding, fevers, 
chills, nausea or vomiting, diarrhea or consti-
pation, or shortness of breath.

The patient was transferred to the 
Emergency Department where basic labo-
ratory work and a CT scan of the abdomen 
were obtained. She was found to be anemic 
(hemoglobin 8.2), leukopenic (WBC 3.2), 
and thrombocytopenic (platelet count of 
26). Computed tomography of the abdo-

men demonstrated nodular liver cirrhosis 
with splenomegaly and mild amount of 
perihepatic ascites (Fig. 35.1). There was a 
small umbilical hernia with associated fluid 
collection. On exam, she was found to have 
umbilical hernia with swollen attenuated 
skin full of clear fluid with continuous 
leakage of clear fluid at a slow rate as well 
as a suture at the site of leakage on the her-
nia sac that was placed at the outside hospi-
tal prior to transfer.

The patient was admitted to the general 
surgery service and underwent urgent open 
suture hernia repair to avoid peritonitis. At the 
time of the operation a 19 french round fluted 
drain was placed in the peritoneum to avoid 
leakage of ascites across the repair. She toler-
ated the procedure without complication.

The drain was removed on post- 
operative day 3. Paracentesis was per-
formed on a frequent basis (every day or 
every-other-day) while in the hospital to 
prevent ascites build-up and breakdown of 
the operative site. She was discharged on 
post-operative day 6 with ongoing outpa-
tient paracentesis scheduled. She was also 
scheduled for a transjugular intrahepatic 
portosystemic shunt (TIPS) procedure to 
manage her ascites long-term.
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Fig. 35.1 Computed tomography of the abdomen of a 
69-year-old female who presented with ruptured umbili-
cal hernia that demonstrates nodular liver cirrhosis with 
splenomegaly and mild amount of perihepatic ascites 
(left) as well as an umbilical fascia defect with associated 
fluid collection and intraperitoneal air (right)

 Introduction

Patients with liver disease, and those with cirrho-
sis in particular, have long been among the most 
complex and difficult to manage for healthcare 
providers of all specialties. For surgeons, this 
diagnosis alone can be enough to cause even the 
most aggressive to take pause when considering 
operative intervention. Unfortunately, this all- 
too- common affliction is ever-present and often 
exacerbates other underlying conditions to the 
point of needing surgical intervention. In the 
past, it has been estimated that one in ten patients 
with liver disease will need surgery during their 
final 2  years of life [1, 2]. As the incidence of 
liver disease and cirrhosis has increased, so has 
the severity of hepatic disease, as patients con-
tinue to live longer with improved medical man-
agement [3].

In the setting of Acute Care Surgery and non- 
hepatic operations, it is well-established that liver 
disease and cirrhosis have a drastic impact on mor-
bidity and mortality. It is therefore understandable 
and appropriate that surgeons should have an appre-
ciation for the complexities associated with the care 
of these patients. However, with appropriate periop-
erative planning and with meticulous post-operative 
management, surgeons can successfully navigate 
this subset of patients through the perils of this cru-
cial period to provide beneficial and life-saving 
interventions. In the subsequent chapter, we will 
review the causes of cirrhosis, predictors of mortal-
ity, and pre- operative, intraoperative, and post-oper-
ative considerations to ensure the best possible 
outcomes for Acute Care Surgeons.

 Causes of Cirrhosis

Important to successful perioperative manage-
ment of cirrhosis is an understanding of the liv-
er’s function and where and when processes go 
awry during the progression of liver disease. 
Liver disease is common, affecting almost 800 
million people worldwide, and is the underlying 
cause of approximately 2 million deaths per year 
[4]. Within the United States, the incidence of 
cirrhosis specifically is estimated to be 0.3%, 
accounting for nearly 600,000 patients [5]. There 
are a wide range of causes of liver disease includ-
ing infectious, dietary, substance abuse, autoim-
mune diseases, and hereditary diseases.

The most common causes of liver disease 
worldwide are chronic hepatotropic viruses, pri-
marily hepatitis B—which is the most common 
risk factor in Asia—and hepatitis C [4]. These 
infections are closely followed by excessive alco-
hol consumption as a global etiology. In the 
Western Hemisphere, diet that is heavily com-
posed of high-fat foods has contributed to the 
increased incidence of non-alcoholic fatty liver 
disease (NAFLD). Trailing these environmental 
and social causes are less frequent causes of liver 
disease such as autoimmune and hereditary dis-
eases. Among the most common autoimmune 
diseases are primary biliary cirrhosis (PBC), pri-

Z. R. Bergman and G. J. Beilman



489

mary sclerosing cholangitis (PSC), and autoim-
mune hepatitis. Hereditary diseases of note 
include Wilson’s disease, hemochromatosis, and 
alpha-1 antitrypsin deficiency.

Despite the frequent incidence of liver disease 
worldwide, there are prominent geographic dif-
ferences in the most common cause of cirrhosis. 
In western countries, diet and lifestyle are the pri-
mary contributors. The top three causes of liver 
disease in Europe and the United States are non- 
alcoholic fatty liver disease, recently replacing 
alcoholic liver disease as the most common, and 
thirdly hepatitis C [6]. In comparison, hepatitis B 
remains the most common cause of liver disease 
in Asian-Pacific countries with alcoholic liver 
disease the second most common [7].

 Anatomy of the Liver

There are a wide range of etiologies for hepatic 
cirrhosis, but the underlying pathophysiology 
follows a common pathway. This pathway con-
sists of an initial insult that leads to degeneration 
of hepatocytes, resulting in cell apoptosis. The 
liver parenchyma is then replaced by fibrotic tis-
sues and regenerative nodules, thereby leading to 
loss of liver function. Understanding the histo-
logic cell types within the liver helps clarify the 
process of cirrhosis. There are two primary cell 
types, hepatocytes and non-parenchymal cells. 
Both contribute to the fibrosis of the liver in the 
setting of inflammation.

Hepatocytes form the parenchyma of the liver. 
They are the main target of the majority of hepa-
totoxic agents including viruses, alcohol, and bile 
acids. When injured, they trigger apoptosis, 
which stimulates release of pro-inflammatory 
cytokines from Kupffer cells causing activation 
of hepatic stellate cells. This is exacerbated by 
the additional release of reactive oxygen species 
that continue to promote localized inflammation. 
As liver injury progresses to fibrosis (the under-
lying mechanism of cirrhosis) the functional 
capacity of the liver decreases. The primary func-
tions of the hepatocytes, including glucose 
metabolism, detoxification, and protein synthe-
sis, suffer derangements corresponding to the 
severity of liver injury and cirrhosis [8–10]. 
Understanding where these biological processes 
fail is crucial to caring for the clinical manifesta-
tions of liver failure.

Non-parenchymal cells are composed of 
hepatic stellate cells, liver sinusoidal stellate 
cells, and Kupffer cells. Hepatic stellate cells are 
present in the sinusoidal walls. Their primary 
function is storage of vitamin A and other reti-
noids. In the setting of persistent inflammation, 
these cells are activated and begin to deposit col-
lagen, the irreversible progression toward liver 
fibrosis (Fig. 35.2). Liver sinusoidal stellate cells 
form the structure of the sinusoidal wall provid-
ing endothelial filtration. They exchange fluids 
and nutrients between sinusoidal blood and hepa-
tocytes. Inflammation causes increased produc-
tion of extracellular matrix, which decreases the 

Fig. 35.2 Abdominal MRI in T1 weighted images demonstrating healthy liver parenchyma (left) and micronodular 
cirrhosis and ascites (right)
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filter function of the sinusoidal wall. This leads to 
impaired substrate exchange, thereby increasing 
hepatic pressure. Healthy liver sinusoidal stellate 
cells can promote deactivation of hepatic stellate 
cells and halt progression of fibrosis of the liver. 
Kupffer cells are specialized macrophages 
located within the lining of the sinusoidal wall. 
They are activated in the setting of liver injury, 
release cytokines that promote destruction of 
hepatocytes and worsen liver injury and fibrosis. 
Kupffer cells are involved in the activation of 
hepatic stellate cells, driving fibrosis through 
cyclic inflammation [7–10].

As the focus of this chapter is acute care sur-
gery and cirrhosis, we will not include an exten-
sive description of liver anatomy as it is detailed 
in many other surgical texts; however, it is impor-
tant to understand the basic principles. The liver 
is the largest intra-abdominal organ, accounting 
for 2–3% of total body weight. The internal anat-
omy of the liver was initially described in detail 
by Claude Couinaud in 1957 [11]. It was based 
on vascular and biliary relationships as opposed 
to surface anatomy that had been the mainstay of 
descriptive anatomy. The division of 8 functional 
segments is based on their relationship to the 
hepatic veins and it remains the most commonly 
used anatomical system for surgical resection. 
Important to the understanding of cirrhosis is that 
all segments are affected equally.

Lastly, and most importantly, is understanding 
the functional roles of the liver and the changes in 
physiology that arise when these functions fail. 
The primary functions that are essential to grasp 
for perioperative care are the metabolism and 
coagulation functions of the liver. Metabolism 
within the liver is a complex process. The liver 
plays a key role in processing, portioning, and 
storing of nutrients. Key among these is the stor-
age of glucose in the form of glycogen. It also has 
a critical role in the processing of amino acids. 
The liver secretes the majority of amino acids 
into the blood and is the primary producer of 
albumin, which serves as a marker for nutritional 
status. Finally, hepatocytes detoxify many of the 
byproducts of the biologic pathways in the body, 
most importantly, disposing of nitrogenous waste 
through the Urea cycle [8, 9].

The clotting cascade is highly dependent on 
liver function. Liver parenchymal cells produce 
all of the coagulation factors involved in the gen-
eration of a fibrin clot with the exception of 
Factor VIII, which is primarily synthesized by 
the hepatic endothelium and extrahepatic 
 endothelial cells [10]. When this process starts to 
falter, there is a complex cascade of clotting 
derangements. Identifying where the primary 
derangements in the coagulation cascade lie is 
essential in the perioperative period and will be 
discussed extensively in the next sections of the 
chapter.

 Severity of Cirrhosis

How far along the path to end-stage liver disease 
a patient has progressed and, as a result, the 
severity of their cirrhosis, has profound effects 
on the outcomes for patients who undergo sur-
gery. There have been many attempts to create 
scoring systems to estimate the severity of liver 
disease. These scoring systems do not capture 
the entire clinical picture, but they are useful 
tools for clinicians in assessing risk. As a result, 
there has been exhaustive research to establish 
an association of scoring systems and outcomes 
of nearly all surgical procedures including 
Trauma and Acute Care operations. The primary 
scoring systems that are utilized, and the two we 
will focus on for this chapter, are Child-Turcotte-
Pugh (CTP) and Model for End-Stage Liver 
Disease (MELD) and the subsequent variations 
thereafter.

The Child-Turcotte-Pugh scoring system was 
initially proposed in 1964 as a predictor of surgi-
cal mortality [12]. It underwent revision in 1972 
and is now widely used to determine prognosis 
in liver disease, focusing primarily on cirrhosis. 
It is a scoring system based on a combination of 
lab values (total bilirubin, serum albumin, pro-
thrombin time (PTT), and international normal-
ized ratio (INR) and clinical evaluation (presence 
of ascites and hepatic encephalopathy)). Scores 
of 1–3 are assigned for each factor and total 
scores are given a grade A–C with C suggesting 
the most severe disease [13]. Higher or worse 
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grades have been shown extensively to be asso-
ciated with worse prognosis. Child scores were 
used as the primary scoring system for many of 
the early studies of outcomes associated with 
liver function in surgery. For this reason, it 
remains a helpful predictor for surgical decision 
making.

The Model for End-Stage Liver Disease 
(MELD) scoring system was developed in 2000 
to predict outcomes in liver disease using a 
series of patients undergoing transhepatic intra-
jugular porto-systemic (TIPS) placement [14]. 
However, it was quickly appreciated as a tool 
for assigning need for liver transplantation. 
Unlike the Child score, MELD is calculated 
using a formula that considers only a patient’s 
lab values (serum bilirubin, creatinine, and 
INR) to produce a score. Similar to Child score, 
higher MELD scores are associated with 
increased mortality at 3 months following oper-
ative intervention [15].

For non-hepatic operations specifically, 
increased severity of score in either system is 
associated with increased risk of perioperative 
mortality. In the setting of elective surgery, 
mortality increases steeply with worsening 
liver function. The 30-day mortality in the set-
ting of Child class A is 10%, Child class B is 
30%, and class C is 80%. This often means that 
class C cirrhotic patients’ risk of operative 
intervention is prohibitively high and non-oper-
ative management should be the primary goal 
whenever possible. MELD score follows a sim-
ilar trend with 5.7% 30-day mortality in patients 
with MELD less than 8 and just over 50% in 
patients with MELD greater than 20 [16–19] 
(Table 35.1).

Liver disease is often accompanied by other 
risk factors that have their own independent 
effects on surgical risk. Other considerations 
include portal hypertension, age, and comorbidi-
ties. Portal hypertension in the setting of cirrhosis 
is an independent risk factor that doubles periop-
erative mortality [20]. Advanced age has also 
been shown to represent an independent risk fac-
tor for gallstone symptom development in 
patients with hepatic cirrhosis [21]. Comorbidities 
including malnutrition, renal failure, and coagu-
lopathies are frequent in cirrhotic patients and 
will be addressed in future sections of this 
chapter.

An important distinction that does not fit 
within a scoring system but is based on clinical 
picture is compensated versus decompensated 
cirrhosis. Compensated cirrhosis is defined as 
liver failure in which non-invasive parameters 
such as hepatic function tests and INR all may be 
normal. This is frequently diagnosed on imaging, 
but liver biopsy is the gold standard for diagno-
sis. Patients with compensated cirrhosis are, by 
definition, asymptomatic. Overall, the median 
survival time for these patients is 10–12  years. 
Patients with decompensated cirrhosis have had 
at least one complication including ascites, jaun-
dice, variceal hemorrhage, or hepatic encepha-
lopathy. Once progression occurs to 
decompensated cirrhosis, mortality drastically 
increases. At this stage, overall median survival 
time is 2–5 years [22, 23].

 Acute Care Surgery

As the focus of this textbook is Acute Care 
Surgery, we will concentrate on non-hepatic 
operations—primarily urgent and emergent oper-
ations. It should be noted that a large portion of 
the surgical outcomes research comes from elec-
tive operations and some extrapolation is required 
to apply it to the Acute Care Surgery setting.

Cirrhotic patients who undergo non-hepatic 
operations demonstrate increased in-hospital 
mortality of 8–25% compared to 1.1% mortality 
in non-cirrhotic patients [24, 25]. This includes 
elective procedures. When focusing on strictly 

Table 35.1 30-Day mortality associated with elective 
surgical procedures stratified by cirrhosis severity score

Scoring system Mortality (%) [16–19]
Child-Turcotte-Pugh
   Class A 10
   Class B 30
   Class C 76–82
Model for End-Stage Liver Disease (MELD)
   Score <8 5.7
   Score >20 >50
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Table 35.2 Morbidity and mortality associated with common Acute Care Surgery operations

Type of surgery

Morbidity (%) Mortality (%)

+ Cirrhosis − Cirrhosis + Cirrhosis − Cirrhosis
Gall bladder [27, 57]
   Laparoscopic 13–33 0–3.2 <1 <1
   Open 30–47.7 3.6 0–7.7 0.5–1
Abdominal wall hernia [28, 29]
   Umbilical 7–20 2.2 2–11 <1
   Inguinal 6.3–10.9 6.8 0.8–2.7 0.7
Gastric [16, 24, 25] 53.3–67.7 20–24 23–64 17–18
Appendix [33, 34]
   Laparoscopic 2.1 0.7 0.5 0.3
   Open 20.8 1.8 3.2–9 0.7
Colon—diverticular disease [37, 38] 46–51 32.6 13–23 5
Trauma laparotomy [40, 41] 45 23 40–45 15–24

urgent and emergent operations, the mortality 
risk is likely higher. The increased mortality is 
thought to be due, in large part, to acute decom-
pensation of cirrhosis and increased risk of infec-
tion. As discussed previously, the underlying 
severity of cirrhosis, as well as the surgical pro-
cedure being performed, are important determi-
nants of post-operative outcomes.

Cardiac and open abdominal operations carry 
the highest associated risks [24]. Open abdomi-
nal operations are thought to have increased risk 
secondary to hepatic ischemia [25]. Portal hyper-
tension—if present—greatly increases the risk of 
perioperative hemorrhage [18]. Postoperative 
morbidity and mortality rates vary greatly 
depending on severity of the cirrhosis and the 
surgical procedure (Table 35.2). For this reason, 
it is crucial to consider both the patient’s clinical 
picture as well as the indicated procedure when 
determining surgical risk. This section will 
address Acute Care operations that are likely to 
arise in cirrhotic patients with a focus on special 
considerations to help improve outcomes and pit-
falls to avoid.

 Gallstone Disease

Gallbladder pathology is the most likely surgical 
disease encountered in this patient population. 
Gallstone disease has an increased incidence in 
the setting of liver cirrhosis, 17–46% compared 

to 10–20% in the general population [20, 26]. 
Unlike the general population where cholesterol 
stones are the primary source of gallstone dis-
ease, pigment gallstones are the most frequent 
type in cirrhotics. Cholesterol stones represent 
about 15% of all stones in this patient population. 
The increased rate of pigment gallstones is 
thought to be due to increased secretion of uncon-
jugated bilirubin, increased hydrolysis of conju-
gated bilirubin in the bile, and reduced secretion 
of bile acids and phospholipids in bile [18].

Presence of gallstones alone does not cause 
gallstone disease. Stones are common in the gen-
eral population and cirrhotic patients alike, with 
up to 80% of patients with gallstones experienc-
ing no symptoms [26]. Cirrhotic patients likely 
have increased detection rates of asymptomatic 
stones given the routine use of right upper quad-
rant ultrasound to monitor their liver disease. 
Expectant management for patients with asymp-
tomatic gallstones is appropriate in the general 
population and this approach should be more 
highly favored with cirrhotic patients given their 
higher operative risk [20].

In the setting of right upper quadrant pain with 
concern for gallstone disease, the clinical workup 
remains relatively unchanged for cirrhotic 
patients. Right upper quadrant ultrasound and 
basic hematology and hepatic labs should always 
be obtained. It is important to note that hepatic 
function labs, primarily bilirubin, may be ele-
vated in patients with liver disease and therefore 
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additional imaging such as a HIDA scan or 
MRCP may be necessary to rule out choledocho-
lithiasis if there is concern on the ultrasound or 
clinical suspicion.

Once diagnosed, treatment of cholecystitis 
requires evaluation of the severity of the patient’s 
liver disease. Cholecystectomy is often appropri-
ate and will frequently be necessary. This proce-
dure is the most common non-hepatic operation 
performed in the setting of cirrhosis. Laparoscopic 
cholecystectomy is the preferred operative 
approach in patients with Child A or B classifica-
tion. Perioperative mortality of laparoscopic cho-
lecystectomy in this group of patients is ~1% 
compared to 2–7% for open cholecystectomy. 
Overall complications are much lower for laparo-
scopic removal (17.6%) versus open (47.7%). As 
liver disease increases in severity, perioperative 
mortality of cholecystectomy may be prohibi-
tively high, with Child C patients demonstrating 
mortality of 23–50% [27]. Consensus treatment 
for this group is medical management with anti-
biotics. In the setting of failed medical manage-
ment of pyocholecysitis, percutaneous drainage 
via Interventional Radiology should be the inva-
sive treatment of choice.

Management changes in the setting of choled-
ocholithiasis. The presence of a common bile duct 
stone increases the morbidity and mortality asso-
ciated with gallstone disease. Gastroenterology 
should be involved early, as improved survival has 
been demonstrated with endoscopic sphincterot-
omy followed by laparoscopic cholecystectomy 
versus surgery for common bile duct stones. In 
the setting of Child C cirrhosis, mortality can still 
be as high as 7% with endoscopic sphincterotomy 
[24] and many centers now propose endoscopic 
balloon dilation versus sphincterotomy to avoid 
any incisions with resultant bleeding in this high-
risk patient population.

 Abdominal Wall Hernias

As with gallstone disease, abdominal wall her-
nias are another surgical problem that is more 
common in cirrhotic patients. The incidence is 
16% in cirrhotic patients but increases to 24% in 

the setting of ascites. Over half of these abdomi-
nal wall hernias are umbilical hernias and the risk 
of umbilical hernia is over four times higher in 
the setting of cirrhosis [28]. There are many fac-
tors that contribute to the development of umbili-
cal hernia. These patients have increased 
intra-abdominal pressure from ascites, poor 
nutritional status leading to weakness of the 
abdominal fascia and muscle wasting, and the 
pre-existent supra-umbilical fascial opening in 
patients with portal hypertension due to a dilated 
umbilical vein.

Historically, overall mortality associated with 
umbilical hernia repair was approximately 5%. 
However, the clinical presentation has a drastic 
impact on outcomes: there is an 11% mortality 
with emergent operations for obstruction or rup-
ture versus 2% for elective repairs [24, 25, 27]. 
There seem to be substantial improvements with 
perioperative management of this disease as mul-
tiple studies have demonstrated zero periopera-
tive mortalities when umbilical hernia repair is 
performed at quaternary centers [24].

The use of mesh in umbilical hernia repair in 
cirrhotic patients has long been debated. The 
concern for placement of mesh in this patient 
population is a theoretical increased risk of mesh 
infection. A recent randomized control trial, 
however, evaluated the placement of permanent 
mesh for umbilical hernia repair with encourag-
ing results. Hernia recurrence was significantly 
less in the mesh hernioplasty group. No mesh 
exposure or fistulae were experienced. There was 
no need to remove any of the placed mesh pros-
theses [28]. Additional studies need to be per-
formed to confirm the safety of mesh placement, 
however, early results are promising.

The incidence of inguinal hernia in patients 
with cirrhosis has not been fully established, 
though as with other hernias, it is thought to be 
increased in this patient population. Historical 
studies have demonstrated 5% mortality and 8% 
recurrence rates in Child A and B patients [24, 
25]. A more recent prospective trial demonstrated 
complications, mortality, and recurrence rates 
were not significantly higher in elective inguinal 
hernia repairs when compared to the general pop-
ulation [29]. Overall, inguinal hernia repair con-
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veys the lowest risk amongst non-hepatic 
operations in the setting of cirrhosis. It is reason-
able to repair these electively and incarcerated or 
strangulated hernias should be approached in a 
similar fashion to non-cirrhotic patients.

As with inguinal hernias, the incidence of 
incisional hernias is not well described in the cir-
rhotic patient population. However, there should 
be consideration of repair electively when these 
hernias are discovered if not limited by severe 
liver disease. A recent study demonstrated 
increased mortality, recurrence, and seroma for-
mation rate in patients who underwent urgent 
repair compared to those who underwent elective 
repair in the setting of cirrhosis [30].

 Gastric

Cirrhotic patients also have an increased inci-
dence of peptic ulcer disease (PUD), estimated to 
be 8–20% [31]. The mortality for emergent sur-
gery for PUD (e.g., perforation or bleeding) is 
extremely high, ranging from 23% to 64% [19, 
32]. As with other operations, increased severity 
of cirrhosis and presence of ascites are both asso-
ciated with worse outcomes. There has been a 
recent decrease in mortality with improvement in 
endoscopic management of bleeding ulcers and 
laparoscopic suture repair for perforations in 
combination with proton pump inhibitor treat-
ment. It is therefore recommended that bleeding 
ulcers treatment first be attempted via endoscopy. 
Apart from limited case reports, there are no 
studies evaluating laparoscopic repair of perfo-
rated ulcers compared to open repair in cirrhotic 
patients. Given the increased mortality associated 
with open operations for cirrhotic patients and 
the proven safety and efficacy of laparoscopic 
perforated peptic ulcer repair overall, a mini-
mally invasive approach should be attempted 
prior to open repair when possible.

 Appendix

Unlike many other surgical diseases, there does 
not seem to be an increased incidence of appendi-

citis in the setting of cirrhosis. As a result, the 
effect of cirrhosis on mortality rate is not well 
described in this patient population. A large data-
base review examined outcomes with patients 
who underwent appendectomy in the setting of 
no cirrhosis, compensated cirrhosis, and decom-
pensated cirrhosis. Compensated cirrhosis and 
control groups had similar outcomes while 
patients with decompensated cirrhosis had sig-
nificantly higher mortality, higher cost, and lon-
ger hospital length of stay. Laparoscopic 
appendectomy was superior across all groups as 
it demonstrated higher survival, lower cost, 
shorter duration of hospitalization, and lower 
incidence of complications [33]. Multiple studies 
support the use of laparoscopic compared to open 
appendectomy in cirrhotic patients as laparo-
scopic appendectomy has been associated with 
improved post-operative pain and decreased 
operative complication versus open appendec-
tomy [33, 34]. Larger studies are suggesting 
treatment of uncomplicated appendicitis may be 
possible with antibiotics alone [35]. In patients 
with decompensated cirrhosis it is reasonable to 
consider this approach and in patients with end- 
stage liver disease (CTP class C) this should be 
the first-line treatment given the almost prohibi-
tively high surgical risk.

 Colon

Diverticular disease and colorectal cancer are the 
two most common reasons for operative inter-
vention on the colon. Mortality for colon opera-
tions in the setting of cirrhosis is 13–23% with 
46–51% morbidity [36]. As with other opera-
tions, higher MELD or Child scores, presence of 
ascites, and emergency surgery are all associated 
with worse outcomes. Given the high risk of 
emergent surgery in this patient population, 
endoscopic intervention in the form of colonic 
stenting for obstruction and cauterization for 
bleeding is recommended when available.

Acute Care Surgery is most often concerned 
with the management of diverticular disease. 
Multiple large database studies have examined 
diverticulitis in cirrhotic patients. The mortality 
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rate of diverticulitis increases more than two-fold 
if cirrhosis is present. This impact comes in large 
part from patients with decompensated cirrhosis, 
as patients with compensated cirrhosis did not 
have significantly higher mortality. However, 
patients with compensated cirrhosis underwent 
significantly fewer operations than the general 
public [37]. This is likely due to surgeons’ appre-
hension with this population and the known sur-
gical risk factors. Overall, patients with 
diverticulitis and cirrhosis were found to have 
increased cost of stay and length of hospitaliza-
tion compared to the general population [37].

Understandably, surgeons often try to manage 
diverticular disease conservatively when possi-
ble. However, when an operation is indicated as 
in the setting of diverticulitis resulting in perito-
nitis, there is evidence to support the superiority 
of laparoscopic versus open colon resection. In a 
large database review, laparoscopic colectomy 
for acute diverticulitis was accompanied by 
shorter hospital length of stay, lower costs, and 
significantly decreased mortality rate compared 
with open colectomy in compensated and decom-
pensated cirrhotic patients. There was marked 
increase in mortality, hospital length of stay, and 
cost observed for decompensated cirrhotic 
patients regardless of the type of treatment [38]. 
The success of this operation, it should be noted, 
is also dependent on the surgeon’s comfort level 
with advanced laparoscopic technique.

 Trauma

Not unexpectedly, the presence of liver disease 
directly impacts outcomes in trauma. In a pro-
spective study of a level 1 trauma registry, the 
overall in-hospital mortality after trauma for cir-
rhotic patients is nearly three times that of non- 
cirrhotic controls (20% versus 7%) [39]. A 
retrospective review found similar results, with 
12% mortality in cirrhotic trauma patients com-
pared to non-cirrhotic controls. They also found 
cirrhotic patients were more likely to develop 
acute respiratory distress syndrome (ARDS), 
coagulopathy, and sepsis. When analyzing only 
those patients with cirrhosis who underwent 

emergent exploratory laparotomy, the mortality 
rate increased to 40%, compared to 15% in 
patients without cirrhosis [40]. Similar mortality 
was reported in another matched retrospective 
study: 45% mortality in cirrhotics compared to 
24% in matched controls [41].

This prominent effect on survival extends to 
minor trauma (defined as Injury Severity 
Score <16) as well, with a mortality rate in cir-
rhotic patients of 29%. When examining only 
blunt trauma, a MELD score greater than 16 was 
associated with a significantly higher mortality 
rate compared to patients with lower MELD 
scores [41]. Given the emergent nature of trauma 
surgery, it is unlikely that pre-operative adjust-
ments can be made to improve outcomes, so 
improvements must be made in the perioperative 
care that as discussed in the coming sections of 
this chapter.

 Preoperative Optimization

There is frequently limited time for preoperative 
optimization for urgent or emergent operative 
indications. However, whenever possible patients 
with cirrhosis benefit from minimal interventions 
that may have important downstream effects on 
mortality. Many of the manifestations of liver 
failure—and their needed corrections—are evi-
dent on standard laboratory values obtained dur-
ing diagnosis and workup in the Emergency 
Department. When identified, they should be cor-
rected, if possible, prior to surgery. Other mani-
festations may require slightly more investigation 
from the surgeon but should be equally appreci-
ated and evaluated when time allows (Table 35.3).

 Coagulopathy

The liver plays an important role in production of 
factors of the coagulation cascade. INR is a poor 
marker for clinical bleeding risk as it is unable to 
truly assess for the balance of the coagulation 
pathway, especially when liver function is 
impacted. However, this test continues to be used 
for pre-operative planning given the ease of test-
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Table 35.3 Perioperative evaluation and management of common complications of cirrhosis

Complication Etiology Presentation Evaluation Management strategies
Coagulopathy Decreased 

synthetic liver 
function

Bleeding, 
thrombocytopenia

Complete blood count, 
INR, 
thromboelastography

–  INR correction with FFP, 
vitamin K, cryoprecipitate

–  Transfusion to maintain 
platelet count >50,000

–  DDAVP and tranexamic 
acid

Hepatic 
encephalopathy

Build-up of 
nitrogenous 
waste

Altered mental 
status

Clinical assessment, 
BUN level

– Lactulose and rifaximin
– Treat infections
–  Correct electrolyte 

derangements
Ascites Increased 

portal pressure
Increased drain 
output, wound 
breakdown

Clinical exam, 
abdominal 
ultrasonography

– Salt and water restriction
– Diuresis
– Large volume paracentesis
–  Fluid removal through 

surgical drain, if present
– TIPS for refractory ascites

Renal failure Hypovolemia 
leading to poor 
renal perfusion 
and ATN

Decreased urine 
output

Fluid overload on 
clinical exam, close 
monitoring of I/Os, 
creatinine, glomerular 
filtration rate

–  Avoid nephrotoxic drugs 
and contrast agents

–  Albumin in the setting of 
hepatorenal syndrome

–  Early dialysis with constant 
renal replacement when 
indicated

Pulmonary 
failure

Transfer of 
ascites into the 
pleural space

Pleural effusions, 
increasing oxygen 
requirements

Monitor oxygen 
requirements, chest 
imaging (XR or CT)

– Incentive spirometry
– Ascites management
–  Thoracentesis in the setting 

of pulmonary failure
Malnutrition Protein calorie 

malnutrition, 
glycogen 
storage 
depletion

Muscle wasting, 
decreased wound 
healing, decreased 
mobility

Serum albumin, lean 
body mass

–  High carbohydrate and 
lipid diet

–  Early enteral nutrition as 
needed

–  Thiamine and folate in 
alcoholic liver disease

Electrolyte 
derangements

Fluid balance 
disturbances

Electrolyte 
disturbances

Complete metabolic 
panel, blood glucose

– Replete electrolytes
– Manage fluid overload
– Maintain normoglycemia

ing. When INR is abnormal, coagulopathy due to 
decreased synthesis of coagulation components in 
the liver cannot be corrected with vitamin K sup-
plements. However, if the operation in question is 
not urgent or emergent, vitamin K administration 
should still be implemented in case malabsorption 
has contributed to coagulopathy [42].

A more precise evaluation of coagulation 
deficiencies can be provided by utilizing throm-
boelastography (TEG). In the perioperative set-
ting, it has been shown to reduce unnecessary 
transfusions and their related complications 
[43]. When available, TEG should be utilized to 
determine which coagulation derangements 
require correction (Fig.  35.3). The primary 
intervention for correcting these derangements 

should be transfusion with fractioned blood 
products. These include [42]:

Fresh Frozen Plasma
• Used to correct elevated INR.
• INR of FFP is approximately 1.6–1.7 and can-

not improve INR past this value.
• FFP transfusion can be large volume and lead 

to fluid overload and pulmonary congestion.

Cryoprecipitate
• Concentrated solution of clotting factors 

including large amount of fibrinogen and 
vWB factor as well as Factors VIII and XIII.

• In the setting of fluid overload, cryoprecipitate 
is preferred to FFP.
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Fig. 35.3 A 45-year-old male with history of alcoholic 
liver cirrhosis (MELD 29) who underwent orthotopic liver 
transplantation. Thromboelastography (TEG) just prior to 
transplantation (above) demonstrates increased K time 
(time to appropriate clot strength), decreased angle, and 
decreased maximum amplitude (MA). This combination 

is due to decreased synthetic liver function and thrombo-
cytopenia. TEG from the same patient on post-operative 
day 10 (below) demonstrates a normalized curve follow-
ing improvement in synthetic liver function and resolution 
of thrombocytopenia

Platelets
• Thrombocytopenia is a common complication 

of cirrhosis with portal hypertension due to 
the sequestration and consumption of platelets 
secondary to splenomegaly.

• Platelet transfusion is indicated for operative 
intervention in the setting of thrombocytope-
nia <50,000 plts/mm3.

There are pharmacological methods for cor-
recting coagulation that can be used in supple-
menting transfusion or if blood products cannot 

be given. The two to consider are desmopressin 
and tranexamic acid. Desmopressin stimulates the 
release vWB from vascular endothelium and can 
be used as an alternative to FFP. Tranexamic acid 
is an anti-fibrinolytic agent. It should be consid-
ered if fibrinolysis time is decreased on TEG.

 Hepatic Encephalopathy

Hepatic encephalopathy (HE) occurs in liver fail-
ure from a build-up of nitrogenous waste in the 
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blood that the liver fails to detoxify. HE can cause 
extensive problems post-operatively including 
aggressive and uncooperative patient behavior 
interfering with delivery of important treatment 
measures and nursing care, immobility, aspira-
tion pneumonia, and at times a complex and inva-
sive work-up for delirium. Subtle HE not detected 
prior to operative intervention can lead to overt 
HE post-operatively. Neuropsychiatric testing 
may need to be pursued to detect subtle HE. A 
low protein diet and avoidance of certain medica-
tions are recommended post-operatively to avoid 
exacerbation of HE [44].

 Ascites

It is important to identify the presence of ascites 
as this can have a profound impact on periopera-
tive care. Often operative intervention can exac-
erbate ascites production, which can result in 
fluid and electrolyte imbalances. In the setting of 
elective procedures, medical management of 
ascites may improve the Child-Turcotte-Pugh 
class, and surgery may become feasible in some 
patients if it was previously contraindicated due 
to ascites. Refractory ascites may need transjugu-
lar, intrahepatic portosystemic shunting (TIPS) 
as a rescue measure prior to surgery. Post- 
operatively, a low sodium diet should be contin-
ued to prevent re-accumulation of ascites. 
Discussion of post-operative management of 
ascites is addressed in the next section and is 
critical to wound-healing, especially in the set-
ting of hernia repair.

 Renal Function

As with coagulopathy, lab values associated with 
renal function can be difficult to interpret. 
Glomerular filtration rate is often overestimated 
in cirrhotic patients as creatinine is often lower 
secondary to decreased lean body mass from 
malnutrition. As the severity of liver failure pro-
gresses, the incidence of renal failure increases, 
with up to 24% of outpatients with cirrhosis 
developing some type of renal failure within 1 

year of the first episode of ascites [45]. Multiple 
studies have demonstrated that life expectancy 
decreases significantly with the diagnosis of 
renal failure in the setting of decompensated liver 
failure [45, 46].

For cirrhotic patients with renal failure, pre- 
operative management includes close monitoring 
of fluid status and avoidance of nephrotoxic medi-
cations. Diuretics should be avoided. This is par-
ticularly true when the patient has refractory 
ascites because several drugs can induce acute kid-
ney injury. If paracentesis for uncontrolled ascites 
is indicated, albumin should be replaced intrave-
nously at a rate of 6–8 g/L of ascites removed to 
maintain adequate renal perfusion [20].

 Pulmonary Function

Pleural effusions in the setting of ascites are com-
mon though rarely cause pulmonary complica-
tions. Only moderate to large pleural effusions 
that are causing clinical pulmonary restriction 
should be considered for drainage via thoracente-
sis. More concerning is the presence of hepato-
pulmonary syndrome that is defined as: hypoxia 
as a result of pulmonary vasculature abnormali-
ties in the setting of cirrhosis. If patients have 
hepatopulmonary syndrome and are in need of 
urgent or emergent surgery, the risk of prolonged 
pulmonary compromise as well as embolic stroke 
should be explained. Non-surgical management 
should be attempted when possible [42].

 Infection

Cirrhosis can increase the risk of infection as the 
innate immune system is impaired by the disrup-
tion of the hepatic cellular organization, damage 
to the reticulo-endothelial system, and decreased 
liver protein synthesis. This causes a weakened 
immune surveillance capacity of the liver as well 
as decreased synthesis of innate immunity pro-
teins. Pre-operative work-up should include thor-
ough infectious evaluation as untreated infections 
in patients with cirrhosis have increased morbid-
ity and mortality compared to non-cirrhotic 
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patients. There is also an increased incidence of 
multidrug-resistant organisms in this patient pop-
ulation. Broad-spectrum antibiotics that cover 
organisms associated with spontaneous bacterial 
peritonitis (SBP) are recommended in the setting 
of low-protein ascites (<1.5 g/dL), advanced cir-
rhosis, and prior history of SBP [47]. If these 
conditions are not present, surgical prophylactic 
antibiotics are the same for cirrhotic and non- 
cirrhotic patients [48].

 Nutrition

Nutrition plays a pivotal role in liver disease that 
is often overlooked. Liver disease can drive many 
factors leading to malnutrition and poor nutrition 
alone can worsen liver disease. The incidence of 
malnutrition is severely elevated in cirrhotic 
patients, with up to 80% suffering from at least 
mild deficiencies [49]. Multiple factors contrib-
ute to worsening nutrition including increased 
catabolism, impaired absorption of nutrients, and 
poor oral intake. Severity of malnutrition is inde-
pendently associated with decreased survival in 
the setting of cirrhosis.

Evaluation of lean body mass and serum albu-
min are quick surrogates for nutritional status. 
Hypoalbuminemia is a predictor of mortality fol-
lowing surgery and should be evaluated when 
timing allows. A low serum albumin level 
(≤2.1 g/dL) when compared with normal range 
serum albumin level (≥4.6 g/dL) was associated 
with drastically increased mortality of 29% vs 
1%. There was also a higher morbidity of 65% vs 
10% [50]. Of note, albumin is a negative acute 
phase reactant and is unreliable in the setting of 
post-operative inflammation. Therefore, when 
possible this should be measured pre-operatively. 
Intravenous albumin supplementation has been 
shown to have no effect on mortality and is not 
indicated for hypoalbuminemia alone.

If adequately considered and addressed, liver 
function can be optimized by improving nutri-
tional status. Perioperative nutrition is an essen-
tial component, and improvement in perioperative 
nutritional status may be associated with 
improved outcomes. A nutritional consult and 

perioperative supplementation should always be 
considered in the setting of cirrhosis. If adequate 
oral intake cannot be achieved by the patient, 
enteral feeding access and supplemental tube 
feeds should be considered at the earliest possi-
ble time point.

 Managing Cirrhosis 
Intra- and Post-operatively

The most crucial and difficult management of 
cirrhotic patients occurs post-operatively. The 
stress of surgery and anesthesia can often push 
the patient from compensated to decompensated 
liver failure. This has effects on multiple organ 
systems and requires close clinical monitoring.

 Anesthesia

Although it is not managed by the Acute Care 
Surgeon, it is important to understand the impact 
that anesthesia can have on liver function. 
General anesthesia can lead to acute liver decom-
pensation, likely secondary to hypotension and 
decreased hepatic blood flow. It is important to 
understand the common drugs that depend on 
hepatic metabolism and therefore require dose 
reduction. The primary drugs to be aware of are 
propofol, dexmedetomidine, midazolam, and 
morphine (discussed in detail in the Pain 
Management Section).

 Critical Care

The close clinical monitoring required post- 
operatively is most effectively achieved in the 
Intensive Care Unit (ICU). Fluid management is 
often among the most difficult to manage as these 
patients can appear to be total volume up, but still 
be intravascularly depleted. Crystalloid solution 
is recommended initially for volume resuscita-
tion. Albumin has been shown to be beneficial in 
three scenarios: Spontaneous bacterial peritonitis 
(SBP), large volume paracentesis, and type 1 
hepatorenal syndrome [20]. Fluid management in 
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cirrhotic patients requires careful monitoring of 
volume status. Non-invasive parameters such as 
trends in serum lactate (though this may have 
delayed clearance due to decreased metabolism 
in the liver) should be attempted first. However, 
invasive monitoring such as Swan-Ganz catheters 
may need to be used if there are ongoing ques-
tions about fluid status. Persistent hypotension 
should be treated with vasoactive drugs such as 
norepinephrine or vasopressin followed by a trial 
of steroids.

 Serum Chemistry

Electrolyte imbalances (hypokalemia, hypocalce-
mia, hypomagnesemia, and dilutional hyponatre-
mia) are common and should be monitored and 
corrected when identified. A high index of suspi-
cion for malnutrition and micronutrient deficien-
cies (folate, vitamins A, D, E, K, and complex B) 
needs to be maintained. Cirrhosis causes deficien-
cies in gluconeogenesis and therefore post-opera-
tive hypoglycemia is common. Blood glucose 
status should be closely monitored and corrected 
appropriately as needed. If there is concern for 
alcohol dependence, thiamine in combination 
with glucose should be administered to avoid pro-
gression of Wernicke encephalopathy.

 Ascites Management

The most common manifestation of decompen-
sated liver cirrhosis post-operatively is the new 
development of ascites. Large-volume ascites after 
abdominal surgery increases the risk of abdominal 
wall dehiscence and herniation. It also has pulmo-
nary implications as it increases the risk of atelec-
tasis, aspiration, and pneumonia. Fluid shifts 
might precipitate electrolyte imbalances, hypovo-
lemia, and acute kidney injury. Management is 
based on sodium restriction and judicious use of 
diuretics, with close monitoring of electrolytes and 
renal function. There are multiple options for man-
agement for ascites post-operatively.

Use of intra-abdominal drains to help control 
postoperative ascites and prevent surgical wound 

complications is a controversial topic. The safety 
of post-operative drains in the context of cirrho-
sis remains poorly explored. The rationale to 
drain placement is better control of postoperative 
ascites and the potential associated surgical 
wound complications; however, the risk of con-
tamination of ascites and increased postoperative 
fluid shifts should be taken into account. In the 
setting of hepatic resection, prophylactic drain 
placement has not been favored in recent litera-
ture [51]. However, there are little data in the 
realm of Acute Care Surgery for proper manage-
ment of post-operative ascites. If a drain is placed, 
it should be removed by post-operative days 5–7 
to reduce infectious complications, if possible 
[52]. It is likely that with ongoing high ascites 
output from the drain that additional paracentesis 
will be required.

Supplemental large-volume paracentesis can 
be utilized for ascites management as well, or as 
back-up therapy following surgical drain removal. 
Therapeutic paracentesis should be reserved for 
refractory cases and limited to symptomatic 
relief. If paracentesis is performed, replacement 
of the fluid should be routinely performed with 
albumin as described previously. For ascites 
refractory to repeat paracentesis, a final option to 
consider is an Interventional Radiology-placed 
drain. This allows for the placement of a cuffed 
drain to minimize infectious risk. It also prevents 
repeat interventions in the setting of high bleed-
ing risk.

 Renal Function

Renal function is an important prognostic indica-
tor post-operatively as the renal and hepatic sys-
tems are vitally linked. Studies evaluating the 
effect of acute kidney injury (AKI) in the setting 
of cirrhosis are limited to hepatic resections and 
have not been thoroughly evaluated in the general 
post-operative population. However, in non- 
surgical patient the presence of renal failure in 
cirrhotic patients is associated with a significant 
increase in mortality with 50% mortality at 
1  month and 80% mortality at 6 months [53]. 
Post-operative AKI is multifactorial primarily 

Z. R. Bergman and G. J. Beilman



501

driven by hypoperfusion from depletion of intra-
vascular volume and reduced systemic vascular 
resistance causing acute tubular necrosis. The 
severity of AKI can be exacerbated by ongoing 
bleeding, infection, or unregulated inflammatory 
response.

When AKI is identified post-operatively, man-
agement should focus on prevention of renal fail-
ure by maintaining adequate systemic blood 
pressure, prompt identification and treatment of 
infections and judicious use of contrast agents, 
because once established, the prognosis is con-
siderably poorer. If an AKI progresses to the 
point of renal failure, early treatment of renal 
failure is imperative. Early use of continuous 
renal replacement therapy, rather than intermit-
tent hemodialysis or hemofiltration, which pro-
vides a hemodynamically stable approach in such 
patients [20]. Unfortunately, progression to renal 
failure requiring dialysis carries a poor 
prognosis.

 Nutrition

Again, it is crucial to highlight the importance of 
adequate perioperative nutrition. As with preop-
erative management, enteral supplementation 
should be utilized early if there is any indication 
that oral intake will be delayed or inadequate. 
There is minimal evidence regarding the use of 
parenteral nutrition in emergency surgery; how-
ever, there are studies that support its use follow-
ing liver transplantation [54]. Parenteral nutrition 
and early enteral nutrition were comparable in 
their ability to maintain a healthy nutritional 
state. The infectious complications appear to be 
higher with the use of parenteral nutrition and 
this approach should therefore be reserved for 
cases when enteral feeding is not feasible.

 DVT Prophylaxis

Coagulation disorders of cirrhosis confer an 
increased risk of both venous thromboembolism 
and hemorrhage. This makes deep vein thrombo-
sis (DVT) prophylaxis decisions much more 

complex. Conventional coagulation tests do not 
reflect these risks, and an increased INR is not 
necessarily protective for thromboembolic 
events. Although detailed guidelines remain 
unavailable, thromboprophylaxis is recom-
mended in most patients, and certainly in high- 
risk situations. In the setting of cirrhosis and 
renal failure, unfractionated heparin should be 
utilized for DVT prophylaxis as opposed to low- 
molecular- weight heparin owing to its shorter 
half-life and decreased risk in the setting of 
potential renal failure.

 Pain Management [55]

Post-operative pain management for cirrhotic 
patients can seem daunting to many clinicians as 
the metabolic and detoxification properties of the 
liver are diminished. This can affect the safety of 
entire classes of therapeutics and even those that 
can still be safely used may have dramatic 
changes in their acceptable dosages. Importantly, 
uncontrolled post-operative pain can incite men-
tal status changes that prevent proper monitoring 
of many of the other post-operative complica-
tions. For this reason, a multimodal approach is 
key to obtaining adequate control.

The metabolism of opioids varies greatly 
between different formulations and it is difficult 
to provide overarching recommendations for the 
category as a whole. The simplest way to 
approach opioid use in the setting of cirrhosis is 
with an understanding that half-life can often be 
prolonged and extended-release versions should 
be avoided while spacing out the dosing interval 
with immediate-release formulations. It is impor-
tant to know how each opioid is metabolized 
when determining their safety for patients with 
liver failure. Below is a summary of the most 
commonly used opioids and recommendations 
for their use in this patient population.

Oxycodone
• Diminished first-pass metabolism results in 

prolonged half-life.
• Decreased dosage of 5 mg every 6 h recom-

mended as a starting point.
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Hydrocodone
• Minimal effect on the metabolism by the liver, 

however, it is often formulated in combination 
with acetaminophen and therefore should be 
closely evaluated to ensure that acetamino-
phen dosing does not exceed recommended 
levels in cirrhotic patients.

• Decreased dosage of 5 mg every 6 h recom-
mended as a starting point.

Morphine
• Morphine is metabolized into two major 

metabolites: one with analgesic properties 
(morphine-6-glucuronide) and the other 
(morphine- 3-glucuronide) with neurotoxic 
side effects such as confusion, seizures, and 
respiratory depression.

• In the setting of renal failure, the neurotoxic 
metabolites are poorly excreted. As cirrhotic 
patients often have concomitant renal failure, 
this should be taken into consideration.

• Decreased oral dosage of 5 mg every 6 h rec-
ommended as a starting point.

Hydromorphone
• Metabolized exclusively by glucuronidation 

and therefore unaffected by liver and renal 
function.

• Should be considered the first line opioid of 
choice in the setting of cirrhosis and renal 
failure.

• Decreased dosage of 1 mg every 6 h recom-
mended as a starting point.

Tramadol
• Metabolism independent of liver function.
• It can decrease the seizure threshold and can 

cause serotonin syndrome when used in com-
bination with SSRIs or TCAs.

Multimodal pain control with non-opioid 
medications is recommended in all post- operative 
patients. However, just as with opioids, the 
metabolism of these therapeutics is often dimin-
ished in patients with liver failure. Non-steroidal 
anti-inflammatory drugs (NSAIDs) have multiple 
concerning features for patients with cirrhosis. In 
the setting of cirrhosis there is increased bioavail-

ability, which can precipitate acute renal failure 
and gastrointestinal bleeding due to prostaglan-
din inhibition. There is increased risk for throm-
bocytopenia, which can further increase the risk 
for variceal and nonvariceal gastrointestinal 
bleeding. NSAIDs can promote sodium reten-
tion, thereby worsening ascites and edema. The 
recommendation is that this class of drugs should 
therefore be avoided in this patient population. 
For acetaminophen or Tylenol, it is a common 
misconception that patients with cirrhosis should 
avoid this drug entirely. However, in lower doses, 
it remains a safe and effective analgesic. Daily 
dosage should not exceed 2–3 g/day.

For more directed therapy, it is reasonable to 
consider regional anesthesia as this is generally 
safe in cirrhotic patients. The surgeon should 
consider administration of directed local anesthe-
sia such as a transversus abdominal plane (TAP) 
block at the time of surgery to decrease post- 
operative opioid use. Post-operatively, topical 
lidocaine patches demonstrate minimal systemic 
absorption and can be safely utilized in the set-
ting of cirrhosis.

Finally, epidurals may be considered if there 
is adequate time pre-operatively. Coagulopathy 
is a contraindication to epidural anesthesia due 
to the risk of epidural hematoma. In a recent 
study, the risk of epidural hematoma after 
removal in the setting of coagulopathy was 0.3%, 
compared to 0.01–0.03% in baseline population 
[56]. Patients with liver disease with normal 
coagulation factors, platelet count, and pre-pro-
cedure TEG are good candidates for epidural 
anesthesia. Catheter removal should be evalu-
ated with the same coagulopathy work-up and 
can be removed safely after normalization of 
parameters.
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36Nutrition Considerations 
in Emergency Surgery

Molly J. Douglas, Muhammad Khurrum, 
and Bellal Joseph

 Importance of Nutrition

The answer to the above question is yes! Nutrition 
is a fundamental component of overall health. 
Adequate nutrition contributes to normal immune 
function, appropriate stress response, adequate 
wound healing, resistance to non-communicable 
illness, and greater longevity [1–4].

Malnutrition, on the other hand, occurs when 
the nutrients provided to the body are in some 
way inadequate to meet its many physiologic 
needs. This may occur from inadequate calories, 
inadequate protein, or deficiencies of particular 
vitamins, minerals, or essential fatty acids. 
Further, increased metabolic demands in times of 
acute surgical stress or systemic inflammatory 
response place patients at increased risk of nutri-
tional deficits, particularly if the level of nourish-
ment is not escalated to meet the increased 
demand.
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Case Study
Mr. M is a 64 y/o man with a prior hiatal 
hernia repair, who presented with abdomi-
nal pain, nausea, and emesis. CT demon-
strated a recurrent paraesophageal hernia 
containing small bowel and colon, with 
evidence of large bowel obstruction within 
the hernia sac. He was taken to the OR and 
underwent open reduction of the hernia and 
primary repair of the diaphragmatic defect 
with absorbable mesh reinforcement. Post- 
operatively, he initially did well and had his 
nasogastric (NG) tube removed on post-op 
day 1. After 4 days of poor oral intake, 
however, he developed bilious emesis and 
the NG was replaced. CT with enteral con-
trast demonstrated early post-op small 
bowel obstruction with a transition point in 
the mid-abdomen. This was managed non- 

operatively, and by post-op day 9 he was 
able to resume oral intake. However, in the 
meantime, he developed a partial midline 
fascial dehiscence and a stage II sacral 
decubitus ulcer.

Could malnutrition have played a role in 
these complications?
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Inadequate nutrition has been associated 
with a multitude of complications in hospital-
ized patients, including impaired immune 
function and higher risk of infection [5–10], 
delayed wound healing and formation of pres-
sure ulcers [11, 12], wasting of lean muscle 
mass and an accordingly slower functional 
recovery [13], as well as longer length of stay 
[14]. In particular, in general surgery patients 
requiring ICU care, malnutrition at the time of 
ICU admission is associated with significantly 
increased mortality [15, 16]. Provision of ade-
quate nutrition can reduce these complications 
(Table 36.1).

 Assessing Baseline Nutrition Status

An assessment of nutritional status is key to 
identify pre-existing or impending malnutrition, 
to monitor changes in the adequacy of nourish-
ment over time, and to guide nutritional inter-
ventions. In the United States, the Joint 
Commission has mandated nutritional screening 
within 24 h of hospital admission since 1995, 
although the choice of nutrition assessment 
method is left to the institution [17]. In the emer-
gency surgery patient, the combination of 
increased physiologic demand and frequently 
decreased capacity for intake mandates special 
consideration [18]. It is generally accepted that 
no single metric provides a perfect indicator of 
nutritional status. Methods of nutritional status 
assessment range from simple bedside exams to 
invasive procedures, and several common meth-
ods are described below.

 Anthropometric Measurements

Anthropometric measures is a non-invasive and 
widely used tool for nutritional assessment. Such 
measures can be performed at the bedside or in 
ambulatory settings and may include an individu-
al’s weight, height, body mass index (BMI), body 
circumference (arm, waist, hip, calf), waist to hip 
ratio (WHR), and triceps skinfold thickness. The 
BMI is perhaps the most widely used crude mea-
sure of nutrition status, and is calculated from an 
individual’s height and weight as follows:

 

BMI
Weight in kg

Height in meters
=
( )2  

(36.1)

The National Institutes of Health define nor-
mal BMI as 18.5–24.5 kg/m2, while <18.5 is 
termed underweight and BMIs greater than 25 
are termed overweight. While a markedly under-
weight status may reliably reflect under-nutrition, 
BMI’s lack of accounting for body composition 
limits interpretation of numbers at the larger end 
of the BMI spectrum [19]. With the exception of 
the BMI, most anthropometric measurements are 
operator dependent, and inter-observer variabil-
ity combined with normal variations in individual 
proportions makes these metrics unreliable indi-
cators of nutritional status [19].

 Subjective Global Assessment

Subjective global assessment (SGA) is one of the 
few clinically reproducible methods of accessing 
a patient’s nutritional status based on history and 
physical examination. The factors considered in 
arriving at the SGA are detailed in Fig. 36.1. The 
assessment takes into account weight change, 
changes in dietary intake, gastrointestinal symp-
toms, functional capacity, and diagnoses that 
may impact nutritional needs. The physical 
examination component looks for loss of subcu-
taneous fat, muscle wasting, edema, and ascites 
as potential markers of malnutrition. After assess-
ing these factors, the examiner is instructed to 
“subjectively” combine them into a categoriza-
tion for the patient as well-nourished, moderately 

Table 36.1  Benefits of nutrition in emergency surgery 
patients

Benefits of early and adequate nutrition
– Lower mortality
– Preserved gut mucosal barrier function
– Preserved immune response
– Fewer infections
– More rapid wound healing
– Maintenance of lean body mass
– Fewer decubitus ulcers
– Shorter length of stay
– Enhanced patient comfort

M. J. Douglas et al.



507

SUBJECTIVE  GLOBAL ASSESSMENT

History:

Physical:
(for each: 0 = normal, 1+ = mild, 2+ = moderate, 3+ = severe)

Loss of subcutaneous fat (triceps, chest) 

Muscle wasting (quadriceps, deltoids) 

Ankle edema

Sacral edema 

Ascites

SGA rating: Select based on subjective combination of a history and physical factors

A = Well-nourished

B = Moderately (or suspected of being) malnourished

C = Severely malnourished

Weight change Overall weight loss in past 6 months: amount in kg and % loss Change in past

          2 weeks: Increase, No change, Decrease

Dietary intake change (relative to normal), No, change, Change, duration in weeks type: sub-

          optimal solid diet, full liquid diet hypocaloric liquids, starvation

Gastrointestinal symptoms (that persisted for >2 weeks): None, Nausea, Vomiting, Diarrhea,

           Anorexia

Functional capacity No dysfunction (e.g., full capacity); Dysfunction: Duration in weeks,

          Type: working suboptimally, ambulatory, bedridden

Disease and its relation to nutritional requirements Primary diagnosis (specify),

          Metabolic demand (stress): No stress, Low stress. Moderate stress, High stress

Fig. 36.1  Subjective global assessment of nutritional status. (Adapted from [20])

malnourished, or severely malnourished. 
Developed in the 1980s, the method outper-
formed more objective measures (anthropomor-
phic and laboratory metrics) of nutritional status 
in its ability to predict postoperative infections 
[20–24]. Further, high inter-observer agreement 
was found, despite the subjective nature of the 
assessment [22, 23], making this an attractive 
bedside tool for baseline nutritional assessment.

It is important to note that numerous other his-
tory and physical-based or combined nutritional 
scoring systems have been developed over the 
years. A more comprehensive review is provided 
by Reber and colleagues [25].

 Albumin

Albumin is the most prevalent plasma protein, 
and plays key roles in maintaining plasma oncotic 
pressure, antioxidant activity, and substrate bind-
ing and transport (e.g., bilirubin, long-chain fatty 
acids, calcium, magnesium, and many drugs) 
[26]. In healthy subjects, it is produced in the 
liver at a rate of 10–15 g/day, and has a long turn-
over time of approximately 25 days [26, 27].

Albumin has historically been cast as a 
marker of nutritional status, most likely because 
Kwashiorkor (protein malnutrition in the set-
ting of adequate carbohydrate caloric intake) is 

36 Nutrition Considerations in Emergency Surgery
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associated with profound hypoalbuminemia 
[26, 28]. However, albumin’s ability to reliably 
reflect malnutrition has been called into ques-
tion, as examinations of marasmus (total calo-
rie malnutrition), severe anorexia nervosa, and 
controlled starvation studies find that serum 
albumin levels are generally maintained at 
near-normal despite significant energy deficits 
[26, 28–30]. Further, nutritional supplementa-
tion in ill patients does not reliably increase 
albumin levels, despite weight gain and positive 
nitrogen balance [31, 32].

Nevertheless, hypoalbuminemia, variably 
defined as serum albumin concentration <3.0–
3.5 mg/dL, has been shown to be a strong predic-
tor of surgical complications. A notable 1999 
analysis of greater than 54,000 patients from the 
Veterans Administration (VA) Surgical Risk 
Study database found that post-op mortality 
increased nearly exponentially with change in 
albumin concentration from 4.6 g/dL (<1% mor-
tality) to <2.1 g/dL (28% mortality) [33]. 
Hypoalbuminemia has been associated with 
anastomotic leak, surgical site infection, mortal-
ity, and length of stay in other studies [34–36]. A 
retrospective review of 1.7 million life insurance 
applicants further demonstrated a striking inverse 
correlation between serum albumin concentra-
tion and all-cause mortality [37].

As albumin is highly associated with post-op 
complications and mortality, yet not clearly asso-
ciated with nutritional status, another mediator 
must be at play. Recent literature indicates this 
mediator is most likely acute and chronic inflam-
mation. Elevation of inflammatory cytokines, 
particularly TNF-α, IL-1, and IL-6, results in 
reduced albumin synthesis [26, 27] and increased 
protein breakdown [26, 38]. Increased vascular 
permeability, which permits leak of albumin out 
of the intravascular space, is also implicated in 
the rapid decline in albumin concentration seen 
in sepsis or acute injury [26].

Thus, a low albumin level may still be consid-
ered an important marker of pre-operative surgi-
cal risk, but should be interpreted as an indicator 
of underlying systemic disease (and should 
prompt a search for the source of such an illness, 
if time and patient condition permit). However, 

albumin should not be relied upon as an indicator 
of nutritional status or as a marker of the need for 
nutrition therapy.

 Prealbumin

Prealbumin has also been held up as a marker of 
malnutrition, yet more recent data shows that this 
protein, like albumin, is a reliable marker of sys-
temic disease and a very poor indicator of nutri-
tional status.

Prealbumin is a protein synthesized mainly in 
the liver, but also in smaller amounts in the cho-
roid plexus and retina. It plays a role in the trans-
port of thyroxine as well as vitamin A (retinol), 
which explains its alternate name transthyretin 
(transports thyroxine and retinol) [39].

A 1972 Lancet paper initially correlated pre-
albumin with malnutrition in Kwashiorkor 
patients [40]. Whereas albumin turns over 
approximately every 20 days, prealbumin has a 
much shorter turnover time of just 2–3 days, 
which historically has made it attractive for 
monitoring the response to nutritional therapy 
[40]. Prealbumin is well known to drop rapidly 
in acute stress states [41], which may correlate 
with times of poor appetite and decreased nutri-
tional intake, furthering the myth of hepatic pro-
teins as nutritional markers. However, a 2015 
systematic review including more than 1000 
subjects by Lee and colleagues found that in the 
absence of systemic disease, caloric restriction 
(due to decreased access or psychiatric condi-
tions), prealbumin levels are preserved within 
the normal range (>20 mg/dL) until severe and 
obvious clinical starvation (e.g., BMI <12  kg/
m2) has occurred. Notably, average prealbumin 
remained normal even among 62 individuals 
with average BMI of 12.9 kg/m2 [30].

 Nitrogen Balance

Nitrogen balance, defined as the difference 
between nitrogen intake and nitrogen losses, 
quantifies the relationship between protein anab-
olism and catabolism. It is estimated as [42]:
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where nitrogen balance, dietary protein, urea 
nitrogen, and the constant “4” are in grams, and 
6.25 is the commonly accepted conversion factor 
for grams of protein per gram of nitrogen [43]. 
This assumes a constant 4 g of non-urinary nitro-
gen losses per day, although some studies find 
that GI and integumentary losses may be higher 
in acute illness, for example, in cases of diarrhea 
or burns [44]. Clearly, estimation of nitrogen bal-
ance by this method requires collection and labo-
ratory assessment of the urine over 24 h, as well 
as strict quantification of all protein consumed. 
Given these logistical challenges, it is uncom-
monly used in routine clinical practice outside of 
a research setting.

Adequate protein intake helps to protect 
against excessive tissue breakdown and loss of 
lean muscle mass, particularly when overall calo-
ries are also adequate [45, 46]. Unlike albumin 
and prealbumin levels, positive nitrogen balance 
appears to reliably correlate with increased 
 protein administration [47, 48], and provision of 
protein in excess of nitrogen losses has also been 
associated with increased protein synthesis 
(anabolism) [45]. Although large trials are lack-
ing, limited evidence supports a correlation 
between positive nitrogen balance and improved 
outcome in critical illness [49, 50]. Nitrogen bal-
ance however does not reliably reflect the ade-
quacy of non-protein calorie delivery [51].

Limitations to the use of nitrogen balance 
include patients with end-stage renal disease 
requiring dialysis, for whom nitrogen losses to 
the dialysate fluid must be quantified in addition 
to urinary measurements [52]. Further, for 
patients with an open abdomen (or those under-
going large-volume paracentesis for other rea-
sons) nitrogen losses via the abdominal fluid 
must also be considered. While the nitrogen con-
tent of this fluid may be measured directly, a rea-
sonable estimate is 2 g of nitrogen loss per liter of 
peritoneal fluid drained [53].

Thus, nitrogen balance is a reasonable metric 
of whether protein delivery is adequate to meet 

tissue turnover demands, but does not quantify 
the adequacy of non-protein calories, and its 
accurate calculation requires close attention to all 
sources of nitrogen input and output.

 How Much Nutrition (Energy) Do 
Patients Need?

Awareness of the nutritional requirements of sur-
gical patients is essential, because the provision 
of inadequate or excess calories can adversely 
affect outcome. Caloric needs may be ascertained 
through bedside measurements (e.g., indirect 
calorimetry), or through mathematical estima-
tions. Computational prediction of energy needs 
is challenging, however, as demands may vary 
considerably from individual to individual, and 
also change over time for any given patient based 
on physiologic condition and activity level. 
Numerous techniques and formulas have been 
proposed to predict caloric requirements [54]. 
Several of the best-studied are discussed below.

 Direct Calorimetry

Direct calorimetry is the measurement of heat 
emitted from a system, e.g., a device, animal, or 
human being. Animal calorimetry was first docu-
mented in eighteenth-century France, and 
involved placing a guinea pig in an ice-lined, 
snow-insulated box, and measuring the water 
accumulated from ice melt due to heat generated 
by the animal over a period of time. As a homeo-
static mammal will maintain a constant body tem-
perature, all energy processed by the animal is 
ultimately dissipated as heat. In these early exper-
iments, knowing the specific heat of water allowed 
calculation of the heat evolved. Further, the inves-
tigators also measured CO2 produced by the 
guinea pig, which permitted development of con-
version factors for how much heat was generated 
per mole of CO2 exhaled [55]. In the modern day, 

 
Nitrogen balance

Protein intake
h urine urea nitrogen= − +( )

6 25
24 4

.  
(36.2)
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whole-room calorimeters for measuring heat loss 
from humans have been constructed. Although it 
is equipment-intensive, direct calorimetry is con-
sidered the gold standard against which all other 
measures of metabolism are assessed [55].

 Indirect Calorimetry

Indirect calorimetry (IC) is the quantification of 
energy use (heat production) via the measure-
ment of O2 consumed and CO2 produced. This is 
enabled by these relationships having been quan-
tified via direct calorimetry studies. IC equip-
ment now exists in a bedside form, commonly 
called a “metabolic cart.” In using a metabolic 
cart, the patient is connected to the device via a 
tight-fitting face mask or via their existing 
mechanical ventilator circuit. Expired oxygen 
and carbon dioxide volumes are recorded until a 
steady state is reached [56]. The metabolic rate is 
then calculated as follows [56, 57]:

M V V= ⋅ + ⋅ − ⋅3 91 1 1 2 172 2. . .O CO UN  (36.3)

where M is the metabolic rate in kcal/min, and 
VO2 and VCO2 are the L/min of oxygen and car-
bon dioxide consumed and expired, respectively. 
UN is urinary nitrogen excretion in g/day, and 
helps to adjust the metabolic rate for the effects 
for protein metabolism [57]. The result can be 
multiplied by the number of minutes in 24 h 
(1440) to obtain the energy expenditure in the 
more familiar kcal/day.

Although significantly more accessible than 
direct calorimetry, indirect calorimetry remains 
somewhat equipment and time-intensive, and is 
not readily available at all centers. Given the lim-
itations of predictive formulas (discussed below), 
periodic use of IC to guide nutrition therapy in 
critically ill patients is recommended by both the 
European (ESPEN) and American (ASPEN) 
Societies for Parenteral and Enteral Nutrition 
[58, 59]. However, IC has not reliably been cor-
related with enhanced patient outcomes [59]. 
Significantly, IC does lay the groundwork for 
deriving predictive equations that non-invasively 
estimate caloric needs.

 Harris-Benedict Equations

The Harris-Benedict equations were originally 
published in 1918 after analysis of indirect calo-
rimetry data for 136 men and 100 women in good 
health and ranging in age from 21 to 70 years 
[60]. Measurements were done with subjects 
completely at rest to quantify a resting or “basal” 
energy expenditure. A later validation study with 
data from a small number of additional subjects 
suggested good accuracy [61]. The Harris- 
Benedict equations remain among the most 
widely used formulas for estimating resting 
energy expenditure, or basal metabolic rate 
(BMR), which is calculated as follows [60]:

For men:

BMR weight height

age

= + ⋅ + ⋅
− ⋅
66 5 13 6 5 00

6 76

. . .

.  (36.4)

For women:

BMR weight height

age

= + ⋅ + ⋅
− ⋅
655 9 56 1 85

4 68

. .

.  (36.5)

where BMR is in kilocalories (kcal)/day, weight 
is in kilograms (kg), height is in centimeters 
(cm), and age is in years.

As emergency general surgery patients gener-
ally face increased metabolic demand due to 
physiologic stress, in contrast to the state of com-
plete rest assumed in the Harris-Benedict calcu-
lations, multiplication by stress or activity factors 
is needed. The total daily caloric requirement is 
equal to the BMR multiplied by the relevant 
stress factor. Typically, stress factors range from 
1.2 to 1.7 depending upon the severity of illness 
[62].

Multiple studies have investigated the accu-
racy of stress factors for use with the Harris- 
Benedict equation, across a range of stressors 
including hospitalization, mechanical ventila-
tion, comorbidities, surgical procedures, and 
burns. Barak et al. [62] reviewed a heterogeneous 
group of >500 hospitalized patients who under-
went indirect calorimetry, and found that the 
average stress factor (measured energy expendi-
ture divided by the Harris-Benedict equation’s 
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predicted energy expenditure) across the cohort 
was 1.25. The subgroup of general surgery 
patients showed average stress factors of 1.2–1.4, 
and this was higher for burn patients at 1.5–1.6 
[62]. Notably, the investigators found that similar 
stress factors held true in the underweight and 
overweight populations, when actual body weight 
was used for calculation in the underweight 
group, and when an adjusted body weight con-
sisting of the “ideal” weight plus 50% of the dif-
ference between the actual and “ideal” weight 
was used in the overweight group.

Heterogeneity in appropriate stress factors 
has been found in the critically ill population. A 
2003 review 76 mechanically ventilated patients 
found that a stress factor of 1.6 produced energy 
expenditure estimates within 20% of that mea-
sured by indirect calorimetry in 80% of cases 
[63], yet a 2020 study of another critically ill 
cohort found a stress factor of only 1.25 to accu-
rately predicted energy expenditure to within 
35% of indirect calorimetry measurements [64]. 
It is likely that the variation in applicability of 
different stress factor stems from differences in 
the severity of illness in the underlying popula-
tions, which may be poorly quantified by blan-
ket labels such as “critically ill” or “surgical 
patients.”

 Mifflin-St Jeor Equations

Concerns about nutrition and obesity in America 
in the late twentieth century fueled further 
research seeking quantify human energy needs. 
Mifflin and colleagues performed indirect calo-
rimetry on 498 healthy adults, approximately 
evenly split between men and women, and also 
split between the “obese” and “non-obese” cate-
gories. In 1990, they published the following for-
mulas, which utilized the same input measures as 
the classic Harris-Benedict equations, but on 
average predicted slightly (50–100 kcal/day) 
lower energy needs [65]. The authors suggested 
the observed differences from Harris and 
Benedict’s work might be related, and an older 
and larger body-size cohort was used for their 
derivations.

For men:

BMR weight height

age

= ⋅ + ⋅
− ⋅ +
10 6 25

5 5

.
 (36.6)

For women:

BMR weight height

age

= ⋅ + ⋅
− ⋅ −
10 6 25

5 161

.

 (36.7)

where, again, BMR is in kcal/day, weight is in 
kg, height is in cm, and age is in years. As with 
Harris-Benedict, the Mifflin-St Jeor formulas 
predict only resting energy expenditure, and for 
stressed patients the actual daily caloric needs 
must be adjusted upward.

 Swinamer Equation

In 1990, Swinamer and colleagues sought to 
address the issue of predicting caloric needs 
accurately in the critically ill. They analyzed 
indirect calorimetry from 112 mechanically 
ventilated patients (a mixture of trauma and 
non- trauma patients, with a slight male predom-
inance), and arrived at a predictive formula 
based on body surface area, age, temperature, 
respiratory rate, and tidal volume. The equation, 
shown below, out-performed Harris-Benedict 
for estimating energy expenditure in this popu-
lation [63, 66]

EE BSA age temp

RR TV

= ⋅ − ⋅ + ⋅
+ ⋅ + ⋅ −
945 6 4 108

24 2 81 7 4349

.

. .  (36.8)

where EE is energy expenditure in kcal/day, BSA 
is body surface area is in m2, age is in years, temp 
is temperature in °C, RR is respiratory rate in 
breaths/min, and TV is tidal volume in L.

Several studies have explored the predictive 
accuracy of the Swinamer equation in mechani-
cally ventilated patients. In a study of critically 
ill patients with body mass index <30 kg/m2, 
MacDonald et al. found that the Swinamer equa-
tion predicted measured energy expenditure to 
within 10% of indirect calorimetry values in 
approximately half of cases, and to within 20% 
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of indirect calorimetry values 88% of the time 
[63]. A study of a mixed hospitalized population 
(ICU and non-ICU) found similar results, with 
the Swinamer equation predicting energy expen-
diture to within 10% of measured values in 45% 
of cases [67]. Further, a recent prospective 
observational study compared resting energy 
expenditure estimated by 15 different predictive 
equations against indirect calorimetry at differ-
ent phases of critical illness (acute ≤5 days, late 
6–10 days, and chronic ≥11 days). It was shown 
that the Swinamer equation was the most accu-
rate predictive equation during all three phases 
of ICU stay [64].

 Penn State and Modified Penn State 
Equations

The Penn State equation was developed to 
improve accuracy of energy expenditure predic-
tion in the critically ill. It was based on data from 
169 mixed-ICU patients, and first appeared in 
book form in 1998. The formula uses Harris- 
Benedict the BMR calculation as a starting point, 
then effectively computes the “stress factor” 
based on minute ventilation and body tempera-
ture [68, 69]:

EE BMR MVHB= ⋅ + ⋅
+ ⋅ −
1 1 32

140 5340

.

maxT  (36.9)

where EE is energy expenditure in kcal/day, 
BMRHB is basal metabolic rate as calculated by 
the Harris-Benedict equations, MV is minute 
ventilation in L, and Tmax is the maximum tem-
perature in °C observed over 24 h.

Of note, a 2003 update to the Penn State for-
mula recommended the use of actual rather than 
adjusted body weight, where adjust body weight 
is ideal body weight + 0.25 · (actual − ideal body 
weight), to avoid under-estimation of needs in 
larger-bodied patients [70].

Validation study showed up to 79% accuracy 
of the Penn State formula in predicting energy 
expenditure to within 10% of measured values in 
non-obese patients. However, accuracy was only 
to 61% in the small group of patients with BMI 

>30 [70]. The lower accuracy in the latter popu-
lation prompted creation of the modified Penn 
State formula, intended for patients over age 60 
with BMI >30 [71]:

EE BMR

MV
MSJ= ⋅ + ⋅

+ ⋅ −
0 71 85

64 3085

. maxT
 (36.10)

In this modification, BMR is calculated using 
actual body weight according to the Mifflin-St 
Jeor rather than Harris-Benedict equations, and 
the constants are also modified from the original 
Penn State formula.

Validation of this formula on a group of pre-
dominantly non-trauma surgical patients, all of 
the target population (age >60, BMI >30), 
showed 70% accuracy in predicting energy 
expenditure to within 10% of measured.

 Which Formula to Use?

Despite decades of study, systematic reviews 
find that each of these formulas may over or 
underestimate the caloric requirement by 200 to 
>500 kcal/day [54]. In critically ill patients, 
predictive equations accurately predict energy 
expenditure to within 10% of direct calorimetry 
measurements only half of the time [72]. 
American Society for Parenteral and Enteral 
Nutrition (ASPEN) guidelines state that no for-
mula clearly outperforms the others, even in 
critically ill patients. Further, daily recalcula-
tion of energy needs based on fever curve and 
ventilator parameters may be cumbersome, par-
ticularly when it is unclear if the added preci-
sion improves outcomes. For every day use 
outside of a research setting, a simplistic weight-
based formula is easy to apply and provides a 
clinically acceptable estimation of energy 
expenditure [59]:

 
EE kcal kg day= 20 30− / /  (36.11)

where the higher end of the calorie range 
should be used for patients under greater physio-
logic stress.
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 Estimating Protein Needs

Adequate protein is a key driver of response to 
nutritional intervention (see below: Permissive 
Underfeeding). Protein intake requirements to 
prevent catabolism can be estimated by calculat-
ing the nitrogen losses, as described in the previ-
ous section. Much like total calories, however a 
simple weight-based, stress-adjusted formula 
remains the standard for day-to-day estimation of 
protein requirements [59]:

Protein required g kg day=1 2. / /−  (36.12)

where the higher end of the protein range should 
be used for patients under greater physiologic 
stress.

 The Role of Permissive Underfeeding

The premise of permissive underfeeding, or pro-
viding fewer calories than required based on the 
methods of estimation detailed above, has its 
roots in several beliefs. First, hyperglycemia, 
which is known to be associated with infectious 
complications, may be exacerbated by feeding 
during acute illness and its associated increased 
insulin resistance—leading some to conclude 
feeding should be curtailed [73]. Second, autoph-
agy, the autodigestion of stressed or  dysfunctional 
cells and proteins, may be an important part of 
the immune response in the early phase of illness, 
and may be suppressed by the provision of nutri-
ents [73].

Recent trials have compared early underfeed-
ing to “standard” nutritional therapy in mixed 
ICU populations. Several studies that initially 
showed benefit were limited by the confounding 
factor that adequate protein (>1  g/kg/day) was 
delivered only in the hypocaloric group [74, 75]. 
A large-scale multicenter RCT published in 
2015, the PermiT Trial [76], compared hypocalo-
ric (40–60% of estimated caloric needs) to stan-
dard nutrition (70–100% of estimated needs) 
over 14 days, while maintaining 1.2–1.5 g/kg/day 
of protein administration in both groups. This 
revealed no significant difference in the primary 

endpoint of 90-day mortality, and no difference 
in infectious complications or length of stay. 
However, significantly less hyperglycemia and 
lower insulin requirements were observed in the 
hypocaloric group. A post-hoc analysis of the 
study comparing subgroups of high and low 
nutritional risk also showed no difference in mor-
tality in the hypocaloric vs standard feeding 
groups [77].

The available evidence suggests that adequate 
protein is a key driver of outcome in response to 
nutritional interventions, and that as long as ade-
quate protein administration is preserved, patients 
tolerate a short-term caloric deficit quite well. 
Further study is needed to determine the optimal 
timing and quantity of feeding, particularly in the 
critically ill.

 Risk of Overfeeding

Although adequate nutrition is well-established 
to be beneficial, provision of calories in excess of 
metabolic demands has been associated with sig-
nificant complications. These include hypergly-
cemia, hepatic steatosis, hypertriglyceridemia, 
and hypercapnia [78]. Hyperglycemia is readily 
mitigated with strict insulin protocols. Hepatic 
steatosis however, which has been reproduced in 
animal models of overfeeding [79, 80], is associ-
ated with potentially severe long-term complica-
tions including cirrhosis, liver failure, and 
hepatocellular carcinoma [81].

Hypercapnia may result from excessive carbo-
hydrate or total calorie administration. As both 
the carbon content and the metabolic pathways 
for carbohydrates, fats, and proteins vary, their 
metabolism yields differing amounts of CO2 pro-
duction. This is described by the respiratory quo-
tient, defined as the molar quantity of CO2 
evolved per mole of O2 used. The respiratory 
quotient for pure carbohydrate metabolism is 1.0, 
whereas for protein and fat it is 0.8 and 0.7 
respectively [82]. A respiratory quotient of >1.0 
suggests overfeeding of carbohydrates or overall 
calories. Further, the bulk of CO2 produced must 
be cleared through the respiratory system. Thus, 
greater CO2 production mandates a higher minute 
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ventilation to maintain homeostasis. In critically 
ill patients, this may result in difficulty with lib-
erating from the ventilator.

 Choice of Nutritional Route

In emergency surgery patients, enteral nutrition is 
always preferable to parenteral nutrition due to the 
documented significant morbidity and mortality 
risk associated with parenteral nutrition [83–85]. 
Despite the significant risk of morbidity and mor-
tality with parenteral nutrition, the most recent 
advances in the management of surgical patients 
have significantly mitigated the risk. Multiple stud-
ies have shown that there was no significant 
increase in the risk of morbidity and mortality with 
parenteral nutrition compared to enteral nutrition 
[86, 87]. An issue with relying solely on enteral 
nutrition is that, due to a partly functional gastroin-
testinal tract or side effects associated with enteral 
feedings, it is difficult to attain caloric targets in 
emergency general surgery patients. European 
guidelines recommend early initiation of parenteral 
nutrition to minimize nutritional deficits, while 
North American guidelines favor hypocaloric 
enteral nutrition for up to 1 week in patients with a 
good nutritional baseline before considering TPN 
[59, 88]. Also, there is an increasing trend of using 
parenteral nutrition as a supplement to, rather than 
 replacement for enteral nutrition. However, the 
results are non-uniform across the literature and 
this remains the topic of debate [89–93].

 Enteral

Enteral nutrition is the provision of nutrients via 
the GI tract. This is preferable to parenteral nutri-
tion, in the presence of functioning bowel. Enteral 
nutrition promotes the maintenance of an intact 
brush border and intercellular tight junctions, 
which helps to minimize bacterial translocation, 
reduces the risk of infection, and stimulates gut 
motility. Enteral feeding has been consistently 
associated with fewer infections, reduced cost, 
earlier gut function, and reduced length of stay 
when compared to parenteral nutrition [94].

 Oral Nutrition
Oral nutrition is the natural choice for patients 
who are awake with a functioning GI tract and 
adequate swallowing mechanics. A key advan-
tage of oral nutrition is that it requires no instru-
mentation of the patient, and therefore risks such 
as enteral tube malposition or venous catheter 
infection are not incurred. Eating by mouth 
allows self-regulation of intake based on normal 
thirst, hunger, and fullness cues, and simply 
being allowed to eat provides a sense of both sat-
isfaction and normalcy to most individuals.

 Non-oral Enteral Nutrition
Non-oral enteral feeds may be needed for patients 
who are intubated or otherwise have impaired 
swallowing mechanics, or who require bypass of 
non-functioning portions of the GI tract. Feeds 
are delivered by tube, most commonly to the 
stomach or post-pyloric small intestine; either the 
duodenum or jejunum may be reached. A discus-
sion of long-term feeding access options, e.g., 
trans-abdominal gastric and jejunal tubes, is out-
side the scope of this chapter, and we will focus 
instead on short-term, naso-enteral, and oro- 
enteral feeding equipment.

Gastric vs Post-pyloric Feeding
Debates over the relative safety of gastric versus 
post-pyloric feedings are longstanding, with pro-
ponents of post-pyloric feedings arguing that the 
more distal location should logically reduce 
regurgitation, aspiration and events, and associ-
ated pneumonia. However, this has not been 
borne out by evidence. A 2003 systematic review 
[95] found no difference in rates of pneumonia, 
mortality, or calorie delivery between critically 
ill patients fed by the gastric versus post-pyloric 
route. Further, gastric residual volume (GRV, the 
volume of gastric contents that can be suctioned 
back out of the stomach for measurement after a 
period of feeding) appears to be a poor marker 
for risk of aspiration or feeding complications 
[96]. Montejo and colleagues found that allowing 
a residual volume of up to 500 mL vs the more 
traditional 200 mL was not associated with any 
increase in pneumonia, ICU length of stay, or GI 
complications. The higher GRV tolerance was 
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associated with a reduced need for supplemental 
TPN [96]. Further, a multicenter randomized 
controlled trial in France found no increase in 
ventilator-associated pneumonia when gastric 
residual volumes were simply not checked at all, 
and that patients without GRV checks were more 
likely to reach their caloric intake goals [97]. 
Overall, checking and limiting nutrition delivery 
based on gastric residual volume appears to do 
more harm than good, and should not be part of 
routine care [98]. Additionally, the stomach, 
unlike the small intestine, can tolerate bolus feed-
ing. This may be particularly helpful for volume- 
based feeding protocols in which periods of 
“missed” tube feeding are delivered later at 
higher rates or bolus volumes to prevent accumu-
lation of a significant caloric deficit [99].

Gastric vs Post-pyloric Feeding: Equipment
The gastric vs post-pyloric routes differ in the 
type of equipment required and the ease tube of 
placement. Nasogastric (NG), or in sedated 
patient orogastric, tubes are readily placed into 
the stomach without imaging guidance. 
Placement can be confirmed by auscultating for 
air insufflation over the left upper quadrant and 
by aspiration of gastric-appearing contents. 
Depending on institutional policy and level of 
clinical concern, an X-ray may also be obtained 
to ensure the tube tip is below the diaphragm. A 
Salem-sump type tube is a common choice, as its 
larger bore facilitates the administration of 
crushed medications as well as feeds, while the 
air intake port combined with tube size allows 
suctioning of the stomach if decompression is 
needed (Fig.  36.2). Common sizes are 12–16 
French.

Reaching the duodenum or jejunum, by con-
trast, often requires a longer tube that takes 
advantage of gut motility. The Dobhoff tube 
(Fig. 36.3) is thin (commonly 8–10 French) and 
flexible with a weighted metal tip, intended to 
help the GI tract mobilize it into the small intes-
tine by peristalsis. The Tiger Tube (Cook 
Medical) is another option which has cilia-like 
projections that help it to be propelled by peri-
stalsis. An X-ray or other imaging study is needed 
to confirm post-pyloric tube location. The fact 

that these tubes may take some time to pass 
beyond the stomach helps to explain why post- 
pyloric feeding has been associated with a delay 
in initiating enteral nutrition [95]. Bedside tech-
nology to help with post-pyloric tube placement, 
either with video-transmitting tube tips or elec-
tromagnetic guidance systems, is used in some 
institutions to improve speed and accuracy of 
post-pyloric tube placement.

Complications of Feeding Tubes
All feeding tubes have the potential to cause 
complications. Intrapulmonary placement can 
occur due to the passage of the tube down the 
trachea rather than the esophagus. If not promptly 

Fig. 36.2  Salem Sump NG tube: Note the multiple side 
holes, as well as the blue vent (air intake lumen), which 
allows air to be pulled through the system to reduce 
clogging

Fig. 36.3  Dobhoff post-pyloric feeding tube: Note the 
small caliber for patient comfort and the single feeding 
lumen
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recognized, this can result in bronchial perfora-
tion with pneumothorax or bronchopleural fis-
tula, as well as intrathoracic or intrapulmonary 
administration of tube feeds, any of which may 
prove fatal [100, 101]. Life-threatening nasopha-
ryngeal and pulmonary hemorrhages as a result 
of nasoenteral tube placement have also been 
observed [102]. Clinical signs of correct GI tract 
placement such as absence of coughing are not 
highly reliable, especially in an obtunded patient 
[103]. Given this, the use of an objective confir-
matory test to improve patient safety is advisable. 
Options include capnography, in which absence 
of CO2 detection confirms a non-pulmonary tube 
location, use of video-tipped tubes which allow 
visual confirmation GI mucosa rather than tra-
cheal rings, and X-ray protocols such as that 
originally described by Roubenoff and Ravich 
[103, 104]. In this protocol, a tube is inserted 
only to 30 cm and a chest X-ray is taken. If this 
X-ray shows the tube in the midline of the thorax 
below the level of the carina (rather than tracking 
out along the right or left mainstem bronchus), 
then the tube is assumed to be intra-esophageal 
and is advanced to the desired depth at which 
point a second confirmatory X-ray can be taken. 
Otherwise, the tube is withdrawn and the process 
is restarted [104].

 Parenteral

Parenteral nutrition (PN) is the provision of nutri-
ents directly into the bloodstream, rather than via 
the GI tract. Developed in its modern form in the 
1960s [105], it is potentially life-saving when the 
GI tract is non-functional.

Total parenteral nutrition (TPN) refers to 
meeting all nutrient requirements by vein, 
whereas partial parenteral nutrition (PPN) 
implies the intravenous nutrition is supplemen-
tary to another source of intake. Peripheral paren-
teral nutrition should be limited to <900 mOsm/L 
to prevent phlebitis [106]. Thus, central venous 
administration, where higher osmolarity is toler-
ated, is required to meet daily caloric needs with-
out exceeding a patient’s fluid needs by 
several-fold [105, 106].

 PN Indications
With modern enhanced recovery after surgery 
(ERAS) pathways, indications for perioperative 
PN are highly selective, as most patients, includ-
ing those undergoing GI surgery, can generally 
resume an oral diet within 1–3 days of operation 
[107]. Notable exceptions are surgical diseases in 
which GI continuity cannot be immediately 
restored, e.g., due to intestinal ischemia or high 
output intestinal fistula, or when there is persis-
tent obstruction or prolonged post-op ileus.

In these cases, the baseline nutritional assess-
ment and the expected time to regaining GI func-
tion should guide the timing of PN. ASPEN and 
ESPEN recommend that patients who are well- 
nourished before surgery should have PN started 
if they are unable to meet their needs enterally by 
7–10 days post-op, and those with baseline mal-
nutrition should be considered for earlier PN 
[108, 109].

 PN Complications
The recommended delays in PN initiation when 
EN is not an option are intended to balance the 
risks of PN delivery against the risks of prolonged 
malnutrition. Central venous catheterization for 
infusion carries risks of vessel injury, thrombosis, 
and bloodstream infection. These risks can be 
mitigated through ultrasound-guided catheter 
placement and line insertion bundles that promote 
sterility. After line insertion, catheter site care and 
infusion set maintenance are critical to prolonging 
the infection-free life of the line [110].

Hyperglycemia is another potential PN com-
plication, and is associated with both underlying 
physiologic stress and also with higher glucose 
infusion rates [111]. Avoidance of hyperglycemia 
exceeding 180 mg/dL has become a perioperative 
quality metric, as elevated blood glucose is asso-
ciated with increased infections and longer length 
of stay [112]. PN-associated hyperglycemia can 
be mitigated by limiting the dextrose load to 
<150–200 g/day, and making use of subcutane-
ous or intravenous insulin protocols to treat 
hyperglycemia when it occurs [111].

Liver dysfunction may also occur with 
PN. Bypassing the alimentary tract is associated 
with cholestasis, oxidative stress, hepatocyte dys-
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function, and liver fibrosis [113, 114]. The exact 
mechanisms for this are still being elucidated, but 
PN administration and the absence of gut stimu-
lation result in disruption of the enterohepatic 
circulation triggering a number of hormonal, 
microbiome, and visceral hemodynamic changes 
which may contribute to the liver injury [115].

 What Are the Barriers to Providing 
Enteral Nutrition in Emergency 
Surgery Patients?

There are multiple potential barriers to providing 
nutrition to emergency surgery patients, as sum-
marized in Table 36.2 and discussed below.

 Physiologic Barriers

 Ileus
Paralytic ileus is a condition of disorganized or 
absent gut peristalsis that impairs normal move-
ment of substrates through the GI tract. Although 
the mechanisms are not fully understood, ileus 
appears to arise from reactions to surgical stress 
and in particular to handling of the bowel. Initial 
surgical stress triggers an adrenergic response, 
which results in acute, intraoperative inhibition 
of peristalsis. This is further driven by neurohu-
moral signaling pathways via hypothalamic and 
pontine-medullary nuclei, promoting inhibitory 
vagal and sympathetic outflow to splanchnic and 
mesenteric nerves [116]. However, the more pro-
longed and clinically significant inhibition of GI 
function, lasting hours to days, appears to be an 
immune-mediated inflammatory response. 
Research shows that peritoneal mast cells become 
activated with manipulation of the bowel, and 
this in turn activates intestinal wall macrophages. 
A signaling cascade is initiated with the release 
of cytokines and chemokines, and an influx of 
leukocytes to the affected area occurs. This alone 
has been shown to reduce GI muscle reactivity to 
a stimulus in-vitro. It is thought that this inflam-
matory response further triggers neural inhibition 
of motility at both the location of the insult and 
also remote areas of the intestine [116].

Table 36.2  Common barriers to enteral feeding in emer-
gency surgery patients

Barriers to feeding
Approaches to mitigation of 
barriers

NPO after 
midnight

NPO after midnight was never 
an evidence-based 
recommendation; it was largely 
a convenience for staff
Current evidence and ASA 
guidelines support
   –  NPO from clears for 2 h 

pre-op
   –  NPO from solid foods for 

6–8 h pre-op
Ileus Ongoing ileus precludes enteral 

feeding
The following may reduce ileus 
occurrence and duration
   –  Avoid volume overload 

and bowel wall edema
   – Opiate-sparing analgesia
   – Early mobilization
   –  Early PO intake as soon as 

the patient is not nauseated
   –  NG only if vomiting or 

significant distention occur
Obstruction Ongoing obstruction precludes 

enteral feeding
Perform early assessment for 
resolution, by symptoms and/or 
water-soluble contrast study
If obstruction persists, pursue 
early surgical correction of the 
obstruction (within 72 h of 
presentation)

Pancreatitis The historical concern that 
enteral feeds may worsen the 
pancreatitis has been largely 
debunked
Enteral feeding (versus 
parenteral nutrition) decreases 
infectious complications in 
pancreatitis
With severe inflammation, 
duodenal obstruction may occur; 
passage of a distal feeding tube 
may allow enteral feeding to 
continue

Enteroatmospheric 
fistula

Adequate pouching and skin 
protection systems are a 
prerequisite for enteral nutrition
With good skin protection, most 
patients can be partially or fully 
supported with enteral nutrition
Localization of the fistula within 
the GI tract can facilitate feeding 
of the longest intact segment

(continued)
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Table 36.2 (continued)

Barriers to feeding
Approaches to mitigation of 
barriers

Hemodynamic 
instability

Tube-feed induced intestinal 
ischemia is extremely rare
Even for patients on pressors, 
enteral feeding has been shown 
to enhance intestinal blood flow
Feeding should be attempted in 
most patients on stable or 
decreasing doses of vasopressors
Hemodynamic thresholds 
beyond which enteral feeding 
should be avoided have not been 
defined

Perceived 
intolerance due to 
elevated gastric 
residual volume

Monitoring gastric residual 
volumes (GRV) and withholding 
feeds for elevated GRV have not 
been shown to reduce 
pneumonia
Withholding feeds based on 
GRV alone may prevent patients 
from meeting their enteral 
nutrition goals without benefit. 
There is no need to monitor 
GRV routinely

Sentiment that 
nutrition is not as 
important as the 
patient’s other 
active problems

Adequate nutrition is critical to 
homeostasis and recovery from 
stress
Daily checklists and involvement 
of dieticians may both help to 
ensure feeding is not forgotten
Providing nutrition is a relatively 
easy way to improve patient 
outcome—it is an opportunity 
that should not be overlooked

Ileus may occur from non-mechanical physi-
ologic disruptions as well, such as critical illness, 
opiate administration, and non-GI surgery. 
Ogilvie’s syndrome, also known as acute colonic 
pseudo-obstruction, is one well-known form of 
this.

Lack of gut motility effectively precludes ade-
quate enteral intake, and attempts to eat will usu-
ally result in nausea, bloating, and emesis. Thus, 
the prevention and treatment of post-operative 
ileus has been the subject of much investigation. 
Enhanced Recovery After Surgery (ERAS) pro-
grams have shown significant promise in reduc-
ing ileus duration, through a multi-modal strategy 
of judicious IV fluid administration which may 
decrease bowel wall edema, narcotic-sparing 
pain regimens to minimize the anti-motility com-

plications of opiates, early oral intake, and early 
mobilization [117]. Typical post-op ileus is 
thought to last about 24 h for small intestine, 1–2 
days for the stomach, and 1–3 days for the colon. 
However, the widespread success of ERAS pro-
grams suggests that most patients can self- 
regulate, and that allowing oral intake as long as 
the patient is not nauseated results in faster recov-
ery than does withholding oral intake until more 
objective measures of GI function such as flatus 
or a bowel movement occur [118]. When ileus 
does occur, supportive care and reversal of any 
underlying physiologic derangements are the 
mainstays of treatment. In cases of vomiting, 
placement of a nasogastric tube should be consid-
ered to reduce the likelihood of aspiration. 
Depending on the patient’s pre-operative nutri-
tional status, parenteral nutrition support may be 
needed if the ileus last longer than 5–7 days.

 Obstruction
Bowel obstruction is a common condition man-
aged by general surgeons. Obstructions involving 
a closed loop or bowel ischemia require urgent 
surgical management as discussed elsewhere in 
this text. Excluding these surgical emergencies, 
the key to bowel obstructions from a nutritional 
standpoint is to differentiate those that will be 
self-resolving from those that will not, and for 
the latter category, to operate within 48–72 h, 
before the patient becomes significantly nutri-
tionally compromised. A water-soluble contrast 
challenge is helpful in making this distinction. 
Multiple institutional protocols exist, but in 
essence oral contrast is administered by mouth or 
by NG tube, and its progress is followed with 
serial abdominal radiographs every 4–8 h until 
24 h after contrast consumption. Visualization of 
contrast in the colon by 24 h has shown specific-
ity of up to 98% for resolution of the obstruction 
non-operatively [119]. Patients that fail to pass 
contrast through to the colon in this time frame 
should be strongly considered for operative 
management.

A special form of complete obstruction that 
may occur in emergency surgery patients is GI 
tract discontinuity. The benefits of damage con-
trol surgery for critically ill patients have been 
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recognized in recent years [120, 121], and 
accordingly patients may undergo resection of 
one or more segments of intestine, but remain too 
unstable for GI continuity to be re-established at 
the initial operation. Questionable viability of 
bowel, as may occur with mesenteric ischemia, 
may also render anastomosis at the index opera-
tion unsafe. Thus, patients may transition to the 
ICU with their GI tract blind-ending at one or 
more points, and an open abdomen, for ongoing 
resuscitation. It is important that all parties caring 
for these patients are aware of the GI  discontinuity, 
and that enteral feeds are not given. NG or OG 
decompression should be continued to reduce 
distention and the risk of perforation. As with 
other forms of obstruction, relieving the “block-
age” by re-establishing GI continuity (via anasto-
mosis or ostomy formation) should be done as 
soon as possible, and enteral feeds can be consid-
ered thereafter.

 Pancreatitis
Concerns about pancreatic exocrine stimulation, 
and therefore worsening pancreatic inflammation, 
historically limited the use of enteral nutrition in 
pancreatitis. More recent literature, however, has 
shown this to be unfounded. A 2008 systematic 
review showed significantly reduced mortality 
with any (enteral or parenteral) nutritional support 
vs no nutrition in pancreatitis. Further, the same 
review found a 60% reduction in infectious com-
plications with the use of enteral versus parental 
nutrition, with no statistically significant mortal-
ity difference [122]. The decrease in infections 
may be mediated by enhanced gut mucosal immu-
nity with enteral nutrition, as well as avoidance of 
infections associated with the central venous 
access required for parenteral nutrition.

Gastric feeding has been shown to be safe in 
pancreatitis [122], and there is no need for rou-
tine post-pyloric feeding. However, severe peri-
pancreatic inflammation may result in mechanical 
duodenal obstruction and therefore intolerance to 
oral and gastric feeding. In such cases, continua-
tion of enteral nutrition can be achieved by pas-
sage of small bore tube beyond the area of 
obstruction, in conjunction with nasogastric 
decompression.

 Enteroatmospheric Fistula
Enteroatmospheric (or enterocutaneous) fistulae 
present a complex set of problems requiring mul-
tidisciplinary management, and adequacy of 
nutritional support is one of the key drivers of a 
good outcome [123]. Fistulas are routinely classi-
fied as high (>500 mL/day) or low (<500 mL/
day) output. Low output fistulas are easier to man-
age in terms of pouching and skin protection, and 
their lesser fluid and electrolyte losses are better 
tolerated by patients. Output quantity depends 
largely on fistula location within the GI tract, type 
and quantity of enteral intake, and response to 
pharmacologic measures such as octreotide and 
antidiarrheals. While most patients with enteroat-
mospheric (EA) fistula require a period of paren-
teral nutrition early in their course, adequate 
resuscitation, infectious source control, mapping 
of fistula anatomy, and functioning wound man-
agement systems allow the majority of patients to 
be transitioned partially or fully to EN [123, 124]. 
With eating, fistula effluent tends to increase 
somewhat, so adequate skin protection and atten-
tion to electrolyte and volume status are crucial.

Means to localize the fistula within the GI 
tract include assessment of output quality, fistulo-
grams, small bowel fluoroscopy, and CT scan. 
Defining the anatomy facilitates the utilization of 
the longest intact segment for EN. This may be 
achieved through an oral diet, or via tube access 
to the distal fistula limb for infusion of feeds. 
Re-feeding of proximal effluent into the distal 
limb is also an option, and may be particularly 
helpful in mitigating dehydration and electrolyte 
derangements if the output is high, or in support-
ing a patient in an environment where PN is not 
an option [123].

 Hemodynamic Instability
Hemodynamically unstable patients supported 
with vasopressors may present a conundrum, 
given concerns that feeding will increase GI tract 
oxygen demand and potentially precipitate bowel 
ischemia, particularly when other end-organ per-
fusion is already compromised. Bowel ischemia 
as a result of enteral nutrition is extremely rare, 
with large case series placing the incidence at 
around 0.2% for gastric feeds, and 0.3–3.8% for 
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small bowel feeds [125]. EN has been shown to 
actually increase intestinal blood flow, even in 
most hemodynamically unstable patients [125, 
126]. In a large, propensity-matched retrospec-
tive review of patients requiring vasopressor sup-
port, early (within 48 h of intubation) initiation of 
EN was associated with significantly lower ICU 
mortality (22.5% vs 28.3%) than delayed EN, 
and the benefit was more pronounced in the 
 sickest patients requiring multiple pressors [126]. 
Despite numerous investigations [127], the ques-
tion of how much pressor is “too much” to safely 
initiate enteral feeds remains unanswered. 
Further, the question of safety for EN is likely 
more nuanced than defining a single dose num-
ber, and depends on patient comorbidities, under-
lying disease process, and the adequacy of 
volume resuscitation. 2016 ASPEN guidelines 
recommend delaying EN until patients are well- 
resuscitated and on a stable or decreasing dose of 
vasopressors [59]. If clear signs of intolerance 
such as significant bloating, pain, or emesis 
occur, the feeds will need to be stopped until 
symptoms subside.

 Damage Control Laparotomy 
and the Open Abdomen
The concept of damage control laparotomy origi-
nated in trauma, but its use has expanded to the 
emergency general surgery population. Its princi-
ples are immediate control of hemorrhage and 
contamination, with delay of definitive reconstruc-
tions until the patient’s physiology is stabilized by 
further resuscitation and time. The duration of the 
index operation is minimized, to avoid unneces-
sary blood loss and hypothermia and their down-
stream effects. This generally results in leaving the 
abdomen open with a temporary dressing, and 
returning to the OR in 24–48 h for a repeat opera-
tion for definitive management [121].

Despite instinctive concerns about feeding 
patients with an open abdomen, the indications 
and contraindications for enteral nutrition should 
be no different from those for other surgical 
patients. Acute GI discontinuity, as discussed 
above, is a contraindication to feeding, and the 
proximal segment should remain decompressed 
with NG or OG suction. Hemodynamic instabil-
ity may be present in patients requiring damage 

control surgery, and high-dose pressors are an 
indication for caution around enteral feeds as pre-
viously discussed. Baring these concerns, the 
bulk of evidence shows that providing enteral 
nutrition to patients with an open abdomen is 
safe, and may even decrease infectious complica-
tions [128–130]. In open-abdomen patients with 
sepsis and enterocutaneous fistulae, enteral feeds 
are associated with improved rates of abdominal 
closure and decreased mortality [131].

 Cultural and Logistical Barriers

 The Dogma of “NPO After Midnight”
The notion of “nil per os” or NPO after midnight 
prior to surgery (regardless of the time of day of 
the procedure) had been a standard from the 
1960s until quite recently [132], and is still the 
default in many hospital order sets. In acute sur-
gical patients who may require serial operations, 
procedures, and episodes of sedation or general 
anesthesia, however, adherence to this tradition 
can result in accrual of a significant calorie deficit 
[133]. Further, substantial evidence supports the 
safety of the intake of solid foods until 6–8 h 
prior to anesthesia, and of clear liquids until just 
2 h prior [134–140]. Indeed, since the early 
2000s, this has been the guideline recommenda-
tion of the American Society of Anesthesiologists 
(ASA) for patients undergoing elective surgery 
[141, 142]. Further, a carbohydrate drink shortly 
before surgery is an established component of 
many ERAS protocols [143].

There are multiple ways to mitigate practices of 
excessive perioperative fasting. In outpatients with 
planned surgery, ASA guideline-based instruc-
tions are usually given. For hospitalized patients 
well enough for oral intake, orders may simply be 
changed to permit eating and drinking until closer 
to the procedure. This would be facilitated by 
graded pre-operative diet orders, allowing provid-
ers to specify the expected procedure time, and the 
associated times for ceasing solid and liquid intake 
accordingly. However, such order sets are not 
widely in use, so “NPO after midnight” may 
become a convenient but unfortunate default. In 
the critically ill and tube-fed population, volume-
based feeding protocols have shown significant 
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promise. The essence of these protocols is that a 
target volume of feeding formula is determined for 
an entire 24 h period, and the hourly rate is then 
adjusted dynamically to deliver that target volume 
despite potential interruptions. This results in 
meeting a greater  percentage of caloric needs, 
without observed ill effects [99, 100, 144, 145].

Many centers treat intubated or post- 
pylorically fed patients differently in terms of 
anesthetic aspiration risk, and may feed up to and 
even through surgery [146–149]. However, no 
national guideline or consensus yet exits on 
which patients, with which types of feeding tubes 
and airways in place, may routinely forgo any 
preoperative fast.

 Nutrition Is “Less Important” Than 
Other Issues in the Acutely Ill Patient
For the reasons outlined earlier in this chapter, 
nutrition plays a major role in healing and patient 
outcomes. As such, steps should be taken to 
ensure nutrition is not overlooked among the mul-
titude of other issues that may need to be 
addressed. Daily checklists that include nutrition, 
and team-based rounding involving dietitians are 
both helpful.

 How Do I Calculate TPN?

In the inpatient setting, TPN prescriptions are 
often calculated by a dedicated nutrition support 
team. However, the core concepts for prescribing 
TPN should be familiar to providers. TPN is 
composed of a combination of the three macro-
nutrients—carbohydrates (dextrose), fat (gener-
ally as a soy bean or olive oil emulsion), and 
protein (delivered as an amino acid emulsion), 
plus electrolyte, trace mineral additives, and 
enough fluid to dilute the components and meet 
volume needs. A safe and appropriate adult TPN 
prescription can be arrived at using the following 
steps [109, 150]. A 70 kg patient with moderately 
severe illness is used as an example.

 1. Calculate non-nitrogen energy needs as 20–30 
kcal/kg/day. Higher energy requirements are 

appropriate for those with baseline malnutri-
tion or severe systemic illness. Ex:

70 kg × 25 kcal/kg/day = 1750 kcal/day

 2. Divide the non-nitrogen energy requirement 
between carbohydrate (dextrose) and fat, to 
calculate the number of dextrose and lipid 
grams needed in 24 h. Either a 70/30 or 60/40 
dextrose/lipid split is acceptable. Dextrose con-
tains 3.4 kcal/g, and lipid contains 9 kcal/g. Ex:

• 
Dextrose : .

.
1750 0 7

1

3 4
kcal

g

kcal
× ×

= 360 g dextrose

• 
Lipid : .1750 0 3

1

9
kcal

g

kcal
× ×

= 58 g lipid

 3. Calculate the protein requirements as 1–2.5 g/
kg/day. Patients with more severe illness and 
stress requiring more protein. Ex:

70 kg × 1.5 g/day = 105 g protein
 4. Utilizing standard electrolyte and trace min-

eral additives is reasonable, unless there is a 
known deficiency or excess. Twenty-four- 
hour requirements include sodium and potas-
sium (1–2 mEq/kg), calcium (10–15 mEq), 
magnesium (8–20 mEq), phosphorus (20–40 
mmol), and chloride or acetate as needed to 
electrically balance the cations. Trace miner-
als may include B vitamins, folic acid, biotin, 
and vitamins C, A, D, E, and K. Many order 
sets have these additives pre-populated, but 
they may be changed as needed.

 5. Calculate the minimum fluid volume needed to 
deliver the nutrients. The exact minimum is dic-
tated by the concentrations of the off-the- shelf 
components used. Dextrose is usually provided 
as D50 (0.5  g/mL), whereas amino acids are 
generally provided as a 10–15% solution (0.1–
0.15 g/mL). Lipids are commonly provided as a 
20% solution, or 0.2 g/mL. Therefore:

• Dextrose :
.

360
1

0 5
720g

mL

g
mL× =
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• Lipid :
.

58
1

0 2
290g

mL

g
mL× =

• Protein :
.

105
1

0 15
700g

mL

g
mL× =

• Total minimum volume: 720 mL + 290 mL 
+ 700 mL = 1710 mL

 6. Calculate the TPN rate in mL/h from the total 
volume. Ex:

1710 mL ÷ 24 h = 71.25 mL/h
Additional volume may always be added, 

depending on the patient’s fluid needs. In this 
case, we may wish to simply round the hourly 
rate to 75 mL/h, for a total daily volume of 
1800 mL.

 7. Combine the above into a single TPN pre-
scription. Ex:

360  g dextrose, 58 g lipid, 105 g protein 
with standard additives in a total volume of 
1800 mL, to be run at 75 mL/h over 24 h.

 Micronutrients 
and Immunonutrition

 Micronutrients

Whereas macronutrients include the major cate-
gories of energy-containing molecules—carbo-
hydrates, fats, and proteins—the term 
micronutrients refers to the trace minerals and 
vitamins that are required to maintain normal cel-
lular function. Complete tables of estimated daily 
needs of such nutrients are widely available 
[151]. Here, we will discuss several that are par-
ticularly critical to wound healing and recovery 
in surgical patients.

 Vitamin C
Vitamin C is a necessary cofactor for the hydrox-
ylation of proline during collagen synthesis. 
Thus, it plays a critical function in wound heal-
ing, and its deficiency results in the soft tissue 
disorder scurvy [152]. Vitamin C acts in numer-
ous other metabolic pathways, with mounting 
evidence demonstrating its role as an antioxidant 

for free radical scavenging, a cofactor for cate-
cholamine and steroid synthesis, and a factor 
which improves endothelial barrier function and 
leukocyte phagocytosis [153]. Supra-physiologic 
Vitamin C supplementation (e.g., 50–200 mg/kg 
IV/day, as opposed to the USDA recommended 
daily value of 75–90 mg/day for adults [151]) is 
an area of active investigation, with animal mod-
els suggesting benefit in reducing fluid resuscita-
tion needs in burn injury and reducing end-organ 
dysfunction in hemorrhagic shock. Small-scale 
human studies have also shown promise for 
improved outcomes in sepsis [154, 155]. Vitamin 
C deficiency should be avoided in the emergency 
general surgery population, although in those 
without a clinical deficiency, the optimal dose 
and indication for vitamin C supplementation is 
still unknown.

 Vitamin A
Vitamin A also has diverse physiologic roles, 
including in fetal development, growth and cell 
differentiation, vision and immune function, in 
addition to its crucial in wound healing [156]. 
Vitamin A promotes collagen cross-linking, 
and also increases the robustness of the inflam-
matory phase of wound healing by accentuating 
chemotaxis of phagocytes [152]. Of particular 
significance for surgical patients, high-dose 
vitamin A largely reverses the inhibitory effects 
of steroids on wound healing [152, 156]. For 
mitigation of steroid effects, administration of 
15,000–20,000 international units of vitamin A 
orally for 2–3 weeks has been recommended 
[157].

 Zinc
Zinc is a mineral needed in small amounts (8–10 
mg/day) which acts in numerous pathways 
including phagocyte function, keratinocyte 
migration, and wound auto-debridement via 
zinc-dependent matrix metal-loproteases [152, 
158]. It has gained particular attention for its role 
in wound healing. True zinc deficiency can be 
challenging to diagnose, as serum levels fluctuate 
with meals and circadian rhythm, and blood lev-
els may also be maintained in a normal range 
despite tissue deficiencies [159]. Clinical signs of 
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deficiency include anorexia, diarrhea, ataxia, hair 
loss, dermatitis, depression, and delayed wound 
healing [158]. Zinc is primarily absorbed in the 
duodenum and proximal jejunum, and thus may 
be deficient in patients who have undergone 
removal or bypass of these regions of the GI tract. 
Studies of oral zinc supplementation, in the 
absence of overt deficiency, have failed to consis-
tently demonstrate any benefit to wound healing 
[158, 159].

Topical zinc preparations, however, including 
in Unna boots for venous stasis ulcers and zinc 
oxide creams, are frequently used for chronic 
wounds and have repeatedly shown benefit in 
reducing time to wound closure. The antimicro-
bial properties of topical zinc may contribute to 
this benefit [158].

 Selenium
Although less rigorously investigated to date than 
the above nutrients, selenium has a plausible role 
in tissue healing via its antioxidant effects. 
Animal studies have suggested a benefit to wound 
healing with selenium supplementation [160, 
161], and a small human randomized controlled 
trial of parenteral supplementation of selenium 
combined with zinc and copper found benefit in 
time to wound closure and reduction of infections 
[162].

 Immunonutrition

Immunonutrition can be defined as the targeted 
supplementation of specific nutrients in greater 
than normal dietary quantities, with the goal of 
improving immune system function and clinical 
outcomes. This may occur at the level of gut 
mucosal barrier function, cellular defense, or the 
local and systemic inflammatory response [163]. 
Although the micronutrients discussed above 
each may play a regulatory role in the immune 
response, several amino acids and fatty acids 
have been specifically investigated for their 
immune-modulating properties in recent decades. 
Below we provide a brief overview of these key 
nutrients, followed by a discussion of the 
evidence.

 Glutamine
Glutamine is a conditionally essential amino acid 
during physiologic stress [164]. It serves as a key 
source of fuel for rapidly dividing cells, includ-
ing enterocytes and leukocytes. This has contrib-
uted to enthusiasm for its supplementation in 
critical illness, when the catabolic stress response 
may deplete glutamine stores, resulting in a 
weakened immunocyte response and impaired 
gut mucosal barrier function [165].

 Arginine
Arginine is another conditionally essential amino 
acid during stress. It is required for proline for-
mation for collagen synthesis, as well as normal 
B-cell, T-cell, and macrophage function. It can be 
metabolized to nitric oxide to mediate blood flow 
and vascular tone. It also plays a role in meta-
bolic homeostasis by stimulating the release of 
growth hormone, glucagon, and insulin [164].

 Omega-3 Polyunsaturated Fatty Acids
Omega-3 polyunsaturated fatty acids, particu-
larly eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA), have anti-inflammatory 
properties. Adequate intake of omega-3s may 
suppress the production of the more inflamma-
tory omega-6 fatty acid arachidonic acid, which 
is the precursor for multiple immune mediators 
including prostaglandins, leukotrienes, and 
thromboxanes [164]. Increasing omega-3 levels 
can shift the ratio of omega-3 to omega-6 fatty 
acids in cell membranes toward omega-3, thereby 
reducing cell responsiveness to pro-inflammatory 
stimuli. Omega-3s have also been shown to mod-
ulate leukocyte adhesion and chemotaxis through 
the down-regulation of E-selectin and other inter-
cellular adhesion molecules [59, 165, 166]. 
Omega-3 intake may also synergistically improve 
arginine availability, through increased delivery 
and decreased degradation [164]. Limited evi-
dence suggests adults require 2 g/day of omega-3 
fatty acids to realize these immune benefits [166].

 Nucleotides
Nucleotides, the building blocks of DNA and 
RNA, are also considered conditionally essential 
in times of rapid cell proliferation [165]. In par-
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ticular, inadequate intake of nucleotides has been 
shown to impair the function of T-cells and natural 
killer cells, reduce gut mucosal integrity, and sup-
press lymphocyte proliferation [163]. While there 
are normal dietary sources of nucleotides [167], 
these compounds are generally lacking in standard 
tube feed formulas [164], which has led to a mar-
ket for nucleotide-supplemented formulations.

 Evidence for Immunonutrition
A key limitation in interpreting the literature on 
immunonutrition is the significant heterogeneity 
of trials, both in terms of study population and 
also in terms of the varied doses and combina-
tions of nutrients utilized. Data to clearly delin-
eate the effects and therapeutic dose of individual 
nutrients remains lacking [164, 165]. 
Nevertheless, individual studies and meta- 
analyses have consistently suggested a benefit to 
immunonutrition in infection reduction for elec-
tive and emergency surgery patients, SICU popu-
lations, and those with significant trauma or 
burns [59]. These benefits were found in studies 
examining combination supplementation with 
omega-3 fatty acids and arginine [168–170], and 
the effects were more pronounced when supple-
mentation was started pre-operatively [170]. No 
reductions in mortality were seen, however. 
ASPEN/SCCM 2016 guidelines support the use 
of fatty-acid and arginine supplemented formulas 
for SICU and post-operative patients requiring 
enteral nutrition support [59]. Routine glutamine 
supplementation is no longer recommended due 
to a lack of clear benefit [59, 165], and no immu-
nonutrition is routinely recommended for mixed 
ICU or MICU populations [59].

 Summary

Adequate nutrient intake is key to maintaining 
homeostasis and allowing optimal recovery from 
surgical stress. Assessment of baseline nutritional 
status and ongoing protein and energy needs 
facilitates adequate feeding. However, it is impor-
tant to note that historically relied-upon hepatic 
proteins may reflect systemic inflammation more 
than nutritional state.

Despite the many potential barriers to feeding 
in emergency general surgery patients, current 
evidence supports the safety and superiority of 
early post-operative enteral feeding, unless there 
are clear contraindications such as GI discontinu-
ity. Parenteral nutrition can be used when enteral 
feeding is not possible. Adequate protein intake 
is key, and patients tolerate a total calorie deficit 
with adequate protein much better than a com-
bined protein-calorie deficit. Supplementation of 
specific micronutrients or “immunonutrients” 
may improve wound healing and reduce infec-
tions, particularly in high-risk populations.

In summary, when in doubt—consider feeding 
the patient.
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Case Example
Mr. S was a 78-year-old man who was 
brought to the emergency room by his son 
for complaints of abdominal pain and 
altered mental status over the past 24 h. He 
lived at home with his son who helped him 
buy groceries and manage his finances, but 
he was independent for the rest of his daily 
activities. He had been hospitalized twice 
in the past 6  months for exacerbations of 
chronic medical problems and had lost 15 
pounds over that time which his son attrib-
uted to the patient’s disinterest in eating 
and poor appetite. On exam he was tachy-
cardic with focal peritonitis. CT scan was 
notable for pneumatosis in the right colon 
and portal venous gas. Labs revealed a leu-
kocytosis and mild lactic acidosis. The 
Acute Care Surgery team recommended 
exploration with possible bowel resection 
and had a lengthy discussion with the 

patient and his son about the operation. 
They also discussed what non-operative 
management would entail and the implica-
tions of poor outcomes after either decision 
to operate or not. After this discussion, the 
patient was taken to the OR.

On exploration, the surgeons discovered 
an ischemia extending from the cecum to 
the mid-transverse colon. There was a pal-
pable pulse in the root of the mesentery 
although there had been no evidence on CT 
scan of arterial or venous occlusion. The 
surgeons performed an extended right col-
ectomy with end ileostomy. When the 
patient aroused from anesthesia, his menta-
tion was clearer than prior and the son 
reported he was back to his baseline men-
tally. The patient initially recovered without 
incident but acutely developed delirium on 
post-operative day 4. Work-up revealed 
pneumonia, presumably from aspiration. 
With antibiotic treatment, the patient slowly 
recovered, but remained severely debili-
tated and required nursing home placement 
at the conclusion of his hospitalization.

Over the next month, the patient was 
readmitted several times with dehydration 
from excessive ileostomy output that 
resulted in acute kidney injury as well as 
recurrent pneumonia. He continued to lose 
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 Introduction

Older patients like Mr. S pose particular chal-
lenges for the Acute Care Surgeon. Evaluating 
and caring for these patients requires the surgeon 
to be familiar with the various age-related condi-
tions that impact their tolerance of the physiologic 
strain of an operation and post-operative compli-
cations. Moreover, making decisions about 
whether to operate and how to manage serious 
complications requires the surgeon to understand 
the patient’s goals and how these goals can best be 
achieved. This chapter will review the complexi-
ties of the perioperative management of older 
patients along with the palliative care skills neces-
sary to ensure challenging treatment decisions are 
congruent with patients’ goals.

 Frailty and Geriatric Syndromes

Surgeons face many challenges providing care 
for older patients. Many conditions that can com-
plicate recovery from surgery (such as malig-

nancy, cardiovascular disease, and chronic organ 
failure) increase in incidence and severity with 
increasing age. Moreover, older patients suffer 
from multi-system, overlapping geriatric syn-
dromes that impact their outcomes from surgery 
and make perioperative management more 
complex.

Frailty is a syndrome of increased vulnerabil-
ity to physiologic stressors resulting from age- 
related depletion of reserve across multiple 
organ systems [1, 2]. Frail patients have high 
risk of serious or fatal illness even after minor 
inciting events such as infections or low-energy 
trauma. Frail patients also often have high levels 
of debility and comorbidities. Frail surgical 
patients are high-risk operative patients, regard-
less of the intensity of the procedure [3]. They 
suffer higher rates of post-operative complica-
tions along with more failure to rescue when 
complications occur, leading to higher post-
operative mortality when compared to non-frail 
cohorts [4]. Moreover, frail patients and those 
with pre-existing debility are at high risk for 
post-operative decreases in functional status and 
independence, both of outcomes patients consis-
tently rate as very important [5].

Age is also a risk factor for delirium, an acute 
form of brain dysfunction marked by waxing and 
waning level of consciousness. Older adults have 
higher rates of several risk factors for delirium 
including higher rates of underlying cognitive 
dysfunction or dementia, more use of delirio-
genic medications, and higher rates of visual and 
auditory deficits that make unfamiliar environ-
ments more disorienting. Delirium can be the 
presenting symptom for a range of non- neurologic 
disorders in the elderly, from minor conditions 
such as uncomplicated urinary tract infection to 
major life-threatening conditions such as sepsis. 
Hospitalized patients who suffer delirium have 
higher mortality rates than non-delirious patients, 
and delirium is also a risk factor for subsequent 
cognitive dysfunction [6, 7].

Older patients also often have high risk for 
falls due to more difficulties with balance, greater 
loss of strength, lower visual acuity, more ortho-
stasis, and more confusion related to delirium 
and/or dementia. Moreover, osteoporosis, use of 

weight over this period and was not regain-
ing strength despite maximal efforts to 
improve his nutrition and functioning. He 
was very discouraged by his frequent read-
missions and inability to return home. 
During one of his readmissions, the pallia-
tive care team was consulted to discuss his 
goals of care. After a family meeting 
involving the patient, his son, the palliative 
care physicians, and the surgeon, it became 
clear that the patient’s primary goal was to 
return home, and he was unwilling to con-
tinue life-prolonging measures he felt were 
burdensome, which included inpatient 
admissions. In conjunction with his pri-
mary care physician, the palliative care 
team helped him enroll in hospice, which 
provided care for him at home. He lived at 
home for 2 months before developing 
pneumonia and dying.
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antithrombotic or anticoagulant medications, and 
overall frailty place seniors who do fall at higher 
risk of serious injury from intracranial hemor-
rhage and fractures.

Dysphagia is also increasingly recognized as a 
geriatric syndrome [8]. The complex neuro- 
motor mechanisms required for effective swal-
lowing slow with aging, resulting in difficulty 
swallowing for a significant number of people as 
they age. Additionally, weakness related to sarco-
penia, impaired cognition, and deteriorating den-
tition can all contribute to dysphagia and are all 
more common as we age. Dysphagia places older 
adults at higher risk of malnutrition and 
aspiration.

Finally, older patients tend to take more medi-
cation, and polypharmacy may be an independent 
driver of poor outcomes. In both general medical 
and surgical populations, polypharmacy is associ-
ated with increased risk of mortality. It is not clear 
to what degree polypharmacy is simply a proxy 
for the underlying risk factor of multimorbidity 
vs. an independent causal factor in poor outcomes 
[9]. Nevertheless, many drugs are risk factors for 
geriatric syndromes and post- operative complica-
tions: psychoactive medications increase the risk 
of delirium and falls, anti- hypertensives increase 
risk of falls from orthostasis, and anti-platelet and 
anti-coagulant medications increase bleeding risk 
both from surgery and low-energy trauma such as 
falls from standing.

 Management of the Older EGS 
Patient

 Preoperative

The American College of Surgeons and the 
American Geriatrics Association have developed 
a checklist of preoperative evaluations that 
should be completed for older patients [10]. 
Recommendations include screening for frailty, 
cognitive impairment, impaired functional status 
and falls, cardiac and pulmonary risk factors, 
depression, alcohol and substance dependence, 
and nutritional status. It is rarely feasible to per-
form formal screening for these conditions in the 

emergency setting, but focused attention to these 
issues while taking the history can alert the sur-
geon to the particular vulnerabilities of the 
patient. Cognitive status can be especially chal-
lenging to evaluate because older surgical 
patients are also more vulnerable to delirium as 
they present with an acute surgical problem. 
Without corroboration from those who know the 
patient, it can be impossible to determine to what 
extent the patient with altered mental status is 
suffering from delirium vs. chronic cognitive 
dysfunction and dementia. Finding an informant 
of the patient’s baseline mental status, such as 
family, friends, or staff at a long-term living 
facility, is highly desirable as the surgeon formu-
lates the treatment plan.

Ideally, the treatment plan is developed 
through a process of shared decision making 
between the surgeon and the patient or the 
patient’s surrogate if the patient lacks capacity. 
This shared decision-making process can be con-
ceptualized as comprising four steps: (1) provid-
ing information on the acute surgical condition in 
the context of the patient’s overall health status; 
(2) presenting the viable treatment options and 
their likely outcomes; (3) eliciting patient prefer-
ences and values; and (4) helping decide the 
course of treatment most congruent with the 
patient’s preferences and values [11].

The first step, presenting information on the 
acute surgical condition in the context of the 
patient’s overall health status, can be challenging 
for an acute care surgeon who has never met the 
patient before and may not be an expert in the 
patient’s other disease processes. However, most 
chronic, life-threatening illnesses follow one of 
three trajectories that are fairly easy to recognize. 
The first pattern is typical of cancer, where 
patients typically maintain a very high or normal 
level of functioning for most of the disease course 
and then suffer a fairly rapid (weeks to months) 
decline to death. The second pattern occurs in 
chronic organ failure (e.g., chronic obstructive 
pulmonary disease, chronic heart failure, cirrho-
sis) which cause the patient to suffer acute exac-
erbations with recovery to baseline, at least 
initially. As the disease progresses, exacerbations 
become more frequent and severe, and recovery 
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does not reach the pre-exacerbation baseline until 
an exacerbation eventually ends the patient’s life. 
Finally, frailty and dementia tend to follow a tra-
jectory of insidious but nearly continuous decline 
in function until the patient experiences a stressor 
from which they cannot recover. Questions about 
changes in functional status over the past 
6 months, weight loss, and frequency of hospital-
izations can give the surgeon an idea of where the 
patient currently sits on these trajectories and the 
likelihood that addressing the acute surgical 
problem will alter the patient’s long-term course.

Once the surgeon and the patient/surrogate 
have a shared understanding of how the acute 
surgical problem fits into the patient’s overall ill-
ness trajectory, the surgeon can discuss the vari-
ous treatment options and their likely outcomes. 
One particularly helpful method for this discus-
sion is the best case/worst case paradigm [12]. In 
this method, the surgeon lays out the viable 
options for treatment (usually operative vs. non- 
operative management). For each option the sur-
geon describes what the best reasonable outcome 
would look like from the patient’s perspective, 
what the worst outcome would look like, and 
where in between these two extremes the surgeon 
thinks the patient is most likely to end up if that 
treatment option is chosen. This method helps the 
surgeon present information about the treatment 
options that patients can readily understand.

The next aspect of the shared decision-making 
model is for the surgeon to elicit patient prefer-
ences. The goal for this step is for the surgeon to 
learn enough about the patient’s values and pref-
erences to make informed recommendations 
about which treatment option best fits the 
patient’s values. Asking open-ended questions 
about who and what are important to the patient 
are helpful ways of getting this information. 
Alternatively asking what the patient would be 
unwilling to live without (e.g., the ability to do a 
hobby, independence in activities of daily living, 
ability to live at home, ability to interact with 
loved ones) can also help the patient articulate 
preferences. After this discussion, the patient (or 
surrogate) should have enough information about 
the medical facts and the surgeon should have 
enough information about the patient’s values 

that together they can agree on the treatment plan 
that fits the patient best.

As the treatment plan is being developed and 
implemented, several other pieces of information 
can be helpful for further care. Determining the 
patient’s preferences regarding code status, who 
the patient’s preferred surrogate is, and whether 
the patient has any advance care planning docu-
mentation should occur as soon as possible. It is 
also especially helpful to probe for evidence of 
pre-existing mild cognitive dysfunction, history 
of falls, difficulty swallowing, and urinary or 
fecal incontinence in addition to typical informa-
tion in the past medical history.

 Intraoperative

The acute care surgeon must remain aware of 
several issues while operating on the older 
patient. As mentioned above, resuscitation of the 
older patient is challenging, and frequent com-
munication between the operative and anesthesia 
teams is critical to keeping the patient stable. 
There are also operative choices that age-related 
patient factors influence. If the operation involves 
disrupting colonic continuity, careful consider-
ation of reconstruction is warranted. An anasto-
motic leak will be harder for an older frailer 
patient to tolerate than for a younger patient. A 
colostomy is more likely to be permanent in an 
older patient, but if the patient has problems with 
fecal incontinence or immobility at baseline, a 
permanent colostomy can be advantageous and 
improve quality of life. If a diverting ileostomy is 
considered, thought should be given to the 
patient’s ability to tolerate high output, especially 
if the patient has compromised cardiovascular or 
renal function. In performing major abdominal 
surgery on an older patient, the surgeon should 
also consider intraoperative placement of enteral 
access. A history of dysphagia or dementia or 
anticipation of prolonged endotracheal intuba-
tion should prompt the surgeon to consider plac-
ing either a nasoenteric tube or a feeding 
gastrostomy or jejunostomy depending on their 
best estimate of whether post-operative dyspha-
gia may be temporary or long lasting.
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 Post-operative

In addition to the routine issues faced by all 
patients as they recover from an emergent opera-
tion, older patients face issues related to the geri-
atric syndromes discussed earlier in the chapter. 
Due to the frequent convergence of several pre-
disposing factors, older post-operative patients 
often have high risk of delirium. There is no 
proven pharmacologic agent to prevent or treat 
delirium, so management focuses on minimizing 
or eliminating precipitating factors. The mne-
monic “DR. DRE” can provide a framework for 
thinking about ameliorating these precipitating 
factors. First is “Disease Remediation,” which 
involves searching for an underlying medical 
cause of delirium, which in the post-operative 
patient is often a complication. Delirium can be 
the first sign of a complication, and it should trig-
ger a search for physical signs and laboratory evi-
dence of an underlying complication. Disease 
remediation also includes treating distressing 
symptoms, such as pain, which can also be pre-
cipitating factors for delirium.

While the work-up for potential complications 
is ongoing, the surgeon should also attend to the 
next steps of delirium management, “Drug 
Removal” and the “Environment.” The patient’s 
current medication list should be scrutinized for 
any deliriogenic medications whose doses could 
be reduced or eliminated. The surgeon should 
also attend to the possibility of withdrawal from 
alcohol or medications as causing the delirium. 
Finally, any steps that could normalize the 
patient’s relationship to their environment should 
be taken, including removing unnecessary 
indwelling devices (such as bladder catheters or 
nasogastric tubes), minimizing monitoring 
alarms and other interruptions of the patient’s 
sleep, and ensuring that the patient has ready 
access to any needed sensory aids, such as glasses 
or hearing aids.

The older post-operative patient may also be 
at high risk for falling. Mobilizing after an opera-
tion is crucial for regaining function as quickly as 
possible and speeding recovery. Nevertheless, 
care must be taken so that ambulation can be 
accomplished safely. Most fall prevention efforts 

focus on arranging the physical layout of the 
patient’s room to minimize hazards for falling 
and on ensuring adequate assistance from staff 
when the patient is out of bed. The physician 
team can help prevent falls by attention to medi-
cal issues that make patients more susceptible to 
falling. Delirium increases the risk for falling, so 
prompt recognition of delirium and modification 
of precipitating factors can help reduce fall risk. 
Similarly, orthostasis can predispose older 
patients to falling, especially in the post- operative 
context when fluid shifts are occurring. Patients 
on home anti-hypertensive regimens warrant spe-
cial attention in this regard.

The post-operative environment also increases 
the risk of dysphagia and aspiration for older 
patients. Rates of post-operative aspiration 
increase rapidly with increasing age [13]. In 
addition to underlying difficulties swallowing, 
additional risk factors include the intra-operative 
or post-operative placement of devices across the 
oropharynx (such as endotracheal tubes, naso-
gastric tubes, and transesophageal echocardio-
gram probes) as well as post-operative ileus. 
Patients at risk for aspiration should have precau-
tions in place that include elevation of the head of 
the bed especially during and after eating and 
consultation with a speech therapist to recom-
mend the safest consistency diet.

 Surgical Outcomes

Frail older patients bear significant burdens of 
morbidity and mortality after emergent opera-
tions. One study in the veteran population found 
that frail patients experience a 6-month post- 
operative mortality of 23% after even moderate 
intensity emergent operations, such as laparo-
scopic cholecystectomy [14]. In addition to mor-
tality, these frail patients suffer significant 
morbidity post-operatively. One study found that 
in the year after emergency general surgery, frail 
older patients had more hospital encounters and 
spent over a month less time at home than non- 
frail patients [15]. Screening patients for frailty 
in the emergent setting can be difficult, but 
increasing evidence shows psoas muscle volume 
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on CT scan provides a proxy for frailty and simi-
larly predicts poor post-operative outcomes [16]. 
Automated evaluation for sarcopenia on axial 
imaging may in the future provide surgeons a 
valuable clinical tool for identifying at risk emer-
gent surgical patients.

Older surgical patients can also suffer reduc-
tions in their functional status after surgery. 
Maintaining physical and cognitive functioning 
is frequently valued more highly than survival 
among older patients undergoing treatment for a 
chronic illness [17]. Thus, post-operative loss of 
functional independence can negatively impact 
quality of life for many older patients. 
Unfortunately, post-operative declines in func-
tional status are common among older patients. 
One study found that patients 80 and older had 
declines in functional status at 30  days post- 
operatively in about 20% of cases. Of those with 
functional decline, over half were no longer able 
to live at home [5].

These stark results make proper pre-operative 
counseling essential for older patients with emer-
gent surgical conditions. The risks of morbidity, 
mortality, and loss of independence may not 
change the patient’s decision to undergo a poten-
tially life-saving operation, but these risks may 
inform decision making in the event of a compli-
cation that renders full recovery unlikely.

 Palliative Care

Although many clinicians practice palliative care 
principles within their own practice, palliative 
care (PC) as a unique specialty is relatively new. 
PC grew out of the hospice movement almost 
25 years ago and became a recognized subspe-
cialty in medicine in 2012. The Center to Advance 
Palliative care defines palliative care as “special-
ized medical care for people living with a serious 
illness.” This type of care is focused on providing 
relief from the symptoms and stress of a serious 
illness. PC improves quality of life for both the 
patient and the family” [18]. PC programs have 
grown dramatically over the last decade across 
the nation and are accessible in some form in 
most large acute care hospitals. Dumanovsky 

et al. reported in 2016 that 96% of hospitals with 
300 beds or more have a palliative care program 
[19].

 Primary Palliative Care vs. Specialty 
Palliative Care

Palliative care is classified into primary palliative 
care (PPC) and specialty palliative care (SPC). 
PPC is the clinical knowledge and skill set that all 
health care providers be versed in when caring 
for patients faced with a serious illness. In con-
trast, SPC is provided by clinicians with special-
ized training in PC. As a result of their additional 
training, SPC clinicians are able to meet the more 
complex and difficult needs of the patients and 
families requiring specialty care [20, 21].

Acute Care Surgeons may provide either PPC 
or SPC [20]. This will depend on many factors 
including time, training, and comfort level. There 
is a growing recognition and emphasis that all 
surgeons master the basic PC skills [22–24]. As a 
result, current surgical house staff receive more 
formal training on PC topics [24]. There remain 
no clearly identified triggers for referral to SPC 
for patients cared for by EGS.  Despite the 
American College Surgeons’ recommendation 
that PC be integrated into the care of all surgical 
patients with poor prognosis, referral to SPC in 
this population remains underutilized [25, 26].

 Goals of Care

Older adults undergoing emergent surgical pro-
cedures are at high risk of complications. 
Navigating patient expectations in the context of 
the medical reality can be challenging [27]. 
Suboptimal communication can lead to treatment 
without benefit [28]. PC teams excel in commu-
nication and can be a valuable partner to the EGS 
in order to provide goal concordant care [29, 30]. 
Goals of care (GOC) conversations are the cor-
nerstone in providing quality care. Stanek 
describes GOC as “desired health expectations 
that are formulated through the thoughtful inter-
action between a human being seeking medical 

M. Karlekar and M. C. Shinall Jr



537

care and the healthcare team in the healthcare 
system and are appropriate, agreed on, docu-
mented and communicated.” She adds that the 
“development of clear goals of care can increase 
patient satisfaction and quality of care while 
decreasing costs, hospital length of stay and hos-
pital readmission” [31].

 Shared Decision Making

All older adults undergoing emergent surgical 
procedures should undergo a GOC conversation 
[32]. In most of these cases, a shared decision- 
making approach is the preferred model [28]. A 
shared decision approach by definition assumes 
that the patient and healthcare provider together 
develop a common understanding and plan of 
care based on a patient’s goals [33, 34]. The 
patient under the guidance of their healthcare pro-
vider will select the treatment choice that best fits 
his or her values [35]. A shared decision- making 
approach can empower the surgeon to effectively 
communicate and offer only those procedures that 
are helpful and not offer futile procedures [35]. It 
is important to note however that some patients 
facing surgical emergencies may not have any 
treatment options. In these cases, the prognosis 
may be grim, and death is certain. In these cases, 
it is the EGS’s responsibility to clearly communi-
cate prognosis and plan of care [27].

 A Framework to Navigate GOC 
Conversations

There exist many approaches to explore a 
patient’s GOC; there is no single correct frame-
work. Most effective methods are predicated on 
“sharing prognostic information, eliciting 
decision- making preferences, understanding 
fears and goals, exploring views on trade-offs 
and impaired function, and wishes for family 
involvement [36].” REMAP a mnemonic coined 
by Vitaltalks™ has been utilized in the cancer 
population, is an easy to use framework that can 
easily be applied in the emergency surgery popu-
lation (see Table 37.1) [37].

Step 1: Involves reframing the condition from 
the patient’s perspective and exploring the 
patient’s understanding of his or her condi-
tion. The reframe allows the individual 
patient to put their illness in the context of 
the big picture. This can be overwhelming 
for the patient, as it can trigger a patient to 
rethink their personal goals knowing what he 
or she had hoped for may no longer be pos-
sible [38].

Step 2: Is to expect emotion. This is often a con-
sequence of step one, once a patient has under-
stood the bigger picture. In this step it is 
important to respond to the emotion. The 
response could be empathetic listening, a 
statement acknowledging how difficult this 
must be or even an invitation to continue 
talking.

Table 37.1 Examples of clinician statements to guide 
conversations regarding goals of care

REMAP Physician statement
Reframe “You’ve worked very hard with all the 

treatments over the years, and I hear that 
now you’re feeling more tired and it’s 
harder for you to do the things you enjoy. 
I’m seeing that you’re in a different place 
now. Further treatments may be too hard 
on you.”

Emotion “What worries you most about this?” “It’s 
understandable that you would feel sad 
when thinking about these things.” “This is 
hard to talk about.” “It is OK to talk about 
what this all means for the future?”

Map “Tell me about some of the things you 
enjoy doing.” “What’s most important to 
you given that time is limited?”

Align “From what I’m hearing from you, the 
most important thing for you is to have 
time at home, sitting on the porch with 
your family. You feel like at this point 
you’ve spent too much time in the hospital, 
and you wouldn’t want to come back if it 
could only extend your life a few days or 
week.”

Propose 
a plan

“Given what you’ve told me, I’d propose 
that we do everything to help you spent 
time at home with your family. I don’t 
think more cancer treatment is likely to 
help with that. I think getting hospice 
involved would help you do what you want 
to do with the time you have. What do you 
think?”
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Step 3: The physician will map out the patients’ 
values using open-ended questions. This is a 
dynamic conversation where the physician 
and patient dialogue about the patient’s values 
and ultimately the physician helps the patient 
prioritize which values are most important.

Step 4: The physician repeats back their under-
standing of the patient’s values to the patient 
and describes what this would look like in the 
medical context of the patient’s illness, in 
other words align the plan of care with 
patient’s values.

Step 5: The physician recommends a medical 
plan of care that is both medically feasible and 
likely to successfully achieve a patients’ pri-
oritized goals and values [37].

 Advance Care Planning

Sudore and colleagues defines advance care plan-
ning as a “process that supports adults at any age 
or stage of health in understanding and sharing 
their personal values, life goals, and preferences 
regarding future medical care.” She goes on to 
state that “the goal of advance care planning is to 
help ensure that people receive medical care that 
is consistent with their values, goals and prefer-
ences during serious and chronic illness, and for 
many people, this process may include choosing 
and preparing another trusted person or persons to 
make medical decisions in the event the person 
can no longer make his or her own decisions 
[39].” Advance care planning has many benefits to 
the patient, healthcare team and healthcare sys-
tem. Benefits include a “decrease in life- sustaining 
treatments, reduction in inappropriate hospitaliza-
tions, increased use of hospice and palliative care 
services,” decreased patient and family distress 
and decreased cost of inpatient care [40–43].

There are many barriers to the successful 
completion and implementation of advance care 
directives [44]. Advance care directives can vary 
from state to state and are often subject to clini-
cian interpretation. The selection of advance care 
directive may vary depending on the patient’s 
capacity to make medical decisions. It is impor-
tant for the clinician to both understand and use 
the appropriate directive depending on clinical 

setting. Some directives are appropriate only in 
the outpatient setting, while others applicable in 
the hospitalized patient. Finally, all completed 
directives should be reviewed for accuracy. 
Unfortunately, a great many directives are 
deemed invalid as are filled out incorrectly [45].

 Advance Care Directives

There are three major directives, the living will 
(LW), healthcare power of attorney (HPOA), and 
“informal statue or preferences [42].” The living 
will is a legal document that takes effect in the 
future. Here, the individual patient describes in a 
legal written document his or her preferences on 
treatments and or quality of life at the end of life. 
In order to complete a living will, the patient 
must have the capacity to make complex medical 
decisions as determined by their healthcare pro-
vider. There are many different types of living 
wills. Individual documents vary from state to 
state. Not all states honor a directive completed 
in a different state, so it is important to be famil-
iar with the standards of care at one’s own institu-
tion and state.

The HPOA is the individual legally named by 
the patient to make decisions on his or her behalf. 
The HPOA may make decisions on a patient’s 
behalf only if the individual patient lacks capac-
ity to make his or her own decisions. Healthcare 
providers should counsel their patients when 
selecting a HPOA to pick someone who is rea-
sonably available, shows care and compassion 
and is willing and able to make decisions based 
on the patient’s own preferences using substi-
tuted judgment [46]. Finally, informal prefer-
ences or statues or are either written or verbal 
statements made by the patient to their friends, 
family or healthcare providers that describe their 
healthcare preferences [42].

 Resuscitation Orders

In the acute care setting, it is assumed that all 
patients want an attempt at cardio-pulmonary 
resuscitation even if this is not accurate. Any 
patient who declines cardio-pulmonary resuscita-
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tion should have a code status order or do not 
resuscitate orders (DNR) placed. It is important 
to distinguish the fact that resuscitation orders 
speak only to whether a patient will have resusci-
tative care attempted in the event of a cardiac 
arrest. These orders do not speak to patient’s 
broader treatment preferences and or desires on 
quality of life. For example, it is perfectly appro-
priate for a patient with a DNR order to transition 
care to the intensive care unit for vasopressors 
and escalation of care, as long as it is consistent 
with a patient’s goals of care.

In the community setting, resuscitation orders 
are reflected in an out-of-hospital DNR order or 
order for life-sustaining treatment. The names of 
these documents vary from state to state (physi-
cian order for scope of treatment, medical order 
for life-sustaining treatment…) and not all states 
have these documents codified into law [44]. It is 
important for clinicians to become familiar with 
their local state’s practices.

 Family Meetings

PC specialists often refer to the family meeting 
(FM) as the procedure that defines this specialty 
[47]. FM should be thought of as any clinical pro-
cedure, with clear indications, aims and a clear 
stepwise process to follow when executing [48, 
49]. Indications for FM include to assess a 
patient/family’s understanding of an illness or 
injury, discuss prognosis, review treatment 
options, elicit GOC, and facilitate end of life 
planning [50–52].

FM can benefit both the patient/family and the 
clinical team. FM encourages more patient 
involvement and “may provide additional and 
valued opportunities for patients and families to 
express mutual concerns, deliver messages of 
comfort and appreciation, and prepare for death 
[53].” Clinicians can better connect with their 
patients and family members through compas-
sionate communication [54].

Timing of family meetings varies depending 
on the situation and acuity of illness. Because 
FM generally are thought to improve communi-
cation, they can be helpful when communicating 
a new serious diagnosis, a change in condition/

functional status, and in complex medical condi-
tions and transitions to end of life care [50, 51, 
55].

There are many models described in the litera-
ture on how to conduct a family meeting [48, 56, 
57]. All models are predicated on the same basic 
principles. Regardless of the approach chosen, it 
is important to ensure that the framework chosen 
is followed.

Family meetings are composed of three major 
components, the pre-meeting, the meeting, and 
post-meeting. The pre-meeting consists of all of 
the preparatory work done prior to the actual 
meeting. The meeting includes all components of 
the interaction during the meeting itself. The 
post-meeting includes the action items to be 
completed at the conclusion of the actual 
meeting.

The Pre-Meeting: This is the work done prior 
to the meeting including the following items [49, 
58–60]:

 1. Review the patient information so the his-
tory and salient medical issues are clear to 
all clinicians participating in the family 
meeting.

 2. Determine the purpose of the meeting.
 3. Clarify what information is to be conveyed. If 

there is disagreement among clinicians on 
how to answer these questions, a consensus 
must be reached prior to the actual meeting 
between clinicians.

 4. Determine who should be invited from the 
clinical team and patient/family and what 
does the patient/family understand and how 
are they coping?

 5. Identify who will lead the meeting?
 6. Ensure a private location and convenient time 

is chosen for the actual meeting itself with 
enough lead time for all participants to be able 
to attend.

The Meeting [37, 61–64]:

 1. Find a comfortable and private space and then 
make introductions. Allow everyone to intro-
duce themselves and what their role is. This 
includes family members. Discuss the pur-
pose of the meeting.
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 2. Determine what the patient/family understand 
by using open-ended questions such as “Tell 
me what your understanding of Mr. X’s ill-
ness is?

 3. Request permission to share information. Ask 
the patient/family if it is ok for the clinical 
team to explain the patient’s condition in more 
detail; specifically, what led up to the diagno-
sis, the salient active issues, and what to 
expect with this particular diagnosis.

 4. Respond to emotion and allow for silence.
 5. Encourage the patient/family to ask questions 

and ask them to repeat back what they 
understand.

 6. Summarize the meeting and discuss next 
steps. This includes determining if another 
meeting is indicated and if so when.

The Post-Meeting [37]:

 1. Debrief the family meeting to ensure no one 
has any questions or there is ambiguity in the 
plan of care.

 2. Communicate the salient aspects of the meet-
ing to healthcare providers such as nursing, 
patients’ primary care provider, etc.

 3. Document the key aspects of the meeting.

 What Can Go Wrong?

Most all clinicians have participated in a FM that 
has not gone well. This can be the result of a vari-
ety of reasons. Families may become confused or 
angry if information is not communicated com-
passionately or messaging is inconsistent [62, 
65]. Patients and families may become over-
whelmed if too much information is shared, or 
clinicians use too much medical jargon [61]. 
Finally, patients and or families may be 
 overwhelmed to make decisions if they were not 
prepared to receive difficult news [60].

 Dying with Dignity

Facilitating a “good death” involves careful plan-
ning, collaboration, and attention to detail much 

like any surgical procedure. The good death is 
patient-centered and affords our patients dignity, 
privacy, emotional support, optimal symptom 
management, and access to hospice care. In addi-
tion, the good death offers our patients the oppor-
tunity to know when death is near, to be able to 
say goodbye, and to have control in who is pres-
ent and where one dies [66].

 Optimizing Pain and Symptom 
Management

Many patients worry about needlessly suffering 
at the end of life not knowing that the great 
majority of symptoms can be addressed effec-
tively [67]. Common symptoms in the last hours 
to days of life include pain, dyspnea, delirium, 
and terminal secretions. Optimizing end of life 
symptoms first requires that we appropriately 
recognize that death is near and then complete a 
thorough assessment of our patient to determine 
which symptoms are causing distress [68]. There 
are numerous papers published in the literature 
guiding clinicians on best practices of treatment 
of dyspnea, pain, terminal secretions, and delir-
ium [67, 69–71]. The authors would recommend 
that clinicians become familiar with the manage-
ment of these conditions and utilize best prac-
tices and or guides to when treating symptoms at 
the end of life.

 Withdrawing Life Support

Withdrawal of life support should be considered 
a procedure with a logical set of steps that should 
be undertaken in a sequential manner that requires 
foresight and collaboration. The language in how 
we communicate with patients and their families 
“withdrawal of support” also matters. We should 
avoid terms like “withdrawing care” or “stopping 
everything” and instead use language that clearly 
indicates a transition of care but that emphasizes 
that we are still providing care. Examples of pref-
erable language include “transitioning our care to 
comfort, withdrawing life support, and/or focus-
ing on comfort”.
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Before initiating withdrawal of life support, 
the goals of care must be clear about expecta-
tions. Is the goal to allow a natural dying process 
and stop all measures that are extending life or is 
the goal to transition to comfort with withdrawal 
of life support but continue supportive care mea-
sures that offer quality of life even if this adds 
time? If the goals are not clear, then one has to 
re-engage the patient/family to ensure clarifica-
tion prior.

The process of withdrawing support can be 
broken down into three broad sub-categories:

 Prework
The prework involves a careful assessment of the 
patient’s condition, values and beliefs, life expec-
tancy and what potential symptom he/she may 
experience. Clinicians should determine which 
therapies are prolonging life, and which therapies 
are providing comfort, as ultimately one wants to 
know which therapies can be withdrawn safely 
without untoward sequelae and which therapies 
should be continued from a quality of life/opti-
mal symptom management perspective [72, 73].

 1. Assess your patient and determine which ther-
apies will be stopped, when and in what order.

 2. Huddle with the team. During huddle, provid-
ers should alert bedside nurses to which medi-
cations/doses they will be required and order 
these ordered in advance.

 3. Communicate with your clinical team the spe-
cifics on the plan for withdrawal. Which ther-
apies will be withdrawn and in what order?

 4. Meet with family and explain process of life 
support withdrawal. Specifically ask/address 
with families:

 (a) What date/time withdrawal will be 
scheduled?

 (b) Who should be present (from the 
family)?

 (c) Will the family be in the room or 
outside?

 (d) Would the patient/family like a spiritual 
advisor/chaplain to visit?

 (e) Always address what the plan is for artifi-
cial hydration and nutrition prior to 
withdrawal.

 (f) Explain to family, what to expect in terms 
of time and symptoms and how the team 
will optimize symptoms to minimize 
distress.

 The Withdrawal of Life Support 
Therapy
 1. Clinical team enters room and asks family if 

anyone has questions about process. If no, 
family is asked to step out of room ideally 
with a social worker, spiritual advisor, or 
chaplain to support them.

 2. Bedside nurse and provider dose medications 
prior if medically appropriate, and remove life 
support/therapies per plan communicated 
earlier.

 3. Symptoms are optimized, patient is groomed, 
bedding adjusted, chairs assembled around 
bed and family is invited back into room.

 4. Healthcare provider explains how process 
went, what to expect and allow family private 
time with patient.

 Post Withdrawal Support to Clinical 
Team, Patient, and Family
 1. Provider should review with bed side nurse 

what to expect and plan for addressing symp-
toms. In addition, he/she should share his/her 
contact information with bedside.

 2. Bedside nurse to dose medications asking for 
guidance as appropriate.

 3. Provider should check in to reevaluate patient 
within the hour to see if the family has ques-
tions and assess/treat symptoms.

 4. Bedside nurse and provider should complete 
all appropriate documentation into the medi-
cal record.

 Hospice Care

Medicare created the hospice benefit over 
30  years ago. The goals of hospice care are to 
support patients and their families at the end of 
life when the primary clinician feels life expec-
tancy is less than 6 months and the goals are com-
fort. It may be challenging to determine when 
hospice care is medically appropriate and possi-
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ble for the EGS patient given that the acuity of 
these patients is high and life expectancy can be 
short. Collaboration with palliative care teams 
and local hospice agencies is recommended for 
these patients to determine what is best/possible 
for the patient. The literature supports the use of 
hospice care to benefit not just patients and fami-
lies but healthcare institutions as well. Its use has 
been associated with “reduced hospital care and 
Medicare expenditures [74].”
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trauma and emergency general surgery, 269
VARDS technique, 272, 273

Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score, 295

Acute renal failure (ARF), 412
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Airway, breathing and circulation (ABC), 19
Airway emergencies

airway devices
cricothyrotomy tubes, 343
endotracheal tubes, 342
supraglottic devices, 342
surgical airway tubes, 343

case presentation, 337
cricothyroidotomy, 344
post procedure management, 345
preparation

airway assessment, 340
difficult airway algorithm, 341
equipment, 338, 339
general approach, 341
medications, 339, 340
personnel, 337, 338

tracheostomy, 345
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American Association for the Surgery of Trauma 
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231, 232, 255, 266, 295
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American Board of Surgery (ABS), 1
American College of Surgeons (ACS), 102, 255
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Amsterdam Acute Aneurysm Trial, 406
Anal condyloma, 319
Anal fissure

examination, 315
non-operative management, 316
operative management, 316
outcomes, 316
pathology, 316
symptoms, 315
work-up, 315

Anastomotic leak, 141, 142, 330, 331
Anastomotic strictures (stenosis), 332
Anemia, 24
Angiodysplasias, 448
Angiography, 247
Anoscopy, 306, 313
Anterior superior iliac spine (ASIS), 218
Antibiosis, 234
Antibiotic therapy, 49, 223, 297, 298, 436
Anxiolysis, 340
APACHE II score, 350
APACHE scoring systems, 255
Appendicitis, 72, 73

chronic appendicitis, 222
diagnosis of, 212
grossly normal appendix, 222
history and physical exam, 211
imaging

CT, 212, 213
gently and image Wisely campaigns, 213
low-dose CT, 213
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routine and selective, 213
sensitivity and specificity, 213
ultrasound, 213

laboratory tests, 212
lifetime risk, 211
McBurney’s point, 211, 212
obese patients, 222
outcomes, 223
pathology, 213, 214
patient history, 211
postoperative management, 223
in pregnant patients, 222
Rovsing’s sign, 212
treatment

AAST grading scale, 214–216
operative management (see Operative 

management)
preoperative CT imaging, 215

Appendicitis Inflammatory Response Score (AIRS), 212
Appendix, 494
Arginine, 523
Arterial blood gas (ABG, 255
Arterial mesenteric ischemia, 247–249
Arterial placement, 141
Ascites, 498
As Low As Reasonably Achievable (ALARA), 213
ASGE risk stratification, 353
Aspirin, 230
Atherosclerotic mesenteric ischemia, 244
Atrial fibrillation, 20
Autoimmune pancreatitis, 265

B
Bacteroides, 213
Band erosion, 329
Bariatric surgery, 325
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complications after RYGB

anastomotic leaks, 330, 331
anastomotic strictures (stenosis), 332
choledocholithiasis, 329
hemorrhage, 331
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small bowel obstructions, 332

gastric sleeve surgery complications
bleeding, 333
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LAGB, 326
laparoscopic procedure, 325
malabsorptive procedures, 326
postoperative surgical complications

biliopancreatic diversion with/without duodenal 
switch, 327

cholecystitis, 327
laparoscopic adjustable gastric band, 328, 329
nutritional deficiencies, 326
symptomatic cholecystitis, 327

restrictive procedures, 326
RYGB, 326

Basic metabolic panel (BMP), 151
Bedside Index for Severity in Acute Pancreatitis 

(BISAP), 265
Behcet’s syndrome, 318
Bell-clapper deformity, 386
Benign disease, 161, 167–170
Benign stricture, 169, 170
Bile duct injury (BDI), 138, 361
Bile duct stones, see Choledocholithiasis
Bile duct transection, 362
Biliary disease

acute cholecystitis (see Cholecystitis)
cholangitis (see Cholangitis)
choledocholithiasis, 353
surgically-altered gastrointestinal anatomy, 359, 361

Biliary leaks, 365, 366
Biliary sphincterotomy, 351, 354, 365
Biliary strictures, 366, 367
Biliopancreatic diversion, 326
Biloma, 366
Bismuth classification, 139
Bladder, acute urinary retention, 380–382
Bleeding, 333
Bleeding gastric ulcer, 440
Blood amylase, 255
Body mass index (BMI), 197
Botulinum toxin (Botox) injections, 316
Bowel ischemia, 73–74
Breast infection grading system, 36

C
Cameron lesions, 433
Capnometry, 344
Capsule endoscopy (CE), 439, 453
Cardiopulmonary bypass (CPB), 465
Carduus Benedictus, 418
Cecal volvulus, 168
Central venous pressure (CVP), 479
Cesarean delivery

postpartum hemorrhage, 403
preoperative preparation, 402, 403

Chancroid (Haemophilus ducreyi), 318
Charcot’s triad, 355
Charlson Comorbidity Index, 36
Child-Turcotte-Pugh (CTP), 30
CHOCOLATE trial, 350

Cholangioscopy, 351
Cholangitis, 356

conventional ERCP failure, 355
endoscopic transpapillary biliary drainage, 356
endoscopic ultrasound-guided biliary drainage, 357, 

359
PTBD, 356

Cholecystectomy, 199–202
Cholecystitis, 74–75, 327

causes, 349
endoscopic transpapillary gallbladder drainage,  

350
ERCP with cystic duct stent placement, 351
EUS-GBD, 352, 353
percutaneous cholecystostomy, 350

Choledocholithiasis, 329, 353–355
Chronic anal fissures, 315
Chronic intestinal ischemia, 245
Cirrhosis

abdominal wall hernias, 493, 494
acute care surgery, 488, 490
appendix, 494
ascites management, 500
cardiac and open abdominal operations, 492
causes of, 488, 489
colorectal cancer, 494
critical care, 499–500
deep vein thrombosis (DVT) prophylaxis, 501
diagnosis, 488
diverticular disease, 494, 495
etiologies for, 489, 490
gallstone disease, 492, 493
incidence of, 488
nutrition, 501
pain management

epidurals, 502
hydrocodone, 502
hydromorphone, 502
morphine, 502
non-opioid medications, 502
NSAIDs, 502
oxycodone, 501
tramadol, 502

peptic ulcer disease (PUD), 494
preoperative optimization
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coagulopathy, 495–497
hepatic encephalopathy, 497
infection, 498
nutrition, 499
pulmonary function, 498
renal function, 498

renal function, 500, 501
serum chemistry, 500
severity of, 490, 491
trauma, 495

Clinical Pulmonary Infection Score (CPIS), 30
Clostridial infections, 295
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Clostridium species, 50
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Colitis, 448
Colonic anastomosis, 170, 171
Colonic ischemia, 412
Colonic volvulus, 158
Colonoscopy, 160, 312
Colorectal surgery, 2
Common bile duct (CBD), 441
Community acquired methicillin resistant 

Staphylococcus aureus (CA-MRSA), 295
Compensated cirrhosis, 491
Complete blood count (CBC), 23, 151
Complex pancreaticoduodenal injuries, 56
Complicated appendicitis, 216
Compromised Tracheostomy Algorithm, 345
Computed tomography (CT), 25, 159, 180, 198, 229, 

230, 233, 234, 267, 277
Computed Tomography Angiography (CTA),  

406, 438
Computed tomography imaging, 155
Computed Tomography Severity Index (CTSI), 266
Computerized tomography (CT), 66–69, 213
Conflicts of interest (COI), 90
Constipation, 312
Contrast-enhanced computed tomography scan (CECT), 

264
Contrast esophagography, 420
Convex multi-frequency probe, 198
Coronary artery disease, 9
Corpus spongiosum, 389
Cotton swab, 315
COVID-19 pandemic, 25, 338
C-reactive protein (CRP), 212, 233
Cricothyroidotomy, 344
Cricothyrotomy tubes, 343
Crohn’s disease, 305, 306, 308, 311, 315, 318
Cryptoglandular theory of inflammation, 307
CT angiogram (CTA), 244, 246–248
Culture of Safety In Cholecystectomy (COSIC), 202
Cutting setons, 311
Cystgastrostomy, 274, 275, 279
Cystic duct patency, 350

D
Damage control laparotomy

complications, 59, 60
emergency general surgery patients, 56–57
operative sequence, 57–58
outcomes, 58–59

Damage control operation, 57
Damage control resuscitation, 57
Damage control surgery

damage control laparotomy (see Damage control 
laparotomy)

damage control thoracotomy, 61–62
historical basis, 55
indication for, 56
labile vital signs, 53
pathophysiology, 55
septic shock, 54

severe abdominal pain, 53
vascular injuries

extremity vascular injuries, 60–61
intra-abdominal vascular control, 61
ruptured aneurysm, 60
tumor invasion, 60
uncontrolled gastrointestinal hemorrhage, 60

Damage control thoracotomy, 61–62
Decompensated cirrhosis, 491
Deep necrotizing skin, 50
Deep vein thrombosis (DVT), 107, 501
Definitive therapy, 320
Delirium, 532
Delorme procedure, 318
Delphi method, 86
Department of Veterans Affairs (VA) system, 462
Descriptors, 188
Device-assisted or “deep” enteroscopy, 359
Diabetes mellitus, 43
Diarrhea, 312
Dieulafoy lesions, 432, 449
Digital rectal examination (DRE), 22, 305
Dilated small bowel, 153
Disease-specific scoring systems, 32
Distal colonic obstruction

Hartmann’s procedure, 165
resection and primary anastomosis, 165

with intraluminal device, 166
with intraoperative “on table” irrigation, 166
with proximal diverting stoma, 166

subtotal colectomy with ileosigmoid/ileorectal 
anastomosis, 165

3-stage management, 164, 165
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Diverticulitis, 74
Diverticulosis, 448
Dobhoff post-pyloric feeding tube, 515
Donabedian model, 102
Donabedian’s structure, 104
Donovanosis (Klebsiella granulomatois), 318
Donovanosis lesions, 319
Double-balloon endoscopy (DBE), 453
Double-pigtail plastic stent, 352
Duodenojejunostomy, 442
Duplex ultrasound, 246
Dysphagia, 533

E
Early goal-directed therapy (EGDT), 475
Eastern Association for the Surgery of Trauma (EAST), 
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Ectopic pregnancy, 80
EGS-based outcomes research, 11
EGS-specific variables, 104
Electrohydraulic lithotripsy, 355
Electrolyte replacement, 285
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Emergency department (ED), 197
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