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The field of emergency general surgery encompasses a wide array of surgical 
diseases, ranging from the simple to the complex. Emergency general sur-
geons are tasked with caring for patients with emergent surgical diseases 
emanating from the emergency department or inpatient consultations. These 
diseases range from inflammatory, infectious, and hemorrhagic diseases 
spanning the entire gastrointestinal tract, complications of abdominal wall 
hernias, compartment syndromes, skin and soft tissue infections, and surgical 
diseases significantly complicated in special populations including elderly, 
obese, pregnant, immunocompromised, and cirrhotic patients.

The Emergency General Surgery textbook is a real-time and at-the- 
fingertip resource for surgeons and surgery residents, providing a practical 
and evidence-based approach to diagnosing and managing the wide array of 
surgical diseases encountered on emergency general surgery call. The chap-
ters in this new and cutting-edge textbook are written by leading experts in 
the field and are filled with pearls of wisdom from surgeons with decades of 
experience taking emergency general surgery call. This compilation of thor-
ough and cutting-edge content also serves as an excellent review for resi-
dency in-service exams, qualifying and certifying board exams, as well as 
up-to-date information for continuous certification in general surgery.

We wish to thank the professional editorial efforts of Springer and to 
acknowledge our peers, coworkers, friends, and family for their support 
throughout this project. Without the help of so many, this project could not 
have been brought to fruition.

Austin, TX, USA Carlos V. R. Brown
Los Angeles, CA, USA Kenji Inaba
Tacoma, WA, USA Matthew J. Martin
Boston, MA, USA Ali Salim
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 Defining Emergency General 
Surgery (EGS)

The American Association for the Surgery of 
Trauma (AAST) was the first to develop a formal 
definition of emergency general surgery (EGS) in 
2013 [49]. The EGS patient was conceptually 
defined as “any patient (inpatient or emergency 
department) requiring an emergency surgical 
evaluation (operative or non-operative) for dis-
eases within the realm of general surgery as 
defined by the American Board of Surgery” [49]. 
To define the actual scope of EGS practice, data 
were obtained from seven acute care surgeons in 
academic practice. Using a Delphi process, a 
consensus was generated over a list of 
International Classification of Diseases (ICD 9) 
diagnostic codes that encompassed EGS 

(Table 1.1). The list included several major dis-
ease categories including resuscitation, general 
abdominal conditions, upper gastrointestinal 
tract, hepatic-pancreatic-biliary, colorectal, her-
nias, soft tissue, vascular, cardiothoracic, and 
others. It should be noted that these surgeons 
practiced exclusively in relatively urban aca-
demic medical centers where the distribution of 
cases may be different than more rural or private 
practice settings. Despite this limitation, this 
ICD-9 code-based definition has spurred research 
in EGS, including early outcomes research mea-
suring morbidity, mortality, and costs associated 
with EGS patients. All large-scale data analytics 
of EGS as a specialty must be interpreted within 
the context of how it is defined by ICD-9/10 
codes.

At the present time, every acute care hospital 
with an emergency room and a general surgeon 
on staff cares for EGS patients. However, it is 
likely that the scope of EGS practice varies from 
center to center and from surgeon to surgeon 
within a center, depending upon local resources 
and expertise. Not all institutions will have ade-
quate resources for addressing every EGS disease 
and severity. Hence, we believe that individual 
hospitals should define their scope of EGS prac-
tice, based upon local capabilities and ability to 
transfer patients to another center for a higher 
level of care.
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 Defining the Anatomic Severity of 
EGS Disease

EGS patient outcomes are related to the severity of 
illness, based upon preexisting medical conditions, 
anatomic severity of disease, and physiologic 
derangements [39, 41]. However, until recently, 
there was no unified mechanism for measuring ana-
tomic severity of EGS diseases. Hence, AAST 
developed a new grading system using a defined 
framework based upon a combination of clinical, 
radiographic, endoscopic, operative, and pathologic 
findings (Table  1.2) [11, 48, 58]. Sixteen disease 

grading schemas were first produced for infectious 
or inflammatory EGS diseases, including acute 
appendicitis, breast infections, acute cholecystitis, 
acute diverticulitis, esophageal perforation, hernias, 
infectious colitis, small bowel obstruction due to 
adhesions, bowel ischemia due to arterial insuffi-
ciency, acute pancreatitis, pelvic inflammatory dis-
ease, perforated peptic ulcer, perineal abscess, 
pleural space infection, and surgical site infection. 
These grading scales were developed empirically 
by consensus experts but have subsequently been 
validated across several conditions including diver-
ticulitis and appendicitis [20, 50]. Once validated, 
this anatomic grading system will be a powerful 
tool for research, quality improvement, and national 
tracking of emergency general surgical diseases. 
There are multiple physiologic scoring systems that 
have been applied to EGS patients [36]. Examples 
include the Sequential Organ Failure Assessment 
(SOFA) score, the Acute Physiology and Chronic 
Health Evaluation (APACHE) score, the American 
Society of Anesthesiologists Physical Status 
(ASA-PS), and various forms of the Physiological 
and Operative Severity Score for the enumeration 
of Mortality and Morbidity (POSSUM). Disease-
specific scores include the Colonic Peritonitis 
Severity Score, Mannheim Peritonitis Index, and 
the Boey score for outcome prediction in perforated 
peptic ulcer disease [5, 7].

 Burden of Disease for Emergency 
General Surgery

Perhaps the most remarkable aspect of EGS is the 
sheer volume of patients and the burden on the 

Table 1.1 Common emergency general surgery diseases

Surgical area Clinical conditions
Resuscitation Acute respiratory failure, shock
General 
abdominal 
conditions

Abdominal pain, abdominal mass, 
peritonitis, hemoperitoneum, 
retroperitoneal abscesses

Intestinal 
obstruction

Adhesions, incarcerated hernias, 
cancers, volvulus, intussusceptions

Upper 
gastrointestinal 
tract

Upper gastrointestinal bleed, peptic 
ulcer disease, fistulae, gastrostomy, 
small intestinal cancers, ileus, 
Meckel’s diverticulum, bowel 
perforations, appendix

Hepatic-
pancreatic-
biliary

Gallstones and related diseases, 
pancreatitis, hepatic abscesses

Colorectal Lower gastrointestinal bleed, 
diverticular disease, inflammatory 
bowel disease, colorectal cancers, 
colitis, colonic perforations, 
megacolon, regional enteritis, 
colostomy/ileostomy, hemorrhoids, 
perianal and perirectal fistulas and 
infections, anorectal stenosis, rectal 
prolapse

Hernias Inguinal, femoral, umbilical, 
incisional, ventral, diaphragmatic

Soft tissue Cellulitis, abscesses, fasciitis, 
wound care, pressure ulcers, 
compartment syndrome

Vascular Ruptured aneurysms, acute 
intestinal ischemia, acute peripheral 
ischemia, phlebitis

Cardiothoracic Cardiac tamponade, empyema, 
pneumothorax, esophageal 
perforation

Others Tracheostomy, foreign bodies, 
bladder rupture

Source: Shafi et al. [49]

Table 1.2  American Association for the Surgery of 
Trauma anatomic grading system for measuring severity 
of emergency general surgery diseases

Grade Description
Grade I Local disease confined to the organ with 

minimal abnormality
Grade II Local disease confined to the organ with 

severe abnormality
Grade III Local extension beyond the organ
Grade IV Regional extension beyond the organ
Grade V Widespread extension beyond the organ

Source: Shafi et al. [48]

S. C. Gale et al.
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society that these patients represent in terms of 
level of acuity, manpower needs, and costs of 
care. Much like the societal burden of trauma 
care which went unrecognized until the 1980s 
[46], EGS is now being recognized as one of the 
major underappreciated public health crises of 
the twenty-first century [15, 38].

 EGS Volume

Using definitions created by the AAST [49], 
researchers have estimated EGS hospitaliza-
tions and described patient demographics, 
operative needs, and major outcomes [9, 15, 32, 

45]. Recent examinations of the Nationwide 
Inpatient Sample (NIS), the country’s largest 
all-payer hospital database, demonstrate that 
EGS diseases account for nearly three million 
inpatient admissions annually (7% of all hospi-
talizations), at more than 4700 different hospi-
tals in the United States in 2010 [34, 15]. These 
studies further show that EGS volumes are 
steadily increasing each year [15]. Nearly 30% 
of EGS patients required a major surgical pro-
cedure during their initial hospital stay 
(Fig.  1.1). Five EGS diagnostic groups 
accounted for more than 90% of admissions: 
hepatobiliary, colorectal including appendix, 
upper gastrointestinal, soft tissue, and intestinal 
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Operative Burden for Emergency General Surgery - United States
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Fig. 1.1 Number of all EGS cases (a) and operative EGS cases (b) from 2001 to 2010 using National Inpatient Sample 
data (Source: Gale et al. [15])
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obstruction. Cyclic seasonal variations exist in 
EGS hospitalizations, similar to trauma, and 
increase during the summer [60].

As a public health issue, the burden of EGS is 
very large, and population-based estimates reveal 
1290 EGS admissions per 100,000 [15] – higher 
than many other common public health concerns 
including new-onset diabetes, heart disease 
admissions, and new cancer diagnoses, among 
others (Fig. 1.2).

These findings underestimate the total burden 
of EGS diseases, as these estimated do not 
include:

• Patients treated and released from the emer-
gency room and urgent care centers (such as 
those with biliary colic and reducible hernias, 
minor soft tissue infections)

• Patients who require elective surgical proce-
dures later in their course (such as colostomy 
reversal, hernia repair after reduction, delayed 
colectomy for diverticulitis)

• Patients who develop EGS diseases after 
being admitted for other conditions (such as 
intestinal ischemia after cardiovascular sur-
gery, infected decubitus after prolonged 
mechanical ventilation, acalculous cholecysti-
tis after prolonged parenteral nutrition)

 Operative Burden

Operative rates for EGS conditions are consis-
tent across studies at roughly one-third of admit-
ted patients [15, 51, 52]. Further, Scott and 
colleagues [45] demonstrated that for patients 
requiring major surgery, more than 80% of pro-
cedures fall into only seven groupings: appen-
dectomy, cholecystectomy, lysis of adhesions, 
colectomy, small bowel resection, hemorrhage 
control, and laparotomy (Fig. 1.3). These same 
procedures also account for more than 80% of 
EGS complications, deaths, and costs (Fig. 1.4) 
[15, 32, 35, 45].

EGS Admissions vs Other Public Health Concerns

EGS Admissions, 2010 1290.3

899.4

660.7

650.3

470.3

417.4

19.7

Diabetes: new diagnosis: all ages/types 2010

Coronary Heart Disease: admissions, 2009

Cancer: new diagnosis: all ages/types, 2010

Heart Failure: admissions, 2009

Stroke: All ages, 2009

HIV infection: all new, 2010

Incidence per 100,000 US population

Fig. 1.2 Burden of EGS admissions compared to other common diseases (Source: Gale et al. [15])
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 Demographics

Most studies demonstrate a mean age near 
60 years for EGS patients [15, 18, 32, 51, 52] with 
10% being octogenarians or older [45, 51, 55]. 
There is a slight female preponderance (53%) and 
approximately 25% are non-White [49]. 
Compared to elective general surgery patients, 
they have higher comorbidity rates [18], and most 
have at least one major preexisting medical condi-
tion [15, 18, 39]. Payer mix varies between stud-
ies, but uninsured rates are reported between 8% 
and 12%, commercial insurers provide roughly 
33% of coverage, and government insurance 
(Medicare or Medicaid) covers the rest  – more 
than 50% of all EGS patients [15, 32, 35, 45, 51].

 Outcomes

Patient outcomes vary between EGS conditions 
and are dependent on multiple factors, such as 
anatomic severity of diseases, physiologic 
derangement at presentation [20, 30, 43, 50], age 
[40, 51, 52, 54, 55], need for and type of surgery 
[45], and patient comorbidities [51, 54].

 Risk Assessment

Risk assessments and outcome predictions for 
EGS patients are aided by validated scoring sys-
tems including Charlson age-comorbidity index 
(CACI) [54], frailty scores [22, 27, 37], Emergency 
Surgery Score (ESS) [8, 39], and the Physiological 
and Operative Severity Score for the enumeration 
of Mortality and Morbidity (POSSUM) [21, 57]. 
In addition, the AAST has developed a grading 
system for reporting anatomic severity of multiple 
EGS conditions [14, 20, 43, 58, 59]. Further, the 
American College of Surgeons National Surgical 
Quality Improvement Program (NSQIP) univer-
sal Surgical Risk Calculator is available online 
and through smartphone apps [4]. However, 
NSQIP data are limited to operative cases, and 
some have questioned whether the same risk strat-
ification tools should be used for both emergent 
and elective procedures [8, 39]. Other risk factors 

associated with poor outcomes of EGS patients 
include lack of insurance (associated with com-
plex presentation [44] and mortality [51]) and 
treatment at rural [51] or low-volume hospitals 
[34] which carry higher mortality.

 Morbidity and Mortality

Large cohort studies indicate that complication 
rates are approximately 15% for EGS patients 
requiring surgery [45]. Wound-related complica-
tions are most common, followed by pulmonary 
issues [26]. Postoperative stroke, major bleeding, 
and acute myocardial infarction present the highest 
risks for death [26]. Overall, mortality rates are 
relatively low, around 1.5% across multiple large 
studies [15, 45, 51], and have declined over time 
despite increasing volume [15]. Those requiring 
surgery have significantly higher mortality [26, 39].

Hospital length of stay has decreased over 
time [15] with median length of stay (LOS) of 
approximately four (4) days [15, 32, 51]. ICU 
admission rates are around 11% [32, 50, 54].

 Other Outcomes: Readmissions, 
Reoperations, Loss of Independence, 
and Years of Life Lost

Havens [17] described a 5.9% readmission rate 
over 5 years for EGS patients – most commonly 
for surgical site infection  – and found that 
Charlson Comorbidity Index score ≥ 2, patients 
leaving against medical advice, and public insur-
ance were the greatest risk factors. Muthuvel [31] 
described a 15.2% postoperative readmission rate 
using ACS-NSQIP data and proposed using the 
surgical Apgar score (SAS) developed by 
Gawande [16] as a predictor. In that study, multi-
variable analysis demonstrated that SAS  <  6 
independently predicted 30-day readmission 
(odds ratio 3.3, 95% C.I. 1.1–10.1, p  <  0.04). 
Hospital LOS > 12 days and ASA class ≥3 were 
also predictive. Shah and colleagues [53] ana-
lyzed more than 69,000 records from ACS-
NSQIP and reported a 4.0% unplanned 
reoperation rate for EGS conditions. Appendiceal 
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disorders were the most common underlying dis-
ease, and exploratory laparotomy was the most 
often required procedure. In that cohort, reopera-
tion led to significant morbidity, increased mor-
tality, and prolonged LOS.

EGS conditions pose a severe threat to indepen-
dence, especially for older patients. In 2016  St. 
Louis and others [55] found that patients aged ≥80 
were over four times more likely to require dis-
charge to a facility other than home (odds ratio 
4.72, 95% C.I. 1.27–17.54, p < 0.02). McIsaac and 
colleagues [27] reported on “frailty” in operative 
elderly EGS patients and identified 25.6% of 
77,184 as frail. These patients had double the mor-
tality rate and four times the institutional discharge 
rate (odds ratio 5.82, 95% C.I. 5.53–6.12; 
p < 0.0001). Berian [3] reported that of 570 elderly 
(aged ≥ 65) patients undergoing major EGS sur-
gery in NSQIP database, 448 (78.6%) had some 
loss of independence. Many elderly and frail 
patients also have poor health-related quality of 
life (HRQOL) after EGS admission and may have 
indications for evaluation by palliative care clini-
cians [25]. The 2010 Global Burden of Disease 
Study [56] demonstrated a marked decline in death 
and disability related to EGS conditions from 1990 
to 2010, and these data also indicate that 287 years 

of life (YLL) and 358 disability-adjusted life years 
(DALY) are lost per 100,000 population indicating 
a massive worldwide burden – disproportionately 
borne by low- and middle-income countries with 
poor access to emergency surgical care.

 Costs

Data on the financial burden of EGS has been 
limited to costs associated with inpatient admis-
sion [32, 35, 52]. Factors affecting costs of care 
include age [52], severity of disease [32], ICU 
admission [32], type of hospital [32], and need 
for surgery [45]. Admission costs vary by study 
and range from $8246 [32] to $13,241 per admis-
sions [45]. In 2010 NIS data, average adjusted 
cost per admission for all EGS conditions was 
$10,744 (95% C.I. $10,615–$10,874) [33]. For 
2,640,725 inpatient admissions in 2010, total 
cost to care for EGS patients was $28.37 billion 
(95% C.I. $28.03–$28.73 billion). Recently, 
Ogola used US Census Bureau’s population pro-
jections to conclude that by 2060, costs for EGS 
hospitalizations would increase by 45% to over 
$41 billion annually – mostly related to the aging 
population [33] (Fig. 1.5). As mentioned before, 
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these are underestimates due to lack of data on 
cost of services provided in emergency depart-
ments, urgent care centers, short-stay hospitals, 
post-acute care facilities (i.e., skilled nursing 
facilities or rehabilitation centers), physician 
offices, and patients’ homes.

 Policy and EGS Regionalization

In 2006, the Institute of Medicine described 
emergency care in the United States at a “break-
ing point” [23]; that same year the American 
College of Surgeons released “A Growing Crisis 
in Patient Access to Emergency Care” [13] out-
lining the issues surrounding the shortage of sur-
geons willing or able to provide EGS coverage. 
Reasons include declining reimbursement, 
uncompensated care, increased surgical special-
ization, aging of the surgeon workforce, and lia-
bility concerns. Further, as reimbursement 
models evolve from “fee for service” toward 
“value-based care,” there exists a concern that the 
greater complexity [10] of EGS patients that 
results in higher complication rates, readmission 
rates [29], and costs [19] may place surgeons and 
hospitals at risk for financial penalties [61] and 
poor performance on published quality ratings 
[10]. These and other issues have led some to call 
for regionalization of EGS care – similar to the 
development of the national trauma system over 
the previous decades [2, 6, 12, 24, 34, 42]. 
Proponents argue that regionalization would cap-
italize on and further improve expertise, 
 consolidate and make better use of limited 
resources, and ultimately lead to improved out-
comes [6, 12, 24, 34]. Indeed Ogola postulated 
that 23.5% of EGS-related deaths in low-volume 
hospitals may be preventable by transfer to 
higher-volume hospitals [34]. Obviously costs 
are added with transporting patients between 
hospitals [28], delaying definitive care, and add-
ing providers in tertiary centers, yet significant 
cost savings would occur with improved out-
comes [34]. Detractors warn that, much like the 
evolution of trauma care, regionalization could 
lead to sanctioned repudiation of all EGS care – 
independent of severity or hospital capability  – 

resulting in a net transfer of complex, poorly 
compensated care to already overburdened ter-
tiary care centers. In the NIS database in 2010, 
over 80% of hospitals caring for EGS patients 
were “non-teaching,” and 40.8% were “rural” 
[34]; the logistics of large-scale EGS patient 
transfers need to be considered, as well. Hence, 
given the complex financial implications [28] and 
large, heterogeneous EGS patient volume, much 
remains unknown with regard to regionalization 
efforts.

 Data Sources and Future Work

Data sources currently available to study EGS 
conditions and outcomes include local institu-
tional registries, the NSQIP database, and vari-
ous administrative discharge databases including 
State Inpatient Databases (SID) and the 
NIS.  Each is limited by its scope, nonstandard 
format, and retrospective nature. In addition, 
most are not designed for collecting EGS-
specific clinical data including physiologic, 
severity of disease, and operative details further 
limiting their clinical and research usefulness. To 
improve our understanding of EGS diseases and 
their treatment, allow outcomes benchmarking 
for hospitals and surgeons, facilitate research, 
and serve as a quality improvement tool, a dedi-
cated national EGS registry, modeled on the 
NSQIP, is a critical next step and is currently 
being pursued [1, 47].
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Evaluating the Acute Abdomen

Sawyer Smith and Martin A. Schreiber

 Introduction

Acute abdominal pain is one of the most common 
complaints leading to patients seeking medical 
care, accounting for between 5% and 7% of all 
US emergency department visits [1, 2]. Due to 
the frequency of patients presenting with abdom-
inal pain and the vast number of causes, a thor-
ough and directed evaluation is necessary to rule 
out causes that require emergent intervention 
from those that may be managed conservatively. 
A surgeon must start making their differential 
diagnosis from the moment they meet the patient; 
keying in on pertinent positives and negatives in 
the patient’s history of presenting illness, past 
medical and surgical history, and the physical 
exam will narrow the possible diagnoses. 
Determining the gravity of the patient’s current 
physiologic state through vital signs, laboratory 
tests, and imaging will identify the criticalness of 
the patient’s illness and the speed at which inter-
vention is necessary. A thorough understanding 
about the potential disease processes is also nec-
essary for a surgeon to have to make sure that all 

possibilities for the patient’s symptoms are 
accounted for so that the proper diagnosis leads 
to the most appropriate treatment for the patient 
in a timely manner.

 History

Taking a thorough, concise history is essential to 
narrowing the differential diagnosis of the 
patient’s abdominal pain. A surgeon must ask the 
pertinent questions to help guide the decision-
making, imaging choice, and ultimate manage-
ment of the patient, while eliminating many other 
causes of abdominal pain. One must take into 
account not only the most common causes for a 
patient’s symptoms, but rule out less frequent 
life-threatening causes or other diagnoses that the 
patient may be predisposed to due to their previ-
ous medical history or demographics. When ask-
ing questions about a patient’s pain, below is a 
list of categories that are essential to delineate 
(Table 2.1):

• Onset: The timing of the patient’s symptoms 
is important as typical problems present simi-
lar time cadences. The pain can either be 
immediate (onset in minutes), progressive 
(1–4 h), or indolent (4–24 h).

• Location: The surgeon must differentiate 
between localized and generalized abdominal 
symptoms. If the patient’s pain is located in a 
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specific area, this can help narrow the differ-
ential diagnosis. Localizing the symptoms to a 
specific quadrant will drive the next steps in 
evaluation and can lead to more specific lab 
and imaging tests. Generalized abdominal 
symptoms are worrisome for a more wide-
spread process.

• Quality/Character: The type of pain (dull, 
sharp, electric, etc.) should also be elucidated. 
The physician should inquire about specific 
things that may improve or worsen the pain. 
Signs that point toward peritonitis include 
increased pain with movement, pain when hit-
ting bumps while driving, or pain with 
coughing.

• Radiation: Certain pathology will classically 
have pain symptoms that radiate from one 
portion of the abdomen to other locations in 
the body. Pancreatitis typically radiates from 
the epigastrium to the spine. Urogenital 
pathology may radiate to the inguinal area or 
down into the scrotum of males.

• Associated Symptoms: Other symptoms in con-
cert with severe abdominal pain such as nausea, 
emesis, diarrhea, constipation, hematemesis, or 
hematochezia are important to identify.

Care should be taken to not just focus on the 
history of the present illness, but also on the 
patient’s prior medical history. A careful medical 
history and review of systems will help identify 
any risk factors that the patient may have that 
either could be the cause of their presenting 
symptoms or contribute to their overall presenta-
tion. A cardiac history including any history of 
coronary artery disease or arrhythmias including 
atrial fibrillation would put the patient at risk for 
mesenteric ischemia from either thrombotic or 
embolic causes. Uncontrolled diabetes mellitus 
can blunt some abdominal pain symptoms due to 
neuropathy from chronic hyperglycemia. Prior 
history of malignancy or radiation would put the 
patient at risk for either recurrence of the primary 
tumor, metastatic disease, or radiation enteritis 
leading to their symptoms. A history of peptic 
ulcer disease would put the patient at risk for 
stomach or duodenal perforation or intraluminal 
hemorrhage. A thorough gynecologic history in 
female patients will help identify patients at risk 
for pelvic inflammatory disease, endometriosis, 
or ectopic pregnancy.

Nonsurgical causes of abdominal pain can be 
misleading. Etiologies include cardiopulmonary, 
metabolic, toxic ingestions, hematologic, immu-
nologic, and infectious (Table 2.2).

A thorough surgical history should be obtained 
from every patient that is being worked up for 
surgical pathology but especially in the case of an 
acute abdomen. Knowledge of prior surgeries 
will give an understanding of any altered anat-
omy, identify any complications the patient may 
be at risk for, or eliminate certain pathology from 
consideration. Prior surgeries, such as bariatric 
procedures, can alter the patient’s intestinal 
anatomy which can lead to many different 

Table 2.1 Essential components of history taking

History of present illness
  Onset
  Location
  Quality/character
  Radiation
  Associated symptoms
Past medial history
Past surgical history
Family history
Medications

Table 2.2 Medical causes for acute abdominal pain

Cardiopulmonary Metabolic Toxic Hematologic Infectious
Myocardial 
infarction

Addison’s crisis Withdrawal 
syndromes

Sickle cell crisis Gastroenteritis

Pericarditis Diabetic 
ketoacidosis

Corrosive ingestion Lymphadenopathy Parasitic disease

Pneumonia Hypercalcemia Lead poisoning Hemorrhage due to 
anticoagulants

Malaria

Drug packing Typhoid
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pathological entities. An understanding of the 
patient’s prior operations will also alert the sur-
geon to potential complications or pitfalls that 
will help with the planning and approach if the 
patient requires an operation. Lastly, prior surger-
ies can put patients at risk for hernias leading to 
incarcerated or strangulated bowel that should be 
added to the differential diagnosis.

 Physical Exam

The physical exam of the patient presenting with 
acute abdominal findings begins as the surgeon 
walks into the room. Initial visual inspection of 
the patient’s general appearance, position on the 
bed, and mannerisms will tell a great deal about 
their condition. Patients with peritonitis will 
often be ill appearing and moving minimally 
while patients with renal or biliary colic may be 
writhing in pain unable to get comfortable. Along 
with the initial inspection of the patient, vital 
signs (heart rate, blood pressure, respiratory rate, 
oxygen saturation, and temperature) should be 
noted. Severe intra-abdominal processes can 
push the patient into shock with inadequate tissue 
oxygen delivery. Patients in shock will be tachy-
cardic and hypotensive and have decreased oxy-
gen saturation. If shock is due to sepsis, 
hyperthermia or hypothermia may be present. 
These quick determinations of the patients over-
all appearance along with determining if the 
patient is in shock will help the surgeon deter-
mine if immediate action is needed to stabilize 
the patient or if there is time for further evalua-
tion prior to determining the first treatment 
options.

A systematic physical exam should be per-
formed with a focus on the heart, lungs, and 
abdomen. Cardiac and pulmonary exams are 
important not just to identify abnormalities that 
may lead to a nonsurgical diagnosis as the cause 
of the abdominal pain, but also to identify any 
comorbidities that may preclude or need further 
workup prior to the patient obtaining a general 
anesthetic if the patient requires surgery. Cardiac 
examination should identify any murmurs or 
arrhythmias, while the pulmonary exam should 

focus on overall work of breathing, equal breath 
sounds, and auscultation of crackles consistent 
with pulmonary edema.

The abdominal exam should start with inspec-
tion looking for abdominal distention, previous 
incisions, asymmetry, or any obvious deformities 
consistent with a hernia. Auscultation of the 
abdomen, although classically taught in physical 
exam, is not as helpful with abdominal pathology 
as it is for aiding in the diagnosis in other regions 
of the body. There is low sensitivity and specific-
ity along with auscultative findings being incon-
sistent from surgeon to surgeon [3, 4]. Percussion 
of the abdomen can help identify organ enlarge-
ment (hepatomegaly or splenomegaly) along 
with being able to help identify any free fluid 
such as ascites. Palpation of the abdomen will 
identify any signs of peritonitis with voluntary or 
involuntary guarding. Signs of peritonitis can be 
either localized to a certain area of the abdomen 
or diffuse throughout the abdomen. When palpat-
ing the abdomen, the surgeon should also be 
assessing for masses, fluid within the abdominal 
cavity, and any abdominal wall defects.

Examination of the inguinal canal should be 
completed in every patient with abdominal com-
plaints looking for signs of incarcerated or stran-
gulated hernias. Hernias that are extremely 
tender, unable to be reduced, or have overlying 
skin erythema are concerning for containing 
compromised intestine. Rectal examination and 
stool-occult blood testing can identify either 
gross or microscopic intestinal bleeding. All 
female patients with acute abdominal symptoms, 
particularly lower abdominal complaints, should 
have a pelvic exam including both bimanual 
examination and a speculum examination to 
identify gynecologic causes of acute abdominal 
pain such as ectopic pregnancy, ovarian torsion, 
or pelvic inflammatory disease.

Depending on a patient’s presenting symptoms, 
further maneuvers may aid in determining the diag-
nosis. Rebound tenderness can be an indicator of 
peritonitis. This maneuver is positive when the 
patient has increased pain upon release of pressure 
on the abdomen as opposed to when the abdomen 
is palpated. Rovsing’s sign is another maneuver 
that is positive when the patient has pain in the right 
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lower quadrant of the abdomen at the time of pal-
pation in the left lower quadrant. This sign is asso-
ciated with acute appendicitis. Murphy’s sign is a 
physical exam maneuver that classically is associ-
ated with cholecystitis. This maneuver is performed 
by having the patient exhale completely, palpating 
deeply in the right upper quadrant, and then having 
the patient take a deep breath in. If the patient has 
severe increased pain and arrests inspiration, this 
points toward cholecystitis.

 Laboratory Studies

Although the mainstay of the diagnosis of the 
patient who presents with an acute abdomen is 
the history and physical exam, laboratory tests 
can aid in determining the cause of the patients’ 
symptoms. While these tests can help, they 
should be used as an adjunct to the information 
gained from the history and physical exam, not as 
the mode of making the diagnosis. Along with 
aiding in diagnosis, laboratory tests will also 
show any metabolic or hematologic abnormali-
ties that may need correction prior to the patient 
undergoing surgery (Table 2.3).

A complete metabolic panel will identify any 
electrolyte disturbances such as sodium, potas-
sium, or chloride abnormalities. These changes 
in electrolytes could be associated with the pri-
mary process (emesis or diarrhea) or secondary 
to kidney injury due to hypovolemia or sepsis. 
Electrolyte disturbances can have implications 
with anesthetics and should be addressed prior to 
taking the patient to the operating room. 

Creatinine and blood urea nitrogen (BUN) levels 
will give the clinician information about the 
patient’s renal function. Metabolic panels will 
also provide liver enzymes, bilirubin, alkaline 
phosphatase, and albumin levels. Liver enzymes 
and bilirubin may be elevated from hepatobiliary 
processes or due to ischemia from hypotension 
due to other causes. Lipase and amylase are ele-
vated with pancreatic inflammation with lipase 
being more specific for pancreatic inflammation. 
Pancreatitis is most commonly due to gallstone 
disease in the Western population but also may be 
due to alcohol abuse, hypercalcemia, hypertri-
glyceridemia, or autoimmune disease.

Complete blood counts and coagulation pan-
els can also aid in the diagnosis but are essential 
for any patient prior to surgery. The white blood 
cell count can be elevated or depressed from nor-
mal values due to sepsis from an intra-abdominal 
infection. Hemoglobin and hematocrit levels can 
be depressed if hemorrhage is present but also in 
the setting of chronic illness. The platelet count, 
prothrombin time/international normalized ratio 
(PT/INR), and the partial thromboplastin time 
(PTT) are the classic indicators used to evaluate 
coagulopathy. Thrombelastography (TEG) is 
also used at some institutions giving the surgeon 
generalized functional coagulation information. 
These coagulation parameters are imperative for 
both the surgical and anesthesia team to evaluate 
prior to any operation to help minimize blood 
loss and correct any underlying abnormalities.

Urinalysis is another important lab to obtain for 
any patient with abdominal pain. Identification of a 
urinary tract infection that could account for the 
patient’s symptoms should be done prior to more 
in-depth and expensive tests. Stool studies such as 
occult blood tests, fecal leukocytes, and ova and 
parasite examination can be helpful with patients 
who have symptoms of hematochezia, melena, or 
diarrhea and concern for gastrointestinal infection.

 Imaging Studies

As medicine has evolved, there are multitudes of 
imaging studies that are available, many of which 
have various roles in evaluating patients with 

Table 2.3 Necessary laboratory tests for patients with 
acute abdominal pain

Laboratory tests
Complete metabolic panel
Complete blood count
Lipase
Amylase
PT/INR
PTT
Urinalysis
Pregnancy assessment (females of child-bearing age)
Stool studies
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acute abdominal pain. Again, imaging studies 
should be used to assist in the diagnosis or for 
surgical planning. The specific imaging studies to 
obtain should be determined after a thorough his-
tory and physical exam have been done. After the 
history and physical exam, a physician should be 
able to narrow the differential diagnosis which 
can then direct the necessary imaging studies to 
be obtained. Reducing unnecessary tests will 
reduce radiation exposure, false-positive/false-
negative studies, and overall cost to the patient 
and the healthcare system [5].

Standard X-rays, or plain films, of the abdo-
men provide limited anatomical information but 
can be very useful in the right situation. These 
images can readily identify obstructive or nonob-
structive intestinal gas patterns. Patients with 
small intestinal obstruction will typically have 
multiple dilated loops of small bowel in the cen-
tral abdomen with air/fluid levels. Plain films 
should be obtained with the patient in the upright 
or lateral decubitus position to utilize gravity to 
allow for visualization of air/fluid levels, which 
will be less apparent or not visualized on a supine 
radiograph. Upright and lateral decubitus images 
will also allow for identification of free intraperi-
toneal air which can be present if perforated vis-
cous is the cause of the patient’s presentation 
(Fig. 2.1).

Giving patients contrast, either by mouth or by 
rectum, can be used to identify specific problems 
within the gastrointestinal tract (GI tract). Upper 
gastrointestinal series (UGI) is used to image the 
esophagus, stomach, and small intestine. This 
can help identify perforations within these por-
tions of the GI tract, hiatal hernias, or bowel 
obstructions. Barium or water-soluble contrast 
(i.e., gastrografin) are generally the intraluminal 
contrast that the patient will drink for the study. If 
the patient is at risk for aspiration, water-soluble 
contrast should not be used as it can cause intense 
pulmonary edema as the osmotic pressure draws 
fluid into the alveoli. If there is a risk for perfora-
tion, then barium should not be used as leakage 
into the peritoneal cavity can cause an inflamma-
tory response and barium can persist in the peri-
toneal cavity making future studies more difficult 
to interpret.

Ultrasound is another imaging modality that 
can be utilized to gain more information on a 
patient with an acute abdomen. Ultrasound is 
readily available, does not use radiation, and is 
inexpensive. The graded-compression technique 
is used when evaluating the abdomen with ultra-
sound, where the operator gradually increases the 
pressure to move the underlying fat and intestine 
out of the way. This technique can be used to 
identify free fluid, abscesses, or occasionally free 
intraperitoneal air which is represented by gas 
echoes that act as an obstacle to deeper imaging. 
Ultrasound is also the imaging modality of choice 
when patients present with acute right upper 
quadrant abdominal pain concerning for biliary 
pathology (Fig. 2.2). Although ultrasound has its 
benefits and is without radiation, it is operator 
dependent, and the reliability of the imaging is 
reliant upon the experience of the operator. Obese 
patients are also more difficult to image with 
ultrasound as the sound waves are less likely to 
penetrate the deeper, more dependent areas of the 
abdomen that are of interest.

Computed tomography (CT) is the mainstay 
for imaging of the acute abdomen as it shows the 
greatest anatomic and pathologic detail while 
being relatively quick to obtain. CT obtains axial 
slices of variable thickness, most commonly 
5–7 mm, of the entire abdomen and pelvis. These 
images can be reconstructed to give the clinician 
multiplanar views of the abdomen, traditionally 

Fig. 2.1 Upright plain film of the abdomen with free 
intraperitoneal air that can be seen under the diaphragm
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coronal and sagittal images in addition to the 
originally obtained axial views. This allows for 
viewing of the abdomen from multiple view-
points. These images can be enhanced with the 
use of intestinal (oral, rectal, or both) contrast 
with a water-soluble contrast agent or barium 
along with the use of iodinated contrast given 
intravenously (IV). Iodinated IV contrast should 
be used cautiously in patients with chronic or 
acute renal impairment; therefore laboratory 
examination of renal function with a current cre-
atinine level should be obtained prior to adminis-
tering the IV contrast. CT images can help 
identify perforations with either free intraperito-
neal air or leakage of contrast material. Intestinal 
wall thickening indicates an inflammatory 
response which can be due to many different 
causes. Decreased IV contrast uptake of the 
intestine indicates ischemia in that area. Other 
pathology such as appendicitis, diverticulitis, 
neoplasm, obstruction, trauma, or foreign bodies 
can also be diagnosed using CT imaging.

Another method for evaluating the blood flow 
to the abdominal organs is visceral angiography 
(Fig.  2.3). This is generally performed through 
accessing either femoral artery and passing a 
catheter up through the abdominal aorta to visu-
alize its branches. Contrast is deployed with sub-
sequent visualization of the abdominal vascular 
supply. This method can be both diagnostic and 
therapeutic for ischemia. Stenosis, thrombosis, or 

emboli can be identified. When the lesion is 
located, intra-arterial thrombolysis and percuta-
neous transluminal angioplasty with or without 
stent placement are possible therapeutic interven-
tions. Lesions that are not amenable to percutane-
ous interventions will give the surgeon specific 
information for operative planning. Visceral 
angiography can also be used for acute gastroin-
testinal hemorrhage, again for both therapeutic 
and diagnostic purposes. For visceral angiogra-
phy to be able to locate the site of bleeding, the 
hemorrhage must be at a rate  >  0.5  ml/min. If 
located, embolization can stop the ongoing bleed-
ing. Patient factors must be taken into account 
prior to using angiography. Patients with iodin-
ated contrast allergy or acute/chronic kidney dis-
ease may require either premedication prior to 
angiography or, depending on the severity, have 
absolute contraindications for angiography.

Nuclear medicine imaging tests also can be 
helpful in certain patients with acute abdominal 
pain. In patients with suspected cholecystitis and 
equivocal imaging, cholescintigraphy (HIDA 
scan) is a reasonable option. HIDA scan uses 
technetium-99  m iminodiacetic acid (Tc99m 
IDA) analogue to image the biliary system. This 
tracer is taken up by hepatocytes and then 
excreted into the biliary system. When the gall-

Fig. 2.2 Ultrasound of the gallbladder with a thickened 
perihepatic gallbladder wall, pericholecystic fluid, and 
sludge in the neck of the gallbladder in a patient with 
cholecystitis

Fig. 2.3 Visceral angiogram showing the celiac truck 
with the left gastric (A), common hepatic (B), splenic (C), 
and gastroduodenal arteries (D)
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bladder does not fill with this tracer, obstruction 
of the cystic duct confirms the diagnosis of cho-
lecystitis. False-positive studies may occur in 
patients who have been NPO for prolonged peri-
ods or who have extremely slow radiotracer 
uptake and biliary excretion by the liver.

Technetium-99 m-labeled erythrocytes can be 
used for scintigraphy, also known as a tagged red 
blood cell scan. This imaging modality is another 
option for localization of an acute gastrointesti-
nal hemorrhage. This imaging study can be per-
formed relatively quickly and only requires a 
bleeding rate > 0.1 ml/min for reliable detection 
of hemorrhage. Knowledge of the location of 
hemorrhage can help with planning for either 
endoscopic, angiographic, or surgical interven-
tion. The tagged red blood cell scan is diagnostic 
and does not allow for therapeutic intervention. 
False-positive rates may be as high as 25% [6]. 
The most common reason for false-positive tests 
is rapid transit of intraluminal blood causing the 
imaging to indicate that the hemorrhage is more 
distal in the gastrointestinal tract than it actually 
is. Localization of GI hemorrhage is less accurate 
utilizing the tagged red blood cell scan compared 
to arteriography.

 Differential Diagnosis

When approaching any patient, the surgeon 
should start formulating their differential diagno-
sis as they walk into the room. This holds true 
when evaluating the patient with acute abdominal 
pain. Formulating the differential diagnosis while 
taking the patient’s history, observing the patient, 
and performing the physical exam will drive the 
surgeon’s decisions on laboratory tests, imaging 
examinations, and ultimately the management 
decisions that will need to be made. The differen-
tial for acute abdominal pain can be broad, but 
applying physiology, the patient’s history, exam 
findings, and diagnostic tests will help the sur-
geon narrow it greatly.

Differential diagnosis can be approached in 
many ways, but the most common methods are 
either by location of pain or by anatomical sys-
tems. A common method is to break the abdomen 

up into quadrants and narrow the diagnosis based 
on the location of the abdominal pain. The abdo-
men can be divided into the right upper, left 
upper, right lower, and left lower quadrants. 
While there are a number of pathologic findings 
that are not limited to one particular location in 
the abdomen, this approach can make certain 
diagnoses much less likely if the patient’s symp-
toms are not in a typical location. If a patient’s 
symptoms span multiple quadrants or are diffuse 
across the entire abdomen, this also narrows the 
options for a diagnosis as there are limited dis-
ease processes that will cause this type of diffuse 
pain.

Right upper quadrant abdominal pain is clas-
sically hepatobiliary in origin. Gallbladder 
pathology is the most common cause of right 
upper quadrant abdominal pain. Gallbladder 
causes generally are sequela of cholelithiasis, or 
gallstones, and can present along a spectrum of 
diseases. The most benign is symptomatic chole-
lithiasis, or biliary colic. This generally presents 
as pain after eating in the right upper quadrant but 
lacks any laboratory or imaging signs of inflam-
mation of the gallbladder. If there is inflamma-
tion of the gallbladder, ultrasound imaging can 
show thickening of the gallbladder wall adjacent 
to the liver and pericholecystic fluid collections 
along with an elevated white blood count. 
Choledocholithiasis, or gallstones that are lodged 
in the common bile duct, can present with or 
without cholecystitis. Choledocholithiasis will 
also have ultrasound findings of a dilated com-
mon bile duct along with elevated bilirubin, 
aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), and alkaline phosphatase 
from the obstruction of bile excretion from the 
liver. Gallstones can also lodge further down the 
biliary tree causing obstruction of the pancreatic 
duct leading to pancreatitis. Pancreatitis from 
gallstones can lead to intense pain and an 
 inflammatory response and can present with or 
without signs of cholecystitis.

There are also non-biliary causes for right 
upper quadrant abdominal pain. Hepatic causes 
for right upper quadrant pain included acute alco-
hol intoxication, viral hepatitis, hepatic abscess 
(Fig.  2.4), and ruptured hepatic adenoma. 
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Processes involving the stomach or duodenum 
such as gastritis, gastroesophageal reflux disease, 
or peptic ulcer disease (Fig. 2.5) can also present 
with right upper quadrant pain. Pneumonia caus-
ing pleuritic pain may also cause pain in the right 
upper quadrant. Less commonly, but depending 
on the location of the appendix, appendicitis can 
rarely present with right upper quadrant pain 
instead of the more classic right lower quadrant 
pain. Right-sided colonic diverticulitis, although 

less common, can be a cause of right upper quad-
rant abdominal pain.

Left upper quadrant abdominal pain is less 
common and has fewer causes than other regions 
of the abdomen. Pancreatitis can present with 
isolated left upper quadrant pain or in conjunc-
tion with epigastric or right upper quadrant pain. 
Peptic ulcers are much rarer in the fundus and 
cardia, which are located in the left upper quad-
rant, but still can occur. Pathology involving the 
spleen such as abscess, infarct, or rupture can 
lead to severe left upper quadrant pain. Rupture 
of the spleen is most frequently due to trauma but 
can occur spontaneously from splenic enlarge-
ment seen with portal hypertension or lymphoma. 
Infarcts of the spleen can occur in patients with 
sickle-cell anemia, generally in their youth, or in 
patients with hypercoagulable disorders. Splenic 
aneurysms can rupture and lead to intraperitoneal 
hemorrhage, a disease entity more commonly 
problematic in pregnant patients. Splenic flexure 
colorectal adenocarcinoma can lead to acute 
abdominal pain, generally once the mass has 
grown to a critical size causing obstruction.

Right lower quadrant abdominal pain is a 
common presenting complaint for patients, most 
often due to appendicitis (Fig. 2.6). Appendicitis 
can initially present with periumbilical pain that 

Fig. 2.4 CT axial image with a large hepatic abscess in 
the posterior aspect of the right lobe

Fig. 2.5 Axial and 
sagittal CT images 
showing a perforated 
gastric ulcer (arrows) 
with extravasation of 
intraluminal fluid and air
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migrates to the right lower quadrant, classically 
with pain over McBurney’s point, or two-thirds 
of the way between the umbilicus and the ante-
rior superior iliac spine. The pain can be associ-
ated with fevers along with nausea, vomiting, and 
anorexia that classically occur after the pain 
starts. Although appendicitis is a very common 
entity seen as the cause of acute abdominal pain 
in the right lower quadrant, there are a myriad of 
other causes that the surgeon must take into 
account and rule out prior to proceeding with 
operative management for appendicitis. Crohn’s 
disease flares commonly occur in the distal ileum 
and can present with very similar symptoms and 
imaging showing inflammation similar to appen-
dicitis. Meckel’s diverticulum is a remnant of the 
omphalomesenteric duct and it occurs in about 
2% of the population. This diverticulum is located 
in the distal ileum and can become inflamed lead-
ing to acute right lower quadrant pain. Sigmoid 
diverticulitis can also present with right lower 
quadrant pain in the patient with a redundant sig-
moid. Urogenital disease processes such as 
pyelonephritis, perinephric abscess, urolithiasis, 
or urinary tract infections can all cause right 
lower quadrant pain. In female patients, gyneco-
logic causes of right lower quadrant pain must 
also be excluded. For all female patients of child-
bearing age, pregnancy testing should always be 
part of the workup for any abdominal pain to rule 
out ectopic pregnancy, which can be a surgical 
emergency. This information is also critical as it 
could significantly alter the medical and/or 
 surgical approach to the pathology responsible 

for the abdominal pain. Other gynecologic causes 
include ruptured follicular or corpus luteum cyst, 
ovarian torsion, pelvic inflammatory disease, or 
salpingitis. Infectious causes such as viral gastro-
enteritis, Yersinia infections, and mesenteric ade-
nitis can all mimic appendicitis with acute right 
lower quadrant abdominal pain. Abdominal wall 
defects, such as ventral and inguinal hernias, can 
also cause acute onset of abdominal pain in this 
region if intestinal contents become incarcerated 
or strangulated within the hernia.

Causes of left lower quadrant abdominal pain 
include many of the disease processes that cause 
pain in the right lower quadrant with some vari-
ability in the likelihood of certain diagnoses. 
Diverticulitis of the sigmoid colon more fre-
quently causes left lower quadrant pain (Fig. 2.7). 
Out-pouches of the colon, or diverticulum, are 
common in the Western population and increase 
in frequency with age. These diverticula can 
become inflamed and lead to localized pain, per-
foration, abscess, and more rarely gross contami-
nation of the abdominal cavity. Similar to right 
lower quadrant symptoms, urogenital and gyne-
cologic causes of pain along with abdominal wall 
defects can also present with left lower quadrant 
pain if the process occurs on the left side.

Many of the disease entities that can present 
with localized pain can also lead to more diffuse 
abdominal pain depending on the timeline of 
symptoms. Any cause of perforated viscus, 
whether it is due to a peptic ulcer, small bowel 
obstruction, appendicitis, or colonic diverticuli-
tis, can lead to diffuse abdominal pain throughout 

Fig. 2.6 Axial CT image showing acute appendicitis 
with thickened appendiceal wall (arrow) and surrounding 
fat stranding

Fig. 2.7 Axial CT images of a patient with sigmoid 
diverticulitis and associated colovesicle fistula (arrow)
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any or all quadrants. The peritonitis that ensues 
when intestinal contents are spilled into the abdo-
men leads to a swift inflammatory response and 
the sensitive nature of the lining of the perito-
neum can lead to excruciating pain. Inflammatory 
bowel disease, such as Crohn’s disease or ulcer-
ative colitis, can lead to diffuse abdominal pain. 
Intussusception is another entity, where a proxi-
mal piece of intestine telescopes into a more dis-
tal piece of intestine, which can cause obstruction 
and vascular compromise to the piece telescop-
ing inside (Fig. 2.8). This can happen anywhere 
throughout the abdomen and therefore can cause 
pain in any location. Intestinal ischemia can also 
occur throughout the abdomen and lead to either 
localized or diffuse symptoms.

 Management Considerations

After taking a history and performing a physical 
exam, reviewing the laboratory and radiographic 
results and narrowing the differential diagnosis, 
then the decision must be made on what to do for 
the patient. The ultimate decision will depend on 
many factors involving the patient’s hemody-
namic status, goals of care, and disease processes. 
While many causes of acute abdominal pain may 

require urgent surgical intervention, others may 
require a period of observation or be able to be 
managed nonoperatively. The patient and the sur-
geon should have a discussion to consider the 
options for management, outline what those 
options entail, the risks involved with each 
option, and answer any questions that the patient 
has about the proposed procedure or disease pro-
cess. It is important to not just consider the 
immediate short-term expectations and risks, but 
what the long-term sequela and recovery period 
will be like for the patient and tailor it to consider 
the patients’ other comorbidities. If the patient is 
unable to participate either due to prior medical 
conditions or altered mental status, then these 
discussions should take place with the patient’s 
legal representative. Each state has laws that gov-
ern the hierarchy for which of the patient’s family 
members or representatives would be in charge of 
making decisions for them if they are unable to 
and do not have a medical power of attorney or 
physician’s order for life-sustaining therapy 
(POLST) already established.

Endoscopic interventions can be used to 
address a multitude of issues leading to acute 
abdominal pain. Esophagogastroduodenoscopy 
can evaluate any lesions in the esophagus, stom-
ach, and duodenum (Fig.  2.9). Peptic ulcers, 
although less common now with the widespread 
use of proton-pump inhibitors, can be inter-
vened on with endoscopy if they have not led to 
a perforation. For complicated gallstone dis-
ease, endoscopic retrograde cholangiopancrea-
tography (ERCP) can also be used. This is 
especially useful in the patient who presents 
with acute abdominal pain and is found to have 
gallstone pancreatitis as relieving the obstruct-
ing gallstone from the ampulla of Vater in a 
timely manner is essential to reducing the mor-
bidity. Foreign body ingestion can also lead to 
acute abdominal pain, and upper endoscopy can 
be used to remove many objects as long as they 
have not traveled past the duodenum into the 
jejunum. Colonoscopy also has a role in patients 
with acute lower gastrointestinal hemorrhage 
and can be diagnostic and therapeutic by either 
clipping a bleeding vessel or using other meth-
ods to stop hemorrhage.

Fig. 2.8 Intussusception of the small intestine in the left 
upper quadrant (arrow) and proximally dilated bowel
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There are many disease processes that require 
surgical intervention to relieve the patient’s 
symptoms. Appendicitis is one of the most com-
mon causes for acute abdominal pain and tradi-
tionally has been a disease process that has been 
managed surgically. There have been many stud-
ies and conflicting data, but some advocate for 
nonoperative treatment with antibiotics. 
Nonoperative treatment has higher failure rates 
but may avoid the risks of surgery in some 
patients [7, 8]. Acute cholecystitis is another very 
common cause of acute abdominal pain. For 
patients that do not have associated pancreatitis 
and are surgical candidates, operative cholecys-
tectomy is the treatment of choice. In patients 
that are not good surgical candidates, due to other 
comorbidities or instability due to sepsis, chole-
cystostomy tube placement for decompression 
and source control is another option with the pos-
sibility of future cholecystectomy when the 
patient is more stable and optimized for the oper-
ating room.

Over the last few decades, a push toward more 
minimally invasive surgery with laparoscopy and 
now robotic-assisted laparoscopy has led to 
shorter hospitalizations and improved outcomes 

for many general surgery procedures. Although 
some patients presenting with acute abdominal 
pain are either not candidates or have contraindi-
cations for laparoscopy, minimally invasive tech-
niques still have a large role in acute care surgery 
and patients with acute abdominal symptoms. 
Not only is laparoscopy generally used for com-
mon operations, such as appendectomy and cho-
lecystectomy, it can also be used to explore the 
abdomen in a patient who still does not have a 
definitive diagnosis after their initial workup. 
Laparoscopy may be performed when certain 
pathology such as bowel obstruction, intussus-
ception, or ischemic bowel is suspected but not 
confirmed with imaging. By starting with this 
technique, the surgeon can explore most parts of 
the abdomen quickly and, if no pathology is 
 identified, only leave the patient with a few small 
incisions greatly reducing postoperative pain and 
morbidity. If concerning findings are identified 
on laparoscopic exploration, depending on the 
disease process, the patient’s status, and the sur-
geons minimally invasive skills, the issue can 
often be addressed laparoscopically. If conver-
sion to a laparotomy is necessary, this can be 
done easily and quickly. Patients who have had 

Fig. 2.9 Endoscopic 
images showing a 
duodenal ulcer with 
adherent clot
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extensive prior abdominal operations are hemo-
dynamically unstable, or if preoperative workup 
indicates the need for operative intervention that 
the surgeon does not feel can be completed lapa-
roscopically, laparotomy is indicated.

Midline laparotomy is the approach for many 
patients who require surgical intervention after 
presenting with acute onset abdominal pain. 
Many disease processes will require an open 
approach, as opposed to the minimally invasive 
approach described earlier. But, it is not always 
the disease process that mandates a more invasive 
approach but rather the patient’s condition. 
Patients with hemodynamic instability should not 
undergo laparoscopy. The insufflation of the 
abdomen with carbon dioxide reduces the venous 
return from the inferior vena cava and therefore 
decreases preload. This may worsen a patient’s 
hemodynamics to a critical point and can lead to 
cardiovascular collapse. This increased intra-
abdominal pressure with laparoscopy also may 
preclude laparoscopy in patients with underlying 
pulmonary disease causing hypercapnia as the 
increased pressure can make ventilation difficult. 
Patients who have had multiple prior abdominal 
surgeries also present an increased risk when per-
forming laparoscopy and should be approached 
with an open operation due to likely dense scar 
tissue and risk of injuring the underlying bowel. 
Uncorrectable coagulopathy is also a contraindi-
cation to laparoscopic intervention due to the 
concern for not being able to control bleeding 
adequately that may occur. Although not an abso-
lute contraindication, laparoscopy should be used 
with caution in patients with bowel obstruction 
and severely dilated small intestine due to the 
increased risk for iatrogenic injury.

The postoperative care of patients is a crucial 
part of their management. The care after the oper-
ation is as essential as any other step in the diag-
nosis or treatment. After undergoing abdominal 
operations, patients are at risk for many different 
complications, some inherent to the specific 
operation, but there are many that are ubiquitous 
to all operations.

Infection, mainly wound infections, is a com-
mon complication after abdominal surgery and is 
increased if there is leakage or resection of the 

intestine involved in the operation. Wounds 
should be examined daily for signs of infection 
such as erythema, increased pain, or drainage. 
Patients are also at risk for other infections such 
as pneumonia or urinary tract infections. 
Respiratory care with incentive spirometry, early 
mobilization, and adequate pain control to facili-
tate deep breathing and coughing are key to 
reducing the risk of pneumonia. Proper Foley 
catheter insertion and care help reduce the risk of 
urinary tract infections, and early removal of the 
Foley postoperatively is critical. Intra-abdominal 
infections can also be seen after abdominal oper-
ations, and again the risk is increased if there is 
gross contamination or resection of bowel is nec-
essary. If a resection and anastomosis is per-
formed, there is a risk that the new anastomosis 
may leak postoperatively.

Surgery and immobilization also puts patients 
at risk for deep vein thrombosis (DVT) and pul-
monary embolism (PE). Hospitalized patients 
who have decreased mobility after surgery should 
be placed on prophylactic anticoagulation with 
either unfractionated heparin, low-molecular-
weight heparin, or fondaparinux [9]. DVT can 
cause morbidity with leg swelling and pain due to 
venous congestion, but the concerning sequela of 
DVT is dislodgement of the thrombosis leading 
to pulmonary embolism. Other postoperative 
complications include myocardial infarction, 
intra-abdominal adhesions leading to bowel 
obstruction, hernia at the site of the incision, or 
injury to other intra-abdominal organs that were 
not involved in the original operation.

 Special Populations

Certain populations of patients are at increased 
risk of developing particular disease processes or 
have distinct considerations that a surgeon must 
take into account when caring for them. These 
populations can also require variations in postop-
erative management that may influence their ulti-
mate outcome.

Elderly patients are becoming an increasing 
demographic and require more medical care than 
their younger counterparts. Elderly patients are 
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more likely to be frail and malnourished and have 
more comorbidities than younger patients which 
puts them at higher risk for postoperative compli-
cations. Frailty in elderly patients requiring an 
emergency surgical procedure is associated with 
increased mortality, ICU and total length of stay, 
institutional discharge, and cost of care [10]. One 
particular postoperative complication that occurs 
commonly in the elderly is delirium after general 
anesthesia which affects around 20% of patients 
>65 years in the general emergency surgery pop-
ulation [11]. Using minimally invasive tech-
niques, nonnarcotic pain control, radiologic 
interventions, and early recognition of symptoms 
can lead to improved outcomes in the elderly 
experiencing delirium.

The pregnant patient also brings unique chal-
lenges to dealing with an acute abdomen. 
Pregnancy causes many different physiologic 
changes in the mother and adds the extra element 
of the care for the unborn fetus while approach-
ing these patients. While there can be diagnostic 
challenges when working up a pregnant patient 
with acute abdominal pain, it is important to 
decrease any fetal risk when possible but never at 
the expense of the safety of the mother. When 
working up a pregnant patient with acute abdom-
inal pain, the imaging test of choice is ultrasound 
whenever possible as this does not expose the 
fetus to radiation. While it is important to mini-
mize the radiation to the fetus, critical imaging 
such as CT can be done with reasonable risks of 
future malignancies [12]. While there are risks of 
general anesthesia to the fetus, current recom-
mendations support proceeding with an indicated 
operation regardless of term of pregnancy. 
Postponing necessary surgery until after the baby 
is delivered can lead to increased complication 
rates for both the mother and fetus.

When a pregnant patient requires an opera-
tion, there are a few very important things to con-
sider. Patient positioning is very important, and 
pregnant patients in the supine position should 
have a bump placed under their right flank to 
reduce the pressure on the IVC from the gravid 
uterus when laying supine and facilitating venous 
return. Laparoscopy can safely be performed in 
the pregnant patient regardless of term of gesta-

tion. Entrance into the abdomen should be done 
using an open (Hasson) technique, and adjust-
ment of port placement should take the fundal 
height into account. Insufflation pressures during 
laparoscopy should be maintained between 12 
and 15  mmHg. Prior to taking a patient to the 
operating room, consultation with the obstetrics 
team and discussion of intraoperative fetal moni-
toring should also be considered. Current recom-
mendations recommend against prophylactic 
tocolytic therapy, but these should be initiated if 
there are any signs of preterm labor preopera-
tively, during the operation, or postoperatively 
[13].

Another population that can present a unique 
set of challenges for a surgeon evaluating acute 
abdominal pain is the immunocompromised 
patient. Whether the immunodeficiency is con-
genital or acquired from malignancy, acquired 
immunodeficiency syndrome (AIDS), post-organ 
transplantation, or chronic steroid use, these 
patients can present with severe pathology but 
only minimal symptoms and therefore require a 
thorough workup. These minimal or atypical pre-
sentations are due to the depressed immune 
response that these patients will mount. Due to 
this, immunocompromised patients can decom-
pensate quickly. Patients with intestinal lym-
phoma leading to perforation are not uncommon 
and this may be the presenting event. Other types 
of therapies the patient may need in the near 
future, such as chemotherapy for lymphoma, 
should be taken into consideration if resection of 
bowel is necessary as this may affect the decision 
to make an anastomosis or opt for an ostomy.

 Conclusion
When evaluating a patient who presents with 
acute abdominal pain, the surgeon must be 
thorough and systematic in their approach. 
Outcomes for many patients presenting with 
acute abdominal pain rely on prompt and 
accurate diagnosis and proper management. 
Some of the most difficult decisions a surgeon 
will make are when to and when not to oper-
ate. The ability to take a focused history, per-
form a proper physical exam, and know what 
confirmatory laboratory and imaging studies 
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is the key to elucidating the correct manage-
ment. Early diagnosis and management is 
critical to reducing morbidity in patients pre-
senting with acute abdominal pain.
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The modalities of imaging patients with abdomi-
nal pain vary greatly. From plain film X-rays to 
nuclear imaging, all tests must be pertinent, sen-
sitive, and specific in that they will change man-
agement depending on their results. The quickest 
exams such as a chest or abdominal X-ray may 
show signs of an emergent pathology which pre-
clude further, more time-consuming, and expen-
sive imaging. However, if initial tests are negative, 
more powerful tools such as ultrasound, multide-
tector computed tomography (CT), or magnetic 
resonance imaging (MRI) may be needed. 
Nuclear imaging has a role in further delineating 
the pathology if these subsequent studies require 
further characterization. Invasive radiologic pro-
cedures can be ordered as well, such as endo-
scopic ultrasound (EUS) and endoscopic 
retrograde cholangiography (ERCP) and angiog-
raphy (Table 3.1).

 Generalized Abdominal Pain

Abdominal pain in the acute setting can be a 
diagnostic challenge for which radiologic tests 
become increasingly useful. The most common 
causes of the acute abdomen are appendicitis, 
bowel obstruction, urinary tract disorders, and 
diverticulitis [1]; however when a physical exam 
fails to localize pain and laboratory tests cannot 
predict the most likely pathology, the recom-
mended imaging is a CT scan with IV contrast. 
In a prospective study of 584 patients, CT 
improved diagnostic certainty to 92% from 
70.5% and altered management in 42% of cases. 
In that study, 24.1% of patients who were 
planned to be admitted but subsequently under-
went a CT scan were able to be discharged due 
to the findings on imaging [2]. Given the clini-
cal suspicion, postsurgical/trauma state, chro-
nicity, or underlying comorbidity, this can be 
altered to forgo or include oral contrast. A CT 
scan with IV and oral contrast may aid in visual-
izing mucosal pathology which can be common 
in the immunocompromised or HIV-/CMV-
infected patients. Multiple studies have shown 
CT scans for acute abdominal pain do not 
require oral contrast, however, as most radiolo-
gists determine that no further information 
would have been provided by enteric contrast 
[3, 4]. Additionally, omitting oral contrast 
speeds throughput in the emergency room, and 
rarely do patients require additional imaging 
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due to a lack of oral contrast [5]. The advantages 
of a CT scan are that it can visualize most struc-
tures well and can detect many acute surgical 
pathologies. Smaller droplets of air, particularly 
located at the mesentery root, are best imaged 
through a CT scan compared to abdominal 
X-ray. Bowel wall edema, bowel distention, and 
ischemia as well as transition point locations are 
all best imaged on CT scan [6].

Fluid radiodensity is of particular interest to 
emergency general surgeons as it allows the dif-
ferentiation between simple fluid and blood. The 
radiodensity is measured by Hounsfield units 
(HU) where water is 0 HU and air is −1000 
HU. Fluid can measure anywhere between 0 and 
50 HU, whereas a hematoma may measure 
approximately 45–65 HU. Bile, blood, and other 
fluids have ranges where the radiologist or sur-
geon can make a reasonable differential regard-
ing the fluid, in some reports finding that <43 
HU is sensitive for bowel perforation in blunt 
trauma [7]. Infections cannot be reliably pre-
dicted in this manner, but the presence of gas, 
loculation, or rim enhancement around a collec-
tion can all be signs of an infection or abscess. 
The postoperative period may make free intra-
peritoneal fluid more or less concerning depend-
ing on the operation and scenario and 
characterization of this fluid.

Other imaging modalities can be sought if 
presented different clinical situations. As will 
be discussed in their respective sections, suspected 

appendicitis and cholecystitis warrant an ultra-
sound of the right lower or right upper quadrant 
as their initial imaging. Due to the poor speci-
ficity of abdominal plain films, KUB X-rays are 
not the recommended primary imaging modal-
ity. Kellow et al. reviewed a series of more than 
800 patients and found that abdominal X-rays 
obviated follow-up imaging in as little as 4% of 
patients and aided in diagnosis in only 2–8% 
[8]. The pregnant patient should undergo ultra-
sound or MRI rather than a CT as to avoid radi-
ation. However, recent literature as shown that 
CT scans in the pregnant patient are safe with 
limited use and after nonionizing studies are 
deemed inconclusive. If a patient exhibits ongo-
ing sepsis with an unclear source on CT scan, 
nuclear imaging with a tagged WBC abdomi-
nal scan to locate infection and/or abscesses 
may be used. Neutropenic patients may benefit 
from immediate CT scan due to their unreli-
ability to develop leukocytosis or peritonitis on 
physical exam. However, a CT in this patient 
population rarely alters nonoperative inten-
tions as most patients will likely have a medi-
cally treated disease such as enterocolitis or 
typhlitis [9].

Due to the emergent nature of these surgical 
pathologies and patients, imaging can help strat-
ify risk using the American Association for the 
Surgery of Trauma (AAST) grading system, 
allowing the emergency patient to be distin-
guished from the elective case [10].

Table 3.1 Types of radiologic imaging

Modality Common indications Possible limitations
Chest X-ray Perforated viscus

Hiatal/paraesophageal hernia
Limited view of the abdomen, nonspecific

Abdominal 
X-ray

Small bowel obstruction, ileus, large bowel 
obstruction

Nonspecific

CT/CTA 
scan

All the above + inflammatory disease, 
mesenteric ischemia

Ionizing radiation, contrast allergy/reaction, 
expensive

MRI/MRA Assessing the pregnant patient, chronic 
mesenteric ischemia, bile duct continuity

Slower, more time consumptive, expensive

Ultrasound Cholecystitis, appendicitis Operator dependent, body habitus dependent, 
does not view the entire abdominal field

CT computed tomography, CTA computed tomography angiography, MRI magnetic resonance imaging, MRA magnetic 
resonance angiography
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 Stomach and Duodenum

Radiological exams should focus on ruling in or 
out inflammation, perforation, volvulus, hernia, 
ischemia, and obstruction; however there are 
many pathologies which may cause pain from a 
gastric or duodenal source.

 Gastroduodenal Perforation

The stomach may perforate from ulceration, can-
cer, ischemia, or post-chemotherapy treatment 
and other pathologies which present as pneumo-
peritoneum on imaging. The first step in evalua-
tion of the upper GI tract is usually through 
upright chest X-ray (CXR) or a KUB (kidney, 
ureter, and bladder X-ray), most likely in the AP 
(anterior-posterior) view. Although this imaging 
modality tends to be of lower sensitivity and 
falsely enlarges structures closest to the X-ray 
source (such as the heart), it is ideal for critically 
ill patients who cannot stand upright for long 
periods of time required for the PA (posterior-
anterior) view. The pathognomonic sign for a 
perforated viscus is pneumoperitoneum, com-
monly referred to as “free air,” which is gas pre-
sumably from the intestinal tract within the 
peritoneal cavity. The presence of free air and 
peritonitis on abdominal exam is a surgical emer-
gency, and one may proceed to the operating 
room with the suspicion of a perforated viscus; 
however, further imaging can aid with operative 
planning in the stable patient. Demonstration of a 
perforation can be achieved via CT scan with IV 
contrast if ischemia/ulceration is suspected, with 
the ability to enhance the bowel walls. In this set-
ting, oral contrast can be omitted as it does not 
increase the sensitivity of demonstrating a leak 
(19–42%) and can mask nonopacification of the 
bowel wall. In a study of 85 patients with patho-
logically confirmed perforations, radiologists 
could accurately locate the perforation in 86% of 
the patients on preoperative CT scan without oral 
contrast [11].

 Nonvariceal Upper Gastrointestinal 
Bleeding

Treatment for gastrointestinal hemorrhage cen-
ters around stabilizing the patient and locating 
the site of the active bleed. History, presentation, 
and gastric lavage can aid in locating the bleed. 
Esophagogastroduodenoscopy (EGD) within 
24 h is recommended for both definitive diagno-
sis and simultaneous treatment [12]. Multiple 
randomized controlled and retrospective studies 
have shown no benefit to early (within 6  h) 
endoscopy compared to endoscopy before 24 h 
from diagnosis [13, 14]. These studies enroll dif-
ferent patients with discrepancies between their 
Rockall and Glasgow Blatchford scores but 
overall confirm this finding. Early endoscopy 
does however have a higher likelihood to finding 
an actively bleeding vessel and a high incidence 
of hemostatic intervention by the endoscopist 
[15]. If EGD is performed and upper GI blood is 
found but the exact location is not delineated, CT 
angiography (CTA) of the abdomen is useful. 
The advantage over conventional angiography is 
that CTA can detect multiple sites of bleeding 
simultaneously, even if they are anatomically 
distant from each other [16]. CTA can detect 
acutely bleeding sources at rates from 0.3 mL/
min, whereas conventional angiography may be 
slightly less sensitive at 0.5  mL to 1  mL/min 
[17]. In the setting of a bleed which is defini-
tively found by endoscopy, but cannot be con-
trolled, angiography and transcatheter arterial 
embolization (TAE) is the preferred treatment.9

 Gastric Volvulus

The stomach may rotate upon two different 
axes to cause a mechanical obstruction and 
ischemia. Urgent decompression and detorsion 
is needed and as such, recognition must occur 
rapidly. Given the constellation of symptoms 
such as retching, epigastric pain, and inability 
to pass a nasogastric tube (Borchardt’s triad), 
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plain films can be ordered first. Gastric volvu-
lus can be seen on chest X-ray and/or abdomi-
nal X-ray as a distended portion of the stomach 
with an air-fluid level and decompressed duo-
denum and small bowel. If necrosis or perfora-
tion is suspected, a CT scan with IV contrast 
may help visualize an under-perfused or frankly 
ischemic stomach wall as well as an abscess 
(Fig. 3.1). An upper GI fluoroscopic series can 
delineate the type and severity of volvulus: the 
twisting occurring upon the organoaxial or 
mesoenteroaxial axis as well as if contrast 
passes through the twisted portion. A volvulus 
may also be associated with paraesophageal 
hernia with herniated intrathoracic stomach, 
colon, or spleen.

 Gastric Outlet Obstruction

This pathology had been a more prevalent etiol-
ogy of upper abdominal pain and bloating; how-
ever since gastric acid suppression therapy, 
chronic strictures due to ulceration have declined. 

Along with an upright CXR, the absence of pas-
sage of oral contrast on either upper GI series or 
CT scan with PO contrast is indicative of gastric 
outlet obstruction (Fig. 3.2).

 Small Bowel

 Small Bowel Obstruction

Suspected SBO is a frequent emergency surgical 
consultation. Most commonly caused by postop-
erative adhesions or hernias, a thorough physical 
exam is mandatory. Should a hernia be found, it 
can be rapidly dealt with; however in the absence 
of an overt hernia, radiologic exam is warranted. 
There is controversy with diagnosing an SBO on 
plain film X-rays vs immediately obtaining a CT 
scan. A CT with IV contrast can yield the most 
pertinent information as radiologists are able to 
adequately predict a need for surgery based on 
image characteristics [18]. If a high-grade SBO 
or an SBO with ischemia is suspected, oral con-
trast should not be given. Dilation of the small 
bowel >3 cm is concerning as well as the pres-
ence of a transition point, free fluid, and mesen-
teric edema. Small bowel fecalization (“small 
bowel feces sign”) may represent functioning 
bowel, a reassuring sign; however this also por-
tends slow transit through the small bowel [19]. 

Fig. 3.1 CT scan showing organoaxial gastric volvulus 
with massive gastric distension

Fig. 3.2 CT scan showing gastric outlet obstruction with 
a distended stomach and decompressed small bowel
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Pathways requiring imaging to calculate the 
probability of an SBO requiring operative man-
agement have been proposed. Zielinski et  al. 
found statistically significant features on CT scan 
were mesenteric edema, the lack of a small bowel 
feces sign, as well as a history of obstipation 
[20]. It is important to note most studies that use 
radiologic criteria to stratify risk for SBO exclude 
patients with peritonitis and/or findings of isch-
emia on CT. Also, a CT scan is not adequately 
sensitive for detecting early ischemia; however 
when the aforementioned signs are present, it is 
very specific for ischemia; one must rely on clini-
cal judgment if findings are equivocal [21]. Only 
in the setting of a stable patient with an intermit-
tent or low-grade SBO should oral contrast evalu-
ate the bowel and/or be given as per a small bowel 
follow-through protocol or pathway [22]. In this 
setting, undiluted oral contrast can be followed 
with serial KUBs until it reaches the colon, usu-
ally within 8 h; however any time before 24 h is 
considered successful. This can be ~92% sensi-
tive and specific for nonoperative resolution of 
the SBO [23]. The usage of oral contrast does 
have controversy within the literature, as most 
emergency surgical pathologies do not require 
opacification of the bowel lumen. However, there 
are still possible benefits of oral contrast as out-
lined by Kammerer et  al., suggesting careful 
patient selection is required to obtain meaningful 
use. They argue that bowel edema, inflammation, 
and bowel delineation from surrounding struc-
tures, especially in thinner patients without much 
mesenteric fat, may benefit from oral contrast 
[24]. Oral contrast used as a cathartic is also a 
therapeutic option in those without the suspicion 
of ischemic bowel or strangulation. A closed-
loop bowel obstruction is an entity which should 
be recognized early and treated quickly. A seg-
ment of the bowel with two transition points, a 
lumen narrowing or “beak sign,” a radial pattern 
of mesenteric vasculature, and a “U/C” shape of 
the bowel are characteristic of a closed-loop 
obstruction [25] (Fig. 3.3). In patients with dif-
fusely dilated small bowel, a CT can differentiate 
between an ileus reliably, with a sensitivity and 
specificity approaching of 90%. An Ileus is radio-
logically defined as distention of both the small 

and large bowel without a clear transition point. 
Non-passage or oral contrast through the intesti-
nal tract can also detect adynamic ileus. MRI for 
intestinal obstruction is reserved for the pediatric 
or pregnant population but should be pursued if 
all other tests are inconclusive.

CT enterography has questionable value in 
SBO, as some patients cannot tolerate large vol-
umes of liquid [26].

 Mesenteric Ischemia

One of the most worrisome pathologies which 
causes diffuse abdominal pain is acute mesen-
teric ischemia, commonly caused by embolism or 
thrombosis of the superior mesenteric artery. 
Nonocclusive mesenteric ischemia is caused by a 
generalized low-flow state to the intestines. In the 
clinical setting in which mesenteric ischemia is 
suspected, the recommended first-line imaging is 
a CTA of the abdomen and pelvis [27]. The CTA 
will reveal the site of embolism or thrombosis, 
stenosis, or dissection (Fig. 3.4). A venous phase 
CT will reveal mesenteric venous thrombosis as 
well. Bowel characteristics of ischemia can 

Fig. 3.3 Closed-loop SBO with free fluid
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include wall thickening, hypoattenuation, portal-
venous gas, pneumatosis, and mesenteric strand-
ing. With the findings of vessel abnormalities and 
the latter findings of bowel ischemia, the sensitiv-
ity and specificity of a CTA reach 94% and 96%, 
respectively [27]. Conventional angiography is 
considered if preoperative planning is needed; 
however given the acuity of the ischemia, this is 
usually forgone to allow for rapid operative treat-
ment. Magnetic resonance angiography is gener-
ally not recommended as it has a poor sensitivity 
to detect distal thrombus or emboli [28].

 Large Bowel

 Appendicitis

Along with a compelling history and physical, 
imaging can diagnose appendicitis in the vast 
majority of cases with an acceptable negative 
exploration rate. In the setting of an unclear 
exam, imaging becomes the underpinning of 

diagnosis – in some reports cutting the negative 
appendectomy rate from 16% to 8% [29]. The 
current guidelines for imaging a patient with sus-
pected appendicitis begins with a right lower 
quadrant ultrasound. Ultrasound is a very useful 
technique but is highly operator dependent and 
relies on favorable anatomy and anatomic win-
dows. In combination with a high Alvarado score, 
findings such as a dilated and noncompressible 
appendix, hyperemia, and free fluid on ultra-
sound can approach sensitivity and specificity of 
CT scan [30]. It is reserved as the sole modality 
for those who wish to avoid radiation such as the 
pediatric and pregnant population before an 
MRI. If the ultrasound is inconclusive, a CT with 
IV contrast is recommended as the sensitivity is 
near 90% and specificity is about 95% [31]. 
Evaluation by a surgeon should be carried out 
before ordering a CT scan in children or young 
adults due to the relatively benign nature of diag-
nostic laparoscopy and availability of MRI. PO 
contrast should only be given if IV contrast can-
not be used. CT is also beneficial in that perfora-
tion, phlegmon, typhlitis, or a fecalith can be 
visualized and alter the treatment plan from sur-
gery to medical management or vice versa. The 
anatomic position of the appendix can also be 
seen, facilitating surgical planning (retrocecal, 
malrotation). MRI is reserved for pregnant 
patients; however it should be noted that appendi-
citis in the pregnant patient is an emergency, 
mandating a STAT MRI.  If an MRI cannot be 
obtained, a CT scan while pregnant is thought to 
be safe, as previously stated in the Generalized 
Abdominal Pain section.

 Diverticulitis

Diagnosing and staging the severity of diverticu-
litis depends on radiographic evidence of inflam-
mation of the colon and any associated abscesses, 
free fluid, or air. Thus, a CT scan with IV contrast 
should be ordered in this scenario. The IV con-
trast is used to delineate the bowel wall and any 
abscess cavities. If used, PO contrast can differ-
entiate diverticular pockets from adjacent 
abscesses – in some cases aiding in percutaneous 

Fig. 3.4 Superior mesenteric artery embolism (arrow) 
causing acute mesenteric ischemia
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drainage [32]. Rectal contrast is not suggested as 
the sensitivity and specificity are matched by 
conventional IV or PO contrast. Findings on CT 
scan can be suggestive of simple inflammation or 
an underlying malignant process. Classification 
of diverticulitis centers around the degree of 
inflammation and the presence of perforation. 
Hinchey et  al. [33] originally described four 
stages: Stage 1, pericolic abscess; Stage 2, pelvic 
intra-abdominal/retroperitoneal abscess; Stage 3, 
generalized purulent peritonitis; and Stage 4, 
generalized fecal peritonitis. Since then, multiple 
attempts to better stratify the severity of divertic-
ulitis has evolved, all centering around CT evi-
dence of perforation and abscess as well as 
hemodynamic and perfusion status [34]. 
Lymphadenopathy and limited inflammation of 
the colon can be visualized and may portend a 
high risk of cancer-associated perforation. 
Following CT scan in the acute setting, patients 
should be evaluated with colonoscopy when 
diverticulitis has resolved.

Involvement of interventional radiology is 
recommended when abscesses are large enough 
to drain and percutaneously accessible. 
CT-guided aspiration and/or drain placement is 
warranted for stable patients.

 Cecal and Sigmoid Volvulus

The most common site of colonic volvulus is the 
sigmoid (~90%) and the cecum (<20%). A cecal 
volvulus is a surgical emergency as the bowel 
twists along the ileocolic pedicle, its blood sup-
ply, and should be reported to the surgeon imme-
diately (Fig. 3.5). An abdominal plain film can be 
diagnostic if a pathognomonic finding is seen, 
that being a twisted loop in the right lower quad-
rant “pointing to the left upper quadrant. A cecal 
“bascule” can also cause obstruction and a dis-
tended large loop of the bowel; however this is not 
a rotation around the ileocolic pedicle, but rather 
a folding of the cecum anteriorly and superiorly. 
A sigmoid volvulus is created when a redundant 
descending colon twists along the mesenteric 
root (Fig.  3.6). The pathognomonic finding in 
this case is a left lower quadrant obstruction with 

Fig. 3.5 Cecal volvulus with a prominent mesenteric 
swirl in the right lower quadrant and the cecum displaced 
into the left upper quadrant

Fig. 3.6 Sigmoid volvulus with a mesenteric swirl in the 
left lower quadrant and distended colon with a transition 
point distally. Arrow denotes mesenteric swirl in the left 
lower quadrant
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a distended loop pointing to the right upper quad-
rant given the appearance of a “coffee bean” 
shape. A bird’s-beak narrowing is seen in the left 
lower quadrant if a gastrografin enema is per-
formed. Although confirmed through history, 
physical, and abdominal X-ray, a CT scan with IV 
contrast can aid in decision-making if a cecal bas-
cule is suspected rather than volvulus. A sigmoid 
volvulus would also be preferentially imaged with 
CT with IV contrast if a plain X-ray is insuffi-
cient. CT scan can display a whirling pattern of 
the tapering bowel, twisted mesentery, and a focal 
point at the fixated root. For a sigmoid volvulus, 
urgent decompression through colonoscopy is 
warranted, whereas immediate operative inter-
vention is needed for cecal volvulus.

 Lower GI Bleeding

Acute gastrointestinal bleeding suspected to be 
of lower GI source follows the principle of resus-
citation and stabilization of the patient which 
then allows the localization of the source. If the 
patient is too unstable for imaging, urgent opera-
tive or in some cases, interventional radiologic, 
procedures are indicated.

In the stable or transient responder, localiza-
tion of the bleeding source can be achieved 
through multiple avenues. The first appropriate 
modality should be through colonoscopy which 
is both diagnostic and therapeutic. If the lesion is 
not amenable to endoscopic hemostasis, conven-
tional angiography and embolization can be 
employed. Angiography can detect bleeding rates 
between 0.5 and 1.5 ml/min. If the patient is sta-
ble and a source still not found, a CT angiogram 
(rate, 0.3–0.5 ml/min) can be obtained to localize 
the bleed. If persistent, low-volume bleeding 
occurs and colonoscopy nor CT angiogram 
reveals the source, a tagged RBC scan may pick 
up minute amounts of extravasating blood (0.1–
0.5 ml/min). This is a poor exam to localize the 
exact location but can aid in the management 
choices. Demonstrated by Bentley et  al., 
Tc-99  m-labeled RBC scan can detect rates of 
bleeding from 0.1 mL/min and may be used in 
patients with an obscure GI bleed, but it has an 

inferior sensitivity compared to angiography [35, 
36]. Also, nuclear imaging is not always immedi-
ately available and may require extended time to 
scan. For these reasons, nuclear imagine is not 
recommended in the acute setting. For patients 
who are stable or display an intermittently bleed-
ing pathology, a video capsule endoscopy may be 
useful [37].

 Ischemic Colitis

Low-flow states to the bowel produce transient 
inflammation and injury to the target end organ. 
Ischemic colitis is thus best evaluated through 
CT with IV contrast [38, 39]. This allows the 
detection of bowel wall enhancement and arterial 
phase option of vessel inflow and runoff. 
Watershed areas of the bowel are most prone to 
low-flow states, and the presence or absence of 
collateral blood can be shown via CTA [40]. 
Concerning findings would be bowel wall edema, 
pneumatosis, free fluid, free air, or bowel wall 
discontinuity. Oral contrast should not be admin-
istered as it may obscure the character of the 
bowel wall. Defining the vasculature, CTA is 
ideal for evaluating the take of the aortic SMA 
and IMA roots. MRA can be used but is not as 
sensitive as CTA for more distal, small arteries as 
stated in the Mesenteric Ischemia section.

 Postsurgical Anastomotic Leak

The nature of the operation and surgical anatomy 
must be known prior to evaluating patients with a 
suspicion for a postsurgical leak. As with gener-
alized abdominal pain, A CT with IV contrast is 
usually sufficient as PO contrast has not shown 
an appreciable increase in the detection of small 
bowel or gastric discontinuity. A low anorectal 
anastomosis is at a significant risk for postopera-
tive leak. To evaluate for postoperative leaks in 
patients who are status post low anterior resec-
tion or any variant of colectomy, CT w/ IV con-
trast is preferable with some exceptions. The 
caveat in postoperative patients is that the sur-
geon would want to demonstrate an actual leak, 
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thus PO and rectal contrast should be given in 
these cases [41]. Creating a pressure column 
within the low-pressure reservoir which is the 
colon will allow interrogation of the staple line 
[42]. Once a leak is demonstrated, appropriate 
management via percutaneous drainage, endo-
scopic clipping, or operative repair can be 
pursued.

 Hepatobiliary System

 Cholecystitis

Right upper quadrant pain has a long differential 
and accounts for a myriad number of complaints 
and presentations. One of the most common 
causes for right upper quadrant pain is cholecys-
titis. Along with a compatible history, physical, 
and lab tests, imaging is required for diagnosis. 
For cholecystitis, a right upper quadrant ultra-
sound is the most cost effective [43] and quickest 
way to visualize the gallbladder [44]. The pres-
ence of a thickened gallbladder wall (>3  mm), 
pericholecystic fluid, and a positive Murphy’s 
sign are diagnostic of cholecystitis. Acute calcu-
lus cholecystitis is diagnosed if imaging reveals 
the previous findings plus gallstones or sludge 

(Fig.  3.7). The sensitivity of ultrasound ranges 
from 80% to 90% and an 80–85% specificity for 
cholecystitis. It is important to note that gall-
stones are best seen with ultrasound rather than 
CT with sensitivities of ~95% and 80%, respec-
tively, for cholelithiasis. The most sensitive imag-
ing technique for cholecystitis is HIDA 
(hepatobiliary iminodiacetic acid) cholescintig-
raphy with a sensitivity of ~ 96% and specificity 
of 90%. Although more sensitive, a HIDA scan 
cannot visualize anatomic structures as well and 
cannot provide information such as common bile 
duct size and stone visualization which is why 
ultrasound is still the recommended first test. 
HIDA may also be falsely negative in severe gall-
bladder inflammation that produces intermittent 
or incomplete cystic duct occlusion. A CT scan 
can also be useful for operative planning and in 
ruling out other co-existing pathologies. Evidence 
of gallbladder perforation, extensive inflamma-
tion, polyps, masses, pancreatitis, or other chal-
lenging surgical scenarios can be ascertained via 
CT scan, but is not first-line imaging. MRI for 
cholecystitis is recommended in the pregnant 
patient if an ultrasound is inconclusive [45].

 Choledocholithiasis and Cholangitis

Similar to cholecystitis, choledocholithiasis 
should be imaged through ultrasound to delin-
eate the cause of obstruction, site, and severity. 
The sensitivity and specificity are often quoted 
at 73% and 91%, respectively, for common bile 
duct stones [46]. Reliable measurements of the 
biliary ducts can be ascertained with ultrasound 
in a quick manner. On average, the common bile 
duct is noted to be between 5 and 10 mm with an 
increase of ~1  mm per decade expected; how-
ever this assumption is questionable. Some stud-
ies reflect a normal upper limit of 6  mm with 
post-cholecystectomy patients having a 1  mm 
increase in size. In conjunction with laboratory 
tests, this can guide patient care toward further 
tests or interventions such as magnetic resonance 
cholangiopancreatography (MRCP), EUS, or 
ERCP. For stones >3 mm, MRCP sensitivity and 
specificity are 93–94% and 95–100%, respec-

Fig. 3.7 Abdominal ultrasound revealing pericholecystic 
fluid, a thickened gallbladder wall, and sludge confirming 
cholecystitis
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tively. EUS is similarly capable at 95% and 97%, 
respectively [47]. It is important to note that a 
CT scan is not recommended because of the 
inferiority of a CT scan to visualize gallstones; 
however multidetector CT cholangiography may 
rival MRCP and EUS. The American Society for 
Gastrointestinal Endoscopy (ASGE) has strati-
fied those with right upper quadrant pain, jaun-
dice, and fever into high (likely to have 
cholangitis), intermediate, or low probability of 
having choledocholithiasis. Based on these crite-
ria, immediate ERCP or further imaging of the 
ducts with EUS or MRCP is pursued. If the sus-
picion is low, immediate cholecystectomy with 
IOC is offered. Post-cholecystectomy patients 
with new onset RUQ pain and elevated liver 
enzymes or bilirubin should be evaluated through 
immediate MRCP or ERCP. Intraoperative chol-
angiogram (IOC) can be completed if the patency 
of the duct has not been studied and the patient 
displays intermediate risk stratification criteria. 
Routine use of IOC is debatable but still com-
monly practiced. American Society for 
Gastrointestinal Endoscopy (ASGE) guidelines 
help risk stratify patient in regard to ruling out 
biliary obstruction (Table 3.2).

 Pancreatitis

Diffuse, band-like upper abdominal pain is a 
common complaint and can be initial signs of 
pancreatitis. Within the United States, gallstones 
and alcohol are leading causes [48]; however 
gallstone pancreatitis requires general surgical 
admission or surgical consultation. The diagnosis 
of pancreatitis is made through history, physical 
exam, and elevated lipase and/or amylase levels. 
A right upper quadrant ultrasound should be per-
formed to identify the presence of gallstones/
sludge or choledocholithiasis. This information 
alone is sufficient to diagnose uncomplicated 
acute pancreatitis. In those that recover rapidly 
within the first few days of admission, it is rea-
sonable to forgo a CT scan. However, those that 
have persistent pain or deteriorate clinically 
should be imaged to assess for progressing/nec-
rotizing pancreatitis with or without superim-
posed infection. A prominent scoring 
classification of pancreatitis based on imaging is 
the Balthazar criteria, which utilizes a standard-
ized CT grading system. Combining the points 
accrued from the grade of pancreatic inflamma-
tion and the percent necrosis relays a relative 
clinical severity known as the CT severity index 
(CTSI) score which is shown in Table 3.3 [49]. 
There are many clinical severity-stratifying clas-

Table 3.2 American Society for Gastrointestinal 
Endoscopy (ASGE) management algorithm

High risk (>50% chance 
of having CBD 
obstruction) – should 
receive preoperative 
ERCP

Any of the following
Confirmed 
choledocholithiasis, 
clinically evident 
cholangitis, bilirubin 
>4 mg/dL
Both CBD >6 mm and 
bilirubin >1.8–4 mg/dL

Intermediate risk 
(10–50% chance of 
having CBD 
obstruction) – should 
receive pre-op MRCP, 
EUS, or intraoperative 
cholangiogram

Any of the following
Dilated CBD, age > 55, 
gallstone pancreatitis
Any abnormal LFT

Low risk (<10% chance of 
having CBD 
obstruction) – no further 
imaging

None of the above with 
symptomatic 
cholelithiasis

Table 3.3 CT severity index (CTSI) score

Grade 
A

Normal 0 
points

Grade 
B

Focal or diffuse enlargement or 
peripancreatic inflammation

1 point

Grade 
C

Pancreatic gland abnormalities 2 
points

Grade 
D

Fluid collection 3 
points

Grade 
E

Two or more fluid collections, gas 
adjacent to the pancreas

4 
points

No necrosis 0 points
0–30% necrosis 2 points
30–50% necrosis 4 points
Over 50% necrosis 6 points

0–3 points Mild acute pancreatitis
4–6 points Moderate acute pancreatitis
7–10 points Severe acute pancreatitis
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sifications available, including Modified Marshall 
score, Ranson’s criteria, POPS, BISAPS, 
APACHE II, and SOFA criteria, and in all severe 
or persistent cases, imaging should be obtained in 
conjunction. The Atlanta Criteria sums these 
findings up to portend a prognosis and clinical 
course [50]. Further management regarding 
 peripancreatic fluid collections/abscesses which 
appear infected should be treated first medically 
and then, as clinically relevant, be drained via 
interventional radiologic methods. Drainage can 
later be augmented via up-sizing drains allowing 
for eventual video-assisted retroperitoneal pan-
creatic debridement (VARD) if warranted.

If still the etiology is still unclear or the pan-
creatitis is persistent/recurrent, an MRCP can be 
obtained to further aid in the detection of alter-
nate causes such as malignancies or duct/liver 
pathology. MRCP can be limited due to the 
intense inflammation of acute pancreatitis, 
however.

 Cellulitis and Necrotizing Soft 
Tissue Infection (NSTI)

The diagnosis of soft tissue infection relies heav-
ily on clinical suspicion. Utilization of ultrasound 
to delineate an abscess cavity can be used for sur-
gical planning. A CT scan with IV contrast is 
helpful in finding foreign bodies if a history of 
puncture wound or local trauma is obtained. IV 
contrast-enhanced CT scans can show obliterated 
end arterial thrombosis which may portend a 
higher risk of compartment syndrome associated 
necrotizing fasciitis. Classically, the presence of 
gas within the soft tissues, which is reported to be 
~48% in positive cases, can be detected via CT 
[51]. More subtle signs such as inflammatory 
changes beneath the fascia and the presence of 
fluid collections can both point toward a higher 
likelihood of NSTI.  In a study conducted by 
Zacharias et al., CT provided a 100% sensitivity 
and 81% specificity in a review of 67 patients, 
reflecting the possible utility of ruling out NSTI 
via CT [52]. In a further investigation of 167 
patients, investigators found a sensitivity and 
specificity of 100% and 98%, respectively, with a 

positive predictive value of 76% and a negative 
predictive value of 100% [53]. MRI with and 
without contrast for suspected extremity infec-
tion can add information such as determining 
underlying myositis, necrosis, or collection and 
has a historically slightly higher sensitivity and 
specificity than CT [54].
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Abbreviations

ADR Adverse drug reaction
AMG Aminoglycoside
AUC Area under the curve
CDI Clostridium difficile infection
Cmax Peak drug concentration
CMS Centers for Medicare and Medicaid 

Services
CNS Central nervous system
CrCl Creatinine clearance
CRE Carbapenem-resistant 

Enterobacteriaceae
ESBL Extended-spectrum beta-lactamase
FDA Food and Drug Administration
FLQ Fluoroquinolones
GI Gastrointestinal
GNR Gram-negative rod
ICU Intensive care unit
IV Intravenous
KPC Klebsiella pneumoniae 

carbapenemase
MAOI Monoamine oxidase inhibitor
MDRO Multidrug-resistant organism
MIC Minimum inhibitory concentration
MRSA Methicillin-resistant Staphylococcus 

aureus

MSSA Methicillin-susceptible 
Staphylococcus aureus

PAE Post-antibiotic effect
PBP Penicillin-binding protein
PCN Penicillin
PCR Polymerase chain reaction
PD Pharmacodynamics
PK Pharmacokinetics
SMX Sulfamethoxazole
SrCr Serum creatinine
T > MIC Time above minimum inhibitory 

concentration
TMP Trimethoprim
UA Urinalysis
UTI Urinary tract infection
Vd Volume of distribution
VISA Vancomycin-intermediate 

Staphylococcus aureus
VRE Vancomycin-resistant Enterococcus

 Introduction

Emergency general surgery patients are at risk 
for a variety of primary or secondary infectious 
complications. In noncardiac intensive care units 
(ICU), infectious-related mortality has been 
described as high as 60% [1]. Infectious disease 
is unique from most other disease processes 
encountered in surgery, given the underlying 
response to disease or treatment is influenced by 
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the interplay of three independent factors: host, 
pathogen, and antimicrobial therapy. In the mod-
ern era, the medical community has increasingly 
described the benefit of prescribing the right anti-
biotics empirically in adjunct to appropriate 
source control procedures. However, broad-spec-
trum antibiotic use is a known risk factor in the 
development of multidrug-resistant bacteria, 
potentially rendering standard antibiotics ineffec-
tive. Therefore, clinicians must have a balanced 
approach to antibiotic therapy to ensure success-
ful treatment of infections while minimizing the 
risk for propagating antibiotic resistance [2]. The 
purpose of this chapter is to review principles and 
recent advances for the diagnosis and treatment 
of bacterial infections. Relevant discussions of 
anti-infective agents for specific disease pro-
cesses are discussed in other sections of this 
book.

 Diagnosis of Infection

Fever is often the initial sign of possible infec-
tion. Depending on host factors and comorbid 
conditions, other nonspecific signs and symp-
toms may be present such as hypotension, tachy-
cardia, tachypnea, confusion, rigors, lactic 
acidosis, leukopenia, leukocytosis, or thrombo-
cytopenia. However, during the postoperative 
period, fever is nearly always noninfectious in 
the first 48–96 h [3]. Other noninfectious causes 
should also be considered during the diagnostic 
evaluation of fevers including central fever (cere-
bral infarction, hemorrhage, trauma), venous 
thromboembolism, and drug fever [4]. When an 
infection is strongly suspected, a systematic 
approach is favored over a “pan-culturing” strat-
egy to identify the source of an infection. 
Specimens for cultures should be collected prior 
to the initiation of antibiotics unless doing so will 
result in substantial antibiotic delay, defined by 
the Surviving Sepsis Guidelines as 45 min [5].

High clinical suspicion of infection secondary 
to recent surgical procedures, indwelling devices, 
or signs/symptoms involving a single organ sys-
tem should be prioritized during initial diagnos-
tics. Surgical dressings should be removed to 

examine incisions. If incisions are opened, a cul-
ture should be obtained from a deep space. 
Superficial swabs are nonspecific and result in 
contamination. In patients who have been 
mechanically ventilated, a chest x-ray and spu-
tum cultures should be obtained. It is important 
to distinguish aspiration pneumonia versus aspi-
ration pneumonitis. The latter can often be distin-
guished by a rapid onset and offset of symptoms 
[6]. Lack of improvement in 48 h should raise the 
suspicion for bacterial pneumonia. Two periph-
eral sets (aerobic and anaerobic) of blood cul-
tures are recommended for any patient with a 
suspected infection. One of these sets should be 
obtained from an intravascular catheter if in place 
≥48 h. For patients at risk of endocarditis (intra-
venous drug user, known Staphylococcus aureus 
bacteremia), then multiple sets of blood cultures 
should be obtained. Urinary culture should only 
be obtained when high index of suspicion exists 
to decrease positive cultures secondary to Foley 
catheter colonization or asymptomatic bacteri-
uria. Potential strategies to prevent false-positive 
urine cultures include removing Foley catheters 
prior to urinalysis (UA) and only reflex culturing 
when pyuria (>10 WBC/hpf) exists on the UA, as 
this WBC/hpf threshold has demonstrated a high 
negative predictive value for a urinary tract infec-
tion (UTI) [7, 8].

Initial antibiotic therapy should be guided by 
local epidemiology and resistance patterns by 
utilizing the institution’s antibiogram. Internal 
guidelines should be developed to prevent over-
prescribing of broad-spectrum antibiotics to 
ensure tailoring of indication-specific therapy. 
However, inappropriate initial therapy is an inde-
pendent predictor of mortality. When broad-spec-
trum therapy is indicated, it is important to take 
an “antibiotic time-out” 48–72 h later to review 
culture data and clinical response to de-escalate 
antimicrobials as soon as possible [9].

Risk of increased morbidity and mortality 
with starting inappropriate empiric antibiotic 
therapy must be weighed with the consequences 
of antimicrobial resistance from careless pre-
scribing of broad-spectrum antibiotics for 
extended durations. The use of rapid molecular 
testing not only decreases the turnaround time 
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compared to conventional culturing methods but 
also increases sensitivity and specificity of the 
infecting pathogen. The use of rapid, multiplex 
polymerase chain reaction (PCR)-based testing 
has been shown to impact time to most effective 
antibiotic therapy, thereby decreasing mortality 
and de-escalating unnecessary anti-infectives. 
While a complete overview of these tests is out-
side the scope of this chapter, Table  4.1 below 
highlights some of the tests currently available 
and their characteristics [10]. Biomarkers, such 
as procalcitonin, may also be a useful tool to 
guide therapy de-escalation [9]. Because procal-
citonin is a precursor of calcitonin, released in 
the presence of bacterial infections, it has been 
studied to initiate and discontinue antibiotics. It 
may be particularly helpful to differentiate an 
ongoing infection from a noninfectious process. 
While the procalcitonin cutoff for discontinuing 
therapy varies in the literature, there is a growing 
consensus to discontinue when the assay is 
≤0.5 μg/L or decreased by ≥80% from the peak 
value [11].

 Principles of Antibiotic Therapy

Effective eradication of an infection requires ade-
quate source control and optimal use of antimi-
crobial therapy. A basic understanding of 
antimicrobial principles is essential to optimize 
antibiotic therapy. Pharmacokinetics (PK) refers 

to the patient’s action toward a drug, including 
absorption, distribution, metabolism, and excre-
tion [12]. The most clinically relevant PK con-
cepts include bioavailability, volume of 
distribution (Vd), half-life, and clearance. 
Bioavailability, or the percent of drug absorbed, 
is influenced by route of administration. 
Intravenous antibiotics have 100% bioavailabil-
ity, while oral antibiotics vary dependent on drug 
properties (e.g., absorption) or patient physiol-
ogy (e.g., intestinal transit time) [13]. In shock 
states, intravenous routes are preferred to ensure 
adequate systemic exposure. Volume of distribu-
tion (Vd) is a theoretical estimate of the propor-
tion of drug in the serum to tissues. In critical 
illness, fluid resuscitation, hypoalbuminemia, 
and capillary leak syndrome can result in fluid 
shift into the interstitial space [14]. For hydro-
philic drugs, including beta-lactams, aminogly-
cosides (AMG), vancomycin, and colistin, this 
results in “dilution” with increased Vd and 
reduced plasma concentrations. Loading doses of 
hydrophilic antibiotics can be considered in an 
attempt to overcome expanded Vd and “fill the 
tank,” independent of clearance [15]. 
Alternatively, lipophilic antimicrobials, includ-
ing fluoroquinolones (FLQ), macrolides, line-
zolid, tigecycline, and clindamycin, have 
extensive Vd that are, therefore, less affected by 
resuscitation.

Half-life is the time required for the serum 
drug concentration to be reduced by half. 

Table 4.1 Rapid diagnostic test characteristics and detected pathogens

Test Specimen(s) Microorganism/targets detected
Polymerase chain reaction (PCR) Stool

Various (serum, nares)
Clostridium difficile
Staphylococcus aureus (MRSA)

Multiplex PCR (simultaneous detection of 
multiple organisms)
Nanoparticle probe technology (nucleic acid 
extraction and PCR amplification)

Serum
Stool
CSF
Nasopharyngeal

Several bacteria
Several viruses
Resistance markers (mecA, van 
A/B, KPC)

Peptide nucleic acid fluorescence in situ 
hybridization (PNA-FISH)

Serum Staphylococcus spp.
Enterococcus spp.
Candida spp.
Gram-negative bacteria

Matrix-assisted laser desorption/ionization 
time-of-flight mass spectrometry (MALDI-TOF 
MS)

Direct from colony on many 
sample types

Gram-positive bacteria
Gram-negative bacteria
Candida spp.
Mycobacterium spp.

KPC, Klebsiella pneumoniae carbapenemase
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Three to five half-lives are used to estimate 
metabolism of 88–98% of total drug exposure. 
Half-life varies for each antibiotic, generally 
dependent on underlying hepatic function for 
hydrophobic antibiotics and renal function for 
hydrophilic antibiotics, determining total clear-
ance. In critical illness, clearance can be either 
“impaired” with end-organ dysfunction or “aug-
mented” with enhanced cardiac output due to 
physiologic response or resuscitation efforts [16]. 
The concern with altered clearance is risks of 
toxicity or suboptimal antibiotic exposure, 
respectively, both potentially leading to worse 
outcomes. Therefore, adjustment from standard 
antibiotic doses is appropriate to avoid the asso-
ciated risks. Unfortunately, the commonly used 
surrogate for renal function, serum creatinine 
(SrCr), appears “normal” in those with augmented 
renal clearance. Therefore, direct measure with 
8–24-h continuous urine creatinine collection is 
preferred if SrCr is normal and the patient demo-
graphics are less than 55 years, male, trauma, sur-
gery, burns, or neurologic insult [16].

Pharmacodynamics (PD) is the physiologic or 
biochemical response to a drug. This is generally 
known as “what the drug does to the body or 
bug.” The most clinically relevant and reported 
PD parameter is the minimum inhibitory concen-
tration (MIC), defined as the lowest serum anti-
microbial concentration required to inhibit visible 
growth of the microorganism [17]. The MIC is 
dependent on both the drug and bug combination, 
which the microbiology lab then interprets based 
on standardized MIC breakpoints. Clinically 
applied, susceptible organisms are likely to 
respond to treatment with standard antibiotic 
doses, whereas intermediate organisms may 
achieve clinical response, but higher than normal 
doses may be needed. If resistant, the infection is 
unlikely to respond to antimicrobial therapy, as 
doses required to overcome the resistance would 
likely cause toxicity to humans [18]. Of note, 
when selecting antibiotics, a clinician can com-
pare MICs within an individual drug/bug relative 
to the known breakpoint to determine “degree of 

susceptibility.” However, clinicians should not 
compare MIC values of different antibiotics; 
given the lowest MIC does not necessarily mean 
the most susceptible.

The PK-PD properties are integrated to 
describe the exposure-response relationship and 
determine the ability for an antibiotic to kill 
(bactericidal) or inhibit (bacteriostatic) the 
growth of a pathogen [14]. Beta-lactam antibiot-
ics have “time-dependent” activity, where the 
percent of time the free drug concentration 
remains above the MIC (T > MIC) during a dos-
ing interval exclusively determines bactericidal 
activity. Dose optimization techniques for 
“time-dependent” antibiotics include more fre-
quent administration or extended infusions. 
Concentration-dependent antibiotics, such as 
AMGs, elicit kill activity based on the degree of 
peak concentration over the MIC (Cmax/MIC). 
Prescribing larger doses with less frequent 
administrations is a strategy to optimize peak 
concentrations, with a general target of ten times 
the MIC for aminoglycosides. Finally, certain 
antibiotics, such as vancomycin and FLQs, are 
reliant on both time and peak concentrations for 
bactericidal or static activity, known as concen-
tration-dependent with time dependence. The 
ratio of area under the curve (AUC) to MIC 
(AUC/MIC) can be optimized by administering 
larger doses with either more frequent adminis-
tration or prolonged infusions.

 Antibacterial Agents

Once potential sources of infection have been 
identified and appropriate diagnostic tests have 
been performed, antimicrobial agents can then be 
selected based on national guideline recommen-
dations and taking into consideration the antimi-
crobial activity, PK, and PD of each agent. The 
tables below describe the spectrum of activity 
and highlight some clinical pearls of commonly 
used antimicrobials in the acute care setting 
(Tables 4.2, 4.3, 4.4, and 4.5).
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Table 4.3 Beta-lactam antibiotics

Class Drug example Pearls
Penicillin: Natural or semisynthetic compounds that display bactericidal activity by binding to penicillin (PCN)-
binding proteins (PBP), inhibit peptidoglycan cross-linking, and result in bacterial cell lysis [20]
Natural PCN Penicillin G Drug of choice for Streptococcus species

Inactivated by beta-lactamases produced by S. aureus and GNRs
Aminopenicillins Ampicillin

Ampicillin/sulbactam
Beta-lactamase inhibitor extends spectrum of ampicillin to GNRs 
and anaerobes
Sulbactam has activity against Acinetobacter baumannii
Resistance of Escherichia coli increasing, should not be used for 
empiric therapy in intra-abdominal sepsis

Penicillinase-
resistant 
penicillins

Nafcillin
Oxacillin

Drug of choice for methicillin-susceptible Staphylococcus aureus 
(MSSA)

Extended-
spectrum 
penicillins

Piperacillin/tazobactam Broadest antibacterial spectrum of this class, including 
Pseudomonas aeruginosa (PSAR) and anaerobes

Cephalosporins: Mechanism of action of cephalosporins is identical to PCN [21]
First generation Cefazolin Alternative drug of choice for the treatment of MSSA

Central nervous system penetration is poor
No cephalosporin covers Enterococcus spp.

Second generation Cefuroxime
Cefoxitin

Enhanced activity against E. coli, Klebsiella pneumoniae, and 
some Proteus spp.
Cefoxitin has anaerobic activity; however, Bacteroides fragilis 
resistance is increasing

Third generation Ceftriaxone
Ceftazidime
Ceftazidime/avibactam
Ceftolozane/tazobactam

Increased potency against GNRs resistant to extended-spectrum 
PCN or early generation cephalosporins
May lack adequate empiric coverage of S. aureus
Ceftriaxone is primarily hepatically metabolized and excreted
Ceftazidime is considered to have activity against most GNRs, 
including PSAR
Beta-lactamase inhibitor combinations are indicated for multidrug-
resistant Pseudomonas spp.

Fourth generation Cefepime Broad spectrum of activity, including PSAR and Aeromonas spp. 
while maintaining activity against Gram-positive cocci

Fifth generation Ceftaroline First beta-lactam antibiotics to have activity against MRSA
Similar Gram-negative coverage as ceftriaxone

Carbapenems: Compact chemical structures readily diffuse through porin channels of Gram-negative bacilli and 
inhibit cell wall synthesis by binding PBP. Particularly resistant to beta-lactamases [22]
Carbapenems Ertapenem Inhibits most Gram-positive cocci, GNRs, including ESBL producers

Does not have activity against PSAR or Acinetobacter spp.
Its long half-life and extensive protein binding allow for once-daily 
administration

Antipseudomonal 
carbapenems

Meropenem
Doripenem
Imipenem

Broadest spectrum of activity of all beta-lactams, including PSAR
Imipenem is coadministered with cilastatin to prevent deactivation 
within the renal brush boarder cells
Meropenem and doripenem have enhanced activity against GNRs 
yet reduced Enterococcus activity

Monobactams: High affinity for PBP3, causing bacterial cell wall lysis [22]
Monobactam Aztreonam No activity against any Gram-positive or anaerobic organisms

Moderate activity against GNRs
Synthetic and lacks the allergenic chemical structure
Can be safely used in patients with significant PCN or 
cephalosporin allergies
Consider double coverage of Gram-negative organisms if resistance 
exceeds 10–20%

ESBL extended-spectrum beta-lactamase, GNR Gram-negative rod, MRSA methicillin-resistant Staphylococcus aureus, 
MSSA methicillin-susceptible Staphylococcus aureus, PBP penicillin-binding protein, PCN penicillin, PSAR 
Pseudomonas aeruginosa
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Table 4.5 Non-beta-lactam antibiotics

Class Drug example Pearls
Gram-positive agents [23–25]
Glycopeptides Vancomycin Inhibits bacterial cell wall synthesis

Broad activity against Gram-positive bacteria, drug of choice 
for MRSA
Oral formulation used for C. difficile
Therapeutic drug monitoring should be considered; target 
trough concentrations of 15–20 mcg/mL used as a surrogate to 
achieve AUC/MIC ratio ≥ 400
Toxicity: red man syndrome, nephrotoxicity

Lipopeptides Daptomycin Bactericidal antibiotic typically reserved for MRSA infections 
failing vancomycin therapy, vancomycin-intermediate 
Staphylococcus aureus (VISA), and VRE
No clinical utility for pneumonia, inactivated by lung surfactant
Muscle toxicity most common, monitor creatinine 
phosphokinase levels

Oxazolidinones Linezolid
Tedizolid

Typically reserved for MRSA infections failing vancomycin 
therapy, VISA, and VRE
Bacteriostatic, protein synthesis inhibitor
Generally well tolerated; caution drug-drug interactions due to 
monoamine oxidase inhibitor (MAOI) properties
Available in both IV and PO formulations (100% bioavailable)

Lipoglycopeptide Telavancin Concentration-dependent, bactericidal antibiotic with activity 
against Gram-positive organisms, including MRSA and VISA
Once-daily dosing
Caution with CrCl ≤50 mL/min

Streptogramins Quinupristin/dalfopristin Streptogramin antibiotic with activity against many Gram-
positive organisms, except E. faecalis
Typically reserved for multidrug-resistant VRE due to side 
effects

Lincosamide Clindamycin Bacterial protein synthesis inhibitor
May be used in combination with a beta-lactam agent to inhibit 
toxin production in clostridial and streptococcal toxic shock 
syndrome
Increasing resistance among S. aureus, streptococci, and 
Bacteroides spp. may limit use
Available IV and PO with great oral bioavailability
Use associated with increased risk of C. difficile infection

Fluoroquinolones [26]
Fluoroquinolones Ciprofloxacin

Levofloxacin
Moxifloxacin

Concentration-dependent, bactericidal antibiotics that interfere 
with DNA synthesis
Available IV and PO
Excellent oral bioavailability; coadministration with cations or 
enteral tube feeds can decrease absorption
Increasing resistance to nosocomial pathogens
May be used to cover Vibrio or Aeromonas spp. following 
injuries in salt or fresh water, respectively [27]
Toxicity: QT interval prolongation, CNS effects, arthropathy 
and tendinitis, risk factor for C. difficile diarrhea
Risks of FQ use may outweigh benefits for treating certain 
uncomplicated infections (e.g., sinusitis, bronchitis, 
uncomplicated UTIs) [28]

Aminoglycosides [29]
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Table 4.5 (continued)

Class Drug example Pearls
Aminoglycosides Gentamicin

Tobramycin
Amikacin

Bactericidal antibiotics that inhibit protein synthesis
Primarily reserved in combination with beta-lactams for 
resistant Gram-negative infections due to toxicities (e.g., 
nephrotoxicity, ototoxicity) and synergy with some Gram-
positive infections
No anaerobe activity
Concentration-dependent activity and post-antibiotic effect 
(PAE) allow for once-daily dosing with many infections
Therapeutic drug monitoring required

Sulfonamides [30]
Sulfonamides Trimethoprim/

sulfamethoxazole 
(TMP-SMX)

Fixed combination of two antimicrobials that synergistically 
inhibit bacterial folate synthesis
Available IV and PO
Drug of choice for Stenotrophomonas maltophilia and 
Pneumocystis jirovecii pneumonia
Toxicity: GI upset, hypersensitivity reactions, renal dysfunction

Tetracyclines [31]
Tetracyclines Doxycycline/minocycline Bacteriostatic antibiotics that inhibit protein synthesis

Oral formulations most commonly used due to excellent 
bioavailability; absorption decreased with cations and enteral 
tube feeds
Provides synergy with beta-lactam antibiotics for Vibrio species
Caution: GI upset, photosensitivity, avoid use during pregnancy

Macrolides [25]
Macrolides Azithromycin Bacteriostatic via inhibition of protein synthesis

Most commonly used for treating community-acquired upper 
and lower respiratory tract infections
Increasing S. pneumonia resistance my limit use
Other uses: treatment of Chlamydia trachomatis and Neisseria 
gonorrhoeae infections
Available IV and PO
QT interval prolongation: monitor electrolytes and for 
concomitant QT prolonging medications, particularly in patients 
with underlying cardiac disease

Erythromycin Modernly, most commonly used to promote GI motility (motilin 
receptor agonist) in patients with gastroparesis or acute colonic 
pseudo-obstruction
Caution: QT interval prolongation, drug interactions

Miscellaneous
Polymyxins [32] Polymyxin B

Colistin
Systemic use primarily reserved for multidrug-resistant PSAR, 
Acinetobacter baumannii, and carbapenem-resistant 
Enterobacteriaceae (CRE)

Rifamycins [33] Rifampin
Rifaximin

Inhibit bacterial protein synthesis
Activity against Gram-positive bacteria, but used in 
combination with other agents due to rapid development of 
resistance with monotherapy
Rifampin: caution drug-drug interactions
Rifaximin: primarily used for treatment of C. difficile and 
hepatic encephalopathy. Minimal adverse effects

(continued)
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 Approach to Antibiotic Therapy

In the absence of definitive microbiologic patho-
gen identification, empiric antibiotic therapy 
should be selected to target the most likely organ-
ism for the suspected source of infection. 
Considerations should include pathogen, host, 
and antibiotic factors including common micro-
biology for a specific infection source, regional 
susceptibility patterns (e.g., antibiogram), 
patient’s culture and antibiotic exposure history, 
patient comorbidities and immune defects, anti-
biotic penetration, and toxicity. Timely adminis-
tration of appropriate, broad-spectrum antibiotics 
has consistently been associated with improved 
mortality [37]. In 2015, the Centers for Medicare 
and Medicaid Services (CMS) implemented the 
SEP-1 core measure, which specifies which 
broad-spectrum antibiotics are “appropriate” for 
either monotherapy or dual therapy criteria. 
Antibiotic therapy should be administered as 
soon as possible after recognition of an infection. 
The SEP-1 core measure assesses for administra-
tion within 3 h of the recognition of sepsis and 
septic shock, given incremental increases in mor-
tality with measurable delays [5]. Table 4.6 is an 

example of recommendations for empiric antibi-
otic selection consistent with current national 
guidelines while meeting the SEP-1 criteria [38]. 
More detailed and alternative recommendations 
can be found in the referenced guidelines. Beta-
lactams listed in Table 4.6 meet the criteria for 
monotherapy to be compliant with the SEP-1 
core measure. If, however, a patient has a beta-
lactam allergy and aztreonam is used, the addi-
tion of vancomycin would be needed to achieve 
SEP-1 compliance. Expanded Gram-negative 
coverage (e.g., dual coverage with a beta-lactam 
and AMG) may be indicated if a patient has 
known risk factors for multidrug resistance (dis-
cussed below) or in the presence of septic shock 
to increase the likelihood that at least one active 
agent is present. Following pathogen identifica-
tion and known susceptibilities, empiric antibi-
otic therapy should be de-escalated to the 
antibiotic with the narrowest spectrum of activity 
needed to cover the identified organism. Although 
recommended antibiotic duration varies by 
source, most serious infections associated with 
sepsis can be treated with 7–10 days of therapy, 
where more recent guidelines favor shorter dura-
tions (Table  4.6). Duration may be extended if 
initial therapy was not active against the identified 

Table 4.5 (continued)

Class Drug example Pearls
Glycylcycline 
[31]

Tigecycline Broad spectrum of antimicrobial activity, but reserved for 
multidrug-resistant organisms
Mechanism of action similar to tetracyclines
Black box warning: increased risk of death as compared with 
other antibiotics used to treat similar infections [34]
Severe nausea

Nitroimidazoles 
[35]

Metronidazole Concentration-dependent, bactericidal activity via inhibiting 
DNA synthesis
Only provides anaerobic coverage
Available IV and PO; excellent oral bioavailability
Caution: disulfiram-like reactions with alcohol consumption, 
drug-drug interaction with warfarin, avoid in pregnancy

Others [36] Nitrofurantoin Oral antibiotic for the treatment and prophylaxis of acute 
cystitis without pyelonephritis
Resistance rare, mechanism of action includes inhibition of 
multiple bacterial enzymes
Avoid use with CrCl <60 mL/min (alternative <30 mL/min if 
limited duration)

AUC/MIC area under the curve/minimum inhibitory concentration, CNS central nervous system, CRE carbapenem-
resistant Enterobacteriaceae, CrCl creatinine clearance, GI gastrointestinal, IV intravenous, MAOI monoamine oxidase 
inhibitor, MRSA methicillin-resistant Staphylococcus aureus, PAE post-antibiotic effect, PO oral, TMP-SMX trime-
thoprim-sulfamethoxazole, VISA vancomycin-intermediate Staphylococcus aureus, VRE vancomycin-resistant 
Enterococcus
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pathogen, slow clinical improvement, concur-
rent bacteremia (e.g., S. aureus), or lack of timely 
source control [5]. De-escalation and 
 minimization of duration are critical strategies to 
prevent superinfections (e.g., C. difficile), bacte-
rial resistance, drug toxicity, and minimize costs.

 Antibiotic Toxicity

Beta-Lactam Allergy Approximately 15–20% of 
patients “self-report” an allergy to beta-lactams, 
most commonly to PCN but also with cephalospo-
rins and carbapenems [46, 47]. This is, however, an 
overestimate as only 5 percent of patients with a 
reported allergy to beta-lactams have a positive con-
firmatory skin test [48]. There are likely two driving 
forces that explain the inflated incidence. First, 
adverse drug reactions (ADRs; e.g., rash, upset 
stomach) are often misinterpreted as hypersensitiv-
ity reactions (e.g., hives, airway swelling, anaphy-
laxis). Second, IgE-mediated reactions diminish 
with time, effecting less than 20% of patients 
10 years later [49]. It is imperative that the health-
care practitioner critically evaluate “self-reported” 
allergies to discriminate ADRs from true allergic 
reactions. This includes obtaining a medication his-
tory of prior beta-lactam use and tolerance. If a 

patient does have a true PCN allergy, approximately 
2% of patients may react to a cephalosporin 
and < 1% to a carbapenem [50–52]. Management 
strategies include challenge with an alternative 
beta-lactam class (e.g., use cephalosporin or aztreo-
nam with PCN or cephalosporin allergy, respec-
tively), choose a different antimicrobial class 
(consider dual coverage if more than 10–20% local 
resistance), or beta-lactam desensitization.

Nephrotoxicity Nephrotoxicity is a concern 
with several classes of commonly prescribed anti-
biotics. Reported rates of vancomycin-induced 
nephrotoxicity vary widely from 5% to 40% [53]. 
Vancomycin trough concentrations ≥15 mcg/mL, 
doses >4  g/day, and duration of therapy are all 
potential risk factors for developing vancomycin-
induced nephrotoxicity [53, 54]. Patient-specific 
risk factors such as preexisting renal disease, obe-
sity, severity of illness, and delivery of concurrent 
nephrotoxins may also influence risk [53, 55]. 
The combination of piperacillin-tazobactam and 
vancomycin has received increasing attention due 
to at least three times higher rates of nephrotoxic-
ity reported in the literature compared with van-
comycin monotherapy or vancomycin ± other 
beta-lactams [55–57]. Furthermore, the incidence 

Table 4.6 Recommended empiric antibiotic selection and duration for common infections in emergency general sur-
gery [IDSA]

Infectious source Standard therapy (example)
Central nervous system (CNS)
Healthcare-associated [39]

Empiric: cefepime* (CNS dose) + vancomycin
Duration: 10–14 days, up to 21 days for GNR

Pneumonia
Community-acquired (CAP)
[40]

Empiric: ceftriaxone* + azithromycin
Duration: 5 days

Pneumonia
Hospital-acquired (HAP)
Ventilator-associated (VAP) [41]

Empiric: cefepime* ± vancomycin
Duration: 7 days (all organisms)

Intra-abdominal [42] Empiric: piperacillin/tazobactam* ± vancomycin
Duration: 4 days following source control

Bloodstream
Catheter-related [43]

Empiric: cefepime* + vancomycin
Duration: 7–14 days from first negative blood culture

Skin and soft tissue [44] Empiric: piperacillin/tazobactam* + vancomycin ± clindamycin (toxic shock)
Duration: 7–14 days

Urinary tract infection
Catheter-related [45]

Empiric: cefepime*
Duration: 7 days

Antibiotics labeled with a * meet the CMS Sepsis Core Measure for monotherapy. Unless clear sequencing of antibiotics 
indicated, suggest giving antibiotic that meets the monotherapy criteria first.
CAP community-acquired pneumonia, CNS central nervous system, GNR Gram-negative rod, HAP hospital-acquired 
pneumonia, VAP ventilator-associated pneumonia
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of AKI may have a positive linear relationship 
with duration of the combination, thus reinforcing 
the importance of a 48–72-h “antibiotic time-out” 
and timely de-escalation of unnecessary broad-
spectrum antibiotics. Nephrotoxicity due to 
AMGs is attributed to significant accumulation of 
drug in the renal cortex [29]. Fortunately, once-
daily AMG dosing can be used to minimize neph-
rotoxicity (saturable uptake into renal tubular 
cells) while simultaneously capitalizing on 
Cmax>MIC and PAE pharmacology. Polymyxin 
antibiotics have largely fallen out of favor due to 
significant nephrotoxicity associated with their 
use (30–60%); unfortunately, due to emergence of 
resistant Gram-negative bacteria, their use is 
being relied upon again in modern clinical prac-
tice [32].

Neurotoxicity Seizures may occur with all beta-
lactam antibiotics but most commonly following 
exposure to penicillin G, carbapenems, and 
cefepime (e.g., nonconvulsive status epilepticus) 
[58]. Although all carbapenems can cause seizures 
due to gamma-aminobutyric acid receptor antago-
nism, risk is highest with imipenem (1–2% vs. 
0.1–0.3%) [22]. Generally, risk of seizures is 
related to preexisting neurologic disease, advanced 
age, and renal insufficiency. Appropriate dose 
reduction based on corresponding renal function is 
the best strategy to avoid this risk. The FQ class is 
also known to cause neurotoxicity, including hal-
lucinations, delirium, psychosis, and seizures [26]. 
The Food and Drug Administration (FDA) has 
issued a safety announcement that FQs may lead 
to disabling and potentially permanent serious side 
effects to the central nervous system, including 
neuropathy and seizures [28].

Superinfection Antibiotic exposure is an 
important, modifiable risk factor for C. difficile 
infection (CDI). Virtually any class of antibiotics 
can increase the risk of CDI due to disruption of 
normal intestinal flora; however clindamycin, 
FQs, and extended-spectrum cephalosporins 
have consistently been shown to confer the high-
est risk of CDI in the community and hospital 
setting [59–61]. It is prudent for prescribers to 

consider this risk when selecting antimicrobial 
agents especially when equally effective alterna-
tive agents are available.

 Bacterial Resistance

 Gram-Positive Resistance

Methicillin-resistant Staphylococcus aureus is 
the most common Gram-positive resistant 
organism encountered in the US hospital setting 
with approximately 80,000 infections and over 
11,000 deaths occurring in 2011 [62]. However, 
healthcare-associated rates appear to be decreas-
ing secondary to preventative measures around 
central line-associated bloodstream infections 
(CDC Antimicrobial Stewardship). It is impor-
tant to recognize patient risk factors that justify 
empiric vancomycin therapy. There is an 
increasing concern with vancomycin failure for 
MRSA bacteremia with MICs ≥1.5 mcg/mL 
[63]. Alternative anti-MRSA therapy should be 
considered for these isolates if clinical failure is 
suspected on appropriate vancomycin doses 
(troughs 15–20 mcg/mL).

Vancomycin-resistant Enterococcus, either E. 
faecalis or faecium, is associated with increased 
morbidity and mortality. This is related to their 
predilection for causing infections in immuno-
compromised hosts with significant exposure to 
antibiotics. Vancomycin-resistant Enterococcus 
can be treated with daptomycin, linezolid, or 
tigecycline. Combination therapy with daptomy-
cin plus beta-lactam antibiotics should be con-
sidered for persistent infections in critically ill 
patients (Table 4.7). Antibiotic treatment options 
for cystitis include doxycycline, fosfomycin, and 
nitrofurantoin. Linezolid and daptomycin should 
be reserved for pyelonephritis [64].

 Gram-Negative Resistance

Although some resistance is mediated through 
efflux pumps or porin channel modifications, the 
vast majority of Gram-negative bacterial resis-
tance for beta-lactam antibiotics is enzymatic 
hydrolysis by beta-lactamases [65]. The most 
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clinically relevant beta-lactamase enzymes 
encountered in the ICU include AmpC, ESBL, 
and CRE-producing carbapenemases.

Many Enterobacteriaceae have AmpC-encoding 
genes within their chromosomes including the 
SPACEM (Serratia, Pseudomonas aeruginosa, 
Acinetobacter, Citrobacter and Enterobacter, and 
Morganella) organisms [58]. Among these patho-

gens, production of AmpC beta-lactamase occurs 
either “all the time” or following exposure to spe-
cific antibiotics with perceived in vitro susceptibil-
ity, such as third-generation cephalosporins (e.g., 
ceftriaxone), leading to the concept of “inducible 
resistance.” Once produced, AmpC beta-lactamase 
confers resistance to most PCNs (including piper-
acillin/tazobactam) through third-generation cepha-
losporins and monobactams, necessitating treatment 
with cefepime or carbapenems. ESBLs, although 
originally common among E. coli and K. pneu-
moniae, are plasmid-mediated genes that can be 
easily transferred from one organism to the next. 
ESBLs hydrolyze most cephalosporins, with the 
exception of cefoxitin, most PCNs, and mono-
bactams. The treatment of choice remains car-
bapenems; however, because some beta-lactamase 
inhibitors are stable to certain ESBLs, literature is 
accumulating suggesting that piperacillin/tazobac-
tam may be a potential treatment option [66]. E. coli 
and Klebsiella spp. producing carbapenemases 
have gained more attention as these confer resis-
tance to nearly all beta-lactams. Ceftazidime/avi-
bactam is an option for non-New Delhi 
metallo-beta-lactamase (NDM)—producing car-
bapenemases and safer than traditional alternatives 
such as polymyxins. Given a lack of novel antibiot-
ics in development, optimization of current antibiot-
ics by applying antimicrobial stewardship principles 
with good infection control practices is key to com-
bat antibiotic resistance [65] (Table 4.8).

Table 4.7 Risk factors for multidrug-resistant organisms 
and MRSA

Risk factors for multidrug-resistant organisms 
(MDRO)
Recent antibiotic (e.g., fluoroquinolones) exposure 
(90 days)
High severity of illness/care in ICU
Chronic renal replacement therapy
Chronic indwelling catheters (vascular or urinary)
Recent surgery
Organ transplantation (solid and bone marrow)
Residence in skilled-nursing or extended-care facility
Known colonization or documented infection with 
MDRO in the past
Risk factors for methicillin-resistant Staphylococcus 
aureus (MRSA)
Purulent cellulitis or abscesses
Intravenous drug user (IVDU)
MRSA nasal colonization
Penetrating trauma
Recent viral illness
Same as above

ICU intensive care unit, IVDU intravenous drug user, 
MDRO multidrug-resistant organism, MRSA methicillin-
resistant Staphylococcus aureus

Table 4.8 Treatment strategies for common multidrug-resistant organisms

Organism/patient presentation Antibiotic(s)
MRSA
Persistent bacteremia
Vancomycin failure (MIC ≥ 1.5 μg/mL)
Clinical failure of deep-seated infection 
(epidural abscess, endocarditis, osteomyelitis)

High-dose daptomycin (8–12 mg/kg) every 24 h, with or without
  Beta-lactam
  TMP-SMX
Ceftaroline 600 mg every 8 h
Linezolid 600 mg every 12 h

Carbapenem-resistant Enterobacteriaceae 
(CRE)

High-dose, prolonged infusion carbapenem with
  Polymyxins (polymyxin B, colistin)
  Nebulized antibiotics (tobramycin, colistin)a

Ceftazidime-avibactam 2.5 grams every 8 h
Multidrug-resistant Pseudomonas aeruginosa 
(resistant to all beta-lactams, monobactams, 
and fluoroquinolones)

Ceftazidime-avibactam 2.5 grams every 8 h
Ceftolozane-tazobactam 1.5–3 grams every 8 h
Polymyxins (polymyxin B, colistin)

Extended-spectrum beta-lactamases (ESBL) 
producing Enterobacteriaceae

Ceftazidime-avibactam 2.5 grams every 8 h
Ceftolozane-tazobactam 1.5–3 grams every 8 h
Carbapenems
Tigecycline (salvage therapy)

CRE carbapenem-resistant Enterobacteriaceae, ESBL extended-spectrum beta-lactamase, MIC minimum inhibitory 
concentration, MRSA methicillin-resistant Staphylococcus aureus, TMX-SMX trimethoprim-sulfamethoxazole
aVentilator-associated pneumonia
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Esophageal Perforation

Jared L. Antevil and Philip S. Mullenix

 Introduction

The rapid evolution of nonsurgical treatment 
alternatives and the relatively low incidence of 
this condition have precluded the development of 
a unified, widely accepted approach. The avail-
able evidence suggests that dynamic manage-
ment will drive the highest likelihood of clinical 
success. This chapter will provide recommenda-
tions for the initial diagnosis and management of 
patients with esophageal perforation, review its 
standard surgical management, and examine non-
surgical options. An evidence-based algorithm 
for the practical management of the condition is 
proposed. Anastomotic leaks and fistulae of the 
foregut are unique clinical scenarios that are out-
side the scope of this discussion. Likewise, the 
special considerations regarding pediatric 
patients are well described elsewhere.

One of the key tenets of successful manage-
ment of esophageal perforation is early involve-
ment of a multidisciplinary team, including 
physicians with expertise in surgical manage-
ment, endoscopic techniques, and invasive radio-
logical procedures. The optimal management of 

patients with esophageal perforation generally 
requires the services of more than one specialist, 
and early collaboration facilitates improved com-
munication and care.

The reported mortality of esophageal perfora-
tion is between 18% and 30% [1, 2]. Factors 
demonstrated to correlate with increased mortal-
ity include thoracic-level perforation, spontane-
ous perforation, and delay in diagnosis [1]. The 
most consistent finding is that irrespective of eti-
ology or time to diagnosis, most patients who 
present with established contamination or sepsis 
do poorly. Furthermore, patients who perforate in 
the context of an underlying esophageal malig-
nancy have high mortality regardless of therapeu-
tic approach.

 Etiology

The three major etiologies of esophageal perfora-
tion are iatrogenic, “spontaneous” (Boerhaave 
syndrome), and traumatic. Less common causes 
include caustic ingestion and perforation associ-
ated with advanced malignancy.

Iatrogenic perforation is most often from 
endoscopic intervention such as dilation for 
achalasia or stricture. It can also occur from pro-
cedures such as transesophageal echocardiogra-
phy or enteral feeding tube insertion or rarely 
from surgical procedures on structures in close 
anatomic proximity to the esophagus. Perforation 
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from endoscopy most often occurs at sites of 
physiologic luminal narrowing, such as at the cri-
copharyngeus, aortic knob, or gastroesophageal 
junction. Pathologic sites such as tumors or stric-
tures are also high risk for injury. In most series, 
iatrogenic perforation has surpassed spontaneous 
perforation as the most common etiology, com-
prising up to 60% in some series [3]. Presumably 
this is the result of more frequent endoscopic 
inventions among the population at large.

Spontaneous perforation classically occurs 
following forceful vomiting or retching, typically 
in the distal esophagus with variable extension 
beyond the gastroesophageal junction. Compared 
to other etiologies, patients with spontaneous 
perforation tend to present later after time of 
symptom onset and often present a greater diag-
nostic dilemma and delay. This situation is often 
associated with massive contamination [4]. As a 
result, compared to those with iatrogenic perfora-
tion, these patients more often present with sepsis 
or systemic inflammatory response, require lon-
ger hospital stays, and have higher rates of mor-
bidity and mortality [3, 5].

Esophageal perforation due to non-iatrogenic 
trauma is uncommon relative to iatrogenic etiol-
ogy. It is most often the result of a penetrating 
mechanism of injury and is generally associated 
with injury to adjacent structures. Because these 
structures include the major airways and blood 
vessels of the cervical and thoracic regions, many 
patients may not survive to treatment [6].

 Diagnosis

Clinical findings in esophageal perforation may 
include fever, subcutaneous emphysema, and 
chest or neck pain that can radiate to the back. In 
advanced cases, patients may present with respi-
ratory failure and/or shock. Plain chest radiogra-
phy (CXR) may reveal pleural effusion, 
pneumomediastinum, air in soft tissues of the 
chest or neck, free intra-abdominal air, or pneu-
momediastinum. The gold standard for diagnosis 
is a fluoroscopic swallow (contrast esophagram) 
study [7]. Computed tomography (CT) and endo-
scopic assessment are valuable adjuncts, but can-

not provide critical information ascertained from 
a dynamic swallow study, which allows charac-
terization in a functional context of the exact 
location of perforation, size, degree of leakage, 
and presence of associated obstruction or mass. 
Multiple swallow views may be obtained in the 
absence of conclusive findings in any of these 
respects, and follow-on plain films can determine 
whether leaked contrast has subsequently drained 
back into the esophagus.

The false-negative rate for a swallow study 
with water-soluble contrast utilizing diatrizoate 
meglumine and diatrizoate sodium solution USP 
(Gastrograffin, Bracco Diagnostics Inc., Monroe 
Township, NJ, USA) may be as high as 30% [8]. 
Thin barium has a higher sensitivity for leak but 
is preceded by water-soluble contrast swallow at 
most institutions as barium can cause an inten-
sive inflammatory response in the event of medi-
astinal extravasation [8]. Gastrografin must be 
used with extreme caution (or not at all) in 
patients at high risk for aspiration, as it can 
induce severe pulmonary injury [9].

When a conventional swallow study is not 
feasible, such as in intubated or noncooperative 
patients, a “CT swallow” can be performed with 
installation of contrast via a carefully placed 
nasogastric (NG) tube immediately prior to the 
study [10]. This study is also appropriate for 
patients with negative barium swallows in whom 
high clinical suspicion for perforation remains. 
Relative to a fluoroscopic swallow study, a CT 
swallow is less likely to localize the site of a 
perforation, classify the degree of containment, 
or quantify the return of contrast into the esoph-
agus. A CT scan can provide useful information 
when performed following a fluoroscopic study. 
In the event of a negative fluoroscopic swallow, 
a CT indicating fluid or air outside the esopha-
gus suggests a perforation that may have ana-
tomically sealed or been contained. After a 
positive swallow, CT can characterize the degree 
of mediastinal and pleural space contamination 
and direct the optimal means and route for 
drainage procedures [8]. Many centers now per-
form a combined “swallow CT” where the fluo-
roscopic swallow study is immediately followed 
by a CT scan to maximize the anatomic infor-
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mation as well as the sensitivity for detecting 
even small leaks.

In general, endoscopy has little role in the 
acute diagnosis of esophageal perforation. It is 
invasive and cannot reliably determine an inju-
ry’s anatomic extent (mucosal versus full thick-
ness). A cautious endoscopic exam may be 
valuable for planning purposes if endoscopic 
treatment is being considered and may have a 
role in situations involving perforation related to 
suspected malignancy [7]. Flexible endoscopy 
does have a high rate of accuracy in assessment 
of traumatic injuries [11] (Fig. 5.1).

 Historical Treatment

From Dr. Barrett’s first successful surgical repair 
of esophageal perforation in 1947 through the 
late 1990s, surgical intervention was widely con-
sidered the only reliably effective therapy for this 
condition [12]. Surgical treatment for esophageal 
perforation has a reported mortality of 7–26% [3, 
13], and mortality may exceed 60% in patients 
with underlying malignancy [14].

Historically, repair was discouraged in 
patients presenting greater than 24 h from time 
of symptom onset or injury, with worse out-
comes cited for attempted repair in this context 
[15]. In situations where presentation was late, 
the standard solution was temporary esophageal 
diversion with drainage or in some cases (such 
as malignancy or advanced tissue destruction) 
resection and diversion. In such situations, 

delayed restoration of continuity was planned 
for most patients surviving this initial insult.

The concept that primary repair was an inef-
fective surgical option beyond 24  h was chal-
lenged by reports in the late 1990s to early 2000s 
[2, 13, 14, 16]. Authors cited the high morbidity 
associated with diversion and the complex nature 
of subsequent reoperative reconstruction. In addi-
tion, it was observed that patients who presented 
later following the inciting event may have a more 
contained perforation and therefore may not man-
ifest sepsis or acute toxicity at presentation [14, 
17]. Few disputed the increased risk of complica-
tions and mortality in the context of established 
advanced contamination or sepsis. Indeed, it was 
felt that the degree of tissue contamination and 
destruction combined with the patient’s clinical 
status was more important than timing in choos-
ing between primary repair and other options [13, 
14, 16]. In the absence of extensive tissue necrosis 
or malignancy, many believed primary surgical 
repair was the optimal strategy.

In parallel with these discussions, reports 
arose of “conservative” management for this con-
dition. Arguably, the term conservative is mis-
leading, given that it describes a treatment 
predicated on noninvasive management, and 
delay in surgery for patients with this condition 
has the potential for increased morbidity and 
mortality. Nevertheless, multiple contemporary 
reports described low mortality and surgical con-
version rates with this nonoperative approach for 
highly selected patients [18, 19]. The most suc-
cessful results of conservative management 
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appeared to be associated with aggressive drain-
age, including nasogastric tube placement, tube 
thoracostomy, image-guided drainage of fluid 
collections, and frequent reimaging to confirm 
complete resolution.

The surgical repair of esophageal perforation 
continued to be plagued by high morbidity, with 
rates of post-repair leak approaching 39% [20]. 
There were long durations of inpatient and outpa-
tient care. Thus, the morbidity of surgery, com-
bined with the observation that some patients 
recover without it, led to the exploration of new 
treatment modalities.

 Endoscopic Therapy

Stents for esophageal perforation were first 
attempted primarily in patients with high opera-
tive risk or those with persistent leak after repair. 
One report of stent placement in 32 patients with 
esophageal leak after attempted perforation 
repair described a 93% success rate, with only 
two patients requiring additional surgery [20]. 
Encouraging results such as these were the basis 
for introduction of endoscopic stenting for the 
primary management of perforation in patients 
otherwise fit for surgery – despite lack of approval 
from the US Food and Drug Administration for 
this indication. Although prospective data are 
scarce and heterogeneous, endoscopic stent 
placement is currently widely used in benign 
esophageal perforation.

Stents for esophageal perforation are either 
covered or partially covered and constructed of 
plastic or metal (nickel/titanium). Compared to 
plastic stents, metal stents have greater stent flex-
ibility and generate less radial force. Fully cov-
ered stents provide optimal leak occlusion and 
are relatively easy to remove but are prone to 
migration, prompting many centers to primarily 
use partially covered stents. Partially covered 
stents allow some degree of tissue purchase to 
minimize migration and yet still provide an 
occlusive seal. Their removal is more challenging 
than that of fully covered stents, however still 
generally associated with low complication rates 
[21, 22]. The ideal stent type for esophageal per-

foration has not been standardized and remains 
dependent on local experience and availability.

Stents for the treatment of esophageal perfo-
ration are placed by experienced gastroenterol-
ogists or surgical endoscopists under general 
anesthesia or intravenous sedation. A contrast 
study is repeated at 24–72 h after placement to 
confirm leak exclusion, and an oral diet is 
resumed if there is no ongoing leak. Stents are 
generally removed at an interval of 4–6 weeks, 
with a repeat swallow study after removal [22, 
23]. Leaving stents in place beyond 6  weeks 
increases the risk of complications such as stent 
erosion, impaction, or bleeding. In cases where 
a leak persists after stenting for 6  weeks, 
options include surgical treatment or repeat 
stenting.

The actual success rate of endoscopic stents 
for benign perforation is difficult to ascertain 
because most reports include patients stented for 
indications other than perforation, such as post-
operative anastomotic leaks. Overall, however, 
the results are encouraging, with reported clinical 
success rates of 76–97% [5, 23, 24]. Stent ther-
apy seems to be particularly successful for iatro-
genic esophageal perforation, especially when 
combined with aggressive drainage [25]. A recent 
propensity-matched study comparing stent place-
ment for esophageal perforation (combined with 
enteral nutrition and aggressive drainage) to 
transthoracic operative repair suggested shorter 
intensive care unit and hospital stays and lower 
overall costs with stents [26].

Stent migration remains a common occur-
rence after stenting for benign perforation, with 
reported rates of 17–40% [5, 23, 27, 28]. This 
problem occurs more frequently with fully cov-
ered stents compared to the partially covered 
devices. Migration is generally detected based on 
radiographic surveillance and can usually be 
managed with endoscopic re-intervention.

While early literature on esophageal stenting 
for perforation did not emphasize the importance 
of drainage procedures, more recent studies 
clearly demonstrate the importance of aggres-
sive drainage, which often includes multiple 
drainage procedures [4, 21, 27]. For patients 
with esophageal perforation and thoracic sepsis, 
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stent placement must be combined with chest 
tube placement, video-assisted thoracoscopic 
surgery (VATS), or open surgical drainage [4, 
29, 30]. Other key adjuncts include enteral nutri-
tion (via oral or enteric tube) and appropriate 
antibiotics [5].

Multiple authors have reported high rates of 
stent failure when attempted in patients with 
perforations involving the gastroesophageal 
junction. This appears to relate to technical dif-
ficulties associated with reliably visualizing 
and excluding the distal aspect of the perfora-
tion at this location [4, 5, 27, 28]. Perforation 
into the abdominal cavity generally contraindi-
cates stent therapy, as in this setting leakage 
will remain uncontained. Furthermore, percuta-
neous drainage options are limited for the 
abdominal cavity, and surgical repair (laparo-
scopic or open) of intra-abdominal esophageal 
perforation is associated with significantly less 
morbidity and mortality than that of thoracic 
perforation [5, 28]. Failure of stents is also 
associated with those placed in proximal/cervi-
cal locations and in situations involving exten-
sive injury >6 cm [5, 28].

When stenting is unsuccessful, morbidity 
rates are very high. In one cohort of patients with 
failed stents, 85% went on to require esophagec-
tomy, and the mortality was 43% [27]. Multiple 
additional series have demonstrated that persis-
tent leak or clinical deterioration after stent ther-
apy for perforation is associated with high rates 
of diversion and/or resection and high mortality 
[4, 29]. In contrast, one group reported an 89% 
clinical success rate for esophageal stenting for 
selected cases of perforation, with no patients 
requiring esophagectomy or diversion, and zero 
mortality [5]. The authors emphasized the critical 
importance of aggressive drainage and enteral 
nutrition and advocated early conversion to surgi-
cal repair when initial stent therapy is not 
successful.

In addition to endoscopic stents, endoscopic 
clip application, suturing, and “vacuum therapy” 
techniques have all been described in small series 
[22]. These new modalities may ultimately find 
some limited therapeutic role, particularly among 
patients with iatrogenic perforation.

 Treatment Algorithm

After the diagnosis of any esophageal perfora-
tion, therapy should begin with fluid resuscitation 
and the initiation of broad-spectrum antibiotics. 
Subsequent treatment for cervical or abdominal 
perforation is relatively straightforward. Because 
(1) surgical therapy is associated with signifi-
cantly lower morbidity and mortality in these 
patients compared to those with intrathoracic 
perforation and (2) stent therapy has a much 
lower success rate in these locations [5, 28], 
stents have little role in extra-thoracic 
perforation.

For cervical perforation, nonsurgical treat-
ment is a reasonable option in those patients with 
small, contained leaks and no evidence of sys-
temic infection [7]. Therapy involves broad-spec-
trum antibiotics, bowel rest, and close clinical 
and radiographic surveillance, with surgical con-
version for clinical decline or failure to resolve 
over 1–2  weeks. For cervical perforations with 
uncontained leakage or evidence of systemic 
inflammatory response or sepsis, surgical drain-
age and selective repair are indicated. This should 
be combined with establishment of enteral feed-
ing access in nearly all cases. Because stenting 
across the upper esophageal sphincter is poorly 
tolerated by most patients, stents for cervical per-
foration are generally considered only in the set-
ting of failure following surgical intervention, 
particularly for distal perforations [21, 28]. 
Techniques for the surgical management of cervi-
cal perforation are outlined later in this chapter 
(Fig. 5.2).

For intra-abdominal perforation, primary rein-
forced surgical repair is almost always indicated 
and should be combined with surgical enteral 
feeding access in essentially all cases [31]. 
Exceptions to this approach may include patients 
who are otherwise unfit for surgery or who pres-
ent with known advanced malignancy. In these 
patients, attempted stent therapy may be more 
reasonable (albeit with a lower likelihood of 
success).

For thoracic perforation, the gold standard of 
surgical treatment has been challenged by pro-
ponents of stent therapy over the last decade. 
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In highly selected cases of intrathoracic perfora-
tion, therapy without surgical or stent repair 
(“conservative” treatment) may be appropriate 
[3]. Conservative treatment is rarely appropriate 
for patients with spontaneous perforation. These 
situations typically involve significant mediasti-
nal and/or pleural contamination and thus man-
date thoracoscopic or open thoracic surgical 
drainage. Conservative therapy should only be 
considered in cases where the perforation is 
localized/contained, there is no significant under-
lying esophageal pathology, and no clinical evi-
dence of sepsis or systemic inflammatory 
response. These criteria are most often met in the 
setting of iatrogenic injury and early diagnosis 
[3, 19]. This approach may be particularly appro-
priate among patients who meet these criteria 
who have swallow studies demonstrating the 
return of all extravasated contrast back into the 
esophagus. This strategy may also be reasonable 
in those patients with air or fluid outside the 
esophagus on X-ray or CT imaging and no evi-
dence of contrast extravasation on thorough 
swallow studies (sealed or microperforation).

Although mortality rates as high as 15% have 
been reported with conservative management 
[19], more recent studies suggest that when this 
strategy is combined with aggressive image-
guided drainage and nutritional support, a mor-
tality as low as 4% without surgical or stent 
repair is possible [18]. Patients are generally 
maintained strict nothing by mouth for at least 
1 week, with a carefully positioned nasogastric 
tube in place, after which time a fluoroscopic 

swallow study is repeated. In cases of clinical 
deterioration, repeat CT imaging is indicated. If 
this study demonstrates mediastinal or pleural 
space fluid collections amenable to percutaneous 
drainage, this should be pursued, with close 
monitoring for appropriate clinical response. In 
the case of extensive undrained pleural or medi-
astinal fluid, surgical drainage combined with 
either repair, stent placement, or diversion is 
indicated [1].

For patients not meeting criteria for the con-
sideration of conservative therapy for thoracic 
esophageal perforation, a decision must be made 
between initial surgical and stent therapy. This 
decision must involve a surgeon with experience 
in thoracic surgery, who will serve as the primary 
operator for open repair or stent placement or 
drive the determination of the optimal route of 
drainage in the case of primary stent placement 
[5, 21]. Stents are generally inappropriate when a 
perforation extends beyond the gastroesophageal 
junction or with injuries greater than 6 cm – two 
situations associated with a high rate of stent fail-
ure [4, 5, 28, 32].

In patients with early perforation and exten-
sive mediastinal or pleural space contamination, 
most advocate for primary surgical intervention 
[32]. When deciding between initial surgical 
management and stent therapy, it is important to 
consider that patients who present severely ill 
will likely have more favorable outcomes with 
surgery [1]. In cases of extensive delay to presen-
tation, treatment must be individualized. In situa-
tions involving extensive esophageal tissue 

Surgical drainage, possible
repair

Evidence of cervical
esophageal perforation

Antibiotics and observation

Esophageal stent
therapy

Persistent leak or

clinical decline

Persistent leak or
clinical decline

None of the above

Sepsis
 unco

ntro
lled le

ak, 
or

exte
nsiv

e flu
id outsid

e eso
phagus

Persistent leak or decline

in patient with high risk

or distal leak

Fig. 5.2 Treatment algorithm for cervical perforation

J. L. Antevil and P. S. Mullenix



63

necrosis, surgical diversion may be the only via-
ble option, as attempted primary repair in this 
setting is associated with high failure and mortal-
ity rates [15]. It is important to recognize, how-
ever, that some cases of delayed presentation 
involve only a contained perforation that may 
still be safely managed with stenting and drain-
age or primary surgical repair.

In the absence of extension across the gastro-
esophageal junction, long perforation, or 
advanced contamination, stent therapy is an 
option for most patients with intrathoracic perfo-
ration. The correct choice between primary stents 
and surgery remains controversial [12]. Stenting 
offers the advantage of decreased invasiveness 
and procedural morbidity when effective. Failure 
after initial stenting can also be followed by sub-
sequent stent procedures in the absence of clini-
cal sepsis [31]. However, if control of an 
esophageal leak is not achieved with primary 
stenting, current evidence suggests that the best 
results are achieved with rapid transition to an 
aggressive surgical approach [25].

There are conflicting reports on the success of 
stenting for spontaneous perforation, as this sub-
set of patients generally presents with later diag-
nosis and more advanced infection. In one 
contemporary study of spontaneous perforation, 
mortality was three times higher in patients ini-
tially managed with stenting versus surgery, and 
nearly 85% of stent patients eventually required 
surgery [12]. Other studies suggest that the etiol-
ogy of perforation does not affect the success or 
failure of any particular treatment modality [1, 
12], decisions which instead should be driven by 
anatomic factors and the condition of the patient.

When stent therapy is pursued for thoracic 
esophageal perforation, therapy must include 
complete drainage by percutaneous, thoraco-
scopic, or open routes [12, 18, 21, 31]. 
Furthermore, it is important to recognize that 
many of these patients will require multiple 
drainage procedures. Most patients should have 
an NG tube in place for several days until a repeat 
swallow study is performed that confirms exclu-
sion, at which point oral intake may be resumed 

[5]. Others advocate for percutaneous endoscopic 
gastrostomy (PEG) tube placement concurrently 
with stenting, to provide for aggressive nutri-
tional supplementation and obviate the need for 
NG tube drainage [21]. Patients with initial suc-
cess after stent placement, confirmed by the lack 
of active contrast extravasation on subsequent 
swallow study (one to 3 days after stent place-
ment) and absence of systemic infection, must be 
under close serial exams and periodic X-ray sur-
veillance for stent migration [5, 21, 31]. These 
patients must also be monitored for undrained 
collections [21], as most will require multiple 
open or percutaneous drainage procedures [18, 
31].

The surgical management of intrathoracic 
esophageal perforation generally entails primary 
two-layer closure combined with buttress of the 
repair with vascularized tissue and feeding tube 
placement [3]. In cases of underlying malig-
nancy, mega-esophagus, non-dilatable stricture, 
or massive tissue damage, esophagectomy should 
be undertaken [3]. In a stable patient, primary 
reconstruction with a gastric conduit is appropri-
ate. Otherwise, resection and diversion with 
delayed reconstruction are appropriate. 
Esophagectomy with primary anastomosis in the 
setting of esophageal perforation has a higher 
leak rate compared to elective esophagectomy, 
but the morbidity and lifestyle impediment asso-
ciated with temporary diversion must also be 
considered. Patients with achalasia deserve spe-
cial consideration as they are at risk for endo-
scopic perforation during therapeutic dilations or 
injections. In the setting of advanced achalasia 
with mega-esophagus, esophagectomy should be 
considered after perforation. Otherwise, esopha-
geal myotomy (contralateral to the side of the 
perforation, extending well onto the stomach) 
after primary repair of intrathoracic perforation 
should be pursued.

The management of thoracic esophageal per-
foration is complex and requires individualized 
decisions by a multi-specialty care team. In this 
context, Fig.  5.3 outlines a proposed algorithm 
with general treatment guidelines.
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 Surgical Technique: Cervical 
Perforation

Surgery is indicated in the majority of cases of 
cervical esophageal perforation. A minority of 
patients with iatrogenic perforation, no evidence 
of sepsis, and minimal contamination may be 
managed with observation, bowel rest, and anti-
biotics. When surgery is pursued, it should 
include drainage via a left cervical incision and 
repair in cases where the edges of the injury are 
clearly visible and viable after exposure. 
Although the midline cervical esophagus is 
accessible from the right or left neck, the recur-
rent laryngeal nerve is more closely associated 
with the esophagus on the right, and therefore a 
left-sided approach may be less likely to cause 
injury.

The patient should be placed in supine posi-
tion with a bump behind the shoulder blades, 
neck gently hyperextended, and head tilted to the 
right. An NG tube should be in place, and the 
abdomen should be prepared for potential surgi-
cal feeding tube placement upon completion of 
the cervical procedure. Maximal exposure is 
obtained via incision from left earlobe to supra-
sternal notch, but a limited incision along the 

lower half to two-thirds of this line is generally 
adequate (Fig. 5.4). The incision is carried down 
onto the belly of the sternocleidomastoid muscle, 
which in turn is retracted laterally to expose the 
transverse course of the omohyoid muscle. The 
division of this muscle is critical to exposing the 
cervical esophagus. The carotid sheath is exposed 
following omohyoid division, and the sheath and 
its contents are retracted laterally, away from the 
trachea and thyroid gland. Blunt dissection in the 
plane between the carotid sheath and the thyroid 
will expose the middle thyroid vein, which should 
be ligated and divided. In some cases, the inferior 
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Fig. 5.3 Treatment algorithm for thoracic perforation
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thyroid artery will require division to provide 
safe exposure, without clinical consequence. The 
esophagus should be visible and palpable at this 
point if the NG tube is properly placed (Fig. 5.5).

Progressive blunt digital dissection lateral to 
the esophagus, down to the easily palpable cervi-
cal spine (and overlying prevertebral fascia), is 
fairly straightforward. In cases involving signifi-
cant extra-luminal fluid or abscess, this dissec-
tion will generally enter the plane of the fluid 
collection. If tissue planes are severely effaced 
due to advanced or late infection, attempts to 
encircle the esophagus and primarily repair the 
injury should be avoided. Instead, careful blunt 
and sharp dissection should continue until there 
is wide drainage of all peri-esophageal fluid. In 
the absence of distal obstruction, the vast major-
ity of cervical esophageal perforations will heal 
with drainage alone. In cases of drainage, treat-
ment must also include debridement of all nonvi-
able tissue, followed by extensive irrigation. 
There exist multiple options for wound manage-
ment, but loose closure of the deep tissues over 
multiple passive rubber (“Penrose” type) drains, 
and placement of a wound vacuum dressing in 
lieu of skin closure is straightforward, reproduc-

ible, and effective. This approach facilitates ade-
quate drainage, and the Penrose drains can be 
gradually backed out over the following week.

In cases where tissue quality is acceptable, the 
esophagus is mobilized circumferentially with 
careful digital dissection and encircled with a 
Penrose drain (Fig. 5.6). The recurrent laryngeal 
nerve, which runs in the tracheoesophageal 
groove, is vulnerable to injury during cervical 
esophageal procedures. Damage to this nerve is 
best avoided by maintaining surgical dissection 
directly on the muscular wall of the esophagus. 
Appropriate esophageal mobilization should pro-
vide for clear identification and exposure of the 
site of the injury, which is often located posteri-
orly at the level of the thyroid tracheal cartilage, 
just above the cricopharyngeus. After delineating 
the extent of the mucosal perforation by mobiliz-
ing overlying muscle fibers and debriding any 
nonviable tissue (Fig.  5.7), the mucosal defect 
should be closed with interrupted absorbable 3–0 
or 4–0 sutures, with loose tissue approximation. 
Although not mandatory, some advocate esopha-
geal bougie dilator placement to prevent narrow-
ing during repair. Transverse closure theoretically 
leads to less luminal compromise, but with the 
exception of very large injuries, the injury can 
generally be closed longitudinally with minimal 
chance of stenosis. The esophageal muscle 

Trachea

Omohyoid
muscle,
divided

Esophagus Sternocleido-
mastoid
retracted

Carotid
sheath

Middle thyroid
vein, divided

Fig. 5.5 Esophagus exposed via cervical incision Fig. 5.6 Esophagus encircled via cervical incision
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should be closed over the mucosal repair with 
absorbable suture, followed by advancement of 
an NG tube under direct palpation distal to the 
site. Digital palpation along the prevertebral fas-
cia into the posterior mediastinum ensures ade-
quate drainage of this space (Fig.  5.8). Finally, 
the wound bed should be copiously irrigated, and 
the cervical wound closed in layers over a drain. 
If there is extension of fluid below the level of the 
aortic arch on preoperative CT imaging, supple-
mental right thoracoscopic mediastinal drainage 

should be considered. In situations involving 
extensive cervical esophageal injury and/or com-
plex repair, surgical feeding tube placement (gas-
trostomy or jejunostomy) is prudent.

 Surgical Technique: Repair 
of Intrathoracic Perforation

Prior to thoracic surgical intervention, it is impor-
tant to ensure adequate fluid resuscitation and 
initiate broad-spectrum intravenous antibiotic 
therapy. Flexible endoscopy should be performed 
in cases concerning for esophageal malignancy 
or high-grade distal esophageal stricture; two 
situations that may be more optimally managed 
with resection versus repair. In stable patients, 
thoracic epidural placement is a reasonable pre-
operative consideration. The patient should have 
double-lumen endotracheal and NG tubes in 
place and should be placed in the lateral decubi-
tus position. Following this, the operating room 
table should be flexed at the level of the iliac crest 
to facilitate maximal exposure.

For intrathoracic perforation and leak, the 
appropriate incision is determined by the level 
of injury. It is important to recognize that there 
is limited access to the distal esophagus and 

Longitudinal myotomy for
clear view of mucosal tear

Fig. 5.7 Delineation of esophageal perforation (drawing 
needed). (With permission from Cooke and Lau [34]. 
Elsevier)

Posterior esophageal space opened
   with finger for passage of sucker

Fig. 5.8 Ensuring 
adequate mediastinal 
drainage. (With 
permission from Cooke 
and Lau [34]. Elsevier)
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gastroesophageal junction from the right chest, 
and proximal esophageal access from the left 
chest is limited by the aortic arch and great ves-
sels (Fig.  5.9). To access the proximal thoracic 
esophagus, a right lateral or posterolateral thora-
cotomy is appropriate, with a goal of entering the 
chest in the fourth or fifth intercostal space. To 
access the distal half of the thoracic esophagus, a 
left lateral or posterolateral seventh or 8th inter-
space thoracotomy is pursued. The landmarks for 
a posterolateral thoracotomy incision are shown 
in Fig. 5.10. Although muscle-sparing thoracot-
omy approaches (and even thoracoscopic 
approaches) are described for the management of 
a variety of intrathoracic conditions, a thoracot-
omy that involves division of the latissimus dorsi 
muscle and preservation of the serratus anterior 
muscle will provide adequate exposure with low 
incisional morbidity.

After incision of the skin and subcutaneous 
fat, the latissimus dorsi fascia and muscle are vis-
ible and should be divided with slow electrocau-
tery exposing the underlying serratus anterior 
muscle and fascia. The serratus fascia should be 
incised to allow the elevation of the muscle ante-
riorly and off the chest wall, with division of 
loose areolar tissues and small perforating blood 
vessels deep to this muscle. This will allow for 
elevation of the scapula and the counting of ribs 
beneath the scapula to identify the appropriate 
level for entry. The first rib, palpable only with 

careful blunt dissection, is broad and flat. The 
second interspace is distinctly wider than either 
the first or third space. In general, the tip of the 
scapula overlies the sixth rib – this relatively con-
stant anatomic finding proves generally adequate 
for planned incisional level for the surgical man-
agement of esophageal perforation. After divid-
ing the intercostal muscle directly over the rib to 

Level of Perforation

Cervical

Upper Thoracic

Lower Thoracic

Gastroesophageal
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Fig. 5.9 Incisions for esophageal perforation

Fig. 5.10 Line of incision for posterolateral thoracot-
omy; posteriorly, line begins midway between thoracic 
spine and medial scapula and extends to one fingerbreadth 
below scapular tip, before being extended anteriorly as 
needed for additional exposure
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access the pleural space, the intercostal incision 
is extended to the transverse process posteriorly 
and within several centimeters of the sternum 
anteriorly. Removing a small portion of the infe-
rior rib reduces the likelihood of inducing a rib 
fracture with retraction.

If the surgical intent is a primary repair, the 
surgeon should consider harvesting an intercostal 
muscle flap at the time of thoracotomy, as this 
becomes impossible after a traditional thoracot-
omy has been completed. To harvest an intercos-
tal flap, the intercostal muscle is gently dissected 
from the interspace at the level of the planned 
incision. The dissection should be cautious at the 
cephalad aspect of the muscle, where the neuro-
vascular bundle must be meticulously dissected 
free from the overlying rib. The muscular pedicle 
should be mobilized to within several centimeters 
of the internal mammary artery medially (within 
several centimeters of the sternum), after which 
the muscle pedicle is divided anteriorly, mobi-
lized posteriorly as far as possible, and then 
packed in a moist gauze prior to placement of a 
rib spreading retractor. The intercostal muscle 
flap can eventually be utilized as vascularized tis-
sue to buttress an esophageal repair.

After thoracotomy is completed, perpendicu-
lar rib-spreading retractors should be placed and 
the lung retracted and packed anteriorly 
(Fig.  5.11). In the case of left thoracotomy for 
distal thoracic esophageal perforation, division of 

the inferior pulmonary ligament (fibro-fatty tis-
sue between the left lower lobe and mediastinum) 
up to the level of the inferior pulmonary vein will 
aid exposure of the esophagus. For mid-esopha-
geal perforation, which is accessed via right tho-
racotomy, encircling the azygous vein and 
dividing it with a vascular stapler will improve 
exposure. This maneuver is not associated with 
any clinical effects as long as careful hemostasis 
is confirmed. The NG tube should allow esopha-
geal palpation, which is preceded by longitudi-
nally opening the mediastinal pleura over the 
entire length of the exposed esophagus. For pri-
mary repair, the esophagus should be mobilized 
and encircled near the region of the perforation 
(Fig. 5.12). After encircling the esophagus with a 
Penrose drain, the site of injury should be exam-
ined by longitudinally dividing the esophageal 
muscle fibers above and below the site of perfora-
tion until the extent of the mucosal rent is clearly 
visible. In cases where the distal extent of a per-
foration cannot be visualized adequately via low 
left thoracotomy, the left diaphragm can be par-
tially opened to facilitate exposure, with subse-
quent closure with permanent, interrupted 
mattress suture following completion of repair.

The decision to proceed with repair should be 
predicated on reasonable tissue quality and 
absence of extensive tissue devitalization or 
underlying pathology. If repair is deemed appro-
priate, the mucosal defect should be closed with 
interrupted absorbable 3-0 or 4-0 sutures, fol-
lowed by closure of the overlying muscle with 

Fig. 5.11 Right thoracotomy for esophageal exposure, 
perpendicular rib-spreading retractors in place, lung 
retracted anteriorly Fig. 5.12 Esophagus encircled in the thorax
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absorbable or silk sutures. An NG tube should be 
passed into the stomach with surgical guidance. 
Closure should be buttressed with an intercostal 
muscle flap, a vascularized pedicle of adjacent 
mediastinal pleura, or a partial fundoplication for 
repairs near the gastroesophageal junction. In 
cases of advanced pleural space contamination, 
pulmonary decortication may be required to 
facilitate complete lung expansion. After exten-
sive pleural space irrigation, multiple chest tubes 
should be placed, the thoracotomy is closed in 
standard fashion, and a surgical feeding tube is 
placed.

After esophageal repair, the NG tube should 
be maintained for several days at a minimum, and 
at least one dependent pleural drain should 
remain in place until safe dietary advancement is 
confirmed. A fluoroscopic study should be com-
pleted 5–7 days following closure. If there is no 
leak, the NG can be removed (if still in place), 
and oral input gradually resumed. If advance-
ment of diet does not lead to a change in the char-
acter or volume of pleural drain output 
(concerning for either recurrent leak or chylotho-
rax), the remaining drain can be removed. If a 
swallow study suggests the existence of a persis-
tent leak, most authors advocate endoscopic stent 
placement [20, 33] unless (1) there is evidence of 
extensive tissue necrosis, which would mandate 
additional surgical debridement and generally 
necessitate temporary diversion, or (2) a small, 
adequately drained leak is present, which may 
require no additional intervention.

 Surgical Technique: Repair of Intra-
abdominal Perforation

Again, an NG tube is left in place, and flexible 
endoscopy should be completed if there is any 
concern for esophageal malignancy or high-grade 
distal stricture. Intra-abdominal esophageal perfo-
ration typically involves an injury in the region of 
the gastroesophageal junction. After an upper mid-
line laparotomy and placement of a retractor sys-
tem, mobilizing the avascular attachments between 
the left liver lobe and the diaphragm facilitates 
lateral liver retraction and improved access to the 

esophageal hiatus. Mobilization of the upper 
greater curvature of the stomach by division of the 
short gastric vessels in this region provides addi-
tional exposure and facilitates subsequent fundo-
plication (Fig. 5.13). The distal esophagus can be 
palpated using the NG tube and then mobilized 
bluntly from the underling aorta, eventually encir-
cling it with a Penrose drain (Fig. 5.14).

As with thoracic repair, the extent of the 
mucosal perforation should be clearly delineated, 
all devitalized tissue debrided, and a two layer 
repair completed. The NG tube should be 
advanced into the stomach, followed by a fundo-
plication to reinforce the repair. For most patients, 
a partial fundoplication is appropriate, although 
complete (360°) fundoplication is a reasonable 

Fig. 5.13 Abdominal exposure of the esophagus; liver 
mobilized/retracted, short gastric arteries divided

Fig. 5.14 Abdominal exposure, the esophagus encircled 
below diaphragmatic hiatus with Penrose drain
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option for a patient with pre-existing gastro-
esophageal reflux and no evidence of a motility 
disorder (Fig. 5.15). After copious irrigation and 
placement of a surgical feeding jejunostomy 
tube, the abdomen is closed in standard fashion. 
Most surgeons do not routinely leave drains fol-
lowing abdominal repairs. After fascial closure, 
the skin and soft tissues are managed with loose 
stapled closure, wound vacuum placement, or 
planned delayed primary closure.

 Surgical Technique: Drainage 
for Intrathoracic Perforation

Selected cases of intrathoracic esophageal perfo-
ration may be managed with surgical drainage 
alone without repair. This may accompany 
esophageal stent placement or a trial of conserva-
tive therapy, when there are pleural or mediasti-
nal fluid collections not amenable to drainage via 
tube thoracostomy or percutaneous image-guided 
drainage. Adequate drainage of the mediastinum 
and pleural space, and decortication of the lung, 
can generally be achieved with a thoracoscopic 
approach with single-lung ventilation. That said, 
patients should always be counseled on the 

potential need to convert to open thoracotomy. 
The decision between a left and right thoracos-
copy should be guided by preoperative imaging. 
In cases where there is contained mediastinal 
fluid, the posterior mediastinum is best accessed 
from the right pleural space in most cases. This is 
achieved by tilting the operating room table 
steeply to the left with the patient in a well-
secured left lateral decubitus position, retracting 
the deflated lung anteriorly, and opening the 
mediastinal pleural between the azygous vein 
and the lung in layers until the fluid collection is 
encountered and drained. Priorities at surgery 
include the evacuation of all debris, drainage of 
all fluid collections, breaking up any loculations 
to create a unified pleural space, and lung decor-
tication to ensure complete lung expansion. The 
pleural space should be irrigated copiously, with 
the placement of at least two dependent drains.

 Surgical Technique: Esophageal 
Diversion

For patients who present with extensive medias-
tinal contamination, esophageal necrosis, or 
septic shock, esophageal diversion may be the 

a b

Fig. 5.15 Abdominal fundoplications; (a) complete (Nissen) fundoplication; (b) partial posterior fundoplication
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only viable option. Diversion may also be 
needed after the failure of stent or surgical repair 
or may be the treatment of choice in a patient 
with underlying pathology that would otherwise 
indicate resection but does not possess the phys-
iologic reserve to tolerate such a major proce-
dure. Esophageal diversion entails the creation 
of a cervical esophagostomy with decompres-
sive gastrostomy and feeding jejunostomy and 
is usually combined with transection of the gas-
troesophageal junction (“exclusion”) to mini-
mize the potential for retrograde mediastinal 
contamination.

The cervical esophagus is exposed and 
encircled as described earlier via a generous 
left neck incision. The esophagus should be 
mobilized into the posterior mediastinum with 
blunt dissection along the prevertebral fascia 
posteriorly, the membranous trachea anteri-
orly, and fibroareolar attachments laterally. 
After mobilizing the esophagus as far distally 
as safely possible, the NG tube is backed up to 
above the incision and the esophagus divided 
as distally as possible with an endoscopic sta-
pler. Preserving maximal length will facilitate 
the creation of a stoma below the clavicle 
(much more manageable than a cervical stoma) 
and facilitate later reconstruction. A 2  cm 
counter-incision is created on the left upper 
anterior chest wall, just below the medial left 
clavicle. After creating a generous tunnel 
between the cervical incision and the upper 
chest wound, the proximal blind end of the 
esophagus is passed through this tract and 
delivered onto the chest wall. The stapled end 
is excised and the stoma matured in standard 
fashion. An upper midline laparotomy is then 
performed, and the esophagus is exposed at the 
hiatus as previously described. The esophagus 
is encircled at this level and transected with an 
endoscopic stapler, followed by placement of a 
decompressive gastrostomy and feeding jeju-
nostomy. Bilateral tube thoracostomy is per-
formed at the conclusion of the procedure. 
Reconstruction is planned for a later date and 
generally involves retrosternal placement of a 
gastric conduit.

 Esophageal Resection

Esophagectomy is rarely indicated in the setting 
of esophageal perforation, as this is a major 
undertaking for an acutely ill patient. In more 
stable cases of perforation with underlying 
pathology such as early-stage esophageal malig-
nancy, achalasia with mega-esophagus, or refrac-
tory stricture, esophagectomy can be considered. 
The technical details of this procedure are out-
side the scope of this chapter.

 Summary

Esophageal perforation is an uncommon condi-
tion that continues to be associated with high lev-
els of morbidity and mortality. Endoscopic stent 
therapy is being used with greater frequency for 
perforation and seems to offer advantages over a 
traditional surgical approach in select cases. 
Recognizing the limitations of the available evi-
dence and considering the multiple therapeutic 
options, there exist several clear principles which 
must guide treatment. These include adequate 
resuscitation, aggressive drainage of associated 
fluid, satisfactory nutritional support, debride-
ment of any nonviable tissue, and vigilance in 
monitoring a patient’s response to therapy. 
Treatment must be individualized and driven by a 
team of experts with the intent of dynamic adjust-
ment based on a patient’s clinical course.
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Variceal Hemorrhage for the Acute 
Care Surgeon

Paul J. Deramo and Michael S. Truitt

 Background

Variceal hemorrhage accounts for one-third of 
cirrhosis-related deaths and represents the lead-
ing life-threatening complication of portal hyper-
tension [1–3]. Esophageal varices are the most 
common cause of persistent, severe upper gastro-
intestinal hemorrhage, and in cirrhotic patients, 
are responsible for over 70% of acute bleeding 
episodes [4]. Furthermore, nearly 50% of patients 
with a diagnosis of cirrhosis have documented 
gastroesophageal varices so knowledge of the 
medical and surgical treatment of these patients 
is of interest to the Acute Care Surgeon [5].

While not the most common cause of upper 
gastrointestinal (GI) hemorrhage overall, esopha-
geal varices account for 14% of hospitalizations 
for upper GI bleeding. Over the past 30  years, 
there have been significant advances in the man-
agement of variceal bleeding. Beginning in the 
late 1980s, when endovascular stent technology 
gave rise to transjugular intrahepatic portosys-
temic shunt (TIPS), the surgical management of 
esophageal variceal bleeding has largely been 
replaced by percutaneous intervention. During 
this time, the 6-week mortality has fallen from 

40% to 15% [6, 7]. While a significant improve-
ment, variceal bleeding is still highly lethal com-
pared to other causes of GI bleeding which 
usually resolve with conservative or endoscopic 
therapies and carry reported mortality of 3%. In 
patients who are not suitable candidates for TIPS 
placement, emergency surgical therapy may be 
required as a life-saving measure. This under-
scores the importance of a multidisciplinary 
approach for patients with variceal bleeding and 
the need for the Acute Care Surgeon to under-
stand the physiology and the various treatment 
modalities at their disposal.

 History

In 1543, the famous physician anatomist Vesalius 
first drew detailed pictures of the portal venous 
system [8]. Over 200  years later, Morgagni 
described a patient who developed upper abdomi-
nal pain and upper GI hemorrhage and died in 
short order [8]. At autopsy, the stomach had sev-
eral dark patches, and he wondered whether small 
but dilated vessels had oozed into the gastric wall. 
In 1841, Raciborski first recognized that collater-
als could form between the systemic and portal 
venous systems, and a decade later, Sappey would 
go on to discover esophageal varices [8]. In the 
early 1900s, Banti recognized that diseased 
spleens could lead to varices, and others identified 
elevated portal pressures in many patients with 
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esophageal varices and cirrhosis [9]. Finally, in 
1928, Sir Archibald McIndoe concluded that por-
tal pressures are increased in cirrhotic patients – 
what he coined “portal hypertension” [9].

As the pathophysiology of ascites and esopha-
geal varices was elucidated, surgeons looked for 
ways to combat the increased portal pressures. In 
1877, Nikolai Eck, a Russian military surgeon 
who was studying liver perfusion in dogs, suc-
cessfully anastomosed the portal vein to the side 
of the vena cava, and Pavlov would later describe 
the “meat intoxication” known as hepatic enceph-
alopathy that developed in dogs with Eck’s fistula 
[9]. Whipple would later attempt to decompress 
the portal system by anastomosing mesenteric 
venous branches with the systemic circulation 
and, after clotting several of these shunts, experi-
mented with anastomosing the splenic and renal 
veins [9]. This laid the groundwork for future 
surgical therapies in the management of esopha-
geal varices.

Simultaneously, there was a push to develop 
nonsurgical therapies for esophageal bleeding. 
In 1868, Kussmaul utilized a modified lighted 
tube originally used for urologic procedures to 
examine the inside of a human stomach, and 
Mikulicz, in 1881, created the first “gastroscope” 
to examine the upper gastrointestinal tract [8]. In 
the following years, flexible and rigid gastro-
scopes were developed, and by the 1930s, sclero-
therapy with quinine-urethane solutions was 
possible [8]. In the 1950s, well after balloon 
tamponade was found to be a useful strategy, 
Sengstaken and Blakemore created the first 
nasogastric tube with a balloon to control vari-
ceal hemorrhage, though patients frequently 
developed severe aspiration or life-threatening 
airway obstruction [9]. Stiegmann then took the 
concept of rectal hemorrhoid banding and devel-
oped the first esophageal variceal ligation device, 
later demonstrating superiority to sclerotherapy 
in a multicenter trial [9].

Over the next three decades, a variety of surgi-
cal shunt procedures were developed and refined 
to deal with portal hypertension and variceal 
bleeding. But the most significant advance 
occurred with the introduction of TIPS which has 
revolutionized the care of patients with variceal 

bleeding and has slowly turned surgical shunts 
into legacy operations.

 Pathophysiology of Variceal 
Hemorrhage

At the most basic level, variceal bleeding is the 
result of any process that increases the pressure 
gradient between the portal venous and systemic 
venous systems. In the case of cirrhosis, hepatic 
fibrosis and regenerative nodules impede portal 
venous blood flow. This increased resistance, by 
Ohm’s law (pressure = flow × resistance), leads 
to an increased portosystemic pressure gradient. 
Though not fully understood, splanchnic hor-
mones and other humoral mediators  – particu-
larly nitric oxide  – facilitate hyperdynamic 
augmentation of blood flow from systemic to 
portal circulation. This increase blood flow  – 
hepatic autoregulation – causes engorgement of 
normally small venous collaterals leading to an 
increased risk of spontaneous hemorrhage [10]. 
Coagulopathy and thrombocytopenia, hallmarks 
of advanced cirrhosis, only intensify the bleeding 
as does concurrent bacterial infection. On endos-
copy, these dilated submucosal veins appear to 
bulge out above the surrounding mucosa. These 
can appear necrotic or ulcerated after recent hem-
orrhage or intervention (Fig. 6.1).

Fig. 6.1 Esophageal varices after recent banding with 
necrotic appearance, slight ulceration. (Ref: http://from-
newtoicu.com/tips/)
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Familiarity with the causes of portal hyperten-
sion (Table 6.1) is essential for the proper man-
agement of variceal hemorrhage. Prehepatic 
portal hypertension is usually the result of portal 
vein thrombosis, the most common cause in chil-
dren. Esophageal varices develop as the result of 
increased portal pressures, and routine screening 
for varices plays a role in the management of 
these patients. In adults, idiopathic non-cirrhotic 
portal hypertension has emerged as a diagnosis of 
exclusion once major causes of portal hyperten-
sion have been ruled out [11]. These patients 
often present with esophageal and gastric vari-
ceal bleeding and splenomegaly. The decision to 
anticoagulate patients with chronic portal vein 
thrombosis must be weighed against the possibil-
ity of gastrointestinal hemorrhage and the risk of 
endoscopic or surgical intervention.

In contrast, isolated gastric variceal hemor-
rhage is a different clinical entity associated with 
left-sided portal hypertension. Usually secondary 
to pancreatic pathology, the splenic venous pres-
sures increase though portal venous pressures 
remain unchanged [12]. The resulting gradient 
leads to gastroepiploic venous hypertension and, 
ultimately, bleeding from gastric varices charac-
teristic of this disease. Splenectomy eliminates 
the splenic and gastroepiploic venous hyperten-
sion and prevents future variceal bleeding.

Intrahepatic causes of portal hypertension 
include most etiologies of cirrhosis as well as 
schistosomiasis. These increased portal pressure 
gradients typically occur at the level of the sinu-
soids from hepatic fibrosis or immediately post-

sinusoidal from regenerative nodules  – both 
increasing resistance to portal venous outflow 
leading to the classic esophageal variceal hemor-
rhage common for these patients. Management 
with well-studied medical, endoscopic, and per-
cutaneous interventions is the mainstay of ther-
apy though surgical shunts and devascularization 
procedures are effective for select patients.

Finally, post-hepatic portal hypertension 
occurs as a result of Budd-Chiari syndrome or 
hepatic vein thrombosis as well as some cardiac 
pathologies [13]. Most cases are secondary to 
inherited thrombophilia, and patients often pres-
ent with ascites and abdominal pain though less 
likely gastrointestinal bleeding from gastric and 
esophageal varices. In these patients, anticoagu-
lation is the mainstay of therapy with angioplasty, 
thrombolysis, or stenting reserved for refractory 
cases. TIPS and liver transplantation are down-
line therapies [13].

Ultimately, the goals of care with portal hyper-
tension and associated gastroesophageal varices 
are threefold: prevent bleeding, stop bleeding 
when it occurs, and prevent recurrent bleeding. 
We will focus on the management of acute bleed-
ing and the prevention of recurrent bleeding.

 Acute Bleeding

 Diagnosis

The definitive diagnosis of esophageal variceal 
bleeding in the acute setting can usually be inferred 
from the patient history and constellation of physi-
cal exam findings. Patients with a history of liver 
disease who present with hematemesis or other 
signs of upper gastrointestinal bleeding should be 
presumed to have variceal bleeding until proven 
otherwise. Full laboratory workup including fre-
quent complete blood count, complete metabolic 
profile, coagulation studies, and lactate should be 
obtained rapidly to determine physiologic baseline 
and guide resuscitation. Type and cross-match of 
4–6 units of packed red blood cells – and the lib-
eral use of a massive transfusion – are mandatory 
given the possibility of rapid and profuse hemor-
rhage. Thromboelastography may also be helpful 

Table 6.1 Causes of portal hypertension by category

Common etiologies of portal hypertension
Prehepatic
    1. Portal vein thrombosis
    2. Splenic vein thrombosis
Hepatic
    1. Pre-sinusoidal – Schistosomiasis, chronic viral 
hepatitis, Wilson’s disease, hemochromatosis, 
amyloidosis, sarcoidosis, tuberculosis
    2. Sinusoidal – Cirrhosis (all etiologies)
    3. Post-sinusoidal – Veno-occlusive disease
Post-hepatic
    1. Budd-Chiari disease (hepatic vein thrombosis)
    2. Inferior caval occlusion/thrombosis
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in guiding a targeted resuscitation (Fig. 6.2). This 
may be of particular benefit as the goal of resusci-
tation without volume overload is particularly 
salient in the cirrhotic patient.

Nasogastric lavage can help confirm bleed-
ing proximal to the duodenum and may 
improve endoscopic visualization. Ultimately, 
prompt endoscopic evaluation remains the 

Normal
R;K;MA;Angle = Normal

Anticoagulants/hemophilia
Factor Deficiency
R;K = Prolonged;
MA;Angle = Decreased

Platelet Blockers
Thrombocytopenia/
Thrombocytopathy
R ~ Normal; K = Prolonged;
MA = Decreased

Fibrinolysis (UK, SK, or t-PA)
Presence of t-PA
R ~ Normal; 
MA = Continuous decreases
LY30 > 7.5%; WBCLI30 < 97.5%
Ly60 > 15.0%; WBCLI60 < 85%

Hypercoagulation
R;K = Decreased;
MA;Angle = Increased

D.I.C
Stage 1
Hypercoagulable stage with
secondary fibrinolysis

Stage 2
Hypocoagulable state

Fig. 6.2 Common TEG patterns, hypocoagulable state often seen in patients with high risk of early rebleeding
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gold standard for diagnosis and early initial 
management of gastroesophageal variceal 
hemorrhage.

 Management

Variceal hemorrhage has defined time points and 
terminology which have been simplified for com-
paring therapies and applying clinical algorithms. 
Time zero starts at the admission to a medical facil-
ity for variceal bleeding. Acute bleeding episodes 
encompass the first 5 days from time zero. During 

the acute bleeding episode, bleeding is considered 
clinically significant if the patient has hypotension 
and tachycardia and requires two or more units of 
packed red blood cells in the first 24 h after time 
zero. Failed treatment occurs with development of 
hemorrhagic shock, recurrent bleeding, or 4-point 
drop of hemoglobin during the acute bleeding epi-
sode. The goals of initial management include 
stopping variceal hemorrhage and enacting mea-
sures to prevent early (up to 6  weeks) and late 
rebleeding (after 6 weeks) (Fig. 6.3).

Compared to other forms of upper gastro-
intestinal bleeding  – where roughly 90% 

1. Resuscitate
2. Endotracheal intubation
3. Massive Transfusion Protocol
    - 1:1 transfusion
    - Permissive hypotension
    - Thromboelastography
4. Octreotide + Vasopressin gtt
5. Antibiotic prophylaxis (Norfloxacin)

Hemodynamically stable?

1. EGD
2. Endoscopic band ligation (preferred) vs sclerotherapy

Yes

Yes

Yes

Yes

1. Beta blockers if appropriate
2. Interval EGD + band ligation

1. Transplant referral if
    candidate
2. TIPS if acutely rebleeds

1. TIPS
2. Non-selective shunt if TIPS contraindication

Bleeding controlled?

1. Beta blockers if appropriate
2. Interval EGD+ band ligation
3. Transplant referral if candidate

Child
class A

Child class
B/C

Portal vein patent?

No

No

No

No

Continue Resuscitation

Esophageal tamponade device

1. Consider Warren shunt (appropriate
    expertise)
2. Tips if acutely rebleeds

Bleeding controlled?

Surgical devascularization

Fig. 6.3 Suggested management algorithm for acute variceal hemorrhage
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spontaneously resolve  – variceal bleeding 
spontaneously ceases only 50% of the time. 
Most early rebleeding occurs within 72  h of 
initial hemorrhage control, and patients 
remain at risk during the early rebleeding 
period. Beyond 6 weeks, the risk of recurrent 
rebleeding and associated mortality are the 
same as in cirrhotics who never had a bleed-
ing episode. The goals of long-term manage-
ment include prophylaxis and minimizing risk 
factors of variceal hemorrhage.

 Initial Management
Given the possibility of fatal hemorrhage, man-
agement of esophageal variceal bleeding starts 
with the ABCs – airway, breathing, and circula-
tion. Early endotracheal intubation is vital to 
minimize the risk of aspiration and allows for 
controlled endoscopic intervention. Placement 
of two large-bore IVs and a Foley catheter 
allow for the expeditious administration of 
blood products and careful monitoring of resus-
citation. This is of paramount importance as 
patients with a hemoglobin <10 or hemody-
namic instability have been demonstrated to 
have poorer prognosis. Early ICU admission 
and endoscopic evaluation are important for 
quickly addressing changes in hemodynamic 
status.

In patients with variceal hemorrhage as a 
result of cirrhosis, correction of hemorrhagic 
shock with blood products must be carefully bal-
anced against the risk of over-resuscitation. Any 
precipitous increase in blood volume may 
increase portal venous pressure and thus further 
exacerbate variceal hemorrhage. This has led to 
the adoption of a permissive hypotension strategy 
often utilized in trauma patients, emphasizing 
mentation rather than systolic blood pressure as a 
marker for adequate perfusion. More importantly, 
the resuscitation should be balanced with blood, 
platelets, and plasma products. Several algo-
rithms include recombinant factor VIIa and pro-
thrombin complex concentrate for rapid 
correction of coagulopathy though these agents 
are expensive and randomized control trials have 
failed to show a significant decrease in early 
rebleeding or mortality with their use.

 Pharmacologic Agents
Once the patient has become hemodynamically 
stable, pharmacologic therapies are then indi-
cated to slow the rate of variceal bleeding [14]. 
Vasoactive medications such as somatostatin 
and vasopressin affect splanchnic blood flow by 
constricting mesenteric arterioles and thus 
diminishing portal venous inflow. Octreotide is 
given as a bolus of 50 mcg and then given infused 
continuously at 50mcg/hr for 3–5 days. In severe 
variceal hemorrhage, continuous vasopressin 
infusion may be added which has a 60% success 
rate of achieving variceal hemostasis. However, 
the systemic effects of vasopressin must be con-
sidered as well as the need for simultaneous 
nitroglycerin. Terlipressin is initiated at 2  mg 
and titrated every few hours until hemorrhage 
abates.

Terlipressin is the only agent with a proven 
mortality benefit but is not currently available in 
the United States, and sodium levels must be 
monitored given the risk of hyponatremia [15]. 
Octreotide has been shown to decrease rebleed-
ing and is more effective when combined with 
sclerotherapy or endoscopic variceal ligation. 
Octreotide is also superior to vasopressin for ini-
tial control of bleeding with far fewer side effects. 
Vasopressin should be avoided as a first-line 
agent to control bleeding.

While continuous proton pump inhibitor 
(PPI) infusions are commonly started for 
patients with upper GI bleeding, there are no 
prospective trials demonstrating a benefit of PPI 
in the management of esophageal variceal 
bleeding.

 Antibiotics/Prokinetics
Of cirrhotic patients hospitalized with GI bleed-
ing, roughly 20% have a bacterial infection on 
admission, and roughly 50% will develop a noso-
comial infection during the hospital stay [16, 17]. 
Various hypotheses regarding an increased risk of 
aspiration, spontaneous bacterial peritonitis, 
endoscopic or percutaneous instrumentation, and 
bacterial translocation have been proposed to 
explain the correlation of bleeding with increased 
infection risk. Most bacterial isolates are gram-
negative bacilli originating from the GI tract. 
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Nevertheless, no study has proven causation of 
an increased risk of bleeding with infection.

The preponderance of guidelines supports a 
short course of prophylactic antibiotics, classi-
cally norfloxacin 400 mg or ciprofloxacin 400 mg 
twice daily. In advanced cirrhosis or centers with 
known quinolone resistance, ceftriaxone 1  g 
daily is preferred [16, 17]. Most advocate for 
7 days of treatment.

Prokinetic agents such as erythromycin and 
metoclopramide have been studied extensively in 
upper GI bleeding to help clear the stomach 
before endoscopic intervention. Most conclude 
that there is a small decrease in duration of the 
initial endoscopic procedure and improved visu-
alization though no mortality benefit has been 
identified.

Finally, lactulose can be helpful as a cathartic 
to combat the hepatic encephalopathy present 
and to expel blood products from the GI tract 
while limiting azotemia.

 Balloon Tamponade
For patients with torrential esophageal variceal 
hemorrhage, variceal balloon tamponade is a 
helpful temporizing measure until more defini-
tive therapy can be arranged [18]. The three 
common tamponade balloons are the Linton-
Nachlas tube (gastric balloon, gastric suction 
port), the Sengstaken-Blakemore tube (gastric 
balloon, esophageal balloon, gastric suction 
port), and the Minnesota tube (modified 
Sengstaken-Blakemore tube with proximal 
esophageal suction port). The Sengstaken-
Blakemore tube is widely available but requires 
an additional nasogastric tube with the tip 
secured proximal to the esophageal balloon to 
suction proximal secretions (Fig. 6.4).

A patient should undergo endotracheal intuba-
tion before placement of a balloon tamponade 
device to secure the airway and minimize the risk 
of aspiration. When available, portable x-ray 
imaging or fluoroscopy should be used to help 
with placement and ensure proper placement of 
the gastric balloon. Use of water mixed with 
iodinated contrast may help identify the balloons 
on imaging. Frequently, inflation of the gastric 
balloon and gentle traction will result in the ces-

sation of bleeding. If this is unsuccessful, the 
esophageal balloon should also be inflated to 
control more proximal varices. This balloon must 
be let down for a few minutes every 1–2 h to pre-
vent esophageal mucosal pressure necrosis.

While trials have demonstrated that variceal 
tamponade is comparable to pharmacologic and 
endoscopic therapy during the acute bleeding 
episode (up to 90% success), variceal tamponade 
is associated with significant risks – especially in 
the hands of inexperienced providers. 
Complication rates are roughly 30% and include 
aspiration, mucosal injury, and potential airway 
obstruction. Esophageal rupture is nearly uni-
formly fatal in advanced cirrhotics but rare in 
contemporary series. While initial hemorrhage 
control is excellent, there is a 50% early rebleed-
ing rate [18]. Thus, a balloon tamponade device 
should only be removed once the definitive ther-
apy is immediately available.

Esophageal balloon
inflation

Gastric aspiration

Gastric balloon inflation

Esophageal balloon

Gastric balloon

Fig. 6.4 Sengstaken-Blakemore tube placement with 
description of different ports; esophageal tube (not pic-
tured) proximal to the esophageal balloon necessary to 
minimize aspiration
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 Endoscopic Management
After intubation and hemodynamic stabilization 
during the acute bleeding episode, prompt endo-
scopic evaluation is paramount and should be 
carried out within 12 h of time zero. Sclerotherapy 
and endoscopic variceal band ligation (EVL) are 
the two major endoscopic options available to 
control variceal bleeding. While both are highly 
effective (90% success in large meta-analyses), 
EVL has lower rates of early rebleeding, stric-
ture, and decreased mortality and is the recom-
mended first-line treatment [19, 20].

Newer clinical trials favor EVL as the best 
treatment for early rebleeding and suggest the 
lower complication rate is explained by more 
superficial tissue injury as compared to sclero-
therapy [19, 20]. Sclerotherapy is also more 
likely than EVL to increase portal pressures, thus 
increasing the likelihood of early rebleeding.

For the 10% of patients who fail endoscopic 
therapy, repeat endoscopy is indicated. Balloon 
tamponade is a useful adjunct while awaiting more 
definitive therapy such as TIPS or surgical shunts.

 Percutaneous Management

Paracentesis
Cirrhotic patients with large abdominal ascites 
have higher variceal pressure gradients between 

the portal and systemic venous systems than 
patients without ascites. This has led some to 
hypothesize that large volume ascites may 
increase risk of variceal hemorrhage. While no 
studies have demonstrated a decreased risk of 
variceal bleeding after paracentesis, large vol-
ume paracentesis has been shown to decrease 
variceal pressures [21, 22]. Thus, in patients 
with ascites and esophageal variceal hemor-
rhage, early paracentesis may be a useful adjunct 
to limit blood loss.

Transjugular Intrahepatic Portosystemic 
Shunt (TIPS)
TIPS is perhaps the most significant advance in 
the management of variceal hemorrhage over the 
past 30 years and has largely replaced surgery as 
first-line intervention after the failure of pharma-
cologic and endoscopic therapies. Interventional 
radiologists pass a needle catheter via the tran-
sjugular route which is wedged in a branch of the 
right hepatic vein. A needle is passed through the 
liver parenchyma into the intrahepatic portal 
vein, dilated until the portosystemic pressure gra-
dient falls below 12, over which a stent (usually 
PTFE covered) is deployed creating a functional 
side-to-side portacaval anastomosis (Fig.  6.5). 
This is comparable to a nonselective surgical 
shunt.

Portal vein

Liver

Hepatic veinExpandable stent

Fig. 6.5 TIPS stent, shunt from portal to hepatic venous system. (Ref: http://virclinic.com/varicose-veins/
portal-hypertension-cirrhosis/)
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Though common in many interventional radi-
ology suites, emergency TIPS demands taking 
hemodynamically unstable patients to a noncriti-
cal environment potentially during active resusci-
tation. Emergency TIPS has a procedural 
mortality of around 2% with a 30-day mortality 
around 25% [23, 24]. Patients uniformly develop 
worsening of hepatic encephalopathy as a result 
of portal decompression though this can be man-
aged with pharmacologic agents [25].

TIPS has a 90–100% success rate in achiev-
ing hemostasis and, compared to emergently 
placed surgical shunts, significantly lower mor-
tality – especially in poor surgical candidates. 
Indications include refractory variceal hemor-
rhage for all portal hypertensive etiologies as 
well as refractory ascites. Contraindications to 
placement include severe heart failure or pul-
monary hypertension, uncontrolled sepsis, and 
portal vein thrombosis though some centers 
report success with recanalizing the portal vein 
for TIPS creation. An important consideration 
prior to TIPS placement is the ability to inter-
rogate the shunt given the risk of stenosis 
though this has been less of an issue with new 
covered stents.

When deciding upon emergency TIPS or 
surgical shunting, operative risk, transplant 
candidacy, and patient factors must be consid-
ered. While TIPS is the obvious choice for 
poor surgical patients with no hope of trans-
plant, patients who are good surgical candi-
dates and may be transplanted more than 
12  months later or live in a remote area with 
poor access for shunt surveillance may be 
served well by surgical shunts which have sim-
ilar rebleeding rates and significantly lower 
stenosis rates.

 Surgical Procedures
Variceal hemorrhage from portal hypertension 
can be addressed surgically either directly or 
indirectly. Direct control of hemorrhage involves 
either transgastric direct variceal suture ligation 
or esophagogastric devascularization proce-
dures. Indirect control of hemorrhage can be 
achieved with portosystemic shunt procedures 
(Table 6.2).

Shunts
For acute esophageal variceal bleeding, emer-
gency surgical shunting has largely been sup-
planted by TIPS placement given the much lower 
complication and mortality rate. However, surgi-
cal shunting has proven effectiveness in stopping 
hemorrhage and decreasing rebleeding and has a 
lower stenosis rate.

Nonselective shunts decompress the entire 
portal venous system by diverting flow from the 
portal to caval system. Examples include portaca-
val shunts (side-to-side, end-to-side), mescal 
shunts, and central splenorenal shunts. Higher 
rates of hepatic encephalopathy are traded for 
lower rate of ascites accumulation. Selective 
shunts decompress a portion of the portal venous 
system while maintaining portal sinusoidal per-
fusion. The two most popular types include the 
distal splenorenal (Warren) shunt and the porta-
caval H-graft shunt.

For patients in whom emergency TIPS is 
unavailable, is contraindicated, or has failed, sur-
gical shunts should be pursued based on available 
expertise. Portacaval shunts are the most com-
mon and technically straightforward, with nonse-
lective portacaval shunts having sustained benefit 
in the prevention of rebleeding [4]. If portal vein 
thrombosis is present, an end-to-side portacaval 
shunt is technically feasible and will decompress 
the portal system though ascites may be exacer-
bated as the sinusoid vessels are not decom-
pressed. In contrast, a side-to-side portacaval 
shunt is a more technically demanding proce-
dure, as pancreatic collateral vessel hemorrhage 
and caudate lobe hypertrophy can limit exposure 
for anastomosis [4]. Finally, large-diameter 

Table 6.2 Common surgical portosystemic shunt 
procedures

Portosystemic shunt types
Nonselective shunts
    1. End-to-side portocaval shunt
    2. Side-to-side portocaval shunt
    3. Mesocaval shunt
    4. Central splenorenal shunt
Selective shunts
    1. Distal splenorenal (Warren) shunt
    2. Small-diameter portacaval graft shunt
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interposition mesocaval shunts or central spleno-
renal shunts avoid dissection near the portal vein, 
thus limiting the complications of future liver 
transplantation. Mortality for emergency shunt 
operations ranges from 25 to 50% though, if 
patients survive, surgical shunts lead to over 70% 
long-term survival rates [4].

At laparotomy, nonselective portacaval shunts 
are best performed from a right lateral approach 
where control of the portal vein and vena cava is 
achieved while circumventing dense retroperito-
neal or omental varices [4]. Regardless of per-
ceived risk or benefit of each shunt, comfort and 
available expertise should guide the choice of 
surgical shunt though, in general, nonselective 
shunts are best in the emergent setting (quickest 
decompression of the portal system) and selec-
tive shunts should be reserved for the elective set-
ting where slower decompression of varices may 
be accomplished.

Devascularization
For patients with extrahepatic portal vein throm-
bosis or extensive splanchnic venous thrombosis, 
shunt procedures are not indicated or beneficial 
to control bleeding [26]. In patients who have 
failed portosystemic shunt therapy, esophagogas-
tric variceal devascularization procedures are 
useful to directly stop variceal hemorrhage. The 
key to success with devascularization procedures 
involves separating the azygous venous system 
from the intramucosal venous plexus.

The Sugiura procedure, originally described 
in the 1970s in Japan, was developed to address 
esophageal variceal hemorrhage in Child class A 
and B patients [27]. The original two-stage pro-
cedure  – an abdominal and thoracic approach 
which included para-gastroesophageal devas-
cularization, esophageal transection and 
reanastomosis, splenectomy, vagotomy, and 
pyloroplasty – had high morbidity and mortality 
rates outside of Japan prompting several modifi-
cations. Today, a common modified Sugiura pro-
cedure is performed through an abdominal 
approach with upper gastric devascularization, 
6–7 cm of esophageal devascularization, splenec-
tomy, and direct esophageal variceal ligation 
[28]. The esophageal transection step has been 

largely abandoned given the near 100% mortality 
associated with an anastomotic leak.

Mortality for emergency devascularization 
procedure ranges from 13 to 32% though there is 
<5% rate of recurrent bleeding [27, 28].

Prevention of Recurrent Bleeding
After acute variceal hemorrhage, one-third of 
patients will develop recurrent hemorrhage 
within 6 weeks (early rebleeding) and 70% will 
recur over time. Thus, acute care surgeons need 
to be well versed on common preventive strate-
gies. Following stabilization of an acute variceal 
bleed, secondary prophylaxis therapies include 
medical, endoscopic, shunt, and even devascular-
ization procedures as previously described.

For the compensated cirrhotic, nonselective 
beta-blockers (e.g., propranolol) started upon 
hospital discharge have demonstrated a marked 
improvement in rebleeding rates though most 
studies fail to show a mortality benefit. Several 
studies have compared propranolol, sclerother-
apy, EVL, or a blend of these therapies, and pro-
pranolol combined with EVL produces the 
greatest reduction in rebleeding rate. 
Decompensated patients appear to have a higher 
mortality with beta-blocker therapy but may ben-
efit from aggressive EVL therapy.

Despite the demonstrated decreased mortality 
and complication rate of emergency TIPS as 
compared to surgery for acute hemorrhage, the 
data is less clear for prevention of recurrent 
bleeding. TIPS increases encephalopathy, and 
studies have demonstrated either no change or 
worsening of mortality when compared to stan-
dard medical therapy. In addition, TIPS stents 
may complicate future liver transplantation if 
stents occupy the superior vena cava or right 
atrium.

Similarly, selective portosystemic surgical 
shunts such as the small-diameter portocaval 
H-graft shunt or distal splenorenal (Warren) 
shunt have proven benefit in reducing recurrent 
bleeding though surgeons with experience in 
these procedures are increasingly rare [29]. A 
small-diameter (8-mm) portacaval H-graft 
(ringed Gore-Tex) shunt is a technically straight-
forward selective shunt. Approaching from the 
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right lateral side, the porta and cava are exposed, 
and the graft is anastomosed to each vein in end-
to-side fashion [4]. These shunts are 90% suc-
cessful in the prevention of rebleeding, with 
80% long-term patency rates [4]. In the case of 
the Warren shunt, the procedure involves ligat-
ing the gastroepiploic arcade from the pylorus 
to the first short gastric, ligating distal splenic 
venous tributaries from the pancreas, detaching 
the splenic vein near the superior mesenteric 
venous confluence, exposing the left renal vein 
to perform an end-to-side splenorenal anasto-
mosis, and finally ligating the left gastric and 
right gastroepiploic veins. Compared to nonse-
lective shunts, this produces a slower decom-
pression of varices but is also associated with 
lower rates of encephalopathy. Some studies 
have shown the Warren shunt is more cost-effec-
tive and less prone to dysfunction and encepha-
lopathy when compared to TIPS [30]. Moreover, 
compared to sclerotherapy, the Warren shunt 
achieves superior hemorrhage control but fails 
to demonstrate survival benefit. In centers with 
appropriate surgical expertise, the Warren shunt 
provides the best bridge to transplant in Child 
class A patients.

Ultimately, given the mixed results of surgical 
shunts, the vanishing number of centers with sur-
gical expertise, and the advent of coated TIPS 
stents (markedly decreasing stent thrombosis), 
TIPS should be considered the gold standard for 
medical and endoscopic failures.

 Conclusion
Variceal hemorrhage is the leading fatal com-
plication of portal hypertension and responsi-
ble for most acute bleeding episodes in the 
cirrhotic patient. Despite advances in medical, 
endoscopic, and percutaneous approaches to 
hemorrhage control, emergency surgical inter-
vention may occasionally be indicated. The 
acute care surgeon should be well versed in 
critical care, the principles of 1:1 resuscitation, 
and endoscopic/surgical options available to 
combat this difficult problem. TIPS has largely 
replaced surgical shunts, though the Warren 
shunt should be considered in the elective set-
ting for the prevention of recurrent bleeding.
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Upper Gastrointestinal Bleeding

Marcel Tafen and Steven C. Stain

 Description of the Problem

Bleeding from the GI tract is a common, life-
threatening condition, with more than 500,000 
hospital discharges in the United States for gas-
trointestinal bleeding [1]. The mortality of UGIB 
is between 2.2% and 10% [2, 3]. Elderly popula-
tions are disproportionally affected: patients >65 
years and older account for 65% of hospitaliza-
tions for GIB, and only 10% of hospitalized 
patients are younger than 45 years of age [1]. 
Patients admitted with UGIB utilize significant 
hospital resources as 20–30% of hospitalized 
patients require six or more units of blood, but 
surgical intervention is required in only 4–15% 
of patients. However, when patients require 
an operation, 69% of operations are done emer-
gently [2, 4, 5].

Upper gastrointestinal bleeding (UGIB) 
(Table 7.1) has various causes and is defined as 
any bleeding originating proximal to the liga-
ment of Treitz which is the most common site of 
bleeding (45%), with lower gastrointestinal 
bleeding (24%) being less common and the 
source being unspecified in 31% [1]. The inci-
dence of UGIB appears to be decreasing, with an 
estimated annual incidence of UGIB reported as 

108/100,000 hospitalizations per population in 
1995 compared to 78/100,000 in 2015 [6, 7].

The care of patients with upper GI bleeding is 
multidisciplinary and requires a team approach. 
Teams involved include gastroenterologists, 
emergency medicine physicians, interventional 
radiologist, critical care physicians, and sur-
geons. Acute care surgeons have the unique 
potential to manage these patients from begin-
ning to end and may be involved at any stage of 
the disease process.

 Approaching the UGIB Patient

 History and Physical Exam

Upon presentation, vital signs should be evalu-
ated and simultaneous resuscitation initiated in 
the case of instability. A quick history should be 
taken with special focus on the events surround-
ing the current UGIB, prior episodes, comorbid 
conditions, medications, and past surgical his-
tory. This approach will focus the diagnostic 
strategy and may guide initial therapy. A history 
of epigastric postprandial abdominal pain occur-
ring between half an hour and 3.5 h after a meal, 
or pain which wakes up the patient at night, or 
pain relieved by food, vomiting, or antacids is 
suggestive of peptic ulcer disease. A history of 
liver disease would suggest a likely variceal 
bleeding source. Elements in the past surgical 
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history such as placement of aortic graft, recent 
hepatic procedures, trauma, and pancreatitis, 
among others, will provide valuable clues as 
well. Medication list should stress the use of anti-
coagulants, antiplatelet agents, beta-blockers, 
calcium channel blockers, and other vasoactive 
medications.

The assessment should be quick and borrowed 
from the Advanced Trauma Life Support 
“ABCDE” principles. The safety of the patient’s 
airway should be ensured. Vomiting patients and 
those with altered mental status should be intu-
bated to secure the airway and expedite upcoming 
endoscopic evaluation. Chest roentgenogram 
(CXR) should be obtained if aspiration is of con-
cern. Oxygen should be supplemented to guaran-
tee normal oxygen saturation and to optimize 

oxygen-carrying capacity in the setting of acute 
blood loss anemia. Evaluation for shock includes 
baseline vital signs, orthostatic determination of 
postural hypotension, pallor, and mental status 
changes. Reliable IV access should be obtained 
with at least two large-bore IVs. Initial laboratory 
tests include complete blood counts, coagulation 
studies, liver function tests, and type and cross-
match to have blood available if needed. Most 
importantly, infusion of warm fluids should be 
started and the response to volume resuscitation 
monitored. “Responders” will stabilize after the 
initial bolus of fluid. “Transient responders” will 
decompensate once the infusion is completed, 
while “non-responders” fail to respond all together.

The patient should be exposed and examined 
for peritonitis, stigmata of liver disease, abdominal 
distension, and melena. Rectal examination should 
be done to look for easily accessible pathology 
such as hemorrhoids and rectal masses. Foley cath-
eter should be placed for monitoring. Temperature 
should be checked and hypothermia anticipated 
especially in the setting of massive transfusion.

Nasogastric lavage can help rule out an UGIB 
source as bilious aspirates in the absence of blood 
significantly decrease the likelihood of 
UGIB. Coffee-ground aspirates will suggest sub-
acute bleeding, while bright red blood suggests 
ongoing hemorrhage, particularly when that 
blood fails to clear with lavage.

GI bleeding patients should be treated at or 
transferred to a facility with critical care capability 
and sufficient resources to support massive trans-
fusion protocol, advanced interventional endos-
copy, and a surgeon capable of managing 
UGIB.  On presentation, surgical consultation 
should be obtained even though the vast majority 
of patients stop bleeding after resuscitation and 
medical management. This ensures that the surgi-
cal team learns about the patient, follows the 
response to resuscitation, and tracks the results of 
endoscopic therapy along with the admitting team.

 Resuscitation

Once the fact of UGIB is established, high-dose 
proton pump inhibitors (PPI) like omeprazole 

Table 7.1 Classification of UGIB based on pathophysi-
ology and anatomy

Variceal Non-variceal
Bleeding varices
Portal hypertensive 
gastropathy

Ulcerative
  Gastric ulcer
  Duodenal ulcer
  Gastroduodenal
  Cameron lesions
  Stress-induced ulcer
  Marginal ulcer
Erosive (caustic, infectious, 
peptic, iatrogenic)
  Gastritis
  Duodenitis
  Gastroduodenitis
Tumors
  Adenocarcinoma
  Squamous cell carcinoma
  GIST
  Metastasis
  Lymphoma
  Benign
Iatrogenic/traumatic/foreign 
body
Vascular
  Arteriovascular 

malformation
  Dieulafoy’s lesions
Miscellaneous
  Hemobilia
  Hemosuccus pancreaticus
  Aortoenteric fistula
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should be administered as an intravenous bolus 
of 80  mg followed by a continuous infusion at 
8  mg/h. High-dose PPI administration is cost-
effective and decreases the incidence of high stig-
mata of bleeding at endoscopy as well as the need 
for endoscopic hemostasis [8] albeit without 
effect on rebleeding, surgery, or mortality rates 
[9]. However, high-dose intravenous PPI after 
endoscopic therapy decreases the rate of rebleed-
ing. Therefore, double-dose oral PPI for 11 days 
following 72 h of intravenous PPI is recom-
mended for high-risk patients [10].

Volume resuscitation should be initiated as 
soon as IV access is obtained. This can be 
achieved using crystalloids and colloids initially 
while waiting for blood products, or blood prod-
ucts can be started immediately if they are avail-
able. In hemorrhagic shock, multiple endpoints 
are pursued to assess adequate resuscitation and 
the patient’s overall response to therapy. 
Hemodynamic parameters such as central venous 
pressure (CVP), mean arterial pressure (MAP), 
and cardiac output/index along with lactate, cen-
tral venous oxygen saturation (ScvO2), urine out-
put, and normalization of coagulation studies 
should be considered. The goals of resuscitation 
need not be the restoration of normal blood pres-
sure. Until definitive hemorrhage control, princi-
ples of “hypotensive resuscitation” should be 
followed, allowing mean arterial pressures as low 
as 50 mmHg as long as there is evidence of ade-
quate end-organ perfusion. This strategy has been 
shown to be safe and may reduce the risk of post-
operative coagulopathy and death in trauma 
patients with hemorrhagic shock [11].

Unstable  patients, transient responders, non-
responders, symptomatic patients, or patients 
with massive hemorrhage should receive blood 
transfusion as soon as possible. For that purpose, 
crossmatched, type-specific, or type O packed 
red blood cells should be used in decreasing 
order of preference based on availability from the 
blood bank. Exsanguinating patients should 
receive type O PRBC initially and until cross-
matched products are available. Any existing or 
developing coagulopathy should be aggressively 
treated via infusion of plasma, platelets, and fac-
tor concentrates as needed.

Stable UGIB in intermediate- to low-risk 
patients, in whom intravascular volume has been 
restored, will benefit from a restrictive transfu-
sion strategy where it is recommended to trans-
fuse for hgb < 7 [12]. This strategy has been 
validated among critical care patients across the 
board, and it was shown in a randomized con-
trolled trial that in UGIB, patients on the restric-
tive transfusion strategy had a higher 6-week 
survival, lower adverse event, and lower rebleed-
ing rates as opposed to patients in a more liberal 
transfusion strategy. Early aggressive resuscita-
tion decreased organ failure and mortality. The 
abovementioned benefits were shown in both 
NVUGIB and VUGIB [13] (Fig. 7.1).

If the UGIB is related to portal hypertension, 
it is important not to over-resuscitate. Medical 
therapy should be instituted along with judicious 
resuscitation. Specifically, somatostatin or its 
analog (octreotide) should be started for portal 
pressure reduction through decrease of splanch-
nic blood flow.

In patients with VUGIB, besides the multisys-
tem organ failure resulting from acute blood loss, 
encephalopathy, hepatorenal syndrome, and 
 systemic infections contribute to mortality. 
Therefore, prophylactic antibiotics should be 
given because cirrhotic patients have high rate of 
infections from the GI tract due to bacterial trans-
location. Antibiotic prophylaxis in VUGIB 
improves survival and decreases infectious com-
plications [14]. During resuscitation, patients 
with VUGIB often will require endotracheal 
 intubation to protect airways in the setting of 
vomiting, encephalopathy or hemodynamic 
instability.

 Laboratory Studies
Every patient should receive a complete meta-
bolic panel, a complete blood count, coagula-
tion studies and a type and crossmatch. Unstable 
patients should have their hemoglobin, plate-
lets, PTT, PT, fibrinogen measured serially. 
Hemoglobin levels can be misleading in acutely 
bleeding patients because of insufficient time 
for the cardiovascular system to equilibrate 
with extravascular volume and reflect the true 
concentration of hemoglobin. All patients 
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receiving large amount of transfusions could 
benefit from thromboelastography (TEG) if 
available. TEG is increasingly used as a point 
of care test as it simultaneously studies the inte-
grated effects of different blood components 
involved in the coagulation cascade including 
thrombolysis [15]. Laboratory data can assist in 
risk stratification, bleeding localization, and 
guide therapy. The blood urea nitrogen (BUN) 
is elevated in GI bleeding [16] in general, and 
this is attributed to the digestion of blood in the 
GI tract [17] and its subsequent absorption. 
Furthermore, BUN to creatinine (Cr) ratio 
(BUN/Cr) >30 is 90% specific for UGIB with a 
positive likelihood ratio of 7.5 [18]. This test, 

nonetheless, has a low sensitivity of 39% [19]. 
EKG and cardiac enzymes should be sent to 
evaluate for myocardial ischemia.

 Restoration of Coagulation
Patients with UGIB are often coagulopathic 
due to anticoagulant administration, consump-
tion of coagulation factors during hemorrhage, 
underlying liver disease or as an effect of trans-
fusion itself. Aggressive correction of coagu-
lopathy decreases mortality [20]; therefore, it 
should be aggressively pursued. The following 
values should be targeted: international normal-
ized ratio (INR) <1.5 and platelets >50  ×  109 
per liter [21].

UGIB

History and Physical “ABCs”

Stable Unstable

•   Resuscitate,
•   ICU,
•   surgery

High Risk

Emergent endoscopy

Controlled Not controlled

Acceptable surgical risk

Surgery Angioembolization

Poor surgical risk

Rebleeding

Endoscopy

Fig. 7.1 Proposed algorithm for the management of NVUGIB
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Anticoagulation should be discontinued for 
patients on Coumadin, and INR should be 
reversed with vitamin K and FFP. Alternatively, 
prothrombin complex concentrate (PCC) should 
be used in conjunction with vitamin K for cases 
where rapid reversal is necessary or circulatory 
volume overload is a risk [22, 23] and for all 
direct oral anticoagulant (DOAC) reversal [14, 
24]. For patients on Pradaxa, the specific reversal 
agent idarucizumab (Praxbind) is now available. 
If this agent is not available, then emergent hemo-
dialysis is indicated to reverse the effects of 
Pradaxa. Low-dose aspirin for secondary cardio-
vascular prophylaxis in select patients may be 
continued [25].

 Endoscopy

Endoscopy is essential for patients with UGIB to 
establish definitive diagnosis and guide therapy 
as early endoscopy improves outcomes in acute 
UGIB [26]. An important decision to be made is 
whether endoscopy needs to be done emergently 
or can wait for 12–24 h. For patients with severe 
UGIB, early upper endoscopy is recommended 
after hemodynamic resuscitation [25]. It is 
important that the endoscopist has the capability 
of performing the full range of therapeutic 
options, based on the endoscopic findings. Based 
on the timing of endoscopy from the time of pre-
sentation, there is early endoscopy which com-
prises (1) very early or emergent endoscopy 
(<8–12 h), (2) urgent endoscopy (12–24 h), and 
(3) delayed endoscopy (> 24 h) [25, 27]. This 
approach was shown to decrease mortality [28] 
and length of stay [29]. Very early endoscopy is 
indicated for “non-responders” and “transient 
responders” or in patients with evidence of ongo-
ing bleeding (hematemesis, non-clearing bright 
red aspirates) or for patients for whom reversal 
of anticoagulation is not possible [25]. The 
advantage of second-look endoscopy is contro-
versial and not routinely recommended. 
However, it may decrease the rebleeding rate of 
peptic ulcer bleeding in patients with unsatisfac-
tory first endoscopic hemostasis, NSAID use, or 
massive transfusion [30].

 Presentation and Management 
of Specific UGIB Etiologies

 Non-variceal UGIB: Peptic Ulcers

Gastroduodenal peptic ulcers are the most fre-
quent cause of UGIB and constitute more than 
1/3 of patients with UGIB (Table 7.2). The under-
lying etiologies include H. pylori infection, 
NSAID use, gastrinoma, and stress. UGIB due to 
peptic ulcers stops spontaneously in 80% of the 
cases [35]. Peptic ulcers can cause eruptive 
bleeding when the ulcer base erodes into a blood 
vessel, usually the gastroduodenal artery [36]. 
Important risk factors include high levels of acid 
secretion and NSAID use, but interestingly, 
patients with bleeding ulcers have a lower preva-
lence of Helicobacter pylori than non-bleeding 
ulcers [36].

Bleeding peptic ulcers present with melena 
(20%), hematemesis (30%), or both (50%) [37]. 
Bright red blood per rectum can be from an upper 
gastrointestinal source when there is at least 
1000 ml of blood entering the GI tract from an 
upper source. Bright red blood hematochezia 
occurring concomitantly with fresh blood 

Table 7.2 Most frequent causes of UGIB

Diagnosis Frequency of occurrence (%)
Peptic ulcer disease
  Duodenal
  Gastric

32–60
20–36
12–24

Mucosal erosive 
diseasea

  Esophagitis

13–38
4–10

Gastroesophageal 
varices

4–33

Mallory-Weiss tear 3–7
Neoplasm 1–5
Angiodysplasia 1–3
Dieulafoy’s lesions 1
Aortoenteric fistula <1
Cameron lesion <1
Hemobilia <1
Not localized or 
unknown

5–25

References [7, 31–34]
aMucosal erosive disease includes esophagitis, gastritis, 
duodenitis, and gastroduodenitis
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hematemesis implies brisk UGIB and has a mor-
tality rate of 30% [2].

Zollinger-Ellison syndrome (ZES) causes less 
than 1% of peptic ulcer disease, and it is the con-
stellation of excessive gastric acid production 
causing severe peptic ulcer disease and diarrhea. 
Gastrinoma, the neuroendocrine tumor responsi-
ble for the hypersecretion of gastrin, most com-
monly arises sporadically or less commonly is 
associated with multiple endocrine neoplasia 
syndrome type 1 (MEN-1). The excessive amount 
of gastrin secreted by gastrinoma leads to hyper-
plasia of the parietal cells and increased basal 
gastric acid output, which breach the gastric and 
duodenal mucosal defenses leading to ulceration. 
Clinically, ZES is characterized by the presence 
of abdominal pain and diarrhea which both 
improve after administration of proton pump 
inhibitors [38].

 Endoscopic Therapy for Non-variceal 
UGIB
Following endoscopy therapy, about 10–30% of 
patients have clinical evidence of rebleeding [5]. 
Among patients with stigmata of recent hemor-
rhage who rebleed after therapeutic endoscopy, 

19% go on to require surgery or interventional 
radiology, and 27% of those patients die [26].

The timing of endoscopy depends on the risk 
of mortality and rebleeding. Therefore, it 
becomes important to identify high-risk patients. 
High-risk UGIB patients require higher level of 
care, aggressive resuscitation, earlier consultant’s 
involvement, and more prompt procedures 
(endoscopy). Prior to endoscopic evaluation, 
patients are risk-stratified based on clinical and 
laboratory data. The Forrest Classification [39] 
(Fig. 7.2) standardizes the description of peptic 
ulcer and is used to identify the patients at risk of 
persistent ulcer bleeding, rebleeding, and mortal-
ity [25]. Other endoscopic features that predict 
adverse outcome and treatment failure include 
(1) large ulcer (> 2  cm), (2) visible vessel, (3) 
blood in the gastric lumen, and (4) ulcer in the 
posterior duodenal wall [40]. Three-quarters of 
the UGIB patients have H. pylori infection; there-
fore, vigorous attempts should be made to detect 
the presence of H. pylori acutely and retest the 
patient later to increase the diagnostic yield [25, 
41]. When H. pylori is found, eradication with 
antibiotics should be pursued, and successful 
eradication should be documented [36].

a b c

d e f

Fig. 7.2 Appearance of ulcers at endoscopy accord-
ing to Forrest. Forrest Classification of ulcers: (a) 
Forrest Ia: ulcer spurting blood. (b) Forrest Ib: ulcer 
oozing blood. (c) Forrest IIa: ulcer with visible ves-

sel. (d) Forrest IIb: ulcer with adherent clot. (e) 
Forrest IIc: ulcer with flat pigmented spot. (f) Forrest 
III: ulcer with clean base. (Pictures courtesy of Sven 
Hida, MD)
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Once the bleeding is located, endoscopic ther-
apeutic measures are taken for high-risk ulcers. 
Endoscopic therapies include:

 (a) Injection therapy, with saline or vasocon-
stricting agents like epinephrine, sclerosing 
agents like ethanolamine.

 (b) Thermal therapy is achieved by contact using 
a heater probe, a bipolar electrocautery, or 
argon plasma coagulator.

 (c) Mechanical therapy involves using band 
ligation, clipping.

 (d) Newer technologies include endoscopic 
spraying of topical hemostatic agents [42].

 Surgical Management for NVUGIB

Indications for Surgical Intervention
Indications for surgery for UGIB are (1) hemor-
rhage not amenable to endoscopic control, (2) 
hemorrhage with post-endoscopy transfusion 
requirements >4 units [43, 44], (3) lack of endo-
scopic capacity, (4) recurrent bleeding after two 
attempts at endoscopic control, (5) lack of trans-
fusion capabilities or limited supply, (6) absence 
of consent to transfuse as in the case of Jehovah’s 
Witnesses, (7) repeated hospitalization for UGIB, 
and (8) concurrent indication of laparotomy such 
as perforation or obstruction [45, 46].

Surgical Management of Bleeding Gastric 
Ulcer
Options for surgical management of bleeding 
gastric ulcer include (1) oversewing of the bleed-
ing ulcer through a surgical gastrostomy. Biopsy 
of the ulcer should be performed at the time of 
the surgery. Other options include (2) gastric 
resection for giant ulcers located on the lesser 
curvature (Pauchet procedure) and (3) partial 
gastrectomy for ulcer at the antrum. Other 
maneuvers to control the bleeding gastric ulcer 
are (4) simple ulcer excision [46] and (5) total 
gastrectomy for massively bleeding erosive gas-
tritis. In the situation of diffusely, massively 
bleeding gastric erosions in an unstable patient, 
damage control principles can be utilized. It 
could require gastrostomy with packing the stom-
ach with or without hemostatic agents and tem-

porarily closing the gastrostomy. After 
resuscitation and rewarming, the patient is taken 
back for a second-look procedure where the 
packs are removed [47, 48]. Another option is to 
perform catheter-directed intra-arterial delivery 
of vasopressin [49].

Surgical Management of Bleeding 
Duodenal Ulcers
First of all, the surgeon needs to have a confir-
mation of the location of the ulcer from the 
endoscopist report or be present for the esopha-
gogastroduodenoscopy (EGD). This will avoid 
the mistake of performing an unnecessary duo-
denostomy and extending it into a gastroduode-
nostomy. Surgical options for bleeding 
duodenal ulcers include (1) simple suture liga-
tion, (2) suture ligation with drainage proce-
dure and truncal vagotomy, (3) suture ligation 
and antrectomy, and (4) suture ligation and 
highly selective vagotomy. The ulcer is usually 
located at the first portion of the duodenum and 
sometimes at the proximal second portion of 
the duodenum. Kocher maneuver is necessary 
to mobilize the duodenum. A 3 cm pyloromy-
otomy should be performed, and if the ulcer is 
not in the duodenum, that incision should be 
extended to get more exposure in either direc-
tion. Intraoperative gastroscopy should be con-
sidered to look for a gastric source if not 
identified after duodenotomy.

Bleeding is initially controlled by applying 
direct pressure. Using a heavy braided suture on 
a non-cutting needle, three U-sutures should be 
placed around the gastroduodenal artery (GDA) 
proximally and distally at the 12 and 6 o’clock 
positions and around the transverse pancreatic 
branch at the 3 o’clock position to control the 
bleeding from the transverse pancreaticoduode-
nal artery (Fig.  7.3). If the ulcer is found and 
there is no active bleeding, suture ligation should 
still be performed. Care should be taken to avoid 
the common bile duct which runs deeper.

The longitudinally oriented incision should be 
closed transversely with a standard 
 Heineke-Mikulicz pyloroplasty. Historically, a 
vagotomy has been used to reduce acid secretion; 
however, with the availability of proton pump 
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inhibitors and H. pylori treatment, vagotomy is 
not indicated unless the patient is noncompliant, 
will likely require NSAID treatment or has recur-
rent bleeding. There is evidence that a more 
extensive procedure, such as ligation with antrec-
tomy, may have a lower incidence of rebleeding, 
but the higher morbidity associated with resec-
tion hence the advent of effective medical treat-
ment make this approach rarely necessary [50].

 Other Causes of NVUGIB and Their 
Managements

Mucosal Erosive Disease
Mucosal erosive disease of the upper gastrointes-
tinal tract is the second most common cause of 
UGIB [33]. Esophagitis, gastritis, and duodenitis 
arise from alterations resulting in a break in the 
mucosa that does not extend to the muscularis 
mucosae and that may be infiltrated by inflamma-
tory cells on histology. On endoscopy, mucosal 
erosive disease has the appearance of diffuse ery-
thema, without significant depth erosions and 
mucosal hemorrhages.

Esophagitis accounts for approximately 10% 
of UGIB, but typically it is self-limited and car-
ries a low morbidity and mortality [7, 31–34, 
51]. Elderly and critically ill patients are at 
higher risk [52]. Reflux esophagitis is the most 
common cause, but another important subtype is 
infectious esophagitis, which includes viral 
(herpes simplex virus or CMV) or fungal or bac-
terial infections, all affecting immunocompro-
mised hosts.

Gastritis and duodenitis most commonly 
cause bleeding in the setting of coagulopathy and 
are diagnosed by endoscopy which has the bene-
fit of excluding other causes of bleeding. Causes 
of gastritis and duodenitis [53] include NSAID 
use, alcohol intake, portal gastropathy, and stress. 
Nearly all patients (>80%) with critical illness 
develop gastroduodenal erosions [54, 55]. Among 
patients admitted to the intensive care unit (ICU), 
16% will still develop UGIB, despite receiving 
stress ulcer prophylaxis. Fortunately  significant 
bleeding will develop in only 6% of these 
patients. Stress gastritis occurs in critically ill 
patients after stress events such as trauma, shock, 
sepsis, severe head trauma (Cushing’s ulcers), 
and burns (Curling’s ulcers). The pathogenesis is 
multifactorial and includes mucosal ischemia and 
reperfusion caused by fluctuation of splanchnic 
blood flow and perhaps an overactive parasympa-
thetic system (vagus) causing hypersecretion of 
acid and pepsin [56, 57]. About 50–77% of ICU 
patients with UGIB may die of other causes, such 
as multiple system organ failure or underlying 
disease [58–60]. Risk factors for bleeding due to 
stress ulcers include respiratory failure, coagu-
lopathy, older age, repair of abdominal aortic 
aneurysm, severe burns, multiple organ failure, 
neurological trauma, sepsis or septic shock, and 
high-dose corticosteroid. Respiratory failure 
requiring mechanical ventilation for more than 
48 h or coagulopathy is a very strong risk factor 
for clinically relevant UGIB [61].

The treatment for mucosal erosive disease is 
supportive along with acid suppressive therapy 

1 2 3

Fig. 7.3 Transcatheter angioembolization of bleeding 
gastric ulcer. 1. Computed tomography scan showing 
bleeding originating from the left gastric artery. 2. 

Angiogram  showing pseudoaneurysm arising from the 
left gastric artery. 3. Coils in the artery
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using proton pump inhibitors (PPI). Provocating 
agents such anticoagulation and nasogastric tube 
should be eliminated. For infectious esophagitis, 
antibiotics should be added.

Mallory-Weiss Lesions
Mallory-Weiss lesions are longitudinal lacera-
tions in the gastric and/or esophageal mucosa 
near the gastroesophageal junction caused by 
mechanical forces of increasing intra-abdominal 
pressure like in forceful vomiting or retching. 
Other causes of these lacerations have been 
described and include coughing, hiccups, CPR, 
and colonoscopic preparation. Diagnosis is made 
with endoscopy. The bleeding is self-limiting in 
90% of the cases [62]. Endoscopic therapies 
mostly used are epinephrine injection, heater 
probe, and band ligation. Surgery may be required 
for oversewing the laceration [62].

Dieulafoy’s Lesions
Dieulafoy’s lesions are large submucosal arteries 
close to the surface usually found in the proximal 
stomach along the lesser curvature but can be 
found anywhere else in the GI tract, with the duo-
denum being the next most common location 
[63]. Hemorrhage usually occurs after the vessel 
perforates. It is thought to be a pressure ulcer-
ation of the epithelium overlying a dilated artery 
[64]. Patients present with melena, hematemesis, 
followed by recurrent intermittent bleeding with-
out a prior history or classic risk factors for 
GIB.  The diagnosis is made by endoscopy, but 
unfortunately multiple endoscopies may be 
required to locate the bleed. Endoscopic therapy, 
usually with sclerotherapy, is curative in 95% of 
the cases [65]. Surgery is indicated if endoscopic 
treatment fails, but the lesion should be marked, 
and the location should be known, and operative 
therapy will consist of underrunning the blood 
vessel. In the case where the lesion cannot be 
found intraoperatively, endoscopic ultrasound 
can be used.

Hemobilia
Hemobilia is a gastrointestinal bleeding emanat-
ing from the biliary tree that comes through the 
ampulla of Vater [66]. Common causes include 

biliary tract procedures, trauma, biliary obstruc-
tion, cholangitis, cholecystitis, and pancreatitis. 
Classically, hemobilia presents with right upper 
quadrant abdominal pain, GI bleeding, and jaun-
dice, with or without melena and/or hemateme-
sis. CT scan and MRI are the diagnostic tools of 
choice, and blood from the papilla can be seen 
with endoscopy using a side-viewing scope. 
Treatment is by angiography with percutaneous 
trans-arterial catheter embolization. Surgery may 
be necessary (rarely) for failed angiography, and 
depending on the situation, options will include 
cholecystectomy with ligation of the relevant 
hepatic artery branch or resection by 
hepatectomy.

Hemosuccus Pancreaticus
Hemosuccus pancreaticus is another rare form of 
GI bleeding where there is transpapillary pouring 
of blood into the GI tract. In this situation, the 
gastrointestinal hemorrhage results from the ero-
sion of the blood vessel into a pancreatic pseudo-
cyst that communicates with the pancreatic duct. 
Like in hemobilia, the diagnosis can be made by 
CT scan and MRI with bleeding from the pancre-
atic duct which can be visible from the ampulla 
of Vater at endoscopy with a side-viewing scope. 
The preferred treatment is angiographic 
embolization.

Aortoenteric Fistula
Aortoenteric fistula constitutes the majority of the 
fistula between an artery and the GI system. Other 
communications have been described with the 
esophagus, the stomach and the small bowel, and 
the artery including the aorta. But the most com-
mon is aortoenteric fistula between the duodenum 
and the aorta. It can form from pressure necrosis 
of the bowel caused by the aortic aneurysm for 
primary aortoenteric fistula or the aortic graft for 
secondary aortoenteric fistula (most often due to 
fistula formation secondary to aortic infection). 
Patients present with back pain, fever, and 
hematemesis with or without hematochezia. 
These are “herald bleeds” before the ultimate 
massive GI bleed. A pulsatile mass may be pres-
ent on physical examination. In the presence of a 
previous aortic graft, and an UGIB, aortoenteric 
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fistula should be suspected. Endoscopy is primar-
ily performed to rule out other causes of GI bleed-
ing and may visualize the fistula, adherent clot, or 
the aortic graft. The diagnostic test of choice is 
CT scan which will demonstrate signs of inflam-
mation between the aorta or the graft and the duo-
denum. The treatment consists of antibiotics, 
emergent graft explantation with extra-anatomical 
bypass, and closure of the enterotomy.

Cameron Lesions
Cameron lesions are erosions or ulcerations of 
the gastric mucosa found within a hiatal hernia. 
Cameron lesions exist in up to 5% of hiatal her-
nias and are responsible for about 0.2% and 3.8% 
of overt and occult UGIB, respectively [67]. The 
incidence of these lesions is proportional to the 
size of the hernia [68].

 Variceal Upper Gastrointestinal 
Bleeding

In patients with liver cirrhosis (90%) or hepatic 
vein obstruction (non-cirrhotics), portal hyper-
tension worsens over time, leading to the forma-
tion of esophageal and gastric varices. Further 
increase in portal pressure causes the rupture of 
varices and subsequent bleeding [69]. Risk fac-
tors for variceal bleeding include variceal size, 
presence of red marks on varices, and high Child 
classification [70]. Patients with variceal UGIB 
have a mortality three times higher than that of 
non-variceal VUGIB [2, 3], and it could be as 
high as 15–30% [71]. For variceal UGIB, the 
Model for End-Stage Liver Disease (MELD) 
score is accurate in predicting risk of mortality 
[72]. Management of VUGIB along with ressuci-
tation includes vasoactive drug therapy (nitrates, 
beta-blockers, somatostatin/octreotide) antibiotic 
prophylaxis endoscopy.

 Endoscopic Therapy for Variceal 
Bleeding
In general, emergent EGD is required for 
VUGIB, both for diagnosis and therapy. 
Endoscopic therapy for VUGIB consists primar-

ily of endoscopic sclerotherapy (EST) or endo-
scopic band ligation (EBL). The therapies work 
by interrupting the flow through the esophageal 
or gastric system of venous collaterals. EBL is 
the treatment of choice due to lower complica-
tion profile, rebleeding rates, and number of 
treatments required to eradicate varices as com-
pared to EST [73]. These therapies are less suc-
cessful with gastric varices due to the profound 
depth of varices. Complications include ulcer-
ation, perforation, stricture formation, dyspha-
gia, chest pain, worsening of the portal 
hypertensive gastropathy, and systemic emboli-
zation of sclerosing agent. EST and EBL have 
shown the ability to control active bleeding at 
the first treatment in 77% and 86% of the time 
[73] with a 21% and 12% rebleeding rate, 
respectively [74]. Overall, a 10–20% failure of 
medical and endoscopic treatment is expected. 
EBL should be repeated if the patient is stable 
and the bleeding is mild. For refractory bleeding 
varices in an unstable patient’s balloon, tampon-
ade may be achieved with the Sengstaken-
Blakemore tube [75] or self-expanding metal 
stent (SEMS) [76]. In the past, the use of 
Sengstaken-Blakemore tube was 60–90% effec-
tive at controlling variceal bleeding [77] but 
should be used for less than 24 h. It should be 
used as a bridge to definitive treatment, because 
bleeding will recur after the release of tampon-
ade in half of the patients. Major complications 
of balloon tamponade occur in 10–20% of cases 
and include aspiration, esophageal rupture, and 
airway obstruction [78, 79].

 Surgical Therapy for Variceal Bleeding
Following endoscopic therapy or temporizing 
measure with balloon tamponade, definitive 
control should be achieved by decompressing 
the varices. This is achieved by diverting the 
flow of blood away from the portal toward the 
systemic circulation using a shunt. Operative 
portosystemic shunts are now of historic inter-
est, and the shunt of choice today is the tran-
sjugular  intrahepatic portosystemic shunt 
(TIPS). TIPS is less invasive and consists of 
placing fluoroscopically a large-bore stent 
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between the hepatic veins and the portal veins 
within the liver (Fig. 7.4). In VUGIB, TIPS is 
indicated for (1) salvage TIPS, refractory 
active variceal hemorrhage despite medical 
and endoscopic therapy, (2) recurrent variceal 
hemorrhage despite medical and endoscopic 
therapy, and (3) early TIPS, now proposed 
after the initial variceal bleeding episode for 
Child B cirrhotics and selected Child C 
patients. Significant reductions in treatment 
failure (97% vs 50%) and mortality were 
shown when compared to medical therapy plus 
endoscopy [80]. Unfortunately, TIPS can 
worsen encephalopathy due to impaired 
hepatic protein metabolism and ensuing hyper-
ammonemia. Operative portocaval shunting 
(end-to-side or splenorenal shunt) is rarely 
needed. In esophageal devascularization and 
transection, “Sugiura procedure” is a last-
ditch treatment for refractory bleeding when 
shunting is not possible. The mortality for the 
Sugiura procedure is extremely high [78].

Patients with refractory VUGIB with encepha-
lopathy along with refractory ascites or hepatore-
nal syndrome should be referred to a transplant 
center for consideration for liver transplant.

In non-cirrhotic patients, sinistral portal 
hypertension (SPH) should be suspected. SPH 
manifests as bleeding gastric varices in the set-
ting of patent portal vein, normal hepatic func-
tion, and splenic vein thrombosis caused by 
pancreatic pathology. Causes include trauma, 
pancreatitis, or cancer. Splanchnic arteriography 
is necessary for accurate diagnosis. Splenectomy 
is curative [81].

 Diagnostic and Interventional 
Radiology for UGIB

Endoscopy is nondiagnostic in 10–15% and 
non-therapeutic in 20% of cases, respectively 
[4]. Where traditional surgery was the logical 
next step, angioembolization has been used 

1 2 3
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Fig. 7.4 Diagnostic and therapeutic angiography for 
variceal bleeding. 1. Multiple gastroesophageal vari-
ces secondary to portal HTN. 2. 3. Access gained into 
the portal venous system through the hepatic vein, 

liver parenchyma. 4. 5. Varices catheterized and 
embolized. 6. Transjugular intrahepatic portosystemic 
shunt (TIPS) placed. (Images courtesy of Gary Siskin, 
MD)
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particularly when patients are too sick to 
undergo a  surgical intervention. The use of 
radiology for the localization of bleeding and 
achieving hemostasis in UGIB has increased.

Although rarely used, nuclear medicine stud-
ies may have a role in detecting intermittent 
bleeding and can detect bleeding with as little as 
0.1 ml/min. Technetium-99m-labeled erythrocyte 
scan is preferred over the technetium-99m-la-
beled colloid because it remains in the intravas-
cular space for 24 h allowing for repeated 
scanning [82].

Hemodynamically stable patients in the 
appropriate clinical setting (pancreatitis, fol-
lowing percutaneous hepatobiliary procedures, 
tumor) can have their UGIB localized by con-
trast-enhanced computed tomography angiogra-
phy (CTA) scan. CTA scan detects bleeding as 
slow as 0.3 ml/h [83] (Fig. 7.3), and it has the 
advantage of localizing the source and defining 
the etiology at the same time. Angiographic 
examination for suspected UGIB source requires 
celiac trunk angiography and selective angiog-
raphy of the gastroduodenal artery and left gas-
tric artery. The key is to get the patient to the 
angiography suite as soon as possible when 
ongoing bleeding is suspected even if the patient 

is coagulopathic as a bleeding rate of at least 
0.5  ml/h is required for the bleeding to be 
detected.

Portography not only permits TIPS creation to 
decrease portal venous pressures but will allow 
the visualization of gastric varices and potential 
embolization of bleeding varices [84] (Fig. 7.4). 
Angiographic therapy is indicated for severe, 
persistent bleeding after failure of endoscopic 
therapy in patients for whom surgery is not an 
option either because of the high risk of surgery 
or its unavailability [85]. The use of angiography 
and radiography-guided angioembolization is 
required in l% of admissions or less [3, 86] 
(Figs. 7.5 and 7.6). There are case series of posi-
tive experience with transcatheter angioemboli-
zation (TAE) used to treat refractory massive 
UGIB with a technical success ranging from 52% 
to 98% [85]. One of those groups reports compli-
cations and 1-month mortality rates of 10% and 
26.7%, respectively, with a rebleeding rate of 
28% and an 11.6% rate of surgery. Although the 
rebleeding rates are high, these patients could 
avoid the higher mortality of surgery [5]. 
Complications of TAE include access site hema-
toma, arterial dissection, contrast nephrotoxicity, 
and bowel ischemia [88].

Fig. 7.5 Transcatheter angioembolization of bleeding duodenal ulcer. 1. Angiogram showing bleeding duodenal ulcer 
through gastroduodenal artery. 2. Coils placed in the gastroduodenal artery
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Introduction

Gastroduodenal perforation management has 
changed over the past several decades as a result 
of a better understanding of its common etiolo-
gies. The most clinically significant and leading 
cause of these perforations is peptic ulcer dis-
ease. Other less common causes include trauma, 
malignancy, chronic steroid use, and iatrogenic 
injury during endoscopic procedures [1]. While 
treatment of gastroduodenal perforations remains 
surgical, the number of patients presenting with 
this problem has declined over the past decade 
due to improved medical management of peptic 
ulcer disease [2]. This shift in care is largely due 
to the advent of H2 receptor antagonists, proton 
pump inhibitors, and therapies targeted at 
Helicobacter pylori (H. pylori) eradication. The 
change in treatment of peptic ulcer disease has 
resulted in an overall decrease in hospitaliza-
tions, but the occurrence of emergent surgery 
related to its acute complications has remained 
steady [3, 4]. Therefore, even with a decline in 
peptic ulcer-driven hospitalizations, an acute care 
surgeon on call will likely encounter a critically 
ill patient needing an emergent surgical interven-
tion, with the surgeon having only minimal expe-
rience with elective peptic ulcer surgery.

 Pathophysiology

Historically, the pathogenesis of peptic ulcer dis-
ease was thought to be caused by excessive acid 
secretion, but it is now known that the most com-
mon causes are H. pylori and chronic nonsteroi-
dal anti-inflammatory drug (NSAID) use. This 
knowledge implies that the vast majority of pep-
tic ulcer disease, and its complications, are due to 
modifiable risk factors.

H. pylori is more commonly found in duode-
nal ulcers than gastric ulcers, and our complete 
understanding of how H. pylori produces ulcers 
is still being investigated. However, it is clear that 
infection of the gastric mucosa affects gastric 
acid secretion which leads to peptic ulcers [4, 5]. 
H. pylori is diagnosed by noninvasive measures 
such as urea breath tests, stool antigen studies, or 
serology testing. Since its discovery, many trials 
have demonstrated the importance of eradication 
of H. pylori infections in order to prevent ulcer 
recurrence [4]. By 1994, the National Institutes 
of Health consensus conference recommended 
H. pylori eradication as a primary goal of ulcer 
treatment [6]. This therapy most commonly 
includes “triple therapy” with lansoprazole, 
amoxicillin, and clarithromycin.

The use of NSAIDs and aspirin has also been 
determined to play a significant role in peptic 
ulcer disease by inhibiting prostaglandins, which 
are essential in the stomach’s protective mucosal 
barrier [5, 7]. Currently, our understanding of 
peptic ulcer disease suggests that NSAIDs, either 
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alone or in combination with H. pylori, cause the 
vast majority of ulcers and associated complica-
tions [8]. Individuals taking NSAIDs and aspirin 
reportedly have a four- and twofold increase in 
complications related to peptic ulcer disease, 
respectively [5, 7, 9].

 Epidemiology

The incidence of perforation in peptic ulcer dis-
ease is 2–10% [10]. Once common in all age 
groups, peptic ulcer disease has become a disease 
of the elderly. Lifetime prevalence of peptic ulcer 
disease in the general population has been esti-
mated to be about 5–10% with an incidence of 
0.1–0.3% per year [5]. Patients are most com-
monly over 70  years old with a male predomi-
nance of 1.5:1 [4]. The increased age 
predominance can be attributed to longer life 
expectancies and the relation between age and 
NSAID dependence. For the surgeon, this means 
surgical interventions will most likely occur with 
older and more fragile individuals, making expe-
dient and well-planned operations paramount.

Endoscopic interventions such as endoscopic 
retrograde cholangiopancreatography (ERCP), 
esophageal dilation, and endoscopic biopsy have 
replaced invasive procedures which have been 
associated with higher patient morbidity. 
Although this shift has improved overall patient 
outcomes, iatrogenic injury causing perforation 
remains a common surgical complication. 
Perforations have been reported in 0.5–2.1% of 
sphincterotomies associated with ERCP [11] and 
3–5% during pneumatic dilation for achalasia 
[12]. Because these complications require prompt 
surgical evaluation, it is essential for the on-call 
surgeon to be familiar with their management.

 Diagnosis and Management

Perforation significantly increases mortality. In 
the elderly, mortality associated with perforation 
may be as high as 50% [10]. Therefore, both 
early perforation detection and prompt resuscita-
tion are crucial. Patients usually present with an 

acute onset of epigastric pain which, given 
enough time, can progress to diffuse peritonitis 
as well as signs and symptoms of sepsis. 
Diagnosis can be made with an upright chest 
x-ray or computed tomography (CT) scan show-
ing free intraperitoneal air or extravasated con-
trast material. Intraoperative methylene blue dye 
injected via a nasogastric tube can be used to 
assist with intraoperative identification of the 
area of perforation [13].

Initial management in all patients with perfo-
rations is aimed at fluid resuscitation and initia-
tion of antibiotic therapy. If the perforation is 
secondary to ulcer disease, acid suppression is 
also an important step in management. A periop-
erative care protocol based on the Surviving 
Sepsis guideline, including goal-directed resusci-
tation, has been shown to improve 30-day sur-
vival in these patients [14]. Once initial 
resuscitation is begun, surgical intervention must 
be undertaken promptly as research has shown 
every hour of surgical delay is associated with a 
2.4% decrease in 30-day survival [15]. Efforts 
should be taken to minimize delays beyond 12 h 
as delays beyond this time frame are associated 
with significant increases in morbidity, operative 
times, hospital length of stays, and mortality 
[16]. It is important to consider biopsies during 
these operative interventions as about 4–5% of 
benign-appearing ulcers are malignant [4]. If the 
ulcer is not biopsied or excised at the time of the 
original operation, the patient should eventually 
undergo an upper endoscopy and biopsy to rule 
out malignancy.

The site of perforation dictates the operative 
approach. The primary goals of surgical manage-
ment in gastroduodenal perforations are to repair 
the perforation and minimize the degree of con-
tamination. If there are viable edges at the site of 
perforation, a primary repair should be attempted 
in addition to an omental buttress. This is most 
commonly the approach with endoscopic-related 
or traumatic perforations. In peptic ulcer disease, 
the tissue surrounding a perforation can be fria-
ble making primary repair difficult and, when 
attempted, may actually worsen the perforation. 
In this case, a Graham patch closure is the most 
common and simplistic procedure to perform. 
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This repair involves omentopexy of the area of 
perforation without primary closure.

Duodenal ulcers are more commonly seen in 
H. pylori-positive patients. Postoperative eradi-
cation of H. pylori is associated with a lower rate 
of symptomatic ulcer recurrence, including ulcer 
pain, bleeding, obstruction, and reperforation 
[17]. This makes knowledge of a patient’s H. 
pylori status important as it influences postopera-
tive therapy. As mentioned previously, tissue 
biopsy of the ulcer should be obtained either at 
the time of the procedure or postoperatively as 
4–5% of even benign uncomplicated duodenal 
ulcers are deemed malignant [18].

Prepyloric gastric ulcers may be managed in 
the same fashion as duodenal ulcers. For perfo-
rated gastric ulcers located along the greater cur-
vature, antrum, or body, the surgeon should 
perform a stapled wedge excision of the ulcer 
[19]. This repair may also be covered with an 
omental buttress. Ulcers along the lesser curva-
ture, both distal and proximal, pose difficulties. 
Ulcers located along the distal lesser curvature 
and are unable to be excised and closed should be 
treated with a distal gastrectomy [20] and 

 combined with a Billroth I or II gastrojejunos-
tomy or Roux-en-Y gastrojejunostomy (Fig. 8.1). 
Ulcers that are located along the proximal lesser 
curvature (near the GE junction) and are unable 
to be excised and closed should be treated with a 
subtotal gastrectomy combined with a Roux-
en-Y gastrojejunostomy. Other options for resec-
tions are the Pauchet procedure (extension of 
distal gastrectomy to include the site of perfora-
tion) or a Csendes procedure (distal gastrectomy 
with excision of a tongue-shaped extension and 
subsequent Roux-en-Y esophagogastrojejunos-
tomy) (Fig. 8.2) [4].

The initial management of Iatrogenic injuries 
associated with endoscopic procedures, specifi-
cally ERCP, should mimic the aforementioned 
interventions involving fluid resuscitation, antibi-
otic therapy, and possible nasogastric decompres-
sion. The location of these injuries dictates the 
management strategy. Stapfer, a commonly used 
classification system, utilizes the anatomic loca-
tion of injury as well as the mechanism and 
severity of injury. Stapfer type I are free bowel 
wall perforations, usually from the endoscope, 
and these tend to be larger and require immediate 
operative repair. Type II are retroperitoneal duo-
denal perforations and are secondary to periam-
pullary injury. These are the most commonly 
encountered type of perforation and require sur-
gical intervention depending on severity [21]. 
Type III perforations involve the pancreatic or 
distal common bile duct and are usually second-
ary to wire, basket, or balloon instrumentation. 
Type IV perforations occur when only retroperi-
toneal air is seen and may not represent true per-
foration. Some authors suggest that in the absence 
of physical exam findings, retroperitoneal air can 
be a result of insufflation used to maintain lumen 

a b

Fig. 8.1 Billroth reconstruction options. (a) Type I – gas-
troduodenostomy. (b) Type II  – gastrojejunostomy. 
(Courtesy of Ann Sullivan)

Antrectomy Pauchet
Procedure

Subtotal gastrectomy with
Roux-en-Y esophagogastrojejunostomy

(Csendes Procedure)

Fig. 8.2 Gastric 
resection and 
reconstruction options. 
(Courtesy of Ann 
Sullivan)
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patency during endoscopic procedures [22, 23]. 
Medical management can be attempted in 
patients with retroperitoneal perforations who are 
hemodynamically stable and who exhibit no evi-
dence of peritonitis [23–25]. Surgery should be 
reserved for patients with hemodynamic instabil-
ity, exam findings consistent with peritonitis, a 
large free perforation, and a biliary obstruction or 
for those who do not improve after a trial of non-
operative management [26].

The size of the perforation should also be con-
sidered. Giant perforated ulcers are those greater 
than 2  cm. Data suggest that gastric resection 
with reconstruction is a better treatment option as 
these larger perforations have been linked to 
higher incidences of malignancy and have 
increased leak rates [27]. Such ulcers are more 
commonly found in the distal stomach, so distal 
gastrectomy with gastrojejunostomy would be 
the surgery of choice. In an emergent setting, this 
operative approach is not always feasible making 
an omental patch a reasonable option. A variation 
of the omental patch that has been used for more 
extensive defects is the pedicled omental plug. 
This has been described as a pedicle of omentum 
that is sutured to a nasogastric tube and pulled 
through the perforation to plug the hole [28].

Patients presenting with complicated duode-
nal ulcers in close proximity to the pancreatico-
biliary system pose a technically difficult 
situation for the surgeon as these ulcers are 
unable to be resected and can be difficult to close 
primarily or patch. In this setting surgeons should 
consider adjunctive diversion and decompression 
of enteric contents to assist with healing. The use 
of “triple tube therapy” or pyloric exclusion 
accomplishes these goals. Triple tube ostomy 
approach includes placement of a tube gastros-
tomy, retrograde tube duodenostomy, and feed-
ing jejunostomy [29, 30] (Fig. 8.3). This option 
isolates a duodenal repair from gastric, biliary, 
and pancreatic secretions as well as provides a 
way to provide enteral nutrition.

Another option for enteric diversion to assist 
with healing is pyloric exclusion. This refers to 
making a gastrotomy, oversewing or stapling off 
the pylorus to allow diversion of enteric contents 
from the duodenum, and re-establishing bowel 

continuity with a gastrojejunostomy. The pylorus 
usually reopens in 3–6 weeks [29, 31]. One ben-
efit of this approach is that the patient maintains 
their ability to continue oral enteral feeding. 
Currently, no studies have demonstrated a sur-
vival benefit associated with the use of pyloric 
exclusion. Some authors do suggest a lower fis-
tula rate when pyloric exclusion is combined 
with primary repair [32]. Other studies have con-
sistently demonstrated prolonged hospital stays 
associated with the use of pyloric exclusion [33]. 
Given the limited evidence for and against its uti-
lization, pyloric exclusion should be used in a 
limited fashion and at the discretion of the 
surgeon.

The indications for acid-reducing surgery in 
patients with perforation are limited as proton pump 
inhibitors (PPIs) and H. pylori eradication have 
been successful in decreasing ulcer recurrence. The 
only patients that may benefit from surgical inter-
vention are those with a high risk of recurrence. 
These patients are those with significant complica-
tions despite optimal medical therapy and allergies 

a

b

c

Fig. 8.3 Triple tube therapy for complex duodenal perfo-
rations. (A) Tube gastrostomy, (B) retrograde tube duode-
nostomy, (C) feeding jejunostomy tube. (Courtesy of Ann 
Sullivan)
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to medical treatment or ones unable to change mod-
ifiable risk factors (NSAID/aspirin abusers). The 
addition of a vagotomy should not be considered in 
patients who are hemodynamically unstable or have 
a significant amount of intraperitoneal contamina-
tion. When the surgeon believes a vagotomy is indi-
cated, the easiest procedure to perform is a truncal 
vagotomy and pyloroplasty. A truncal vagotomy 
involves transection of the right and left vagal 
trunks. Dividing these trunks sacrifices innervation 
to the pancreas, stomach, small intestine, proximal 
colon, and hepatobiliary tree; therefore, a truncal 
vagotomy must be combined with a gastric-empty-
ing procedure like pyloroplasty. Highly selective 
vagotomy involves denervation of branches supply-
ing the lower esophagus and stomach, with preser-
vation of the posterior nerve on the lesser curvature 
of the stomach, the nerve of Latarjet. This decreases 
the incidence of dumping syndrome that is associ-
ated with truncal vagotomy. Although this is a 
described operative approach, it is technically more 
difficult and is associated with higher ulcer recur-
rence rates [34]; for this reason we do not advocate 
its use in the acute care surgery setting. When com-
pared to other definitive ulcer operations, truncal 
vagotomy is associated with the highest rates of 
dumping syndrome and with recurrence rates rang-
ing from 10% to 15% [10, 35]. The most effective 
surgery to manage peptic ulcer disease is antrec-
tomy combined with vagotomy. This technique best 
controls acid secretion and has the lowest ulcer 
recurrence rate, ~5% [10]. It is associated with a 
higher mortality rate than vagotomy and pyloro-
plasty and has the potential to result in a difficult 
duodenal stump or anastomotic leak [4].

In recent years there has been a significant shift 
toward minimally invasive surgery. Studies have 
shown that laparoscopic repair is safe and effec-
tive if patients are properly selected. Laparoscopic 
repair has been shown to have shorter operative 
times, earlier ambulation, reduced hospital stays, 
earlier return to activity, and decreased pain 
requirements postoperatively. Most patients that 
are having laparoscopic repairs performed are 
relatively healthy with minimal amounts of peri-
toneal contamination. Patients with risk factors 
for increased mortality at presentation should not 
be considered for laparoscopic intervention. 

These include individuals who present in shock, 
have delayed presentation >24  h, have a major 
medical illness, or are >70 years old [18, 19, 36]. 
As always, the operative plan must take into con-
sideration the operating surgeon’s experience as 
well as the patient’s clinical picture.

Although not commonly utilized, nonoperative 
management may be reasonable in a small subset 
of patients with a perforated peptic ulcer. This sub-
set includes those who are young, healthy, and 
hemodynamically stable and have no signs of dif-
fuse peritonitis. The decision to pursue nonopera-
tive management must be weighed against the risk 
of increased morbidity and mortality associated 
with surgical delay [14]. The only prospective ran-
domized trial that compared operative and nonop-
erative management for perforated peptic ulcer 
disease found is that an initial period of nonopera-
tive treatment of 12 h and close observation did not 
lead to increased morbidity or mortality [37]. In 
patients older than 70, nonoperative management 
should be avoided as this age group is less likely to 
seal the perforation spontaneously [37]. In order to 
pursue nonoperative management, the following 
should be demonstrated on a Gastrografin upper 
GI series: an ulcer, filling of the duodenum, and 
lack of spillage of the contrast into the peritoneal 
cavity [37]. These patients must show clinical 
improvement during this 12-h observation period; 
if no improvement is appreciated or a clinical 
decline is seen during this time, then patients 
should undergo operative intervention.

 Conclusion
Although gastroduodenal perforations continue 
to be primarily a surgical problem, the number 
of these surgical interventions is decreasing. 
This is due to an improvement in medical man-
agement aimed at common etiologies of gastro-
duodenal perforations [38]. The discovery of H. 
pylori, the advent of antacid medications, and 
the known relationship of NSAID use to peptic 
ulcer disease have been instrumental in reduc-
ing the complications associated with peptic 
ulcer disease as well as almost eliminating the 
role of elective ulcer surgery and vagotomies. 
This transition in treatment has put today’s 
acute care surgeon in the unique position of 
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having little to no experience in electively car-
ing for these patients but being called to emer-
gently manage their complications, primarily 
gastroduodenal perforations.

The goal in all patients with gastroduode-
nal perforations is early diagnosis, hemody-
namic stabilization, followed by antibiotic 
therapy and most often surgical intervention. 
Location of the perforation should help guide 
the surgeon in their operative planning. 
Resectional therapies are often more challeng-
ing, and the majority of cases can be managed 
by simple repair and patch procedures. There 
is a limited role for nonoperative manage-
ment, but successful outcomes can only be 
achieved in a small subset of patients includ-
ing those with iatrogenic perforations.

Overall, it is essential for today’s acute care 
surgeons to be familiar with the management, 
both medical and surgical, for gastroduodenal 
perforations as efficient decision making and 
interventions ultimately improve patient 
outcomes.
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 Background

Gastric outlet obstruction (GOO) can be defined as 
any mechanical or functional blockage preventing 
adequate drainage and decompression of the stom-
ach in the normal antegrade fashion. Because this 

can occur via multiple pathophysiologic processes, 
GOO cannot be defined as a single entity yet instead 
as a clinical syndrome caused by multiple etiolo-
gies. Despite its name, gastric pathology is not the 
lone culprit in this syndrome. The duodenum is a 
retroperitoneal structure that is intimately involved 
with the liver, gallbladder, and pancreas, and dis-
ease of these organs and others can lead to intralu-
minal, intrinsic, and extrinsic causes of GOO.

The precise incidence of GOO is unknown; 
however, it is estimated that approximately 2000 
operations are performed annually for GOO in 
adults in the United States [1, 2]. There are both 
benign and malignant causes of GOO, and their 
prevalence has evolved over time as knowledge of 
the disease has increased and medical management 
has improved. Before the advent of antihistamines 
and proton pump inhibitors and the discovery and 
ability to treat Helicobacter pylori, benign disease 
was the leading cause of GOO, mostly secondary 
to peptic ulcer disease (PUD) [3]. With the decline 
in incidence of Helicobacter pylori and rates of 
PUD, it is thought that operative GOO related to 
PUD has also decreased [1, 2, 4]. In contrast, as it 
now stands, malignancy is the most common cause 
of gastric outlet obstruction in adults [5–7].

 Etiology

Malignant GOO tends to be a late complication 
of advanced disease most often due to a delay 
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in presentation. Various etiologies include gas-
tric, duodenal, hepatic, gallbladder, biliary, 
pancreatic, and ampullary carcinomas, stromal 
tumors, carcinoids, lymphoma, and metastatic 
carcinoma. Pancreatic cancer is the most com-
mon malignant etiology, and up to 15–20% of 
patients with primary gastric, duodenal, or pan-
creatic carcinoma develop GOO [8, 9]. 
Malignancy can result in either intrinsic 
obstruction with luminal obliteration of the 
antrum, pylorus, or proximal duodenum or 
extrinsic compression, both of which prevent 
gastric emptying.

Peptic ulcer disease results in approximately 
5–8% of all cases of GOO and is the most com-
mon benign etiology [2, 10]. Causes for PUD 
include excessive gastric acid secretion, 
Helicobacter pylori infection, and nonsteroidal 
anti-inflammatory drug use among others. 
Although the pathophysiology behind the devel-
opment of PUD by these three etiologies varies, 
they can all result in a vicious cycle of gastric 
distention, gastrin release, and excessive acid 
production [2]. Over time, this results in pyloric 
and/or duodenal bulb edema, spasm, circumfer-
ential outflow scarring, and gastric distention 
with eventual atony [10].

Another important cause of benign GOO to 
be aware of is ingestion of caustic substances. 
Acidic and alkaline substances can result in 
gastric antral and/or pyloric scarring over time 
that can significantly reduce gastric emptying 
with roughly one third of caustic ingestions 
resulting in GOO [11]. Less common and rare 
etiologies of GOO include gastric polyps, gas-
tric volvulus, and inflammatory conditions 
(Crohn’s disease, pancreatitis, tuberculosis) 
(Table 9.1).

In the pediatric population, the incidence of 
GOO is approximately 2–4 cases per 1000 births 
in the Western population, with idiopathic hyper-
trophic pyloric stenosis (IHPS) being the leading 
cause [12, 13]. Other etiologies occur rarely but 
include similar causes as in adults such as PUD, 
volvulus, polyps, ingestion of caustic substances, 
and neoplasms [13].

 Clinical Manifestations

Symptoms of GOO can be severe and quite non-
specific. Common symptoms include nausea, 
vomiting, anorexia, reflux, abdominal pain, 
bloating/distention, dehydration, malnutrition, 
and weight loss. A telling sign often reported is 
nonbilious vomiting of previously consumed 
foods, as this signifies the inability of the stom-
ach to empty, as well as the isolation of the 
stomach from the second portion of the duode-
num [8]. In patients with underlying malig-
nancy, their complaints may erroneously be 
attributed to chemotherapy and/or radiation 
therapy side effects. It is important to obtain a 
detailed history to establish a temporal under-
standing of when symptoms began, as this can 
help delineate between operative emergencies 
and more chronic etiologies. The stomach is a 
very distensible organ that has the ability to 
enlarge significantly and accommodate large 
volumes, especially with chronic disease, which 
can go unnoticed until the patient presents with 
a high-grade obstruction [14].

Table 9.1 Etiologies of gastric outlet obstruction

Intraluminal causes
 Bezoar
 Foreign body
 Gallstone
 Polyp
 Scarring secondary to caustic ingestion
Intrinsic causes
 Peptic ulcer disease
 Malignancy
 Volvulus
 Hematoma
 Hypertrophic pyloric stenosis
 Infiltrative disease (i.e., amyloidosis)
  Inflammatory conditions (i.e., Crohn’s disease, 

pancreatitis, tuberculosis)
Extraluminal causes
 Malignancy
 Annular pancreas
 Superior mesenteric artery syndrome
 Pancreatic pseudocyst
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Physical examination findings are dictated by 
the patient’s duration of obstruction and severity 
of the underlying etiology, especially in cases of 
malignancy. Exam findings of dehydration are 
not always reliable; however, severe dehydration 
can present as hypovolemic shock with tachycar-
dia and hypotension, orthostatic hypotension, 
decreased urine output, dry mucous membranes, 
sunken eyes, decreased capillary refill, and poor 
skin turgor. Chronic obstruction can result in 
malnutrition and weight loss with temporal wast-
ing, loss of fat and muscle bulk, and general 
weakness. A dilated stomach can be identified as 
a tympanic mass in the epigastrium and left upper 
quadrant upon percussion and can generate a suc-
cussion splash upon auscultation [8]. In cases of 
metastatic disease, it may be possible to palpate a 
gastric mass and/or identify supraclavicular or 
periumbilical lymphadenopathy. Malignancy 
may also result in jaundice in the setting of bili-
ary compression and elevated bilirubin levels. 
Findings of peritonitis should raise concern for 
the possibility of perforation, and urgent inter-
vention should take place. In infants presenting 
with pyloric stenosis, a palpable “olive-sized 
mass” can be appreciated in the epigastrium.

 Diagnosis

 Laboratory Studies

Similar to physical examination findings, the 
presence of laboratory abnormalities depends on 
the duration of obstruction and severity of symp-
toms. Hyperemesis can result in significant elec-
trolyte abnormalities and resultant hypokalemic, 
hypochloremic metabolic alkalosis. Dehydration 
can cause renal hypoperfusion with acute kidney 
injury demonstrated by an elevated blood urea 
nitrogen (BUN) and creatinine. Anemia can be 
seen as the result of bleeding from PUD, malig-
nancy, or polyps or from bone marrow suppres-
sion. A liver function panel, conjugated bilirubin 
level, and pancreatic amylase and lipase can be 
helpful in cases concerning for malignancy and 
biliary compression. Tumor markers such as can-
cer antigen (CA) 19-9 and carcinoembryonic 

antigen (CEA) are generally nonspecific but may 
aid in diagnosing a malignant cause for obstruc-
tion when clinically correlated. Lastly, signifi-
cantly elevated gastrin levels can be seen with 
GOO secondary to gastric antral distention stim-
ulating hydrochloric acid secretion and down-
stream gastrin secretion [15]. This can often raise 
concern for Zollinger-Ellison syndrome and 
needs to be interpreted based on the clinical 
context.

 Radiologic Studies

Plain radiographs of the abdomen in patients 
with GOO can demonstrate an enlarged gastric 
bubble with minimal small bowel air distal to the 
duodenum, although this finding is nonspecific 
and can be seen with gastroparesis [16]. In the 
rare occasion that GOO is caused by impaction of 
a radiopaque gallstone, such as with Bouveret’s 
syndrome, it would be possible to identify the 
obstruction on plain imaging. The addition of 
barium or water-soluble contrast can aid in iden-
tifying the degree and location of obstruction 
and, in etiologies such as volvulus, may help to 
delineate the underlying cause. However, there is 
an increased risk of aspiration with the use of 
contrast in patients with an already distended 
stomach, and adequate decompression is 
important.

In the past, the use of a saline-load test allowed 
for the ability to obtain objective data used to 
establish a diagnosis of GOO and guide surgical 
intervention [10]. The stomach was adequately 
drained, a saline load was given, and residuals 
were checked 30 min later. Nowadays, CT imag-
ing and endoscopy have supplanted previous 
means of evaluation. Computed tomography 
imaging is the most specific means of radiologic 
evaluation and can be used to confirm the pres-
ence of a mechanical obstruction versus gastro-
paresis, determine the level and cause of 
obstruction, and identify findings concerning for 
ischemia [16]. Generally, CT imaging includes 
the use of intravenous contrast, while oral con-
trast is not required as it unnecessarily increases 
the risk for aspiration. When intravenous contrast 
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is contraindicated, such as in patients with acute 
kidney injury, chronic kidney disease, or allergy, 
unenhanced CT imaging can be obtained; 
 however, this may result in an incomplete evalu-
ation. Studies have indicated that unenhanced CT 
imaging can be useful for identifying possible 
areas of bowel ischemia. This has not been inves-
tigated in cases of GOO [16]. The use of CT 
imaging to obtain stereotactic biopsy samples is 
another useful technique that allows for specific 
tissue sampling in cases where malignancy is 
suspected (Fig. 9.1).

The evaluation of GOO in the pediatric popu-
lation depends on the age of the patient and pre-
senting symptoms. In infants, IHPS is the most 
common cause of GOO, and ultrasound is the 
preferred first-line imaging modality. Classically, 
fluoroscopic upper gastrointestinal imaging 
(UGI) had been the primary diagnostic method, 
but ultrasound has since become the mainstay 
evaluation tool as it avoids the need for ionizing 

radiation and has a greater than 95% sensitivity 
and specificity for IHPS [13]. By directly visual-
izing the pylorus and taking measurements 
related to muscle layer thickness and pylorus 
length, standardized criteria have been developed 
that support surgical intervention or lead to fur-
ther testing [13]. Aside from IHPS in infants, the 
evaluation of GOO in all pediatric age groups 
generally begins with UGI or ultrasound studies. 
Although CT imaging provides the most com-
plete means of evaluation in most cases, it 
requires a large dose of ionizing radiation and 
usually requires sedation for an adequate study to 
be obtained, increasing the risk of aspiration [13]. 
When choosing an imaging modality, one must 
consider the resources available to them. While 
ultrasound can provide for a diagnosis with mini-
mal consequences to the patient, the examination 
is limited by the ultrasonographer’s skill level 
and abilities, while CT imaging is a standard 
evaluation technique that has little variability.

 Endoscopic Evaluation

When GOO is suspected after obtaining an ade-
quate history and physical examination along 
with imaging studies, endoscopy becomes the 
next step for further evaluation and management. 
Endoscopy is the gold standard for the diagnosis 
of GOO and can be both diagnostic and therapeu-
tic [8]. Endoscopy can help to characterize 
obstructions as benign or malignant in unclear 
cases by obtaining biopsy samples. However, due 
to variations in biopsy techniques and random 
sampling, the sensitivity of endoscopic biopsy 
samples is poor and can be erroneously benign, 
especially in cases of high-grade obstruction with 
distal malignancy or extraluminal malignancy 
without mucosal penetration [5, 17]. As such, 
clinical findings, laboratory values, and imaging, 
in addition to endoscopic evaluation, should all 
be taken into consideration when attempting to 
diagnose a malignant cause of GOO.

Often, obstruction at the level of the pylorus or 
proximal duodenum is unable to be traversed 
using the adult-size endoscope, and a smaller-
diameter scope or guide wires are required. 

Fig. 9.1 Computed tomography scan with intravenous 
contrast demonstrating severe gastric distention up to 
27 cm secondary to peptic ulcer disease in a 49-year-old 
Hispanic male
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Direct visualization of the obstruction or stricture 
using contrast with fluoroscopy can allow for 
therapeutic procedures such as dilation or stent 
placement. Endoscopic ultrasound (EUS) is a 
technique allowing for biopsies and stent place-
ment to be performed under direct visualization. 
Endoscopic ultrasound-guided procedures allow 
for further evaluation and management of GOO 
in a less invasive manner; however, it is highly 
technical and requires the services of a skilled 
endoscopist.

 Surgical Therapy

Preoperative preparation includes gastric decom-
pression with a large bore nasogastric tube and 
adequate fluid resuscitation. Optimization of 
nutritional status is pivotal in patients with GOO, 
especially in cases of chronic obstruction and 
malignancy, as these patients often present in a 
state of poor health. In non-acute cases, early 
intervention to improve a patient’s nutritional sta-
tus can aid postoperative healing and decrease 
complications. If endoscopic evaluation is per-
formed and the obstruction able to be traversed, 
placement of a distal feeding tube allows for 
supplemental nutrition. Alternatively, TPN can 
be administered when a feeding tube cannot be 
placed or when oral feeds are not tolerated post 
intervention. Lastly, a surgical feeding jejunos-
tomy can be placed intraoperatively distal to the 
obstruction or bypass procedure that would allow 
for immediate enteral feeding.

 Management of Benign Causes 
of GOO

Surgical intervention for benign causes of GOO 
should be considered after conservative medical 
management has failed to improve obstructive 
symptoms. Roughly 2% of patients with PUD 
develop GOO, and in the 1970s and 1980s before 
the introduction of antacids, surgery was the pre-
ferred treatment option [18]. In the early 1980s, 
Weiland et  al. retrospectively reviewed 87 
patients with PUD complicated by GOO and 

found that, after initial medical management, 
56% of patients required surgical intervention 
during their original hospital stay, while on late 
follow-up, 98% of chronic and 64% of acute dis-
ease eventually required surgical intervention 
[19]. The current initial management for GOO 
complicating PUD includes Helicobacter pylori 
treatment, antacid therapy, and pneumatic dila-
tion (PD) [1]. Perng et al. prospectively evaluated 
42 patients who underwent PD and found that 
while this provides for the initial relief of symp-
toms, one third of patients ultimately required 
surgery. The authors recommend surgical inter-
vention for all patients who require more than 
two courses of PD [20].

When indicated, surgical intervention includes 
the combination of an acid reduction procedure 
along with an appropriate bypass procedure. 
There are many options, with much controversy 
as to which is best. Options for acid reduction 
include truncal vagotomy (TV), selective vagot-
omy (SV), or highly selective vagotomy (HSV). 
Truncal and selective vagotomy denervate the 
pylorus and must be paired with a pyloroplasty, 
an antrectomy, or pylorus exclusion with gastro-
enterostomy, while HSV can be paired with 
either a pyloroplasty or a gastroenterostomy [1, 
21] (Table 9.2).

When deciding on an acid-reducing procedure, 
it is important to consider the side effects of each 
procedure and the concomitant bypass procedure 
necessary to preserve adequate gastric function 
and drainage. Popularized by Lester Dragstedt in 
the 1940s, TV was the first generation of acid-
reducing surgery that was subsequently adapted 
and improved upon. While TV results in the total 
denervation of the gastric parietal cells to decrease 
acid production, it also results in dysfunction of 
the pylorus, gallbladder, and other splanchnic 
organs [22]. Post-vagotomy diarrhea can occur 
due to denervation of the biliary tree allowing for 
uncontrolled passage of unconjugated bile salts. 
While generally self-limiting, oral bile acid 
sequestrants such as cholestyramine can decrease 
symptoms making surgical intervention rare. In 
addition, TV results in delayed gastric emptying 
and must be combined with either a pyloroplasty 
or an antrectomy with Billroth reconstruction, 
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both of which are irreversible and the latter of 
which results in increased rates of dumping syn-
drome, alkaline reflux gastritis, and weight loss 
[23, 24]. However, when performed for uncompli-
cated ulcer disease, TV with antrectomy results in 
lower rates of recurrence of ulcer disease when 
compared to HSV [23]. Building upon the success 
of TV, SV requires the meticulous dissection of 
paraesophageal vagal nerve fibers and is generally 
more successful at treating gastric ulcers than TV 
while preserving gallbladder and splanchnic 
organ function [22]. Still requiring concomitant 
pyloroplasty, SV was never popularized in the 
United States due to the complex dissection 
needed to properly perform the procedure [22].

Parietal cell vagotomy, also known as HSV, 
results in the division of preganglionic vagal 
fibers that innervate the acid-producing gastric 
antral parietal cells. Discriminate denervation 
preserves antegrade antral propulsion and when 
performed for obstruction can be combined with 
either pyloroplasty or gastrojejunostomy, preserv-
ing normal gastric anatomy and effective gastric 
emptying. This limits alkaline reflux gastritis and, 
when it occurs, produces a more mild, transient, 
and self-limiting dumping syndrome [22]. A dou-
ble-blinded randomized controlled trial was per-
formed by Csendes et al. comparing three different 
surgical techniques for the treatment of GOO sec-
ondary to duodenal ulcer. Ninety patients were 
randomized to receive either HSV with gastroje-
junostomy, HSV with Jaboulay gastroduodenos-
tomy, or SV with antrectomy. For all three 
interventions, there were no differences in the 

postoperative course, and gastric acid reduction 
was similar in all groups. However, at mean fol-
low-up of 98 months, long-term reflux symptom 
improvement was better for HSV with gastrojeju-
nostomy when compared to HSV with Jaboulay 
gastroduodenostomy, but was not significantly 
different when compared to SV with antrectomy 
[23]. The authors recommended a HSV with gas-
trojejunostomy as the surgical intervention of 
choice for GOO secondary to PUD as it provides 
similar long-term outcomes and symptom 
improvement, while avoiding the anatomic altera-
tion and unwanted side effects of antrectomy [23].

Although gastrojejunostomy is reversible 
when compared to pyloroplasty, it can result in 
delayed gastric emptying that is generally self-
limiting but can limit a patient’s oral intake [23]. 
When compared to TV, HSV has higher rates of 
ulcer recurrence; however, this may be attributed 
to a technical failure to divide all antral parietal 
cell vagal branches as there are observed varia-
tions among surgeons [24]. While the merits of 
gastric acid reduction remain under debate, 
clearly there is no single, ideal operative 
approach. When performed for GOO, surgeons 
must be familiar with a variety of techniques as 
the proper acid reduction and bypass procedure is 
dictated by the patient’s acuity in presentation, 
variation in anatomy, and overall stability [22].

When evaluating other benign causes of GOO, 
the necessary operative approach is dictated by the 
underlying cause. With caustic ingestion, acidic or 
alkaline solutions will pool in the gastric antrum as 
it is the most dependent portion, resulting in 

Table 9.2 Paired acid reduction and gastric emptying procedures

Nerves divided Results in… Required paired procedure
Truncal vagotomy Main trunk of the 

vagus nerve
Denervation of the pylorus 
and splanchnic organs (liver, 
biliary tree, pancreas, small 
and large bowel)

Pyloromyotomy, pyloroplasty, 
antrectomy with Billroth 
reconstruction, Roux-en-Y 
procedure, or gastrojejunostomy

Selective 
vagotomy

Anterior and 
posterior gastric 
nerves of Latarjet

Denervation of the pylorus 
but preservation of splanchnic 
innervation

Pyloromyotomy, pyloroplasty, 
antrectomy with Billroth 
reconstruction, Roux-en-Y 
procedure, or gastrojejunostomy

Highly selective 
vagotomy 
(parietal cell 
vagotomy)

Preganglionic vagal 
fibers of the gastric 
fundus and body

Denervation of gastric fundal 
and body acid-producing 
parietal cells but pylorus and 
gastric emptying intact

Pyloromyotomy, pyloroplasty, or 
gastrojejunostomy, however 
normally not required unless GOO 
also present
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pyloric and antral scarring [25]. While pyloro-
plasty may seem to be an adequate option, it is not 
recommended as scarring often extends beyond 
the pylorus into adjacent tissues and is not a suffi-
cient long-term solution [25]. Definitive surgical 
therapy depends on the extent of scarring and tis-
sues involved and may require stricturoplasty, 
antrectomy with a Billroth procedure or Roux-
en-Y reconstruction, subtotal gastrectomy, or total 
gastrectomy [25]. When presented with a case of 
gastric volvulus, endoscopic or surgical interven-
tion depends on the stability of the patient and 
presence of comorbid conditions that preclude sur-
gical intervention. When able to be performed, 
surgical repair is preferred and includes detorsion 
of the stomach, resection of nonviable ischemic 
tissues, and gastric fixation with PEG placement 
or gastropexy to the anterior abdominal wall. 
Regardless of the etiology of obstruction, adequate 
treatment requires removal of the obstruction and 
reestablishing antegrade drainage or generating an 
alternative means for gastric decompression.

In the pediatric population, there is a signifi-
cant amount of data supporting laparoscopic pylo-
romyotomy for the treatment of GOO secondary 
to pyloric stenosis. As this is not a surgical emer-
gency, it is important to evaluate and correct the 
patient’s electrolytes preoperatively as repeated 
emesis can result in significant abnormalities and 
dehydration. With adequate resuscitation, laparo-
scopic pyloromyotomy is a minimally invasive 
procedure that is generally well tolerated and 
results in immediate postoperative improvement 
in oral feeding. Technical considerations to be 
aware of include adequate release of the pyloric 
muscular fibers proximally and distally to prevent 
postoperative recurrence. Most often, recurrence 
occurs due to inadequate dissection proximally 
toward the stomach, while perforation occurs 
mostly with excessive distal dissection involving 
the first portion of the duodenum.

 Management of Malignant Causes 
of GOO

Generally, by the time patients present with 
obstructive symptoms secondary to a malignant 

cause, they will already have advanced stage dis-
ease at which point curative resection may no 
longer be an option. The decision to perform a 
potentially curative or palliative resection is one 
that requires careful evaluation of multiple fac-
tors including the extent of disease, the prognosis 
and natural history of the tumor, the patient’s 
functional status, and ability to tolerate a proce-
dure, in addition to their individual desires and 
goals of care. If deemed a possibility, curative 
surgical intervention can range from performing 
a gastric wedge resection, subtotal gastrectomy 
with a Billroth procedure or Roux-en-Y recon-
struction to a total gastrectomy.

In many cases, GOO from malignancy pre-
cludes curative intervention, at which point pal-
liation is pursued with goals of symptom relief 
and improving quality of life. Classically, surgi-
cal gastrojejunostomy has been the standard of 
care for malignant GOO as it provides a reliable 
means for gastric drainage and allows for patients 
to eat orally [14]. However, improvements in 
endoscopic stenting have led to its increased use 
to provide gastric decompression in a minimally 
invasive manner when surgical intervention is 
deemed high risk. When deciding between endo-
scopic or surgical care, patient selection is pivotal 
to provide the safest and most durable interven-
tion. Endoscopic stenting of obstruction is con-
sidered in patients who are poor surgical 
candidates due to short life expectancy and sig-
nificant comorbidities or those with metastatic or 
heavy disease burden [8]. Self-expanding metal 
stents are a safe alternative that, when compared 
to surgical intervention, are less invasive, have 
fewer complications, and are more cost effective 
with quicker return of normal gastric function 
and decreased length of hospital stay [8, 14]. A 
systematic review by Dormann et  al. evaluated 
606 patients with malignant GOO and found that 
97% of patients had successful endoscopic stent 
placement with 89% receiving relief of symp-
toms and increased oral intake [26].

While there are advantages to a less invasive 
means of gastric decompression, endoscopic 
stenting should not be performed in patients with 
distant or multiple malignant intestinal obstruc-
tions, in cases of gastric perforation, or in patients 
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with a life expectancy of less than 1 month [8, 
14]. The major stent-related complications 
include perforation, bleeding, infection, stent 
migration, stent occlusion from food, stricture or 
tumor burden, and biliary obstruction [8]. 
Dormann et al. identified an overall complication 
rate of 28%, with obstruction being the most 
common at 17.2% [26]. A systematic review by 
Jeurnink et  al. identified 1046 patients who 
underwent gastroduodenal stent placement for 
malignant GOO, 18% of whom developed recur-
rent obstructive symptoms [27]. While the short-
term benefits of endoscopic stenting are clear, it 
should be limited to patients with shorter life 
expectancies as it is not a long-term solution.

In contrast, surgical gastrojejunostomy is a 
more durable option for gastric decompression 
and drainage in the setting of malignant GOO for 
patients with a life expectancy greater than 
2 months [28]. Jeurnink et al. performed a multi-
center, prospective, randomized trial comparing 
open and laparoscopic gastrojejunostomy to 
endoscopic stent placement. While patients 
improved more rapidly with stent placement, 
they more often developed recurrent obstructive 
symptoms requiring repeat interventions, while 
long-term relief was sustained with gastrojeju-
nostomy [28]. In select patients without signifi-
cant malignant ascites who can tolerate 
insufflation, laparoscopic gastrojejunostomy pro-
vides a less invasive surgical option compared to 
an open procedure and has shown to decrease 
morbidity, blood loss, length of hospital stay, and 
time to oral intake [14, 29]. Malignancy causing 
GOO can also lead to biliary tree compression or 
invasion that inhibits adequate drainage. In 
patients with good functional status, a single pro-
cedure including gastrojejunostomy with biliary 
bypass may be the preferable intervention [30].

 Variations in Technique 
and Alternative Surgical Options

To assure proper drainage of the stomach and 
function of the bypass, factors to consider when 
creating a gastrojejunostomy include stoma size 
and positioning. When mobilizing small bowel 

for stoma creation, the jejunal loop can be 
brought to the stomach in an antecolic or retro-
colic manner in relation to the transverse colon. 
In a retrospective analysis by Umasankar et al., 
there were no differences comparing functional 
or long-term outcomes for antecolic or retrocolic 
gastrojejunostomies [31]. Both techniques have 
their advantages, with antecolic being easier and 
quicker to perform, while retrocolic has the ben-
efit of a shorter afferent loop [31]. Major compli-
cations related to gastrojejunostomy include 
anastomotic leak, afferent loop syndrome, inter-
nal hernia, marginal ulcers, dumping syndrome, 
alkaline gastritis, and delayed gastric emptying 
(DGE). Of these, DGE is one of the most com-
mon and can be very troublesome to patients as it 
hinders their ability to eat. In patients undergoing 
pancreaticoduodenal resection and subsequent 
gastrojejunostomy creation, a reported 19–57% 
developed DGE, causes of which were probably 
multifactorial and include alterations in neuro-
hormonal pathways in addition to general post-
operative ileus [32, 33]. Meta-analysis of 
randomized control trials comparing rates of 
DGE after pancreaticoduodenectomy with 
antecolic versus retrocolic reconstruction demon-
strates that the type of reconstruction has no sig-
nificant effect on the subsequent development of 
DGE [33].

Multiple variants and modifications have been 
made to the conventional gastrojejunostomy in 
an attempt to decrease the incidence of postop-
erative DGE. One such variant is termed partial 
stomach partitioning gastrojejunostomy (PSPGJ). 
This involves dividing the distal portion of the 
stomach along the greater curvature in a vertical 
fashion, while maintaining a 2–3 cm tunnel along 
the lesser curvature, leaving a connection 
between the proximal and distal portions of the 
stomach [34]. Partitioning the stomach in this 
manner creates a smaller proximal portion to 
which a jejunal bypass can be created, facilitating 
gastric emptying [34]. This also keeps food or 
potentially irritating medications away from 
tumor in cases of malignant GOO while still 
maintaining a conduit through which endoscopic 
evaluation of the distal portion can be done [34]. 
Meta-analysis of several retrospective compara-
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tive studies observed a decrease in incidence of 
DGE and length of hospital stay when bypass 
was performed with a PSPGJ compared to con-
ventional gastrojejunostomy [34]. Although 
promising, this technique has not been popular-
ized in Western medicine as there is a lack of sci-
entific data to support its use.

While a surgical gastrojejunostomy provides a 
durable and long-term treatment option for estab-
lished cases of GOO, it may have benefit as a pro-
phylactic means to prevent future GOO in cases 
of malignancy. Lillemoe et  al. published a pro-
spective, randomized trial evaluating the role of 
creating a prophylactic retrocolic gastrojejunos-
tomy in patients with periampullary carcinoma. 
During the initial operation for resection, 87 
patients were deemed to have unresectable dis-
ease and were randomized to receive a prophy-
lactic retrocolic gastrojejunostomy versus no 
surgical bypass. At late follow-up, none of the 44 
patients who underwent gastrojejunostomy 
developed GOO, while 8 out of 43 who did not 
undergo gastrojejunostomy creation at initial 
exploratory laparotomy went on to develop GOO 
requiring intervention at that time [35]. Review 
of randomized controlled trials evaluating the 
role of prophylactic gastrojejunostomy creation 
in patients with unresectable periampullary can-
cer revealed that although mean operating time 
was increased by 45  min, the incident of late 
GOO with prophylactic gastrojejunostomy cre-
ation was significantly decreased from 27.8% to 
2.5% [36]. Although these studies are limited to 
cases of unresectable periampullary carcinoma 
and further studies applied to other causes of 
obstruction are warranted, there is a clear benefit 
for patients being able to avoid a potential com-
plication requiring additional intervention.

 Conclusion
Gastric outlet obstruction is a complex condi-
tion that has many possible etiologies. CT 
imaging provides a significant amount of data 
to evaluate the underlying cause and develop a 
treatment plan. Endoscopic evaluation and 
intervention options continue to improve and 
provide for minimally invasive treatments, 
especially in patients with advanced malig-

nancy and poor prognosis where quality of life 
is so important. Until endoscopic stenting 
techniques advance to provide for a more reli-
able and durable option, surgical gastrojeju-
nostomy remains the gold standard for 
long-term gastric decompression. In select 
patients with good functional status, laparo-
scopic gastrojejunostomy is a safe option that 
minimizes morbidity and shortens recovery. 
Attempting to decrease postoperative compli-
cations, modifications to the conventional gas-
trojejunostomy have been attempted but will 
require more definitive data until they can be 
considered valid alternatives.
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Acute Cholecystitis

Aaron M. Williams, Ben E. Biesterveld, 
and Hasan B. Alam

 Introduction

Acute cholecystitis is one of the most significant 
diseases of the Western world, and gallstone dis-
ease plays a key role in its development. Gallstone 
disease represents a significant global problem 
with 10–15% of the adult population being 
affected in developed countries [1–3]. Although 
the majority of patients are unaffected, 1–4% 
become symptomatic each year [4, 5]. Most indi-
viduals present with biliary colic; however, 
10–35% of patients will eventually develop acute 
cholecystitis if left untreated [6, 7].

As acute cholecystitis usually requires inter-
vention for management, it accounts for one- 
third of all emergency surgery hospital admissions 
[8]. As such, approximately 100,000 cholecys-
tectomies are performed for acute cholecystitis in 
the United States annually. Without prompt inter-
vention, it can result in significant morbidity and 
mortality. In severe cases or in high-risk patient 
populations, including the elderly, it can cause 
potentially life-threatening complications includ-
ing gallbladder gangrene, perforation, or empy-

ema. As early cholecystectomy is advocated for 
acute cholecystitis, general and acute care sur-
geons should be well versed in its pathogenesis, 
clinical presentation, severity assessment, diag-
nostic workup, operative strategies, as well as 
alternative treatments in order to employ the most 
safe and effective patient care.

 Pathogenesis

Acute cholecystitis is defined as acute inflamma-
tion of the gallbladder wall. The pathogenesis is 
primarily due to obstruction of biliary outflow, 
typically involving the infundibulum or cystic 
duct. Obstruction secondary to gallstones occurs 
in nearly 90–95% of cases and is often termed 
acute calculous cholecystitis. When gallstone 
impaction occurs, mucosal phospholipases cause 
hydrolysis of luminal lecithin, resulting in toxic 
lysolecithin production. Exposure of the biliary 
epithelium to these toxic agents results in disrup-
tion of the glycoprotein mucus layer of the gall-
bladder wall, allowing the detergent effects of 
bile salts to induce inflammation. Following 
inflammation and gallbladder wall damage, dys-
motility ensues causing gallbladder distention. 
As the intraluminal pressure rises, serosal edema, 
mucosal sloughing, and venous and lymphatic 
congestion develop, which ultimately leads to 
cystic artery thrombosis where ischemia and 
gallbladder necrosis often follow. As the 
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 gallbladder fundus is the most distal region from 
the cystic artery origin, it is often the most sensi-
tive to ischemia and the most common location 
where gallbladder necrosis and perforation may 
occur.

Although the primary pathophysiologic mech-
anism of acute cholecystitis is an unresolved 
obstruction, secondary biliary infection may 
occur. Positive bile cultures, the most common of 
which include gram-negative bacteria, such as 
Escherichia coli and Klebsiella spp., have been 
found in 15–30% of patients undergoing chole-
cystectomy for acute cholecystitis [9]. Patients 
who have previously undergone biliary instru-
mentation, including endoscopic sphincterotomy, 
demonstrate an even greater incidence with rates 
as high as 60% [10].

Although the overwhelming majority of 
acute cholecystitis cases are secondary to gall-
stones, the remaining 5–10% are termed acute 
acalculous cholecystitis. This scenario typi-
cally occurs in critically ill patients following 
severe trauma, major burns, high-risk surgery, 
and severe sepsis or in patients with a history of 
poorly controlled diabetes or an acquired 
immunodeficiency syndrome. Patients who are 
on prolonged total parental nutrition (TPN), 
postpartum, or have received blood products 
are also at increased risk. The pathogenesis of 
acute acalculous cholecystitis is secondary to 
bile stasis or gallbladder ischemia/reperfusion 
injury. Bile stasis, which can be caused by pro-
longed TPN or mechanical ventilation, changes 
the composition of bile, resulting in highly con-
centrated bile salts contributing to gallbladder 
distention. As the intraluminal pressure rises, 
venous congestion with subsequent ischemia 
may occur similarly to the development of 
acute calculus cholecystitis. In contrast, when 
most critically ill trauma, burn, postoperative, 
and septic patients sustain shock, decreased 
splanchnic blood flow occurs, which can result 
in gallbladder wall ischemia. For patients with 
known intravascular depletion, bile viscosity 
may increase causing highly concentrated bile 
salts to form, ultimately resulting in stasis and 
subsequent biliary outflow obstruction leading 
to acute cholecystitis.

 Clinical Presentation

For a patient with suspected acute cholecystitis, 
history should focus on abdominal pain onset, 
pattern, quality, as well as anything that relieves 
or worsens it. Most patients present with severe, 
constant right upper quadrant (RUQ) or epigas-
tric pain with radiation to the right subscapular 
region. Presentation is often preceded by inter-
mittent, less severe, shorter episodes, often char-
acterized as biliary colic. Many patients will have 
a known history of gallstones, which have been 
identified during prior workup or discovered inci-
dentally. Other presenting symptoms often 
include nausea, vomiting, and anorexia, while 
fever, chills, and night sweats are variably 
present.

On physical examination, the most common 
finding is RUQ abdominal tenderness, guarding, 
or rebound. However, one-third of patients 
exhibit the classic Murphy’s sign, which is 
defined as inspiratory arrest upon palpation of the 
gallbladder secondary to pain induced by the 
gallbladder meeting the examiner’s fingers.

Although most patients present in this manner, 
all of these signs and symptoms may be blunted 
or absent in patients who are immunosuppressed, 
are obese, have poorly controlled diabetes, or are 
critically ill with an altered sensorium. A high 
index of suspicion is required in these patients to 
avoid missing the diagnosis.

 Differential Diagnosis

Differentiating acute cholecystitis from other 
biliary tract pathology is important as treatment 
strategies may vary significantly depending on 
pathology. These include biliary colic, choledo-
cholithiasis, cholangitis, and gallstone pancreati-
tis. However, numerous other disease processes 
may present similarly to acute cholecystitis and 
must be included in the differential diagnosis as 
well. These include both intra-abdominal dis-
eases such as peptic ulcer disease, gastritis, pan-
creatitis, mesenteric ischemia, hepatitis, and 
colitis, along with extra-abdominal diseases 
including pneumonia and myocardial infarction. 
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An appropriate history and physical examination 
should be utilized to help narrow the differential 
diagnosis and allow for appropriate laboratory 
and imaging studies to be conducted.

 Laboratory Studies and Imaging

There are no laboratory studies that can conclu-
sively diagnose acute cholecystitis. A mild to 
moderate degree of leukocytosis with a left shift 
is typically present. Total bilirubin and alkaline 
phosphatase levels are typically normal with 
acute cholecystitis; however, severe or compli-
cated forms can sometimes result in mildly ele-
vated bilirubin (>2.0  mg/dL) and alkaline 
phosphatase, secondary to liver bed inflamma-
tion, gallbladder perforation, or bile duct com-
pression. In general, such elevations should also 
warrant consideration for alternative diagnoses 
including choledocholithiasis or cholangitis. 
Lipase and amylase are usually normal unless 
there is concomitant pancreatitis. Other labora-
tory studies including blood urea nitrogen, creati-
nine, prothrombin time (PT), and international 
normalized ratio (INR) may be elevated in severe 
disease with organ dysfunction reflecting sys-
temic involvement.

Numerous imaging modalities exist and may 
play a role in aiding the diagnosis of acute chole-
cystitis. However, the optimal imaging method is 
dependent on the pretest probability of diagnos-
ing acute cholecystitis when compared to other 
intra-abdominal processes. Ultrasonography 
(US), computed tomography (CT), hepatobiliary 
scintigraphy (HIDA), and magnetic resonance 
imaging (MRI) vary in cost and availability, 
along with sensitivity and specificity, for the 
detection of acute cholecystitis. Proper utiliza-
tion of these imaging modalities is dependent on 
the specific clinical scenario and context.

Abdominal US is considered the first-line 
imaging choice for acute cholecystitis due to its 
widespread availability, lack of invasiveness, lack 
of ionizing radiation, short examination time, and 
its inexpensive nature. US findings of acute cho-
lecystitis typically include gallstones and sludge, 
gallbladder wall thickening (>4 mm), gallbladder 

distention, peri-cholecystic fluid, and possibly a 
gallstone lodged in the gallbladder neck or cystic 
duct (Fig.  10.1). The technician or radiologist 
may also detect a sonographic Murphy’s sign. 
Although US has a sensitivity greater than 90% 
for detecting gallstones, it is only 70–80% sensi-
tive for detecting signs of acute cholecystitis 
[11]. However, when such findings are combined 
with clinical suspicion and a positive sonographic 
Murphy’s sign, an overall accuracy of greater 
than 90% can be achieved in diagnosing acute 
cholecystitis [12].

HIDA may be a useful study in patients with 
a high index of suspicion, but the diagnosis 
remains uncertain. Technetium-labeled derivate 
of iminodiacetic acid is injected intravenously 
and taken up by hepatocytes and secreted in 
bile, which allows for visualization of the bili-
ary tree with scintigraphy. A normal study 
reveals full delineation of the biliary tree includ-
ing the gallbladder along with prompt emptying 
of the radiolabeled agent into the duodenum. 
However, non- visualization of the gallbladder is 
reflective of cystic duct or gallbladder neck 
obstruction, which is consistent with acute cho-
lecystitis. HIDA can be more accurate than US 
alone as it is able to reveal acute cholecystitis in 
approximately 95% of patients [11]. However, 
HIDA has several limitations. It is not useful in 
patients with hepatic dysfunction or cirrhosis, as 
it requires hepatic excretion of bile. Further, 

Fig. 10.1 Ultrasound revealing classic findings of acute 
cholecystitis including cholelithiasis, gallbladder sludge, 
thickened gallbladder wall, and peri-cholecystic fluid
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HIDA is expensive, time-intensive, and only 
available at select centers. Thus, it should be 
reserved for selected cases only, where the diag-
nosis is unclear.

CT provides the most overall detailed ana-
tomic evaluation and is most useful when evalu-
ating for complications of acute cholecystitis or 
when alternative diagnoses are suspected. CT is 
generally less sensitive than US for the diagnosis 
of acute cholecystitis, especially early in the dis-
ease course [13, 14]; however, findings including 
gallbladder wall thickening, peri-cholecystic 
stranding or fluid, gallbladder distention, subse-
rosal edema, and bile attenuation may be present 
(Fig.  10.2). Complicated forms of acute chole-
cystitis, including gangrenous and emphysema-
tous cholecystitis, may be diagnosed by the 
presence of intraluminal or intramural gas and an 
irregular or discontinuous gallbladder wall. Other 
complications including empyema, Mirizzi’s 
syndrome, and cholecystoenteric fistulae may 
also be observed.

Patients in the emergency department com-
monly undergo a CT scan for evaluation of 
abdominal pain prior to surgical consultation. 
Although not first-line imaging for acute chole-
cystitis and cholelithiasis, CT may aid in diag-
nosis. If clinical suspicion is high, CT signs of 
acute cholecystitis are present, and no other 
intra- abdominal pathology is noted, further 
imaging, including US, is generally not required.

MRI may also be a useful alternative for acute 
cholecystitis when US appears to be technically 
degraded. In recent years, it has become more 
widely available, less expensive, and faster. 
There is no significant difference between MRI 
and US in detecting acute cholecystitis, as sensi-
tivity and specificity are as high as 85% and 
81%, respectively [11]. Magnetic resonance 
cholangiopancreatography (MRCP) may also be 
a viable option when concomitant choledocholi-
thiasis is a concern, as it has a negative predic-
tive value of 100% and can help facilitate 
decision-making regarding the need for preop-
erative ERCP [15].

Although diffuse gallbladder wall thickening 
is commonly present in acute cholecystitis, it can 
be a non-specific sign observed in a wide variety 
of systemic diseases, including hypoalbumin-
emia, ascites, hepatitis, and chronic cholecystitis, 
along with liver, renal, and heart failure and other 
inflammatory diseases. Thus, the presence of 
gallbladder wall thickening alone is not diagnos-
tic of acute cholecystitis, and the patient’s overall 
clinical picture must be considered.

In addition to sensitivity and specificity, costs, 
radiation exposure, false-positive and false- 
negative findings, and delays in treatment must 
be taken into account when selecting the most 
appropriate diagnostic study. The American 
College of Radiology has developed evidence- 
based recommendations to guide this decision- 
making [16].

 Complications of Cholecystitis

Complications of acute cholecystitis are com-
mon. The most relevant complications to emer-
gency general surgery are listed below, although 

Fig. 10.2 Coronal CT section demonstrating a markedly 
distended and irregularly thickened gallbladder with peri- 
cholecystic fluid and stranding concerning for severe 
acute cholecystitis
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others exist including Mirizzi’s syndrome, cho-
lecystoenteric fistula, and gallstone ileus.

 Gangrenous Cholecystitis

A common complication following acute cho-
lecystitis is gangrenous cholecystitis, which 
may occur in 2–40% of cases [17–19]. Factors 
such as male sex, advanced age, diabetes mel-
litus, and delayed surgery contribute to its 
development [17]. Further, perforation in the 
setting of gangrene may be present in up to 
10% of cases. Intraoperatively, focal transmu-
ral necrotic defects in the gallbladder wall may 
be observed. The presence of loculated or free-
flowing intraperitoneal bile may further con-
firm the presence of gangrene with subsequent 
perforation.

 Emphysematous Cholecystitis

When gas-forming organisms cause secondary 
infection of the gallbladder wall, emphysematous 
cholecystitis is present. Patients most affected 
include males, individuals between 40 and 
60  years old, and poorly controlled diabetics. 
Plain film or CT imaging may help identify the 
presence of intramural gas; however, this may not 
be identifiable on US imaging and can even fur-
ther degrade US study quality. Without early 
treatment, patients with emphysematous chole-
cystitis often develop gangrene, perforation, and 
abscess.

 Peri-cholecystic Abscess

A peri-cholecystic abscess may be present in up 
to 20% of acute cholecystitis cases [20]. On 
imaging, these abscesses will typically appear as 
intramural or peri-cholecystic rim-enhancing 
fluid collections, which may be unilocular or 
have septations with irregular contours. 
Extension into the adjacent hepatic parenchyma 
usually present as a complex cystic mass with 
surrounding parenchymal edema.

 Diagnosis and Severity of Disease

Although acute cholecystitis remains a common 
disease for the general and acute care surgeon, its 
diagnosis and management still remains a chal-
lenge in some settings. Within recent years, select 
diagnostic criteria, including the Tokyo 
Guidelines (TG13/18), have been constructed to 
help aid in diagnosis (Table 10.1) [21]. As there is 
no single clinical or laboratory finding with suf-
ficient diagnostic accuracy to establish or exclude 
the diagnosis of acute cholecystitis, a combina-
tion of a detailed history, physical examination, 
laboratory data, and imaging studies is required. 
If there is a high index of suspicion despite a neg-
ative or non-diagnostic workup, further evalua-
tion or consultation may be warranted.

To help stratify the severity of acute cholecys-
titis following diagnosis, the Tokyo Guidelines 
(TG13/18) group also constructed a severity 
grade scale ranging from local to systemic 
involvement (Table 10.2) [21]. Grade I represents 
mild disease with only minimal inflammatory 
changes in the gallbladder. Grade II represents 
moderate disease with associated elevated white 
blood cell count (>18,000/mm3), a palpable RUQ 
mass, duration of complaints greater than 72 h, 
and marked local inflammation (biliary peritoni-
tis, gangrenous cholecystitis, emphysematous 
cholecystitis, hepatic abscess, and  peri- cholecystic 

Table 10.1 Diagnosis of acute cholecystitis: Tokyo 
Guidelines 2013/2018

Criteria
A. Local 
inflammation

1. Murphy’s sign

2. RUQ mass/pain/tenderness
B. Systemic 
inflammation

1. Fever and/or shaking chills

2. Abnormal WBC count
3. Elevated CRP

C. Imaging Imaging findings characteristic of 
acute cholecystitis

Definite diagnosis
Diagnosis of 
acute cholecystitis

One item in A + one item in B

C confirms diagnosis when acute 
cholecystitis is suspected 
clinically

Adapted from Yokoe et al. [41]
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abscess). Finally, Grade III represents severe 
acute cholecystitis with evidence of cardiovascu-
lar, neurological, respiratory, hepatic, or hemato-
logic dysfunction. As disease courses are 
dynamic, the severity of acute cholecystitis 
should be reassessed frequently to determine the 
patient’s response to appropriate treatment. If the 
patient cannot be treated appropriately, prompt 
transfer to a center with capabilities including 
acute care surgery, interventional radiology, and 
endoscopy should be facilitated.

 Initial Management

Once a definitive diagnosis of acute cholecystitis 
has been reached, initial treatment includes intra-
venous fluids and antibiotic therapy with appro-
priate gram-negative and anaerobic coverage. 
Blood pressure, heart rate, and urine output 

should be monitored closely to assess for the 
development of septic shock or progression of 
acute cholecystitis. Although patients commonly 
present with RUQ pain, opioid analgesics, includ-
ing morphine, should be administered selectively 
as they may cause sphincter of Oddi contraction, 
ultimately elevating intraluminal biliary 
pressure.

In general, the current recommendation in the 
treatment of acute cholecystitis involves early 
cholecystectomy whenever possible. This treat-
ment strategy addresses the current episode of 
acute cholecystitis and prevents future bouts and 
subsequent complications related to gallstone 
disease. A patient’s overall clinical status, includ-
ing duration of symptoms and severity of disease, 
must be taken into account along with overall 
medical comorbidities. Patients with minimal 
comorbidities presenting with mild or moderate 
acute cholecystitis should undergo cholecystec-
tomy. However, severe acute cholecystitis in 
patients who are critically ill or who have signifi-
cant comorbidities may be better candidates for 
percutaneous cholecystostomy or endoscopic 
therapy, including transpapillary stenting or 
transmural drainage. A trial of conservative ther-
apy with antibiotics may be reserved for patients 
with mild acute cholecystitis in the setting of sig-
nificant comorbidities that make surgery unac-
ceptably high risk. However, in the vast majority 
of patients, early laparoscopic cholecystectomy 
is the treatment of choice.

 Timing of Cholecystectomy

Laparoscopic cholecystectomy is the treatment 
of choice for patients with acute cholecystitis. 
However, the optimal timing of surgery for acute 
cholecystitis has been controversial within the 
last decade. Two approaches exist including 
early surgery within 72 h of admission versus an 
initial trial of conservative therapy with antibiot-
ics until inflammation subsides, followed by 
delayed cholecystectomy several weeks later. 
Within recent years, numerous studies have been 
conducted to provide further insight. The ACDC 
(“Acute Cholecystitis—early laparoscopic sur-

Table 10.2 Assessment of acute cholecystitis severity: 
Tokyo Guidelines 2013/2018

Severity of acute cholecystitis
Mild  
(Grade I)

Does not meet criteria of “moderate” or 
“severe” acute cholecystitis at time of 
initial diagnosis

Moderate 
(Grade II)

Acute cholecystitis associated with any 
one of the following conditions:
1. Elevated WBC count (>18,000/ 
mm3)
2. Palpable tender RUQ mass
3. Symptoms greater than 72 h
4. Marked local inflammation 
(gangrenous or emphysematous 
cholecystitis; peri-cholecystic or 
hepatic abscess)

Severe 
(Grade III)

Acute cholecystitis associated by onset 
of dysfunction in at least one of the 
following organs/systems:
1. Neurologic dysfunction (disturbance 
of consciousness)
2. Cardiovascular dysfunction 
(hypotension requiring pressors)
3. Respiratory dysfunction (PaO2/FiO2 
ratio < 300)
4. Renal dysfunction (oliguria, serum 
creatinine >2 mg/dL)
5. Hepatic dysfunction (elevated PT/
INR >1.5)
6. Hematologic dysfunction (platelet 
count <100,000/mm3)

Adapted from Yokoe et al. [41]
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gery versus antibiotic therapy and Delayed elec-
tive Cholecystectomy”) study is a randomized, 
prospective, open-label, parallel group trial 
which compared immediate surgery within 24 h 
of admission to initial antibiotic therapy fol-
lowed by delayed cholecystectomy 7–45  days 
later [22]. Morbidity rate was significantly lower 
in immediate surgery (11.8%) when compared to 
delayed surgery (34.4%), and conversion rate to 
open surgery was not significantly different. 
Further, hospital stay (5.4 vs. 10.0  days; 
p < 0.001) and total hospital costs were signifi-
cantly less (p < 0.05) in immediate surgery when 
compared to delayed surgery [22]. Within recent 
years, other randomized trials have validated 
such findings and even demonstrated that early 
cholecystectomy for patients with over 72 h of 
symptoms have less morbidity (14% vs. 39%; 
p  <  0.05), total length of stay (4 vs. 7  days; 
p < 0.001), duration of antibiotic therapy (2 vs. 
10  days; p  <  0.001), and total hospital costs 
(p < 0.05) with no differences in operative time 
and postoperative complications (p > 0.05) when 
compared to delayed cholecystectomy [23]. 
Such findings are in line with our practice, and 
we feel that immediate laparoscopic cholecys-
tectomy should be the mainstay of treatment in 
operable patients. However, conservative man-
agement and alternative strategies may prove 
useful in those deemed inoperable.

 Laparoscopic Cholecystectomy

The laparoscopic approach has become the stan-
dard for cholecystectomy in the setting of acute 
cholecystitis. Laparoscopy has demonstrated sig-
nificant benefits including decreased morbidity, 
hospital stay, postoperative pain, time to return of 
normal function, and overall hospital costs. 
Although the conversion rate to open cholecys-
tectomy is higher in acute cholecystitis than other 
elective biliary cases, patients with acute chole-
cystitis can undergo laparoscopic cholecystec-
tomy in approximately 80% of cases [24]. 
However, patients with a hostile abdomen, severe 
inflammation, or known aberrant anatomy may 
be best served with an open approach.

The basic steps of the procedure include pre-
operative planning, patient positioning, equip-
ment setup, abdominal access, exposure of the 
gallbladder and cystic structures, dissecting the 
gallbladder and cystic structures until the critical 
view of safety (CVS) is obtained, division of the 
cystic duct and artery, and dissection of the gall-
bladder off the liver parenchyma, followed by 
abdominal closure.

Following induction of general anesthesia, the 
patient should be positioned in the supine posi-
tion. Some surgeons prefer the left arm tucked to 
help facilitate ease of intraoperative cholangiog-
raphy (IOC) if required. A Foley catheter may be 
considered if the case is suspected to be difficult 
or if there is a high chance of conversion to an 
open approach.

Either an open Hassan or a closed Veress nee-
dle technique may be utilized to obtain access to 
the abdomen. Direct optical trocar insertion 
under continuous visualization is also a safe and 
rapid option for initial entry. Pneumoperitoneum 
should be established to 15  mmHg, and a 
30-degree laparoscope should be inserted at the 
periumbilical port. Three additional ports should 
be placed in the subxiphoid epigastrium and the 
medial and lateral right subcostal regions. The 
patient should then be positioned in reverse 
Trendelenburg to facilitate displacement of the 
small bowel and omentum out of the operative 
field.

Initial exposure is obtained by grasping the 
gallbladder fundus and retracting it cephalad over 
the liver to expose the body of the gallbladder. An 
inflamed and distended gallbladder may be diffi-
cult to grasp and maneuver. Needle aspiration of 
gallbladder contents may be utilized to help ease 
in grasping the gallbladder for retraction. A 
14-gauge angiocatheter may also be placed 
through a stab incision to help facilitate this 
maneuver.

Adjacent structures, including omentum, duo-
denum, and colon, should be identified as they 
may be adhered to the gallbladder secondary to 
inflammation. These structures should be visual-
ized and their locations noted before proceeding 
with dissection to prevent injury. If involved, the 
plane between the gallbladder and adjacent 
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 structures should be identified, and peeling 
should occur downward and in parallel to the 
gallbladder wall as pulling outward may cause 
injury. Adhesions to the liver capsule should also 
be identified and be divided with scissors or elec-
trocautery to prevent a liver capsular tear. Further, 
a dense, inflammatory rind encasing the gallblad-
der may be present, which requires careful dis-
section. A combination of blunt dissection 
utilizing a laparoscopic peanut dissector or suc-
tion irrigator may be required, as electrocautery 
tends to be less effective if substantial edema is 
present.

Once the gallbladder is exposed, the infun-
dibulum is grasped and retracted laterally to open 
Calot’s triangle, and the peritoneum is incised 
and opened. Dissection continues until the cystic 
duct and artery are exposed anteriorly and poste-
riorly and are the only structures entering the 
gallbladder, which constitutes the CVS 
(Fig. 10.3). Once the CVS has been achieved, the 
cystic duct and artery are then doubly clipped and 
divided.

Although not always discussed, gallbladder 
dissection off of the liver parenchyma is a key 
portion of the case. Gallbladder retraction must 
provide an appropriate amount of tension to 
allow for alveolar dissection in the correct plane. 
In the incorrect plane, bleeding from the liver 

parenchyma or bile leak, which occurs due to 
subvesical ducts coursing through the liver 
parenchyma deep to the gallbladder fossa, may 
occur. If bleeding from the liver parenchyma is 
noted, it may require electrocautery at elevated 
levels or even an argon laser. Following safe 
removal, the gallbladder is then placed into a 
specimen bag and removed from the abdomen. 
Hemostasis is then ensured, followed by closure 
of all port sites. The patient is then awakened 
from anesthesia.

Although the fundamental technique of lap-
aroscopy in acute cholecystitis is the same as 
in elective cases, the substantial inflammation, 
gallbladder distention, and hypervascularity 
make the operation much more difficult. 
However, the same standards of proper visual-
ization and anatomic definition must be applied 
in acute cholecystitis. If there is inability to 
discern anatomy or suspicion for aberrant anat-
omy exists, IOC may be utilized if the surgeon 
is comfortable with performing it. Some sur-
geons may utilize a “dome- down” laparoscopic 
dissection when substantial inflammation 
impairs the cystic dissection and isolation. 
Beginning at the fundus, the gallbladder is cir-
cumferentially dissected until the infundibu-
lum and cystic duct conjoin. If not employed 
routinely, this technique may or may not prove 
helpful. The cystic duct may also appear thick-
ened and/or foreshortened secondary to acute 
inflammation. If the duct is too wide for clip 
application, it must be ensured that it is the 
cystic duct rather than the common bile duct or 
aberrant anatomy. This can be achieved by fur-
ther dissection or IOC.  After the cystic duct 
has been verified, an endoloop or laparoscopic 
stapler may be utilized. Although these pearls 
may aid in a successful laparoscopic approach 
to cholecystectomy, conversion to an open 
approach may be required in 10–20% of cases. 
Surgeons should not hesitate to convert to open 
if anatomy cannot be clearly defined secondary 
to inflammation or other factors. The risks of a 
potentially devastating bile duct or vascular 
injury when persisting laparoscopically far 
outweigh the mildly increased morbidity of 
open cholecystectomy.

Fig. 10.3 Intraoperative demonstration of achieving the 
critical view of safety. (Adapted from SAGES, Image 
Category: Gallbladder; Critical View of Safety, 2014. 
https://www.sages.org/image-category/gallbladder)
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 Intraoperative Cholangiography

The decision to perform IOC may aid in deter-
mining biliary anatomy, assessing for an obstruc-
tive process including gallstones, and evaluating 
for a potential biliary injury.

Briefly, the cystic duct approach entails plac-
ing a clip across the proximal cystic duct as close 
as possible to the infundibulum. A ductotomy is 
then performed leaving adequate length for dou-
ble clip ligation distally. Prior to utilization, the 
5F cholangiocatheter (Reddick, LeMaitre 
Vascular, Inc) should be flushed with saline to 
avoid air in the tubing, which if injected, could be 
misinterpreted as gallstones. The cholangiocath-
eter is then inserted through an introducer sheath 
via a separate incision along the right subcostal 
margin, and the tip is maneuvered through the 
ductotomy into the cystic duct distal to the duc-
totomy. The balloon is then inflated securing the 
catheter and occluding the cystic duct lumen.

An infundibular approach may also be utilized 
if significant scarring and inflammation of the 
porta hepatis is present. In this instance, a Kumar 
clamp may be applied to the infundibulum, and a 
needle tip cholangiocatheter may be inserted into 
the side channel. Other techniques include a fun-
dal approach or a direct needle cholangiogram 
involving the common bile duct when exposed 
during open conversion.

Following appropriate cholangiocatheter 
insertion, C-arm fluoroscopy is positioned over 
the RUQ.  A water-soluble contrast (25  cc of 
low osmolar radiopaque contrast) diluted in 
normal saline 1:1 is injected, delineating the 
biliary anatomy. The cystic duct, common bile 
duct, common hepatic duct, left hepatic ducts, 
right hepatic ducts, and passage of contrast into 
the duodenum must be visualized for a suffi-
cient IOC (Fig. 10.4). If a filling defect is noted 
suggesting the presence of gallstones, glucagon 
may be administered to minimize contraction 
of the sphincter of Oddi. Some surgeons recom-
mend a power flush of normal saline to aid in 
gallstone passage. However, we feel that it can 
cause reflux into the pancreatic duct and 
increase the chances of post-IOC pancreatitis. 
A choledochoscope may also be inserted and 

can provide various therapeutic options if the 
surgeon feels comfortable.

 Open Cholecystectomy

Because laparoscopic cholecystectomy is the 
standard approach for acute cholecystitis, most 
open cholecystectomies occur in the setting of 
conversion, which occurs in up to 20% of cases. 
There are a number of risk factors, which may 
contribute to open conversion, including obesity, 
duration of symptoms, male sex, cirrhosis, and 
leukocytosis. The primary indication for conver-
sion to open is inability to define relevant biliary 
or vascular anatomy. Other indications include 
suspected injury to the biliary tree, vasculature, 
or bowel, uncontrolled hemorrhage, failure to 
make sufficient surgical progress, intolerance of 
pneumoperitoneum, or concern for gallbladder 
cancer. Only a few conditions mandate open cho-
lecystectomy without attempt at laparoscopy, 
which will be up to surgeon discretion and 
preference.

The gallbladder is most easily accessed 
through an oblique RUQ incision (Kocher), 
which should be placed two fingerbreadths 
below the costal margin. Alternatively, an upper 

Fig. 10.4 Normal intraoperative cholangiogram. Note 
the visualization of the entire biliary tree including intra-
hepatic ducts, common hepatic duct, common bile duct, 
cystic duct, and contrast passage into the duodenum with-
out filling defect
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midline laparotomy incision can also be used. If 
a previous attempt at laparoscopy was made, 
this incision can be made extended through lap-
aroscopic port site incisions. After incising the 
anterior rectus sheath and dividing the rectus 
muscle with electrocautery, the superior epigas-
tric vessels can be ligated or cauterized, facili-
tating abdominal access through the posterior 
rectus sheath.

Appropriate retraction is the key to the opera-
tion. A Bookwalter or other fixed-table retractor 
should be utilized to elevate the liver, expose the 
gallbladder, and keep bowel out of the operative 
field. We prefer a fundus-down approach. The 
gallbladder fundus is grasped with a Kelly clamp 
to aid in retraction, and the visceral peritoneum is 
incised with electrocautery separating the gall-
bladder from the anterior liver edge. The medial 
and lateral peritoneal attachments are then 
opened to aid in mobilization, and electrocautery 
is used to dissect the gallbladder free from the 
liver. Once the gallbladder is suspended from its 
pedicle, a combination of sharp and blunt dissec-
tion is performed until the cystic duct and artery 
are exposed. Simple ligation of the cystic duct 
and artery is performed with separate silk ties. If 
the gallbladder neck or cystic duct appears 
necrotic, a drain should be placed to control a bile 
leak should it occur.

 Bailout Maneuvers

Even the most experienced surgeons will encoun-
ter gallbladders that cannot be removed safely. 
When early difficulty is encountered, the surgeon 
should consider conversion to an open approach 
or IOC as previously mentioned. However, if dif-
ficulty persists early in the intraoperative course 
or the patient becomes hemodynamically unsta-
ble, cholecystostomy tube placement should be 
considered as an early bailout maneuver. If there 
is significant difficulty dissecting the gallbladder 
wall off of the liver parenchyma, the anterior wall 
may be excised leaving the posterior wall par-
tially or wholly intact, and the intact remaining 
mucosa may be cauterized to prevent mucocele 
formation. This strategy can prevent repeated 

injury to the hepatic parenchyma, which could 
result in bleeding or bile leak.

If cystic structures are unable to be safely dis-
sected and isolated, a subtotal cholecystectomy is 
preferred. Within recent years, much confusion 
has been present regarding what a subtotal chole-
cystectomy entails. Two subtypes of subtotal 
cholecystectomy have been well described—
“fenestrating” and “reconstituting” [25]. A subto-
tal fenestrating cholecystectomy involves 
identifying the cystic duct orifice from within the 
lumen of the gallbladder and oversewing it with-
out leaving a gallbladder remnant, while a subto-
tal reconstituting cholecystectomy leaves a small 
gallbladder remnant, which may be closed with 
suture or a laparoscopic stapler [25]. For a subto-
tal reconstituting cholecystectomy, all gallstones 
should be removed if possible to minimize the 
possibility of future cholelithiasis and cholecysti-
tis episodes in the gallbladder remnant. Although 
the reconstituting approach results in a decreased 
incidence of bile fistulae, most fistulas appear to 
resolve spontaneously in the fenestrating 
approach [26, 27]. It is our general practice to 
perform a subtotal reconstituting cholecystec-
tomy. In performing any of these bailout maneu-
vers, a closed suction drain should be placed to 
control the potential bile leak (Figs. 10.5 and 
10.6).

 Intraoperative and Postoperative 
Complications

Cholecystectomy for acute cholecystitis in the 
emergent/urgent setting is generally more diffi-
cult than elective cholecystectomy. Major bile 
duct injury is the most feared and morbid com-
plication of cholecystectomy causing bile leak. 
If there is concern for an intraoperative bile duct 
injury, early recognition is key. The technical 
aspects of repair are well described in the litera-
ture [28–30]. However, if the surgeon recog-
nizes such an injury and does not feel 
comfortable with repair, appropriate drainage 
and transfer to a center with hepatobiliary 
expertise can help decrease morbidity and 
improve patient outcomes.
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Liver

a b

Cut edge of gallbadder

Cystic duct orifice

Bare liverMucosa

“Shield” of McElmoyle

Hepatocystic triangle
(obscured)

Fig. 10.5 Subtotal fenestrating cholecystectomy. The 
anterior peritonealized portion of the gallbladder is 
excised. The cystic duct is closed from the inside of the 
gallbladder lumen with a purse-string suture (inset). The 

posterior wall with mucosa (a) may be left intact but 
should be ablated. Further gallbladder wall excision may 
occur leaving only the lowest portion of the gallbladder 
wall remaining (b). (From Strasberg et al. [25])

Liver Liver

Bare liver

Bare liver
Mucosa

Gallbladder remnant

Hepatocystic
triangle (obscured)

Cut edge of
gallbadder

Suture line

a b

Fig. 10.6 Subtotal reconstituting cholecystectomy. The 
anterior peritonealized portion of the gallbladder wall is 
excised. The lowest portion of the gallbladder wall is 
closed with either suture or staples. The posterior wall 

with mucosa (a) may be left intact above the closure site, 
but should be ablated. Further wall excision may occur 
leaving only the lowest portion of the gallbladder wall 
remaining (b). (From Strasberg et al. [25])
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The majority of postoperative bile leaks are 
secondary to cystic duct leakage or small subve-
sicular ducts. When cystic dissection and ligation 
are overly difficult, the gallbladder is extremely 
adherent to the liver, cystic tissue quality is poor, 
or a bailout method is utilized, suspicion should 
be higher for postoperative bile leak. A closed 
suction drain should be placed, as bile leaks may 
not necessarily be detected intraoperatively. If a 
low-volume bile leak is detected postoperatively, 
it will typically resolve with drainage alone. 
However, if a high-volume leak is detected, fur-
ther evaluation with endoscopic retrograde chol-
angiopancreatography (ERCP) with 
sphincterotomy and stent placement is usually 
therapeutic. This may reduce the volume of bile 
leakage into the abdomen and decrease time to 
bile leak resolution. If no leak is detected postop-
eratively, the drain may be removed at the time of 
discharge.

 Medical Management

All patients diagnosed with acute cholecystitis 
should receive appropriate antibiotic therapy, as it 
is the cornerstone of medical management [21, 
31]. In general, select patient groups, including 
those with mild acute cholecystitis in the setting 
of moderate to severe comorbidities, may be 
treated conservatively [21]. However, in recent 
years, some controversy exists as studies suggest 
that antibiotics may not necessarily be indicated 
for conservative management or those scheduled 
for cholecystectomy [32]; however, this is not our 
institution’s current practice. Antibiotic strategies 
vary in the literature and depend on community- 
acquired versus healthcare-associated etiologies, 
but focus on providing coverage for gram- negative 
(Escherichia coli, Enterobacter spp., Klebsiella 
spp.) and anaerobic (Bacteroides spp. and 
Clostridium spp.) bacteria. For patients who 
undergo cholecystectomy with adequate source 
control, antibiotics may be discontinued within 
24 h. If source control is not achieved, an extended 
antibiotic duration may be warranted. If patients 
fail to improve within 72 h of initiation of medical 

management, we strongly recommend consider-
ation of surgical or alternative approaches.

 Cholecystostomy

Cholecystostomy placement may be considered 
in patients who fail medical therapy, are high-risk 
for general anesthesia, such as those in the ICU 
or with extensive cardiopulmonary disease, or 
have severe acute cholecystitis with local compli-
cations. In these circumstances, an operation 
would be associated with increased morbidity, 
mortality, and high rates of open conversion. The 
advantage of cholecystostomy includes immedi-
ate biliary decompression and results in success-
ful resolution of symptoms in approximately 
90% of cases [33]. Further, cholecystostomy 
tubes can be placed percutaneously under ultra-
sound guidance with minimal to light sedation. 
Cholecystostomy can be a viable intraoperative 
bailout as well. Overall, it is associated with a 
low rate of serious complications but high rates 
of tube dysfunction (45%) and re-intervention 
(28%) [34].

After resolution of symptoms, cholecystogra-
phy may be performed, which is typically 
4–6  weeks following the episode. If contrast 
freely flows into the duodenum, a patent cystic 
duct and common bile duct are present, and the 
tube may be clamped and subsequently removed. 
However, if the cystic duct is not patent, the tube 
should remain in place until surgery.

Some studies demonstrate a wide range of 
recurrent biliary events following cholecystos-
tomy, reporting 7–55% [33–35]. However, inter-
val cholecystectomy appears to be associated 
with a decreased likelihood of recurrent biliary 
complications and increased successful laparo-
scopic completion of cholecystectomy [34]. 
Although this decision is based on patient age, 
functional status, comorbidities, and overall risk, 
we generally favor interval cholecystectomy 
when the patient is deemed an operable candi-
date. However, we recognize that cholecystos-
tomy may be a terminal procedure in select 
patients.
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 Endoscopic Therapy

Within recent years, endoscopic gallbladder 
drainage (EGBD) has evolved as an alternative 
gallbladder drainage technique to percutaneous 
cholecystostomy. EGBD can be performed by 
two approaches, including transpapillary and 
transmural.

The transpapillary approach utilizes ERCP to 
facilitate gallbladder drainage via the cystic duct 
with plastic pigtail stents or a nasobiliary catheter 
across the papillae. Adequate drainage is achieved 
in 83–91% of cases and is as effective as percuta-
neous drainage [36, 37]. As with ERCP 
approaches, post-procedural pancreatitis and 
bleeding may occur following sphincter cannula-
tion and sphincterotomy.

The transmural approach utilizes endoscopic 
ultrasound (EUS) to access the gallbladder 
through the gastric antrum or duodenum. 
Following puncture and tract dilation, a stent is 
then positioned with the proximal end in the gall-
bladder lumen and the distal end in the gastroin-
testinal lumen. EUS-guided approaches have 
higher technical success rates than ERCP 
approaches with success achieved in over 95% of 
cases [38].

Overall, endoscopic approaches show similar 
technical success to percutaneous methods and 
may appear to be a safer approach to inoperable 
patients with acute cholecystitis [38].

 Postoperative Management

For patients who undergo uncomplicated chole-
cystectomy for acute cholecystitis, most are able 
to return home within 24 h. Regular diet may be 
resumed immediately and oral pain medications 
may provide sufficient analgesia. Antibiotics are 
not indicated beyond the immediate postopera-
tive period if adequate source control was 
obtained.

Postoperative fever, abdominal pain, or jaun-
dice should warrant further evaluation, and bile 
leak, bile injury, or a retained stone should be 
suspected. US should be the initial study of 

choice, and the presence of postoperative fluid 
collections and/or biliary tree dilation should be 
assessed. Postoperative fluid collections could 
represent biloma, hematoma, or abscess. US- or 
CT-guided aspiration or drain placement will 
help differentiate these and can provide adequate 
drainage. If biloma is suspected, ERCP with 
sphincterotomy and stent placement will help 
control bile flow into the biliary tree. If biliary 
dilatation is present, it may represent a retained 
common bile duct stone or bile duct injury caus-
ing obstruction. In these cases, ERCP should also 
be utilized for evaluation, and interventions such 
as stone extraction or stent placement may be 
performed.

 Multi-specialty Management 
Protocols

Patients with biliary diseases such as choleli-
thiasis, cholecystitis, choledocholithiasis, and 
gallstone pancreatitis are often managed by 
physicians from very different backgrounds. 
Either the initial care or the treatment of com-
plications may include physicians from emer-
gency medicine, internal medicine, critical 
care, gastroenterology, radiology, and surgery. 
This can lead to a wide variability in ordering 
of diagnostic tests, timing of interventions, and 
other key decisions. In our experience, develop-
ment of evidence- based consensus protocols 
can streamline the delivery of care, minimize 
conflicts, and optimize the use of institutional 
resources. The University of Michigan protocol 
is freely available, and it can be modified as 
needed to fit the needs of different institutions 
[39, 40].
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Choledocholithiasis

Morgan Schellenberg and Meghan Lewis

 Epidemiology

The presence of gallstones in the common bile 
duct, termed choledocholithiasis, is a significant 
cause of surgical disease that affects millions of 
people worldwide. The incidence cannot be pre-
cisely determined, because it is not always symp-
tomatic. However, symptomatic cholelithasis 
affects between 10% and 15% of the adult popu-
lation in developed countries [1], and up to 25% 
of these patients are also found to have choledo-
cholithiasis at the time of cholecystectomy [2]. 
The prevalence of choledocholithiasis has been 
rising with life expectancy. Its global burden is 
therefore increasing, with annual medical 
expenses exceeding $2.2 billion USD [2]. 
Morbidity and mortality from choledocholithia-
sis result from the many associated complica-
tions. These are classified as acute or chronic, 
either of which can be life-threatening.

 Pathophysiology

The pathogenesis of choledocholithiasis is 
dependent on the type of stone. Primary bile duct 
stones form in the bile ducts, while secondary 
bile duct stones form in the gallbladder and are 
subsequently released into the biliary system.

Primary bile duct stones are usually brown or 
black pigment stones. These form from bacterial 
infection: hydrolysis of glucuronic acid from 
bilirubin occurs by bacterial beta-glucuronidase. 
This results in a decreased solubility of deconju-
gated bilirubin and the formation of stones. 
Brown pigment stones are, consequently, com-
posed of calcium salts of unconjugated bilirubin, 
deconjugated bile acids, and varying amounts of 
cholesterol and saturated long-chain fatty acids.

Secondary bile duct stones are of mixed com-
position but are composed largely of cholesterol 
in the majority of cases. The minority of second-
ary bile duct stones are pigmented, also referred 
to as black pigment stones, and are composed 
primarily of bilirubin due to hemolytic disease.

Risk factors for choledocholithiasis include 
male sex (ratio of 1.2:0.9) and increasing age, 
with the average age of diagnosis being 67 years 
[2]. In addition, conditions leading to bile stasis, 
inflammation, and infection predispose to stone 
formation. Examples include biliary anatomic 
abnormalities, primary and secondary sclerosing 
cholangitis, parasites, or cholecystectomy at a 
young age, leading to common bile duct dilation. 
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Dietary risk factors, such as malnutrition, and 
genetic risk factors have also been implicated.

Ethnic differences have also been observed. 
Secondary bile duct stones are more common in 
Native Americans and Hispanic populations than 
in Caucasians and are less common in African 
Americans. In addition, secondary bile duct 
stones predominate in Western countries and 
Japan, while primary bile stones occur more fre-
quently in Southeast Asia.

 Diagnosis

The first step in securing a diagnosis of choledo-
cholithiasis is performing an appropriate history 
and physical examination. A proper history 
should take into consideration the known risk 
factors for biliary tract disease. Though choleli-
thiasis is more common in females, choledocho-
lithiasis is more prevalent in males. Specific risk 
factors for choledocholithiasis include patients 
with known choledochal cysts and those with 
recurrent biliary tract inflammation (e.g., primary 
sclerosing cholangitis) or infection (which occurs 
most frequently among East Asian populations).

Choledocholithiasis should be suspected in 
patients with right upper quadrant pain, nausea, 
emesis, and signs or symptoms of cholestasis, 
such as acholic stools, dark urine, pruritus, jaun-
dice, and scleral icterus. However, jaundice and 
scleral icterus are not generally observed until the 
serum bilirubin has risen to approximately 
2.5  mg/dL.  Therefore, these presenting symp-
toms are less common than may be expected. 
Patients with choledocholithiasis typically report 
an antecedent history of biliary colic, character-
ized by postprandial right upper quadrant pain 
that is precipitated by large or fatty meals. Less 
commonly, choledocholithiasis may be asymp-
tomatic and found incidentally on imaging.

On physical examination, a general inspection 
of the patient can be informative. An obese body 
habitus is more suspicious for biliary tract dis-
ease. The eyes and skin should be inspected for 
icterus and jaundice, respectively. Vital signs are 
essential for differentiating choledocholithiasis 
from ascending cholangitis; fever and tachycar-

dia favor the latter. Examination of the abdomen 
in choledocholithiasis typically reveals localized 
right upper quadrant or epigastric tenderness. 
Murphy’s sign, the classic examination finding in 
acute cholecystitis, is generally absent in choled-
ocholithiasis. If a patient’s history and physical 
examination raise concern for choledocholithia-
sis, the clinician should proceed to laboratory 
investigations.

 Laboratory Values

The laboratory findings most suggestive of cho-
ledocholithiasis include elevated cholestatic 
markers: hyperbilirubinemia, elevated alkaline 
phosphatase (ALP), and elevated gamma-glu-
tamyl transpeptidase (GGT). A mild leukocyto-
sis and transaminitis may also occur; however, 
a markedly elevated white blood cell count with 
a clinical picture suggestive of choledocholi-
thiasis raises concern for the diagnosis of 
ascending cholangitis. Similarly, more than a 
moderate rise in transaminases (>800) is suspi-
cious for alternate diagnoses, including viral 
hepatitis.

Bilirubin is typically elevated to a mean of 
1.5–1.9 mg/dL [3, 4]. Bilirubin may be more use-
ful than ALP in predicting choledocholithiasis, 
because bilirubin typically rises within hours of 
biliary obstruction. ALP, on the other hand, takes 
longer to rise because its synthesis from the bili-
ary epithelium must be induced by the presence 
of cholestasis. ALP has also been shown to be 
less sensitive (57% vs. 69%) and less specific 
(86% vs. 88%) than bilirubin in the diagnosis of 
choledocholithiasis [5]. However, an elevated 
ALP is a more common finding than an elevated 
bilirubin among patients with choledocholithia-
sis (80% vs 60%) [6].

Non-cholestatic sources of ALP also exist, 
including bone and placenta. For this reason, 
measuring serum GGT can be useful to confirm a 
cholestatic source when a patient’s ALP is ele-
vated. A recently published study demonstrated 
that a GGT ≥ 300 units/L on admission was one 
of the most predictive factors of choledocholithi-
asis unlikely to resolve spontaneously [7].
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In practice, transaminases, bilirubin, and ALP 
are routinely obtained at admission for all patients 
with suspected biliary tract disease. GGT, con-
versely, is ordered more selectively, in cases 
where there is clinical suspicion for extra-biliary 
sources of elevated ALP.  All laboratory values 
are then used in conjunction with the clinical pre-
sentation to determine the need for imaging and 
to guide further decision-making.

 Imaging

A variety of imaging modalities are available to 
assess the bile ducts for choledocholithiasis. 
Common options are transabdominal ultrasonog-
raphy and various forms of cholangiography, 
including endoscopic retrograde cholangiopan-
creatography (ERCP), magnetic resonance chol-
angiopancreatography (MRCP), and 
intraoperative cholangiogram (IOC). Less fre-
quently utilized modalities include CT cholangi-
ography (CTC), endoscopic ultrasonography 
(EUS), intraductal ultrasonography (IDUS), and 
percutaneous transhepatic cholangiography 
(PTC).

Transabdominal ultrasound (US) is an excel-
lent modality for assessment of the biliary tree 
and should be the first investigation performed in 
all patients with suspected biliary tract pathology. 
It is relatively inexpensive, widely available, and 
noninvasive. Its main disadvantage is operator 
dependency. US is especially useful in suspected 
choledocholithiasis, as visualization of a stone in 
the common bile duct (CBD) on ultrasound is the 
strongest predictor of choledocholithiasis con-
firmed on ERCP or surgically [5, 8, 9], with a 
specificity of 1.00 [5] (Fig. 11.1). Patients with a 
stone in the CBD demonstrated on US have such 
a high probability of having a final diagnosis of 
choledocholithiasis that no confirmatory test is 
required, and the patient can proceed directly to 
stone extraction [8]. A dilated (>6 mm) CBD on 
US is also a strong predictor of choledocholithia-
sis [8]. However, it is not considered diagnostic. 
For this reason, an additional confirmatory test in 
these patients may be indicated prior to proceed-
ing with invasive attempts at stone extraction.

In contrast to the high specificity of US at 
detecting stones in the CBD, the sensitivity of US 
for choledocholithiasis is less than 60% in most 
studies [10]. Therefore, patients with clinical or 
laboratory evidence of biliary stasis but nondiag-
nostic ultrasonography benefit from confirmatory 
testing.

Confirmatory testing is accomplished with 
cholangiography, which is available in several 
modalities. ERCP has long been regarded as the 
gold standard for diagnosis of choledocholithia-
sis; however, it is also the most invasive form of 
cholangiography. It is performed with a side-
viewing duodenoscope, with cannulation of the 
ampulla and injection of contrast into the biliary 
and pancreatic ducts. It is a very useful technique 
because it allows for stone extraction and there-
fore can be therapeutic in addition to diagnostic. 
However, its high-risk profile, significant-associ-
ated costs, and requirement for skilled personnel 
have relegated the primary role of ERCP to stone 
extraction if alternative diagnostic tests are 
available.

MRCP is a favored diagnostic modality by 
many centers because it is noninvasive and it 
does not require a physician to be present. MRCP 
is an MRI performed of enhanced T2-weighted 
sequences, emphasizing stationary fluid in the 
biliary and pancreatic ducts. It therefore does not 
require administration of contrast material. 
MRCP has a sensitivity of 83–92% and specific-

Fig. 11.1 Ultrasound of the right upper quadrant with 
evidence of choledocholithiasis (arrow)
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ity of 91–97% [11–13], making it a very useful 
confirmatory test. Its main weakness is its inabil-
ity to reliably detect small (<6 mm) stones [8]. It 
is also not available at all centers, and has several 
relative and absolute contraindications. Patients 
with surgical clips or air in the biliary system 
from bilioenteric anastomoses may have incon-
clusive results, and patients with implanted 
metal, pacemakers, or claustrophobia may not be 
able to safely undergo the examination.

IOC at the time of laparoscopic cholecystec-
tomy is another viable option to interrogate the 
CBD for stones. IOC has a sensitivity of 97% and 
specificity of 95–100% [11, 14], making it an 
excellent test to rule in or out suspected choledo-
cholithiasis. Major society guidelines recom-
mend either IOC or MRCP as the diagnostic test 
of choice for patients with intermediate risk of 
choledocholithiasis [8]. In most centers, resource 
and personnel availability are the deciding fac-
tors between these two modalities. However, the 
available evidence suggests that IOC is more sen-
sitive, specific, and cost-effective than MRCP 
[11]. Barriers to its use include added operative 
time (approximately 10–20 min) and the require-
ment by some states for a fluoroscopy license to 
perform IOC.  In addition, the management of 
stones discovered at IOC can often be 
challenging.

Less common modalities for diagnosis of cho-
ledocholithiasis include CTC, EUS, IDUS, and 
PTC. CTC involves the administration of either 
oral or IV contrast agents and is a helical CT scan 
with 3D reconstructions. It has been used suc-
cessfully in Europe for many years. Despite good 
results, it has not gained widespread use in North 
America, largely because of concerns about the 
safety of the contrast agents. The contrast agents 
have been associated with nausea and vomiting, 
hepatorenal toxicity, hypotension, cardiopulmo-
nary symptoms, severe skin reactions, anaphy-
laxis, and, rarely, death. An additional limitation 
of CTC is that insufficient opacification of the 
bile ducts may occur in cases of hyperbilirubine-
mia or liver insufficiency. Finally, it exposes 
patients to a high level of radiation. CTC does 
have the benefits of operator independence, low 
level of invasiveness, and low technical failure 

rate. It may be especially useful in locations that 
lack an MRI scanner.

EUS has a sensitivity of 93–97% and speci-
ficity of 94–95% for diagnosing choledocholi-
thiasis [10, 15]. It is performed transgastrically 
or transduodenally. Its advantage over other 
modalities is its ability to reliably detect very 
small stones. However, it is invasive, requires 
skilled personnel, and is not widely available, 
all of which are factors limiting its routine use. 
It is most frequently utilized to evaluate idio-
pathic pancreatitis for occult stones or to evalu-
ate common bile duct dilatation prior to possible 
ERCP.

Similar to EUS, IDUS is an invasive form of 
ultrasonography that can be performed at the 
time of ERCP. It is performed with a thin probe, 
inserted through the working channel of a duode-
noscope. IDUS is a relatively new technology 
and is not available at many centers. It is the most 
sensitive form of ultrasonography for detection 
of small stones and sludge. IDUS has been suc-
cessfully utilized after ERCP to confirm duct 
clearance and prevent subsequent recurrence of 
choledocholithiasis.

Similar to ERCP, PTC is a more invasive form 
of cholangiography which allows for possible 
stone extraction. The liver is punctured percuta-
neously under fluoroscopic guidance, and con-
trast is injected into the intrahepatic biliary ductal 
system. PTC is more successful in patients with 
dilated biliary ducts. Like ERCP, PTC is used pri-
marily for stone extraction and not for diagnosis 
of choledocholithiasis, unless other less invasive 
methods have failed or are unavailable. 
Additionally, ERCP has been demonstrated to be 
superior to PTC in terms of complication and 
success rates, so PTC is generally reserved for 
situations when ERCP is unsuccessful or not pos-
sible, such as in altered biliary anatomy.

Although national society guidelines recom-
mend that the choice of confirmatory test be 
made according to both cost and local expertise 
[8], in-depth analyses of cost-effectiveness of 
these strategies are limited. Therefore, the deci-
sion-making in most centers is guided by resource 
availability. Ultimately, patients with choledo-
cholithiasis demonstrated on any of the above 
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modalities require stone extraction by one of sev-
eral methods.

 Management

After the diagnosis of choledocholithiasis has 
been secured, there are a number of management 
decisions that follow. These include the adminis-
tration of antibiotics, the method of stone 
retrieval, and the timing of cholecystectomy.

 Antibiotics for Choledocholithiasis

The use of routine antibiotics in choledocholithi-
asis as prophylaxis against cholangitis is not well 
studied and remains controversial. Antibiotics are 
clearly indicated for patients with cholangitis. 
Most clinicians would also consider initiating 
antibiotics for patients with choledocholithiasis 
who present with fever or leukocytosis, despite 
not meeting all diagnostic criteria for cholangitis. 
At our center, we administer antibiotics to 
patients with choledocholithiasis for prophylaxis 
against cholangitis if the patient is febrile (≥38.5 
C) or has a marked leukocytosis (generally 
≥15,000). We also consider antibiotic proxphy-
laxis for patients with certain high-risk comor-
bidities, including diabetes mellitus and 
immunosuppression.

In selecting an appropriate antibiotic, the 
clinician must factor in both the typical caus-
ative agents as well as the local antibiogram. 
Blood cultures should be sent on all patients 
with concern for cholangitis. Biliary samples 
taken during ERCP or CBDE should also be 
collected. A positive biliary culture can be 
expected in most patients with cholangitis 
(93% in one study), but blood cultures are 
infrequently positive (26%) [16]. The most 
common agent isolated from biliary cultures is 
E. coli, followed by Enterococcus species, 
Klebsiella pneumoniae, and Pseudomonas 
aeruginosa [16]. Appropriate regimens include 
a third-generation cephalosporin, penicillin 
derivative, or fluoroquinolone, with no need 
for routine anaerobic coverage unless the 

patient has had a previous bilioenteric anasto-
mosis [17]. At our institution, we commonly 
use ceftriaxone as the empiric agent of choice 
and subsequently tailor therapy according to 
culture results.

 Method of Stone Retrieval

The options for stone retrieval include ERCP, 
either preoperatively or postoperatively, PTC, 
and CBD exploration (CBDE), performed either 
open or laparoscopically. Practically, the method 
selected must take into account patient factors, 
local expertise and equipment, cost, and the 
available evidence on successful stone clearance 
rates for each method.

 ERCP

ERCP is considered by most to be the standard 
approach to stone retrieval for cases of choledo-
cholithiasis. In ERCP, an experienced endosco-
pist passes a side-viewing endoscope through the 
mouth and upper GI tract until the second stage 
of the duodenum is encountered. The ampulla of 
Vater is cannulated through the sphincter of Oddi 
in order to gain access to the biliary tree. A chol-
angiogram is then obtained, and the presence of 
choledocholithiasis is established or confirmed, 
depending on the extent of the pre-procedure 
investigations. Next, deep cannulation of the bili-
ary tree and attempts at stone removal are per-
formed, using baskets and/or extraction balloons 
to sweep stones antegrade into the duodenum. 
After stone removal, a sphincterotomy is typi-
cally performed, using electrocautery to cut 
through the sphincter of Oddi to widen it and 
facilitate passage of stones.

Due to concern for long-term complications 
after sphincterotomy, papillary balloon dilation 
of the sphincter was developed as an alternative 
to sphincterotomy. It is a common practice in 
Asia but is infrequently used in North America 
[18]. Available high-quality evidence compar-
ing sphincterotomy to balloon dilation is lim-
ited, although one RCT and a subsequent study 
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with 6.5 years of follow-up data showed signifi-
cantly more post-ERCP pancreatitis but fewer 
long-term complications among patients who 
underwent balloon dilation as compared to 
sphincterotomy [19, 20]. In the absence of fur-
ther evidence in support of balloon dilation, 
most consider sphincterotomy to be the standard 
approach. If stone extraction cannot be accom-
plished before sphincterotomy or balloon dila-
tion, management of the sphincter can precede 
stone extraction and may facilitate stone 
removal.

Laser lithotripsy for choledocholithiasis 
involves the application of a laser to a stone in the 
biliary tree, which aids in its removal by fragment-
ing it. It can be accomplished during a standard 
ERCP through the endoscope, and it is an espe-
cially helpful adjunct for extracting large stones 
after removal attempts with conventional methods 
have failed. It is successful in  approximately 90% 
of cases [21]. However, high costs limit the wide-
spread use of this technology.

The success rates of ERCP depend upon the 
size of the stone, with success rates of roughly 
85% in stones <2 cm and 60% in stones >2 cm 
[22]. ERCP also requires an experienced endos-
copist and the availability of fluoroscopy. 
Additionally, the use of ERCP is limited to 
patients with appropriate anatomy. Patients 
who have undergone previous gastric bypass 
with either Billroth II or Roux-en-Y reconstruc-
tion typically cannot undergo conventional 
ERCP. After Billroth II, ERCP can be attempted 
through the mouth but requires the endoscopist 
to pass the scope through the gastrojejunos-
tomy and retrograde up into the duodenum, 
which is technically challenging and can be a 
prohibitively long route for the endoscope. In 
patients with a previous Roux-en-Y gastric 
bypass, ERCP cannot be performed through the 
mouth because of the distance that must be tra-
versed through the reconstructed GI tract to 
access the duodenum. These patients can 
undergo laparoscopic-assisted ERCP, in which 
a surgeon accesses the gastric remnant laparo-
scopically and passes the endoscope into it, 
from which point a relatively conventional 
ERCP can ensue. Post-gastric bypass patients 

frequently require operative management of 
their choledocholithiasis due to their anatomic 
reconfigurations.

Although ERCP is a preferred method of stone 
extraction, it carries well-described risks which 
must be considered. There is 5% risk of post-
ERCP pancreatitis and a 2% risk of bleeding after 
a sphincterotomy [23]. There is also a risk of 
duodenal perforation, either from the endoscopy 
or sphincterotomy. Post-ERCP  perforation may 
require operative intervention and can be fatal in 
rare cases. Patients must therefore be appropri-
ately consented for the procedure.

ERCP is typically performed preoperatively 
and followed by cholecystectomy at the same 
hospital admission. Preoperative timing was 
historically preferred due to concerns about cys-
tic duct stump leak induced by postoperative 
ERCP [24]. More recent evidence suggests that 
postoperative ERCP is safe and does not 
increase the rate of cystic duct stump leaks [25]; 
therefore, laparoscopic cholecystectomy fol-
lowed by postoperative ERCP is an option for 
choledocholithiasis. However, there is also evi-
dence that this approach increases hospital 
length of stay, costs, and healthcare utilization 
[25], making it potentially not the preferred 
management strategy. Instead, postoperative 
ERCP may be better reserved for instances of 
retained CBD stones.

 Percutaneous Transhepatic 
Cholangiography (PTC)

As discussed previously, PTC is both diagnostic 
and therapeutic in the management of choledo-
cholithiasis. After percutaneous transhepatic can-
nulation of the biliary tree, many of the methods 
used for stone extraction parallel the techniques 
used in ERCP. These include balloons, baskets, 
and laser lithotripsy via the PTC catheter. 
Although PTC can play an important role in the 
diagnosis, treatment, and palliation of biliary 
tract malignancies, its use in choledocholithiasis 
is generally reserved for stone extraction among 
patients with anatomy that is unfavorable for 
extraction with ERCP.
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 CBDE

When other methods of stone retrieval have failed 
or are impossible, CBDE is indicated for stone 
extraction. CBDE can be performed open or lap-
aroscopically. While an open CBDE should be 
within the skill set of any general surgeon, lapa-
roscopic CBDE may require more advanced 
training in laparoscopy and/or hepatobiliary 
surgery.

Laparoscopic CBDE is an attractive manage-
ment strategy because it can be performed con-
currently with laparoscopic cholecystectomy, 
thereby allowing a one-stage procedure. Prior to 
performing a CBDE, the surgeon performs lapa-
roscopic dissection of Calot’s triangle, identifies 
the cystic duct, and performs an intraoperative 
cholangiogram through the cystic duct. If cho-
ledocholithiasis is confirmed, the surgeon may 
flush the duct with normal saline. Often, intrave-
nous glucagon is administered to relax the 
sphincter of Oddi. If the stone does not clear from 
the duct with flushing, the surgeon can proceed 
with a laparoscopic bile duct exploration, convert 
to an open procedure for common bile duct 
exploration, or finish the laparoscopic cholecys-
tectomy and proceed with postoperative ERCP, 
as described above. An important disadvantage of 
the last option is that unsuccessful postoperative 
ERCP would then mandate a second operation 
for common bile duct exploration.

Laparoscopic CBDE can be accomplished by 
one of two routes: transcystic or transductal. In 
the transcystic approach, access to the cystic duct 
is achieved during the intraoperative cholangio-
gram. Stone extraction is then accomplished by 
the use of balloons, Fogarty catheters, baskets, or 
forceps, with or without the aid of a choledocho-
scope. The transcystic approach is preferred over 
the transductal approach when feasible, as it 
allows for shorter operative time and hospital 
length of stay [26]. However, it is most successful 
for relatively small stones (<10  mm) that are 
located distal to the cystic duct/common hepatic 
duct confluence. If the transductal approach is 
required, the CBD is identified laparoscopically 
as described above, and stone extraction proceeds 
through a choledochotomy. Both transcystic and 

transductal laparoscopic CBDE carry a success 
rate of greater than 90% [27–29].

An open CBDE is typically performed through 
a right subcostal incision, but can also be 
approached through an upper midline laparotomy. 
A Kocher maneuver is performed, and the hepato-
duodenal ligament is identified. The peritoneum 
overlying the portal triad is opened carefully, and 
the CBD is then distinguished from the proper 
hepatic artery and the portal vein based on ana-
tomic position (Fig. 11.2a). The CBD is located 
anteriorly and on the patient’s right within the 
hepatoduodenal ligament, while the proper 
hepatic artery is located more medially, and the 
portal vein is posterior. If the anatomy is unclear, 
a seeker needle can be used prior to suture place-
ment or choledochotomy, with the aspiration of 
bile confirming the identity of the CBD.

Once the CBD has been identified, a longitu-
dinal choledochotomy, approximately 1.5–2 cm 
in length, is planned distally on the CBD near the 
duodenum. Stay sutures are placed at the apices 
of the planned choledochotomy (Fig. 11.2b). An 
11-blade scalpel is then used to begin the cho-
ledochotomy, which is completed with Potts scis-
sors (Fig. 11.2c–d). Once the lumen of the CBD 
is accessed, a variety of methods can be employed 
for stone extraction. The surgeon should begin by 
flushing normal saline into the bile duct lumen to 
see if this will allow for stone passage. If it does 
not, balloon dilators, Fogarty catheters, baskets, 
forceps, or a choledochoscope can be used to 
facilitate stone removal (Fig. 11.2e). In cases of 
impacted stones that cannot be retrieved, a cho-
ledochoduodenostomy or Roux-en-Y choledo-
chojejunostomy can be created proximal to the 
site of impaction to allow for biliary drainage.

After stone extraction, a completion cholan-
giogram is obtained to confirm biliary tract clear-
ance, and the choledochotomy is closed. Although 
choledochotomies were classically closed over a 
T-tube, the contemporary management does not 
include routine T-tube placement. A recent meta-
analysis showed that T-tube placement after lapa-
roscopic CBDE had no effect on the rates of 
postoperative biliary complications or the need 
for re-intervention, and therefore the authors 
argue against the routine use of T-tubes [30]. 
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Fig. 11.2 (a–e) Common Bile Duct Exploration. (a) After Kocherization, the structures in the portal triad are identified 
based on anatomical location. Yellow, common bile duct. Red, proper hepatic artery. Blue, portal vein. (b) Stay sutures 
are placed at the 3 o’clock and 9 o’clock positions around the planned choledochotomy. (c–d) An 11-blade is used to 
begin the longitudinal choledochotomy between stay sutures. Potts scissors are used to complete it. (e) A Fogarty 
 catheter can be used to attempt stone retrieval through the choledochotomy

M. Schellenberg and M. Lewis



145

Another recent meta-analysis showed that pri-
mary duct closure after laparoscopic CBDE 
resulted in fewer complications, shorter duration 
of surgery, lower hospital costs, and a shorter 
postoperative length of stay [31]. The evidence 
for the role of T-tube placement after open CBDE 
parallels the literature after laparoscopic CBDE. A 
Cochrane review of six randomized studies 
(n  =  359) showed that T-tube placement after 
open CBDE resulted in longer operative time and 
hospital length of stay without any improvement 
in other clinical outcomes [32]. These authors 
advocate for future study on the long-term effects 
of T-tube drainage prior to dismissing the routine 
use of T-tubes entirely; however in the interim, 
T-tube drainage should be restricted to RCTs.

After closure of the choledochotomy, the final 
step in CBDE is to perform a cholecystectomy.

 Timing of Cholecystectomy

There are multiple studies, including one large 
(n  =  266), multicenter, randomized controlled 
trial [33], confirming the utility of cholecystec-
tomy at the index admission for complicated bili-
ary tract disease after duct clearance. Although 
these studies principally evaluated same-admis-
sion cholecystectomy after gallstone pancreatitis, 
the literature is often extrapolated to the patient 
population with choledocholithiasis due to simi-
larities in pathophysiology. These well-designed 
studies have demonstrated that index admission 
cholecystectomy is more cost-effective than 
delayed elective cholecystectomy [34] and pre-
vents readmission for gallstone-related complica-
tions [33, 34]. It is our practice to perform 
same-admission cholecystectomy for patients 
with choledocholithiasis after clearing the ducts.

 Summary

There are many management options and 
sequences which can be used to clear the bile 

ducts of stones and remove the gallbladder. All 
methods are relatively effective, with ≥85% 
rates of successful stone extraction for most 
stones. Local expertise often dictates the pre-
ferred management strategy. Although cost must 
be considered, available cost data comparing 
strategies for stone retrieval are limited. One 
recent study showed that one-stage management 
with laparoscopic cholecystectomy and tran-
scystic laparoscopic CBDE was the most cost-
effective strategy when compared to ERCP and 
laparoscopic cholecystectomy or laparoscopic 
cholecystectomy and transductal laparoscopic 
CBDE [35]. This took into consideration suc-
cessful CBD clearance, number of procedures 
required, hospital length of stay, and overall 
costs. However, the expertise required to effec-
tively and safely perform laparoscopic CBDE 
significantly limits the widespread implementa-
tion of this as the preferred method of stone 
clearance.

In patients with conventional anatomy (i.e., 
without previous gastric bypass), the approach 
preferred in most centers [36], including our own, 
is for patients with diagnosed choledocholithiasis 
to undergo preoperative ERCP. If the completion 
cholangiogram demonstrates duct clearance, it is 
followed by laparoscopic cholecystectomy at the 
same hospital admission. We reserve CBDE for 
patients in whom ERCP is not technically possi-
ble. Although postoperative ERCP appears to be a 
safe alternative, we typically reserve this approach 
for patients in whom a retained CBD stone is dis-
covered postoperatively.

 Complications

Important complications of choledocholithiasis 
can be either acute, such as ascending cholangitis 
and gallstone pancreatitis (GSP), or chronic, 
including biliary stricture formation, intrahepatic 
stones, recurrent pyogenic cholangitis, hepatic 
abscesses, secondary biliary cirrhosis, and bile 
duct carcinomas.
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 Acute

 Ascending Cholangitis
Ascending cholangitis, which can range from 
mild to life-threatening, is defined as infection of 
the biliary tree resulting from cholestasis. The 
clinical presentation of ascending cholangitis is 
classically described as Charcot’s triad: fever, 
jaundice, and right upper quadrant pain. This 
constellation of symptoms is observed in up to 
75% of patients with ascending cholangitis [37]. 
Although choledocholithiasis also frequently 
presents with pain and jaundice, fever is not typi-
cally present unless ascending cholangitis is 
developing. Reynold’s pentad describes the pres-
ence of all three components of Charcot’s triad, 
and also mental status changes and hypotension, 
suggesting life-threatening cholangitis.

Although both Charcot’s triad and Reynolds’ 
pentad are highly specific for ascending cholan-
gitis, neither is sufficiently sensitive for screen-
ing for the diagnosis. The 2013 Tokyo Guidelines 
therefore set forth criteria for diagnosing 
ascending cholangitis [38]. The diagnosis of 
ascending cholangitis should be suspected if 
fever, shaking chills, or laboratory evidence of 
inflammation is present, in addition to evidence 
of cholestasis or imaging suggestive of the diag-
nosis. Cholestasis is demonstrated by the clini-
cal presence of jaundice or with elevated 
bilirubin or ALP.  Suggestive imaging is quali-
fied in the guidelines as biliary dilatation or the 
demonstration of a precipitating factor, such as 
a gallstone or stricture. If fever, shaking chills, 
or laboratory evidence of inflammation is pres-
ent in addition to both cholestasis and sugges-
tive imaging, the diagnosis of cholangitis is said 
to be definite [38].

Management of cholangitis consists of fluid 
resuscitation, antibiotic therapy, close clinical 
monitoring, and urgent decompression of the 
biliary tree.

 Gallstone Pancreatitis (GSP)
Gallstones are the most common cause of pan-
creatitis worldwide, accounting for nearly half of 
all cases [39]. The pathophysiology of GSP is 
incompletely understood but involves the tran-

sient passage of stones from the CBD. The pro-
posed mechanisms by which choledocholithiasis 
induces pancreatitis include bile reflux from par-
tial occlusion of the ampulla and edema of the 
pancreatic duct induced by the transient presence 
of the stone.

Gallstone pancreatitis is managed initially 
with fluid resuscitation, close clinical monitor-
ing, and a brief period of bowel rest. Patients with 
mild pancreatitis only require bowel rest until the 
inflammation begins to subside, typically not 
lasting more than 24–48 h. The resolution is her-
alded by a decrease in epigastric pain and the 
downtrending of the white blood cell count or 
serum lipase. More severe cases of pancreatitis 
may result in ileus and intolerance of oral nutri-
tion. Enteral nutrition should be initiated in these 
patients through an nasogastric or nasojejunal 
feeding tube, with parenteral nutrition reserved 
only for those patients who cannot tolerate enteral 
feeding.

Clinicians should maintain a high suspicion 
for concomitant choledocholithiasis in patients 
with gallstone pancreatitis, so laboratory bio-
markers should be followed serially. Also, 
once the pancreatitis has resolved, patients 
should be managed with cholecystectomy at 
the index hospital admission [40]. This is rec-
ommended to prevent recurrence, and the 
associated morbidity and mortality. For 
patients who cannot tolerate cholecystectomy, 
ERCP with sphincterotomy is a suitable alter-
native [40].

 Chronic

 Biliary Strictures
Biliary strictures result from the inflammatory 
response of bile ducts to choledocholithiasis, 
characterized by collagen deposition, fibrosis, 
and narrowing of the lumen of the ducts. When 
strictures become symptomatic, patients present 
with features of biliary stasis, similar to the typi-
cal acute presentation of choledocholithiasis. 
Although MRCP is an excellent imaging modal-
ity for biliary strictures, ERCP has the additional 
diagnostic advantage of allowing for endoscopic 
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brushings to exclude malignancy, and also the 
therapeutic advantage of endoscopic interven-
tions, such as dilation of the stricture or place-
ment of a biliary stent. However, symptomatic 
biliary strictures, even if found to be benign, 
often require surgery with resection and 
reconstruction.

 Intrahepatic Stones
Intrahepatic stones are found in the hepatic bile 
ducts. Similar to common bile duct stones, these 
stones can be primary or secondary. In general, 
intrahepatic stones will be primary in populations 
at risk for primary choledocholithiasis and sec-
ondary in populations at risk for secondary cho-
ledocholithiasis. Intrahepatic stones are also 
noted to occur at a higher incidence in malnutri-
tion and low socioeconomic class. Intrahepatic 
stones can be challenging to manage because 
there is a high rate of recurrence. ERCP and PTC 
can be used for stone extraction; however, surgi-
cal resection of the involved lobe may be required 
due to high rates of recurrence with stone extrac-
tion alone [41].

 Recurrent Pyogenic Cholangitis
Recurrent pyogenic cholangitis can develop in 
patients with intrahepatic stones, wherein the 
presence of intrahepatic stones causes repeated 
cycles of inflammation and infection in the intra-
hepatic bile ducts. It is marked by biliary strictur-
ing and obstruction, leading to recurrent episodes 
of bacterial cholangitis. It is especially prevalent 
among people of Southeastern Asian origin. In 
the acute phases of the disease, when cholangitis 
is present, the management principles are the 
same as in ascending cholangitis, with emphasis 
on fluid resuscitation, early antibiotic therapy, 
and prompt biliary drainage. Over the long term, 
these patients require either repeated stone 
extraction using PTC or ERCP or surgical resec-
tion of the involved lobe with reconstruction by 
hepaticojejunostomy.

 Hepatic Abscesses
Infections in the biliary tree related to choledo-
cholithiasis can spread to the liver hematoge-
nously, via the portal vein or hepatic artery, or 

directly through the biliary system. Both routes 
of spread can result in pyogenic hepatic abscesses. 
Patients present with right upper quadrant pain 
and infectious signs and symptoms. US and CT 
are the most useful diagnostic modalities and can 
also be used for image-guided drainage, which in 
conjunction with antibiotic therapy is the recom-
mended treatment for this complication.

 Secondary Biliary Cirrhosis and Portal 
Hypertension
Secondary biliary cirrhosis develops when 
repeated episodes of infection and inflammation 
from biliary stasis and strictures of the bile ducts 
cause injury to the liver over time, which can 
progress to cirrhosis. This is an unusual complica-
tion of choledocholithiasis but does rarely occur. 
Secondary biliary cirrhosis carries the same risks 
and complications as other types of cirrhosis, 
including the development of portal hypertension. 
Prompt treatment of choledocholithiasis is recom-
mended to prevent this severe complication. Once 
cirrhosis occurs, early involvement of a hepatolo-
gist is prudent, because liver transplantation may 
ultimately be necessary.

 Bile Duct Carcinomas
Hepatolithiasis, recurrent pyogenic cholangitis, 
and (to a lesser degree) choledocholithiasis are 
established risk factors for bile duct carcinomas, 
likely due to chronic inflammation and repeated 
mechanical manipulation. Although these 
patients do not necessarily warrant routine 
screening for cholangiocarcinoma, a retrospec-
tive cohort study of patients with hepatolithiasis 
showed that age >40, weight loss, elevated ALP 
(mean 426 u/L), and CEA  >  4.2  ng/mL were 
associated with an increased risk of cholangio-
carcinoma [42].

 Conclusions
Choledocholithiasis is a common condition 
whose diagnosis is secured using a combina-
tion of clinical history, physical examination, 
laboratory values, and imaging investigations. 
US is the initial imaging modality of choice. 
Patients with US findings that include a stone 
visualized within the CBD do not require 
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 confirmatory imaging and should go directly 
for stone extraction. Patients with US findings 
suggestive of choledocholithiasis or labora-
tory values concerning for cholestasis should 
undergo MRCP or IOC before attempts at 
stone extraction. Options for stone extraction 
include ERCP, PTC, and laparoscopic or open 
common bile duct exploration, the choice of 
which depends upon local expertise and cost 
considerations. Stone extraction should pre-
cede same-admission cholecystectomy when 
feasible. When available, a one-step proce-
dure consisting of laparoscopic transcystic 
common bile duct exploration and laparo-
scopic cholecystectomy appears to be the 
most cost-efficient approach to choledocholi-
thiasis; however, this option may not be widely 
available.
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Acute Cholangitis

Marko Bukur and Jaclyn Clark

 Introduction

Acute cholangitis is an obstructive disease of the 
extrahepatic biliary tree that can be life-threaten-
ing without prompt intervention. Historically in a 
surgical disease, the methods toward achieving 
biliary decompression involve some of the most 
prolific surgical minds. In the late 1800s, several 
surgical techniques were set forth to deal with 
obstruction of the common bile duct (CBD). 
These included using forceps or fingers to crush 
or move stones externally, allowing for passage 
either through the ampulla or gallbladder [1]. 
Opening the common bile duct itself, known as a 
choledochotomy, was first successfully per-
formed in 1889; however, this maneuver did not 
allow for retrieval of all CBD stones. Charles 
McBurney suggested opening the duodenum for 
large stones impacted at the ampulla [1]. Carrying 
a high surgical morbidity and mortality, tech-
niques of open common bile duct exploration 
were honed over the next century. Adjuncts to 
open biliary surgery including intraoperative 
cholangiography were used to define CBD 
obstruction and anatomy [2]. The biggest 
advancement to the treatment of cholangitis, 
however, came in the 1970s and 1980s, when 
endoscopy emerged as a new interventional 

modality for CBD obstruction. Endoscopic retro-
grade cholangiopancreatography (ERCP) had the 
ability to establish biliary drainage not only by 
directly retrieving stones but by allowing contin-
ued drainage via sphincterotomy [3]. At first eli-
gibility criteria for endoscopic management 
included those who had a previous cholecystec-
tomy or those whose age or medical comorbidi-
ties were prohibitive for open surgery. ERCP has 
now become a mainstay in urgent biliary decom-
pression. In addition to ERCP, laparoscopy has 
ushered in the new era of less invasive surgical 
management, with adaptations of all established 
open procedures, including transcystic and direct 
CBD exploration as well as transduodenal 
options. The purpose of this chapter is to review 
presentation, diagnosis, management, and out-
comes of acute cholangitis.

 Pathophysiology

Cholangitis results when two things happen: first 
biliary flow is obstructed and bile becomes sec-
ondarily infected. While the biggest risk factor for 
obstruction is cholelithiasis, secondary etiologies 
also include strictures, malignancy, postoperative/
endoscopic instrumentation, and congenital anom-
alies [4]. Bile is usually sterile; however, 15–50% 
of those with cholelithiasis have positive bile cul-
tures [5]. Several physiologic mechanisms are in 
place to prevent biliary stasis and infection, includ-
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ing unhindered flow into the duodenum, phagocy-
tosis of bacteria in the liver by Kupffer cells, as 
well as IgA and the bile salts in bile itself [6]. The 
source of bacterial contamination is not com-
pletely established. Postulated sources of bacteria 
in bile include portal venous seeding and ascent 
from the duodenum. Higher intrabiliary pressures 
can subsequently cause permeability and bacterial 
translocation, which could explain the bacteremia 
and systemic sepsis that can ensue [6]. The range 
of presentations of this disease are extremely vari-
able, likely relating to the degree of obstruction, 
capacity for drainage, virulence of bacteria, and 
capacity of the host to withstand sepsis.

 Clinical Presentation

The most common presenting symptom of chol-
angitis is fever (90%), followed by abdominal 
pain (70%) and jaundice (60%) [6]. Recognition 
of these most common clinical features of chol-
angitis can be first attributed to J.M. Charcot in 
1877, who described a “hepatic fever” associated 
with right upper quadrant pain, fever, and jaun-
dice [5]. The sensitivity and specificity of this 
triad have a wide range of values in the literature. 
While sensitivity ranged from 7.7% to 72%, 
specificity fell within a smaller range of 84–95%, 
suggesting those without these three elements are 
unlikely to have cholangitis [7]. In 1959, Benedict 
Reynolds published a series of cases of com-
pletely obstructing cholangitis with the aim of 
defining circumstances in which death was a cer-
tain outcome. He added altered mental status and 
hypotension to Charcot’s triad to form the epony-
mous Reynolds’ pentad [8]. While less than 15% 
of people present in this fashion, ability of chol-
angitis to cause sepsis and circulatory collapse 
should not be overlooked.

 Diagnostic Studies

Laboratory values and imaging are essential 
components to the diagnosis of acute cholangitis. 
The most commonly ordered laboratory tests 
used in the evaluation of cholangitis are complete 

blood count (CBC), metabolic panel, aminotrans-
ferases, alkaline phosphatase, bilirubin, and 
coagulation panel. Each of these can provide 
clinically useful information but should not be 
relied upon exclusively to eliminate the diagno-
sis. Patients will classically have a leukocytosis, 
and liver panels will show elevated total and 
direct bilirubin levels as well as alkaline phos-
phatase, suggesting cholestasis. Abnormalities in 
the aminotransferases can also be seen and are 
often >500  IU/L depending on the degree of 
hepatocyte destruction. Biliary obstruction can 
cause elevation in the PT/INR due to malabsorp-
tion of vitamin K. This is important to consider 
when planning for interventions. It is important 
to draw blood cultures on those with suspicion of 
acute cholangitis, as bacteremia is common.

 Ultrasound

No single imaging study exists to definitively 
diagnose cholangitis. In most other biliary dis-
eases, imaging is performed to confirm a sus-
pected diagnosis based on history, physical, and 
laboratory values; however, in cholangitis, diag-
nostic imaging is a supportive tool. While ultra-
sound has been the first modality to diagnose 
cholelithiasis and acute cholecystitis, it is less 
accurate for cholangitis. Due to its rapid avail-
ability and ability to be done at the bedside, its 
role is mostly confined to detecting dilatation of 
the biliary tree or observing a common bile duct 
(CBD) stone which can be difficult due to sonog-
rapher proficiency, body habitus, and bowel gas.

The extrahepatic common bile duct should be 
measured at the level of the right hepatic artery 
and not exceed 6 mm, while the intrahepatic bile 
ducts should not exceed 2 mm in size. With ade-
quate sonographer experience, the level of biliary 
obstruction can be identified in 92% of patients, 
and overall sensitivity for choledocholithiasis can 
reach 75% [9]. It is important to emphasize that 
choledocholithiasis can also be present in the 
absence of biliary ductal dilation in 25–33% of 
cases [10]. Endoscopic ultrasonography (EUS) 
(Fig. 12.1) has considerably better sensitivity at 
detecting choledocholithiasis (96%) as opposed 
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to conventional sonography and may be consid-
ered in cases where this is equivocal as it avoids 
the associated risks of ERCP when used only for 
diagnostic purposes [11].

 Computed Tomography

Computed tomography (CT) is not usually con-
sidered a preferred modality of choice in biliary 
disease. However, this is often the first study a 
patient will undergo when presenting to the emer-
gency department with fever and abdominal pain. 
The sensitivity of CT to diagnose choledocholi-
thiasis and biliary obstruction is variable, but 
reported to be around 80% [12]. Recently, several 
studies have examined subtle CT clues that sup-
port the diagnosis of acute cholangitis. These 
findings include dilation of the biliary tree, pres-
ence of stones, and transient hepatic attenuation 
differences, which essentially highlight nonstan-
dard liver parenchymal enhancement due to alter-
ations in blood flow [13] (Fig. 12.2). This pattern 
is primarily seen on the arterial phase of CT in 
patients with cholangitis, among other biliary 
pathologies [14]. One recent study found that CT 
had a sensitivity of 93% of CT for detecting acute 
cholangitis based on these patterns [15]. 
Peribiliary edema has also been used to support 
infection and therefore cholangitis on CT, with 
this pattern occurring over twice as frequently in 
patients with infected biliary obstruction [16]. 

CT comes with the advantages of being fast and 
readily available in most hospitals. Disadvantages 
include transport away from patient care areas, 
radiation, and intravenous contrast, which can 
contribute to acute kidney injury, especially in 
those patients with underlying renal dysfunction 
or end organ damage from sepsis.

 Magnetic Resonance Imaging

Magnetic resonance imaging and magnetic res-
onance cholangiopancreatography (MRI, 
MRCP) has become a frequently used diagnos-
tic tool to detect biliary obstruction due to its 
ability to highlight the biliary tract and suppress 
surrounding structures. It has a high sensitivity 
for identifying CBD obstruction between 80% 
and 100% with a specificity between 85% and 
100% [17, 18]. MRCP creates a noninvasive 
cholangiogram by using signal difference 
between bile and the surrounding tissues as well 
as stones (Fig.  12.3). There are certain situa-
tions which are responsible for the variable sen-
sitivity and specificity of MRCP for detecting 
biliary obstruction, including periampulary 
location due to the lack of bile and anatomy, 
motion artifact, and pneumobilia [19].

Like CT, MRCP can demonstrate CBD 
obstruction and be used in conjunction with other 
supporting elements of the patient presentation to 
support the diagnosis of cholangitis. In a pro-

Fig. 12.1 Endoscopic ultrasound image taken at the level 
of the ampulla. Note the hyperechoic stones (arrow) and 
the hypoechoic posterior acoustic shadowing (stars inside)

Fig. 12.2 CAT scan of the abdomen showing a stone in a 
dilated common hepatic duct (black arrowhead) along 
with intrahepatic biliary dilation (red arrow)
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spective study from 2012, Eun and colleagues 
have set forth some supplementary criteria on 
MRI that could suggest the diagnosis of cholan-
gitis itself. These characteristics include increased 
periductal signal intensity, transient periductal 
signal difference, hepatic abscess, abscess, and a 
“ragged duct,” which were frequent in patients 
with confirmed cholangitis [20].

MRI avoids radiation and is therefore the most 
useful study in the pregnant population. It cannot 
be used in patients with incompatible metal 
devices or implants and is difficult to tolerate for 
those with claustrophobia. Additionally, in some 
institutions MRI is not quickly and readily avail-
able, which can be imperative in severe cases. 
Though its diagnostic accuracy is the best of any 
noninvasive imaging study, its lack of therapeutic 
option after a diagnosis is established is its big-
gest drawback.

 Cholangiography

Direct imaging of the biliary tree is the gold stan-
dard to locate the presence and level of CBD 
obstruction. This can be accomplished using 
either ERCP or the percutaneous transhepatic 
technique (PTC). While ERCP is widely accepted 

as the premier treatment intervention for cholan-
gitis, which will be discussed later, it also has 
diagnostic capability. Depending on clinical sta-
tus, degree of suspicion of acute cholangitis, and 
ability to undergo less invasive diagnostic testing, 
ERCP can be used to diagnose biliary obstruc-
tion. The main advantage of this technique is the 
capability to immediately intervene and relieve 
the obstruction after the diagnosis is established 
(Fig. 12.4). While in mild cases the risks of the 
procedure outweigh the benefits, in patients with 
systemic manifestations, it presents an attractive 
option. There are several studies that have com-
pared MRCP with ERCP as the gold standard for 
diagnosis of acute cholangitis, which have found 
that MRI has a similar diagnostic accuracy with-
out the complications of an invasive procedure 
[21, 22]. ERCP is not without significant risks, 
notably including post-ERCP pancreatitis 
(2–10%) [23], hemorrhage, perforation, as well 
as the complications associated with procedural 
sedation. ERCP should be chosen carefully as the 
initial diagnostic study [24]. Predicting which 
asymptomatic patients will ultimately require 
ERCP is more difficult, but advanced age (>55), 
hyperbilirubinemia (>1.8  mg/dl), and common 

Fig. 12.3 T2-weighted MRCP showing a large stone in 
the common bile duct (red arrow)

Fig. 12.4 An ERCP demonstrating a dilated common 
bile duct with multiple stones (red arrowhead)
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duct dilation have all been shown to increase the 
likelihood of having a therapeutic ERCP [25].

PTC may be done at the patient’s bedside 
under ultrasound guidance or in the fluoroscopy 
suite. After initial aspiration, a pigtail drainage 
catheter can be left in place for removal of further 
infected bile (Fig. 12.5). This temporizing mea-
sure can allow optimization of the patient’s criti-
cal illness as well as any other underlying 
comorbidities. The drainage catheter should be 
left in place for 6 weeks to allow for establish-
ment of a fibrous fistula tract prior to removal. In 
certain patients that are in a prohibitive surgical 
risk due to their underlying medical problems, 
conservative management with PTC cholangiog-
raphy with stone extraction and catheter removal 
which can be accomplished successfully often 
without recurrence can be achieved [26]. 
Drawbacks to PTC include worsening sepsis 
from manipulation of the infected biliary tree and 
subsequent bacteremia, hemorrhage (including 
hemobilia), as well as biliary peritonitis.

 Diagnostic Criteria and Severity 
Grading

A committee from Tokyo met to define standard-
ized criteria for the diagnosis and management of 

cholangitis in 2007 and 2013. Because there are 
elements in a patient’s history, physical exam, 
laboratory values, and imaging that contribute to 
the diagnosis of acute cholangitis, these criteria 
encompass elements from all of these categories. 
The guidelines include aspects based on (1) sys-
temic inflammation, fever or chills, elevated 
white blood cell count, or C-reactive protein 
(CRP); (2) cholestasis, jaundice or abnormal 
liver function tests; and (3) imaging, biliary dila-
tation or evidence of a stricture, stone, or stent 
[27]. The diagnosis is suspected if a patient has 
evidence of systemic inflammation and cholesta-
sis and considered definite if there is imaging evi-
dence as defined above. Based on a retrospective 
study, the Tokyo Guidelines have increased sen-
sitivity to 91% and specificity to 77% for diagno-
sis of acute cholangitis [28].

Taking this one step further, the Tokyo com-
mittee also aimed to develop a stratification based 
on clinical criteria to determine severity of illness 
that would identify patients who, if not inter-
vened upon quickly, would have increased mor-
tality. They retrospectively analyzed more than 
1000 cases to determine these factors and came 
up with a grading system. Grade III (severe), 
patients presented with signs of organ system 
failure, grade II (moderate) patients had no 
improvement with antibiotics and resuscitation 
but no organ dysfunction, and grade I (mild) 
cases being those patients that responded to med-
ical therapy alone [29].

 Microbiology

In Western populations, bacterial pathogens are 
those most commonly responsible for acute chol-
angitis. Typical bacteria are those found in the 
gastrointestinal tract. Bile cultures are positive in 
90% of cases of cholangitis [30]. Historically and 
currently, Escherichia coli is the most common 
organism isolated from bile cultures in patients 
with cholangitis (31–44%), followed by 
Klebsiella species (9–20%), and Enterococcus 
(3–34%) [31]. Anaerobes are not usually the pre-
dominant species isolated, but can coinfect bile 
in up to 50% of cases, with the most common 

Fig. 12.5 A PTC demonstrating dilation of the intrahe-
patic biliary tree (red arrow) and tortuous common bile 
duct (red arrowhead)
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organisms being Bacteroides sp., followed by 
Clostridia sp. [32]. Over the last several decades, 
there has been an increase in the number of pro-
cedures performed on the biliary tree and as such 
a rise in the number of healthcare-associated 
cholangitis infections. Pseudomonas species 
have become an important pathogen in these situ-
ations, and antibiotic therapy should be tailored 
accordingly.

 Special Populations

Acute bacterial infection remains the most com-
mon cause of acute cholangitis in immunocom-
promised patients; however, it is worth 
mentioning other pathogens and populations that 
have special considerations. The immunocom-
promised host presents a challenge to both diag-
nose and treat, often with resistant and 
opportunistic pathogens. Acquired immunodefi-
ciency syndrome (AIDS) patients have a propen-
sity for biliary pathology including AIDS 
cholangiopathy. It can result from HIV itself, or a 
variety of opportunistic infections that cause 
ischemia and nerve damage to areas of the biliary 
tree, causing a secondary cholangitis. In only 
50% of cases can a source be identified, which 
includes Cytomegalovirus (CMV), 
Cryptosporidium parvum, and Mycobacterium 
avium complex, among other organisms [33].

Liver transplant patients have a tendency 
toward cholangitis due to their immunocompro-
mised state in addition to the presence of a biliary 
anastomosis, largely due to CMV [33]. This is 
treated with intravenous ganciclovir as well as 
stent placement for stricture-related disease.

 Parasites

Though less of an issue in the Western popula-
tion, parasites still account for episodes of chol-
angitis worldwide. Clonorchiasis is caused by 
small trematodes ingested with undercooked fish. 
They enter the biliary tree through the ampulla of 
Vater and migrate and lodge in medium- to small-
sized ducts, causing obstruction and cholangitic 

features. A significant burden of flukes can affect 
larger ducts and cause biliary obstruction and 
lead to bacterial cholangitis [34]. Therapy 
includes biliary decompression and an anti-hel-
minthic agent, such as praziquantel [34]

Ascariasis is caused by a large round worm 
and is seen in tropical areas that can gain access 
to the biliary tree after being ingested. This worm 
causes cholangitis in several ways: their secre-
tions cause sphincter of Oddi spasm and promote 
stone formation, cause necrosis and abscesses of 
the biliary tract, and can bring bacteria along to 
colonize bile [35]. A similar treatment strategy is 
employed, with biliary decompression, antibiotic 
therapy, and praziquantel.

Schistosomiasis is found in the Middle East, 
South America, Africa, China, and Japan and is 
characterized by trematode eggs that cause peri-
portal inflammation and fibrosis [33]. It primarily 
affects the smaller peripheral ducts and can also 
be confused with acute bacterial cholangitis. It is 
also treated with biliary decompression and 
praziquantel.

 Medical Management

The mainstays of treatment for acute cholangitis 
include resuscitation, antibiotic therapy, and 
decompression of the biliary obstruction. As dis-
cussed earlier, acute cholangitis is a diagnosis 
that encompasses a wide spectrum of clinical 
presentations, varying from mild to life-threaten-
ing organ dysfunction. Given its potentially dev-
astating course, patients with high suspicion or 
diagnosis of acute cholangitis should be admitted 
to the hospital, administered antibiotics, and 
monitored for improvement. This is unlikely to 
succeed in those patients with complete biliary 
obstruction and will often progress to having 
moderate or severe disease.

 Sepsis

Those with more severe disease-causing organ 
system dysfunction or signs of shock should be 
admitted to an intensive care unit (ICU) with 
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central intravenous access, arterial blood pres-
sure monitoring, and urinary catheter. 
Resuscitation in congruity with the 2016 guide-
lines set forth by the Surviving Sepsis Campaign 
should be undertaken [36]. Expedited volume 
administration with isotonic fluid should be 
empirically started and then targeted to hemo-
dynamic parameters such as central venous and 
mean arterial pressure goals. Response to ther-
apy can be assessed by monitoring continuous 
central venous gases, lactate measurements, and 
urine output. Should hemodynamic and resusci-
tative parameters be unobtainable, the first-line 
vasopressor of choice remains norepinephrine 
in most patients. After cultures are drawn, 
simultaneous early broad-spectrum antibiotic 
therapy is essential and should not be delayed. 
Any electrolyte abnormalities should be cor-
rected. Medical management, while essential, is 
only a bridge toward patient optimization for 
definitive source control in the form of prompt 
biliary drainage.

 Antibiotic Therapy

Early antibiotic therapy is imperative in treat-
ment of cholangitis and should be guided toward 
the most common causative organisms. Selection 
of specific agents depends on each institution and 
its culture data, as well as host factors such as the 
severity of illness and likelihood of having a 
healthcare-associated infection.

Broadly, several categories of antibiotic are 
useful in treating community-acquired cholangi-
tis of mild or moderate severity. These should be 
targeted toward E. coli, Klebsiella, and other 
enteric gram-negative pathogens. Penicillin 
derivatives such as second- and third-generation 
cephalosporins (cefoxitin and ceftriaxone, 
respectively) have broad gram-negative cover-
age. Ceftriaxone has been associated with biliary 
pseudolithiasis and had been avoided in biliary 
infections; however, this side effect is most 
prominent in children and is extremely rare [37]. 
The fluoroquinolone class (ciprofloxacin) has 
long been used for community-acquired intra-
abdominal infections; however, there is a current 

trend of resistant organisms, and many institu-
tions are avoiding this class of drug.

For a patient who presents with severe organ 
dysfunction and sepsis, it is important to target a 
wider spectrum of bacteria. The carbapenem class 
including imipenem and meropenem has activity 
against resistant gram-negative organisms, 
Pseudomonas, gram-positives including entero-
coccus, and anaerobes. The carbapenem class does 
not cover methicillin-resistant Staphylococcus 
aureus (MRSA). The ureidopenicillins include 
piperacillin with its beta-lactamase inhibitor tazo-
bactam, which also have a wide spectrum of cov-
erage including resistant gram-negatives, 
Pseudomonas, and anaerobes. Vancomycin can be 
added to cover enterococcus, which has largely 
become resistant to the aminoglycosides. The 
fourth-generation fluoroquinolone, moxifloxacin, 
can also be considered in this situation. It has 
activity against gram-negative organisms, anaer-
obes, and enterococcus. A randomized controlled 
trial showed it to be noninferior to piperacillin-
tazobactam with amoxicillin-clavulanate, with just 
once daily dosing [38].

In a patient with the potential for a nosocomial 
infection (hospital or healthcare facility stay 
within 90  days), therapy should cover resistant 
gram negatives, Pseudomonas, enterococcus, 
MRSA, and anaerobes. One such regimen is van-
comycin and piperacilin-tazobactam. If suspicion 
for vancomycin-resistant enterococcus is high, 
then linezolid should be added. While not rou-
tinely considered part of empiric coverage, anti-
fungal coverage can be added if there is a history 
of malignant obstruction, pre-existing antibiotic 
or steroid use, immunocompromised state, or 
culture data showing yeast species [39].

In 2009 the Surgical Infection Society and the 
Infectious Disease Society of America penned 
guidelines to facilitate antibiotic choice for intra-
abdominal infections [40]. The guidelines do not 
address cholangitis specifically, except in cases 
with a biliary-enteric anastomosis, in which case 
metronidazole should be added to the regimen to 
cover anaerobic bacteria. The Tokyo Guidelines 
from 2013 also address antibiotic management 
based on their own grading system for severity 
of disease [31]. They propose regimens that are 
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penicillin, fluoroquinolone, and cephalosporin 
based, any of which can be applied depending on 
hospital resistance patterns and patient drug 
allergy. In all instances, antibiotics should be tai-
lored to available culture data after empiric broad 
spectrum coverage is initiated and de-escalated 
when possible. In cases of mild cholangitis, gen-
erally only 2–3  days of antibiotics are recom-
mended, while moderate to severe cases require 
5–7  days assuming decompression has been 
accomplished [31].

 Interventional Management

Ultimately, source control via biliary drainage is 
necessary for the successful treatment of acute 
cholangitis. Broadly, there are four categories of 
interventions to review: ERCP, percutaneous 
transhepatic biliary drainage (PTBD), laparo-
scopic surgical techniques, and their open 
counterparts.

 ERCP

Endoscopic management has become the pre-
ferred treatment modality of acute cholangitis. It 
is 98% successful in clearing the CBD and pro-
viding biliary drainage [41]. ERCP can be used 
to image the common bile duct and biliary tree, 
clear the duct of stones and pus, and provide con-
tinued drainage via sphincterotomy or stenting. 
Patients with acute coagulopathy or that are on 
anticoagulation are not candidates for sphincter-
otomies due to increased bleeding risk, and can 
undergo balloon dilation, stent placement, or 
nasobiliary drainage instead.

An advanced endoscopist performs this proce-
dure, which requires sedation and in some cases 
intubation when the patient is unstable. The 
endoscope is advanced through the mouth to the 
duodenum, and a catheter is fed through the 
ampulla of Vater. At this point pus or bile can be 
drained and sent for culture. Next, a sphincterot-
omy is performed, using electrocautery to incise 
the deep muscle layers of the sphincter of Oddi, 
allowing free drainage of stones and bile. If the 

patient is unstable, decompression of the biliary 
tree with stenting should be the main objective to 
limit time under anesthesia, with delayed stone 
extraction or workup of stricture undertaken once 
the patient stabilizes. In stable patients with 
remaining stones, balloons and baskets are 
threaded past the stone to pull it toward and 
through the ampulla. Should a stone be too large 
to retrieve with this mechanism, mechanical lith-
otripsy can be performed to reduce the size of the 
stone to facilitate its removal. If the obstruction is 
caused by malignancy or stricture, a stent can be 
deployed to relieve the obstruction. Completion 
cholangiography can show the biliary tree with-
out filling defects.

A large multicenter prospective study that set 
out to define rates and risk factors of complica-
tions related to ERCP showed that pancreatitis 
(5%), bleeding (2%), and perforation(0.003%) 
were the most frequently encountered [42]. Of 
those with pancreatitis, 0.4% had severe case, 
requiring over 10 days in the hospital. In certain 
patients with risk factors, peri-procedural indo-
methacin may reduce the rate of post ERCP pan-
creatitis [43]. Complication rates are lower for 
more experienced endoscopists. Post-procedure, 
patients should be monitored for pancreatitis 
using abdominal exam and lipase measurement.

Benefits of ERCP include its minimally inva-
sive nature, wide availability, and remarkable 
success rate in treating CBD obstruction. ERCP 
has been compared to both percutaneous and sur-
gical options. It has an equal success rate to open 
surgery; however, it has substantially less mor-
bidity and mortality, especially in the elderly 
population [44].

 Percutaneous Transhepatic Biliary 
Drainage

This technique involves percutaneous access to 
the biliary tract and is usually performed by 
 interventional radiologist that uses fluoroscopy to 
correctly identify the biliary tract. Sedation and 
local anesthesia are required for analgesia. 
Puncture can be performed to target the right or 
left hepatic duct or the gallbladder, with the sub-
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costal approach to the left duct being less painful 
[45]. Dilated peripheral ducts provide for more 
facile access to the biliary tract. External biliary 
drainage can be used to temporize the effects of 
sepsis, and a catheter is left in place to facilitate 
continued drainage. Through the catheter, many 
of the same interventions as ERCP can be per-
formed, including balloon dilation and stenting 
[46, 47].

Where available ERCP with sphincterotomy 
and stenting is the first choice for biliary drainage 
in cholangitis due to its lower complications and 
higher success rate, however PTBD is a second-
ary option when ERCP fails [48]. PTBD can also 
be used for drainage in patients whose anatomy 
precludes ERCP, such as those with biliary-
enteric anastomoses (i.e., Roux-en-Y).

Complications of this technique include cath-
eter occlusion, dislocation, and recurrence of 
cholangitis with at least one complication noted 
in 40% of patients [49]. Hemobilia, occurring in 
2.3%, can be a potentially life-threatening situa-
tion that requires angiographic intervention to 
remedy [50]. While not first line, PTBD remains 
an option in those patients for whom ERCP is 
unsuccessful and surgical intervention is too 
prohibitive.

 Surgical Management

Principles of surgical biliary decompression have 
been honed over 100 years. Preoperative consid-
erations include stability of the patient, comor-
bidities, and failure of endoscopic therapy.

 Minimally Invasive Surgery

Laparoscopic common bile duct exploration has 
become an important option for surgical manage-
ment of choledocholithiasis and cholangitis. The 
procedures described below are consistent with 
the current SAGES guidelines for laparoscopic 
biliary surgery [51] and are reflective of the 
authors preferences. This technique should only 
be considered in patients with mild to moderate 
disease on the Tokyo scale as those with severe 

disease are typically too unstable and would 
poorly tolerate the insufflation needed to perform 
this operation safely.

The patient is placed supine on the operating 
table arm tucking per surgeon preference. The 
patient is placed in the reverse Trendelenburg 
position with the right side up to clear small 
bowel and colon from the field. Abdominal 
access is achieved via open Hasson technique. 
Dissection begins as a laparoscopic cholecystec-
tomy would, defining anatomic relationships and 
obtaining a critical view of safety prior to divi-
sion of any structure. This entails identifying the 
hepatocystic triangle, a single duct, and a single 
artery entering the gallbladder and dissecting the 
lower third of the gallbladder off of the liver bed. 
This avoids harm to the CBD and portal struc-
tures. Once this is acquired, the CBD can be 
assessed for stones or inadvertent injury using 
intraoperative cholangiography to image the bili-
ary tree. Additionally, intraoperatrive ultrasound 
can be used to detect stones in the CBD. Once 
IOC confirms obstruction or filling defects, the 
laparoscopic CBD exploration can begin.

 Transcystic CBD Exploration
First, 1 mg of intravenous glucagon is given in 
conjunction with vigorous flushing of the CBD 
with saline through the cholangiogram catheter 
to relax the sphincter of Oddi. Fogarty balloons 
(3–5 French) can then be passed to try to retrieve 
stones via the cystic duct. This can be successful 
for smaller mobile stones (less than 8 mm). If this 
is not successful, a choledochoscope can be 
passed through an additional 5 mm laparoscopic 
port into the dilated cystic duct opening and 
attached to continuous irrigation. This can be 
used to confirm clearance or visualize stones. 
Retrieval baskets can be used and deployed to 
visualize the stone being pulled into the cystic 
duct. Cholangiography or repeat choledochos-
copy can then be used to confirm stone clearance 
visually or by free flow of contrast into the 
duodenum.

 Choledochotomy
If the CBD is dilated with impacted or large 
stones (>8 mm), a choledochotomy can be per-
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formed. This is generally done 1–2  cm distal 
from the junction of the cystic and common 
hepatic ducts (Fig. 12.6). We place two 4–0 PDS 
stay sutures at 10 and 2 o’clock positions to tent 
the CBD; this avoids the parallel 3 and 9 o’clock 
positions of the vasculature supplying the com-
mon bile duct. An anterior choledochotomy of 
1 cm is made while placing the stay sutures under 
tension to prevent back wall injury. Through this, 
ductotomy Fogarty balloons (Fig.  12.7) or the 
choledochoscope can be placed, and retrieval 
(Fig. 12.8) can be attempted.

If there is an impacted stone that cannot be 
retrieved by any laparoscopic means, there are 
several options. Firstly, the stone can be left in 
place, and the CBD can be closed over a T-tube 

providing drainage. Secondly, an intraoperative 
or postoperative ERCP can attempt removal with 
anterograde interventional assistance via the 
T-tube. In cases where this cannot be accom-
plished either intraoperatively or postoperatively, 
an open procedure involving a longitudinal duo-
denotomy and open sphincterotomy can be per-
formed. This is not recommended in settings 
where interventional and advanced endoscopic 
expertise is readily available.

The CBD should be closed over a T-tube for 
all cases of acute cholangitis to allow for contin-
ued duct decompression. This should be placed 
to a gravity drainage bag, and the authors also 
prefer to utilize closed suction drainage in 
Morrison’s pouch. Cholangiography can be per-
formed through the T-tube, 2 or more weeks 
later after resolution of infection, and the drain 
can be removed if there are no signs of persis-
tent obstruction. If there is low suspicion for 
biliary infection, the choledochotomy can be 
closed primarily with interrupted 4-0 PDS 
sutures. Alternatively, biliary drainage can be 
established via a transcystic catheter that is 
externalized.

 Combined Procedures
Laparoscopy can be combined with ERCP if the 
surgeon does not feel comfortable performing a 
laparoscopic CBD exploration; however, this 
adds time and cost. It becomes especially use-
ful, however, for direct access to the stomach in 
patients with Roux-en-Y anatomy. While lapa-
roscopy generally has better morbidity and mor-

Fig. 12.6 Intraoperative photo of a laparoscopic com-
mon bile duct exploration. Anterior choledochocotomy is 
demonstrated (black arrow)

Fig. 12.7 A biliary Fogarty is used to clear the common 
bile duct via anterior choledochocotmy

Fig. 12.8 Large common bile duct stone (white arrow-
head) after being extracted using a biliary Fogarty
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tality for patients, there are several drawbacks 
including advanced laparoscopic techniques, 
readily available specialized instruments (i.e., 
choledochoscopes and stone extraction bas-
kets), and suitable patient physiology to be per-
formed safely.

 Surgery Vs. Endoscopy
Biliary decompression is considered as the pri-
mary treatment of cholangitis. In less severe 
cases of acute cholangitis, elective biliary decom-
pression may be planned by either endoscopy or 
laparoscopy. In severe cases, emergency endo-
scopic decompression should be performed as 
surgical treatment in these patients is associated 
with higher mortality [52, 53].

 Open Surgery

Endoscopic and minimally invasive surgery 
have mostly obviated the need for an open sur-
gery; however, open common bile duct explora-
tion is always a fallback option for biliary 
drainage, particularly in unstable patients in 
which no endoscopic or interventional options 
exist. Open surgery carries risks of general 
anesthesia and the morbidity of a laparotomy. 
The technique, procedures, and adjuncts are 
analogous to those available laparoscopically. 
The most useful technique to employ in patients 
with severe cholangitis in situations such as 
these is open T-tube placement into the com-
mon bile duct. The authors prefer to use a right 
subcostal incision, but a midline incision is 
equally effective. The portal triad is exposed 
and structures dissected. Stay sutures are placed 
similarly to the laparoscopic procedure and an 
anterior ductotomy of 2 cm done longitudinally. 
A T-tube is then placed into the CBD and closed 
over horizontally placed 4-0 PDS sutures. Stone 
extraction should not be done at this time as the 
primary goal is to achieve biliary decompres-
sion and shorten the time the patient is under 
general anesthesia. The patient can then be fur-
ther resuscitated, and once stabilized, transfer 
to a tertiary center that has ERCP/PTBD can be 
considered.

 Post Intervention Care

Specific post-procedure considerations have been 
discussed above; however, there are some general 
tenets of care. After establishing adequate biliary 
drainage and antibiotic regimen appropriate for 
the patient, the patient should be admitted to a 
monitored setting. Resolution of leukocytosis 
and decreasing bilirubin should be expected if 
antibiotics and drainage are adequate. Any aber-
rant lab values associated with sepsis should also 
be checked regularly until normalization. 
Imaging should not be necessary, unless incom-
plete clearance of the CBD is suspected.

According to the IDSA and the Tokyo 
Guidelines, with complete drainage of biliary 
obstruction, antibiotic therapy for acute cholan-
gitis should be continued for a total of 4–7 days, 
as longer durations were not associated with bet-
ter outcomes [40]. In the event of bacteremia 
with enterococcus, 2 weeks of antibiotics are rec-
ommended [31]. If the CBD is not cleared com-
pletely, treatment should continue.

In those cases of acute cholangitis caused by 
gallstones, laparoscopic cholecystectomy is rec-
ommended. The NSQIP risk calculator [54] can be 
used to assess fitness for surgery and approximate 
operative risk. A discussion with the patient should 
review specific risks such as risk of recurrent chol-
angitis, biliary pancreatitis, or acute cholecystitis. 
The timing of elective cholecystectomy has been 
debated. In one retrospective review of 112 cases, 
patients who had surgery greater than 6 weeks after 
their bout of cholangitis had more intraoperative 
(28 vs 9%) and postoperative (42 vs 15%) compli-
cations compared to those who had surgery less 
than 6  weeks later [55]. Some studies have sug-
gested that elective cholecystectomy reduces the 
risk of recurrent episodes of acute cholangitis [56, 
57]. There are no data regarding cholecystectomy 
during the same admission vs. within 6 weeks.

 Outcomes

Over the last 100 years, the mortality of acute 
cholangitis has greatly improved. Prior to 1980, 
the diagnosis carried greater than 50% mortal-
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ity, but with modern interventions and manage-
ment, this fell to 2–10% after 2000 [58]. Several 
studies have tried to investigate variables asso-
ciated with worse outcome [59–61]. The highest 
mortality is seen in those patients who present 
with or develop signs of end-organ damage and 
sepsis related to cholangitis. The elderly also 
have worse outcomes after both mild and severe 
cholangitis vs. younger patients, with mortality 
rates of 10.8% vs 3.2%, respectively [44]. 
Delayed ERCP also has a negative effect on 
mortality, ICU stay, and organ failure [62, 63]. 
Those who present with malignant obstruction 
carry a higher mortality risk, related to the 
underlying disease process as well as patient 
comorbidities and chemotherapy [64]. For those 
who do not present with organ damage and sep-
sis, antibiotics and decompression have a mor-
tality of less than 5% [59].

 Conclusion
In summary, cholangitis compromises a wide 
clinical spectrum that has the potential to be 
life-threatening and systemic. If sepsis is 
present, emergent biliary decompression is 
necessary to achieve source control. Despite a 
historically high mortality, with early recog-
nition and prompt intervention either endo-
scopic or surgical, outcomes are favorable.
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Gallstone Ileus

Chris Dodgion and Marc de Moya

 Introduction

Gallstone ileus is a mechanical obstruction of the 
gastrointestinal tract caused by gallstones that 
enter the alimentary tract via a cholecystoenteric 
fistula. The etiology of the fistula often stems 
from episodes of cholecystitis or chronic inflam-
mation of the gallbladder that forms adhesions to 
the surrounding bowel, usually the duodenum. 
The development of a large gallstone then causes 
pressure necrosis of the gallbladder wall result-
ing in bowel erosion and fistula formation. The 
subsequent passage of a gallstone (>2–2.5  cm) 
into the alimentary tract will tumble along until it 
reaches a point of narrowing causing a bowel 
obstruction that was historically mislabeled as an 
“ileus.”

Eighty to 90% of all stones that enter the gas-
trointestinal tract are small and will pass sponta-
neously. The majority of stones (90%) that are 
responsible for the obstruction are >2.5 cm [1], 
and 60.5% of stones lodge just proximal to the 

ileocecal valve; other sites are less frequent: jeju-
num (16.5%), stomach (14.2%), sigmoid colon 
(4.1%), and duodenum (3.5%) [2, 3]. Obstruction 
is increasingly likely with smaller stones if 
patients have a history of inflammatory bowel 
disease, prior bowel obstructions, or diverticuli-
tis, leading to decreased bowel intraluminal 
diameter though this is somewhat dependent on 
the location of the cholecystoenteric fistula. The 
second portion of the duodenum is the most com-
mon site of fistula formation (~68%) [4, 5] fol-
lowed by gastric (5–13%), colonic (5–11%), and 
jejunal or ileal (2.5%) [6] (Fig. 13.1).

 Epidemiology

The development of a gallstone ileus is a rare 
event, though first described in 1654 by Bartholin 
there were only 555 cases reported in the litera-
ture by 1954 [7]. Overall, only 0.3–0.5% of 
patients with choledocholithiasis will develop an 
obstruction related to a gallstone. Historically, 
1–3% of all small bowel obstructions [8, 9] were 
thought to be secondary to gallstones, but a recent 
national evaluation using the National Inpatient 
Sample by Halabi et al. has shown rates as low as 
0.095%. This represents an incidence of 500–600 
patients per year [2].

However, both women and the elderly are dis-
proportionately at risk for gallstone ileus. The 
mean age diagnosis is 74, and there is a 3:1 ratio 
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of female predominance [2, 10]. In this select 
population of elderly female patients, gallstone 
ileus has been show to account for 22.5–25% of 
all nonischemic small bowel obstructions [3]. 
This lopsided distribution of patients is likely due 
in part to the increased rate of gallstone forma-
tion in women [11] and the relative pain tolerance 
of the elderly that decreases the rate of presenta-
tion with initial biliary symptoms.

Despite the low incidence of gallstone ileus, it 
has historically been associated with high mor-
bidity and mortality. Early reported mortality 
rates were as high as 40–70% [7] but more 
recently have improved to 15–18% [3] or as low 
as 6% in recent national database studies [2, 10]. 
The high mortality rate is thought to be second-
ary to the advanced age, concomitant comorbidi-

ties, and delayed presentation. In a 6-year 
evaluation of NSQIP patients with gallstone 
ileus, Mallipeddi et al. found that 69% of patients 
had an ASA score of ≥3, frequently secondary to 
obesity (39%), diabetes (23%), hypertension 
(73%), coronary artery disease (10%) or COPD 
and tobacco use (12%). Most patients present 
3–8  days after onset of symptoms and do not 
undergo a surgical intervention for another 
3–4 days after presentation [4, 8, 9].

 Signs and Symptoms

The symptoms associated with gallstone ileus 
are non-specific but often resemble that of a 
small bowel obstruction. Frequently, patients 
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Fig. 13.1 Types of biliary-enteric fistula [63]
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describe episodic abdominal pain with 
intermittent- associated nausea and vomiting; 
often this is described as a “tumbling” type of 
obstruction from the passage of the stone along 
the gastrointestinal tract [12, 13] (Fig.  13.2). 
These obstructive symptoms with associated 
dehydration, electrolyte abnormalities, are 
much more common than signs or symptoms of 
biliary pathology – elevated LFTs (25%), jaun-
dice (15%) [4], and RUQ pain (20%) [3, 14]. 
Though gallstone ileus is associated with 
chronic inflammation of the gallbladder and 
erosion of a stone into the gastrointestinal tract, 
only 50% of patients will have a prior history of 
biliary complaints [7, 8].

Historically only 20–50% of patients had the 
correct preoperative diagnosis [7, 15]. In part, 
this is secondary to the non-specific nature of the 
symptoms but also is a result of the insensitivity 
of abdominal X-rays. More contemporary series 
have increased the rate of preoperative diagnosis 
to approximately 77% with the use of CT scan 
and other imaging modalities.

 Imaging

 Abdominal X-ray

Given the non-specific nature of patients’ pre-
senting symptoms, abdominal imaging plays an 
important role in the diagnosis of gallstone ileus. 
The classic imaging findings on abdominal X-ray 
diagnostic of gallstone ileus are dilated bowel, 
pneumobilia, and a visualized gallstone often in 
the right lower quadrant. This is known as 
Rigler’s triad, which was first described in 1941 
when X-rays were the only available imaging 
study, and is pathognomonic for gallstone ileus 
[16, 17]. In Rigler’s series of 14 cases, pneumo-
bilia was present in 93% of cases [17]. However, 
less than 35% of patients display all three signs 
[18–20], and only 2/3 of Rigler’s criteria are 
found in 50% of cases [21]. The overall sensitiv-
ity of abdominal X-ray for gallstone ileus is 
approximately 43% [22].

In part, the low sensitivity of abdominal X-ray 
is because only 15–30% of gallstones contain 
enough calcium to be radiopaque and even then 
they can be obscured by bowel gas [23]. 
Additionally, although pneumobilia is the most 
frequently seen sign on abdominal X-ray, there 
are a number of other conditions that can demon-
strate this finding like emphysematous cholecys-
titis, suppurative cholangitis, and incompetent 
sphincter of Oddi (most common after ERCP or 
rarely blunt trauma) [3, 4, 22], and only 25% of 
all patients with pneumobilia have a cholecysto-
enteric fistula [8].

 Ultrasound

Abdominal ultrasound has been advocated to 
supplement X-ray findings as a low-cost alterna-
tive to CT scans, and adding ultrasound has 
improved the overall sensitivity of diagnosis to 
73% [19, 22]. Specifically, ultrasound is more 
sensitive in identifying pneumobilia and ectopic 
gallstones [6]. Some additional advantages of 
ultrasound can be the identification of the site of 
the fistula [24], identification the site of obstruc-
tion in non-radiopaque stones [19], evaluation for 
additional stones within the biliary tree that might 

Fig. 13.2 Endoscopic view of intraluminal gallstone
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increase the risk of recurrence, and examination 
of the degree of biliary inflammation [4]. Finally, 
in those patients who undergo enterolithotomy 
alone, ultrasound can be useful to evaluate clo-
sure or persistence of a biliary enteric fistula [4].

 Computed Tomography (CT)

More recently the high-resolution abdomen and 
pelvis CT scan with IV contrast has supplanted 
both ultrasound and abdominal X-rays in the 
diagnosis of gallstone ileus. CT has been shown 
to have a diagnostic sensitivity of 93% and a 
specificity of 100% [25] with Rigler’s triad being 
identified in approximately 78% of patients [9, 
15, 26–30] (Fig. 13.3). CT’s improved diagnostic 
accuracy has assisted with decreasing the delay 

in diagnosis and improving the historically high 
mortality rates [9, 15, 20, 30, 31]. Additionally, 
CT has an added advantage of inspection for 
other intra-abdominal pathology, assisting with 
localization of the site of obstruction and surgical 
planning and identification of concomitant stones 
that occur in 10–12% of patients and evaluating 
for associated intestinal ischemia.

 Management

Resuscitation and relieving the obstruction in 
gallstone ileus are the primary goals of initial 
treatment. For most patients, this will require an 
urgent operation, but the exact method of inter-
vention to relieve the obstruction and the need to 
address the fistula during the index operation is 
still being debated in the literature.

 Enterolithotomy

The enterotomy for stone extraction is typically 
made >30 cm proximal to the site of obstruction 
to avoid any edema or inflammation around the 
site of the impaction. The enterotomy incision is 
made in a longitudinal fashion on the antimesen-
teric side of the bowel and closed in a transverse 
fashion, to avoid narrowing the lumen [5]. The 
exception to this is when the obstructed segment 
is ischemic or perforated which would require 
resection. Attempts should not be made to crush 
the gallstone in situ as this is more likely to dam-
age the bowel wall than achieve meaningful 
results in relieving the obstruction or allowing 
distal passage of the stone [4]. During this opera-
tion, the entire small bowel should also be 
 evaluated as there is a 5–10% rate of concomitant 
stones [32] (Fig. 13.4).

 Fistula Closure

Fistula closure at the time of the index operation 
or as a second operation was historically contro-
versial. Proponents for fistula closure cite less 
future biliary complications (cholecystitis and 

Fig. 13.3 *Pneumobilia (blue arrow), impacted gallstone 
(red arrow)
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cholangitis), less recurrence, and concern for the 
presence or development of gallbladder carci-
noma [33, 34]. Advocates against fistula closure 
cite that the gallbladder is typically shrunken 
down with significant pericholecystic inflamma-
tion, fibrosis, and distortion of biliary anatomy 
that increases the difficulty/complexity of both 
cholecystectomy and fistula repair and increases 
the chance of a common bile duct injury. 
Additionally, the inflamed tissue is at greater risk 
of postoperative leak after closure. Finally, 
enterolithotomy alone has a significantly shorter 
operative time which is essential in this typically 
debilitated infirmed patient who often presents 
with significant dehydration, possible shock, and 
multiple comorbidities.

A 40-year historical review (1953–1993) of 
1001 patients by Reisner et al. showed a lower 
mortality rate with enterolithotomy alone 
(11.6%) vs 16.7% for those who underwent con-
comitant fistula closure [3]. Eighty percent of 
patients in the Reisner study were treated with 
enterolithotomy alone and 11% with enteroli-
thotomy, cholecystectomy, and primary fistula 
closure. This mortality benefit for enterolithot-
omy alone was also supported by other smaller 
case series in those patients who are critically ill 
or elderly with significant comorbidities [35, 
36]. Halabi et  al. used the National Inpatient 
Sample in 2014 [2] to study 3268 cases of gall-
stone ileus from 2005 to 2009. In this cohort, 
62% underwent enterolithotomy only, 19% 
underwent closure of the fistula tract, and 19% 

underwent small bowel resection. The overall 
mortality rate was 6.7% with a significantly 
higher odds of mortality among those patients 
who underwent primary fistula closure (OR 
2.86) and bowel resection (OR 2.96) after multi-
variate analysis.

In a 2013 NSQIP evaluation, Mallipeddi et al. 
evaluated 127 patients who were treated from 
2005 to 2010. Seventy-four percent of patients 
underwent small bowel enterolithotomy, and 
11% underwent an accompanying cholecystec-
tomy with presumed fistula repair. They noted an 
overall morbidity of 35.4% and a mortality of 
5.5% for all 127 patients and no significant dif-
ference in mortality with the addition of the cho-
lecystectomy (5.3% vs 7.1%). The morbidity rate 
however was nearly double in those who under-
went cholecystectomy (50% vs 25.7%, OR 3.52 
p = 0.04).

Doko et  al. evaluated a one-staged approach 
with primary fistula repair vs enterolithotomy 
alone in 30 patients over a 16-year period. They 
also found that mortality was comparable at 11% 
and 9%, respectively, but both operative duration 
was longer (40 min vs 140 min) and so were peri-
operative complication rates (61% vs 27%). 
Fistula closure remained associated with 
increased rate of postoperative complications 
even after multivariate adjustment for age, opera-
tive time, and duration of symptoms before 
hospitalization.

 Recurrence

Overall 33–50% of patients who undergo entero-
lithotomy alone will have no further symptoms 
or recurrence, even without addressing the fis-
tula [4, 5, 37]. Recurrence rates for gallstone 
ileus are 5–10% [3, 4, 8, 38, 39], 50% of which 
occur within the first 30  days postoperatively 
[40] with the majority of these being from sec-
ondary stones that were not identified at the time 
of the initial enterolithotomy [41]. Furthermore, 
of those with recurrence, only 10% require a 
subsequent operation [3]. Most (~80%) biliary 
fistulas shrink and close spontaneously without 
residual stones [3, 42].

Fig. 13.4 Photo of enterolithotomy stone extraction
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 Colonic Obstruction

Cases of colonic obstruction often occur in the 
sigmoid colon and is secondary to a cholecysto-
colonic fistula or the rare passage of the stone 
past the ileocecal valve and an obstruction at the 
site of a diverticular, inflammatory, or malignant 
stricture [4, 43]. Often these patients will present 
with significant steatorrhea, weight loss, and fat- 
soluble vitamin deficiencies and have an 
increased rate of cholangitis. In these cases, sig-
moid resection removing both the gallstone and 
the underlying stenosis and cholecystectomy 
with fistula repair is advocated [4]. In those 
patients without significant choleric enteropathy, 
only sigmoid resection is advocated.

 Laparoscopic Intervention

Laparoscopic diagnosis and management of 
gallstone ileus has been described more recently 
in case reports and limited case series. 
Mongomery et al. first published his two cases of 
laparoscopic treatment of gallstone ileus in 1993 
[44]. Both cases were in patients without a his-
tory of prior abdominal operations and were 
diagnosed laparoscopically. Only one of the 
patients had pneumobilia noted prior to surgery. 
Montgomery was able to successfully run the 
bowel and identify the point of obstruction at the 
terminal ileum. In both patients, a small laparot-
omy incision was made to externalize the small 
bowel to perform the enterolithotomy and pri-
mary closure extracorporeally. A cholecystec-
tomy and fistula repair was not performed in 
either patient. No recurrence occurred in the sub-
sequent 4-month follow- up period. Franklin 
et  al. in 1994 described the first laparoscopic 
single-stage treatment of gallstone ileus with 
enterolithotomy and cholecystectomy with 
repair of the biliary fistula at the time of the ini-
tial operation [45]. However, given the higher 
rate of morbidity and mortality associated with 
addressing both the obstruction and the chole-
cystoenteric fistula, most have not advocated for 
a laparoscopic single-stage approach.

Since those initial publications in the early 
1990s, multiple other case reports and small case 
series have been published supporting either the 
more common laparoscopic-assisted enteroli-
thotomy [46, 47] or a totally laparoscopic 
approach with intracorporeal stone extraction 
and enterotomy closure [48–50]. However, mini-
mally invasive intervention for gallstone ileus 
remains infrequent with only about 10% of 
patients under laparoscopic treatment nationally, 
with a conversion to open rate of greater than 
50% [2].

Advantages of the laparoscopic approach par-
allel those of other laparoscopic vs open proce-
dure comparisons  – shorter recovery period, 
decreased rate of wound infection, and decreased 
rate of incisional hernia. Challenges during lapa-
roscopic intervention include concomitant 
comorbidities that may limit a patient’s ability to 
tolerate pneumoperitoneum or a longer operation 
and a delayed presentation that can lead to dilated 
and edematous bowel that increases both the risk 
of laparoscopic entry and bowel manipulation. 
Furthermore, given the approximately 5% risk of 
additional stones [32], it is essential to complete 
a thorough evaluation of the remaining bowel 
which can be challenging without significant lap-
aroscopic experience.

Thus, while laparoscopic management is tech-
nically feasible with lower rates of wound infec-
tion and earlier postoperative recovery, proper 
patient selection is key. In the cases reported, 
most of those undergoing laparoscopic interven-
tion for gallstone ileus have less comorbidities, 
less bowel dilation, and no prior abdominal 
operations.

 Endoscopic Therapy

Endoscopic extraction in gallstone ileus has also 
been described as a viable alternative to surgical 
intervention [51, 52]. Endoscopy has been used 
for either primary stone extraction or combined 
with different forms of lithotripsy with an overall 
success rate of approximately 10% [53–55]. The 
low overall success rate has been attributed to 
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migration of the stone, failed lithotripsy, or sec-
ondary obstruction from large stone fragments 
after lithotripsy [55]. Endoscopic therapy has 
often reserved for those who are not operative 
candidates or those with proximal stones that 
cause gastric outlet (Bouveret Syndrome) or duo-
denal obstruction [53, 54, 56–58]. More distal 
stones have also been successfully treated using 
double balloon endoscopy [51], extracorporeal 
shockwave lithotripsy [52, 57] or colonic endo-
scopic mechanical lithotripsy [59]. Endoscopic 
intervention should be considered for those 
patients with an identified gallstone in an ame-
nable location or in high-risk surgical candidates, 
but patients should be counseled that surgical 
intervention may still be necessary in the major-
ity of cases.

 Perioperative Complications

In recent studies, the rate of postoperative com-
plications remains high in those patients under-
going surgery for gallstone ileus, ranging from 
35% to 64% [2, 4, 10, 60]. Wound infection is the 
most common complication after surgery for 
gallstone ileus in most studies, occurring in 
27–42% of patients in modern series [4, 10, 61] 
and 75% historically [1, 42]. Other common 
postoperative complications are acute renal fail-
ure, which has been seen in up to 30% of patients, 
followed by urinary tract infection (13%), ileus 
(13%), anastomotic leak, intra-abdominal 
abscess, enteric fistula (12%), and pneumonia 
(3%) [2]. Major complications (wound dehis-
cence, unplanned reintubation, myocardial 
infarction, stroke, septic shock) can occur in 
approximately 13% of patients [10]. While some 
series report no significant differences of postop-
erative complications between those patients 
treated by enterolithotomy or enterolithotomy, 
cholecystectomy, and fistula closure [32, 37, 62], 
both national evaluations by Halabi et  al. 
Mallipeddi et  al., have reported higher rates in 
those undergoing single-stage procedures with 
Mallipeddi et al. reporting rates of 27% vs 50% 
(Odds Ratio 3.58).

 Recommendations

Only a handful of large studies have been done 
evaluating the management of gallstone ileus, and 
these are all retrospective in nature. The remaining 
studies are single institution limited case series. 
Thus, high-quality data is lacking; however, given 
the low incidence of gallstone ileus, this will likely 
continue to be a challenge. Surgical intervention 
remains the standard of care treatment for gall-
stone ileus. Based on the studies that have been 
done, we recommend that all patients with gall-
stone ileus undergo urgent enterolithotomy alone 
after adequate resuscitation, through a laparotomy 
for the majority of patients. We recommend 
against consideration of biliary fistula takedown at 
the primary operation or subsequently unless 
patients have gallbladder necrosis at the time of 
the initial operation, suffer from significant malab-
sorption issues and weight loss or develop recur-
rent obstruction, cholecystitis or cholangitis. 
Endoscopic lithotripsy can be considered for those 
with proximal obstruction or those who are non-
operative candidates. With careful patient selec-
tion and laparoscopic expertise, minimally 
invasive enterolithotomy alone may also be a treat-
ment option.
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Acute Pancreatitis

Marc D. Trust, C. Yvonne Chung, 
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 Introduction

Acute pancreatitis is inflammation of the pan-
creas that may in turn lead to systemic inflamma-
tory response and multi-organ dysfunction and 
failure. The spectrum of disease ranges from 
mild and self-limiting in the majority of patients 
to severe with multi-organ system failure and 
potential death. The disease accounts for 275,000 
hospital admissions and $2.5 billion in healthcare 
costs yearly with increasing incidence in popula-
tion-based studies [1, 2]. The rising incidence of 
acute pancreatitis is likely related to the growing 
obesity epidemic contributing to gallstone dis-
ease. Additionally, a nationwide database review 
also attributes the increase in acute pancreatitis 
hospital admissions to dramatic increase in 
chronic pancreatitis-related acute pancreatitis 
[3].

Despite increasing incidence of the disease, 
the associated mortality has decreased over time 
with the latest estimated overall mortality of 
2%. Risk factors associated with increasing 
mortality are elderly age; presence of comor-

bidities, in particularly morbid obesity; hospi-
tal-acquired infections; and severe acute 
pancreatitis [1].

 Etiology

The most common cause of acute pancreatitis is 
gallstone disease followed by alcohol [1, 2, 4]. 
Choledocholithiasis leads to obstruction of the 
pancreatic duct which results in blockage of pan-
creatic enzymes resulting in the acute inflamma-
tory event. Alcohol, on the other hand, causes 
acute and chronic pancreatitis, and the mecha-
nism involves both direct toxicity and an immu-
nologic mechanism [5]. Diabetes and morbid 
obesity are both risk factors for acute pancreatitis 
[1]. A myriad of medications have also been 
implicated to cause acute pancreatitis, though the 
precise culprit drug is often impossible to iden-
tify. Genetic mutations and polymorphisms have 
also been linked with acute and chronic pancre-
atitis [1]. The exact cause of acute pancreatitis in 
some patients may be unknown, and the preva-
lence of idiopathic acute pancreatitis increases 
with patient age.

Epidemiologically, the risk of acute pancreati-
tis increases with age [6]. In men, acute pancreati-
tis is more likely to be related to alcohol, while in 
women it is more likely to be related to gallstones, 
endoscopic retrograde  cholangiopancreatography 
(ERCP), autoimmune disorders, or idiopathic. 
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The incidence of acute pancreatitis in the pediat-
ric patient population, though uncommon, is also 
found to be rising, though this may be related to 
the increasing use of serum tests in emergency 
department workups [7].

 Diagnosis

The diagnosis of acute pancreatitis is made by 
meeting two of the three criteria: (1) clinical 
symptoms consistent with acute pancreatitis 
(e.g., acute epigastric abdominal pain), (2) 
serum lipase or amylase at least three times the 
normal limit, and (3) imaging findings charac-
teristic of pancreatitis, most commonly on 
computer tomography [8]. It is important to 
note that roughly one in ten patients with acute 
pancreatitis can have normal serum amylase 
and lipase [9].

Initial evaluation of patients with acute pan-
creatitis should include detailed medical history, 
physical exam, routine laboratory serum tests, 
and abdominal imaging to evaluate for most 
common etiologies of pancreatitis. For patients 
with recurrent bouts of idiopathic pancreatitis, 
endoscopic ultrasound (EUS) may be reasonable 
to evaluate for biliary microlithiasis, neoplasm, 
and underlying chronic pancreatitis. The diag-
nostic yield of EUS as part of the evaluation for 
first or second admission for idiopathic acute 
pancreatitis was found to range from 32% to 88% 
in a systematic review [10].

By the most recent international consensus 
update on classifications and definitions related 
to acute pancreatitis, there are two types of acute 
pancreatitis: interstitial edematous pancreatitis 
and necrotizing pancreatitis [8]. The majority of 
patients with acute pancreatitis develop intersti-
tial edematous pancreatitis, which is diffuse 
inflammatory edema involving the entire pan-
creas. Necrotizing pancreatitis develops in 
5–10% of patients with necrosis of pancreatic 
parenchyma and/or peripancreatic tissue. 
Pancreatic and peripancreatic necrosis may 
remain sterile or become infected, which signifi-
cantly increased morbidity and mortality, as 
prompt diagnosis and treatment are critical.

There are two phases of disease course – early 
and late – each with its corresponding mortality 
peaks [8]. The early phase lasts the 1–2  weeks 
and consists of the patient’s systemic response – 
a constellation of symptoms and physiologic 
findings termed systemic inflammatory response 
syndrome (SIRS)  – in reaction to pancreatic 
injury. Late phase of acute pancreatitis follows 
the acute phase and may last weeks to months. It 
is characterized by persistence of systemic 
inflammation and by the evolution of local com-
plications [8]. Furthermore, the presence of 
necrosis or local complications may not yet be 
apparent on initial imaging, but their identifica-
tion is not necessary during this phase. Repeat 
imaging is typically not necessary until approxi-
mately 1 week after admission, as local compli-
cations identified in this timeframe typically do 
not require treatment. In the late phase, systemic 
manifestations secondary to SIRS will continue, 
and local complications will also evolve.

 Severity Classification

The original Atlanta classification of severity in 
1992 [11] stratified severity into two categories, 
mild and severe, with severe pancreatitis charac-
terized by organ failure and/or local complica-
tions. Over the next two decades, it was 
recognized that outcomes varied greatly depend-
ing on both the duration of organ failure and 
severity of local complications [12]. Because of 
these observations, the classification system was 
later amended into the 2012 revised Atlanta clas-
sification (Table  14.1) [8]. While mild disease 
was still characterized as lacking organ failure 
and any local or systemic complications, a new 
category of “moderately severe” was added. 
Moderately severe acute pancreatitis is character-
ized by local or systemic complications with 
transient (<48 h) organ failure. Severe acute pan-
creatitis is characterized by persistent organ fail-
ure, either single or multi-system, lasting more 
than 48  h [8]. Patients initially presenting with 
mild acute pancreatitis may worsen and thus 
should be evaluated daily as the disease course 
evolves and progresses.
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Both moderately severe and severe pancreati-
tis can manifest local and/or systemic complica-
tions. Local complications include pancreatic 
and peripancreatic fluid collections, gastric outlet 
dysfunctions, splenic and portal vein thrombosis, 
and colonic necrosis. Systemic complications are 
defined as the exacerbation of a pre-existing 
comorbidity secondary to the pancreatitis.

Published just prior to the revised Atlanta 
classification, the determinant-based classifica-
tion system is slightly more extensive, including 
four categories of severity. Each category is also 
stratified based on the presence of local and/or 
systemic factors. Local determinants include the 
presence of pancreatic or peripancreatic necrosis, 
either sterile or infected, and systemic determi-
nants include either transient or persistent organ 
failure. Mild pancreatitis lacks both local and 
systemic determinants while moderate pancreati-
tis is defined by the presence of either sterile 
necrosis and/or transient organ failure. Severe 
pancreatitis is defined by infected necrosis or 
persistent organ failure, while critical pancreatitis 
includes both infected necrosis and persistent 
organ failure [13]. Note that there is no incorpo-
ration of pre-existing comorbidities.

Despite the implications that local complica-
tions may have on treatment, it cannot be 
emphasized enough that organ failure is key 
determinant of severity. Furthermore, the extent 
of local complications does not correlate with 
the severity of pancreatitis. Organ systems of 
particular interest include the cardiac, respira-

tory, and renal system. Current guidelines rec-
ommend the use of the modified Marshal scoring 
system (Table  14.2) [8], in which each organ 
system is given a score based on varying degrees 
of dysfunction. A score of two or higher indi-
cates organ failure for that particular system, 
and failure of at least two systems is considered 
multi-organ failure (MOF).

The American Association for the Surgery of 
Trauma (AAST) has expanded their scoring sys-
tem of traumatic injuries to various organ sys-
tems to include emergency general surgery 
conditions. For acute pancreatitis, the scoring is 
graded from I to V, with each increasing grade 
signifying more severe disease. Grade I is limited 
to findings of mild edematous pancreatitis, while 
grade V involves findings such as extra-pancre-
atic involvement of necrosis such as colonic 
necrosis. This grading system defines clinical, 
imaging, operative, and pathologic criteria for 
each grade, allowing clinicians to appropriately 
grade the disease given various findings [14].

 Severity Prognostication

Factors associated with increased mortality and 
complications include older age (>60  years), 
severe coexisting conditions, obesity, and chronic 
heavy alcohol use [1, 6]. Numerous scoring sys-
tems have been developed as models to predict 
the severity of disease progression, the earliest 
being Ranson’s criteria introduced in 1974 

Table 14.1 Severity of pancreatitis based on the revised Atlanta classification of 2012 [8] (transient < 48 h, persistent 
≥ 48 h)

Severity Organ failure Local complications Systemic complications
Mild None None None
Moderately severe Transient +/− +/−
Severe Persistent +/− +/−

Table 14.2 Modified Marshall scoring system [8]

Organ system 0 1 2 3 4
Respiratory (PaO2/FiO2) >400 301–400 201–300 101–200 ≤100
Renal (serum creatinine, (mg/dl) <1.4 1.4–1.8 1.9–3.6 3.6–4.9 >4.9
Cardiac (systolic blood pressure) >90 <90, FR <90, NFR <90, pH <7.3 <90, pH <7.2

FR fluid responsive, NFR not fluid responsive
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(Table 14.3). However, these all are highly imper-
fect and subject to high false-positive rates, since 
the vast majority of patients do not develop severe 
acute pancreatitis.

In a single-institution comparison of 
Ranson’s criteria, APACHE II, BISAP, 
Balthazar CTSI, and initial and 24-h C-reactive 
protein (CRP) using prospectively collective 
clinical data, the APACHE II was shown to 
have the highest accuracy in predicting severe 
pancreatitis. However, there was no statistical 
significance between paired comparisons 
between the APACHE II and the other scoring 
systems [21]. The BISAP was demonstrated to 
have similar accuracy of  predicting develop-
ment of severe acute pancreatitis to Ranson’s, 

APACHE II, and CTSI in a separate compari-
son [22]. Despite a myriad of severity scoring 
systems and painstaking comparisons, no one 
system has been demonstrated as clearly supe-
rior in predicting persistent organ failure in 
acute pancreatitis. The accuracy of scoring sys-
tems may improve when used in combination, 
but the cumbersome nature of most scoring sys-
tem prohibits their widespread clinical use [23]. 
Despite these various models, current guide-
lines suggest that the best prognostication is 
highly reliant on clinician judgment and should 
include multi-dimensional approach to include 
baseline patient risk factors and comorbidities, 
risk stratification, and objective clinical 
response to initial therapy [24].

Table 14.3 Various acute pancreatitis severity prognostication scoring systems [15–20]

Scoring system, year Components Notes
Ranson criteria, 1974 On admission:

  Age > 55
  WBC > 16 K
  Glucose >200 mg/dL
  AST >250
  LDH > 350
At 48 h after admission:
  Hct drop >10% from admit
  BUN increase >5 mg/dL
  Ca <8
  Arterial pO2 < 60 mmHg
  Base deficit >4
  Fluid needs >6 L

Requires 48 h for full score

Ranson criteria, 
modified for biliary 
pancreatitis, 1979

On admission:
  Age > 70
  WBC >18 K
  Glucose >220
  LDH > 400
  AST >500
At 48 h after admission:
  Hct drop >10% from admit
  BUN increase >2 mg/100 ml
  Ca < 8
  Base deficit >5
  Fluid sequestration >4 L

Requires 48 h for full score

Glasgow-Imrie, 1984 Age > 55
WBC >15
Blood glucose >10 mmol/L
BUN >16
PaO2 < 60 mmHg
Ca <2.0 mmol/L
Albumin < 32 g/L
LDH > 600
AST/ALT > 100

Requires 48 h of data for 
peak values
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Table 14.3 (continued)

Scoring system, year Components Notes
APACHE II, 1989 History of severe organ failure or immunocompromised

Acute renal failure
Age
Temperature
Mean arterial pressure
pH
Heart rate
Resp rate
Na
K
Cr
Hct
WBC
GCS

Estimates ICU mortality.
Calculated within 24 h of 
ICU admission

CT severity index, 1990 Grading of pancreatitis (Balthazar score)
  A, normal pancreas: 0
  B, enlargement of pancreas: 1
  C,  inflammatory changes in pancreas and 

peripancreatic fat: 2
  D, ill-defined single peripancreatic fluid collection: 3
  E,  two or more poorly defined peripancreatic fluid 

collections: 4
Pancreatic necrosis
  None: 0
  ≤30%: 2
  >30–50%: 4
  >50%: 6

Max score 10
0–3: mild AP
4–6: moderate AP
7–10: severe AP
Does not account for 
systemic complications and 
organ failure
Subject to inter-observer 
variability in interpretation

Modified CTSI, 2004 Pancreatic inflammation
  0: normal pancreas
  2:  intrinsic pancreatic abnormalities with or without 

inflammatory changes in peripancreatic fat
  4:  pancreatic or peripancreatic fluid collection or 

peripancreatic fat necrosis
Pancreatic necrosis
  0: none
  2: 30% or less
  4: more than 30%
Extrapancreatic complications
  2:  one or more of pleural effusion, ascites, vascular 

complications, parenchymal complications, and/or 
gastrointestinal involvement

Max score 10
0–2: mild AP
4–6: moderate AP
8–10: severe AP

BISAP, 2008 BUN > 25
Impaired mental status
2 SIRS criteria or more
Age > 60
Pleural effusion present

Calculated within 24 h of 
admission

 Management

Management of acute pancreatitis should include 
accurate and timely diagnosis and triage, appro-
priate level of supportive care, monitoring and 
treatment of complications, and prevention of 
recurrence. For all forms of acute pancreatitis, 

supportive care is the mainstay of treatment. 
Patients with diagnosed or predicted moderately 
severe or severe acute pancreatitis should be 
admitted to an intensive care unit for appropriate 
monitoring and care. Adequate analgesia should 
be initiated. Parenteral opioid agents are often 
selected and, in a systematic database review, are 
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found to decrease the need for supplemental anal-
gesia [25]. Patients in respiratory failure should 
be managed with intubation and mechanical ven-
tilation. Acute respiratory distress syndrome 
(ARDS) may be associated with the massive sys-
temic inflammatory cascade brought by severe 
pancreatitis, and patients suspected to be in ARDS 
should be managed with lung-protective ventila-
tion strategies with lower tidal volume, higher 
PEEP, and limiting inspiratory pressures [26].

 Fluid Resuscitation

Because of the gastrointestinal fluid loss from 
emesis and poor oral intake as well as the severe 
inflammatory cascade and third spacing of fluids 
brought on by severe pancreatitis, these patients 
typically present in a hypovolemic state. They 
should be carefully assessed for signs of hypovole-
mia such as physical findings of dehydration, oli-
guria, hemoconcentration, and azotemia. While 
the data surrounding resuscitation is mixed, guide-
lines recommend that patients with these findings 
should be aggressively hydrated with intravenous 
fluids early on in their hospital course. A starting 
rate of infusion from 5 to 10 ml/kg/h is appropri-
ate; however, the ideal duration of this rate of 
aggressive resuscitation is not yet known. There 
are, however, studies in the literature that have 
reported negative outcomes associated with 
aggressive hydration [27, 28], and because of these 
recent attention has been placed on goal-directed 
resuscitation using vital signs, laboratory values, 
and invasive cardiac parameters such as stroke vol-
ume variation to guide the need for continued 
aggressive resuscitation (Table 14.4) [24, 29, 30]. 
Regarding the choice of optimal resuscitation 

fluid, crystalloid solution is preferred over col-
loids, with lactated ringers being the recommended 
crystalloid of choice.

 Nutrition

In mild pancreatitis, oral feeding may be safely 
resumed upon improvement in abdominal pain, 
nausea, and laboratory markers. Randomized 
controlled trials have demonstrated safety in 
resuming a full diet, bypassing liquid or soft diets, 
as well as in initiating feeding without normaliza-
tion of serum lipase level [31, 32]. In patients with 
severe pancreatitis, current guidelines based on 
moderate quality evidence recommend early 
(within 48 h of admission) enteral nutrition over 
delaying nutrition or initiation of parenteral nutri-
tion [24]. This has been shown to decrease sys-
temic infections, multi-organ failure, need for 
surgical interventions, and mortality. The mecha-
nism behind this benefit is thought to be that early 
enteral nutrition prevents bacterial translocation. 
Administration of nutrition via the nasogastric 
route or orally is also safe, although patients may 
develop delayed emptying secondary to the pan-
creatitis and may not tolerate gastric nutrition. 
Parenteral nutrition (TPN) should only be used if 
enteral routes are not tolerated; however, current 
American Society for Parenteral and Enteral 
Nutrition (ASPEN) guidelines  recommend wait-
ing at last 7  days before initiation of TPN for 
patients at low risk of malnutrition [33].

 Antibiotics

Previous literature suggested that the use of pro-
phylactic antibiotics would prevent the onset of 
infection in necrotic tissue; however, the existing 
literature has not shown this to be true. A 2011 
meta-analysis of 14 randomized controlled trials 
failed to show a reduction in mortality, pancreatic 
infection, or need for interventions with the use 
of prophylactic antibiotics [34]. Current guide-
lines recommend only using antibiotics for 
infected necrosis proven by FNA and culture or 
suspected infection based on imaging findings 

Table 14.4 Goal-directed resuscitation end points [24, 
29, 30]

Variable Goal Value
Heart rate <120 beats per minute
Mean arterial pressure 65–85 mmHg
Urine output 0.5–1.0 mL/kg/h
Hematocrit 35–44%, downtrending
Blood urea nitrogen Downtrending
Stroke volume variation <10–12%
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[24]. According to the Infectious Disease Society 
of America guidelines on intra-abdominal infec-
tion, agents such as carbapenems or piparcillin-
tazobactam that treat high-severity infections are 
the preferred agents [35].

 Cholecystectomy

Patients with mild acute biliary pancreatitis should 
undergo laparoscopic cholecystectomy during the 
index admission. The safety and efficacy in pre-
venting readmission for recurrent biliary pancre-
atitis of early cholecystectomy have been 
demonstrated in multiple systematic database 
reviews [36–38]. The timing of cholecystectomy 
for those with severe gallstone pancreatitis should 
be individualized based on clinical stability and 
possible local complication, such as the presence 
of peripancreatic fluid collections or necrosis.

 Endoscopic Retrograde 
Cholangiopancreatography

Routine ERCP is not indicated in mild biliary 
pancreatitis in the absence of cholangitis or cho-
ledocholithiasis, as it does not significantly 
impact mortality and local or systemic complica-
tions [39]. In patients with cholangitis, ERCP is 
recommended within 24  h of admission: how-
ever, there is no strong evidence to support opti-
mal timing of ERCP in patients without an urgent 
indication [24]. In those who do undergo ERCP 
with sphincterotomy, early cholecystectomy is 
still highly recommended as sphincterotomy pre-
vents biliary pancreatitis but not other gallstone 
diseases such as cholecystitis or biliary colic.

 Complications of Severe 
Pancreatitis

 Infection

Infection in necrotic pancreatic tissue or the asso-
ciated fluid collection is known to significantly 
increased morbidity and mortality. Typically, this 

will manifest as a either an acute deterioration or 
failure to improve despite aggressive supportive 
care. Either of these two scenarios are an indica-
tion for repeat computed tomography imaging, as 
findings such as presence of gas within the pan-
creatic or peripancreatic tissue are sufficient to 
make the diagnosis of infection (Fig. 14.1). While 
routine image-guided percutaneous FNA of the 
necrotic tissue is not recommended, when infec-
tion is suspected although not clear based on 
imaging findings, sampling is then warranted to 
obtain gram stain and culture data to make a 
definitive diagnosis [8]. Once the diagnosis of 
infection is made, antibiotic therapy should be 
initiated, and interventions, either endoscopic or 
percutaneous, should be considered to obtain 
source control of the infected necrosis or fluid 
collections.

 Fluid Collections

The revised 2012 Atlanta classification defines 
the various types of pancreatic fluid collections 
based on the morphological features of the paren-
chyma and the timing since the onset of pancre-
atitis (Table  14.5). Acute peripancreatic fluid 
collections are a complication of interstitial 
edematous pancreatitis, develop early, do not 
have a well-defined wall, and only contain fluid. 
In contrast, pancreatic pseudocysts (Fig.  14.2) 
have a well-defined wall and are present beyond 
4 weeks after initial onset. They form as a result 

Fig. 14.1 Walled-off necrosis with gas in the fluid indi-
cating infection
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of leakage of pancreatic fluid from either main or 
branch ducts. Most importantly, to correctly be 
termed a pseudocyst, the collection should not 
contain any solid, necrotic material.

In the setting of necrotizing pancreatitis, acute 
necrotic collections arise early (<4  weeks) and 
contain both fluid and necrotic parenchyma or 
peripancreatic tissue and may be loculated. The 
presence of solid material is what differentiates 
this process from an acute peripancreatic fluid 
collection. Walled-off necrosis (Fig.  14.3) is a 
late phase (>4 weeks) entity with a well-defined 
wall. These too contain both fluid and solid con-
tents consisting of necrotic pancreatic or peripan-
creatic tissue.

 Abdominal Compartment Syndrome

Although many factors are associated with ACS, 
in patients with severe pancreatitis, the major 
pathophysiology results from inflammation and 
increased fluid within the peritoneal cavity sec-
ondary to this inflammation and massive fluid 

administration. Intra-abdominal hypertension is 
defined as pressure greater than 12 mmHg, while 
abdominal compartment syndrome (ACS) is 
defined by persistent intra-abdominal pressure 
greater than 20  mmHg that is associated with 
new onset organ failure [24]. Typically, a firm, 
severely distended abdomen will be noted on 
physical exam, along with decreased urine out-
put, hypotension, and/or difficultly with 
 ventilation associated with elevated peak pres-
sures if the patient is undergoing mechanical ven-
tilation. Assessing bladder pressure provides an 
objective measurement of intra-abdominal pres-
sure. Noninvasive management options include 
decompression of the intestines via nasogastric 
and rectal tube drainage, diuresis if volume over-
load is suspected, and measures to decrease 
abdominal wall tension such as adequate analge-
sia, sedation, and neuromuscular blockade. 
Decompressive laparotomy via a midline inci-
sion is the mainstay of invasive treatment, and 
although other options including percutaneous 
catheter drainage of ascites exist, laparotomy 
should be used in overt cases of ACS [40]. It can-
not be stressed enough that in the acute setting, in 
the absence of infected pancreatic necrosis, no 
debridement should be attempted during surgical 
intervention for decompression. Doing so risks 
unnecessary complications such as inducing 
infection to sterile necrotic tissues, hemorrhage, 
and debridement of viable pancreatic tissue 
which may result in pancreatic insufficiency.

Table 14.5 Pancreatic and peripancreatic fluid collec-
tions [8]

Morphology of 
pancreatitis <4 weeks >4 weeks
Interstitial 
edematous

Acute 
peripancreatic fluid 
collection

Pancreatic 
pseudocyst

Necrotizing Acute necrotic 
collection

Walled-off 
necrosis

Fig. 14.2 Pancreatic pseudocyst

Fig. 14.3 Walled-off necrosis
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 Hemorrhage

In the setting of acute pancreatitis, the release of 
pancreatic enzymes can have digestive effects on 
local tissue that result in hemorrhage from both 
pancreatic and peripancreatic tissue. Bleeding 
from small vessel can have local consequences; 
however, bleeding from major arterial complica-
tions such as a ruptured pseudoaneurysm may be 
fatal. Typically involving the splenic artery, 
pseudoaneurysms can also be seen in the gastro-
duodenal, pancreaticoduodenal, gastric, and 
hepatic arteries [41]. In the setting of acute hem-
orrhage, blood product resuscitation should be 
initiated and endovascular angioembolization 
should be attempted first in a stable patient. In an 
unstable patient not responsive to resuscitation, 
although open operations are associated with 
high morbidity and mortality in the setting of 
severe pancreatitis, surgical control of hemor-
rhage is required.

More commonly seen in chronic pancreatitis, 
mesenteric or portal vein thrombosis raise con-
cern mostly for venous outflow obstruction caus-
ing mesenteric ischemia. Splenic vein thrombosis, 
however, can cause left-sided gastric varices that 
result in upper gastrointestinal hemorrhage. 
Endoscopic techniques typically can control acute 
hemorrhage, but a splenectomy is the treatment of 
choice to prevent recurrent bleeding episodes. 
Splenic artery angioembolization is also an option 
in a patient unfit for surgical intervention.

 Interventions for Sterile Local 
Complications

Unlike infected necrosis and fluid collections, 
sterile processes do not require urgent interven-
tion to mitigate the acute disease course. In fact, 
the vast majority of fluid collections will resolve 
spontaneously with conservative management. 
When these persist, however, they are associated 
with symptoms from gastric or biliary obstruc-
tion, bleeding, or may form pancreatic fistulae or 
ascites. While these issues indicate lack of reso-
lution and warrant intervention, the most impor-
tant factor in deciding to intervene is timing 

from the initial episode. Interventions should not 
be attempted prior to 4–6  weeks. Traditionally 
managed with cystogastrostomy, endoscopic 
options have evolved to provide less invasive 
options for treatment of pseudocysts. One endo-
scopic option is transmural drainage, via either 
drainage or cystogastrostomy creation with an 
indwelling stent. Endoscopic ultrasound (EUS) 
is often used to verify cyst location and identify 
vascular structures to prevent hemorrhagic com-
plications. Another option is transpapillary 
drainage which requires communication of the 
pseudocyst with the pancreatic duct. This rela-
tionship can be assessed with magnetic reso-
nance cholangiopancreatography (MRCP) or 
ERCP, and, if present, a pancreatic duct stent 
will allow internal drainage and may negate the 
need for any further invasive intervention. If not 
amendable to endoscopic drainage or if these 
measures fail, surgical treatment with either a 
cystogastrostomy or cystojejunostomy is recom-
mended. One randomized controlled trial of 40 
patients showed similar success rates of endo-
scopic transmural drainage and surgical cysto-
gastrostomy; however, surgical management 
was associated with longer hospital stay and 
higher cost [42]. This is promising for future 
treatment of pseudocysts; however, larger-scale 
data is needed to assess efficacy and, as this is an 
advanced endoscopic technique, may not be 
widely available.

 Interventions for Infected Necrosis

Open pancreatic debridement or necrosectomy, 
once the standard of care, is associated with 
extremely high morbidity and mortality and has 
now widely been replaced by less invasive 
options. Indications for any intervention are lim-
ited to the presence of infection and need for 
source control to treat sepsis or failure to improve 
beyond approximately 4 weeks. This delay allows 
necrotic tissue to become a walled-off collection 
and also allows better visual differentiation of 
healthy pancreatic tissue. Unnecessary debride-
ment of healthy pancreas helps avoid subsequent 
pancreatic insufficiency.
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 Percutaneous Catheter Drainage

Image-guided percutaneous drainage of infected 
necrosis, acute necrotic collections, or walled-off 
necrosis should be the first step in management. 
These catheters are ideally placed via a retroperito-
neal approach and in the subcostal position 
(Fig. 14.4). This will avoid peritoneal visceral com-
plications, avoid violating the diaphragm and pleural 
space, and facilitate a step-up approach to debride-
ment, which uses catheter guidance to locate collec-
tions needing debridement via less invasive 
approaches. These drains should be large bore to 
allow drainage of semisolid necrotic debris and pre-
vent drain malfunction. If needed, drains can also be 
replaced for a larger caliber if patients fail to improve. 
Current guidelines are unable to recommend percu-
taneous drainage as a sole treatment modality as 
high-quality evidence comparing only drainage ver-
sus surgery is lacking [24, 43]. However, existing 
literature does show that a significant number of 
patients will improve with drainage alone and not 
require any further interventions. The best under-
stood role of percutaneous drainage is allowing the 
delay of surgical intervention to a safer time in the 
course in the disease process, as well as facilitating 
less invasive debridement options when needed.

 Endoscopic Debridement

With the growing range of endoscopic inter-
ventions, transmural endoscopic drainage and 
debridement of infected fluid collections and 

necrotic tissue became a possibility. This 
modality is useful when collections are imme-
diately adjacent to the stomach or duodenum, 
however, may not be as successful when exten-
sive peripancreatic and retroperitoneal debride-
ment is required. Endoscopic ultrasound is an 
adjunct that can be used to help guide entry 
into the correct fluid collection as well identify 
major vascular structures to avoid hemorrhagic 
complications. In a low-powered randomized 
controlled study comparing endoscopic 
versus surgical debridement, either open or 
minimally invasive, patients who underwent 
endoscopic treatment had lower levels of 
inflammatory markers, post-procedural organ 
failure, and pancreatic fistulas and, however, 
did require more total procedures for adequate 
debridement [44]. This treatment option may 
be especially useful in patients with discon-
nected duct, allowing internal drainage of pan-
creatic fluid allowing fistulae to heal. 
Furthermore, endoscopic debridement can be 
combined with percutaneous drainage to fur-
ther attempt to avoid unnecessary surgical 
intervention.

 Minimally Invasive Necrosectomy

As mentioned previously, percutaneous and 
endoscopic interventions may not adequately 
treat the infection or control symptoms associ-
ated with extensive necrosis. When these options 
fail to achieve clinical improvement, more inva-
sive measures debridement are indicated. 
Through a step-up approach, minimally invasive 
approaches such as video-assisted retroperitoneal 
debridement (VARD) are associated with better 
outcomes compared to open approaches. Most 
notably, a 2010 multicenter, randomized con-
trolled trial showed a decrease in mortality or 
major complications from 69% to 40% in patients 
who were managed with a step-up and VARD 
approach [45]. Current guidelines further cite a 
three-fold reduction in organ failure and 50% 
reduction in mortality compared to open debride-
ment [43].

Careful operative planning is key to preven-
tion of iatrogenic complications. Imaging 

Fig. 14.4 Percutaneous drainage of infected fluid 
collection
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should be reviewed by the surgeon to identify 
the drain course in relation to necrotic collec-
tions requiring debridement, surrounding 
organs, and major vasculature. As drains are 
typically placed via the left, subcostal retro-
peritoneal approach, the patient is positioned 
in a right lateral decubitus position, although 
bilateral debridement may be necessary, in 
which case repositioning and repeat skin prep-
aration may be necessary for debridement dur-
ing a single operation. The supine position 
may also be used if bilateral debridement is 
required or if the patient’s respiratory status 
will not tolerate lateral positioning. Using the 
previously placed percutaneous drains as a 
landmark, an approximately 5  cm skin inci-
sion is made in the flank and the drain is used 
to guide dissection into the retroperitoneum 
(Figs.  14.5, 14.6, 14.7, and 14.8). Any puru-
lent fluid is evacuated and grossly necrotic tis-
sues is gently debrided using ringed forceps. A 
laparoscopic port or camera directly through 
the incision are then inserted for deeper visu-
alization of the retroperitoneal space and fur-
ther debridement is done using forceps or a 
laparoscopic grasper. Care must be taken not 
to forcefully remove any tissue that is not eas-
ily debrided, as this may result in debridement 

of viable pancreatic tissue or bleeding compli-
cations. If bleeding is encountered, control 
may be achieved with either packing or a lapa-
roscopic clip applier. After copious irrigation 
of the cavity, the percutaneous drain is 
removed and replaced with large bore surgical 
drains. Post-operative lavage through these 
drains may be used. Given the contaminated 
nature, we opt to leave the skin incision open, 
managed with negative-pressure wound ther-
apy, and allowed to close by secondary inten-
tion. Drains are left in place until the output 
volume is low and quality is serous [46, 47].

Fig. 14.5 Flank incision following percutaneous drain 
into the retroperitoneum

Fig. 14.6 Debridement of necrotic pancreatic paren-
chyma through flank incision
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 Open Debridement

Options for open debridement include transperi-
toneal via a midline or chevron laparotomy inci-
sion or subcostal retroperitoneal approach. If the 
abdominal approach is chosen, the lesser sac is 
entered through the gastrocolic ligament. Fluid 
collections are evacuated and necrotic tissue or 
collections are gently debrided. Again, care is 
taken to gently debride and not forcefully remove 
tightly adherent tissue. Once adequate debride-
ment has been completed and the lesser sac and 
retroperitoneum are irrigated, and if hemostasis 
is obtained, large bore drains are placed, and the 
abdomen is closed. These drains may also be 
used for postoperative lavage. If hemostasis is 
not obtained, we recommend packing the retro-
peritoneum and placing a temporary abdominal 
closure device with plans for a subsequent repeat 
laparotomy. As stated above, given the substan-
tial morbidity and mortality associated with open 
debridement, this is no longer the recommended 
procedure of choice [43].

Conclusions
Acute pancreatitis is a problem that is com-
monly encountered by acute care surgeons 
that has a wide range of outcomes. 
Fortunately, most patients diagnosed with 
pancreatitis only suffer from the mild variant 
with excellent outcomes and little impact on 
their overall health. For patients who suffer 
from the most severe forms of pancreatitis, 
optimal treatment strategies have greatly 
evolved over the last 20 years with gradually 
improving outcomes. Excellent evidence-
based guidelines currently exist that provide 
management strategies for all aspects of 
management, from diagnosis and initial sup-
portive treatment, to the timing and the 
choice of appropriate intervention modalities 
when needed. Research is constantly ongo-
ing to continue to optimize ways to manage 
this difficult disease process.

Fig. 14.7 Laparoscope inserted into the retroperitoneum 
through flank incision with visualization of the deep 
cavity

Fig. 14.8 Retroperitoneum surrounding necrotic 
parenchyma
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Hepatic Abscess

Alexandra Brito and Leslie Kobayashi

 Introduction

Hepatic abscesses are characterized by a suppu-
rative fluid collection of invasive and multiply-
ing microorganisms within the liver [1]. The 
primary organisms involved are bacteria 
accounting for approximately 80% of abscess, 
followed by parasites (amoebae), and rarely 
fungi [2]. Hepatic abscesses (HA) are rare, with 
an incidence ranging between 1/100000 to 
86/100000 [3–6]. However, there is some indi-
cation in recent studies that the incidence of HA 
is increasing [5, 7]. Due to advances in diagno-
sis and management the mortality for HA is 
decreasing. The first review of pyogenic 
abscesses (PA) by Ochsner (1938) reported a 
mortality rate of 77% [8]. With the advent of 
percutaneous treatment in the 1980s, mortality 
rates fell to 24–50% [9–11]. Modern case series 
report mortality rates between 2.5% and 19% 

[4, 6, 7, 12–16]. The population of patients 
affected by HA is shifting as well. The average 
age at diagnosis and number of comorbidities is 
increasing and the etiologies are shifting from 
primarily infectious to biliary and cryptogenic 
etiologies [7, 17].

 Etiology

 Amoebic Abscess

Amoebiasis is an infection caused by ingestion of 
mature cysts of Entamoeba histolytica which 
mature into trophozoites in the small intestine, 
migrate to the large intestine where they may 
invade the intestinal wall into the capillary system, 
and spread hematogenously to extra-intestinal 
sites [18]. HAs occur as a complication of gastro-
intestinal amoebic infections in fewer than 1% of 
cases [19, 20] and time between exposure and pre-
sentation can range from weeks to years [21]. In 
western countries amoebiasis is generally found 
in patients who have travelled to or migrated from 
endemic areas: mainly Mexico, Central and South 
America, India, and Africa [19–21]. For unclear 
reasons, amoebic HAs are ten times more com-
mon in males than females whereas amoebiasis is 
equally prevalent between the sexes [22]. This 
may be due to differences in predisposing factors 
or an intrinsic resistance to invasive disease such 
as relative iron deficiency anemia in women of 
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childbearing age [23]. Other risk factors include 
malnutrition, alcoholism, immunosuppression, 
and poor sanitation [21]. In addition, coinfection 
with bacteria can affect the invasiveness of E. his-
tolytica by changing gene expression [24] or alter-
ing the oxygenation of the microenvironment to 
increase oxygen radicals [25, 26]. Rupture is a 
possible complication which most commonly 
occurs into the pleuropulmonary system rather 
than the peritoneum [17].

A second species of amoeba, Entamoeba dis-
par, has also been identified in amoebic HAs 
[27], but this strain is considered non-pathologic 
and coinfection is not thought to be of clinical 
significance [21]. Aspirate from amoebic HAs 
may show evidence of pathogenic and non-
pathologic bacteria [27].

 Pyogenic Abscess

Pyogenic hepatic abscesses are the most common 
etiology in western countries accounting for 
approximately 80% of cases [2]. Underlying 
causes are varied and include hematogenous 
spread, direct spread from adjacent organs, bili-
ary disease, intrahepatic pathology, instrumenta-
tion of the liver or biliary tract, and cryptogenic 
causes. In most series, cryptogenic and biliary 
sources are the most common followed by cancer 
and other etiologies [12].

Hematogenous spread may be via the arte-
rial or portal venous systems. In the earliest 
reviews of PAs, the most common identified 
trigger was pylephlebitis from appendicitis or 
less commonly diverticular disease [8]. 
Although appendicitis and diverticular disease 
still significantly increase the risk of PA [13, 
28], improvements in treatment of these dis-
eases have made this complication much less 
common. Similarly, arterial sources which are 
usually from distant disease have become less 
common with improved treatment of dissemi-
nated sepsis [29]. These infections are more 
likely to be monomicrobial and associated with 
underlying comorbidities [2]. Direct spread of 
infection may occur from infection of the 

hepatic flexure or rarely from migration of 
ingested foreign bodies [2, 30].

Biliary disease has become the most common 
identified etiology of PA in recent decades [17, 
31]. Direct extension from cholecystitis is a rare 
complication often associated with gallbladder 
wall rupture and may resemble gallbladder 
malignancy on imaging [32]. Biliary obstruction 
due to stones, inflammation, ischemia (leading to 
bile duct necrosis), or congenital biliary abnor-
malities such as Caroli’s disease may lead to bile 
stasis and ultimately ascending cholangitis. 
When this occurs, aspirate of the PA may be bil-
ious providing an important clue to the underly-
ing etiology [2]. In these cases the biliary 
obstruction must be relieved for PA treatment to 
be successful [33].

Intrahepatic pathology may also lead to bile 
stasis. Bile may pool in a congenital or hydatid 
cysts [2, 34] or necrotic tissue such as neoplasms 
which have outgrown their blood supply [35]; 
this stasis then predisposes to infection. It can be 
difficult to distinguish between neoplastic and 
nonneoplastic causes of HA by imaging and pre-
sentation, and a high degree of suspicion is nec-
essary to avoid missing the diagnosis of 
underlying malignancy. If biopsy is not an option, 
repeat imaging after treatment of the abscess is 
recommended [2, 35]. Both long-term mortality 
and inhospital mortality from acute PA presenta-
tion are increased in the context of malignancy 
[16, 35, 36].

In addition to the structural changes that occur 
with malignancy which may predispose to necro-
sis and abscess formation, instrumentation as a 
part of treatment can also increase the risk of 
abscess formation. This may be from indwelling 
stents [37], stenosis of the hepatic artery or bili-
ary drainage tract after pancreaticoduodenectomy 
[38, 39], or increased reflux of bile from choledo-
cho-enterostomy [2, 39]. PA is also an infrequent 
but serious complication of  chemoembolization 
(CE) and radiofrequency ablation (RFA) of intra-
hepatic neoplasms [40]. Risk of developing PA 
after CE or RFA is increased in the presence of 
bilio-enterostomy [41], previous biliary drainage 
procedures [2], and hepatic metastases from 
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 neuroendocrine tumors [42], with larger areas of 
treatment [43] and with a history of diabetes or 
immunosuppression [40]. PA also appears to be 
more common with CE compared to RFA [44, 
45]. Overall mortality from PA after CE has been 
reported as 15% [43].

Liver trauma may also introduce bacteria into 
the parenchyma causing PA. Usually the infection 
takes weeks to months to develop with the excep-
tion of Clostridial infection which can progress 
within hours [46]. The risk of PA formation is 
increased with operative management [47], more 
severe trauma with a larger area of necrosis, and 
following arterial embolization [48].

Liver transplantation (LT) is arguably the 
most invasive form of liver instrumentation. This 
combined with the mandatory aggressive immu-
nosuppression creates an environment ideal for 
PA development. Incidence of bacterial infection 
after LT approach 70% in some series [49, 50]. 
Risk factors for PA after LT include age <20, bili-
ary atresia, preoperative hypoalbuminemia, 
extended intensive care unit stay, need for hemo-
dialysis, and biliary or vascular complications 
[46, 51]. Although method of biliary reconstruc-
tion has not been investigated in regard to PA risk 
specifically, bacteremia is 12 times more com-
mon in those with bilio-enterostomy compared to 
choledocho-choledochostomy [52].

Similarly to amoebic abscesses, there is an 
increased frequency of PAs in males compared to 
females, but the disparity is much less pronounced 
(~2:1) and is not consistent between studies [16, 
31, 36, 53]. Older studies show a higher predomi-
nance in males compared to newer studies, which 
may be due to a shift in the most commonly iden-
tified etiology to biliary disease which is more 
frequent among females [8, 12].

Multiple comorbidities have been associated 
with increased risk of developing PA. These dis-
eases include diabetes [36, 54], renal failure [55, 
56], inflammatory bowel disease (IBD) [57], 
colorectal cancer [58], and splenectomy [56]. 
These causes share the feature of altered immune 
function, which is not surprising in the context of 
an infectious process. IBD and colorectal cancer 
additionally are associated with impairment of the 

intestinal mucosa which is suspected to increase 
bacterial translocation into the portal circulation 
through the compromised mucosa [57]. With the 
average age of patients diagnosed with PA, 
increasing [5, 31, 59] comorbidities are increas-
ingly important to take into consideration.

The microbiology of PA varies depending on 
region, underlying etiology, and the time period 
examined. In older studies, the most common bac-
teria isolated from PAs were Escherichia coli [60, 
61]. In the past two decades, studies from several 
Asian countries [7, 28, 53, 62, 63] as well as North 
America [12, 53] have shown that Klebsiella pneu-
monia has become the most common isolate from 
PAs. Longitudinal studies have shown a trend of 
increasing prevalence of Klebsiella over several 
decades [7, 17]. This may be due to predominant 
etiologies shifting from intra-abdominal infections 
to biliary or cryptogenic sources, the increase in 
biliary  instrumentation for hepatobiliary diseases, 
and changes in the local microbiome. The increase 
may also be partially artefactual due to advances in 
the ability to culture Klebsiella which has previ-
ously been difficult to isolate in artificial culture 
[64]. Important to note is the generally more favor-
able outcomes associated with Klebsiella PAs 
compared to other microbes [16, 65].

Key Points

 1. Amoebic abscesses are more commonly 
found in younger patients, those from 
areas with endemic amoebiasis, and in 
males.

 2. Pyogenic abscesses are much more 
common than amoebic abscesses.

 3. Pyogenic abscesses are also more com-
monly found in males but with a less 
severe predominance than amoebic 
abscesses.

 4. The most common causes of PA are 
cryptogenic and biliary infections.

 5. Immunocompromised, biliary obstruc-
tion, manipulation and instrumentation, 
and RFA and CE increase the risk of PA.
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 Presentation and Diagnosis

The presentation of HA is varied and often non-
specific. In the case of secondary infections, 
often the primary source will determine the 
patient’s presenting symptoms. Aside from 
symptoms specific to a precipitating cause, most 
HA present with some combination of fever, 
chills, malaise, nausea, anorexia, vomiting, 
weight loss, diarrhea, and abdominal pain 
(Table  15.1). The most common symptoms are 
fevers, chills, and right upper quadrant abdomi-
nal pain [12, 36]. Clinical signs and symptoms 
are similar for both pyogenic and amoebic 
abscess, and history is a valuable tool in differen-
tiating between the two. Younger age and a his-
tory of recent travel to areas with endemic 
amoebiasis should increase concern for amoebic 
etiology [21]. The patient may have had diarrhea 
preceding the onset of more systemic symptoms 
or right upper quadrant pain, but less than half of 
patients presenting with amoebic HA report diar-
rhea prior to diagnosis [21, 66]. In terms of tim-
ing, usually exposure to an endemic area is recent 
at the time of abscess diagnosis, but in some 
cases, the protozoa can be present and asymp-
tomatic for months or even years [21].

Laboratory abnormalities which often 
accompany HA of any etiology include leukocy-
tosis, transaminitis, hyperbilirubinemia, ele-
vated C-reactive protein (CRP), and elevated 
alkaline phosphatase [21, 58]. It should also be 
kept in mind that tumor markers such as AFP, 
CEA, and CA 19-9 may be elevated even in the 
absence of malignancy [7]. Patterns of labora-
tory abnormalities do not reliably differentiate 

between pyogenic and amoebic abscesses [21]. 
If there is any suspicion of amoebic abscess, 
blood antigen tests, which have sensitivity and 
specificity approaching 100% if any two antigen 
tests are used, should be done [27]. Blood cul-
tures rarely identify protozoa, and stool studies 
are not sensitive nor specific for diagnosis of 
amoebic abscess [21]. Unlike other parasitic 
infections, eosinophilia is not generally present 
in amoebic HA [67].

With the non-specific presentation common to 
all HA regardless of source, a high index of sus-
picion is necessary and imaging the mainstay of 
diagnosis. Before the advent of advanced imag-
ing studies, X-rays were primarily used to search 
for signs of HA including elevated right 
 hemidiaphragm, right-sided pleural effusion, and 
air within the liver [12, 68]. The most commonly 
used modern imaging study for the diagnosis of 
HA is computed tomography (CT). Ultrasound 
(US) is a common alternative where resources 
are limited or when there is concern about expos-
ing the patient to radiation or contrast. However, 
sensitivity and specificity for diagnosis of HA are 
better with CT than US, and CT has the added 
benefit of providing useful information on sur-
rounding structures and possible etiologies such 
as biliary dilation and intra-abdominal infections 
[2, 69, 70]. The overall sensitivity of CT for HA 
is 97% [71].

CT findings indicating HA are extremely var-
ied. Generally, they are seen as hypoattenuating 
areas in the liver which may have features of 
complex fluid including septations and heteroge-
neous enhancement with contrast or gas 
(Fig. 15.1a, b). They may also appear as dense 
masses indistinguishable from malignancy (even 
when underlying malignancy is not present) 
[71]. Abscesses which are early in development 
may appear as a cluster of microabscesses which 
later coalesce into a larger fluid collection [68] 
or a larger area which is hypodense and hetero-
geneous without clear borders which then devel-
ops a more obvious enhancing rim with or 
without a surrounding hypodense area of ery-
thema creating a “target” appearance [2]. 
Distribution may vary with etiology; arterial eti-
ology such as disseminated staphylococcal 

Table 15.1 Signs and symptoms of hepatic abscess

Fever
Chills/rigors
Abdominal pain
Nausea/vomiting
Diarrhea
Weight loss
Jaundice/icterus
Leukocytosis
Transaminitis
Elevated alkaline phosphatase
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infection may form a military pattern, whereas 
portal venous sources such as appendicitis, 
diverticulitis, and amoebic infections tend to 
occur in the right lobe more than the left. This 
pattern has been attributed to portal streaming 
combined with the angulation of the left portal 
vein branch [12, 58, 72]. When a HA is identi-
fied, it is important to search for intra- or extra-
hepatic pathology in the form of malignancy, 
infection, or structural abnormalities.

Amoebic abscesses are difficult to differen-
tiate from PAs by imaging alone; however, 
they tend to have a more rounded appearance 
on CT scanning and are more likely to show 
the “target” pattern [68]. Ultrasound evalua-
tion of amoebic abscesses generally reveal a 

round or oval, thick walled, hypoechoic fluid 
collection [70].

Rarely, a HA may perforate. Most commonly 
this results in a perihepatic fluid collection [73]. 
However, it is possible for the abscess to perfo-
rate through the diaphragm into the pleural space 
or into the abdominal cavity. Risks for perfora-
tion include cirrhosis, gas-forming abscesses, 
abscesses ≥6  cm, and other septic metastases 
[73]. Perforation increases the risk for protracted 
or complicated hospital course and may also 
increase mortality [73, 74].

Poor prognostic factors for PAs include 
APACHE II ≥15, increased urea, sepsis, shock, 
increased age, increased bilirubin, decreased 
albumin, concomitant malignancy, increased pro-
thrombin time (PT), decreased hemoglobin, gas-
forming abscesses, multidrug resistance, 
anaerobes, biliary origin, multiple abscesses, and 
increased abscess size [75].

 Treatment

The treatment options for HA have evolved over 
the past decades. Classically the options were 
divided into medical and surgical. It is ideal to 

a

b

Fig. 15.1 Coronal (a) and axial (b) views of a large pyo-
genic hepatic abscess. Note there are also multiple satel-
lite abscesses (arrows)

Key Points

 1. Symptoms of HA are generally non-
specific, but the most common are 
fevers, chills, and right upper quadrant 
abdominal pain.

 2. Imaging is the most sensitive and spe-
cific diagnostic modality to identify 
HA, with CT scan being the most com-
monly utilized and having the additional 
benefit of often identifying the underly-
ing etiology of the abscess.

 3. It is difficult to differentiate amoebic 
from PA by symptoms and imaging, his-
tory, and antigen testing are the most 
reliable means to differentiate the two 
types of HA.
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differentiate amoebic from pyogenic abscesses 
prior to intervention as amoebic abscesses very 
commonly respond to antibiotic treatment (met-
ronidazole) only, whereas PA will commonly 
require percutaneous or surgical drainage 
(Table 15.2). Microbial diagnosis in PA generally 
requires aspiration and culture of the abscess as 
less than half of cases are associated with bacte-
remia on culture, and even in the presence of bac-
teremia, the culture results from abscesses and 
blood are only concordant in ~60% of cases [12, 
61]. Blood cultures are more likely to be positive 
with Klebsiella-infected abscesses [53], which is 
consistent with its increased tendency to have 
metastatic complications such as meningitis and 
endophthalmitis.

Medical therapy for PA generally consists of 
broad spectrum antibiotics. In the case of severe 
sepsis, broad coverage with piperacillin-tazobac-
tam and vancomycin is often used [2, 12]. Another 
common combination which covers the majority 
of responsible organisms is metronidazole and a 
third-generation cephalosporin such as ceftriaxone 
[7, 12, 16, 58]. This combination is used frequently 
in Asian countries and has the benefit of good cen-
tral nervous system penetration with the rising fre-
quency of metastatic lesions from K1 or magA 
mutant Klebsiella [76]. In western countries genta-
mycin is often added to the antimicrobial regimen 
[2, 31], but the risks of significant toxicities must 
be carefully weighed in a population with a high 
prevalence of comorbidities and renal dysfunction. 

Local resistance patterns should also be consid-
ered when choosing empiric antibiotics, and 
agents should be narrowed when species and sus-
ceptibilities become available. Although etiology 
of HA has been associated with increased fre-
quency of specific pathogens, the patterns of asso-
ciation are not consistent, and frequency of 
pathogens has shifted over the past decade. As 
such narrowing antimicrobial treatment based on 
aspirate culture (or blood culture when aspirate is 
not available) is vital. Duration of antibiotic ther-
apy is not clearly defined given the heterogeneity 
of presentation and etiology but generally varies 
between 2 and 6 weeks [2].

In the case of amoebic abscesses, the primary 
treatment of uncomplicated abscesses is metroni-
dazole followed by a lumen-active agent such as 
iodoquinol to eliminate any remaining cysts in 
the colon [21, 77, 78]. This treatment is success-
ful in up to 90% of patients with uncomplicated 
amoebic HA [79, 80]. Even in complex cases, 
medical treatment is successful in 70–80% of 
patients [81, 82].

 Percutaneous Drainage

When medical management fails or the clinical 
situation requires a more aggressive approach, 
percutaneous drainage is the next option for treat-
ment. Although percutaneous treatment was first 
described in 1953 [83], it took several decades to 

Table 15.2 Outcomes for PA and amoebic abscess in appropriately selected cases

Medical therapy Percutaneous drain Open surgery Laparoscopic surgery
Pyogenic abscess
Success rate 30–100 60–100 80–100 80–100
Morbidity 10–20 5–15 5–15 5–20
Mortality 0–100a 0–5 5–50 0–5
Amoebic abscess
Success rate 70–90 90–100 90–100 100b

Morbidity 2–10 2–5 ID 0b

Mortality <1 <1 ID 0b

Given changes in management, only data from the past 25 years was used in these estimates
ID insufficient data
aIn the past 25 years when medical management is not successful, patients have been offered percutaneous drainage or 
surgery. The only recent cases found where deaths occurred with medical management only were those where patients 
refused further care
bOnly one case of laparoscopic drainage of amoebic abscess was found
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gain popularity. Since the late 1970s, percutane-
ous interventions have been increasingly used to 
spare patients the morbidity and mortality of 
open surgery [14, 17, 84]. There are many factors 
to consider when deciding between therapeutic 
approaches including abscess size, presence of 
loculations, and underlying cause. Although 
there is no official consensus on a size cutoff, 
there is good evidence in the literature to suggest 
that larger PAs (>3–5 cm) [75, 85, 86] have better 
outcomes with percutaneous drainage versus 
antibiotic treatment alone (Table  15.2). 
Percutaneous drainage includes both aspiration 
alone and catheter drainage. Outcomes of cathe-
ter drainage have been found to be superior in 
terms of success rate, clinical improvement, and 
days to reduce cavity size by 50% when com-
pared to aspiration alone, even in studies where 
multiple aspirations were performed [36, 87]. 
Differences in hospitalization and procedure-
related complications are similar.

Generally, the risk of failure of percutaneous 
drainage increases with size and number of 
abscesses [36, 88], presence of loculations [65, 89], 
as well as with underlying malignancy [88]. The 
effect of abscess loculations on failure rate differs 
greatly between studies, and as such this factor may 
be manageable with good interventional technique 
[36, 88]. While a daily output less than 30 mL is 
generally used for removal of surgical drains, wait-
ing until daily output is less than 10–15 mL is asso-
ciated with better outcomes [88, 90]. Other 
patient-specific factors that have been independently 
associated with failure of percutaneous therapy 
include ECOG performance status ≥2, hyperten-
sion, and raised serum total bilirubin [7, 75].

Percutaneous drainage of uncomplicated 
amoebic HA has not been shown to consistently 
improve outcomes compared to medical treat-
ment in small, uncomplicated amoebic abscesses 
[23, 91, 92]. However, percutaneous drainage has 
been shown to be beneficial in select situations. 
In the case of treatment failure, very large 
abscesses (>8–10 cm), or those with high risk of 
rupture into the peritoneum or pericardium based 
on location, percutaneous drainage should be 
considered [65, 81, 82, 93, 94]. Similar to PAs, 
catheter drainage is more effective than aspira-

tion alone with success rates of ~100% compared 
to less than 50%, respectively [81]. If secondary 
bacterial infection is suspected, the abscess 
should be treated as a PA.

In terms of technique, US or CT guidance is 
used to identify the cavity, a needle is used to 
enter the cavity, and the contents are aspirated 
and sent for culture. A drain (preferably large 
bore) catheter is then placed using the Seldinger 
technique. The imaging modality of choice 
should be used to identify loculations and place 
the drain in a manner such that of as many of the 
cavities as possible are drained.

 Surgical

Before percutaneous drainage was well estab-
lished, the alternative to medical therapy for both 
PAs and amoebic abscesses was open surgical 
drainage. This was associated with extremely high 
mortality rates [8, 95]. Although overall mortality 
rates continue to be higher in surgically treated 
versus percutaneous groups [84, 96], this is likely 
due to selection bias as only patients thought to 
have a high probability of failing percutaneous 
treatment have been treated primarily with surgery 
in recent decades [65]. In fact, more recent studies 
comparing percutaneous and surgical drainage for 
uncomplicated PAs larger than 5 cm showed simi-
lar complication rates between open surgical and 
percutaneous treatment groups (Table 15.2) [85].

Although percutaneous drainage is much less 
invasive, in terms of resolution of the abscess, 
surgery has a higher success rate overall [12, 63]. 
Both open and laparoscopic surgeries also have 
the benefit of addressing underlying etiology, 
particularly in the case of an underlying biliary 
pathology [97]. Both techniques also may use 
intraoperative ultrasound, although this is not 
always necessary if the abscess is visible on the 
surface of the liver [98]. Indications for surgical 
intervention include failure of percutaneous ther-
apy, ruptures with peritonitis [73], and very large 
or multiple abscesses [99–101]. In the case that 
surgical intervention is not successful, repeat sur-
gery or percutaneous drainage may be attempted 
[99, 102].
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 Open
Open surgical drainage procedures are generally 
performed through an upper midline or right sub-
costal incision. The area of the abscess is located 
often with the assistance of intraoperative ultra-
sound. The cavity is then opened and the aspirate 
sent for culture. The purulent material is evacu-
ated using suction, and loculations broken up 
using blunt finger dissection. The abscess cavity 
should be irrigated thoroughly and hemostasis 
ensured before closure. A drain is generally left 
in place to provide further drainage for any 
remaining purulent material and any potential 
bile leak.

Although significant morbidity and mortality 
accompany open surgery including the effects of 
general anesthesia [84], it is a very effective 
means for evacuation of HA. One has complete 
and direct access to the liver, and adjunctive 
imaging such as intraoperative US is technically 
easier to use compared to laparoscopic 
approaches. There is the added benefit of access 
to the remainder of the abdomen as well, and a 
thorough washout decreases the risk of post-
intervention peritonitis significantly compared to 
percutaneous drainage [85], Washout is also pos-
sible with laparoscopic therapy, although it is 
generally less thorough, and outcomes regarding 
peritonitis have not been directly examined [73],

When open surgery is compared directly with 
percutaneous drainage, success rate is higher and 
morbidity and mortality are similar [85], 
However, the majority of the reports of outcomes 
after open surgery for HA within the last 20 years 
refer to cases where the patient had either failed 
non-operative management or showed signs of 
peritonitis at presentation [99, 103]. The overall 
frequency of open surgical intervention has 
decreased [59, 103, 104] leading to a paucity of 
data on outcomes in modern series.

 Laparoscopic
Laparoscopic surgery is an approach that has 
only recently begun to be used for treatment of 
HA. The abdomen is entered in a manner accord-
ing to surgeon preference, and similar to open 
surgery, the abscess is located often with ultra-
sonic guidance, and the cavity is aspirated and 

then unroofed. Breaking up loculations can be 
more difficult to do with laparoscopic instru-
ments without traumatizing the liver, so the suc-
cess of this procedure is highly dependent on the 
skill and experience of the operating surgeon. 
Conversion rates are extremely low, generally 
reported as <1% [98, 108].

Laparoscopic drainage has been shown to 
have shorter operative times and faster recovery 
compared to open surgery [105]. However, this 
has only been examined retrospectively imply-
ing that patient selection may still affect out-
comes. Laparoscopic drainage is most frequently 
used as a salvage treatment after failure of per-
cutaneous drainage [99, 106]. In addition to rul-
ing out contraindications to laparoscopy, the 
decision on whether laparoscopic surgery can 
be used instead of open depends on the location 
of the abscess/accessibility and surgeon com-
fort. Certain areas such as the caudate lobe may 
be safer to access through open surgery [107]. It 
is more difficult to obtain thorough drainage 
using a laparoscopic approach compared to 
open, but laparoscopic drainage has been shown 
to have acceptable results [65]. One study dem-
onstrated an 11% primary treatment failure rate 
with laparoscopic drainage compared to 40% 
primary treatment failure with percutaneous 
drainage [65]. This study was not randomized as 
treatment modality was based on physician 
preference which ultimately resulted in patients 
with more severe disease being treated laparo-
scopically. Complication rates were similar 
(13% vs 17% percutaneous drain vs laparo-
scopic drain). Another study showed decreased 
length of hospital stay and earlier oral intake 
with laparoscopic vs open surgery, but again 
this study was not randomized, and open sur-
gery patients were more likely to have more 
severe symptoms and greater deviation from 
normal lab values [97].

Mortality rates for HA have decreased with 
advances in therapy, with rates approaching 
100% without treatment [109] reduced to 0% 
reported in many recent series where comprehen-
sive treatment algorithms were used [59, 110]. 
The mortality rate also varies by region and 
underlying etiology.
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Small Bowel Obstruction

Amirreza T. Motameni and Jason W. Smith

 Epidemiology

SBO is a condition leading to absence or abnor-
mal progression and passage of intestinal content 
through the small bowel. SBO can be caused by 
mechanical or functional etiologies. The most 
common cause of SBO is adhesive disease, 
accounting for 65–75% of the cases [2]. The most 
common risk factor for development of small 
bowel obstruction is past surgical history of 
abdominal or pelvic operations. While the major-
ity of patients who undergo transperitoneal sur-
gery will develop postoperative adhesions, the 
risk of SBO can be as low as 1% after an appen-
dectomy [1] and as high as 25% after restorative 
proctocolectomy via ileal pouch-anal anastomo-
sis (IPAA) [18, 25]. Due to its commonality, SBO 
is of great socioeconomic significance, as a 
10-year follow-up study reported 5.7% of all hos-
pital readmissions to be due to adhesive SBO 
[17]. Estimated financial cost for patient care due 
to adhesion-related illnesses in the United States 
is reported at $1.3 billion [37].

 Differential Diagnosis

SBO can be due to different underlying causes. 
Here we discuss common causes of SBO:

 1. Adhesive small bowel obstruction: SBO 
caused by adhesions is the most common type 
of SBO, accounting for 65–75% of all cases 
(Fig. 16.1). The most important risk factor for 
the development of adhesive SBO is prior 
abdominal or pelvic operations. However, 
radiation, pelvic inflammatory disease (PID), 
and abscesses can also lead to adhesive SBO 
in patients with no prior abdominal surgeries.

 2. Hernia: Hernias are the second leading cause 
of SBO in all patients and the most common 
cause of SBO in patients without history of 
prior abdominal surgical intervention. This 
emphasizes the importance of physical exami-
nation in all patients with SBO as hernias are 
often diagnosed with a thorough bedside 
examination. One caveat would be in patients 
with morbid obesity and prior complex ven-
tral abdominal wall hernia repairs, where 
physical exam is often insensitive in identify-
ing hernias and in these patients CT scans is 
instrumental. While the most common types 
of hernias leading to small bowel obstruction 
are incisional (Fig. 16.2), inguinal, or femoral 
hernias, one most always include internal her-
nias and paraesophageal hernias in the differ-
ential diagnosis.
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 3. Internal hernia: Roux-en-Y gastric bypass 
(RYGB) was a common surgical obesity proce-
dure performed in the United States. One com-
mon complication inherent to this operation is 

the subsequent creation of potential spaces 
through which internal herniation can occur. 
Internal hernia must always be included in the 
differential diagnosis in the setting of prior 
RYGB and abdominal pain as 1–6% of patients 
experience SBO as a result of internal hernia 
[39]. The presence of “swirl sign” on CT scan 
is pathognomonic on CT scan [19]. With very 
few exceptions, internal hernia after RYGB is 
an indication for exploration as the conse-
quences of missing the diagnosis results in 
potential for catastrophic bowel loss, morbid-
ity, and mortality.

 4. Neoplasm: Primary small bowel tumors are 
rare, accounting for 0.3% of all cancers. Of 
these rare cancers, adenocarcinoma and leio-
myosarcoma are the most common, with car-
cinoid tumors and gastrointestinal stroma 
tumors (GIST) being much less common. 
Metastatic lesions to the small bowel are simi-
larly rare, with lymphoma and melanoma 
being the most common of these etiologies. 
Diagnosis of small bowel neoplasm can be 
challenging, requiring appropriate imaging 
studies (see below) and clinical suspicion. Far 
more often, the small intestine is not the pri-
mary source of tumor or metastasis but 
becomes obstructed due to secondary tumor 
growth from an alternative intraperitoneal 
source of cancer [6].

 5. Crohn’s disease: An acute Crohn’s disease 
exacerbation, intra-abdominal fluid collec-
tions, or strictures can serve as additional eti-
ologies of SBO.  The prevalence of small 
bowel strictures is common in this group of 
patients with a reported incidence of 7–15% 
[32, 48]. In the absence of absolute indica-
tions for exploration (pneumoperitoneum, 
peritonitis, etc.), the majority of patients with 
Crohn’s disease who present with an acute 
Crohn’s flare and stricture are successfully 
managed with medical management alone. 
The terminal ilium is often the most common 
anatomic location presenting with stricture in 
this patient population [5].

 6. Intussusception: Intussusception is a rare 
diagnosis in adults as the cause of a small 
bowel obstruction. Defined as invagination of 
one segment of the bowel into an immediately 

Fig. 16.1 57-year-old female with history of colonic 
resection presenting with small bowel obstruction. Single 
adhesive band found to be cause of obstruction

Fig. 16.2 58-year-old female presenting with an 
obstructing incisional hernia
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adjacent segment, the incidence of adult intus-
susception leading to a SBO in adults is less 
than 0.3%. Pediatric patient more often pres-
ent with this entity but, even in children, it is a 
rare occurrence. Most cases of intussuscep-
tion are associated with a lead point causing 
the peristaltic movement of the bowel to intus-
suscept in that segment (Fig. 16.3). In adults, 
this is often associated with a malignancy, and 
the diagnosis is typically made in the operat-
ing room or on CT.  Oncologic principles 
should be followed in all of these cases, which 
often require an oncologic resection including 
adequate margins and associated focal lymph-
adenectomy for best results [9, 29].

 7. Foreign body (FB): Ingestion of FB is a com-
mon cause of small bowel obstruction. Risk 
factors for ingestion in the adult population 
are age, alcoholism, psychiatric disorders, and 
incarceration [45]. Symptoms associated with 
this pathology are diverse-acute respiratory 
failure, dyspepsia, GI bleeding, perforation, 
and GI obstruction. While most cases of FB 
ingestion can be managed either endoscopi-
cally or nonoperatively, 1–14% of patients 
ultimately require operative intervention [43]. 
Radiographic imaging can often identify the 
FB, and SBO due to FB ingestion is generally 
an indication for exploration.

 8. Gallstone ileus: Gallstone ileus is a misnomer 
as the cause of the small bowel obstruction is 
not a functional ileus but rather a mechanical 

occlusion of the ileum. This often occurs at 
the ileocecal valve as a result of one or more 
large gallstones. Less than 1–3% of all cases 
of intestinal obstruction are due to gallstone 
ileus [22]. Gallstone ileus is more likely in the 
elderly patient population, and radiographic 
studies can be pathognomonic demonstrating 
pneumobilia, SBO, and FB at the ileocecal 
valve. SBO due to gallstone ileus is an indica-
tion for exploration as it will not resolve with 
nonoperative management.

 Patient Presentation and Symptoms

 Symptoms

The symptoms most commonly associated with 
acute small bowel obstruction include crampy 
abdominal pain accompanied by bloating and 
loss of appetite. A classic study of 300 patients 
suffering small bowel obstruction reported 
abdominal pain in 92% of patients and vomiting 
in 82% of patients [11]. The abdominal pain 
associated with small bowel obstruction is fre-
quently described as periumbilical and colicky 
with spasms of pain occurring every few minutes 
in an intermittent, episodic fashion [36]. A pro-
gression from colicky to more focal and constant 
pain may indicate early focal peritonitis related 
to SBO complications such as ischemia, bowel 
necrosis, or focal perforation. With proximal 
small bowel obstruction (duodenum, proximal 
jejunum), nausea and vomiting can be severe, 
leading to significant electrolyte disturbances 
which must be managed and corrected prior to 
intervention. Obstipation (the lack of ability to 
pass flatus or stool) is often pathognomonic of 
the condition. The frequency of these symptoms 
is variable and depends upon both the cause and 
location of obstruction (proximal versus distal) 
within the GI tract.

 Physical Examination

Overall, physical examination should focus on 
evaluating the patient for systemic sequelae of 
the bowel obstruction. The vomiting caused by 

Fig. 16.3 32-year-old female presenting with 2 days his-
tory of nausea, vomiting, and bloody diarrhea. CT scan 
consistent with intussusception
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the small bowel obstruction can often lead to 
severe dehydration. Systemic manifestations of 
dehydration include tachycardia, orthostatic 
hypotension, and reduced urine output. Dry 
mucus membranes, sunken periorbital areas, and 
poor skin turgor are physical exam signs that 
point toward severe dehydration. Fever is not 
generally associated with a bowel obstruction in 
the absence of complication but may be associ-
ated with infection (i.e., abscess) or other compli-
cations of obstruction (ischemia, necrosis, 
perforation). Hematemesis and hematochezia 
may be a sign of tumor, ischemia, inflammatory 
mucosal injury, or intussusception and are par-
ticularly concerning signs in the setting of a 
bowel obstruction.

Abdominal inspection will often identify 
abdominal distention in most patients with acute 
SBO. Abdominal inspection should also note sur-
gical scars or evidence of abdominal wall hernia 
(including incisional hernia) or groin hernias. In 
numerous retrospective reviews, abdominal dis-
tension was the most frequent finding on physical 
examination, occurring in over 65% of patients. 
Although nausea and vomiting may be less severe 
in patients with distal small bowel obstruction 
compared with proximal obstruction, abdominal 
distention is greater because the more proximal 
bowel acts as a reservoir for gastrointestinal con-
tents. Often, distention of the bowel results in 
tympany on percussion (hyperresonance) 
throughout the abdomen. Tenderness to light per-
cussion suggests peritonitis. It is important to 
remember that in patients with a closed-loop 
obstruction, abdominal distention can be 
minimal.

Palpation of the abdomen is used to identify 
any abdominal wall or groin hernias, or abnormal 
masses, which, in the setting of small bowel 
obstruction, may indicate the source of obstruc-
tion. Digital rectal examination should be per-
formed to identify fecal impaction or rectal mass 
as the source of obstruction even if a small bowel 
obstruction is presumed. Gross or occult blood 
may be related to intestinal tumor, ischemia, 
inflammatory mucosal injury, or intussusception 
and might help discern alternative etiologies of 
obstruction.

 Laboratory and Imaging Evaluation 
of Small Bowel Obstruction

 Laboratory Workup

CBC and BMP are helpful in management of 
patients with SBO.  While laboratory values are 
nonspecific in the diagnosis of SBO, the presence 
or increasing leukocytosis can help in determin-
ing appropriate management of SBO as it can give 
insight into patient’s pathology and the possibility 
of bowel ischemia. Margenthaler et  al. reported 
patients undergoing exploration with adhesiolysis 
tend to have higher frequency of abnormal WBC 
count (> 11,000/mm3) compared to patients 
requiring small bowel resection. However, 
patients who required small bowel resection tend 
to have significantly lower mean serum albumin 
levels compared with patients who required adhe-
siolysis [28]. Patient’s with proximal SBO can 
have significant vomiting or have high nasogastric 
output that can result in a hypochloremic, hypo-
kalemic metabolic alkalosis. An elevated creati-
nine and acute renal insufficiency or failure (ARF) 
can be seen in patients with dehydration and indi-
cate need for more aggressive fluid resuscitation.

 Imaging

Abdominal X-ray (AXR): X-ray is often the initial 
imaging study of choice as they can be obtained 
quickly, are relatively inexpensive, and can give 
general insight into the diagnosis of abdominal 
pain or obstruction. AXR can diagnose small 
bowel obstruction with a sensitivity and specificity 
of 79–83% and 67–83%, respectively, but can be 
normal in up 20% of patient with SBO [41]. 
Findings on plain radiography consistent with 
small bowel obstruction include the following:

• Dilated loops of bowel with air-fluid levels are 
pathognomonic for patients with SBO (Fig. 16.4) 
when present. However, it’s important to keep in 
mind air-fluid levels are often absent in patients 
with proximal obstructions and other imaging 
findings such as dilated stomach can be helpful 
in diagnosis of proximal SBO [8].
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• Proximal small bowel dilation with distal 
small bowel collapse – Small bowel obstruc-
tion can be diagnosed if the more proximal 
small bowel is dilated more than 2.5 cm (outer 
wall to outer wall), and the more distal small 
bowel is not dilated. The stomach may also be 
dilated prior to decompression.

• Loss of abdominal gas – A gasless abdomen 
may be due to complete filling of loops of 
bowel with sequestered fluid. A “string of 
pearls” sign may be seen in predominantly 
fluid-filled small bowel loops on upright or 
lateral films, as small amounts of intraluminal 
gas collect along the superior bowel wall sepa-
rated by the valvulae conniventes.

Computed tomography (CT): Multidetector 
CT scanning is the most useful imaging study 
for the diagnosis and management of SBO. CT 
scan has a sensitivity of 95% and specificity of 
96% for diagnosing SBO (Fig. 16.5) [26, 27]. In 
addition to diagnosing SBO, CT scans can be 
further helpful in diagnosing the underlying 
cause, such as identifying the specific location 
(i.e., transition point) and severity of SBO (par-
tial versus complete); determining the etiology 
by identifying hernias, masses, or inflammatory 
changes; and identifying complications (isch-
emia, necrosis, perforation) [46]. Similar to the 
findings on plain abdominal radiography, a 
diagnosis of bowel obstruction on abdominal 
CT can be made by the findings of dilated proxi-

mal bowel with distal collapsed bowel and air-
fluid levels. Identifying the transition point 
between dilated and nondilated bowel, although 
not required to make the diagnosis of obstruc-
tion, may establish the location and cause of 
small bowel obstruction. However, the location 
of obstruction as identified on CT only corre-
lates with the intraoperative locations in approx-
imately 60–70% of patients [14]. In addition, 
the presence of a transition point on abdominal 
CT does not appear to accurately predict the 
need for immediate or delayed operative inter-
vention and thus should not be used as a major 
initial criterion influencing a decision to operate 
[38]. Additional findings on abdominal CT scan 
consistent with a diagnosis of bowel obstruction 
include:

• Bowel wall thickening >3 mm (nonspecific)
• Mesenteric edema
• “Target sign”– Alternating hypo−/hyperdense 

layers, indicative of intussusception

Fig. 16.4 Abdominal X-ray in a 42-year-old male with 
small bowel obstruction. Dilated loops of bowel and air-
fluid levels can be seen in this image

Fig. 16.5 21-year-old male with history of exploratory 
laparotomy after trauma presenting with small bowel 
obstruction. Collapsed and dilated loops of small bowel 
due to transition point in the pelvis can be seen in this 
image
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• “Whirl sign” – Rotation of small bowel mes-
entery, suggesting a twist or a volvulus

• “Venous cutoff sign” – Venous flow to a loop 
of small bowel that is “cut off” suggests 
thrombosis

In general the administration of oral and intra-
venous contrast allows for the study to provide 
the best information. However, for those who 
cannot tolerate oral contrast, retained intralumi-
nal fluid within dilated bowel loops usually pro-
vides adequate enhancement when evaluating 
patients for ischemic complications.

Magnetic resonance imaging (MRI) and 
abdominal ultrasonography (US): Abdominal MRI 
can be used to assess patients for a small bowel 
obstruction with sensitivity and specificity similar 
to CT scanning. However, the increased time for 
image acquisition and the need for repeated breath-
holds to obtain high-quality images limit the gen-
eral. Abdominal ultrasonography may be useful for 
the diagnosis of small bowel obstruction in selected 
patients though its specificity and sensitivity are 
less than CT and similar to AXR.  Ultrasound is 
most useful in the emergency department to evalu-
ate abdominal pain [20] and to assess for hernias 
that cannot be identified on patient exam and in 
patients with contraindications to CT, such as those 
with contrast allergies, pregnant patients, and criti-
cally ill patients for whom the study must be per-
formed at the bedside [23].

Small bowel contrast studies: Therapeutic 
water-based hypertonic contrast administration 
for SBO (small bowel follow-through (SBFT) 
and enteroclysis) are of limited utility in the mod-
ern diagnosis of small bowel obstruction. 
Fluoroscopic findings consistent with small 
bowel obstruction are dilated loops of proximal 
small bowel opacification with contrast material 
and a change in the diameter of the small bowel 
at the transition zone (Fig. 16.6). The transition 
zone at the site of the SBO can be missed using 
small bowel follow-through because water-solu-
ble contrast agents generally become diluted as 
they pass through dilated fluid-filled bowel loops. 
Thus, the degree of opacification may not be suf-
ficient to identify the transition point at the site of 
obstruction. The transition zone, however, can be 

readily identified with enteroclysis, particularly 
in patients with multiple obstructions and or 
chronic bowel obstructions. Enteroclysis is a pro-
cedure in which the duodenum is intubated with 
a tube, and a large volume of air and contrast 
(typically, barium and methylcellulose) is 
instilled directly into the small intestine while 
repeatedly imaging over time using fluoroscopy. 
Enteroclysis has some utility in the diagnosis and 
management of bowel obstruction related to 
inflammatory bowel disease and chronic obstruc-
tions as multiple areas of functional stenosis may 
need to be evaluated. However, in the acute set-
ting, enteroclysis is not recommended as patients 
with acute small bowel obstruction tolerate the 
high volume of oral contrast material poorly. 
Also, it is preferable not to have large quantities 
of barium in the small bowel lumen if surgery or 
a perforation is a possibility.

 Management

 Initial Management

Patients who are diagnosed with acute small 
bowel obstruction generally require hospital 
admission for initial management that includes 

Fig. 16.6 Upper GI with small bowel follow-through 
(SBFT) in a 54-year-old female with multiple abdominal 
surgeries. Failure of contrast passing through small bowel 
after 7 h
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intravenous fluid therapy and electrolyte replace-
ment. These patients should generally be admit-
ted to a surgical service as studies have 
demonstrated shorter lengths of stay, fewer hos-
pital charges, shorter times to surgery, and lower 
mortality rates than patients admitted to medical 
service [16, 33]. For patients who are admitted to 
a medical service, the use of clear-cut SBO treat-
ment protocols have been shown to decrease time 
to surgical consultation and operative interven-
tion and shorten hospital length of stay [30, 44].

In general, all patients with mechanical bowel 
obstruction should be made nil per os (NPO) to 
limit bowel distension and emesis. While surgical 
dogma teaches the need for early nasogastric tube 
(NGT) placement for decompression, there is 
currently little evidence to support this practice 
[21]. In patients with complete or high-grade 
small bowel obstruction, decompression of the 
distended stomach improves patient comfort and 
also minimizes the passage of swallowed air, 
which can worsen distension. Therefore, the need 
for NGT decompression in the setting of small 
bowel obstruction remains a matter of clinician 
judgment.

Patients with small bowel obstruction (partic-
ularly proximal obstructions) can have severe 
volume depletion, metabolic acidosis or alkalo-
sis, and electrolyte abnormalities due to the nau-
sea and vomiting resulting from the underlying 
pathophysiology of the disease. This is particu-
larly true for patients seeking treatment later in 
the course of the disease progression with symp-
toms that have been present for several days prior 
to presentation. Upon admission, intravenous 
access in the form of two large-bore peripheral 
lines should be obtained for fluid resuscitation. 
Intravenous rehydration should be initiated using 
a balanced salt solution. Aggressive potassium 
repletion may be needed, but it is important to be 
certain the patient does not have acute kidney 
injury (acute renal failure) from severe dehydra-
tion, in which case potassium supplementation 
should be given cautiously until renal function is 
improved. Even in cases where signs and symp-
toms indicate urgent operative intervention, fluid 
resuscitation and repletion of electrolytes prior to 
surgery can significantly minimize complications 

(i.e., hypotension) related to anesthesia induction 
agents.

In general, pain from mechanical bowel 
obstruction, which is crampy in nature, is often 
not amenable to treatment with analgesics, par-
ticularly opioids. Additionally, excessive admin-
istration of opiate pain medications in the setting 
of bowel obstruction may impede resolution of 
the obstruction. Pain management with opioids 
and other pharmacologic agents is reasonable in 
the setting of palliation.

 Indication for Operative 
Management

Most patients suspected of having complicated 
bowel obstruction (complete obstruction, closed-
loop obstruction, bowel ischemia, necrosis, or 
perforation) based upon clinical and radiologic 
examination should be taken to the operating 
room for abdominal exploration. Additionally, if 
malignancy is the suspected underlying cause of 
the small bowel obstruction, urgent or early inter-
vention should be considered. Several studies 
have demonstrated that nonoperative manage-
ment of malignant small bowel obstruction is 
associated with a high failure rate and high mor-
tality [34]. However, it should be noted that pal-
liative treatment of malignant bowel obstruction 
carries significant morbidity and mortality and 
setting realistic expectations with the patient is 
critical.

Overall, the incidence of need for operative 
intervention with adhesive obstruction is low. 
However, a significant change in clinical 
 presentation and/or the development of a compli-
cated obstruction (closed loop, perforation, and 
ischemia) during a trial of nonoperative manage-
ment should prompt surgical exploration. Clinical 
signs and symptoms that are associated with 
worsening obstruction and possible bowel isch-
emia (Fig. 16.7) are nonspecific but include the 
following:

• Worsening leukocytosis
• Change in vital signs including tachycardia 

and hypotension
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• Metabolic acidosis
• Fever not present on admission
• Change in abdominal exam and/or the devel-

opment of peritonitis.

These signs and symptoms correctly identify 
bowel ischemia in approximately 40–50% of 
cases [20, 40]. As always diligent monitoring of 
the patient’s overall condition and following 
either the resolution or worsening of symptoms 
are imperative in the management of this 
condition.

 Nonoperative Management

Patients without clinical or radiologic signs and 
symptoms of bowel ischemia or perforation can 
safely undergo initial nonoperative management. 
Progression to bowel ischemia in the setting of 
partial SBO is unlikely to occur with nonopera-
tive management (3–6%), but patients need to be 
monitored with serial abdominal examinations 
and laboratory studies [24]. From a historical 
perspective, surgical dogma often recommended 
that patients with SBO (without indications for 
immediate surgical exploration) should be 
observed for no longer than 12–24 h after which 
time, if no improvement is seen, the patient 
should undergo exploration. Numerous studies 
have contradicted this approach, and in the 
absence of signs of complications of obstruction, 

the patient may be observed for a longer period of 
time. Nonoperative management is overall suc-
cessful in 65–80% of patients within 2–5 days of 
admission, especially in the setting of partial 
SBO and early postoperative SBO [7, 12].

 Hypertonic Contrast in Partial SBO

In patients whose symptoms persist longer than 
48  h following admission, the utilization of 
enteral water-soluble hypertonic contrast boluses 
may be beneficial [12, 13]. The water-soluble 
hypertonic contrast draws fluid into the lumen of 
the bowel due to its hypertonicity, thereby 
decreasing intestinal wall edema and stimulating 
intestinal peristalsis. After contrast administra-
tion, abdominal radiographs should be performed 
in order to follow the progression of the enteral 
contrast through the GI tract. In general, failure 
of the contrast to reach the colon within 24 h of 
administration suggests that surgical exploration 
is warranted.

A 2016 systematic review and meta-analysis 
demonstrated that water-soluble contrast pre-
dicted resolution of obstruction without surgery 
with a sensitivity of 92% and a specificity of 
93%. Treatment with water-soluble hypertonic 
contrast also reduced the need for surgery, length 
of stay, and time to resolution of symptoms. 
There was no increased morbidity or mortality 
associated with water-soluble contrast [10]. 
Additionally, a multicenter prospective observa-
tional study compared patients treated at centers 
with and without a water-soluble contrast 
 protocol, and those treated with protocols had a 
lower rate of operative exploration (21% vs 44%) 
and a reduced length of stay (4 days vs 5 days). In 
that study, multivariable regression demonstrated 
that the use of water-soluble hypertonic contrast 
in SBO was independently associated with suc-
cessful nonoperative management [47]. It should 
be noted however that the Adhesive Small Bowel 
Obstruction Study (ASBOS) showed no differ-
ence in operative intervention or bowel resection 
between groups treated with water-soluble con-
trast and groups treated with normal saline. 
Additionally, contrary to prior studies, oral con-

Fig. 16.7 75-year-old female presenting with small 
bowel obstruction and peritonitis. Necrotic bowel was 
found on exploration
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trast administration did not shorten the length of 
hospital stay (3.5 days in both groups) [15, 42]. 
Overall, there is some evidence that the treatment 
of a bowel obstruction with an oral contrast chal-
lenge is helpful and very little evidence that it is 
harmful, thus it should be considered as a viable 
treatment modality in the management of small 
bowel obstruction.

 Operative Techniques

Specific operative techniques needed to treat a 
bowel obstruction are primarily determined by 
the underlying etiology of the disease. However, 
the decision to transition to operative treatment 
for an uncomplicated bowel obstruction is pri-
marily determined by the clinical status and pro-
gression of the patient and is often difficult. 
However, failure to regain bowel function after 
5 days of nonoperative management suggests the 
need for operative management and delay beyond 
this time period has been associated with higher 
mortality and the need for longer hospitalization 
[4]. With regard to laparoscopic versus open sur-
gical techniques for the treatment of this disease, 
a 2012 Eastern Association for the Surgery of 
Trauma (EAST) practice management guideline 
(PMG) determined: “Although previously 
reserved only for simple SBO, current literature 
supports the use of laparoscopy in complex SBO 
with dilated bowel and multiple previous abdom-
inal operations. The appropriate setting not only 
depends on the patient but also on the surgeon’s 
experience” [3]. Also noted within the EAST 
PMG for small bowel obstruction was the result 
of a 2012 meta-analysis of 29 studies and over 
2000 patients that demonstrated a conversion rate 
of 29% and an enterotomy rate of less than 7% 
[31]. Patients with a single-band adhesive 
obstruction have a higher success rate but com-
plex small bowel obstruction can be treated safely 
laparoscopically [35].

Conclusion
Small bowel obstruction is a common prob-
lem encountered by general surgeons and 
requires a thoughtful approach in order to 

optimize outcomes. The most common etiol-
ogy resulting in SBO is adhesive disease, 
accounting for 65–75% of all cases. CT scan 
is the imaging study of choice and allows for 
the diagnosis, localization, and characteriza-
tion of the obstruction and is useful in provid-
ing information regarding complications of 
obstruction such as ischemia, perforation, and 
associated pathology. The majority (up to 
75%) of patients are successfully managed 
with nasogastric decompression, fluid resusci-
tation, and bowel rest in the absence of indica-
tions for operative intervention. Indications 
for operative intervention include worsening 
leukocytosis, physiologic decompensation 
(change in vital signs including tachycardia 
and hypotension), metabolic acidosis, fever 
not present on admission, change in abdomi-
nal exam, and/or the development of peritoni-
tis. In the event that operative management is 
required, both open and laparoscopic 
approaches are acceptable.
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Small Bowel Perforation

Eric M. Campion and Clay Cothren Burlew

 Introduction

Non-traumatic perforation of the small bowel is a 
relatively rare occurrence. It requires prompt 
diagnosis and operative management to mini-
mize morbidity and mortality. The etiology of 
small bowel perforations varies widely and can 
have a significant impact on management strate-
gies. Clinicians that manage these patients should 
be aware of the diverse etiologies of small bowel 
perforation as they impact operative techniques, 
intraoperative care, postoperative management, 
and prognosis.

 Clinical Presentation

Patients with small bowel perforation present 
along a spectrum of symptoms. Bowel perforation 
will result in some degree of contamination of the 
peritoneal cavity causing inflammation of the 
peritoneum and surrounding abdominal struc-
tures. This often leads to fever, abdominal pain, 
nausea, and vomiting. Physical examination 

reveals abdominal tenderness and frequently dif-
fuse peritonitis. Peritonitis is identified on exami-
nation by rebound tenderness, guarding, and 
abdominal rigidity. The amount of peritoneal irri-
tation will determine the severity of peritonitis 
and associated physical exam findings. If the per-
foration is being walled off by other abdominal 
structures, patients can present with mild pain and 
minimal signs of peritoneal irritation. Additionally, 
it is important to recognize that patients with con-
ditions that cause an impaired inflammatory 
response, such as advanced AIDS, neutropenic 
patients, and patients taking high doses of immu-
nomodulatory medications may not manifest peri-
tonitis in the classic fashion. These patients may 
present with vague abdominal pain and sepsis 
without diffuse peritoneal signs.

The physiologic response to bowel perforation 
can vary widely, from a minor inflammatory 
response to severe septic shock. Prior to or concur-
rent with imaging studies, resuscitation of the 
patient should be the priority. This should include 
volume loading to correct adverse physiology and 
normalization of any reversible cardiomyopathy. 
Prompt administration of broad-spectrum antibiot-
ics is warranted while the diagnositic workup pro-
ceeds [1]. This is imperative as severe physiologic 
compromise can result in cardiac arrest on induc-
tion of anesthesia. Markers of resuscitation such as 
lactate and arterial base deficit can help guide 
resuscitative efforts along with traditional end-
points such as blood pressure and urine output.
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Patients with abdominal pain and diffuse peri-
tonitis should proceed to the operating room 
without delay. Plain abdominal radiographs will 
often demonstrate signs of hollow viscous perfo-
ration (such as free air). This combined with the 
physical exam is often enough information to 
proceed directly to the operating room.

Classically an abdominal series consists of 
three radiographs: a supine anteroposterior 
abdominal film, an upright abdominal film, and 
an upright chest film. Free air can be seen as a 
lucency under the diaphragm on upright abdomi-
nal or chest radiographs (Fig. 17.1). Other subtle 
findings can be identified on flat abdominal films 
suggesting the underlying etiology, such as bowel 
pneumatosis (ischemic bowel) or dilated bowel 
with air/fluid levels (bowel obstruction).

Computed tomography (CT) is being used 
with increasing frequency in the diagnosis of 
abdominal pain, often without plain abdominal 
films. CT imaging is very sensitive for intra-
abdominal free air and will often localize the site 
of perforation with a high degree of specificity 
[2]. Specific findings concerning for bowel perfo-
ration on CT imaging are free air, extraluminal 
contrast extravasation, and visible transmural 
lesions of the intestinal wall [2]. This information 
can be useful to the operating surgeon but needs 
to be weighed against the time, expense, and 
radiation exposure when the diagnosis of a perfo-
rated viscous is obvious from clinical exam. 
When the clinical picture is less clear, CT imag-

ing is often able to make the diagnosis of a perfo-
rated viscous and identify the etiology and any 
complications of the disease process.

Ultrasound is able to detect signs of bowel per-
foration but is limited by user dependence, poor 
patient cooperation due to pain, and obesity [3]. 
Signs of bowel perforation on ultrasound are strong 
reverberation above the liver, movement of rever-
beration with patient position, and probe pressure 
[2]. Ultrasound can also identify free fluid and 
decreased bowel activity which are non-specific 
but can be associated with bowel perforation.

Magnetic resonance imaging can be used in 
the diagnostic evaluation of patients with abdom-
inal pain, including in cases of bowel perforation. 
This is often utilized in children and pregnant 
patients to limit radiation dosing to the patient. 
MRI is also being used with increasing frequency 
in patients with inflammatory bowel disease to 
limit lifetime radiation [4]. The utility of MRI as 
a first-line diagnostic tool has been limited due to 
its higher cost, lower availability, and limitations 
in patients with implanted devices and metallic 
foreign objects [3].

 Etiology

Perforation of the small bowel can have a wide 
variety of causes. Many of these diverse etiolo-
gies can be suggested based on the patient’s clini-
cal presentation, making a thorough history and 
physical examination essential in identifying the 
correct diagnosis.

Small bowel obstruction is one of the leading 
causes of bowel perforation in the industrialized 
world. The majority of small bowel obstructions 
are related to adhesive disease from prior surgery 
or an incarcerated hernia. Small bowel obstruc-
tion leads to upstream bowel dilation. As the 
bowel dilates, it can cause venous outflow 
obstruction and ischemia leading to perforation. 
Patients generally present with abdominal pain, 
nausea, and vomiting prior to bowel perforation.

Most patients presenting with presumed adhe-
sive disease-related small bowel obstruction can 
be treated with NG tube decompression, bowel 
rest, and increasingly modern protocols incorpo-

Fig. 17.1 Free air can be seen under both diaphragms in 
this upright chest radiograph
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rating an oral contrast challenge that is diagnostic 
and often therapeutic [5]. However, evidence of 
bowel ischemia and/or perforation must be 
aggressively excluded at presentation and subse-
quently monitored for during the patient’s hospi-
tal course (acidosis, increasing leukocytosis, 
increasing blood lactate, and worsening abdomi-
nal exam should prompt repeat investigation or 
operative intervention). Findings of ischemia on 
CT imaging or evidence of a “closed loop 
obstruction” where the intestine is obstructed in 
two places mandates urgent operative explora-
tion. Patients presenting with a bowel perforation 
in the setting of bowel obstruction are not typi-
cally amenable to primary repair of the bowel, 
and segmental resection of the bowel is often 
required as the bowel may be dilated and/or 
ischemic.

Patients with an incarcerated hernia are typi-
cally identified on a thorough physical examina-
tion. When an incarcerated hernia is encountered, 
risk factors for bowel ischemia or perforation are 
assessed. These include significant erythema 
overlying the hernia, peritonitis on abdominal 
exam, elevated blood lactate levels or a metabolic 
acidosis, or imaging evidence consistent with 
bowel ischemia. In patients without clinical, lab-
oratory, or imaging concerns for ischemia, urgent 
reduction of the hernia is warranted. Concern for 
bowel ischemia should lead to urgent operation 
with visualization of the bowel. Ischemic or per-
forated bowel from an incarcerated hernia 
requires resection. The hernia is then repaired to 
prevent recurrence of incarceration. One should 
avoid permanent mesh placement for herniorrha-
phy in the setting of bowel perforation with con-
tamination to prevent mesh infection [6].

 Inflammatory Bowel Disease

Crohn’s disease is a disorder that results in trans-
mural inflammation of the intestinal wall. Acute 
perforation is uncommon, 2% of Crohn’s patients 
in a recent study, but remains a significant indica-
tion for surgery [7]. The location of the perfora-
tion can be anywhere along the small bowel but 
most commonly occurs at the ileum. Patients on 

anti-inflammatory and biologic medications for 
Crohn’s therapy can present in delayed fashion as 
these medications can mask the early signs and 
symptoms resulting in a benign physical exam 
and unremarkable laboratory values.

Operative management of small bowel perfo-
ration in Crohn’s disease should be individual-
ized. The segment including the perforation 
should be resected, rather than repaired. This 
should include the surrounding bowel that is clin-
ically diseased, but there is no need to achieve 
microscopic margins or resect additional normal 
appearing bowel [8]. The chronicity of the perfo-
ration and the condition of the remaining intes-
tine will determine operative management. Most 
patients will be amenable to a primary anastomo-
sis of the bowel. In patients with delayed presen-
tation and ileal perforation, occasional creation 
of a stoma is warranted. These patients are at 
increased risk for complications with one study 
showing a 20% rate of complications in patients 
with ileocecal resection for Crohn’s disease [9]. 
Preoperative steroid therapy was a risk factor 
postoperative complications in this study. If 
Crohn’s is suspected intraoperatively as a new 
diagnosis for the patient, postoperative colonos-
copy should be performed to trigger appropriate 
treatment based on risk stratification. In addition, 
many centers perform postoperative endoscopic 
surveillance on all Crohn’s patients to guide ini-
tiation of therapy post resection [10].

 Acute Intestinal Ischemia

Acute intestinal ischemia can occur from 
obstructed arterial inflow, venous outflow, or a 
generalized low flow state. Bowel perforation in 
acute intestinal ischemia is a late complication of 
the disease process that results from the progres-
sion of bowel ischemia to infarction and then per-
foration. Risk factors for irreversible intestinal 
ischemia include elevated blood lactate, organ 
failure, and bowel loop dilation [11]. As free 
 perforation is a late complication of this disease 
process, aggressive resuscitation is advocated to 
stabilize the patient for emergent surgery. 
Resection of the area of perforation with the 
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associated areas of ischemic and infarcted bowel 
is necessary. At initial operation, the viability of 
various areas of bowel may be questioned or 
unclear. A prudent strategy is to resect the areas 
of obvious necrosis and perforation, leave the 
bowel in discontinuity, and perform a second-
look operation for repeat evaluations of the bowel 
(Fig. 17.2).

This permits physiologic restoration of the 
patient in the ICU, and often the segments of 
questionable bowel at the first exploration are 
found to be viable at repeat operation. The use of 
open abdomen techniques are often employed 
with this management approach. Anastomosis is 
performed after the viability of the bowel is 
assured. Conversely, ischemic segments that per-
sist should be resected and the bowel anastomo-
sis performed subsequently.

 Meckel’s Diverticulum

Meckel’s diverticulum is the most common con-
genital abnormality of the intestinal tract and is 
thought to be a remnant of the omphalomesen-
teric duct. The overall incidence of complications 
of Meckel’s diverticulum is between 4% and 
16% [12]. The diverticulum is most commonly 
lined with intestinal type mucosa but not infre-
quently can have ectopic tissue. Obstruction of 
the lumen or erosion due to secretions of ectopic 
mucosa can cause perforation. Small bowel 
resection, including the diverticulum, is preferred 
over simple diverticulectomy in the setting of 
perforation [12].

 Radiation Enteritis

Radiation enteritis is a clinical entity of acute and 
chronic changes of the small bowel in response to 
radiation injury. Acute radiation enteritis is due to 
the direct injury to the mucosa from radiation and 
can result in abdominal pain, diarrhea, and tenes-
mus. Chronic radiation enteritis is characterized 
by progressive obliterative endarteritis with exag-
gerated submucosal fibrosis [13] and can lead to 
perforation. Perforation in the background of 
radiation enteritis is complicated by the fact that 
the surrounding bowel is often abnormal with 
large segments of thickened fibrotic bowel. Given 
the radiation changes to the bowel, primary 
suture repair of the bowel is not typically feasi-
ble. Resection is typically performed and anasto-
mosis can be attempted depending on the 
condition of the remaining bowel. Anastomotic 
leak occurs in 4–10% of patients [14, 15]. 
Alternatively, resection with ostomy creation is a 
safe strategy when there is not sufficient normal 
bowel for anastomosis.

 Foreign Body

An ingested foreign body is an infrequent cause 
of perforation of the small intestine. Most for-
eign bodies that exit the stomach are able to 
pass through the small intestine without inci-
dent. Any number of foreign bodies can cause 
perforation with fish bones, chicken bones, and 
toothpicks being more commonly reported 
(Fig. 17.3).

Fig. 17.2 An area of 
necrosis can be seen on 
the small bowel that was 
incarcerated in a femoral 
hernia
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Often, the small bowel can be repaired as the 
perforation is usually quite small. The acuity of 
the perforation and the condition of the bowel at 
the site will determine whether repair is feasible 
or resection with primary anastomosis will be 
necessary.

 Infectious Causes

Bowel perforation can occur from a variety of 
infectious agents but is relatively rare in the 
developed world. However, it is important to be 
aware of these diagnoses given the incidence of 
international travel and immigration from coun-
tries where these diseases are endemic. 
Tuberculosis (TB) and salmonella typhi are the 
most common bacterial causes of intestinal per-
foration. Perforation due to tuberculosis is a rare 
complication of TB overall and a rare complica-
tion of intra-abdominal TB. Intestinal TB can for 
an ulcero-constrictive form which leads to stric-
tures. Perforation is typically located just proxi-
mal to a stricture [16]. The perforation and 
associated stricture are typically resected [17]. 
As is true of Crohn’s disease, the most difficult 
surgical conundrum is the state of the surround-
ing bowel at the area of perforation. Abdominal 

TB is often associated with chronic abdominal 
infection with thickened, abnormal small bowel 
making anastomosis difficult. Purulent ascites is 
frequently present and should be sent for micro-
biologic analysis to confirm the diagnosis. 
Initiation of antimicrobial therapy for tuberculo-
sis immediately postoperatively is critical. 
Antituberculous therapy selection is typically the 
same for pulmonary and abdominal TB.

Small bowel perforation associated with salmo-
nella typhi is common in the developing world. 
Patients present with peritonitis after a typically 
long (weeks) febrile illness. The site of perforation 
is classically located at the ileum and is usually a 
solitary perforation [18]. As opposed to perfora-
tion with TB, these perforations can be amenable 
to primary repair if the patient presents early after 
perforation as the segment of bowel can be rela-
tively normal. Mortality in the developing world 
remains high (15.4% overall) and is often associ-
ated with a delayed presentation of perforation 
[19]. In, itiation of broad-spectrum antibiotics 
with an agent sufficient to cover S. typhi should be 
started as soon as the diagnosis is made.

 Neoplasms

Cancer of the small bowel is a relatively rare site 
for neoplasms accounting for only 1–3% of all 
gastrointestinal malignancies [20]. The overall 
prognosis of small bowel malignancy is poor but 
varies greatly based on type of neoplasm (GIST, 
adenocarcinoma, lymphoma, etc.). Perforation is 
a known complication of small bowel malignancy 
but remains uncommon. Management of perfora-
tion in the setting of suspected neoplasm remains 
resection and anastomosis in most instances. The 
only modification to the technique is the impor-
tance of taking a sufficient margin on either side 
of the lesion (10 cm) and resecting the mesentery 
supplying that segment for lymph node harvest.

 Operative Considerations

Patients with perforated small bowel segment can 
present along a broad spectrum of physiologic per-
turbation. It is essential that adequate resuscitation 

Fig. 17.3 A fish bone can be seen sticking through the 
bowel at a small perforation caused by the bone
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precedes operative management. Volume resusci-
tation and broad-spectrum antibiotics are an essen-
tial part of the initial management of patients with 
small bowel perforation.

When the patient has been adequately resusci-
tated, as determined by improvement in patient 
physiology, base deficit and lactate, operative 
management can proceed. In rare cases, a patient 
must be taken to the operating room to achieve 
source control before being fully resuscitated. In 
this circumstance, the risks of cardiovascular col-
lapse are weighed against the risk of delay to 
source control and aggressive resuscitation is 
continued during operation.

Laparotomy is the classic approach to small 
bowel perforation, but laparoscopic approaches 
are increasingly used with success. Many sur-
geons use a combined approach beginning with 
laparoscopy to identify the pathology along the 
gastrointestinal tract, and then a small laparot-
omy incision is able to be utilized to manage the 
identified perforation.

The vast majority of small bowel perforations 
can be managed with primary suture repair or 
resection and anastomosis. The choice of opera-
tive techniqe is most often influenced by the con-
dition of the bowel at operation. Bowel that 
remains relatively normal in thickness, vascular-
ity, and does not demonstrate significant pathol-
ogy other than perforation is a candidate for 
primary repair (Fig. 17.4).

This can be performed in one or two layers 
based on the surgeon’s preference. Abnormal 
bowel is often best managed by segmental resec-
tion and anastomosis. In rare cases, intestinal sto-
mas can be created when bowel anastomosis is 
not practical or inflammation is too severe to 
resect a segment of distal bowel. This can occur 
when there is a long delay between perforation 
and presentation or when there is significant 
adhesion formation from prior operation or 
inflammation leading to a “frozen abdomen.” 
When faced with this circumstance, the surgeon 
must make a risk/benefit decision regarding pro-
ceeding with further dissection and the risk of 
injuring the bowel versus bringing up a stoma. A 
distal small bowel stoma may be well tolerated 
but a proximal stoma can lead to nutritional defi-
ciencies and significant volume problems. While 
placement of a stoma for small bowel perforation 
is rarely needed, it is an important tool for the 
emergency general surgeon. In the very rare case, 
where the bowel cannot be mobilized safely for 
resection or stoma, washout with drain placement 
and closure can be utilized.

The technique for bowel anastomosis in 
emergency surgery has come under significant 
debate with controversy surrounding the opti-
mal choice between hand-sewn and stapled 
anastomosis. Several retrospective studies have 
shown a higher leak rate in stapled anastomosis 
in comparison to hand sewn during emergency 
surgery [21–23]. However, the most recent sys-
tematic review and a multicenter trial both did 
not find a difference in anastomotic leak rate 
between the two techniques [24, 25]. In the mul-
ticenter study, a prospective observational 
review of emergency general surgery patients, 
surgeons utilized hand-sewn anastomoses more 
often in sicker patients (lower hemoglobin lev-
els, higher lactate, higher INR, lower albumin, 
worsened renal function, intraoperative vaso-
pressors) [24]. These patients had a longer 
length of stay and a significant increase in mor-
tality but no increase in anastomotic leaks. With 
more hand-sewn anastomoses being performed 
on patients with a higher acuity of illness and a 
presumed higher propensity to leak, it is dis-
tinctly possible that the hand-sewn technique 

Fig. 17.4 A single layered running repair of the small 
bowel. 3-0 PDS suture is used
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may have a lower leak rate in this population. 
Based on the current literature, it is not possible 
to definitively suggest one technique over the 
other. However, it appears prudent to consider 
performing hand-sewn anastomoses in patients 
with abnormal bowel or significantly deranged 
physiology.

Another area of controversy in this patient 
population is the role of the “open abdomen.” 
This technique involves leaving the abdominal 
wall fascia unapproximated at the initial opera-
tion with a planned reexploration within 24–48 h. 
The theoretical advantages of this strategy 
include the ability to reinspect the bowel to 
determine viability or to look for other pathol-
ogy, repeated peritoneal irrigation, and restora-
tion of deranged physiology prior to bowel 
anastomosis. The exact indications for utilizing 
this strategy are not well defined in the literature, 
but a recent World Society of Emergency Surgery 
position statement suggested that utilizing an 
open abdomen strategy should be considered in 
patients with a need for abbreviated laparotomy 
due to severe physiological derangement, need 
for delayed anastomosis, concern for ongoing 
bowel ischemia and ongoing contamination 
without source control and concern about severe 
bowel edema, and development of abdominal 
compartment syndrome [26]. This list of indica-
tions would seem to be a logical approach to uti-
lizing the open abdomen in emergency general 
surgery. The multicenter study of suture tech-
nique also demonstrated a higher anastomotic 
leak rate in patients managed with the open 
abdomen, but this was felt to be more related to 
the severity of illness in this cohort as opposed to 
the technique itself [24]. When an open abdo-
men strategy is utilized, current recommenda-
tion is to use a negative pressure system on the 
abdomen in combination with a technique to 
maintain tension on the fascia. This will help 
ameliorate the retraction of the fascia and lead to 
a higher rate of primary fascial closure. The fas-
cia should be closed as soon as the patient’s 
physiology has improved and the indication for 
the open abdomen has been resolved. Every 
effort should be made to achieve fascial closure 
within 7 days [26].

 Postoperative Considerations

After emergency surgery for bowel perforation, 
there is a lack of consensus surrounding the need 
for postoperative nasogastric decompression, 
timing of oral feeding, need for total parenteral 
nutrition, and the ideal methods for pain manage-
ment. Studies have shown that early postopera-
tive feeding in emergency general surgery 
patients is safe, but they have not been able to 
demonstrate significant improvement in patient 
outcomes [27]. As a matter of routine, the authors 
do not manage patients with small bowel perfora-
tion with a nasogastric tube unless there are signs 
of bowel obstruction at operation or in cases of 
significant intra-abdominal contamination and 
ileus. Nasogastric tubes are only inserted postop-
eratively in the minority of patients that develop 
significant nausea, vomiting, and ileus. Oral 
feeding is generally reinstituted as a patient’s 
appetite returns and signs of gastrointestinal 
motility are noted.

Early postoperative mobilization is encour-
aged for all emergency general surgery patients. 
Pain control should be managed in a multimodal-
ity approach including the use of nonnarcotic 
medicines and local anesthetic techniques (epi-
dural, TAP blocks, locoregional blocks, etc.) in 
addition to intravenous and oral narcotics.

Postoperative antibiotic duration is still an 
area of active study, but it is generally accepted 
that antibiotics should be discontinued within 
24 h after operation unless evidence of preopera-
tive abscess formation or other infection exists.

 Complications

Patients with small bowel perforation are prone 
to any of the complications associated with 
abdominal operations. Intra-abdominal abscess 
formation is a frequent concern and can usually 
be managed successfully with percutaneous drain 
placement and antibiotics. Hernia formation can 
be seen as with any emergency laparotomy.

Anastomotic leak is a complication that can 
lead to significant morbidity in this population. 
Anastomotic leak has been noted to be 12.5% in 
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a recent multicenter observational trial of emer-
gency general surgery patients. This leak rate 
increased to 22% in patients managed with an 
open abdomen [24]. Anastomotic leaks that are 
recognized early after surgery are typically dealt 
with by repeat operation and either a second 
attempt at anastomosis (if a technical issue is sus-
pected), further resection and anastomosis for 
ischemia or unhealthy bowel, or ostomy creation. 
Anastomotic leaks that present greater than 
7–10 days after surgery present a more complex 
problem as adhesion formation and inflammation 
often leave the abdomen quite hostile. In this set-
ting, draining the site of the leak either through 
interventional radiology techniques or through 
limited and careful operative exploration is often 
the best option. This controls sepsis and contami-
nation with the goal of creating a controlled fis-
tula. This fistula will often heal over 6–12 weeks 
with good nutritional support.

Conclusion
Small bowel perforation is a relatively rare 
event that can lead to significant morbidity 
and mortality. Appropriate resuscitation fol-
lowed by timely and appropriate operative 
management can improve clinical outcomes. 
Operative technique should be tied to the eti-
ology of the perforation and are often depen-
dent on the condition of the surrounding small 
bowel. Knowledge of the diverse etiologies 
allows the clinician to determine operative 
techniques employed, postoperative adjunc-
tive treatment, and risk of complications.
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Inflammatory Bowel Disease

Carey Wickham and Sang W. Lee

 Inflammatory Bowel Disease 
Overview

Ulcerative colitis (UC) and Crohn’s disease (CD) 
are idiopathic chronic inflammatory processes 
affecting the gastrointestinal tract. IBD is more 
common at northern latitudes with a high preva-
lence in North America and Europe. In the United 
States, a study looking at national insurance data 
found that both UC and Crohn’s have an esti-
mated prevalence of at least 200 per 100,000 
adults [1]. The annual incidence of IBD has 
increased dramatically since the 1940s, with the 
steepest increases during the 1970s. There is also 
a gradient in the incidence of IBD in the United 
States, which increases from southern to northern 
latitudes. The incidence for both UC and CD 
ranges from approximately 0 to 20 per 100,000 
[2]. There is also a genetic component of the 
pathogenesis of Crohn’s and UC.  Between 2% 
and 12% of patients with Crohn’s and 8–14% of 
patients with UC have a family history of the dis-
ease. Twin studies have also demonstrated a con-
cordance rate of 20–50% for Crohn’s in 
monozygotic twins compared to 10% in dizy-

gotic twins and a concordance rate of 16% for 
UC in monozygotic twins compared to 4% in 
dizygotic twins. Multiple genetic loci are associ-
ated with IBD, with NOD2 on chromosome 6 
being specifically associated with CD.

A number of other factors have been noted to 
have an association with IBD including the 
microbiome, adherent-invasive Escherichia coli, 
hygiene, medications, and diet. Smoking is 
thought to have a protective effect in UC, while it 
is associated with an increased primary risk of 
Crohn’s as well as an increased risk of disease 
relapse. A recent study by Lunney et al. (2015) 
demonstrated that CD patients were more likely 
to smoke than UC patients (19.2% vs 10.2%, 
p < 0.001); however, smoking in CD was associ-
ated with an increased proportional surgery rate 
(45.8% vs 37.8%, p = 0.045), IBD-related hospi-
talization (p = 0.009), and incidence of peripheral 
arthritis (29.8% vs 22.0%, p = 0.027) [3]. Current 
smokers with UC demonstrated reduced cortico-
steroid utilization (24.1% vs 37.5%, p = 0.045), 
but no significant reduction in the rates of colec-
tomy (3.4% vs 6.6%, p = 0.34) or hospital admis-
sion (p  =  0.25) relative to nonsmokers. Former 
smokers with UC required proportionately 
greater immunosuppressive (36.2% vs 26.3%, 
p = 0.041) and corticosteroid (43.7% vs 34.5%, 
p = 0.078) therapies compared with current and 
never smokers. The deleterious effects of smok-
ing, while less in UC than CD, support encourag-
ing patient smoking cessation.
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Patients with both types of IBD can present 
with acute exacerbations potentially requiring 
operative intervention.

 Ulcerative Colitis

 Operative Indications

Emergent operative intervention for ulcerative 
colitis may be indicated in a number of different 
circumstances [4].

Acute fulminant colitis can occur in approxi-
mately 10% of patients with UC [5] and can present 
with sudden onset of bloody diarrhea, fecal urgency, 
abdominal pain, and anorexia. Patients can present 
with these symptoms at the time of diagnosis or 
later in the course of the disease. The additional 
findings of tachycardia, fever, leukocytosis, or 
hypoalbuminemia contribute to a more toxic pic-
ture. Patients may also have dehydration, anemia, 
hyponatremia, and hypokalemic alkalosis. Truelove 
and Witts first described the criteria for fulminant 
ulcerative colitis in 1955 (see Table 18.1) [6]. Up to 
60% of patients fail to respond to intravenous ste-
roids or cyclosporine [7, 8]. A slow or incomplete 
response to medical therapy leads to colectomy in 
two thirds of the patients within 1  year, and the 
majority of patients will have recurrent attacks [4].

Toxic megacolon may occur in patients with 
only left-sided colitis, as well as patients with 
extensive or pan-colitis. While the diagnosis is 
clinical, the hallmark feature is dilation of the 
colon, which can be segmental or pan-colonic. 
Toxic megacolon is differentiated from other 
causes of colonic dilation by systemic signs 
including fever, tachycardia, neutrophilic leuko-
cytosis, anemia, dehydration, altered mental sta-
tus, electrolyte derangements, and hypotension.

Rectal bleeding is common in UC and can vary 
from small amounts of blood per rectum to mas-
sive life-threatening hemorrhage. Even in the con-
text of massive unremitting hemorrhage, not 
adequately responding to resuscitation with blood 
products, total colectomy with end ileostomy is 
typically effective for hemorrhage control. Total 
proctectomy is usually not necessary.

The risk of perforation is significantly increased 
for UC patients in the setting of acute colitis or 
toxic megacolon. Perforation results in 27–57% 
mortality. There are few hard signs of impending 
perforation as patients often do not exhibit classic 
signs of peritonitis due to immunosuppressive 
therapies. Persistent or increased dilation of the 
transverse colon, pneumatosis, and multiorgan 
failure are indications for emergent surgery [9]. A 
high level of suspicion should always be main-
tained when caring for these patients.

Initial management following inpatient admis-
sion should begin with laboratory tests including 
complete blood count, comprehensive metabolic 
panel, coagulation studies, type and screen, and 
blood cultures. Appropriate IV access should be 
obtained; large-bore peripheral IVs are preferred 
to central access if expedient large volume resus-
citation is anticipated. Upright chest and abdomi-
nal radiographs should be obtained to evaluate 
for free air consistent with perforation and to 
evaluate colonic dilation. Stool studies should be 
sent to evaluate for infectious etiology, including 
Clostridium difficile PCR.  Limited proctoscopy 
or flexible sigmoidoscopy with biopsy may be 
performed if patient does not have a prior tissue 
diagnosis; however, colonoscopy and barium 
enema are contraindicated in the setting of acute 
colitis. Resuscitation should be performed using 
isotonic fluids, with prompt correction of electro-
lyte abnormalities.

Medical management includes steroids and 
antibiotics. Fulminate colitis or toxic megacolon 
due to UC should be treated with steroids, most 
commonly hydrocortisone 100 mg every 6–8 h. 
Patients may already be taking cyclosporine, aza-
thioprine, 6-mercaptopurine, or infliximab for 
induction or maintenance of symptom remission. 
Toxic megacolon or colitis with an infectious eti-
ology, such as C. difficile, should not be treated 

Table 18.1 Criteria for fulminant ulcerative colitis [6]

Criteria Fulminant UC
Stool >6 bloody BMs/day
Temperature >37.5 °C
Heart rate >90 bpm
Hemoglobin <75% of normal
ESR >30 mm/h
Transverse colon >6 cm – Toxic megacolon
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with steroids. Empiric antibiotics with broad cov-
erage of aerobic and anaerobic organisms such as 
a third- or fourth-generation cephalosporin and 
metronidazole may be used. Antibiotics should 
be narrowed or discontinued based on cultures, 
source control, and clinical improvement. 
Emergent surgical intervention should be pur-
sued for peritonitis, free air, lack of improvement 
with medical management within 48–72  h, or 
clinical deterioration after admission [9].

Preoperative patient counseling is imperative 
and should always include discussion of stoma 
creation. Patients should be medically optimized 
with appropriate resuscitation, corrected electro-
lyte abnormalities, appropriate perioperative 
antibiotics, venous thromboembolism prophy-
laxis, and plans for postoperative steroid taper if 
applicable.

 Surgical Strategies

The overarching surgical principle in patients 
who present with acute UC is to perform minimal 
surgery in maximally ill patients [4]. Patients are 
often malnourished, on chronic steroids, and 
immunosuppressed. The surgical procedure of 
choice in acute UC requiring emergent interven-
tion is subtotal colectomy with end ileostomy. 
This allows for removal of the majority of the 
diseased colon, fecal diversion, and avoidance of 
pelvic dissection in an acutely ill patient, while 
preserving the option of future restoration of 
intestinal continuity on an elective basis. The 
major advantage of subtotal colectomy with end 
ileostomy as the index operation is that this is a 
minimal operation which can control disease 
symptoms and allow patients to recover until they 
are better able to tolerate a definitive surgery. 
Subtotal colectomy can adequately control acute 
hemorrhage and sepsis, while leaving virgin pel-
vic planes intact and being less likely to damage 
pelvic nerves.

The question of whether patients requiring 
emergent colectomy are best served by an open 
or a laparoscopic operation has been frequently 
investigated in the literature. Open procedures 
should be performed through a midline laparot-

omy, while laparoscopic port placement will vary 
depending upon the patient’s exam and surgical 
history. Multiple studies have looked at perform-
ing laparoscopic versus open subtotal colectomy 
in the emergency setting [10–15]. Most of these 
show similar results for laparoscopic and open 
resections. Laparoscopic colectomy, including 
hand-assisted laparoscopy, results in similar to 
decreased postoperative morbidity, shorter time 
for return of bowel function, and decreased hos-
pital length of stay. Not surprisingly, laparoscopic 
colectomy is associated with longer operative 
times. Toxic megacolon has a paucity of litera-
ture addressing possible laparoscopic interven-
tion. Given the significant colonic distention 
decreasing available space for establishment of 
pneumoperitoneum, toxic megacolon should be 
approached with an open operation. Although it 
is safe and feasible to perform emergent laparo-
scopic colectomy in the appropriate setting, 
deciding between laparotomy or laparoscopy 
must be dependent on the patient’s overall clini-
cal condition and degree of abdominal distension 
[15]. Patients who are hemodynamically unstable 
should undergo an open operation (Table 18.2).

Surgical resection for UC can be performed as 
a single-stage, two-stage, or three-stage opera-
tion depending upon a number of factors reflect-
ing the patient’s overall health and current clinical 
condition. Determining the appropriate operative 
approach should also be impacted by periopera-
tive steroid and other immunosuppressive medi-
cation use, the presence of intraoperative fecal 
spillage or free intestinal perforation, as well as 
surgeon preference. A single-stage operation 
should only be performed on an elective basis 
under ideal circumstances. It is not indicated 
under emergent circumstances for a number of 
reasons including the longer operative time, 
requirement of pelvic dissection for proctectomy, 
multiple anastomoses for the ileal pouch cre-
ation, and ileoanal anastomosis at high risk for 
leak.

Multiple-stage operations are more appropri-
ate in the context of emergent colectomy in 
UC. Two-stage operations begin with  proctectomy 
with creation of ileal pouch, ileal pouch anal 
anastomosis (IPAA), and diverting ileostomy, 
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followed by a second procedure to take down the 
ileostomy. Three-stage operations typically begin 
with a subtotal colectomy, end ileostomy, and 
creation of a rectal stump or a mucous fistula, 
with the goal of rapid resection of the diseased 
colon and avoiding the creation of an anastomo-
sis in a toxic patient that could be complicated by 
leak.

The subsequent operations restore continu-
ity with an IPAA or an ileorectal anastomosis 
with a diverting loop ileostomy, followed by a 
third operation for ileostomy takedown. In a 
study comparing laparoscopic two- and three-
stage procedures in high-risk IBD patients, 
Mège et al. (2016) divided 185 patients into two 
groups, where the three-stage procedure group 
had a greater number of patients with Crohn’s 
(16% vs 5%; p < 0.04) and a greater percentage 
of patients with emergent operation for acute 
colitis (37% vs 1%; p  <  0.0001) [16]. 
Unsurprisingly, the cumulative operative time 
and length of stay were significantly longer 
with a three-stage operation (580  min, and 
19 days vs 290 min and 10 days; p < 0.0001). 
They also found no significant difference 
between the two- and three-stage operations in 
terms of cumulative postoperative morbidity, 
anastomotic leak, wound infection, delay for 
stoma closure, delay for stoma function, and 
long-term morbidity. A retrospective study 
looking at two-stage compared to three-stage 
procedures found that the number of periopera-
tive complications following two-stage opera-
tions was affected by surgeon experience 
(p  =  0.02) but not by emergent status, use of 

steroids, or use of antitumor necrosis factor 
agents. There was no increased risk of anasto-
motic leak with two-stage operations (odds 
ratio  =  1.09; p  =  0.94), and there was even a 
lower risk of anal stricture (odds ratio = 8.21; 
p  =  0.01) with no differences in fistula or 
abscess formation or in pouch failure [17].

A modified two-stage operation for UC begin-
ning with a subtotal colectomy with endo-ileos-
tomy, followed by ileal pouch creation and IPAA 
without ileostomy for fecal diversion, has 
recently been compared to the traditional two-
stage operation for UC in the literature. Samples 
et al. (2017) found no significant difference in the 
3-year cumulative incidence of pouch leaks 
between patients undergoing modified two-stage, 
compared with single or traditional two-stage, 
despite patients undergoing modified two-stage 
procedures being significantly more likely to 
receive an emergent operation (56.9% vs 0.0%; 
p  <  0.0001), to have used a biologic within 
2 weeks of surgery (32.1% vs 17.5%; p = 0.003), 
and to be taking high-dose steroids (60.4% vs 
16.7%; p ≤ 0.0001) [18]. A larger retrospective 
study published slightly earlier actually demon-
strated a lower rate of anastomotic leak following 
IPAA (4.6% vs 15.7%, p < 0.01) despite signifi-
cantly more preoperative enteral corticosteroid 
use (44.7% vs 33.2%, p = 0.04) and higher UC 
disease severity at presentation (86.9% patients 
with moderate/severe UC vs 73.1%, p < 0.01), in 
the modified two-stage group than the traditional 
two-stage group [19]. This suggests that diverting 
ileostomy may not reduce ileal pouch leak rates 
for IPAA in UC.

Table 18.2 Staged operations for proctectomy with restoration of continuity

Operations Single-stage Two-stage (traditional) Two-stage (modified) Three-stage
1 Proctectomy; ileal 

pouch creation; ileal 
pouch anal 
anastomosis

Proctectomy; ileal pouch 
creation; ileal pouch anal 
anastomosis; diverting loop 
ileostomy

Subtotal colectomy; 
rectal stump or 
mucous fistula; end 
ileostomy

Subtotal colectomy; 
rectal stump or mucous 
fistula; end ileostomy

2 Loop ileostomy takedown Completion 
proctectomy; ileal 
pouch creation; ileal 
pouch anal 
anastomosis

Completion 
proctectomy; ileal 
pouch creation; ileal 
pouch anal anastomosis; 
diverting loop ileostomy

3 Loop ileostomy 
takedown
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The decision to perform two- or three-stage oper-
ations for UC should be made based on the patient’s 
clinical condition and the surgeon’s experience.

 Complications

Postoperative mortality is significantly higher after 
emergent surgery in UC (5.3%; 95% CI, 3.8–7.4%) 
compared to elective surgery (0.7%; 95% confi-
dence interval [CI], 0.6–0.9%) [20]. Other poten-
tial postoperative concerns include infectious, 
thrombotic, and hemorrhagic complications.

Emergent surgery for UC carries a high risk of 
infectious complications. As with any colorectal 
operation, the postoperative complication most 
expected and feared is anastomotic leak from the 
ileal pouch, IPAA, or rectal stump. Surprisingly, a 
retrospective study by Hicks et  al. (2014) demon-
strated no significant difference in anastomotic leaks 
or abdominal sepsis in patients with severe UC 
undergoing emergent vs elective operations [21]. 
Short-term complications were increased with 
higher body mass index and urgency status 
(p ≤ 0.05); however, surgeon inexperience and use 
of immunomodulators other than infliximab was 
associated with increased odds of long-term fistula/
abscess (odds ratio, 5.56; p = 0.05) and pouch failure 
(odds ratio, 13.3; p  =  0.01). These findings were 
similar to risk factors for anastomotic leak after non-
emergent restorative proctectomy with IPAA for 
IBD [22]. Rectal stump leak after subtotal colec-
tomy is another complication that can lead to pelvic 
sepsis. The incidence of rectal stump blowout ranges 
from 10% to 20%. Following subtotal colectomy, 
residual sigmoid colon can be fashioned into a low 
sigmoid mucous fistula, the transected rectosigmoid 
colon can be closed into the subcutaneous plane at 
the lower end of a midline wound, or the rectal 
stump can be closed at the level of the sacral prom-
ontory. Mucous fistulas are cumbersome for patients 
due to continuous drainage. Location of the rectal 
stump in the subcutaneous wound has a lower rate of 
pelvic sepsis but a higher rate of wound infections. 
Subcutaneous placement of the rectal stump, how-
ever, is associated with a lower total morbidity [23, 
24]. Rectal stump tubes or drains may be placed to 
attempt to reduce the risk of rectal stump leak. Rectal 

stump lavage with iodine has also been proposed to 
avoid reoperation for rectal stump leak after emer-
gent colectomy in UC [25] (Fig. 18.1).

Wound infection is a common complication 
after colorectal surgery [26]. Several studies 
looking at surgical site infections (SSI) in UC 
have shown that indicators of overall patient 
health are important risk factors. In emergent sur-
gery for UC, diabetes, white blood cell count >15 
cells/mm3, intraoperative blood loss >200  mL, 
and intraoperative blood transfusion were all 
independent predictors of SSIs [27].

Patients with IBD are known to have a 1.5–
3.5-fold increased risk for thrombotic complica-
tions, with a greater perioperative risk for patients 
with UC than Crohn’s [28]. A review of NSQIP 
data demonstrated that venous thromboembolism 
(VTE) occurred with a higher frequency in 
patients with UC than in those with CD (3.3% vs 
1.4%, p < 0.001). Deep vein thrombosis (DVT) 
and pulmonary embolism (PE) occurred a mean 
of 10.8 days postoperatively, and bleeding disor-
der, steroid use, anesthesia time, emergency sur-
gery, hematocrit <37%, malnutrition, and 
functional status were all significantly associated 
(p < 0.05) with postoperative VTE in IBD [29]. 
While the mechanism for this increased risk of 
VTE is not well understood, PAI-1 antigen, active 
PAI-1, and intact thrombin activatable fibrinoly-
sis inhibitor concentrations, as well as 50% clot 
lysis time and area under the curve on clot lysis 
profile, have been shown to be significantly asso-
ciated with IBD (all p < 0.05) [30].

In patients who have had emergent colectomy 
for massive hemorrhage with a remaining  rectum, 

Fig. 18.1 Subcutaneous placement of rectal stump
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10–12% can have continued bleeding [31]. This 
can be managed non-operatively but may require 
another operation if severe. Significant bleeding 
is not otherwise a common complication of emer-
gent surgery for UC.

 Crohn’s Disease

 Operative Indications

Emergent operative intervention for Crohn’s dis-
ease (CD) may be indicated in acute fulminant 
colitis, bowel obstruction, perforation, hemor-
rhage, or severe disease refractory to medical and 
non-operative management.

Acute fulminant colitis and toxic megacolon 
can occur in CD as well as in UC, with similar 
presenting signs and symptoms. Segmental coli-
tis can also occur but typically lacks the severity 
of fulminant colitis or toxic megacolon. 
Perforation can also occur in CD and requires 
emergent operation [9]. High suspicion for perfo-
ration should be maintained in patients with a 
history of anti-TNF medications like infliximab 
or adalimumab, as there is some data supporting 
an association between anti-TNF medication and 
free perforation in CD [32].

Abscess formation is another common compli-
cation of CD, but it should be managed initially 
with percutaneous drainage. Operative interven-
tion for abscesses should be avoided if possible. 
Failure to improve with adequate drainage and 
antibiotics may necessitate surgical intervention.

Rectal bleeding is less common in CD com-
pared with UC, but patients with CD can still 
present with massive life-threatening hemor-
rhage. Given that Crohn’s is segmental disease 
which can occur anywhere between the mouth 
and the anus, it is important to attempt to localize 
the bleeding during resuscitative efforts. If bleed-
ing is localized but the patient does not respond 
appropriately to blood products, then targeted 
resection of the bleeding segment is indicated.

Bowel obstruction can be problematic in 
Crohn’s. Intra-abdominal inflammation, masses, 
abscesses, and strictures can all cause intestinal 

obstruction. Operative management puts the 
patient at risk for development of more adhesive 
disease.

Initial management following inpatient admis-
sion should begin with laboratory tests including 
complete blood count, comprehensive metabolic 
panel, coagulation studies, type and screen, and 
blood cultures. Appropriate IV access should be 
obtained; large-bore peripheral IVs are preferred 
to central access if expedient large volume resus-
citation is anticipated. Upright chest and abdomi-
nal radiographs should be obtained to evaluate 
for free air consistent with perforation and to 
evaluate colonic dilation. Limited proctoscopy or 
flexible sigmoidoscopy with biopsy may be per-
formed if patient does not have a prior tissue 
diagnosis; however, colonoscopy and barium 
enema are contraindicated. Resuscitation should 
be performed using isotonic fluids, with prompt 
correction of electrolyte abnormalities.

Medical management includes steroids and 
antibiotics. Severe disease should be treated with 
steroids, typically hydrocortisone. Steroid therapy 
typically results in rapid suppression of disease. 
Immunosuppressant medications like azathioprine, 
6-mercaptopurine, methotrexate, cyclosporine, 
tacrolimus, mycophenolate mofetil, or infliximab 
are used more for steroid-resistant disease or long-
term maintenance of remission. Empiric antibiotics 
with broad coverage of aerobic and anaerobic 
organisms such as a third- or fourth-generation 
cephalosporin and metronidazole should be used, 
especially in the setting of abscesses or suppurative 
disease. Antibiotics should be narrowed or discon-
tinued based on cultures, source control, and clini-
cal improvement. Emergent surgical intervention 
should be pursued for peritonitis, free air, lack of 
improvement with medical management, or clini-
cal deterioration after admission [9].

Preoperative patient counseling is imperative 
and should always include discussion of stoma 
creation. Patients should be medically optimized 
with appropriate resuscitation, corrected electro-
lyte abnormalities, appropriate perioperative 
antibiotics, venous thromboembolism prophy-
laxis, and plans for postoperative steroid taper if 
applicable.
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 Surgical Strategies

The overarching surgical consideration in patients 
with Crohn’s is preserving functional small 
bowel length while adequately controlling the 
disease [4]. Surgical intervention should be 
geared toward minimizing resections and avoid-
ing operative complications. Surgery is required 
in approximately 70% of patients with Crohn’s 
disease, often requiring repeat interventions. 
These patients may benefit from minimally inva-
sive approaches to reduce their risk of adhesive 
disease. Various bowel-sparing techniques, 
including strictureplasty, can be applied to reduce 
the risk of short-bowel syndrome.

Surgical intervention should be minimally 
invasive and laparoscopic whenever possible in 
Crohn’s disease. Multiple studies have demon-
strated longer operative duration with laparo-
scopic procedures; however, laparoscopy also 
resulted in significantly faster recovery of 
bowel function, with earlier oral intake toler-
ance, and shorter length of stay. Morbidity was 
lower for laparoscopic procedures compared 
with open procedures in CD (odds ratio, 0.57; 
95% confidence interval, 0.37–0.87; p = 0.01). 
The rate of disease recurrence in CD was simi-
lar for both laparoscopic and open surgery [33]. 
Outcomes were also similar in laparoscopy per-
formed for recurrent disease [34]. Minimally 
invasive approaches should be used whenever 
possible.

Segmental disease causing obstruction or per-
foration should be addressed with segmental 
resections. Laparoscopic ileocecectomy may 
often be indicated. Small bowel disease should 
be resected such that anastomoses are at areas of 
healthy tissue, and the overall small bowel length 
is conserved as much as possible. If obstruction is 
due to strictures, it may be tempting to perform 
strictureplasty to minimize resected small bowel; 
however, strictureplasty should not be performed 
in active Crohn’s disease, phlegmon, and septic 
fistulas or in cases where the stricture site is at or 
close to a previous anastomosis site that has 
recurred within 12 months of the previous opera-
tion [35].

 Complications

Postoperative complications with emergent oper-
ation for CD are similar to elective surgical com-
plications and include leak, abscess, fistula, 
stricture, and bowel obstruction. Preoperative 
risk factors including low albumin level, preop-
erative steroids use, preoperative abscess, and 
history of prior surgeries may be associated with 
increased postoperative intraabdominal infec-
tious complications, however, no association 
with anastomosis method, or therapy with bio-
logics and immunomodulators has been demon-
strated [36]. Risk of postoperative bowel 
obstruction is 12-fold higher in patients with CD 
undergoing colorectal surgery [37]. To a lesser 
extent than UC, Crohn’s also has an increased 
risk of perioperative VTE [29].

One study also demonstrated a higher rate of 
catheter-associated blood stream infections in 
patients with CD receiving central venous catheters 
[38]. In patients with CD, postoperative mortality 
was significantly higher after emergent surgery 
(3.6%; 95% CI, 1.8–6.9%) compared to elective 
surgery (0.6%; 95% CI, 0.2–1.7%) [20]. Optimizing 
medical therapy, minimizing surgical interven-
tions, and preserving small bowel length are impor-
tant for reducing morbidity and mortality in CD.
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Small Bowel Sources 
of Gastrointestinal Bleeds

Shuyan Wei and Lillian S. Kao

 Introduction

In adults, gastrointestinal (GI) bleeding from the 
small bowel is uncommon and accounts for 5–10% 
of all GI bleeds [1]. Historically, small bowel GI 
bleeds were also referred to as obscure GI bleeds, 
but with the advent of novel diagnostic strategies, 
the majority of small bowel GI bleeds can now be 
identified. They are usually suspected if persistent 
overt (presenting with melena or hematochezia) or 
occult (presenting with iron-deficiency anemia) 
bleeding occurs even though no source of bleeding 
has been discovered on routine esophagogastrodu-
odenoscopy (EGD) and colonoscopy. This chapter 
will highlight the most common causes of small 
bowel GI bleeds, current diagnostic tools, diagnos-
tic algorithms, and management recommendations 
for adults with suspected small bowel GI bleeds.

 Sources of Small Bowel 
Gastrointestinal Bleeds in Adults

Small bowel GI bleeds usually refer to bleeding 
anywhere between the ligament of Treitz and the 
ileocecal valve. The most common causes of 

small bowel GI bleeds in adults are vascular ecta-
sias, neoplasms, ulcers caused by nonsteroidal 
anti-inflammatory drugs (NSAIDs), Crohn’s dis-
ease, Dieulafoy’s lesions, and Meckel’s divertic-
ula. Less common causes include small bowel 
varices, amyloidosis, vasculitis, infection, isch-
emia, intussusception, aortoenteric fistula, pol-
yposis syndromes, Osler-Weber-Rendu 
syndrome, Plummer-Vinson syndrome, Ehlers-
Danlos syndrome, and duplication cysts [1]. 
Additionally, any condition that leads to small 
bowel ulcerations has a potential to cause bleed-
ing. These conditions include, but are not limited 
to, Zollinger-Ellison syndrome, radiation enteri-
tis, lymphocytic enteritis, malnutrition, graft-ver-
sus-host disease, foreign body, and heavy metal 
poisoning.

 Vascular Ectasias

Epidemiology Vascular ectasias (also called 
angiodysplasias or arteriovenous malformations) 
are the most common cause of small bowel GI 
bleeds in adults over 60 years of age and account 
for 30–40% of small bowel GI bleeds (Fig. 19.1 – 
vascular ectasia) [3]. Vascular ectasias are aber-
rant blood vessels that may be congenital but 
most often develop later in life. These aberrant 
blood vessels are thin-walled, dilated, and lined 
by the endothelium; they can occur in both the 
upper and lower GI tract. Endoscopically, these 
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lesions are red, flat, or slightly raised and range 
from 2 to 10 mm in size. The majority of people 
with vascular ectasias have synchronous lesions 
elsewhere in the GI tract. The cause of vascular 
ectasia formation is not well understood, although 
it has been suggested that chronic venous obstruc-
tion related to aging may contribute to their for-
mation [4].

Risk factors Vascular ectasias are associated 
with other illnesses such as end-stage renal dis-
ease (ESRD), von Willebrand’s disease, and aor-
tic stenosis. In patients with ESRD, up to 30% of 
GI bleeds are attributable to vascular ectasias 
compared to 5% in those with normal kidney 
function [5]. The increased risk of GI bleeds due 
to vascular ectasia in ESRD patients may be in 
large due to uremia-induced platelet dysfunction 
and an overall higher tendency for bleeding in 
this patient population. GI vascular ectasias have 
been associated with inherited and acquired 
forms of von Willebrand’s disease; 12% of indi-
viduals with acquired von Willebrand’s disease 
are reported to also have GI vascular ectasias [6]. 
Bleeding from vascular ectasia in individuals 
with aortic stenosis is called Heyde’s syndrome – 
first described by Edward Heyde in 1958. Heyde’s 
syndrome is thought to be due to increased acti-
vation of von Willebrand factor-cleaving metal-
loprotease activity, whose activation is stimulated 

by high shear stress induced by blood flow 
through a narrowed aortic valve. Bleeding from 
vascular ectasias would then occur secondary to 
this acquired coagulopathy [7]. A similar phe-
nomenon is seen in people with left-ventricular 
assist devices [8].

Diagnosis and Treatment Bleeding from vascu-
lar ectasias is low grade in 85% of cases and 
painless. Endoscopy is the primary diagnostic 
tool for vascular ectasias. Incidentally discovered 
vascular ectasias during endoscopy that are not 
actively bleeding should not be treated. For 
actively bleeding vascular ectasias, endoscopic 
therapies are usually the first-line treatment 
option. Unfortunately, the evidence to support 
endoscopic treatment of vascular ectasia as supe-
rior to other therapies is weak, as there have been 
no randomized clinical trials evaluating treatment 
of vascular ectasias with endoscopic therapy 
compared with other treatment modalities [1]. 
Furthermore, studies show that up to 50% of 
endoscopically treated bleeding vascular ectasias 
will rebleed. Somatostatin analogs (e.g., octreo-
tide) and thalidomide have been used in the med-
ical management of vascular ectasias.

Prognosis Although bleeding stops spontane-
ously without intervention in 90% of cases, 
bleeding tends to recur [9].

 Neoplasms

Epidemiology Small bowel neoplasms are rare 
and they are often diagnosed at later stages. They 
account for 3% of all GI tract tumors in the United 
States [10]. Their most common presenting symp-
toms are abdominal pain, nausea/vomiting, and 
weight loss; bleeding occurs in 23–41% of cases 
and intestinal obstruction in 22–26% of cases [11]. 
Small bowel tumors are a more frequent cause of 
small bowel GI bleeds in patients less than 40 years 
old. Primary small bowel neoplasms are less com-
mon than metastatic lesions from other sites of the 
body. Primary small bowel tumors can be benign 

Fig. 19.1 Endoscopic view of small bowel vascular 
ectasia. (Reprinted with permission from Jackson and 
Strong [2])
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(e.g., adenoma, lipoma, and leiomyoma) or malig-
nant (e.g., carcinoid, adenocarcinoma, sarcoma, 
lymphoma). Specific tumor types tend to have a 
predilection for occurring in certain portions of the 
small bowel; for example, small bowel adenocar-
cinomas tend to occur in the duodenum (with the 
exception of in individuals with Crohn’s disease), 
whereas carcinoid tumors tend to occur in the 
ileum. Benign tumors tend to increase in frequency 
from the duodenum to ileum [12].

Risk factors Risk factors associated with the 
development of primary small bowel neoplasms 
include hereditary cancer syndromes (e.g., hered-
itary nonpolyposis colorectal cancer or HNPCC, 
Peutz-Jeghers syndrome, and familial adenoma-
tous polyposis or FAP), chronic inflammation 
(such as in Crohn’s disease), smoking, a diet rich 
in saturated fats and refined sugars, and alcohol 
consumption [13, 14].

Diagnosis and Treatment Diagnosis of small 
bowel tumors varies depending on the type of 
tumor. Detailed diagnosis and treatment of each 
type of small bowel tumor is beyond the scope of 
this chapter. In brief, carcinoid tumors can be 
diagnosed by measuring 24-h urine 5-hydroxyin-
dolacetic acid (5-HIAA) level or serum chromo-
granin A level. Somatostatin receptor scintigraphy 
(or octreotide scan) has a diagnostic sensitivity of 
up to 90% for detecting carcinoid tumors. 
Abdominal CT scans, magnetic resonance imag-
ing (MRI), and positron emission tomography 
(PET) are also commonly used in the diagnostic 
workup of carcinoid tumors. Surgical resection is 
the only curative option for localized carcinoid 
tumor. Metastatic carcinoid disease is primarily 
managed by treatment of symptoms via octreotide 
and tumor debulking surgeries.

Small bowel adenocarcinomas are usually 
diagnosed at more advanced stages. Periampullary 
tumors tend to be diagnosed earlier (secondary to 
symptoms from biliary obstruction) by EGD, 
endoscopic ultrasound, or magnetic resonance 
cholangiopancreatography (MRCP). Barium 

contrast studies and CT scans can visualize more 
distal small bowel adenocarcinomas  – with CT 
scans also having the advantage of evaluating for 
metastatic lesions. CT enterography (CTE) and 
MR enterography (MRE) are becoming more 
widely used for evaluation of small bowel pathol-
ogy; these imaging modalities are discussed in 
further detail later in this chapter. Surgical resec-
tion is the only curative therapy for small bowel 
adenocarcinomas. Management of advanced or 
disseminated disease is targeted toward palliation 
of symptoms; chemotherapy has not been consis-
tently shown to improve survival.

Gastrointestinal stromal tumors (GISTs) – the 
most common GI sarcoma  – are usually diag-
nosed on upper endoscopy as a smooth, submu-
cosal mass, or via abdominal CT scan. GISTs 
should not be routinely biopsied as there is an 
increased risk for rupture and recurrence. GISTs 
of the small bowel should be surgically resected. 
Neoadjuvant or adjuvant therapy with imatinib 
should be given to patients with marginally 
resectable GISTs or to those who undergo incom-
plete resection or have widespread disease.

Small bowel lymphomas encompass a variety 
of non-Hodgkin’s lymphomas. Small bowel T-cell 
lymphomas are associated with celiac disease, 
and B-cell lymphomas should be considered in 
patients with immunodeficiency. CT scan is usu-
ally the diagnostic imaging of choice, and lesions 
suspicious for lymphomas should be biopsied and 
undergo immunohistochemical and cytogenetic 
testing. The mainstay of treatment for small bowel 
lymphomas is chemotherapy. Surgery is reserved 
for management of tumor complications, such as 
bleeding or bowel perforation.

Prognosis The 5-year survival rate for carcinoid 
tumor ranges from 54% to 65% for disseminated 
disease to well-differentiated localized disease. 
The 5-year survival for small bowel adenocarci-
nomas ranges from 10% to 65% for stage IV to 
stage I disease. Small bowel GISTs tend to have 
worse prognosis compared to gastric GISTs, and 
the 5-year survival for small bowel GISTs that 
undergo surgical resection is 40%. The 5-year 
survival for small bowel non-Hodgkin’s lympho-
mas is 49% [15].
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 NSAID-Induced Ulcers

Epidemiology NSAIDs are well implicated in 
causing peptic ulcer disease. NSAIDs (such as 
ibuprofen, diclofenac, and celecoxib) are cyclo-
oxygenase (COX) inhibitors and prevent the pro-
duction of inflammatory prostaglandins to 
decrease pain and inflammation. NSAIDs and 
Helicobacter pylori infections can be attributed 
to 90% of duodenal ulcers. NSAIDs can also 
induce ulcer formation in the distal small bowel 
(and colon), especially in older adults and fre-
quent NSAID users [16]. Ten percent of NSAID 
users have duodenal ulcers, and the prevalence of 
small bowel ulcers is difficult to estimate given 
the diagnostic challenge [17]. A Japanese study 
found that in 61 patients who used NSAIDs 
within 1  month prior to double-balloon endos-
copy, approximately 50% of users had nonspe-
cific small bowel mucosal breaks compared to 
only 5% observed in 600 control patients [18].

Pathogenesis NSAIDs induce small bowel ulcer 
formation via several mechanisms. First, NSAIDs 
inhibit the production of prostaglandins, which 
leads to decreased GI blood flow and mucus pro-
duction resulting in small bowel damage. Second, 
enterohepatic circulation of NSAIDs absorbed in 
the small bowel is thought to induce small bowel 
damage through repeated exposure. This theory is 
supported by the finding that patients taking 
enteric-coated, sustained-release forms of 
NSAIDs develop small bowel ulcers more fre-
quently than patients taking non-coated drug 
forms [19]. Third, it has been suggested that 
NSAIDs induce small bowel ulceration by directly 
damaging cell membranes of enterocytes and 
leads to enterocyte mitochondrial dysfunction, 
free radical release, and weakened integrity of the 
intestinal intercellular junctions, which ultimately 
exposes intestinal surfaces to caustic effects of 
intestinal contents [20]. Lastly, dysbiosis of the 
small intestine may facilitate NSAID-induced 
ulcer formation. Animal studies have shown an 
association between higher rates of small bowel 
ulcer formation and small bowel colonization by 
gram-negative bacteria in the setting of NSAID 
administration. Furthermore, studies have shown 

that antibiotics against gram-negative bacteria 
reduce small bowel NSAID-induced ulcers [21]. 
The mechanism by which gram-negative bacteria 
augment NSAID-induced ulceration may be sec-
ondary to an inflammatory response triggered by 
their lipopolysaccharides [22].

Diagnosis and Treatment Endoscopy is the diag-
nostic modality of choice for NSAID-induced 
small bowel ulcers. On endoscopy, NSAID-
induced small bowel ulcers are not macroscopi-
cally distinct from ulcers induced by other 
conditions, such as infection, ischemia, vasculitis, 
radiation, and inflammatory bowel conditions. 
Intestinal diaphragms – thin, concentric, weblike 
strictures with a small central lumen – are pathog-
nomonic for NSAID-induced injury (Fig. 19.2 – 
intestinal diaphragms). NSAID-induced ulcers 
usually self-resolve once NSAIDs are discontin-
ued, but intestinal diaphragms and strictures do 
not (Fig.  19.3  – intestinal diaphragm dilation). 
The latter may require treatment with endoscopic 
dilatation, needle-knife electroincision, surgical 
resection, or strictureplasty to resolve obstructive 
symptoms [25]. Patients who smoke tobacco 
should also undergo smoking cessation. Surgery 
is typically reserved for patients with perforated 
ulcers, refractory bleeding, and obstruction.

 Crohn’s Disease

Epidemiology The prevalence of Crohn’s dis-
ease in North America is estimated to be 201 per 
100,000 population [26]. Crohn’s disease is a 
relapsing and remitting chronic inflammatory 
bowel disease of unclear etiology that predomi-
nantly affects the small intestines, and it can 
occur anywhere along the GI tract from the 
mouth to anus. Crohn’s disease is characterized 
by transmural inflammation. The majority of 
patients (80%) have small bowel Crohn’s disease, 
especially in the terminal ileum. Gastrointestinal 
symptoms include abdominal pain, diarrhea, 
bleeding, fistula formation between the bowel 
and adjacent structures, and malabsorption/
weight loss. Individuals with Crohn’s disease 
often have occult positive stools. Gross bleeding 
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may occur  – especially with Crohn’s colitis  – 
although less common compared to patients with 
ulcerative colitis. When massive bleeding due to 
Crohn’s disease does occur, the ileum is the most 
common source (66–83%), followed by the colon 
(13%) [27, 28].

Diagnosis and Treatment Computed tomo-
graphic angiography (CTA) is important in the 
preoperative assessment of brisk small bowel GI 
bleed prior to proceeding to the operating room. 
CTA allows for better identification of the bleed-
ing source, especially in the presence of multiple 

sites of small bowel Crohn’s disease and if stric-
tures are present that may limit the effectiveness 
of intraoperative enteroscopy [29]. Once the 
source of bleeding has been identified,  hemostasis 
can be achieved through endoscopic interven-
tions or surgical resection of the small bowel, 
depending on the clinical picture.

 Meckel’s Diverticulum

Epidemiology Meckel’s diverticulum is a true 
diverticulum – meaning that it contains all layers 
of the small intestinal wall. It is the most  common 

Fig. 19.2 Gross 
specimen of intestinal 
diaphragms. (Reprinted 
with permission from 
Ullah et al. [23])

a b

Fig. 19.3 Endoscopic view of intestinal diaphragm (a) pre-dilation and (b) post-dilation. (Reprinted with permission 
from Mehdizadeh and Lo [24])
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congenital GI abnormality. Meckel’s diverticula 
in adult patients are often asymptomatic, and 
they are present in approximately 1–4% of the 
population. Clinically apparent Meckel’s diver-
ticulum can present with abdominal pain, bleed-
ing, or obstruction. In cases of GI bleeds due to 
Meckel’s diverticulum, there is usually adjacent 
ulceration of the small bowel secondary to the 
presence of acid-secreting ectopic gastric mucosa 
within the diverticulum. Ectopic gastric mucosa 
is the most commonly found ectopic tissue within 
a Meckel’s diverticulum, followed by pancreatic 
and duodenal mucosa [30].

Diagnosis and Treatment If a symptomatic 
Meckel’s diverticulum is suspected, Meckel’s 
scintigraphy (or technetium-99 m pertechnetate) 
can be used to identify ectopic gastric mucosa 
within the diverticulum. This test has a higher 
sensitivity in children as compared to adults. 
Treatment for small bowel bleeding secondary to 
a Meckel’s diverticulum involves surgical resec-
tion of the segment of intestine containing the 
Meckel’s, because this removes the ulcerated 
small bowel that’s usually located across the 
lumen from the diverticulum. In adults, inciden-
tally discovered Meckel’s diverticulum during 
surgery should not be resected.

 Dieulafoy’s Lesions

Epidemiology Dieulafoy’s lesions are abnor-
mal arteries in the submucosa that are exposed 
via small mucosal defects, with absence of 
inflammatory changes to suggest an overlying 
ulcer (Fig.  19.4  – Dieulafoy’s Lesions). These 
vascular abnormalities can be up to 10 times 
greater in caliber compared to normal vascula-
ture in their surroundings and are often described 
as “caliber-persistent.” [32] The etiology and 
mechanism causing Dieulafoy’s lesions to bleed 
is unclear. They are thought to be congenital 
lesions, and bleeding is hypothesized to result 
from a combination of mucosal atrophy second-
ary to pressure erosion of the overlying epithe-
lium by the vessel and ischemic injury induced 

by comorbid conditions, such as cardiovascular 
disease. Dieulafoy’s lesions are more common 
in men (2 to 1 male to female predominance), 
older age (> 50 years), and people with comor-
bidities including cardiovascular disease, respi-
ratory disease, and chronic renal failure. These 
lesions do not appear to be associated with pep-
tic ulcer disease. Dieulafoy’s lesions have been 
discovered in most parts of the GI tract; 74% are 
found in the stomach, 15% in the small bowel 
(predominantly in the duodenum), 5% at gastric 
anastomoses in people who have had prior sur-
gery, and 6% in the colon and esophagus. GI 
bleeds secondary to Dieulafoy’s lesions are self-
limiting in 90% of cases.

Diagnosis and Treatment Dieulafoy’s lesions 
are diagnosed on endoscopy. Endoscopic treat-
ment with multimodal therapy (combination of 
injection therapy with thermal probe coagula-
tion) or with endoscopic band ligation or clipping 
effectively treats bleeding up to 90% of the time, 
with low rates of reoccurrence [32].

 Overview of Diagnostic Methods

Given the rarity of small bowel GI bleeds, small 
bowel sources are usually the last to be investi-
gated during the workup of GI bleeds, unless ini-
tial imaging is concerning for small bowel 

Fig. 19.4 Dieulafoy’s lesion in the stomach. (Reprinted 
with permission from Close et al. [31])
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malignancy. In the absence of small bowel malig-
nancy, patients suspected to have a small bowel 
source of bleeding should have already under-
gone an upper endoscopy (EGD) and a lower 
endoscopy (colonoscopy) during which the 
source of bleeding had not been identified. The 
locations of small bowel GI bleeds lend to their 
diagnostic challenge as they are beyond the reach 
of the standard upper endoscope and colono-
scope. Diagnostic tools to evaluate patients with 
suspected small bowel GI bleeds include video 
capsule endoscopy (VCE), computed tomo-
graphic enterography and magnetic resonance 
enterography (CTE and MRE), nuclear medicine 
scans, angiography, and enteroscopy. The 2015 
American College of Gastroenterology guideline 
recommends performing a second-look endos-
copy (particularly an upper endoscopy) prior to 
using another diagnostic tool, because a second-
look endoscopy has been shown to detect previ-
ously missed sources in up to 60% of patients 
(Fig. 19.5 – Treatment algorithm [1]) [33]. The 
following section will highlight each diagnostic 
technique.

 Video Capsule Endoscopy (VCE)

Video capsule endoscopy is the initial test of 
choice for non-massive GI bleeds suspected to be 
of small bowel origin after a repeat endoscopy 
fails to yield a bleeding source. Its advantages 
include being noninvasive with minimal patient 
discomfort and its ability to visualize the entire 
small bowel in up to 90% of patients. VCE’s 
diagnostic yield for suspected small bowel GI 
bleeds is 83%, and it has a positive predictive 
value of 94–97% and a negative predictive value 
of 83–100% [34]. There are four different VCE 
devices available worldwide. They measure 26 × 
11  mm2 and are active over an 8–12  h period. 
Patients swallow the VCE device like they would 
a pill; the capsule takes pictures of the intestinal 
lumen during its transit and is eliminated in the 
feces. Studies suggest that VCE has the highest 
diagnostic yield if used within 2–3 days of overt 
suspected small bowel GI bleed [35].

An obvious limitation of the VCE is that it 
offers no therapeutic means. Furthermore, due to 
its quick transition through the duodenum, VCE 

Suspected small bowel bleeding

Occult Overt

Treat
accordingly

Possible obstrucion

CTE/MRE VCE

Specific management:
push or deep enteroscopy

surgery +intraoperative
enteroscopy

Negative–no obstruction

Positive

Positive

Further evaluation
warranted

No

Observation/iron supplements Consider repeat endoscopy/VCE/Meckel’s
scan/surgery+intraoperative enteroscopy

Yes

Positive

Negative

Negative Negative

Negative

No obstruction

Repeat endoscopy if
warranted

Proceed with small
bowel evaluation

Fig. 19.5 Treatment algorithm for small bowel GI bleeds. (Reprinted with permission from Gerson et al. [1])
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is poor at identifying duodenal lesions [36]. VCE 
should not be used if there is suspected bowel 
obstruction or bowel strictures because this 
increases the risk of capsule retention. Capsule 
retention  – which is failure to pass the capsule 
2 weeks after ingestion with radiographic confir-
mation on abdominal plain film  – occurs in 
approximately 1.5% of patients who undergo this 
procedure for suspected small bowel GI bleeds. 
Capsule retention rate is much higher (up to 13%) 
in Crohn’s patients [37]. Perforations due to VCE 
are extremely rare but have been reported. VCE 
should also be avoided in patients with gastroin-
testinal motility disorders or intestinal pseudo-
obstruction. Patients with swallowing disorders 
should be carefully evaluated, and the capsule 
should be placed endoscopically to ensure proper 
entry into the alimentary tract. There is concern 
that VCE may interfere with cardiac pacemakers 
and implanted cardiac defibrillators, but its use in 
these patient populations is not contraindicated. 
Small case studies have shown no interference on 
these implantable devices in patients undergoing 
VCE [38, 39]. Patients should also not undergo 
magnetic resonance imaging (MRI) until they 
have passed the capsule.

 Computed Tomographic or Magnetic 
Resonance Enterography (CTE or 
MRE)

CTE and MRE are cross-sectional imaging tech-
niques used for diagnosis of possible small bowel 
GI bleeds in hemodynamically stable patients. 
Both require the ingestion of enteric contrast to 
aid in visualization of small bowel abnormalities. 
CTE is more often used than MRE due to its 
faster scan time and widespread availability. 
Diagnostic yield of CTE is only 40% in patients 
with suspected small bowel GI bleeds [40]. CTE 
appears to be superior to VCE in detecting intra-
luminal masses and inferior in detecting inflam-
matory or vascular small bowel lesions [41]. CTE 
and VCE are recommended as complementary 
diagnostic tools. CTE and MRE are excellent at 
delineating strictures in the small bowel that may 

preclude VCE as a diagnostic option. MRE is less 
commonly performed, and there are few studies 
comparing its diagnostic ability to that of 
CTE.  An advantage of MRE over CTE is that 
patients are exposed to less radiation with MRE.

 Nuclear Medicine

Radionucleotide scans using technetium-99 
(99mTc)-pertechnetate-labeled red blood cell 
(RBC) and 99mTc-pertechnetate offer additional 
diagnostic imaging options, especially in patients 
with slower rates of bleeding or suspected 
Meckel’s diverticulum, respectively. 99mTc-
pertechnetate-labeled red blood cell scintigra-
phy  – commonly referred to as a tagged RBC 
scan  – entails intravenous injection of 99mTc-
pertechnetate-labeled autologous RBCs and 
obtaining abdominal imaging over the following 
30–90 min. Additional imaging can be obtained 
every few hours for up to 1 day. The test is purely 
diagnostic, but its advantage lies in that delayed 
and intermittent bleeding may be more readily 
detected. Diagnostic yield is reported to be any-
where between 26% and 87%, and reported sen-
sitivity and specificity are equally variable. 
99mTc-pertechnetate scintigraphy  – or Meckel’s 
scan – can be used to detect the presence of ecto-
pic gastric mucosa if a Meckel’s diverticulum is 
suspected to be the cause of bleeding. 99mTc-
pertechnetate is taken up and actively secreted by 
mucous cells within gastric mucosa, so a 
Meckel’s scan does not detect bleeding but rather 
the presence of mucous-secreting gastric cells. 
Studies have shown that Meckel’s scans are more 
sensitive in children than in adults. Specificity of 
a Meckel’s scan is low (9%). False-positive scans 
could be due to bowel obstruction, ulcers, inflam-
mation, neoplasms, duplication cysts, and arte-
riovenous malformations [42]. The 2015 
American College of Gastroenterology guide-
lines strongly recommend that tagged RBC scin-
tigraphy be used for diagnosis in patients with 
slower rates (0.1–0.2 mL/min) of overt suspected 
small bowel GI bleeds when VCE and deep enter-
oscopy cannot be performed [1].
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 Angiography

Conventional angiography and computed tomo-
graphic angiography (CTA) both have roles in the 
diagnosis and management of suspected small 
bowel GI bleeds. Conventional angiography 
should be the initial test of choice for acute, mas-
sive bleeding suspected to be from the small 
bowel in a hemodynamically unstable patient [1]. 
Conventional angiography allows for transarte-
rial embolization to be performed at the time of 
diagnosis, and intraluminal blood or lack of 
bowel prep does not hinder its diagnostic ability. 
Conventional angiography has higher diagnostic 
yields in patients with brisk bleeding (0.5–
1.0 mL/min) and is able to detect the source of 
small bowel GI bleeds, on average, in 50% of 
patients [43, 44]. Complications from conven-
tional angiography with embolization include 
renal failure, thromboembolism, bowel infarc-
tion, and infection or bleeding from the arterial 
puncture site.

CTA is preferred over conventional angiogra-
phy in hemodynamically stable patients with 
active bleeding from a suspected small bowel 
source [1]. CTA is able to detect bleeding occur-
ring at slower rates (0.3  mL/min) compared to 
conventional angiography. CTA has a sensitivity 
of 89% and specificity of 85% in detecting the 
source of acute bleeding from the GI tract [45]. A 
major limitation of CTA is the inability to per-
form simultaneous intervention at the time of 
diagnosis. Similar to conventional angiography, 
patients must be actively bleeding at the time of 
CTA in order for contrast extravasation to be 
seen. A common concern for CTA is acute kidney 
injury from intravenous contrast administration.

 Enteroscopy

There are several different types of enteroscopies 
that can be employed to examine the small bowel. 
These include push enteroscopy (PE), double-
balloon enteroscopy (DBE), single-balloon 
enteroscopy (SBE), and intraoperative enteros-
copy (IOE). PE is an extended upper endoscopy 

performed with a longer PE scope or with a pedi-
atric colonoscope. It reaches up to 90 cm past the 
ligament of Treitz. It is a good option for second-
look endoscopy prior to undergoing 
VCE.  Disadvantages of PE include patient dis-
comfort and looping of the enteroscope in the 
stomach; the latter may be reduced by using an 
overtube to help stiffen the scope.

DBE and SBE use enteroscopes with balloons 
on the distal ends and both scopes use overtubes. 
DBE has a latex balloon on the end of the entero-
scope and a second latex balloon on the overtube, 
whereas SBE has a silicone balloon on the end of 
the overtube only. DBE and SBE can be per-
formed from an oral or anal approach. DBE is 
able to reach distances of 360  cm distal to the 
pylorus and 140  cm proximal to the ileocecal 
valve, with a diagnostic yield of DBE up to 80% 
in patients with small bowel GI bleeds [46]. DBE 
works by a series of pushing and pulling the 
enteroscope/overtube in coordination with alter-
nately inflating and deflating the balloons on the 
overtube and the enteroscope. The overtube bal-
loon anchors the overtube to the small bowel and 
allows for the scope (with balloon deflated) to be 
pushed forward. Subsequently, inflating the bal-
loon on the advanced scope anchors the scope to 
the small bowel so the overtube (now with bal-
loon deflated) can be advanced over the scope to 
catch up the distance gained (Fig.  19.6  – DBE 
scope). DBE is both diagnostic and therapeutic in 

Overtube

Overtube

Enteroscope

Fig. 19.6 Double-balloon enteroscope. (Reprinted with 
permission from May et al. [46])
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the setting of small bowel GI bleeds. DBE scopes 
can perform tasks such as obtaining biopsies, 
coagulating bleeding sites, tattooing sites of 
interest, dilating strictures, and removing foreign 
bodies. Disadvantages to DBE include patient 
discomfort and long duration of the procedure. 
Overall complications after DBE are estimated to 
occur in 1.2% of patients, and these include per-
foration, bleeding, pancreatitis, and ileus [47].

SBE has a reported diagnostic yield of up to 
74% in patients with suspected small bowel GI 
bleeds [48]. It works similarly to DBE, but 
instead of having a second balloon on the end of 
the enteroscope as an anchoring device, the 
endoscopist flexes the tip of the enteroscope 
against the bowel wall to anchor the scope as the 
overtube is advanced. Therapeutic options avail-
able with SBE are the same as those offered by 
DBE. Current data suggests that DBE and SBE 
are equivalent tools in the evaluation and treat-
ment of suspected small bowel GI bleeds [49]. 
DBE and SBE may be unsuccessful in patients 
with extensive intraabdominal adhesions.

IOE is performed during laparotomy or lapa-
roscopy. The enteroscope can be introduced 
orally, rectally, or through a surgical enteros-
tomy in the small bowel. Any type of entero-
scope can be used in this situation. In a two-center 
study comparing VCE with IOE, the latter was 
shown to have diagnostic yields of 100% in 
patients with overt bleeding and 50% in patients 
with occult bleeding [50]. Overall, diagnostic 
yield for IOE is up to 88%, but IOE has a high 
mortality rate of 2–17%. IOE should be reserved 
as a last resort for severe recurrent bleeding 
requiring transfusions not successfully diag-
nosed with other techniques (such as VCE and 
DBE/SBE) [51].

 Overview of Treatment 
and Management

Treatment of small bowel GI bleeds varies 
depending on the source of bleeding, presence of 
ongoing blood loss, and the patient’s hemody-
namic status. As previously mentioned, conven-
tional angiography is the best diagnostic and 

therapeutic option in hemodynamically unstable 
patients with acute, active bleeding suspected to 
be from a small bowel source. Angioembolization 
can be performed with permanent agents (such as 
microcoils or polyvinyl alcohol particles) or tem-
porary agents (such as gelfoam) during conven-
tional angiography to achieve hemostasis. 
Clinical success rates using permanent agents 
and temporary agents for angioembolization 
have been reported to be 98% and 71%, respec-
tively. A 10-year retrospective study evaluating 
outcomes after super-selective angioemboliza-
tion for GI bleeds reported a 2% incidence of 
post-embolization small bowel necrosis requiring 
surgical resection [52]. Angioembolization has 
also been used to treat postoperative small bowel 
GI bleeds. A small, retrospective study from 
Spain reported using angioembolization for treat-
ment of postoperative GI bleeds in 21% of 
patients, and nearly half of these patients (45%) 
presented with anastomotic leak [53].

Surgical intervention may be necessary in 
some cases (such as bleeding due to Meckel’s 
diverticulum or tumors) but generally needs diag-
nostic guidance from preoperative identification 
of the source and is often used as last resort. 
Patients with extensive bowel adhesions may 
require surgical lysis of adhesions for successful 
deep enteroscopy. A combination of conventional 
angiography and surgical therapy has also been 
described for small bowel GI bleeds. Patients 
undergo conventional angiography, and upon 
identification of the source, a catheter is left in 
place to intraoperatively inject methylene blue to 
highlight mesenteric vasculature feeding the 
bleeding source. This helps to localize the 
 segment of bowel that requires surgical resection 
[54].

Endoscopy offers several treatment and diag-
nostic modalities for various sources of small 
bowel GI bleeds. Biopsies and polypectomies of 
suspicious ulcers and polyps can be obtained to 
diagnose cancers, vasculitis, infections, etc. 
Electrocautery, such as argon plasma coagula-
tion, can be used to treat bleeding tissue, such as 
vascular ectasias. Sclerotherapy with epineph-
rine, alcohol, cyanoacrylate glue, and hypertonic 
glucose solution can be used, such as in the treat-
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ment of Dieulafoy’s lesions. Band ligation and 
clips can be applied to visibly bleeding vessels.

Medical management of small bowel GI 
bleeds is an appropriate treatment in some set-
tings. These management strategies are focused 
on treatment of anemia with oral or intravenous 
iron, and sometimes blood transfusions. Specific 
conditions, such as vascular ectasias, have been 
treated with somatostatin analogs such as octreo-
tide and thalidomide. Somatostatin analogs are 
thought to reduce small bowel GI bleeds via 
decreasing splanchnic blood flow, decreasing 
angiogenesis, and improving platelet aggregation 
[55]. Somatostatin analogs have been shown to 
decrease transfusion requirements in multiple 
studies. Treatment protocols varied in their dos-
ing (three times daily versus monthly depots) and 
duration (6–12 months) of treatment with soma-
tostatin analogs, but outcomes between treatment 
and control groups show statistically significant 
improvement in those treated with somatostatin 
analogs [56]. Thalidomide is an antitumor necro-
sis factor immunomodulating agent with anti-
angiogenic properties. Studies have shown 
significant reduction in bleeding episodes in vas-
cular ectasia patients treated with 4  months of 
thalidomide therapy [57]. However, adverse 
effects of thalidomide may not be tolerated by 
some patients; they include constipation, fatigue, 
and drowsiness. In the past, studies have investi-
gated the use of estrogens in treatment of vascu-
lar ectasias, but this does not appear to be effective 
and is not recommended as an acceptable medi-
cal treatment option for this condition.

Conclusion
In conclusion, the 2015 American College of 
Gastroenterology guidelines strongly recom-
mend that repeat endoscopic therapy (EGD 
and colonoscopy) should be the first-line diag-
nostic modality for suspected small bowel GI 
bleeds. If repeat EGD and/or colonoscopy fails 
to locate the source of bleeding, VCE or CTE/
MRE should be performed next in the hemo-
dynamically stable patient. If the source of 
bleeding is identified in the small bowel, deep 
enteroscopy or intraoperative enteroscopy 
should be performed to achieve hemostasis. 

Persistent bleeding in stable patients with an 
unidentified source warrants repeat workup 
with second-look endoscopy, VCE, deep enter-
oscopy, etc. Active bleeding in a hemodynami-
cally unstable patient is an indication for 
angiography. In cases where no source has 
been found despite thorough workup and evi-
dence of bleeding persists, medical therapy 
with iron, somatostatin analogs, or antiangio-
genic therapy is recommended.
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Mesenteric Ischemia

Meryl A. Simon and Joseph J. DuBose

 Introduction

“Occlusion of the mesenteric vessels is apt to be 
regarded as one of those conditions of which the 
diagnosis is impossible, the prognosis hopeless 
and the treatment almost useless” [4].

Although the description of mesenteric isch-
emia by Cokkinis was written over 90 years ago, 
this vascular process remains a highly lethal but 
fortunately uncommon pathology. Given its rar-
ity, the diagnosis is often delayed or missed, lead-
ing to high rates of associated morbidity and 
mortality. Early recognition and treatment remain 
paramount to success in treating this entity.

In this chapter, we will discuss mesenteric 
ischemia in terms of acute and chronic variants. 
We will also outline the pertinent epidemiology, 
etiology, diagnosis, and management of this clin-
ically challenging pathology.

 Acute Mesenteric Ischemia

Epidemiology Acute mesenteric ischemia 
(AMI) is a surgical emergency requiring prompt 
diagnosis and operative management. Although 
the prognosis differs based on etiology, the over-
all mortality ranges from 60% to over 80% [14, 
17]. Despite imaging and therapeutic advance-
ments, survival rates over time have failed to 
improve significantly.

AMI is fortunately rare, accounting for less 
than 1 in 1000 hospital admissions [18]. Women 
are more commonly affected, and the presenting 
age is typically 60–70 years. Comorbidities are 
common  – including hypertension, peripheral 
arterial disease (PAD), coronary disease, atrial 
fibrillation, diabetes, renal disease, and chronic 
obstructive pulmonary disease (COPD) [24]. A 
patient’s medical history will often guide the 
physician to the correct etiology of their AMI.

Etiology AMI can be classified as occlusive ver-
sus nonocclusive. Occlusive etiologies include 
embolic, thrombotic, or venous variants. 
Although the feared result of bowel ischemia can 
occur with each of these causes of occlusive isch-
emia, differentiating the cause is important in 
defining optimal treatment.

Arterial Embolization The most common cause 
of AMI is embolism – quoted at 40–50% of cases 
[14]. The culprit is usually a cardiac source, with 
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risk factors including arrhythmia, recent myocar-
dial infarction, congestive heart failure, valve dis-
orders, or a ventricular aneurysm. Any of these 
processes can lead to thrombus formation and 
subsequent embolization. One third of patients 
will have a history of a previous embolic event. A 
history of recent endovascular intervention 
should also be sought, as an alternate etiology 
can be due to atheroembolization. Other rare 
causes include embolization from an aortic aneu-
rysm. The superior mesenteric artery (SMA) is 
the vessel most commonly affected due to its 
oblique angle of takeoff from the aorta. Most 
emboli will lodge distal to the first jejunal 
branches, once the vessel tapers in size. 
Approximately 50% will lodge distal to the mid-
dle colic artery – which results in a classic isch-
emic pattern seen, with the first portion of the 
small bowel along with the transverse colon 
spared [14] (Fig. 20.1).

Arterial Thrombosis Thrombosis is the second 
leading cause of AMI, comprising approximately 
25% of cases [10]. This is often due to preexist-
ing atherosclerotic disease, primarily at the origin 
of the visceral arteries. The SMA is often the cul-

prit vessel. Upon questioning, the patient may 
provide a history of chronic mesenteric ischemic 
symptoms (postprandial abdominal pain and 
weight loss) and due to this will often have exten-
sive visceral collateral development. This acute 
episode may also be the first presentation of a 
patients’ mesenteric occlusive disease. In fact, 
autopsy results have shown that up to 10% of the 
population may harbor a >50% stenosis of one or 
more visceral vessels [21]. As will be discussed 
in the next section, patients with these chronic 
arterial narrowing pathologies will have underly-
ing symptoms that present with a more gradual 
onset versus the acute symptomology observed 
with embolism. As occlusion occurs at the origin 
of the vessel, ischemia will encompass the 
entirety of the SMA territory, another distin-
guishing factor from embolization.

Nonocclusive Mesenteric Ischemia Nonocclusive 
mesenteric ischemia, or NOMI, accounts for 
20% of AMI. Here, ischemia does not result from 
thrombosis or embolus but rather from a low flow 
state, which results in prolonged mesenteric 
vasospasm, leading to diminished intestinal per-
fusion. It is typically seen in critically ill patients 

Fig. 20.1 Pattern of bowel ischemia seen in embolic (left) versus thrombotic (right) etiology. The left image shows 
sparring of the proximal jejunum and transverse colon
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with failure of multiple organ systems and thus 
associated with a very high mortality rate. The 
mesenteric vessels undergo a prolonged period of 
vasoconstriction – often due to a combination of 
poor cardiac output from heart failure, hypovole-
mia, and the administration of vasoactive medi-
cations. NOMI can also be seen in illicit drug 
abuse, such as with cocaine, which also causes 
vasoconstriction.

Venous Thrombosis Mesenteric venous throm-
bosis (MVT) is thrombosis of the venous system 
of the intestines which include the superior mes-
enteric, inferior mesenteric, portal, and splenic 
veins. MVT can range in presentation from an 
asymptomatic incidental imaging finding to dev-
astating bowel infarction. MVT is the least com-
mon cause of AMI, accounting for about 10% of 
cases, but carries a high mortality rate approach-
ing 30% [14]. MVT can be classified as either 
primary (idiopathic) or secondary. Secondary is 
far more common, encompassing 90% of cases. 
Secondary causes have an underlying condition 
predisposing to thrombosis such as an inherited 
thrombophilia, malignancy, injury, or inflamma-
tory states. Presentation and prognosis are 
related to extent and speed of venous involve-
ment. Additionally, involvement of the superior 
mesenteric vein (SMV) incurs a higher risk of 
bowel infarction [1]. MVT is usually segmental. 
The outflow obstruction leads to focal edema, 
bowel distention, and finally hemorrhagic infarc-
tion [14].

 Diagnosis

Presentation A high index of suspicion is para-
mount in making the diagnosis of acute mesen-
teric ischemia given its high morbidity, with a 
mortality that increases as diagnosis is delayed 
[14]. The classic symptom of AMI is abdominal 
pain which is out of proportion to physical exam 
findings. Until transmural bowel infarction 
occurs, there is minimal peritoneal irritation and 
thus little tenderness on exam. The presentation 
is often mistaken for other more common abdom-
inal pathologies such as appendicitis, cholecysti-

tis, or diverticulitis, often leading to delays in the 
correct diagnosis.

For patients with AMI due to embolization, 
the abdominal pain is most commonly abrupt in 
onset. Yet, not all patients will present this way. 
Instead, patients may present with progression of 
pain over several hours to days. This is often the 
subgroup with preexisting chronic mesenteric 
disease, and due to collateral development, their 
symptoms may prove more insidious. Those with 
MVT are also likely to present with a more insid-
ious course. Their pain can be highly variable and 
diffuse and present for days prior to presentation 
[9]. NOMI will also present as a prolonged course 
and often in a patient who cannot provide a his-
tory as they are usually critically ill. Regardless 
of the etiology, the abdominal exam can remain 
relatively benign until transmural necrosis takes 
place.

Laboratory There are no laboratory findings that 
are diagnostic for AMI. Additionally, compound-
ing the difficulty in this diagnosis, patients may 
present with a normal set of laboratory values 
early in their clinical course. The most common 
abnormality seen is leukocytosis, which is non-
specific. Other common findings include hemo-
concentration, along with elevated amylase, 
lactate dehydrogenase, and aspartate aminotrans-
ferase. Lactic acidosis can be seen, but unfortu-
nately this is a late finding, often signifying 
bowel infarction has taken place [9].

D-dimer can be a useful test in cases of 
MVT. It is a sensitive marker for the early detec-
tion of AMI secondary to MVT, and some 
research even suggests its use as an indication of 
severity [23]. D-dimer is indeed sensitive, but it is 
not specific for MVT, as many other processes 
can lead its presence, but a negative test can 
likely exclude this diagnosis.

Testing for inherited hypercoagulable condi-
tions such as antithrombin deficiency or Factor V 
Leiden can assist in identifying a secondary 
cause for MVT, but do not aid in the diagnosis of 
MVT.

Imaging Given the nonspecific presentation, a 
plain abdominal radiograph is often obtained, but 
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findings may be normal in up to 25% of patients, 
especially early in the disease course [20]. The 
film may show signs of bowel edema or infarc-
tion – such as pneumatosis. Probably most useful 
is its ability to exclude other possible diagnoses.

Duplex ultrasound is typically an invaluable 
tool in the diagnosis and surveillance for chronic 
mesenteric ischemia, but has no significant role 
as an imaging modality in AMI for several rea-
sons. Duplex is highly user dependent – experi-
enced technologists are required and may not be 
available at many institutions nor at all hours. 
Additionally, abdominal studies are limited by 
the presence of bowel gas in the unprepped 
patient. Finally, the study requires constant 
abdominal compression to capture key images, 
which is not typically tolerated by the patient 
with acute ischemia.

Computed tomography angiography (CTA) 
has become the imaging modality of choice for 
the diagnosis of acute mesenteric ischemia. It has 
both a high sensitivity and specificity quoted at 
93% and 95%, respectively, based on a 2010 

meta-analysis [11]. The CTA is widely available, 
noninvasive, and expeditious. The vascular imag-
ing quality obtained has continued to improve 
with the use of the multidetector CTA (MDCTA). 
The high-resolution images obtained have 
allowed the CTA to surpass traditional angiogra-
phy as the first-line technique for diagnostic 
imaging (Fig.  20.2). Additionally, a variety of 
other intra-abdominal pathologies can be identi-
fied or excluded when the diagnosis is in ques-
tion. It is important to mention that CTA studies 
are not without risk. The contrast utilized, which 
is often in the range of 100–125 ml, has the 
potential for both allergic reaction and contrast-
induced nephropathy (CIN). CIN is not uncom-
mon and is a leading cause of acute renal injury 
in the hospital setting and is associated with an 
increased overall mortality [6].

Angiography had previously been the “gold” 
standard study for AMI imaging prior to MDCTA 
technology. The benefits of this invasive study lie 
in its ability to provide both diagnostic informa-
tion as well as a potentially therapeutic interven-

Fig. 20.2 This is a CT angiogram of a 70-year-old man 
who presented with several hours of acute abdominal 
pain. He was found to have an embolus to his SMA. The 
axial slice in the upper left shows the vessel origin. It does 
have atherosclerotic calcification but is patent. The lower 
left-hand image shows the SMA slightly distal to its take-

off where it remains patent. The upper right-hand image is 
a sagittal view of the patent SMA origin. The right lower 
image is a sagittal view of the embolus shown by the 
white arrow. This patient underwent exploratory laparot-
omy with successful embolectomy without the need for 
bowel resection
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tion (see section “Treatment” for more 
information). The risk of contrast-related renal 
injury, time to access an angiographic suite and 
to acquire the desired images, and invasive nature 
of the procedure have all made this traditional 
technique no longer the first step in imaging. 
Angiography is now often reserved for cases 
where the diagnosis remains in question, or when 
a thrombotic etiology is suspected, and the 
patient is seen early before bowel infarction has 
taken place. Additionally, angiography provides 
no information on the remainder of the abdomi-
nal organs, necessitating a laparotomy for bowel 
viability assessment.

 Treatment

The initial management of a patient diagnosed 
with acute mesenteric ischemia begins with fluid 
resuscitation, electrolyte correction, hemody-
namic monitoring, and placement of invasive 
lines in preparation for surgical exploration. 
Anticoagulation with heparin should be given as 
a bolus followed by a therapeutic drip if there are 
no contraindications. Heparin will prevent the 
propagation of further thrombosis. Additionally, 

the administration of broad spectrum antibiotics 
should be strongly considered in order to miti-
gate the risk of intraluminal translocation of 
bacteria.

The basic surgical principles for AMI include 
revascularization before bowel resection (except 
for frank necrosis or bowel perforation) followed 
by a second-look laparotomy.

All patients with any concern for threatened 
bowel should be taken to the operating room. The 
best exposure for both bowel assessment and 
revascularization is through a midline vertical 
laparotomy. The patient is laid supine on the 
operating table, ideally one which can accommo-
date fluoroscopy if a completion angiogram is 
needed. The abdomen is widely prepared, and the 
anterior thighs are included in case the great 
saphenous vein must be harvested for a bypass. 
The bowel is assessed  – and if there is neither 
frank transmural necrosis nor perforation with 
spillage, revascularization should take place first. 
Of note, if a large amount of bowel is nonviable, 
consideration should be given to aborting the 
procedure based on the patient’s preoperative 
desires and a thoughtful discussion with the 
patient’s family when they are not able to partici-
pate in these thought processes (Fig. 20.3). The 

Fig. 20.3 An intraoperative photo of an exploratory lap-
arotomy of a 40-year-old man who presented with 3 days 
of worsening abdominal pain. He was found to have 
thrombosis of the intra-abdominal aorta including the 

celiac axis and superior and inferior mesenteric arteries. 
Transmural necrosis was present throughout the entirety 
of the small bowel and colon

20 Mesenteric Ischemia



252

next steps will differ based on etiology. 
Embolectomy with either primary or patch clo-
sure is the technique of choice for embolism, 
while AMI due to thrombosis will require a 
bypass.

Embolism When AMI is due to an embolus to 
the SMA, the surgical treatment is embolectomy. 
There are multiple ways to access the superior 
mesenteric artery, and for embolectomy, the 
exposure of choice is identifying the vessel in its 
infra-pancreatic location. This is done by displac-
ing the transverse colon and omentum cranially 
and retracting the small bowel to the patient’s 
right. A horizontal incision is made in the perito-
neum at the base of the transverse mesocolon. 
The SMA will lie to the left of the superior mes-
enteric vein. Often, the middle colic artery can be 
identified, and tracing this vessel proximally will 
identify the SMA. After circumferential dissec-
tion is completed, vessel loops can then be placed 
proximally and distally, as well as around all 
branches in the vicinity. Branches should be pre-
served if possible. Systemic heparin is adminis-
tered. If the vessel is otherwise soft and healthy, a 
transverse arteriotomy is made. If a longitudinal 
arteriotomy is chosen, closure should be per-
formed with a patch to avoid narrowing the ves-
sel lumen. This may be a good option for a small 
vessel. Upon entering the vessel, thrombus can 
often be visualized and extracted. Additionally, 
manual “milking” of the vessel can express clot. 
Embolectomy catheters can be used, but care 
must be taken as the SMA is quite fragile. A 2 or 
3 French balloon is used distally, while a 3 or 4 
French balloon is employed proximally. 
Embolectomy proceeds until brisk blood flow is 
encountered. If not, there is likely missed throm-
bus. Once the embolectomy is complete, the arte-
riotomy is closed with interrupted suture (or with 
a vein patch) and flow is restored. The SMA 
should now be pulsatile. Branches should also be 
assessed for pulsation or Doppler signal. If there 
is lack of signal or concern for retained embolus, 
an angiogram can be helpful.

Once perfusion is restored, the bowel is reas-
sessed. Necrotic segments are resected, and the 
bowel is left in discontinuity. A temporary 

abdominal closure of choice is placed, with 
planned second look in 24–48 h.

Thrombosis For thrombotic disease, the surgical 
management is typically visceral artery bypass. 
Consideration can also be given to stenting. As 
the disease is located at the vessels origin off the 
aorta, the exposure differs from that described 
above, and there are multiple bypass options 
available.

The SMA can be exposed in its sub-pancreatic 
location but from a lateral rather than anterior 
approach, as was seen for embolectomy. The first 
steps are similar – the transverse colon is reflected 
up, and the small bowel is retracted to the right. 
The additional step is to mobilize the fourth por-
tion of the duodenum by dividing the ligament of 
Treitz. The SMA will be identified in the perito-
neal tissue cranial to the duodenum. Remember 
to open the peritoneum longitudinally to maxi-
mize exposure. For further exposure, the pan-
creas can be retracted superiorly to the level 
where the left renal vein crosses anterior to the 
aorta. This exposed the SMA distal to the athero-
sclerotic disease found at its origin and will be 
the site for the distal bypass anastomosis.

The inflow of the bypass can originate in 
either an antegrade or retrograde fashion. 
Antegrade inflow is typically the supraceliac 
aorta. Retrograde inflow can come from the infra-
renal aorta, the right common iliac or left com-
mon iliac arteries. Prosthetic conduits are often 
preferred, such as an externally supported 
polytetrafluoroethylene (PTFE) graft because 
they avoid the need for vein harvest, provide an 
appropriate size match, and are more resistant to 
kinking. If gross peritoneal contamination is 
present, then utilization of a vein conduit is 
preferred.

The preferred technique by most is a retro-
grade “C” loop from the right common iliac 
artery (Fig. 20.4). The retrograde approach avoids 
the need for supraceliac dissection and aortic 
clamping. The right side is preferred as the sym-
pathetic nerve plexuses run along the left com-
mon iliac artery. The bypass is created in an 
end-to-side fashion off the iliac and either end-to-
end or end-to-side onto the SMA.  End-to-side 
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has the additional benefit of preserving flow to 
any proximal branches which may remain 
patent.

A short bypass from the infrarenal aorta to the 
SMA from the same exposure can also be created. 
This bypass also uses a prosthetic conduit and 
requires minimal additional dissection. The limit-
ing factor though is often the existence of athero-
sclerotic disease in this segment of the aorta.

An alternative option to bypass is endovascu-
lar stenting. A short lesion at the origin of the 
vessel is ideal for this technique, so the CTA 
should be reviewed prior to this decision. The 
SMA can be exposed as above and accessed with 
a needle. This technique is known as retrograde 
open mesenteric stenting (ROMS) as described 
by the Dartmouth group [22]. A hydrophilic wire 
should be used to traverse the lesion. Care is 
taken to not injure the vessel and cause a dissec-
tion or perforation. A self-expanding stent (cov-
ered or bare metal) is used, with projection into 
the aorta to not miss the proximal extent of the 
lesion. This technique can also be performed 
from a transfemoral or transbrachial approach, 
but the physician would need to be certain no 
bowel is at risk as this does not allow for intesti-

nal viability evaluation. Endovascular approaches 
are most appropriate for the rare patient caught 
very early in presentation.

Venous thrombosis All patients with symptom-
atic mesenteric venous thrombosis should be sys-
temically anticoagulated as soon as able. In 
patients with incidentally detected splanchnic 
thrombosis, no anticoagulation is the 
 recommendation by the American College of 
Chest Physicians guidelines [8]. Conservative 
management can be safely instituted in patients 
without peritoneal findings. Anticoagulation 
alone will often lead to recanalization and can 
avoid the resection of bowel which has not pro-
gressed to transmural infarction. In patients 
caught early before transmural necrosis, nonop-
erative management has shown similar rates of 
morbidity, mortality, and survival [2].

Patients with MVT and peritonitis should be 
taken to the operating room for exploration. If 
frank bowel necrosis is encountered, resection 
and anastomosis should take place. If bowel via-
bility is questionable, the abdomen should be 
temporarily closed for a planned second look in 
24–48 h as done for embolism or thrombosis.

Fig. 20.4 This patient presented with acute-on-chronic 
mesenteric ischemia due to occlusion of a previously 
placed graft. She had a left common iliac to SMA loop 

graft with PTFE. The CTA on the left shows the occluded 
bypass. The angiogram on the right was taken after suc-
cessful graft thrombectomy
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Seldom, open thrombectomy or endovascular 
thrombolysis can be considered. Thrombectomy 
works best in situations of recent thrombosis iso-
lated to the superior mesenteric vein. These pro-
cedures are performed so rarely, that most of the 
available literature is from case reports or case 
series. Endovascular techniques described 
include thrombolysis, either by way of a transhe-
patic or superior mesenteric artery route, suction 
thrombectomy, or direct open approach. These 
procedures have been shown to improve symp-
toms and limit bowel resection, but they come 
with high complication rates, such as life-threat-
ening gastrointestinal hemorrhage [7]. These pro-
cedures should be reserved for patients with 
severe disease or who fail anticoagulation alone.

Once the patients clinical picture improves 
and no further invasive procedures are likely, the 
transition to an oral anticoagulant should take 
place. For patients who present with a clear tem-
porary cause, anticoagulation can be limited to 
3–6  months. For most patients, the etiology is 
idiopathic, and therapy should be indefinite given 
its high rate of recurrence [5].

Nonocclusive Ischemia The principal treatment 
for NOMI is medical therapy. This involves 
improving intestinal perfusion with intravenous 
fluids and stopping offending agents such as 
vasoactive medications. Surgical exploration is 
reserved for cases of suspected peritonitis. 
Arteriography can be performed as both a diag-
nostic and potentially therapeutic modality but is 
often limited by the acutely ill nature of these 
patients, who may not be stable for transport to 
an endovascular suite.

If performed, the angiogram findings sug-
gestive of NOMI include diffuse mesenteric 
vessel narrowing, a pattern of “string of sau-
sages” – where areas of dilatation and narrow-
ing alternate in the intestinal branches, spasm 
of the mesenteric arcades, and impaired filling 
of the intramural vessels [19]. Many have advo-
cated for the infusion of vasodilator agents at 
the time of diagnostic angiogram to relieve the 
spasm. The most common medications used 
include nitroglycerine, papaverine, and prosta-
glandin E1 (PGE1). Some series have shown 

good success with continuous infusions, such 
as Mitsuyoshi et al. who showed an 8/9 patient 
survival in those treated with PGE1 versus a 
69% (9/13) mortality rate in those not treated 
[13]. Although the groups differed based on 
time to diagnosis (the untreated group all 
occurred before the incorporation of MDCTA 
in diagnostic workup), it does show a potential 
role for vasodilator therapy. This therapy is not 
without risk. Nitroglycerin and papaverine can-
not be given systemically without the untoward 
effect of hypotension, so intra-catheter admin-
istration is required. PGE1 inhibits platelet 
aggregation which can increase the risk of 
hemorrhage.

 Chronic Mesenteric Ischemia

Epidemiology Chronic mesenteric ischemia 
(CMI) is an uncommon cause of abdominal pain, 
yet the presence of atherosclerotic involvement 
in the visceral vasculature approaches 20% in the 
over 65  years of age population [16]. Despite 
this, most patients will remain asymptomatic. 
CMI accounts for less than 1 in 100,000 hospital 
admissions and less than 2% of gastrointestinal 
admissions [12]. Like acute mesenteric ischemia, 
CMI is a rare disease process which requires a 
high index of suspicion to diagnosis. This often 
leads to a delay in diagnosis, which is often 
reached only after an extensive workup has been 
completed.

Etiology Atherosclerosis of the visceral vessels 
is the most common cause of CMI, accounting 
for over 90% of cases. The atherosclerotic 
lesions are seen at the origins of the visceral 
arteries, most commonly the celiac axis and 
superior mesenteric artery (SMA). This is often 
referred to as “aortic spill over,” and patients 
may be found to have calcifications of the ori-
gins of multiple vessels, including the renal 
arteries as well [3].

Other less common causes of CMI include 
fibromuscular dysplasia, vasculitides such as 
Takayasu’s arteritis or polyarteritis nodosa, 
median arcuate ligament syndrome, chronic 
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dissections, or radiation arteritis. Processes 
involving the supraceliac aorta may also mani-
fest with CMI symptoms such as aortic 
coarctation.

This section will focus on CMI due to 
atherosclerosis.

 Diagnosis

Presentation The classic presentation is that of 
a patient in their sixth decade of life, more com-
monly a woman, who complains of postprandial 
abdominal pain. The onset of pain is typically 
within 15–30  min of a meal and can last for 
hours thereafter. The pain is described as dull 
and crampy. The presence of this pain after each 
meal leads to the development of “food fear” 
which then leads to the other classic finding of 
weight loss.

On physical examination, the CMI patient can 
appear cachectic. The abdominal exam is often 
unremarkable, but a bruit may be appreciated. 
Other vascular beds should be assessed, as 
patients with atherosclerosis in the territory will 
have disease elsewhere.

Laboratory There is no laboratory test that is 
diagnostic for CMI, but nutrition labs should be 
checked (such as albumin and prealbumin) and 
will usually show evidence of malnutrition.

Imaging Diagnosis of CMI is made through 
imaging. Similar to the studies used for AMI, 
computed tomography angiography (CTA) and 
angiography have key roles.

Additionally, mesenteric duplex ultrasonog-
raphy is now the screening test of choice given 
its noninvasive nature and ability to provide a 
high sensitivity for the presence of visceral 
artery stenosis. Additionally, duplex can be 
used for surveillance after revascularization. 
Although each vascular lab will use its own cri-
teria for diagnosis, all diagnoses are based on 
peak systolic velocity (PSV) measurements. 
Most commonly, a significant stenosis of the 
SMA is diagnosed by a PSV > 275 cm/s, while 

a PSV > 200 cm/s signifies a significant celiac 
stenosis [12].

Once the diagnosis is made by duplex, further 
imaging with CTA or conventional angiography 
is obtained for interventional planning.

 Treatment

Although the technical aspects of CMI treatment 
are beyond the scope of this chapter, there are a 
few key points to take away. Revascularization 
should be pursued for all symptomatic patients. 
For asymptomatic disease, there are no guide-
lines to suggest operative intervention.

As technology continues to evolve, more 
patients with CMI are now undergoing endovas-
cular intervention (angioplasty and stenting), 
with open traditional mesenteric bypass being 
reserved for endovascular failure, stent occlu-
sion, or non-atherosclerotic etiologies.

The debate about whether to revascularize 
just the SMA or both the SMA and celiac arter-
ies is ongoing, but there is no data to suggest that 
two vessels are better than one. What the litera-
ture does show is that open operations for CMI is 
 successful, with good long-term symptom relief 
and low operative mortality [15].

 Conclusion
Acute and chronic mesenteric ischemia are 
rare but potentially devastating disease pro-
cesses. Given their infrequent nature, delays 
in diagnosis are common. Mesenteric pathol-
ogy requires a high index of suspicion, and 
once identified, a rapid workup and manage-
ment strategy must be implemented.
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Acute Appendicitis

Brittany Bankhead-Kendall 
and Pedro G. R. Teixeira

 Background

Acute appendicitis is one of the most common 
acute surgical conditions in the United States. In 
1886, Dr. Reginald Fitz first used the term acute 
appendicitis to describe an inflammatory condi-
tion of the right lower quadrant that was starting 
to be treated surgically with success [1]. In the 
nineteenth century, Dr. Charles McBurney went 
on to author a series of papers describing appen-
dicitis definitively as a surgical disease. 
According to his observation, this condition was 
commonly associated with focal pain and ten-
derness at one specific location in the right lower 
quadrant later became widely known as 
“McBurney’s point” [2, 3].

As progressive advances in surgical technique, 
antiseptic principles, and antibiotic therapy 
occurred, the mortality associated with this con-
dition began a steady decline and reached single-
digit rates in the early 1940s, a remarkable 
treatment success for a disease that had previ-
ously touted 50% mortality rates [4]. Currently, 
approximately 11 per 10,000 patients a year pres-
ent with clinical evidence of appendicitis, leading 
to 300,000 appendectomies performed each year 

across the United States. Lifetime risk of acute 
appendicitis for males is 8.6% and 6.7% for 
females [5].

 Diagnosis

Clinical presentation of acute appendicitis is 
characterized by the acute onset of nausea, vom-
iting, abdominal pain, anorexia, and fever. In 
many cases, history and physical exam alone are 
enough for a clinical diagnosis and to warrant 
surgical exploration. Dr. Alfredo Alvarado sought 
to create a scoring system to combine subjective 
complaints with objective physical exam and 
laboratory findings to establish the diagnosis and 
identify patients who needed to be observed and 
those who needed an operation [6]. The compo-
nents of the Alvarado score include symptoms, 
signs, and laboratory work (Table 21.1).

This score, which was initially proposed to 
discriminate between patients that should be 
observed (scores 5 or 6) and those who should be 
operated on (score 7 or higher), later became a 
tool to identify patients with intermediate risk for 
appendicitis who would need imaging investiga-
tion. A systematic review performed to investi-
gate the value of the Alvarado score for predicting 
acute appendicitis found that a score less than 5 
can accurately rule out appendicitis, but a score 
of 7 or higher lack specificity to identify those 
patients requiring surgical exploration. This 
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 finding suggests that additional imaging is war-
ranted even for patients with a high score [7].

Negative appendectomy is not without its own 
significant morbidity risk from the operation. 
Diagnostic imaging outperforms the Alvarado 
score [8], and its utilization has led to a decrease 
in negative appendectomies, without an impact in 
decreasing incidence of perforation [9]. Options 
for imaging include ultrasound, computerized 
tomography (CT) scan, and magnetic resonance 
imaging (MRI). Ultrasound as an initial imaging 
modality as part of a diagnostic algorithm has 
been shown to be a useful tool [10]. Ultrasound 
for the evaluation of acute appendicitis yields a 
high positive predictive value, but negative or 
inconclusive findings cannot be used to rule out 
appendicitis, and these patients warrant further 
imaging, which is often a CT scan.

A normal appendix on ultrasound is a blind-
ending tubular structure arising from the cecum 
with normal diameter (≤6–7  mm) and normal 
wall thickness (≤2 mm). An inflamed appendix 
will be dilated, non-compressible, and often 
immobile with a thickened wall. The presence 
of adjacent free fluid or fecalith can also be sug-
gestive of acute appendicitis. Quality of evalua-
tion of the appendix via ultrasound is often 
highly dependent on the operator performing 
the exam.

CT scan findings of acute appendicitis are 
closely related to those described for the ultra-
sound but less operator-dependent. These find-

ings include dilated appendix, periappendicular 
fluid, adjacent fat stranding, presence of a feca-
lith (Figs. 21.1, 21.2, and 21.3), and absence of 
luminal contrast or gas in the appendix. CT scan 
can also suggest alternative diagnoses and also 
identify complications such as rupture, phleg-
mon, and abscess that may necessitate alternative 
nonoperative management (Fig. 21.4).

MRI is available, but less frequently used, in 
the diagnoses of acute appendicitis. Its utility lies 
more heavily in the pregnant and pediatric popu-
lations where the lack of ionizing radiation justi-
fies the increased costs compared to CT scans.

Sensitivity for each imaging modality is quite 
good for ultrasound, CT scan, and MRI (75–90%, 
90–100%, and 97–100%, respectively), as well 
as their positive predictive value (91–94%, 
92–98%, and 98%). Overall, CT scan provides 
higher sensitivity and specificity compared to 

Table 21.1 Alvarado score

Points
Symptoms
Migration 1
Anorexia 1
Nausea-vomiting 1
Signs
Tenderness in the right lower quadrant 2
Rebound pain 1
Fever 1
Laboratory
Leukocytosis 2
Shift to the left 1
Total score 10

Fig. 21.1 CT scan image (coronal section) demonstrat-
ing dilated appendix (small arrow), with adjacent fat 
stranding (large arrows), and periappendicular free fluid 
(arrowhead), suggestive of acute appendicitis
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ultrasound [11–13] (Table  21.2) and leads to 
decreased indicidence of negative appendecto-
mies, without the associated cost increase of the 
MRI. In children, however, graded-compression 
ultrasound has sensitivity and specificity compa-
rable to those from CT scan without the potential 
harm of ionizing radiation [14]. Likewise, MRI is 
a reasonable alternative when ultrasound is 
inconclusive and the radiation exposure associ-
ated with CT scan modality is contraindicated, as 
in the pregnant women population.

a

b

Fig. 21.2 (a, b) CT scan images (axial and coronal sec-
tions) demonstrating a large fecalith (arrows)

Fig. 21.3 CT scan image (axial section) demonstrating 
presence of extraluminal air adjacent to the appendix 
(large arrow), with adjacent free fluid (small arrow), sug-
gestive of acute perforated appendicitis

Fig. 21.4 CT scan image (coronal section) demonstrat-
ing presence of extraluminal air adjacent to the appendix 
(arrow), suggestive of acute perforated appendicitis

21 Acute Appendicitis



260

 Nonoperative Management

 Nonoperative Management 
for Uncomplicated Appendicitis

Challenging the dogma of operative treatment as 
the primary approach to uncomplicated appendi-
citis  – defined as acute appendicitis without 
abscess, phlegmon, or other loculated adjacent 
fluid collections  – multiple studies, including 
several randomized controlled trials, have inves-
tigated the role of nonoperative treatment with 
antibiotics as the primary treatment for this con-
dition [15–22]. These studies suggest that nonop-
erative treatment with antibiotics is a safe initial 
treatment modality for patients with uncompli-
cated appendicitis but is associated with signifi-
cant failure rates. As the number of patients now 
being treated nonoperatively increases, signifi-
cant controversy still exists regarding this treat-
ment pathway. A meta-analysis summarizing the 
findings of studies investigating the nonoperative 
management of uncomplicated appendicitis 
found a 20% chance of recurrence after conserva-
tive treatment within 1  year [15]. Of those 
 recurrences, 20% presented with perforated or 
gangrenous appendicitis, thereby raising the 
question whether a failure rate of 20% within 
1 year, with a quarter of those presenting worse 
than their initial presentation, is acceptable or 
not. Supporters of the nonoperative strategy 
emphasize that appendectomy may be avoided in 
a large proportion of these patients, thereby 
reducing operative rate and surgical risks, as well 
as overall costs.

Critics of the nonoperative strategy stress 
that a significant number of patients in these 
studies were treated without imaging confirma-
tion of appendicitis, which may falsely increase 
the success rate of the nonsurgical cohorts. In 

2015, Salminen et al. conducted a randomized, 
multicenter clinical trial including 530 adult 
patients who had uncomplicated acute appendi-
citis confirmed by CT scan. Patients were ran-
domized to early open appendectomy or 
antibiotics (3  days IV ertapenem followed by 
7  days oral levofloxacin and metronidazole) 
with 1-year follow-up. In the nonoperative 
group, 27% of patients required appendectomy 
within 1 year of presentation, which led to the 
conclusion that “among patients with CT-proven, 
uncomplicated appendicitis, antibiotic treat-
ment did NOT meet the pre-specified criterion 
for noninferiority compared with appendec-
tomy” [23]. Despite failing to demonstrate that 
antibiotics alone were not inferior to appendec-
tomy, this study was accompanied by an edito-
rial stating that “the time has come to consider 
abandoning routine appendectomy for patients 
with uncomplicated appendicitis” as diagnostic 
capabilities become more precise and broad-
spectrum antibiotics more effective [24]. That 
same year, an article in the New England Journal 
of Medicine recommended that “…pending 
more information regarding the effectiveness of 
an antibiotics-first approach and the longer-term 
outcomes of this strategy, patients interested in 
considering an antibiotics first approach should 
be encouraged to participate in clinical trials” 
[25]. Although most agree that more research is 
required to fully support the use of antibiotics 
alone as the primary treatment modality for 
uncomplicated appendicitis, the evidence so far 
strongly suggests that albeit associated with sig-
nificant failure rates, this strategy is a safe alter-
native to appendectomy. Therefore, the ideal 
patient-centered treatment plan for those pre-
senting with this condition should include a 
detailed discussion about the current treatment 
options aiming at a well-informed shared 
decision.

Table 21.2 Comparison of imaging modalities used for the diagnosis of acute appendicitis

Sensitivity Specificity Accuracy PPV NPV
Ultrasound 75–90% 86–100% 87–96% 91–94% 89–97%
CT Scan 90–100% 91–99% 94–98% 92–98% 95–100%
MRI 97–100% 92–98% 92–99% 98% 100%
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 Nonoperative Management 
for Complicated Appendicitis

Patients presenting with a right lower quadrant 
phlegmon or abscess are better treated with non-
operative management, as immediate surgical 
treatment is associated with a threefold increase 
in morbidity, including unnecessary ileocecal 
resection or right hemicolectomy [26]. 
Nonoperative treatment in this setting has a suc-
cess rate of 93%; however percutaneous drainage 
(Fig. 21.5) is necessary in 20%. The risk of recur-
rence was less than 10% and often associated 
with the presence of an appendicolith.

 Operative Management

After the first laparoscopic appendectomy was 
described by Semm [27], the use of this tech-
nique increases and has now become the most 
frequently performed appendectomy technique 
(Fig.  21.6) [28–31]. Theoretical advantages to 
laparoscopy are congruent with any laparo-
scopic or minimally invasive procedure: Less 
pain, shorter recovery time, faster return to 
work, decreased inflammatory response, 
decreased formation of adhesions, and better 
cosmetic results. Differently to what has been 

demonstrated in other surgical procedures, the 
benefits for the laparoscopic appendectomy 
compared to the open approach have been diffi-
cult to prove. Multiple trials have been per-
formed to evaluate the role of laparoscopy for 
patients undergoing appendectomy, with most 
of them demonstrating benefits that were mar-
ginal or of questionable clinical relevance [31–
41]. A Cochrane review of laparoscopic versus 
open surgery concluded with a recommendation 
in favor of the laparoscopic approach but with 
the caveat that the benefits of laparoscopy com-
pared to open are small and of questionable 
clinical significance [42]. According to this 
pooled data review, laparoscopic appendectomy, 
which is currently the most common technique 
being used, was found to be associated with less 
postoperative pain, shorter hospital stay, and 
faster return to work; however significant het-
erogeneity among the studies included in that 
review weakens the significance of its findings. 
Regarding to surgical site infection, open appen-
dectomy has been repeatedly demonstrated to 
be associated with higher rates of wound infec-
tion, while laparoscopic appendectomy is asso-
ciated with increased rates of intra-abdominal 
abscess [31, 36, 43]. Overall, open and laparo-
scopic appendectomies provide clinically simi-
lar results.

Fig. 21.5 CT scan axial images demonstrating perfo-
rated appendicitis with abscess treated with percutaneous 
CT-guided drainage (pigtail drain highlighted with 
arrows)

Fig. 21.6 Laparoscopic view of an inflamed appendix, 
demonstrating a dilated organ with serosal vascular con-
gestion and the presence of periappendicular fluid
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 Appendectomy Timing

Immediate appendectomy to prevent perfora-
tion has been challenged by recent studies sup-
porting a semielective approach to acute 
appendicitis [30, 44–47]. However, increased 
morbidity associated with appendectomy delay 
has been reported [48–50]. Because of this 
potential morbidity risk associated with surgi-
cal delay, prompt surgical intervention remains 
the safest approach for patients with the diag-
nosis of acute appendicitis. In our own review 
of over 4000 patients undergoing appendec-
tomy for acute appendicitis at an urban aca-
demic tertiary center, 64% of patients 
underwent appendectomy more than 6 h after 
admission (overall average time 11  h and 
50 min). After adjusting for age, gender, leuko-
cytosis, perforation, and laparoscopy, a delay 
greater than 6  h from surgical admission to 
appendectomy was independently associated 
with increased rates of surgical site infection. 
For the subgroup of patients without perfora-
tion, patients who underwent appendectomy 
within 6 h had a 42% relative risk reduction in 
surgical site infection rates. Those who devel-
oped an infection remained an additional 
5  days in the hospital and the incurred costs 
associated with it [51].

 Duration of Postoperative Antibiotic 
Treatment

For those undergoing operative treatment of 
appendicitis, and without evidence of perfora-
tion, abscess, or local peritonitis, only prophy-
lactic administration of narrow-spectrum 
antibiotics should be given, and these should 
then be discontinued within 24 h (Class I-A evi-
dence) [52]. For patients with perforated appen-
dicitis, fixed short courses of postoperative 
antibiotic treatment have been demonstrated to 
be safe and effective, with evidence to suggest 
that a 3-day course is equally effective to a 5-day 
course [53, 54].

 Appendicitis During Pregnancy

Appendicitis is the most common non-obstetrical 
condition requiring emergent surgery during 
pregnancy [55]. Half of these cases occur during 
the second trimester [56]. Appendicitis in preg-
nancy is associated with low birth weight, pre-
term birth, babies who are small for gestational 
age, low APGAR scores, and preeclampsia/
eclampsia [56–58]. Increased fetal mortality 
from 7–10% to 24% has been reported in associa-
tion with ruptured appendicitis [59, 60].

Diagnostic challenges in pregnancy are sec-
ondary to limiting exposure of the patient and 
fetus to ionizing radiation with imaging, as well 
as the anatomic and physiologic changes of preg-
nancy. Gestational symptoms can often mimic 
those of acute appendicitis, specifically nausea/
vomiting, and lower abdominal pain. 
Immunologically, pregnant patients will often not 
develop a fever. Physiologically, tachycardia is 
not uncommon, and the leukocytosis frequently 
seen in pregnant patients can be difficult to dis-
cern from a new infectious process.

These diagnostic challenges and fear of perfo-
ration (and subsequent increased fetal mortality) 
often lead to increased negative explorations, 
with some studies showing 25–50% rate of nega-
tive appendectomies in pregnant women [58, 61, 
62]. The risk of these negative appendectomies is 
that a negative surgical exploration is not incon-
sequential and comes with its own overall fetal 
loss of 4% after negative exploration. Most 
importantly, among pregnant women who sus-
tained fetal loss or early delivery after undergo-
ing appendectomy, almost 1 in 3 had a negative 
appendectomy [63]. This boasts the need for 
accurate diagnosis often supported by appropri-
ate imaging modalities in pregnancy.

Optimal ultrasound has sensitivity of 100%, 
specificity of 96%, and accuracy of 98%. 
Unfortunately, an enlarged uterus can limit graded 
compression used during ultrasound; additionally, 
while CT carries 99% negative predictive value, 
its potential detrimental effects of radiation limit 
its ideal use in pregnant patients [64]. In a survey 
study, radiologists from 183 departments in the 
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United States chose to use CT over MRI when 
presented with a scenario of a pregnant patient 
with appendicitis during the second and third tri-
mester. The same radiologist however switched to 
MRI instead of CT scan if the patients were in 
their first trimester [65]. According to a statement 
by the American College of Radiology, MRI is 
acceptable for patients in any stage of pregnancy 
after a risk/benefit assessment is performed [66].

Regarding the choice of surgical technique for 
appendectomy, the use of laparoscopy should 
have special considerations during pregnancy. In 
addition to the anatomic changes of the gravid 
uterus and the challenges it could invoke on a 
laparoscopic approach, fetal physiologic effects 
should be considered as well. Fetal acidemia 
occurs during pneumoperitoneum with CO2 in 
animal models [67]. A systematic review and 
meta-analysis of laparoscopic versus open 
approach in pregnancy summarized the available 
studies investigating this issue [68]. While ten of 
the studies showed a similar relative risk in either 
approach, a study by McGory et al. [63] favored 
the open approach, ultimately skewing the over-
all relative risk toward favoring an open approach.

With the increasing literature demonstrating 
the safety of nonoperative treatment of appendi-
citis with antibiotics and considering the risks of 
fetal loss and preterm delivery associated with 
surgical exploration, it is natural to cogitate the 
nonoperative treatment modality for patients who 
present with appendicitis while pregnant. The 
application of a nonoperative approach for this 
patient population however must be considered 
with much caution as pregnant patients have not 
been included in studies investigating safety and 
efficacy of nonoperative strategy.

 Incidental Appendectomy

Performance of an incidental appendectomy dur-
ing elective or emergency abdominal surgery 
would only make sense if no significant morbid-
ity increase could be attributable to the incidental 
appendectomy. When appropriate risk adjust-
ment statistical techniques were used to investi-

gate this issue, the added risk of the incidental 
appendectomy became apparent [69]. This added 
risk probably outweighs the benefit of avoiding a 
future operation for appendicitis. From a cost 
analysis perspective, incidental appendectomy as 
a preventive measure has not been found to be 
effective either [70, 71]. The potential increase in 
morbidity and cost inefficacy suggest that routine 
incidental appendectomy should not be 
performed.

 Interval Appendectomy

The risk of recurrent appendicitis in patients suc-
cessfully treated nonoperatively ranges from 8% 
to 21% [72, 73]. Interval appendectomy is not an 
innocuous procedure, with complication rates 
ranging from 3% to 18% [73–78]. The case against 
interval appendectomy has been presented [13], 
and consideration to appendectomy after success-
ful nonoperative treatment of acute appendicitis 
should be reserved for those cases that recur.

However, the concern for a malignancy in the 
adult population treated nonoperatively for an 
episode of acute appendicitis cannot be ignored 
[75]. Approximately 2% of patients older than 
40 years old treated nonoperatively for an appen-
diceal mass or abscess will have a diagnosis other 
than appendicitis, including Crohn’s disease or a 
malignancy. They should therefore undergo a 
colonoscopy during follow-up to rule out other 
causes for the appendiceal mass or abscess [26].

In summary, interval appendectomy is not 
always indicated because of considerable risks of 
complications and lack of clinical benefit.

 Summary

• Liberal imaging is warranted in the diagnostic 
evaluation of appendicitis. Negative or incon-
clusive ultrasound findings cannot rule out 
appendicitis and should be followed by CT 
scan or MRI.

• Nonoperative treatment with antibiotics is a 
safe initial treatment for uncomplicated 
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appendicitis and associated with significant 
decrease in complications but a high failure 
rate.

• Routine incidental appendectomy is not war-
ranted due to increased risk of complications.

• Interval appendectomy is not warranted 
because of significant complication risks and 
no demonstrated clinical benefit.

• Open and laparoscopic appendectomies pro-
vide clinically similar results overall.

• Antibiotic duration after appendectomy for 
non-perforated cases are considered prophy-
lactic (<24  h) and for perforated cases are 
equally effective at a 3-day regimen versus 
5 days.

• Increased morbidity of surgical site infections 
associated with appendectomy delay suggests 
that prompt surgical intervention remains the 
safest approach.

• Optimal management during pregnancy 
requires essential diagnostic accuracy preop-
eratively, as negative appendectomy is associ-
ated with significant incidence of fetal loss. 
MRI is a reasonable alternative to CT scan in 
this population.
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Diverticulitis

Anuradha R. Bhama, Anna Yegiants, 
and Scott R. Steele

 Introduction

The prevalence of diverticulosis in the United 
States has increased in recent years, affecting 
approximately 70% of people over the age of 80, 
with the incidence increasing with age [1–3]. In 
Western countries, diverticular disease usually 
involves the left colon, with as many as 99% of 
patients having some amount of disease in the 
sigmoid colon [1]. Approximately 20% of 
patients with diverticulosis will develop divertic-
ulitis in their lifetime [1, 4]. Diverticulitis results 
in over 300,000 hospitalizations, 1.5 million days 
of inpatient hospital care, and costs $2.4 billion 
per year [2–5].

A majority of colonic diverticula are located 
in the sigmoid colon. Diverticulosis is thought to 
develop from a combination of increased intralu-
minal colonic pressure in the sigmoid colon and 
age-related erosion of the mucosal wall. This results in points of weakness at the insertion of 

the vasa recta, resulting in outpouchings of the 
colonic wall (Fig. 22.1) [6]. The diverticula in are 
not true diverticula, which are full thickness; they 
are only comprised of mucosa, submucosa, and 
serosa and are, therefore, false diverticula. 
Diverticulitis is thought to be caused obstruction 
by fecaliths or small food particles causing local-
ized trauma, inflammation, and microperforation. 
Diverticulitis can present along a spectrum of 
severity, from mild inflammation to microperfo-
ration, to free perforation. A perforation can be 
walled off by omentum, mesentery, pericolonic 
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fat, or adjacent organs such as the bladder, which 
may lead to development of an abscess or fistuliz-
ing disease. In severe cases, patients can present 
with life-threatening free perforation and perito-
nitis. For patients presenting with an episode of 
acute diverticulitis, identifying disease severity 
and subsequent treatment strategy is the first step.

 Initial Presentation and Work-Up

A majority of patients evaluated in the emergency 
room with diverticulitis present with a chief com-
plaint of abdominal pain. When evaluating a 
patient with diverticulitis, it is imperative to first 
identify hemodynamic stability. Even in the set-
ting of tachycardia, most patients are relatively 
stable, and outside of free perforation and sepsis, 
often allowing time for evaluation. Delineating 
between a stable patient and an unstable patient 
will identify the patients that potentially require 
emergent operative intervention. This classifica-
tion of stable versus unstable can be made swiftly 
by assessing the patient’s vital signs and physical 
exam. Once this delineation is made, the work-up 
can continue in an algorithmic fashion (Fig. 22.2).

In the stable patient, the work-up should begin 
with a thorough history and physical examination. 
History should focus on a detailed description of 

abdominal pain and any associated symptoms. 
Based on typical presentation, often patients have 
already been seen by the referring physician, and 
the consult comes complete with labs, a CT scan 
demonstrating the classical appearance, and a 
“diagnosis.” However, this is not always the cases; 
and even when presented like this, it is imperative 
as the surgeon to work through the finer points. 
Typically, the abdominal pain is focused in the 
left lower quadrant, but given the potential redun-
dancy of the sigmoid colon, pain may also be 
experienced in the midportion of the lower abdo-
men and right lower quadrant. Patients often will 
complain of nausea, decreased appetite, and even 
vomiting. Typically during early stages of the dis-
ease process, obstructing symptoms are uncom-
mon, and most patients continue to pass flatus and 
may continue to have bowel movements. Blood in 
the stool is typically not associated with diverticu-
litis and should prompt consideration of alterna-
tive diagnoses such as malignancy or ischemic 
colitis. It is important to elicit any signs and 
symptoms of complicated disease, such as pneu-
maturia or fecaluria, which are signs of fistulizing 
disease to the bladder (Fig. 22.3). Similarly, the 
passage of flatus per vagina is also concerning of 
fistulizing disease to the uterus or vagina. A full 
medical and surgical history should be taken, as 
well as a review of all medications and allergies. 

Patient with Diverticulitis

Hemodynamically stable

History and physical
examination

Labs and imaging

Uncomplicated
disease

Able to tolerate
oral intake?

Yes no

Discharge home with
oral antibiotics

Complicated
disease

Microperforation

Admit for medical management
(IV antibiotics, IVF, bowel rest)

Hinchey l/II diverticular
abscess

Admit for medical management
and IR drainage

Potential electivefuture resection

Hemodynamically unstable or
“surgical” abdomen

Attend to ABCs

Antibiotics, IVF resuscitation,
labs Imaging as permitted

Laparoscopic washout∗ Segmental resection

Operating room

Hartmann’s procedure
vs

Primary anastomosis
with or without proximal

diversion

∗ In select patients onIy

Fig. 22.2 Algorithm for the treatment of acute sigmoid diverticulitis
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It is important to note the number and frequency 
of any prior episodes of diverticulitis and how 
they were treated. These factors may not influence 
immediate management, but will help counsel the 
patient regarding future elective surgery. All 
patients should be asked about their most recent 
colonoscopy and if there is any personal history of 
colon polyps or cancer. If there is a history of 
malignancy, noting the surgical and adjuvant 
treatments and surveillance will help distinguish 
between diagnoses of primary diverticulitis ver-
sus a recurrent colon cancer. Family history of 
colon cancer should also be noted. Malignancy of 
the sigmoid colon can share symptoms of diver-
ticulitis; therefore it is imperative to evaluate 
patients accordingly. Similarly, several other 
pathologies besides cancer may lead to symptoms 
similar to diverticulitis, such as irritable bowel 
syndrome, inflammatory bowel disease, gyneco-
logic pathologies, appendicitis, or ischemic coli-
tis. A thorough history and physical examination 
should help delineate between these diagnoses.

A physical examination should take note of 
fevers and any variations in vital signs. The abdo-
men should be examined with attention paid to 
any peritoneal signs. Patients with mild disease 
typically experience pain in the left lower quad-
rant with deep palpation. Typically, rebound ten-
derness is not present, though voluntary guarding 
is common. In more severe disease, focal perito-
nitis may be present, but may not necessarily 
warrant urgent surgical exploration. Distension 
of the abdomen may be a sign of development of 
possible obstruction. A rectal examination should 

be performed to evaluate for any anorectal 
pathologies as well as assess for sphincter tone. 
Any worrisome comorbid conditions should be 
identified that may require attention and possible 
intervention. Any patient who presents with 
uncomplicated diverticular disease may develop 
a smoldering clinical course and require opera-
tive intervention; management of comorbid con-
ditions should be handled in a fashion that 
prepares the patient for surgery if needed. For 
example, medications such as clopidogrel and 
warfarin should be held and replaced with easily 
reversible medication substitutions, such as hepa-
rin, if indicated. Blood work should include a 
complete blood count, comprehensive metabolic 
panel, urinalysis, and coagulation parameters in 
patients on anticoagulants. In stable patients, CT 
scan of the abdomen and pelvis with oral and 
intravenous contrast should be obtained as the 
initial imaging study [7–9]. CT will typically 
demonstrate thickening of the sigmoid colon wall 
with associated fat stranding (Fig. 22.4) but may 
also demonstrate other findings that may influ-
ence decision-making (see below).

 Uncomplicated Diverticulitis

The treatment plan of patients with diverticulitis 
depends upon the clinical severity of the disease. 
Select patients with mild diverticulitis, who are 
tolerating oral intake, may be discharged home 
from the emergency department with oral antibi-
otics [10]. In order to safely treat diverticulitis on 

Fig. 22.3 Appearance of colovesical fistula on CT scan. 
Arrow demonstrates air in the bladder from the colovesi-
cal fistula Fig. 22.4 Appearance of diverticulitis on CT scan
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an outpatient basis, it is imperative that the 
patients are able to maintain hydration and nutri-
tion. Ciprofloxacin (500  mg twice daily) and 
metronidazole (250  mg three times daily) or 
amoxicillin/clavulanic acid (500/250  mg twice 
daily) are typical outpatient antibiotic regimens 
for diverticulitis. Patients should be cautioned 
regarding signs and symptoms that warrant 
reevaluation by a physician, such as worsening 
abdominal pain, worsening fevers, inability to 
tolerate medications, or inability to tolerate an 
oral diet. A recent review demonstrated that 
12.5% of patients discharged from the emergency 
room will return or be readmitted within 30 days, 
but only 1% will require emergency surgery [11]. 
Women and patients with free fluid are at risk for 
failure of outpatient therapy [12]. Any patient 
with diverticulitis who is unable to tolerate oral 
intake should be admitted to the hospital for 
hydration, bowel rest, and pain control [13]. 
Antibiotics are also given intravenously, though 
there is limited data in their efficacy. A recent 
randomized control trial comparing medical 
treatment with and without antibiotics of first 
episode of diverticulitis demonstrated no differ-
ence in mortality, ongoing/complicated/recurrent 
diverticulitis, sigmoid resection, readmission, or 
adverse events [14]. In fact, length of stay was 
significantly shorter in the observation group 
without antibiotics. Several other studies have 
suggested that antibiotics may be omitted in the 
treatment of uncomplicated diverticulitis, but fur-
ther research is necessary to confidently conclude 
that antibiotic treatment may be abandoned [15, 
16]. Until further studies elucidate the safety of 
omitting antibiotics, it remains standard practice 
to treat diverticulitis with antibiotics. Common 
regimens include ceftriaxone/metronidazole, 
ampicillin/sulbactam, piperacillin/tazobactam, 
and ciprofloxacin/metronidazole. Individual hos-
pital antibiograms are helpful in guiding choice 
of antibiotics. Non-operative management of 
simple diverticulitis is successful in as many as 
93% of patients [17]. These patients should be 
seen in follow-up to ensure resolution of their 
symptoms. If patients have had several episodes 
of diverticulitis, a discussion regarding possible 
outpatient surgery may be warranted.

 Complicated Diverticulitis

Complicated diverticulitis includes any patient 
who is found to have a perforation, abscess, 
pneumoperitoneum, obstruction, or fistula. These 
patients should be admitted to the hospital for 
conservative management including bowel rest, 
IV fluid hydration, and IV antibiotics and possi-
ble abscess drainage. Microperforated diverticu-
litis is considered diverticulitis in which a small 
perforation has occurred, small amounts of gas 
escaped the lumen, and then sealed off. This 
results in pneumoperitoneum that is either peri-
colic or free air. There has been a recent evolution 
in considerations for patients with pneumoperito-
neum. Traditionally, any signs of pneumoperito-
neum warranted operative exploration. 
Frequently, these patients underwent emergent 
sigmoid resection with creation of an end colos-
tomy. However, in patients who are hemodynam-
ically stable without signs of systemic sepsis and/
or a surgical abdomen, frequently a small amount 
of pneumoperitoneum may be observed and 
treated conservatively [18]. On CT scan, these 
patients may have a small amount of extralumi-
nal air or a sliver of air just above the liver, though 
on exam these patients often do not have a “surgi-
cal” abdomen (Fig.  22.5). Without concern for 
active ongoing leakage of air through the perfora-
tion, these patients may be admitted for conser-
vative treatment and closely observed. This 
includes bowel rest, IV hydration, IV antibiotics, 
and serial abdominal exams. These patients 
should be monitored closely; patients with dete-
rioration should be considered for emergent sur-
gery. A vast majority of these patients typically 
improve with this treatment plan and are able to 
be evaluated as an outpatient for elective 
resection.

Another common clinical scenario is that of a 
diverticular abscess seen on CT imaging 
(Fig.  22.6). The Hinchey classification is typi-
cally used to describe these abscesses, with type 
I being a pericolic abscess and type II being a 
pelvic abscess. These patients should be admitted 
to the hospital for IV hydration, IV antibiotics, 
pain control and bowel rest. Any coagulopathy 
should be corrected prior to invasive interven-
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tions. Abscesses occur in up to 20% of patients 
who present with diverticulitis, and these 
abscesses should be drained by interventional 
radiology if possible. No official size criteria for 
abscess drainage exist though several studies 
have examined the necessary abscess size for 
drainage. In general abscesses smaller than 3 cm 

typically resolve with intravenous antibiotics, 
fluid hydration, and bowel rest, while larger 
abscesses require interventional draiage [17, 19]. 
Abscesses larger than 5  cm typically fail treat-
ment with antibiotics alone and eventually 
require drainage [20, 21]. Several studies have 
demonstrated that abscess drainage helps to avoid 

a

b

Fig. 22.5 Small sliver of free air above the liver – visible on chest X-ray and CT scan. (a) Arrows demonstrate sliver 
of free air under the diaphragm. (b) Arrows demonstrate sliver of free air under the diaphragm
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urgent colectomy in these patients [19, 20, 22–
24]. In patients with small abscesses without 
clinical improvement, the abscess may be aspi-
rated, as the abscess cavity may be too small to 
accommodate the tip of a typical pigtail drainage 
catheter. There must be a clear path from the skin 
to the abscess, unobstructed by bowel, bone, ves-
sels, etc. In some situations, an abscess may not 
be amenable to radiologic-guided drainage due to 
location (Fig. 22.7). In these scenarios, patients 
may be treated with antibiotics; if no improve-
ment has occurred in several days, repeat CT 
scan may demonstrate progression of the abscess 
in size and location making it amenable to radio-
logic drainage. In situations where the abscess is 

not amenable to drainage and the patient does not 
improve with antibiotic therapy, segmental colec-
tomy is indicated. Patients with diverticular 
abscesses who are successfully treated without 
surgical intervention should later be evaluated in 
the outpatient setting and counselled regarding 
the potential need for elective surgical resection.

Patients presenting in with frank peritonitis or 
systemic sepsis must be managed in an expedi-
tious fashion. Up to 25% of patients presenting 
with diverticulitis require urgent operation [13]. 
Airway protection and IV access should be 
assessed and secured immediately. Aggressive 
fluid resuscitation should begin immediately and 
IV antibiotics should be administered. Blood 
work should include complete blood count, com-
prehensive metabolic panel, lactate, coagulation 
parameters, urinalysis, and arterial blood gas as 
needed. Simultaneously, a focused history and 
physical examination should be performed. A 
plain X-ray may be obtained to evaluate for pneu-
moperitoneum. Aggressive resuscitation and 
administration of broad-spectrum IV antibiotics 
should occur in the emergency department during 
the initial evaluation. A CT scan may be obtained 
in patients who are not in extremis at the discre-
tion of the surgeon. This may help localize the 
source of pneumoperitoneum to the upper or 
lower GI tract. It is not uncommon for a patient 
with pneumoperitoneum from an upper GI source 
to also have incidental diverticulosis; lack of 
inflammation of the sigmoid colon points toward 
an upper GI source. The transverse colon may be 
secondarily inflamed in the setting of upper GI 
perforation, but transverse colon diverticulitis 
and perforation are exceedingly rare [25, 26]. A 
CT scan that demonstrates inflammation of the 
sigmoid colon with a copious amount of pneu-
moperitoneum and free fluid should be classified 
as Hinchey III (purulent peritonitis) or Hinchey 
IV (feculent peritonitis). These patients should 
undergo immediate operative intervention. There 
are several surgical options available, including 
resection with colostomy (i.e., Hartmann’s pro-
cedure), resection with primary anastomosis, 
resection with primary anastomosis and proximal 
diversion, laparoscopic peritoneal lavage and 
drainage, proximal drainage, and damage control 
surgery.

Fig. 22.6 Diverticular abscess on CT.  Arrow demon-
strates a pericolic diverticular abscess

Fig. 22.7 Abscess due to diverticulitis not amenable to 
CT drainage. Arrow demonstrates an abscess that is not 
drainable by interventional radiology techniques. Note the 
abscess is obstructed by the bowel located anterior to the 
abscess, the bony pelvis lateral, and the blood vessels 
located posteriorly
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The gold standard operation for perforated 
diverticulitis is a Hartmann’s procedure consisting 
of sigmoid resection with creation of an end colos-
tomy. Ideally, the patient is marked preoperatively 
by an enterostomal therapist for ideal stoma place-
ment. This operation is performed with the patient 
in modified lithotomy position. A generous lower 
midline incision is made and the abdomen is 
explored and the purulent contamination is irri-
gated. The sigmoid colon is mobilized off of the 
retroperitoneum by mobilizing along the white line 
of Toldt. The extent of the resection should include 
the entire sigmoid colon down to soft, pliable, 
healthy rectum distally. Proximally, the descending 
colon should be mobilized only to the extent to 
which an end colostomy can be brought to the skin 
level to create a colostomy; full mobilization of the 
splenic flexure is typically not necessary. Complete 
mobilization of the splenic flexure during this oper-
ation may increase the risk of colostomy prolapse. 
Additionally, during eventual colostomy reversal, 
keeping the splenic flexure tissue planes untouched 
will ease in mobilization of the colon during colos-
tomy reversal. Care should be taken to avoid injury 
to the ureter, which may be secondarily inflamed. If 
necessary, a ureteral stent may be placed; though 
this will aid in identification of ureteral injury, 
placement of ureteral stents has never been shown 
to prevent ureteral injury. It is not necessary to per-
form a high ligation of the inferior mesenteric 
artery unless there is high suspicion for an underly-
ing malignancy. Transection should occur at the top 
of the rectum, distal to where the tinea coalesce and 
where the rectum is soft and pliable. The rectal 
stump is managed by oversewing the staple line 
with polypropylene suture and leaving long tails in 
order to aid in identification of the rectal stump 
during future stoma reversal operations. The abdo-
men should be irrigated copiously, and the place-
ment of drains (both transabdominal and transanal) 
is left to the discretion of the surgeon. A Foley cath-
eter or mushroom drain may be used as a transanal 
drain. The abdominal wound should be copiously 
irrigated and may be closed with staples and inter-
vening wicks.

Hartmann’s procedure and reversal carry an 
aggregate morbidity of 20%, with a stoma com-
plication rate of 10% and wound complication 
rate of 29% [27]. Colostomies remain permanent 

in over 30% of patients. Risk factors for nonrever-
sal include age, ASA score, pulmonary comor-
bidities, preoperative blood transfusion, 
perforation, and anticoagulation [28]. Based upon 
patient hemodynamics and comfort level of the 
surgeon, Hartmann’s procedure is always a safe 
option for perforated diverticulitis [29]. Recently, 
there has been increasing interest in alternatives to 
Hartmann’s procedure. Depending on the stability 
of the patient and safety assessment by the sur-
geon, primary anastomosis with or without proxi-
mal diversion is an option. Several studies have 
compared the safety and cost of performing a pri-
mary anastomosis (PA) or primary anastomosis 
with proximal diversion (PAPD) with Hartmann’s 
procedure (HP). PAPD has been reported to have 
a mortality of 9% and morbidity of 75%, with a 
stoma reversal rate of 90%, shorter hospital stay, 
and decreased costs [2, 4]. A large National 
Surgical Quality Improvement Program study 
comparing HP, PA, and PAPD demonstrated no 
significant difference in mortality or postopera-
tive surgical site infections for these three proce-
dures [30]. A recent randomized control trial 
comparing patients undergoing HP and PAPD 
demonstrated no difference in mortality or mor-
bidity but did demonstrate that, at 18  months, 
96% of PAPD patients and 65% of HP patients 
had a stoma reversal [31]. In certain situations, 
primary anastomosis may be performed without 
proximal diversion, with significantly improved 
outcomes compared to Hartmann’s procedure 
[32]. The patient’s condition should drive the 
decision whether or not to perform an anastomo-
sis. Factors to consider include history of immu-
nosuppression or malnutrition, higher ASA score, 
current hemodynamic status, and large volume 
blood loss. It is necessary that the descending 
colon proximally and the distal rectum are healthy 
and uninflamed with adequate blood supply. If 
there is question as to the quality of these tissues, 
an anastomosis should not be performed. It is to 
the surgeon’s discretion as to which procedure to 
elect, and if the patient is unstable, it is wise to 
perform the procedure with which the surgeon is 
most comfortable and familiar with.

Recent attention has been drawn to another 
alternative to Hartmann’s procedure – laparoscopic 
peritoneal lavage with drainage. This  procedure 
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purports benefits of decreased morbidity and mor-
tality, avoidance of a stoma, and avoidance of 
anastomotic complications. First described in 1996 
by O’Sullivan, this procedure typically involves 
laparoscopic evaluation of the abdomen to differ-
entiate between purulent and feculent peritonitis 
[33]. A 12 mm trocar is placed at the umbilicus and 
two additional 5 mm trocars are placed. The abdo-
men is then irrigated with 3–9 L of warm saline 
solution. Adhesions to the sigmoid colon are not 
taken down as they may be sealing the initial per-
foration. Several large drains are left in the pelvis 
and near the sigmoid colon. These patients are 
maintained on antibiotics for 7–10 days. Several 
studies have evaluated laparoscopic lavage and 
have demonstrated mixed results regarding mor-
bidity, mortality, and colostomy formation. The 
DILALA trial randomized patients with Hinchey 
grade III to laparoscopic lavage or Hartmann’s 
procedure. Significant differences were identified 
between the two groups including increased opera-
tive time and increased postoperative length of stay 
for Hartmann’s procedure [34]. A meta-analysis of 
recent studies demonstrated that laparoscopic 
lavage had an increased rate of reoperation and 
need for IR drainage compared to colon resection 
but had a decreased rate of stoma formation. There 
was no difference in mortality [35]. The Ladies 
trial was a multicenter parallel group, randomized 
trial comparing laparoscopic lavage to Hartmann’s 
procedure in patients with feculent peritonitis. This 
trial was terminated early due to high rates of 
short-term morbidity and reinervention in the lapa-
roscopic lavage group [36]. A recent multicenter 
trial from several European centers conducted the 
Ladies trial which consisted to two arms - one 
comparing laparoscopic lavage with sigmoidec-
tomy, and the other comparing the Hartmannn’s 
procedure with the resection and primary anasto-
mosis with diverting ostomy. Unfortunately, the 
lavage portion of the trial had to be prematurely 
terminated secondary to higher morbidity and 
mortality in the lavage group after only 90 patients 
(odds ratio 1.28, 95% CI 0.54–3.03, p = 0.58), as 
lavage was determined not be be superior to sig-
moid resection. Ongoing trials are underway to 
evaluate the long-term efficacy of this approach. 

Given the limitations of the available current litera-
ture, this operative strategy should be adopted with 
extreme caution and an understanding that routine 
utilization of laparoscopic lavage is not yet stan-
dard of care.

Conclusion
Several elements should influence the deci-
sion for management of acute diverticulitis in 
the emergent setting. Severity of illness will 
determine if the patient may be treated as an 
outpatient or requires hospitalization, and CT 
imaging is the best imaging modality to help 
determine therapy. All patients who require 
admission to the hospital, regardless of sever-
ity, should be treated with antibiotics, bowel 
rest, hydration, and pain control. The patient’s 
hemodynamic state and physical exam find-
ings should drive the decision for emergent 
operation. In patients requiring an operation, 
there is controversy regarding the operation of 
choice. Hospital factors (availability of ICU, 
IR availability, etc.), surgeon comfort level, 
and patient comorbidities should influence the 
decision of which operation to perform.
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Clostridium difficile Infection

Aela P. Vely and Paula Ferrada

 Introduction

Clostridium difficile infection (CDI) has been 
recognized since the1970s. The past two decades 
have seen an increase in frequency and severity 
of cases, leading to a steady rise in mortality [1–
3]. In 2011  in the United States, there were 
29,000 deaths within 30 days of diagnosis from 
CDI and almost 500,000 cases reported [3]. CDI 
is now the most common hospital-acquired infec-
tion, requiring increased mobilization of health-
care resources and costs [2]. Those changes have 
been attributed to the rise of more virulent strains 
in North America and Europe.

Clostridium difficile (C. diff) is a gram-posi-
tive anaerobic bacteria, naturally present in the 
colon, that either produce toxins (TcdA and/or 
TcdB) or not. These toxins can cause a chronic or 
acute infection in the colon through inflammation 
and injury of the intestinal barrier [4]. The infec-
tion usually occurs after a change in the balance 
of the intestinal flora, where C. diff is able to pro-
liferate unchecked. Oftentime, this imbalance is 
attributed to the intake of antimicrobials (a single 

dose can be sufficient) or a weakened immune 
system in hospitalized patients exposed to spore 
in the environment. Both toxins translocate into 
cells, causing disruption in the cell morphology 
and subsequent death. They also stimulate inflam-
matory reactions causing increased permeability 
of the intestinal membrane and release of pro-
inflammatory agents that when combined lead to 
pseudomembranous colitis, malabsorption, and 
diarrhea [5]. It remains unclear how the toxins 
affect the severity of the strains of C. difficile. 
Clinical presentation can vary from simple diar-
rhea to fulminant disease requiring ICU admis-
sion and emergent surgery. Risk factors identified 
for CDI include advanced age (over 60), expo-
sure to antimicrobials, previous hospitalizations, 
colon surgery, inflammatory bowel disease, and 
decreased gastric acid [6, 7]. However, in more 
recent years, patients otherwise healthy have 
been noted to present with more severe cases.

 Initial Presentation and Evaluation

The patient with CDI will often present with diar-
rhea that can be associated with or without abdom-
inal pain. As mentioned prior, the typical patient 
would have been an elderly patient over 60, from a 
long-term care facility. But younger patients, living 
in the community, suffer more and more from 
symptomatic CDI.  The diagnosis is often sus-
pected but not always confirmed. It is imperative to 
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establish whether the patient has recently had 
exposure to antibiotics, a recent hospitalization, or 
an exposure to an individual with CDI. A differen-
tial diagnosis including other infectious/noninfec-
tious etiologies for diarrhea should be kept in mind. 
Hence determining the duration and severity of the 
symptoms is essential. Possible triggers such as 
recent meals, sick relatives, or recent travels should 
be investigated. Durations of more than 1–2 weeks 
suggest a more indolent course and possibly 
another etiology, and patterns of alternating diar-
rhea and constipation should also be established. 
Patients should also be asked about the consis-
tency, color, or smell of the stool, which can be—
although not always—liquid, mucous-like, and 
foul smelling. In addition, patients who have been 
hospitalized and have a persistent or rising leuko-
cytosis or fever associated with diarrhea should be 
tested for C. diff, especially if they received antibi-
otics during the course of their admission or are on 
longer-term PPI [8–16].

On examination it is not uncommon to find 
patients to have soft, non-tender but distended 
abdomen and severe complicated disease. 
Peritonitis is an absolute indication for surgery, but 
patients that require surgery might present without 
this ominous sign. Leukocytosis, elevated creati-
nine from baseline, and signs of metabolic acido-
sis are concerning signs for severe infections.

There are several tests used to evaluate for the 
presence of active CDI, but the most popular is a 
combination of C. difficile antigen test (GDH), 
used as an initial test for the presence of the bac-
teria, and PCR assays that confirm the presence 
of the toxin. Those tests can take several hours to 
several days.

 Initial Management

CDI may have a wide and varied presentation. In 
order to help the clinician better treat their 
patients, attempts have been made to establish a 
stratification and classification of the patients 
into mild, moderate, and severe disease. There 
are different criteria to establish the level of 

severity. For simplicity, we will use the criteria 
used by IDSA and SHEA.  Patients with WBC 
less than 15,000 and serum creatinine less than 
1.5 the baseline with or without diarrhea or fevers 
have mild to moderate disease. Patients with val-
ues higher than the above associated with hypo-
tension or shock are considered severe/
complicated disease.

 Mild to Moderate Disease

For patients with mild to moderate disease, a C. 
diff toxin test should be sent to confirm CDI 
while the patient is placed on contact precau-
tions to avoid further dissemination of disease. 
It is of critical importance starting treatment as 
soon as possible with IV or PO metronidazole at 
a dose of 500 mg q8h. If the patient is on antibi-
otics, every attempt to terminate those antibiot-
ics as early as clinically feasible should be 
made.

Supportive care to these patients should be 
provided with intravenous fluids, electrolyte 
replacement, and be kept NPO with serial abdom-
inal exams. Although in some mild cases a diet 
can be considered, it should be kept in mind that 
CDI can have both diarrhea and ileus pictures 
intermixed and a propensity to escalate to a more 
severe picture quickly. Hence, keeping the patient 
NPO in the first couple of days of treatment 
allows some time to gauge the response to the 
treatment.

If the patient’s clinical picture does not 
improve or worsens—without meeting criteria 
for severe disease—it is reasonable to escalate 
treatment from metronidazole to oral vancomy-
cin. In most cases, with stable clinical pictures 
but no response to treatment, an escalation will 
happen after 5–7 days. Oral vancomycin should 
also be considered as a first-line drug for preg-
nant or nursing patients. The dose of vancomycin 
is 125 mg PO (or PR) q6h. The antibiotic course 
should be 10–14 days.

More recently, a newer drug, fidaxomicin, has 
been used to treat CDI with high success rate, 
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low recurrences, and overall better outcomes than 
vancomycin. It is, similarly to vancomycin, 
poorly absorbed orally and has limited systemic 
side effects. It also appears to not completely 
deplete the gut’s natural flora, which is likely one 
of the causes for its low recurrence rates. The 
dose of fidaxomycin is 200  mg PO q12h for 
10–14  days. At this time, it is used mostly in 
cases of failure to respond to metronidazole and/
or vancomycin, but it may soon become more 
prominently used.

At any point during the course of treatment, 
the patient, initially deemed to have mild to mod-
erate disease, can evolve to a more severe picture, 
and regularly reassessing one’s patient is 
important.

 Severe/Complicated Disease

Patients with WBC over 15,000 and creatinine 
1.5 times higher than baseline (keep in mind that 
in patient with low baseline, that number can still 
appear as “normal”) are considered severe 
CDI.  Again, it can be associated, or not, with 
diarrhea or fever. A high index of suspicion 
should be used, to send test to confirm suspicion, 
and supportive fluid resuscitation should be initi-
ated. Again, patient should be placed NPO, other 
antibiotics discontinued as soon as clinically 
indicated, and empiric treatment with antibiotics 
should be initiated.

In severe cases, metronidazole 500  mg IV 
q8h should be given concomitantly with vanco-
mycin 500 mg PO q6h (if able) and 500 mg PR 
q6h. The duration of the treatment should be 
10–14 days as well. Serial abdominal exams are 
crucial, and frequent clinical re-evaluation is 
key to determining the timing or need for surgi-
cal intervention. If the patient develops signs of 
shock with hypotension, fever, altered mental 
status, or peritoneal signs, this patient needs 
emergent surgery. If the patient shows signs of 
deterioration or no response to treatment, it is 
pivotal to make the decision for early surgical 
intervention.

 Surgical Intervention

 Subtotal Colectomy

The standard of care for severe or complicated 
CDI remains subtotal colectomy (or total 
abdominal colectomy). One pitfall in the surgi-
cal management of CDI is underappreciating the 
severity of disease during surgery. As CDI is a 
mucosal process, the colon may look relatively 
normal or only mildly edematous at the time of 
operation. However, if the operation is being 
performed for the treatment of CDI, only a sub-
total colectomy should be performed, as partial 
colectomy is associated with an unacceptably 
high rate of mortality [17]. After subtotal colec-
tomy and depending on the hemodynamic sta-
bility of the patient, once the colon is removed, 
an end ileostomy can be matured or the patient 
can be left in discontinuity with the placement 
of a temporary abdominal closure. In the latter, 
the patient will return to the operating room 
within 24–48 h for end ileostomy after resuscita-
tion in the ICU.

 Loop Ileostomy and Colonic Lavage

A subtotal colectomy is a morbid procedure 
and less morbid surgical approaches have been 
considered. Loop ileostomy and colonic lavage 
is one such that has gained some traction for 
the treatment of severe, complicated CDI. Since 
it is less extensive, this can be performed lapa-
roscopically or open, depending on the sur-
geon’s skill and the hemodynamic state of the 
patient.

A loop of distal ileum should be brought up to 
create a loop ileostomy. A tube should be inserted 
in the efferent limb, past the ileocecal valve. An 
intraoperative antegrade lavage of the colon 
should be performed with 8  L of warmed 
GoLytely solution. The tube should be kept in 
place to allow for antegrade vancomycin enema 
administration, 500 mg every 8 h for 10–14 days 
[18, 19].
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Absolute contraindications for this procedure 
are ischemia or necrosis of the colon, distal 
obstruction, or intra-abdominal compartment 
syndrome. Additionally, if clinical improvement 
is not noted shortly after the procedure, the 
patient will require a prompt return to the operat-
ing room for a subtotal colectomy.

At our institution we have a protocol for the 
surgical treatment of C. diff—see Fig. 23.1.

 Postoperative Management

The patient with a rectal stump should undergo con-
tinued administration of rectal vancomycin, very 
gently, to prevent a blowout as well as IV metronida-
zole, in the same doses as mentioned above, to com-
plete a 10-day course from the day of surgery. In 
patients with a diverting loop ileostomy, vancomy-
cin antegrade enema will need to be administrated to 
the tune of 500 mg every 8 h, as well as metronida-

zole 500 mg IV every 8 h, for 10 days after surgery. 
This patient who underwent surgery will be return-
ing to the ICU for supportive care, NPO, NGT 
decompression, and vasopressors as needed.

 Prevention

As the frequency and severity of CDI continue to 
increase, it is the responsibility of all, patients, 
family members, and members of the healthcare 
team, to prevent the spreading of CDI to others. 
We should continue to educate the importance of 
contact precautions, systematic hand washing 
with soap and water (alcohol-based hand sanitiz-
ers are not effective against C. diff spores), and 
minimizing the use of computers, stethoscopes, 
and other adjuncts from one room to the next 
without thorough washing. The staff should edu-
cate patients suffering from CDI and their loved 
ones in the proper techniques of preventions. 

Diagnosis of Severe,
Complicated CDAD
Diagnosis of Severe

CDAD
CDI+WBCWBC ≥ 15.000

cells/µL
Cr ≥ 1.5 times prior to CDI

Yes
Escalate to maximal medical therapy with vancomycin PO

and PR – and obtain surgical consultation

Discuss goals of care.
If goal is to be fully supportive
then offer operative exploration

Compartment syndrome,
necrosis, perforation, anuric

renal failure?

Subtotal abdominal colectomy
with low volume rectal stump
vancomycin post-operatively.

Continue medical
treatment

Continue maximal
medical therapy

Deterioration

Deterioration?

Loop ileostomy with colonic lavage
without colonic resection

Does the patient have any of the following:
Hypotension not responsive to intravenous fluid resuscitation,

respiratory failure not attributable to other pathology, acute renal
failure, acute mental status change, or peritonitis on exam?

Yes

Yes

Yes

No
No

No

Fig. 23.1 Protocol for treatment of C diff
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Signs on the doors should be placed systemati-
cally to alert the providers of the reason for con-
tact isolation. Stethoscopes should be designated 
for every room/patient. Computers and machines 
should be wiped down entirely when entering 
and leaving the room.
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Large Bowel Obstruction: Current 
Techniques and Trends 
in Management

Andrew T. Schlussel and Erik Q. Roedel

 Introduction

The management of an acute large bowel obstruc-
tion (LBO) remains one of the most complex sur-
gical diseases presenting in the emergency 
setting. Historically, operative treatment was the 
standard of care, extirpating the pathology and 
oftentimes creating a permanent stoma [1]. The 
acute blockage of fecal flow often results in an 
overt need for laparotomy; nevertheless, having a 
systematic and algorithmic approach to the man-
agement of a LBO will significantly influence the 
patient’s quality of life (Fig. 24.1). It is impera-
tive that the surgeon not only treat the obstructing 
process but also consider the underlying etiology. 
Many LBOs are mechanical in origin; however, 
nonmechanical causes such as pseudo-obstruc-
tions have also been described. Both benign and 
malignant diseases, with either intrinsic or extrin-
sic compression, may result in obstruction, and 
the underlying disease and patient’s physiology 
will often dictate the treatment required. As expe-
rience and technology has advanced in the man-
agement of acute colonic emergencies, several 

treatment options are available, and all should be 
in the armamentarium of the acute care surgeon.

 Etiology

The pathophysiology of a LBO most commonly 
occurs due to the progressive narrowing of the 
colon lumen due to an intrinsic process. 
Colorectal cancer is the third most common 
malignancy and is the third leading cause of can-
cer-related death in the United States [2]. An 
obstruction will be the initial presentation in 
10–33% of these cases, accounting for over 50% 
of all LBOs [3–5]. A diverticular stricture is 
reported to be the second most common cause of 
intrinsic obstruction with a prevalence ranging 
between 10% and 20%. Additionally, acute diver-
ticulitis may also result in a LBO due to an 
inflammatory process or abscess formation. 
Volvulus, which accounts for 10–17% of LBOs, 
typically develops in the sigmoid colon and 
cecum [5]. Diseases such as ischemic colitis, 
radiation enteritis, Crohn’s disease (CD), and 
endometriosis may also present as an obstructive 
process; however, these are much less common.

Malignant obstructions are most likely to form 
in the descending colon and rectosigmoid junc-
tion. Often it may be difficult to differentiate 
between benign and malignant pathology, and 
this will further add to the complex decision-
making process. Extrinsic compression either 

A. T. Schlussel (*) 
Department of Surgery, Madigan Army Medical 
Center, Tacoma, WA, USA 

E. Q. Roedel 
Department of Surgery, Tripler Army Medical Center, 
Honolulu, HI, USA

24

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96286-3_24&domain=pdf


284

from carcinomatosis or extra colonic malignan-
cies may result in an acute obstruction, and rarely 
postoperative adhesions may significantly 
occlude the colon. It is critical that a thorough 
history and physical is performed as this will 
guide the subsequent steps in determining the 
diagnosis and treatment.

 Pathophysiology

The nature of the obstruction will often dictate 
the patient’s clinical status, as well as the urgency 
in which an intervention must be rendered. The 
colon is a resilient organ, with great compliance, 
and patients can often tolerate an obstructive pro-
cess for several days before an emergent situation 
arises. When the ileocecal valve is not competent, 
large bowel contents may decompress proxi-
mally, and this prevents the development of a 
closed-loop obstruction and subsequent perfora-
tion. The effects of colonic distention on perfu-
sion have been evaluated in a dog model by Boley 
and colleagues. Findings demonstrated that once 
an intraluminal pressure has reached above 
30 mmHg, there is an immediate fall in intestinal 
blood flow, a decrease in the oxygen extraction 

by the intestine, and ultimately intestinal isch-
emia, hypoxia, and perforation [6]. The timing in 
which this develops is dependent on the severity 
and duration of the obstruction.

The mechanical effects inflicted on each por-
tion of the colon are dependent on wall tension. 
The degree of tensile force on the wall is propor-
tional to the pressure generated in the colon and 
the diameter of the at-risk segment as dictated by 
the law of Laplace [7]. Therefore, the cecum, 
which has the largest diameter, will have the 
greatest degree of tension distributed in this seg-
ment. This incremental rise of intraluminal pres-
sure will result in a hypoxic environment 
generated at the level of the mucosa and submu-
cosa, and subsequent perforation will ensue [6, 8].

 Presentation

The initial presentation of an acute LBO may be 
variable based on the degree, timing, and etiology 
of the disease (Table 24.1). Typically, an obstruc-
tion secondary to a colonic volvulus will present in 
a rapid fashion, versus a diverticular stricture or 
malignant process which may be more chronic. 
Some signs and symptoms may be subtle, com-

Presentation
Define anatomy

initial assessment

Ct scan
Water-soluble contrast enema
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Flexible sigmoidoscopy
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Free air

Contrast extravasation
Closed loop obstruction
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pain
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Fig. 24.1 Evaluation and treatment algorithm for the management of an acute large bowel obstruction
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pared to others who present with a profound physi-
ologic derangement. Patients may develop a 
prodrome of symptoms to include bloating, obsti-
pation or constipation, thinning of the stool cali-
ber, and colicky or cramping abdominal pain. 
Emesis is often a late sign of disease progression if 
decompression through the ileocecal valve has 
occurred. As previously discussed, when the ileo-
cecal valve is competent, a closed-loop obstruc-
tion will result, and patients experience progressive 
dilation, pain, and eventual perforation [8].

Physical exam may demonstrate a distended 
tympanic abdomen, with an associated dominant 
mass. Signs of focal abdominal tenderness and 
peritonitis warrant urgent operative intervention, 
as one must be concerned for associated ischemia 
or perforation. A digital rectal exam should be 
performed in all patients to identify a distal rectal 
or anal cancer, stricture from a prior low colorec-
tal anastomosis, foreign body, or fecal impaction. 
When feasible, proctoscopy may be performed at 
the bedside to evaluate the rectum and distal sig-
moid colon; however, care must be made not to 
over distend the colon as this may worsen the 
patient’s condition.

Colonic dilation may result in severe volume 
depletion and electrolyte disturbances due to 
fluid shifts in the intestinal luminal, bacterial 
overgrowth, and concomitant emesis. Overt sep-
tic shock may be present with more advanced 
disease. Following an initial assessment, com-
plete blood work should be performed to include 

a complete blood count, chemistry, and lactic 
acid levels. Acid-base abnormalities should be 
noted to guide the initial resuscitation, and a 
serum creatinine should be evaluated prior to 
administering intravenous contrast. When the 
suspicion for a malignancy is high, a carcinoem-
bryonic antigen (CEA) level should be obtained, 
and complete imaging of the chest abdomen and 
pelvis to identify metastatic disease must be 
performed.

The initial management as well as a thorough 
workup of the acute obstruction should occur 
simultaneously. The patient’s volume status must 
be addressed and fluid resuscitation should com-
mence in the emergency room. In addition to 
closely monitoring the patient’s vital signs and 
laboratory results, a Foley catheter should be 
placed for an accurate measurement of urine out-
put. Nasogastric tube decompression should be 
performed in patients with active nausea, ongo-
ing emesis, or if small bowel dilatation is recog-
nized on imaging. If the patient does not mandate 
immediate operative exploration, then observa-
tion in a monitored setting is critical.

Although often overlooked due to the ease of 
obtaining advanced imaging, a flat and upright 
abdominal and chest plain film should be per-
formed to evaluate for free perforation which 
would warrant operative exploration. These films 
can provide insight to the location of the obstruc-
tion, size of the cecum, as well as subtle findings 
associated ischemia. Although there is no exact 
correlation between cecal diameter and ischemia 
or perforation, 12  cm is generally a cutoff that 
warrants concern; however, perforations have 
occurred with a smaller luminal dilation [9–12]. 
Furthermore, these images are diagnostic for 
either a sigmoid or cecal volvulus, with the colon 
mesentery of the volvulized segment oriented 
toward the quadrant of concern. Swenson and 
colleagues demonstrated that plain radiographs 
were unable to determine the diagnosis of a cecal 
and sigmoid volvulus in 85% and 49% of patients, 
respectively. Therefore, additional imaging is 
required when clinical suspicion is high [13]. The 
inability to interpret a plain film should not delay 
identifying the correct diagnosis.

Table 24.1 Etiology of large bowel obstruction

Malignant disease Benign disease
Colon cancer Diverticular disease
Rectal cancer Volvulus: cecal or 

sigmoid
Carcinoid Fecal impaction
Lymphoma Foreign body
Gastrointestinal stromal tumor Ischemic colitis
Extrinsic compression from 
metastatic carcinoma

Inflammatory 
bowel disease
Colonic 
pseudo-obstruction
Anastomotic 
stricture
Adhesions
Hernia
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 Advanced Imaging

Once the stability of the patient has been deter-
mined, and there is no urgent surgical interven-
tion required, a more thorough radiographic 
evaluation of the patient is performed. Computed 
tomography (CT) of the abdomen and pelvis has 
become the diagnostic modality of choice in the 
setting of a LBO due to its near-ubiquitous avail-
ability, technical easy to obtain, and it provides 
rapid access to high-quality images (Fig. 24.2). 
This imaging modality has largely replaced con-
trast enemas (CE) and endoscopy as an initial 
test. CT is a critical tool in the event of any diag-
nostic dilemma. When performed correctly, this 
study provides quality information regarding 
intra-abdominal pathology and can help differen-
tiate between intrinsic and extrinsic compression 
of the colon. CT has a reported sensitivity and 
specificity of over 90%, with an accuracy of 94% 
in correctly identifying the level of obstruction 
and 81% in determining the correct diagnosis 

[14]. In a study by Frager and colleagues, a CT 
scan was found to have a significantly greater 
sensitivity, accuracy, and negative predictive 
value in the evaluation of a LBO when compared 
to a contrast enema [14]. Intravenous, oral, and 
rectal contrast may be administered to further 
increase the accuracy and quality of the study. In 
addition, these adjuncts have resulted in the over-
all improvement of both false-negative and false-
positive rates [14]. Based on these advantages, a 
CT scan should be strongly considered as the ini-
tial diagnostic test of choice in the evaluation of 
an acute LBO.

Contrast enemas have historically been the 
gold standard in the diagnosis of a LBO. It is rec-
ommended to instill water-soluble contrast for 
this study rather than barium, as there is a risk of 
peritonitis secondary to barium if a perforation 
occurs (Fig. 24.3). Contrast enemas are beneficial 
as they may further elucidate details about the 
obstructing lesion anatomy. This includes size, 
tortuosity, or whether the lumen has a benign 
smooth appearance versus a malignant one. 
These characteristics provide important insight if 
endoluminal stenting is to be considered. This 

Fig. 24.2 Computed tomography demonstrating sigmoid 
stricture with proximal dilation

Fig. 24.3 Water-soluble contrast enema of sigmoid 
stricture
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modality has a sensitivity of 96% and specificity 
of 98% in identifying the level of obstruction. 
These findings are similar to CT scan but signifi-
cantly greater compared to plain radiographs 
[15]. In a patient with volvulus a “bird’s beak” or 
tapering of the lumen can be observed [13, 16]. 
Due to the decreased accessibility, increased 
variability of administration, risk of perforation, 
and associated patient discomfort, water-soluble 
CE should be considered as a radiographic 
adjunct to CT, or for preprocedural planning for 
colonic stent placement, as will be discussed 
below [5].

 Endoscopy

Flexible sigmoidoscopy should also be consid-
ered while evaluating the stable patient with a 
LBO. This procedure imparts minimal risk to the 
patient and is often readily available and requires 
no sedation. The risk of perforation is rare; how-
ever, carbon dioxide insufflation should be used 
as this has been found to have a lower risk of per-
foration when compared to air. Carbon dioxide is 
absorbed 250 times faster than air and this will 
minimize the degree of distention proximal to the 
disease [17]. This diagnostic and therapeutic tool 
will identify a rectal or sigmoid mass, allow for 
biopsies to be obtained, and provide information 
for consideration of stent placement simultane-
ously. In addition, if a sigmoid volvulus is 
encountered detorsion can be performed, and an 
emergent condition can now be mitigated to a 
semi-elective one.

 Management

Traditionally all patients with a large bowel 
obstruction required operative exploration. In the 
setting of a patient with a closed-loop obstruc-
tion, evidence of ischemia, or findings of a perfo-
ration with a subsequent physiologic insult, the 
decision for surgical intervention is relatively 
straightforward. Volume resuscitation should be 
ongoing as the operating room is prepared, ade-
quate vascular access should be confirmed, and 

the patient should receive appropriate parenteral 
antibiotic coverage against anaerobic and gram-
negative bacteria. A stoma marking both for a 
colostomy and an ileostomy should be placed on 
the patient while awake. When possible, this 
should be performed in the supine, sitting, and 
standing positions. However, this may be chal-
lenging in patients who are in acute distress. 
Maturing a stoma in an emergency setting has 
been associated with poor outcomes, and every 
effort to obtain a preoperative enteric stomal ther-
apist site marking should be made [18]. A thor-
ough discussion with the anesthesia service 
should be performed to ensure appropriate ongo-
ing volume repletion. The patient and family 
should be fully informed on the gravity of the 
situation which includes a significantly elevated 
rate of stoma creation. In the stable patient, with-
out signs of impending abdominal sepsis, a non-
operative and potentially endoscopic approach 
can be considered. This process may be as 
straightforward as fecal disimpaction or as com-
plex as the placement of a self-expanding metal-
lic stent (SEMS) to temporarily alleviate the 
obstructive process. Presently, this strategy has 
become more accepted, and in the appropriately 
selected patient, this is a viable option to avoid a 
technically challenging and potentially morbid 
operation.

 Operative Management

 Right-Sided Obstruction

Proximal or right-sided obstructions have tradi-
tionally been treated with right colectomy and 
ileocolic anastomosis and can be safely per-
formed in most patients [19]. The decision to per-
form a primary anastomosis requires the surgeon 
to assess the patient’s overall clinical status, their 
physiology during surgery, and bowel viability at 
the proximal and distal resection margins. The 
incidence of an anastomotic leak was not signifi-
cantly different when primary anastomosis was 
performed in the setting of obstruction (10%) 
compared to no obstruction (6%) [20]. When 
clinical factors are questionable, a proximal 
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 protective loop ileostomy may be performed to 
mitigate the effects of an anastomotic leak if one 
subsequently occurs. Furthermore, in the unsta-
ble patient presenting with generalized peritoni-
tis, as in the setting of cecal perforation, this may 
require resection of the obstructed segment with 
an end ileostomy and consideration of a distal 
mucous fistula [4]. If the distal colon is unable to 
be brought to the skin surface, it may be secured 
in the subcutaneous tissue at the stoma site or 
midline incision.

Greater than one half of LBOs are caused by a 
malignant process; therefore, an oncologic resec-
tion should be pursued when approaching these 
lesions. Current recommendations are that a seg-
mental resection be performed which includes 
the lymphatic and vascular drainage of the tumor 
[21]. For lesions in the cecum or ascending colon, 
resection should include the distal terminal ileum 
through the transverse colon, with proximal liga-
tion of the ileocolic vascular pedicle and division 
of the right branch of the middle colic artery. 
Tumor spread occurs through a submucosal 
plane; consequently, a minimum margin of 
5–7 cm proximal and distal to the mass should be 
obtained [21]. Obstructing masses at the hepatic 
flexure and transverse colon should be managed 
with an extended right colectomy including a 
high ligation of the middle colic artery.

A laparoscopic resection may be considered 
by a surgeon with appropriate training and expe-
rience. There are multiple factors which will add 
to the complexity of this operation. The presence 
of an obstruction will diminish the working space 
available in the intra-abdominal cavity; addition-
ally, the distended colon will have a significant 
stool burden and may be friable and compro-
mised due to ischemia. This may result in a 
higher degree of iatrogenic injury when the colon 
and small intestine are handled by laparoscopic 
instruments. Complete laparoscopic or hand-
assisted laparoscopic colectomy has been shown 
to be safe and effective when performed by those 
proficient in this technique; however, one should 
have a low threshold to convert to an open 
approach [22, 23]. Furthermore, if proceeding 
with a laparoscopic approach, a sound oncologic 
operation must be performed.

In the elective setting, a colectomy performed 
through a minimally invasive approach has been 
shown to decrease hospital length of stay and risk 
of postoperative adverse events [24–28]. Due to 
the significant differences in outcomes reported 
for emergent open colectomy when compared to 
elective minimally invasive colectomy, it is natu-
rally appealing to explore stenting as a bridge to 
elective surgery in right-sided LBO. There have 
been several retrospective studies showing that in 
centers with appropriate support and experienced 
providers, stenting can be safe and effective [29–
31]. Evidence for this practice is limited, and due 
to technical challenges, it should only be 
attempted by an experienced endoscopist. 
Procedural details and clinical outcomes follow-
ing endoscopic stenting will be discussed below.

 Left-Sided Obstruction

While right-sided obstructions are predominantly 
treated by primary resection and anastomosis, the 
management of a left-sided obstruction is far 
more complicated and controversial. Due to a 
high risk of anastomotic leak, these patients have 
been generally treated with either diversion alone 
for decompression or resection and end colos-
tomy [20]. In a less ideal surgical candidate, 
those with compromised bowel, intraoperative 
instability, or evidence of perforation at the site 
of obstruction, a Hartmann’s procedure (resec-
tion and end colostomy) may still be necessary.

More recently, it is recommended that the sur-
gical treatment of left-sided obstructions be indi-
vidualized to the patient. Postoperative outcomes 
appear to be similar and potentially better follow-
ing primary resection for left-sided lesions [32, 
33]. The operative approach should be based on 
location of the lesion, completeness and chronic-
ity of the obstruction, benign or malignant pathol-
ogy, nutritional status, and history of radiation or 
an immunocompromised state. In patients who 
remain stable, with low operative risk factors and 
a proximal colon that is not severely distended or 
ischemic, segmental resection with primary anas-
tomosis can be considered [34, 35]. A side-to-end 
or side-to-side anastomosis can be utilized to 
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 correct for a size mismatch in the setting of 
chronically dilated but healthy proximal colon. 
Decompression of a severely dilated colon can 
often be advantageous to allow for better manip-
ulation of the colon to perform a resection; the 
addition of colonic irrigation may also be done 
simultaneously in selected cases [36, 37].

The utilization of intraoperative on-table 
colonic lavage is preferred by some surgeons in 
the management of left-sided obstruction. This 
procedure is performed in an attempt to relieve 
the stool burden, allow for an intraoperative colo-
noscopy when indicated, and aid in creating a 
primary anastomosis with efforts to minimize the 
risk of an anastomotic leak [38]. Recent data, 
including a randomized trial, has demonstrated 
equivalent outcomes between colonic lavage ver-
sus those who only received manual evacuation 
of the colon [39–41]. Multiple techniques for this 
procedure have been described. Regardless of the 
methods used for irrigation, the colon is first fully 
mobilized and vascular ligation is performed. 
Following mobilization Otsuka et al. recommend 
inserting an irrigation catheter through the appen-
dix or cecum, a non-crushing bowel clamp is 
placed on the terminal ileum to prevent proximal 
flow of stool, and the colon is then fully irrigated. 
Once the fecal residue is softened by the warm 
irrigation, it is drained out the catheter into a col-
lection bag, the resection and anastomosis is then 
performed [39]. Lim and colleagues advise divid-
ing the colon proximal to the site of obstruction 
and placing that end into a basin. After manual 
decompression of any hard-bulky stool from the 
colon, an appendicostomy is created in the mid-
appendix and a 16 French Foley catheter is placed 
into the cecum and secured in place. The terminal 
ileum is occluded with a bowel clamp, and the 
colon is irrigated with 4–8 liters of saline. Once 
completed an appendectomy is performed. 
Interestingly, in this cohort of patient, there was 
no significant difference in the time to recovery 
of bowel function, hospital length of stay, risk of 
wound infection, and rate of anastomotic leak 
[40]. Due to the variability in outcomes when on-
table lavage is implemented, this operative step 
should only be considered when technically nec-
essary to create an anastomosis.

 Subtotal Colectomy

An alternative effort to avoid stoma creation is 
performing a subtotal or total abdominal colec-
tomy with ileorectal or ileosigmoid anastomo-
sis. Although this may be an appealing operation 
to perform in the acute setting, with a similar 
risk of morbidity and mortality, this procedure 
will result in a significant alteration in bowel 
function as well as a decrease in quality of life 
compared to those undergoing a segmental 
resection [42, 43]. It is important to ascertain 
the patient’s defecatory function preoperatively, 
as someone with incontinence at baseline will 
have significant difficulties postoperatively. 
Indications to perform this operation include a 
synchronous neoplasm proximally or a known 
hereditary colorectal cancer syndrome, isch-
emia of the cecum, or a perforation proximal to 
the obstructing lesion [44]. Determining when 
to perform a subtotal colectomy should be based 
on the patient’s clinical status, comorbid condi-
tions, degree of fecal continence, and intraop-
erative findings.

 Rectal Obstruction

Obstruction secondary to a rectal cancer is a 
clear sign of locally advanced disease and care-
ful evaluation, and staging is critical to deter-
mining the best initial treatment of the patient. 
While proximal rectal cancers causing obstruc-
tion may be bridged with an endoluminal stent, 
mid and distal rectal masses have a higher rate 
of failure [45]. In patients with complete 
obstruction, loop colostomy provides both prox-
imal and distal decompression and allows for 
the timely resumption of a diet. Patients who 
present in the emergency care setting will most 
likely demonstrate abdominal symptoms. 
However, if an endoscopically obstructed rectal 
cancer is identified, the patient should be 
referred for immediate neoadjuvant chemora-
diotherapy. This cohort can safely be managed 
without proximal diversion or stenting, with 
only a 4.3% risk of progressing to a complete 
and clinically significant obstruction [46].
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 Nonoperative Therapies

 Disimpaction

A colonic obstruction may occur as a result of 
significant fecal impaction or a retained foreign 
body. Although not often considered a surgical 
emergency, fecal impaction is associated with 
1.3% of LBOs. This develops at a greater rate in 
patients with spinal cord injuries, leading to a 
reported risk of mortality as high as 16% [47]. 
Oftentimes disimpaction can occur manually or 
with the aid of enemas and sedation. When stool 
is inspissated proximally, or in the setting of a 
large calcified fecalith, an endoscopic approach 
may be required to alleviate the impaction. Under 
colonoscopic guidance, stool can be broken up 
with a water irrigator, or large calcified stool can 
be extracted with a Roth Net® retriever.

When approaching a retained foreign body 
endoscopically, there are multiple tools that may 
be utilized. Depending on the object inserted, this 
may be removed in the emergency bay; however, 
this oftentimes requires moderate sedation. 
Simple insufflation may disrupt the vacuum 
effect of the rectum and allow for decent of the 
object. An endoscopic balloon or Foley catheter 
can be placed proximally to aid in bringing the 
foreign body down into the anal canal. 
Additionally, a large snare or long wire folded 
into snare tubing can be utilized to lasso the 
object and extract it. In cases where endoscopic 
retrieval is unsuccessful, general anesthesia 
should be induced. When transanal extraction 
fails, despite complete relaxation and paralysis, 
milking of the object distally either laparoscopi-
cally or through an open laparotomy incision is 
necessary. Furthermore, creation of a proximal 
longitudinal colotomy with transabdominal 
extraction may be required. This defect should 
then be closed in a transverse fashion. If a perfo-
ration of the colon or rectum is discovered, this 
may be repaired primarily based on the size of 
the defect and viability of surrounding tissue. It is 
critical that following successful removal of any 
object, the mucosa should be evaluated endo-
scopically for any significant damage.

 Decompression

Endoscopic decompression is the first-line treat-
ment of choice in the management of acute sig-
moid volvulus in the stable patient without 
evidence of perforation. This procedure functions 
as both a diagnostic and therapeutic intervention. 
The colonoscope should be inserted and passed 
carefully to the level of obstruction. A classic 
pinwheel sign of the colonic mucosa can be iden-
tified at the volvulus site (Fig.  24.4). Gentle 
insufflation and pressure result in detorsion of the 
colon and its mesentery, relieving ischemia and 
decreasing intraluminal pressure. This maneuver 
is successful in 85–95% of patients with a sig-
moid volvulus [48]. The scope may then be 
advanced proximal to the volvulized point to 
assess mucosal integrity and to suction any addi-
tional fluid or air from the lumen (Fig. 24.5). A 
long colonic decompression tube should be 
placed to minimize the risk of recurrent volvulus 
(Fig. 24.6). These patients should be observed for 
recurrence, and sigmoid colectomy is recom-
mended during the index hospital admission as 
there is a 60% risk of recurrence [49]. 
Decompression is not advised in the setting of 
cecal volvulus unless the patient is of prohibitive 
surgical risk. Endoscopic management has a high 
failure rate, and patients have a greater risk of 
ischemia, necessitating a more urgent operation 

Fig. 24.4 Pinwheel sign of colonic mucosa from sigmoid 
volvulus
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[50]. These patients should be appropriately 
resuscitated and ileocolectomy is recommended. 
A primary anastomosis may be performed in the 
majority of patients unless clinically unstable [5].

 Dilation

Endoscopic balloon dilation is a suitable treat-
ment option for select cases of LBO in the stable 
patient. The circumferential radial expansion bal-
loon system utilized in this procedure distributes 

pressure evenly around the bowel wall. The 
mechanical effects of this balloon result in a 
decreased the risk of perforation and prevent slip-
page above or below the stricture during dilation. 
This technique should be considered in the man-
agement of benign disease to include inflamma-
tory bowel disease (IBD) and anastomotic 
strictures. Dilation alone has a greater success 
rate, and lower risk of complications, when alle-
viating an obstruction secondary to a short 
fibrotic stricture.

Crohn’s disease is a transmural inflammatory 
process that has an associated risk of either 
inflammatory or fibrotic stricture formation in up 
to 30% of patients [51]. Dilation in the setting of 
CD has a risk of perforation as high as 10%. Risk 
factors for this complication include hospitalized 
patients with active mucosal inflammation, mal-
nutrition, and chronic steroid use [52]. The etiol-
ogy of an anastomotic stricture may be 
multifactorial. This complication may be second-
ary to the suture or stapling technique, mucosal 
ischemia, suture or staple line ischemia, or the 
effects of prior radiation therapy [53]. These risks 
factors must be considered when determining the 
appropriate intervention for these patients. In 
general, an anastomotic stricture is defined as a 
luminal diameter that an endoscopist cannot pass 
a standard 13-mm-diameter adult colonoscope 
through. Dilation may be performed with either 
an over-the-wire (OTW) balloon or through-the-
scope (TTS) balloon dilation system (Fig. 24.7). 
The risk of perforation is low, and Di Giorgio and 
colleagues found no significant difference in 
either technique. However, the majority of 
patients required more than one dilation [53]. 
Creating a radial cut in the stricture with a precut 
sphincterotome may aid in successful dilation. 
This technique has also been reported as an inde-
pendent procedure by creating radial cuts in four 
quadrants of the stricture with no additional bal-
loon dilation [54]. If there is any concern for per-
foration following the procedure, a water-soluble 
contrast enema may be obtained. If a perforation 
is discovered, this may require antibiotics or an 
urgent exploration depending on the severity of 
injury. Caution must be taken to ensure there is 

Fig. 24.5 Assessment of colonic mucosa and decompres-
sion of a sigmoid volvulus

Fig. 24.6 Placement of long colonic decompression tube
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no evidence of recurrent cancer prior to pursuing 
anastomotic dilation. Biopsies should be 
obtained, and an alternative treatment option 
should be considered in this situation [55]. 
Although there is a paucity of data in the utiliza-
tion of endoscopic balloon dilation in the setting 
of an acute LBO, this is an effective option in the 
appropriately selected patient and may avoid a 
laparotomy and stoma creation.

 Self-Expanding Metallic Stent 
Placement

 The utilization of SEMS in the setting of LBO 
has become popularized over the past few 
decades since its inception in 1991 by Dohmoto 
who reported on the efficacy of this procedure in 

the palliative treatment of a metastatic LBO [56]. 
Shortly thereafter Tejero and colleagues applied 
this technique as a temporary measure in the set-
ting of a malignant LBO, in order to decompress 
the colon, to allow for a bowel preparation, and to 
bridge these patients to an elective operation 
[57]. Since the introduction of this procedure, the 
deployment of a SEMS has been used as a strat-
egy in the treatment of malignant obstructions or 
as palliative measure in those with incurable dis-
ease. There have been more recent reports in the 
placement of colonic stents for benign disease. 
This procedure temporizes an emergent situation 
and may act as a “bridge to surgery,” in patients 
with curable malignant or benign disease. The 
ability to provided prolonged endoscopic decom-
pression for a period of days to weeks can pro-
vide time for a full bowel preparation, await a 

a b

c

Fig. 24.7 Anastomotic stricture and dilation. (a) Anastomotic stricture prior to dilation, (b) dilation of stricture with a 
through-the-scope balloon system, (c) successful dilation of anastomotic stricture
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histologic diagnosis, perform a proximal endo-
scopic evaluation for synchronous lesions, and 
allow for a laparoscopic resection and primary 
anastomosis in a semi-elective fashion. Ultimately 
the goal is to transition an emergent operation 
into an elective one, reducing the risk of postop-
erative mortality, morbidity, and stoma creation. 
Furthermore, the placement of SEMS has been 
associated with an overall improvement in qual-
ity of life for these patients [58].

 Technical Aspects

Prior to SEMS placement, it is critical that all 
appropriate material and equipment for the pro-
cedure are available. The current Food and Drug 
Administration-approved stents are composed of 
either nitinol, cobalt-chromium-nickel, or stain-
less steel. Similar to dilators, these are designed 
as either TTS or OTW devices (Table 24.2) [59]. 
An uncovered stent is utilized to prevent SEMS 
migration; therefore, removal may only be per-
formed at the time of surgical resection 
(Fig. 24.8). Due to the diameter of the TTS sys-
tem and the friction generated in the working 
channel when looping occurs, an adult or thera-
peutic colonoscope with a 3.7–4.2 mm diameter 
instrument channel is required to accommodate 
the device. By placing the SEMS through the 
scope, the device can be deployed as far proxi-
mally as the scope can reach, including the right 
colon and ileum if required [59, 60]. However, 
when managing a LBO secondary to an obstruct-
ing rectal process, it is imperative that the distal 

aspect of the stent be positioned at least 6 centi-
meters from the anal verge to prevent severe 
tenesmus and anal pain from the device [61].

Preoperative imaging to include a CT scan or 
water-soluble contrast enema is helpful in deter-
mining if there is a complete obstruction. If pres-
ent, this may prevent passage of a guidewire, 
which is the first critical step of SEMS insertion. 
However, Small and colleagues have demon-
strated that the lack of luminal flow of contrast on 

Table 24.2 Food and Drug Administration-approved colonic stents [59]

Industry name Composition Diameter Type of device
Boston Scientific
Ultraflex Precision 
Colonic

Nitinol 25 mm + 30 mm proximal flare OTW
Nonreconstrainable

Wallstent Enteral Elgiloy 
(cobalt-chromium-nickel)

20 mm and 22 mm TTS
Reconstrainable

Wallflex Enteral 
Colonic

Nitinol (a) 25 mm body + 30 mm proximal flare
(b) 22 mm body + 27 mm proximal flare

TTS
Reconstrainable

Cook Endoscopy
Colonic Z-stent Stainless steel 25 mm OTW

OTW Over the wire, TTS Through the scope

Fig. 24.8 Self-expanding metallic stent removed at time 
of surgical resection
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a water-soluble enema is not a contraindication to 
stent placement [62]. These imaging techniques 
provide anatomic information regarding the stric-
ture. Factors that may influence the complexity 
of stent placement and aid in preprocedural plan-
ning include the length of the stricture and the 
degree of angulation. Previous studies have 
reported that shorter strictures with a median 
length of 40 mm and those with a wider colonic 
angulation at the distal extent of the stricture 
(median 121°) had a greater rate of successful 
stent deployment and decompression [63]. 
Identifying any signs of perforation is important 
prior to proceeding with stent placement, as this 
could rapidly change an urgent situation into an 
emergent one. It is recommended to perform the 
procedure under fluoroscopic guidance when 
possible [61]. Once the endoscope is passed to 
the level of the stricture, a 0.035-inch hydrophilic 
guidewire can be inserted through the working 
channel of the scope, and this should be posi-
tioned as far proximal to the stricture as possible 
(Fig. 24.9). Care should be made to ensure ade-
quate control of the guidewire once inserted. A 
biopsy of the lesion should not be performed at 
the time of the SEMS placement as this may lead 
to a greater risk of perforation during deploy-
ment. An endoscopic retrograde cholangiopan-
creatography (ERCP) catheter may then be 

passed over the guidewire and contrast injected 
to opacify the lumen and confirm appropriate 
positioning. The catheter is then removed, and 
the TTS system is passed over the guidewire and 
deployed inside the stricture under fluoroscopic 
guidance. The proximal landing zone of the stent 
is observed radiographically and the distal aspect 
is visualized endoscopically. It is critical to main-
tain the device within the stricture during the 
entire deployment to avoid incorrect placement. 
Some devices may be reconstrained to allow for 
small adjustments during placement; however, 
this must be known prior to stent selection 
(Figs. 24.10 and 24.11). Once the SEMS is fully 
deployed, an abdominal radiograph is obtained to 
confirm appropriate positioning (Fig. 24.12). The 
stricture should be fully traversed, and the stent 
displays an hourglass-like configuration with 
both ends open on either side of the lesion. 
Balloon dilation is not required to augment 
decompression [61]. Due to the technical com-
plexity of this procedure, Lee and colleagues rec-
ommend at least 30 SEMS insertions to achieve 
proficiency [64].

 Outcomes of Colonic Stenting

The advent of SEMS in the management of an 
acute LBO has played an integral role in both 
benign and malignant diseases. Emergent colonic 
resection in the setting of a LBO is associated 
with a significantly worse outcome and a greater 
rate of stoma creation when compared to elective 
colorectal surgery. Mortality rates range as high 
as 15% at 30 days and 12% at 90 days for emer-
gent colectomy, versus an elective colorectal 
resection having a 2.1% risk of mortality at 
90 days [65, 66]. Furthermore, operative morbid-
ity has been reported as high as 50% following 
emergent colectomy [67]. In addition, endo-
scopic decompression may allow for a comple-
tion colonoscopy to evaluate for synchronous 
tumors. This not only provides the best oncologic 
procedure but allows for a well-informed deci-
sion of the operative plan [5, 68]. Unfortunately, 
upward of 60% of patients who require a colos-
tomy under urgent or emergent circumstances 

Fig. 24.9 Guidewire placed through obstructing colonic 
stricture
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a b

c

d

Fig. 24.10 Fluoroscopic guidance for self-expanding 
metallic stent deployment. (a) Colonoscope passed to 
level of obstruction, (b) guidewire passed through the 

lesion, (c) stent partially deployed, (d) stent deployed 
with hourglass shape across the lesion
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will never be reversed [69, 70]. Additionally, 
colostomy reversal is fraught with multiple com-
plications to include anastomotic leak, with an 
overall morbidity rate of 16%. These findings 
support an effort to avoid an emergent colonic 
resection when possible [71]. Cumulative rates of 
stoma creation following an acute LBO second-

ary to metastatic colorectal cancer were found to 
be significantly less following SEMS (15%) 
compared to primary colectomy (29%) at 1 year 
[67]. Although Kavanagh and colleagues have 
questioned the benefit of SEMS as a bridge to 
surgery, they recognized this intervention is asso-
ciated with a significantly lower risk of requiring 
a total abdominal colectomy in the emergency 
setting (4% vs. 23%; p = 0.03) [72].

Clinical and technical success rates of SEMS 
deployment range from 73% to 95% [58, 63, 73–
75]. The utilization of endoscopic colonic stent-
ing as a bridge to surgery has now become a 
strong recommendation in the most recent update 
of the American College of Colon and Rectal 
Surgery (ASCRS) Clinical Practice Guidelines 
for the management of obstructing left-sided 
colon cancer with potentially curable disease 
[21]. Furthermore, these guidelines, in addition 
to two retrospective studies, have demonstrated 
the efficacy of SEMS and interval colectomy in 
the setting of right-sided and transverse colon 
cancer. Therefore, this approach should be con-
sidered to provide decompression and an oppor-
tunity to perform a minimally invasive operation 
[21, 31, 76]. A decision analysis review by 
Targownik et al. reported not only a reduction in 
stoma formation and mortality but a significant 
decrease in cost for those requiring SEMS vs. 
emergent resection [77].

Fig. 24.11 Endoscopic visualization of the distal landing zone following stent deployment with successful 
decompression

Fig. 24.12 Abdominal radiograph following colonic 
stent placement
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 Malignant Disease

Despite advances in colorectal cancer screening, 
greater than one third of patients may present 
with a malignant LBO. The majority of current 
literature focuses on the utilization of this tech-
nique in cancer patients as either a palliative mea-
sure or a bridge to surgery [78, 79]. A Cochrane 
library review on the use of colorectal stents in 
the management of malignant bowel obstructions 
from 2011 concluded that stenting had no advan-
tage over emergency surgery. This systematic 
review of five randomized trials identified a 
greater clinical success rate with primary resec-
tion; however, a longer hospital length of stay 
and a significantly greater risk of blood loss were 
reported in the surgical arm compared to endolu-
minal stenting [80]. Subsequently, Jimenez-Perez 
and colleagues, in a multicenter international ran-
domized trial, demonstrated the efficacy of 
SEMS as a bridge to elective resection, with a 
90% clinical success rate and only a 6% risk of 
stoma formation [81]. A randomized trial of 48 
patients identified SEMS to be safe and provided 
a means to perform a laparoscopic resection and 
create a primary anastomosis. This approach 
resulted in improved perioperative complications 
to include a decrease in blood loss, postoperative 
pain control, anastomotic leak, wound infection, 
and rate of permanent stoma formation. From an 
oncologic standpoint, stenting as a bridge to sur-
gery resulted in a greater median lymph node 
harvest (23 nodes) compared to an open emer-
gent intervention, with only 11 nodes obtained. 
These findings may significantly affect the 
patient’s prognosis [82].

The median survival of stage IV colorectal 
cancer has significantly improved from 9 to 
12  months to greater than 24  months with 
advancements in chemotherapy; however, a cure 
from chemotherapy alone is rare [83] [84]. The 
long-term effects of endoscopic stenting when 
placed as a palliative measure may be questioned 
as the life expectancy increases with advanced 
disease. Stent patency rates at 12  months are 
approximately 50%. SEMS placement is associ-
ated with an increased frequency of subsequent 
operations or repeat stent placement at 1  year, 

and this may result in significant morbidity [85, 
86]. In a retrospective risk-adjusted analysis of 
345 patients from the New York State Department 
of Health Statewide Planning and Research 
Cooperative System, patients undergoing stent 
placement were associated with a significantly 
decreased hospital length of stay, blood transfu-
sion requirement, use of total parenteral nutri-
tion, hospital charges, and death when compared 
to stoma creation as a palliative procedure. 
Furthermore, in this analysis, there was no sig-
nificant difference in hospital readmission at 
90 days and 1 year or the need for operative inter-
vention at 90  days between these cohorts [86]. 
The long-term clinical success of SEMS is debat-
able; therefore, future surgical resection may be 
warranted based on the patient’s clinical status 
and response to systemic chemotherapy [85].

 Benign Disease

As experience and technology has grown with 
the use of SEMS for malignant disease, its suc-
cess has now been applied in the setting of benign 
pathology. Technical placement is often more 
challenging as these strictures tend to be longer 
with a more torturous colonic wall. The majority 
of supporting evidence to date includes small 
case series, with a paucity of large retrospective 
data. Endoscopic stenting has been reported in 
the treatment of LBO secondary to anastomotic 
stricture, CD, diverticular stricture, radiation 
induced, and ischemic colitis. Technical success 
in stent placement is high (85–100%), and 
colonic decompression is achieved between 71% 
and 86% of the time [87, 88]. Diverticular stric-
tures have been evaluated to the greatest extent. 
Cautious and careful SEMS placement is required 
as the risk of complications is reported as high as 
38–71%. This includes the risk of stent migra-
tion, perforation, reobstruction, fistula formation, 
and stent fracture [73, 88, 89]. Small and col-
leagues evaluated 23 cases of an acute LBO sec-
ondary to benign disease and demonstrated that 
the majority (87%) of complications were identi-
fied 7  days following stent insertion. These 
patients were successfully bridged from an urgent 
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to an elective operation, and over half were able 
to avoid a colostomy [73]. Levine et al. reported 
on the long-term follow-up of endoscopic stent-
ing for five anastomotic strictures in the setting of 
CD. Mean patency length was over 30 months, 
with one complication. There is even a greater 
paucity of data in the management of de novo 
strictures in fibrostenotic CD, and the risk of 
malignancy must be strongly considered in these 
circumstances [90]. There is certainly a role for 
SEMS in a benign acute LBO; however, stent 
placement should be performed by an experi-
enced endoscopist. Long-term stent placement 
appears to influence the risk of perforation; there-
fore, it is recommended this intervention be a 
means to convert an emergent operation to a 
semi-elective one with goals to minimize surgical 
complications and stoma creation.

 Complications

Regardless of the indication for endoluminal 
stenting, this procedure has associated risks and 
potential complications. Small and colleagues 
demonstrated an overall complication rate of 
24%, with the majority of adverse outcomes 
identified greater than 7  days following stent 
insertion. Minor complications to include hema-
tochezia, fevers/bacteremia, and tenesmus all 
occurred <5% of the time. The overall rate of per-
foration was 8%, with a risk of stent occlusion 
and migration being 8% and 7%, respectively. 
Complications were significantly greater follow-
ing palliative stenting, with a mean time to perfo-
ration of 27  days [62]. At a median time of 
116 days post-stent placement, Gianotti and col-
leagues identified a 43% risk of complications. 
The rate of hospital readmission secondary to 
SEMS complications has been reported at 34% 
[91]. In a prospective multicenter trial of 182 
patients by Jimenez-Perez et al., the risk of pro-
cedurally related major complications was 3.3%. 
The risk of perforation requiring surgical inter-
vention was 1.7%. In addition, persistent obstruc-
tion occurred in 1.1% of cases, and transient 
bleeding occurred in one patient. Delayed post-
procedural complications occurred in 4.2% of 

patients, with one colonic perforation presenting 
6  days after stent insertion. This is one of the 
largest reviews to date evaluating SEMS as a 
bridge to surgery, and this data supports the 
safety of this intervention [81]. Although stent-
related perforation rates are low, there is a trend 
toward an increase in cancer recurrence and a 
potential decrease in disease-free survival fol-
lowing SEMS if complicated by a perforation. 
Furthermore, subclinical perforation is of con-
cern as this may also impact overall survival [92]. 
There is limited data regarding the oncologic 
safety of SEMS. Despite these findings, previous 
studies have identified similar rates of both over-
all and cancer-specific survival [72, 93]. Reports 
on the outcomes following endoscopic colonic 
stenting are variable; nevertheless, multiple stud-
ies support the safety and efficacy of this 
approach. Patients should be well-informed, and 
the surgeon should be vigilant in detecting any 
complications when proceeding with this 
intervention.

 Conclusion
Despite advances in the management of acute 
colorectal conditions, the treatment of a large 
bowel obstruction remains a complex surgical 
decision-making process. The presentation of 
this condition is quite variable, ranging from 
subtle findings to overt physiologic decom-
pensation. The patient’s presentation and clin-
ical status will often dictate which intervention 
is required. However, in the era of advanced 
flexible endoscopy and minimally invasive 
surgery, patients now have an opportunity to 
potentially bridge an urgent or emergent oper-
ation to one that is semi-elective. This may 
avoid the significant morbidity associated 
with a laparotomy, as well as the risks of a per-
manent colostomy. Presently, there are multi-
ple strategies to treat these patients, and the 
acute care surgeon should be well-versed in 
these techniques. Regardless of all the tech-
nology available, some patients may still 
require the creation of a stoma, and this should 
never be viewed as an unsuccessful operation. 
Each case should be individualized based on 
clinical status,  comorbidities, location, as well 
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as etiology of the obstruction. The patient 
should be well-informed on the risks, both 
operatively and oncologically, prior to any 
intervention. Nevertheless, maintaining a 
thoughtful algorithmic approach in the treat-
ment of this condition will ultimately result in 
better outcomes and quality of life for these 
patients.
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Lower GI Bleeds

Katherine A. Kelley and Karen J. Brasel

 Introduction

Lower gastrointestinal bleeding (LGIB) is the 
most common reason for GI bleeding, accounting 
for 30–40% of cases with patients reporting these 
symptoms [1]. The annual incidence is approxi-
mately 35–41 cases per 100,000 people in devel-
oped countries [2], and the average age of 
presentation is 63–77 years [3]. Mortality is esti-
mated at 1.47% [2]. There is a rising incidence of 
this disease, likely due to the aging population of 
the United States and an increase in use of antico-
agulants. LGIB has been reported as the most 
common diagnosis leading to hospitalization 
with greater than 500,000 discharges in 2012 at a 
cost of nearly five billion dollars [1].

A LGIB is defined as any bleeding below the 
ligament of Treitz. Hematochezia is the most 
common presenting symptom (55.5%), followed 
by maroon stool (16.7%), and melena (11.0%) 
[4]. It is important to note that these symptoms 
may also occur with rapid upper gastrointestinal 
bleeds. Recent literature has also cited “middle” 
gastrointestinal bleeds as a separate entity defined 
as bleeding from the small bowel. For the pur-
pose of this chapter, we will discuss the manage-

ment of colonic and rectal acute bleeding. LGIB 
can also be subclassified into severe, moderate, 
and occult bleeds. Occult bleeding is slow and 
chronic and normally presents with microcytic 
hypochromic anemia. Stool is often guaiac posi-
tive. Moderate GI bleeds present with melena or 
hematochezia, but the patients remain hemody-
namically normal. Severe GI bleeds are defined 
by melena or hematochezia with tachycardia, low 
urine output, and other signs of poor perfusion.

As a brief review, circulation to the colon and 
rectum is supplied via the superior mesenteric 
artery (SMA), inferior mesenteric artery (IMA), 
and internal iliac arteries, which are all branches 
of the aorta. The SMA branches include the ileo-
colic artery, right colic artery, and middle colic 
artery. The IMA supplies the left colic artery, the 
sigmoid artery, and the superficial rectal artery. 
The rectum is supplied by the superficial rectal 
artery and the middle and inferior rectal arteries, 
branches of the internal iliac, and the pudendal 
arteries, respectively. The SMA and IMA are 
connected via the marginal artery of Drummond, 
which may be a vital collateral in older individu-
als with vascular disease.

The majority of LGIBs will spontaneously 
resolve without intervention. Individuals needing 
hospital admission are those with ongoing or 
severe bleeding, with a transfusion requirement 
greater than two units of packed red blood cells 
(pRBCS), and those with significant comorbidi-
ties who require hemodynamic monitoring. 
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Multiple predictors of likelihood of bleeding 
severity have been identified: abnormal vital 
signs, syncope, non-tender abdominal exam, 
bleeding within 4 h of presentation, aspirin use, 
more than two comorbid diseases, initial hemato-
crit less than 35%, and gross blood on rectal 
exam [5, 6]. These factors can be used to stratify 
patients requiring admission. Additionally, mul-
tiple risk calculators have been designed to iden-
tify individuals at greater risk of morbidity and 
mortality [5, 7] (Table 25.1).

 Etiology

There are multiple etiologies of LGIB, the most 
common cause of which is diverticular bleeding, 
while the following occur at lower frequencies: 
angiodysplasia, hemorrhoids, ischemic colitis, 
inflammatory bowel disease (IBD), neoplasia, 
post-polypectomy bleeding, and rectal ulcer 
(Table 25.2) [8].

 Colonic Sources

Diverticulosis is a condition when multiple false 
diverticula of the colonic wall occur where the 
penetrating vessels perforate the circular muscle 
fibers. Diverticulosis is common in the aging 
population, but only a small proportion of these 

individuals will develop severe bleeding. The 
patient will likely present with painless hemato-
chezia. Angiodysplasia is the degeneration of 
normal blood vessels that have a propensity to 
bleed. The right colon is most frequently 
involved. Patients with angiodysplasia are older 
with multiple comorbidities and will often pres-
ent with occult bleeding or painless hematoche-
zia [3]. Ischemic colitis is due to reduced 
mesenteric blood flow secondary to hypoperfu-
sion, which most commonly affects the splenic 
flexure and leads to necrosis, sloughing, and then 
bleeding of the colonic wall. Patients commonly 
have concomitant cardiovascular disease and 
present with crampy abdominal pain and even-
tual hematochezia. A linear ulceration may be 
observed at the antimesenteric border on an 
endoscopy. IBD includes both Crohn’s disease 
and ulcerative colitis. Crohn’s disease is associ-
ated with transmural inflammation of the gastro-
intestinal tract and can involve the GI tract from 
the mouth to the perianal region. Ulcerative coli-
tis is intermittent inflammation limited to the 
mucosal layer of the colon. It commonly involves 
the rectum and may extend in a proximal and 
continuous fashion to involve other parts of the 
colon. Both can present with hematochezia. 
Neoplasms are associated with slow bleeding and 
commonly demonstrate microcytic anemia. 
Patients may present with changes in bowel hab-
its and weight loss. Left-sided cancers are more 
likely to present with hematochezia, while right-
sided cancers will have hemoccult-positive 
stools. Post-polypectomy bleeding is often com-
mon and will be observed in individuals with 
recent colonoscopy. Infectious etiologies of 

Table 25.1 Risk factors that predict severity of lower GI 
bleed

Risk factors
Heart rate >100 beats/min
Systolic blood pressure ≤115 mmHg
Syncope
Non-tender abdominal exam
Rectal bleeding in first 4 h
Aspirin use (>81 mg)
>2 comorbid illnesses
Low risk Moderate risk High risk
0 factors 1–3 factors > 3 factors
Likelihood of severe bleedinga

9% 43% 84%

Adapted from [5]
aSevere bleeding defined as continued bleeding in the first 
24 h or recurrent bleeding after 24 h of stability

Table 25.2 Common etiologies for lower gastrointesti-
nal bleeding and their frequency

Etiology Frequency
Diverticular bleeding 30–65%
Angiodysplasia 4–15%
Hemorrhoids 4–12%
Ischemic colitis 4–11%
Inflammatory bowel disease 3–15%
Colorectal neoplasia 2–11%
Post-polypectomy bleeding 2–7%
Rectal ulcer 0–8%
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lower GI bleeding are also possible. A majority 
of these individuals with colonic bleeding sources 
improve with conservative management [3].

 Anorectal Sources

Anorectal disease, such as hemorrhoids and anal 
fissures, can present with bleeding and make up 
about 15% of cases. Anal fissures are tears in the 
anal mucosa, but do not typically develop signifi-
cant bleeds. Individuals with hemorrhoids, which 
are distended anal arteriovenous duplexes, of 
either internal or external plexi, can develop pro-
fuse painless bleeding. Solitary rectal ulcers are 
the result of ischemic changes from the pressures 
exerted on the prolapsed tissues during defeca-
tion. Most anorectal sources of LGIBs can easily 
be identified on anoscopy.

 Initial Assessment

Upon presentation to the hospital, a complete his-
tory and physical examination should be per-
formed, and concurrent resuscitation should be 
initiated (Fig. 25.1). A history should include the 

following details: the amount of blood, color of 
the blood, frequency and duration of bleeding, 
history of gastroesophageal reflux disease 
(GERD), prior GI bleeding, weight loss, use of 
blood thinners, use of alcohol, recent colonos-
copy, history of cancer, coagulopathy, colitis, 
IBD, or radiation therapy. The physical examina-
tion includes vital signs and abdominal and rectal 
exams. Anoscopy should be performed to rule 
out hemorrhoidal bleeding, rectal ulcers, or fis-
sures. A complete blood cell count, metabolic 
panel, coagulopathy panel, as well as a type and 
cross should be collected. A CBC will help dif-
ferentiate the chronicity of the blood loss (micro-
cytic anemia suggests chronic blood loss). 
Additionally, a serum nitrogen/creatinine ratio of 
more than 30 increases the likelihood of upper GI 
bleed (UGIB) [10].

Resuscitation during the initial assessment 
includes placement of two large-bore IVs, mon-
itoring, and IV fluid resuscitation. A nasogastric 
(NG) tube should be placed. NG lavage of blood 
or “coffee grounds” suggests an UGIB with 
need for subsequent upper endoscopy. LGIB 
resuscitation recommendations are based on 
multiple randomized controlled trials in UGIB 
that recommend early resuscitation. This 

Acute GI bleed

Place NG tube Large Bore IVs, O2,
monitor

Rule out upper Gl bleed

Resuscitate

Bleeding

unidentified

Bleeding

identified

Colonoscopy
<24 h from

presentation

Endoscopically
manage

Follow-up in 6 weeks
with repeat endoscopy

-If at any point in algorithm patient remains hemodynamically unstable
-Requires >6U pRBCs
-Continued bleeding without known source
-Localized bleeding who has failed colonoscopy or mesenteric angiography

Scintigraphy

Negative

Negative

Surgery:

Imaging

CT angiography

Observe

Positive

Positive

Mesenteric angio

Treat

Fig. 25.1 Algorithm for lower GI bleeds
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approach reduces mortality. Patients should be 
transfused to a goal hemoglobin greater than 
seven. Multiple studies have identified an 
improved mortality with restrictive resuscitation 
(Hb >7) rather than liberal (Hb >9) use of blood 
transfusion, which has predicted a slightly 
higher survival and reduced recurrence of bleed-
ing [11, 13]. One may consider use of liberal 
transfusion (Hb >9) in individuals with massive 
bleeding, significant comorbid illness, or possi-
ble delay in receiving therapeutic interventions. 
We also recommend a platelet goal greater than 
50,000  in individuals who may require endo-
scopic management and control of severe 
bleeding.

 Diagnostic/Therapeutic Assessment

 Colonoscopy

Colonoscopy remains the preferred tool for initial 
assessment of a LGIB. It can be used to identify, 
diagnose, and treat bleeding relatively efficiently 
and safely. Both insertion and withdrawal of the 
endoscope should be carefully performed; when 
done well, colonoscopy has a diagnostic yield of 
91% [8]. As stated earlier, esophagogastroduode-
noscopy should be performed in individuals who 
present with signs and symptoms consistent with 
UGIB. Various studies have reported conflicting 
results regarding the optimal timing of colonos-
copy. Urgent colonoscopy is more likely to iden-
tify the stigmata of recent bleeding, but has no 
effect on length of stay, ICU stay, transfusion 
requirement, or mortality [14, 15]. According to 
American College of Gastroenterology (ACG) 
recommendations, at least 4 liters of polyethylene 
glycol solution, or the equivalent, should be 
administered over a period of 4  h prior to per-
forming the colonoscopy. It should be adminis-
tered at a rate of approximately 1 liter every 
30–45 min and may be administered via an NG 
tube if there is a high risk of aspiration [3]. 
Patients should be without food for at least 8  h 
prior to colonoscopy but may have clear liquids 
until 2 h prior to intervention.

The most frequent endoscopic intervention used 
for management of LGIB is thermal contact plus 

injection therapy [8]. Epinephrine solution in a 
dilution of 1:10,000 or 1:20,000 is injected in ali-
quots of 1–2 mL at the site of active bleeding or 
around a nonbleeding visible vessel. The visible 
vessel may also be treated effectively by using a 
10–15 J heater probe or bipolar coagulation (10–
16 W), with 2–3-s pulse applications. Diverticular 
bleeding is appropriately managed with this 
approach [16]. Angiodysplasia can be treated effec-
tively with argon plasma ablation therapy with a 
low risk of recurrence [17]. The argon beam is easy 
to apply and is able to treat large surface areas with 
a predictable depth of penetration. Lower power 
settings of 30–45 W at 1 L/minute argon flow rate 
are used to decrease the risk for perforation in the 
thin-walled right side of the colon. The probe 
should be held between 1 and 3 mm away from the 
mucosal surface and applied at 1–2-s pulses [3]. 
Endoscopic clip placement is an alternative treat-
ment option. Clips can be deployed over a bleeding 
vessel at the neck of the diverticulum or to oppose 
the walls and close the diverticular orifice. This 
management strategy has a low risk of recurrence 
[18]. Post-polypectomy bleeding is best treated 
with mechanical clip or contact thermal therapy 
with the addition of epinephrine injection as indi-
cated. Endoscopic band ligation for diverticular 
bleeding is a novel treatment strategy that may be 
limited by inadequate suction of diverticula with 
small orifices or large domes.

Endoscopic interventions carry a 0.3–0.6% 
complication rate, suggesting these strategies are 
feasible and safe [8]. Placement of a tattoo should 
be performed in order to assess the area at later 
intervals or if surgical intervention is eventually 
required. If there is evidence of recurrent bleed-
ing, colonoscopy may be attempted again. 
Individuals with ischemic colitis, inflammatory 
ulcerative colitis, or colorectal neoplasms are 
generally not amenable to endoscopic hemosta-
sis, and if bleeding persists, surgical management 
should be discussed.

 Imaging

In individuals who cannot be prepped or stabi-
lized for colonoscopy or have failed localization 
on colonoscopy, computed tomographic angiog-
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raphy (CTA) with the potential addition of radio-
nuclide technetium-99  m-labeled red-cell 
scintigraphy is indicated. CTA has a sensitivity of 
91–92% and can detect bleeding rate of 0.3 mL/
minute (Table 25.3). It is considered more sensi-
tive, reduces the total number of imaging proce-
dures, and is more precise at locating the bleed 
than other imaging strategies. Successful identifi-
cation of bleeding source will most likely lead to 
mesenteric angiography; however, in institutions 
lacking interventional radiology capabilities, it 
can be used to guide surgical management 
(Fig. 25.2).

The addition of scintigraphy can also localize 
bleeding and improve the diagnostic yield of 
CTA by 2.4 times, [20]. It can detect bleeding 
rates of 0.1–0.5 ml/minute (Table 25.3). Based on 
a retrospective review of 160 patients, individuals 
with immediate blush on scintigraphy require 
immediate angiography. If blush was seen within 
2  min, the positive predictive value was 75%, 
while those who had a blush that appeared greater 

than 2 min later, there was a negative predictive 
value of 93% [19]. The study is positive in 38% 
of patients, with an accuracy rate of 30% [21].

The above strategies are used to determine if 
there is a benefit to utilizing mesenteric angiogra-
phy. CTA can localize bleeding in 24–94% of 
select cases [22], but angiography alone is overall 
less sensitive and may have a positive yield of 
only 35% [23]. When angiography is used in 
combination with CTA, there is 100% accuracy 
[24]. In patients who are hemodynamically nor-
mal, a mesenteric angiogram can detect bleeding 
at a rate of 0.5 mL/min (Table 25.3). In practice, 
the SMA, IMA, and the celiac are investigated. 
Angiographic interventions include selective 
vasopressin infusion and super selective angio-
embolization. Embolization with micro-coils, 
polyvinyl alcohol particles, glue, Gelfoam, vas-
cular plugs, or water-insoluble gelatin may 
improve the success rate of this technique and 
decrease the occurrence of adverse events. 
Embolization can be safely performed with a low 

Table 25.3 Efficacy of imaging strategies for LGIB

Imaging strategy
Rate of 
bleeding

Diagnostic 
yield

Therapeutic 
efficacy

Risk of early 
rebleed

Rate of 
complications

Radionuclide 
scan

0.1–0.5 ml/
min

40–73% NA NA Rare

CTA 0.3 ml/min 24–94% NA NA 0–11%
Angiography 0.5 ml/min 23–72% 14–100% 1–57% 0–60%

a b

Fig. 25.2 Sample images from concurrent use of CTA and therapeutic angiography for LGIB. (a) Blush is noted in the 
ascending colon on CTA (white arrow); (b) contrast extravasation is noted from the SMA on angiography (black arrow)
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risk of morbidity [25]. Side effects include 
fever and abdominal pain. Adverse events of 
bowel infarction, nephrotoxicity, and groin 
hematoma may occur in up to 17% of individu-
als but are individually too infrequent to quan-
tify [24, 26].

 Operative Management

Surgery may be needed to control bleeding in 
10–25% of patients with active bleeding that 
persists despite resuscitation and endoscopic/
angiographic interventions, recurrent bleeding, 
or requiring greater than six units of PRBCS in 
24  h. Individuals with an identified source of 
bleeding are candidates for segmental colecto-
mies; however, they have a higher risk of recur-
rent bleeding than those who undergo a total 
colectomy [27]. In individuals without an iden-
tified bleeding source, despite complete intesti-
nal evaluation, subtotal abdominal colectomies 
may be necessary. Segmental colectomies in 
patients without an identified bleeding source 
but suggested external pathology are discour-
aged as the mortality rate is higher due to the 
risk of rebleed [29]. In individuals who do not 
require surgery initially, approximately 10% 
will require surgical management following 
either a rebleed or the need for elective resection 
of diverticular disease [28].

 Outcomes

Following management of LGIB, poor outcomes 
are associated with creatinine greater than 
1.7 mg/dL, age over 60 years, abnormal hemody-
namic parameters on presentation, and persistent 
bleeding within the first 24 h [9]. Multiple scor-
ing systems have been designed to predict hospi-
tal outcomes for patients with acute lower GI 
bleeds [30]. Those with higher risk of in-hospital 
mortality are those with intestinal ischemia, 
comorbid illness, active malignancy, bleeding 
during a separate cause of hospitalization, coagu-
lopathy, hypocalcemia, transfusion, and male 

gender. Colorectal polyps and hemorrhoidal 
bleeding are associated with the lowest risk of 
mortality [31, 32]. Recurrent bleeding is antici-
pated in approximately 21% of patients and will 
require readmission. Individuals on anticoagula-
tion and those with active malignancy have the 
highest risk of recurrence.

 Other Circumstances

 Coagulopathy

Patients presenting with LGIB are frequently on 
blood thinners for various diseases. These thera-
pies include aspirin, clopidogrel, warfarin, direct 
thrombin inhibitors, and factor Xa inhibitors. 
These interventions have been associated with an 
increased incidence of LGIB. [33, 34]. 
Conversely, individuals on heparin or low molec-
ular weight heparin deep venous thrombosis 
(DVT) prophylaxis only have a 0.2% risk of GI 
bleeds. [39]. GI bleeding in individuals on the 
former medications may be managed by cessa-
tion of the product and reversal with either vita-
min K, fresh frozen plasma (FFP), or PCC. Direct 
thrombin inhibitors can be stopped as the half-
lives of the drugs are usually 12–24 h and will be 
reversed by the time endoscopy is performed 
[35]. In cases of severe bleeding, use of specific 
reversal agents, such as idarucizumab for dabiga-
tran and andexanet alfa for factor Xa inhibitors, 
may be used [35].

For individuals with drug-eluting cardiac 
stents, short-term discontinuation of a clopido-
grel with continued aspirin therapy is safe greater 
than 12 months from stent placement but is toler-
ated if under this time frame [36]. Following 
LGIB management and bleeding cessation, con-
tinuation of aspirin is associated with an increased 
risk of recurrent LGIB, but reduced risk of seri-
ous cardiovascular events and death. Providers 
must therefore discuss the risks and benefits of 
this therapy [37]. Use of a PPI or histamine H2 
receptor antagonist should be encouraged, as it 
reduces the risk of upper GI bleeding, when com-
pared with no therapy [38].
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 Occult GI bleeding

In patients who have an obscure GI bleed, capsule 
endoscopy can be used to identify middle GI 
bleeds with a sensitivity of 95% and specificity of 
75% [40]. Push enteroscopy or double-balloon 
enteroscopy may be attempted in hemodynami-
cally normal patients. Additionally, intraoperative 
enteroscopy/colonoscopy can be considered in 
individuals who are hemodynamically unstable 
and require operative intervention without identi-
fied bleeding source. Additional endoscopic inter-
ventions include topical hemostasis agents that are 
currently under study and may provide options for 
treatment [41], as well as endoscopic band ligation 
of diverticular hemorrhage [42].

Conclusions
Acute LGIB is a frequent cause of hospitaliza-
tion. The most common etiologies are diverticu-
lar bleeding, angiodysplasia, and hemorrhoids. 
The main goals of patient care are to stabilize, 
localize, and treat. Localization can be completed 
with either urgent colonoscopy or CTA with 
appropriate interventions as available. Colectomy 
is reserved for those patients who continue to 
bleed following these interventions, those who 
remain hemodynamically abnormal, or those 
requiring greater than six units of pRBCs. The 
management of this field continues to evolve 
with the advancement of endoscopic and angio-
graphic interventions, but surgery remains a safe 
definitive treatment in many cases.
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Ischemic Colitis

Dirk C. Johnson and Kimberly A. Davis

 Introduction

Ischemic colitis (IC) is the most common form of 
ischemic injury to the gastrointestinal tract. Its 
annual incidence is approximately 1.6 patients 
per 100,000 and has remained constant for 
decades [75]. IC is the etiology of acute lower GI 
bleeding in 9–24% of hospitalized patients and 
affects up to 18/100,000 hospitalized patients 
[10]. Often IC is transient with reversible clinical 
symptoms. There are two common subtypes of 
IC: severe (15%) and more commonly mild-mod-
erate (85%). Severe IC has transmural necrosis 
and is often associated with multisystem organ 
failure (MOF). The other variety rarely presents 
with MOF [84]. Most cases occur spontaneously, 
although some may occur after a cardiac event or 
in the postoperative period, commonly after aor-
tic and cardiac surgery [89].

Ischemic colitis affects a wide variety of 
patients especially the elderly. It is poorly studied 
despite being relatively common. As the popula-
tion ages, it will likely be more commonly 
encountered.

 History

In 1948, Thomson first reported a case of colonic 
ischemia which gives insight to the difficulty in 
diagnosing ischemic colitis (IC). In his seminal 
description, he alluded that the relative rarity of 
large bowel ischemia in comparison with small 
bowel ischemia was the prevailing sentiment of 
that time [87]. In the following decade, colon isch-
emia was more commonly recognized and became 
associated with abdominal aortic operations [59, 
80]. A transient variant of IC was defined in the 
early 1960s and called “reversible vascular occlu-
sion of the colon” by Boley [6]. Soon thereafter, an 
expanded clinical description including endo-
scopic and histological findings was reported [52]. 
However, it is Marston who is credited with put-
ting IC in its broader clinical context [58].

 Anatomy

Colonic perfusion is autoregulated but has sig-
nificant influence from extrinsic factors as well as 
intrinsic demands such as motility, metabolism, 
and humoral elements [32]. The colon has less 
blood flow and comparatively less vascular 
redundancy than small bowel making it more 
vulnerable to ischemia [29]. The typical vascular 
supply of the colon includes flow from the both 
the superior mesenteric artery (SMA) and the 
inferior mesenteric artery (IMA). The SMA usu-
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ally divides into left and right branches with the 
right eventually giving rise to ileocolic, right 
colic, and middle colic arteries. The left colon is 
supplied by the IMA and its branches left colic 
and sigmoid arteries. The IMA is half the caliber 
or the SMA at their origins from the aorta. Other 
branches of the IMA along with branches of the 
internal iliac arteries perfuse the rectum and anal 
canal [76].

Mesenteric blood supply is highly collateral-
ized in general. In the colon, the main collaterals 
are the marginal artery of Drummond (MAD) 
and the meandering artery of Moskowitz. The 
MAD is the most important redundancy between 
the SMA and IMA. It runs a short distance from 
the mesenteric border of the colon and is fed 
from a network of tributaries from the right, mid-
dle, and left colic and sigmoidal arteries [47]. 
The MAD is more reliably found on the left as 
compared to the right where it is poorly devel-
oped in up to 75% of people. Gradual stenosis of 
the SMA or IMA may be compensated by dila-
tion of MAD or the meandering artery (of 
Moskowitz), formerly known as the arc of Riolan. 
The arc of Riolan and the meandering artery of 
Moskowitz are vaguely defined vessels that form 
connections between the middle and left colic 
arteries and are found near the base of the colonic 

mesentery. They represent some confusion, and it 
has been proposed that their distinction should be 
abolished [50]. The rectum has dual bloody sup-
ply from both the IMA and internal iliac arteries; 
it is rarely found to be ischemia [34].

There are two notable points of vulnerability in 
the colonic blood supply: Griffith’s point and 
Sudeck’s point [Fig. 26.1]. Griffith’s point is where 
the limits of the middle colic and left colic distri-
butions meet at the splenic flexure. In this area, the 
marginal artery of Drummond is underdeveloped 
in up to 30% of patients or absent in as many 5% 
of the population [60, 83]. Less commonly affected 
is Sudeck’s point, which is at the territorial conflu-
ence of the sigmoidal artery and the superior rectal 
arteries but distal to the last at the level of the rec-
tosigmoid junction [72, 76]. Both points have less 
redundancy and more reliance on the larger arter-
ies leaving them unprotected during episodes of 
reduced flow. Both points of poor collateral circu-
lation are referred to as a “watershed” areas [83]. 
The most commonly affected segment is the left 
colon (32.6%), followed by the distal colon 
(24.6%), right colon (25.2%), and entire colon 
(7.3%). The frequencies of dominant hepatic and 
splenic flexure involvement were much lower at 
1.23 and 4.8%, respectively. The sigmoid was 
involved in 20.8% of all cases [9].

Middle
colic
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mesenteric

Right colic
Left colic

Sudeck’s
point
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rectal artery
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mesenteric
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Fig. 26.1 Vascular supply 
and anatomy of the colon 
and rectum [76]
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 Epidemiology

IC is the most common form of gastrointestinal 
ischemia comprising as much as 60% of an intes-
tinally ischemia. It is likely underreported leav-
ing the true incidence unclear and understudied 
[Fig. 26.2]. The rate may be increasing or may 
represent better recognition [90]. A large series 
of IC cases found evidence to suggest the most 
cases of IC may occur in outpatient settings sug-
gesting that hospitalized patients may be in the 
minority [54]. The estimates in general popula-
tions range from 4.5 to 44 hospitalizations per 
100,000 person-years [38, 54, 90]. The largest 
US study estimated the incidence at  approximately 
15 hospitalizations for 100,000 person-years [54]. 
Most studies agree there is a strong female pre-
dominance especially in younger patients [54, 
82]. There is speculation that oral contraceptive 
use may be a risk factor of IC in young women 
[20]. The classic patient is both elderly and 
female [9, 38, 54, 64, 79].

 Pathophysiology and Risk Factors

IC occurs when the blood flow the colon is inad-
equate to meet demand. The disease process is 
flow based and not related to anatomic arterial 
occlusion. There is an abrupt decrease of perfu-
sion to the colonic wall due to hypovolemia lead-

ing to inadequate flow in small arterioles [7, 9]. 
Hypoperfusion can be from many causes includ-
ing anatomic restrictions to flow, hypovolemia, 
underlying hematologic disorders, vasculitides, 
and the use of drugs (prescribed or illicit).

There are a multitude of documented risk fac-
tors that should raise clinician’s suspicion of IC. 
Chronic diseases including cardiovascular disor-
ders and atherosclerosis can lead low flow states 
and are associated with vasoactive medications 
and hypovolemia. Chronic renal failure requiring 
hemodialysis and chronic constipation are also 
associated with IC [32]. Acute infectious causes 
have been reported [44, 66]. In younger patients, 
underlying vasculitides, hypercoagulable states, 
strenuous exercise resulting in hypovolemia, and 
illicit drug use may cause IC [14, 20, 46, 51, 56, 
85]. Postsurgical patients, particularly after car-
diac and aortic operations, are at risk. A history of 
prior operations including cardiac, aortic, or gas-
trointestinal exists in almost half of patients [67].

 Underlying Chronic Disease States

End-stage renal disease requiring dialysis is a rec-
ognized risk factor for the development of IC. The 
rapid exchange of body fluids and the presence of 
hypotension that occurs during hemodialysis may 
cause contraction of the mesenteric arteries, espe-
cially the superior mesenteric artery, thereby 
inducing IC of the right colon [13].

 Prescription Medications

The literature reports more than 20 different 
agents related cases of IC.  Antihypertensive 
agents account for 12.5% of all reports of medi-
cation-induced IC.  Chemotherapeutic drugs 
(9%), immunosuppressive agents (5%), and anti-
coagulants (3%) have also been associated. Other 
common classes of prescription drug are lipid-
lowering agents (3%), platelet aggregation inhib-
itors (2%), antidiabetics (2%), acid-suppressive 
agents (3%), and supplements, probiotics, or 
enzymes (6%). Mental health agents have also 
been indicted with antipsychotics (4%) more 
common than antidepressants (2%) [5].
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Constipation is a rare but reported cause of IC 
Ischemic especially in patients with irritable 
bowel syndrome (IBS). Some cases are associated 
with alosetron, a drug used to treat refractory diar-
rhea-predominant IBS. The proposed mechanism 
is related to elevated intraluminal pressure reduc-
ing blood flow resulting in segmental colonic wall 
ischemia [3, 30]. Constipation along with smok-
ing was the most common risk factor identified in 
young otherwise healthy IC patients, although not 
occurring statistically more often than in older 
patients [46]. In the IBS population, the relative 
risk for IC was 2.78 times higher for patients with 
constipation alone [81]. Laxative use is a con-
founding in this group. The impact of cathartics 
has not been studied as it relates to IC in the IBS 
population but may increase to incidence of per-
foration. Two medications for treatment of irrita-
ble bowel syndrome, tegaserod and alosetron, 
have each been removed from the US market at 
least in part due to their association with IC [5].

 Bleeding Disorders

Abnormal clotting is observed in 28–74% of 
patients with IC [25]. While not surprising, 
hypercoagulable states like antiphospholipid 
antibody syndrome and factor V Leiden mutation 
are overrepresented present in patients with 
IC.  These disease states are tenfold more com-
mon in IC than in the general population [89]. 
Other blood dyscrasias are associated with IC 
which include systemic lupus erythematosus, 
polycythemia vera, antithrombin deficiency, pro-
tein C and S deficiencies, and paroxysmal noctur-
nal hemoglobinuria [42, 62].

 Postsurgical Patients

A common iatrogenic cause of IC is surgery on the 
abdominal aorta. IC can be a severe adverse event 
after both open and endovascular abdominal aortic 
aneurysm repair. Fortunately the prevalence is low 
(2–3%), but the mortality rate is high (>50%) [4, 
61, 70]. Surgical disruption of flow through the 
IMA during aortic reconstruction without adequate 
collaterals from the MAD is the etiology in these 

patients. IC is more common following repair of 
ruptured aortas (9%) and open repairs (1.9 vs 0.5% 
endovascular) [70]. Irrespective of the operative 
technique, IC is associated with elevated rates of 
morbidity and double to quadruple mortality rates 
[30, 70]. Risk factors for postoperative IC follow-
ing aneurysm repair include pre-existing renal fail-
ure, rupture, suprarenal extension, diabetes, 
bleeding dyscrasias, and significant intraoperative 
blood loss necessitating transfusion [61].

Intraabdominal hypertension has been identi-
fied as an important mechanism behind colonic 
hypoperfusion after ruptured AAA repair [22]. 
IMA reimplantation and restoration of flow to the 
hypogastric artery in high-risk patients may 
reduce the rates of postoperative IC, but this 
remains controversial [61].

IC after cardiac surgery with extracorporeal 
circulation is an infrequent but highly lethal com-
plication with an incidence of <1% and mortality 
range of 30–100% [1, 57]. The inflammatory 
changes from cardiopulmonary bypass can com-
promise the barrier typically provided by colonic 
mucosa in the normal state. Furthermore, intraop-
erative hypothermia and vasoconstrictive medica-
tions may exacerbate colonic ischemia [1, 88] 
Long cross-clamp times, need for intra-aortic bal-
loon pumps, and elevated serum lactate are risk 
factors for developing IC [33, 35]. Depressed car-
diac output and consequent splanchnic hypoper-
fusion can lead to an irreversible ischemic insult. 
Serum lactate levels above 5  mmol associated 
with metabolic acidosis should raise suspicion for 
mesenteric ischemia, although due to lack of 
specificity, their utility is debated [33, 37].

 Younger Patients and Athletes

A retrospective study of IC in young Japanese 
patients suggested smoking and uremia were 
more significant risk factors than in elderly 
patients. [46]. Autoimmune vasculitis, myointi-
mal hyperplasia of mesenteric vein, and infec-
tious colitis are other risk factors for IC in 
younger patients [18, 36]. Hormonal therapy 
with estrogens and oral contraceptives pills have 
long been associated with some thrombotic risks, 
and IC is among them [63].
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Long-distance running is connected to IC, par-
ticularly in younger patients, and has been dubbed 
“runner’s colitis” [14, 24, 56]. It can occur even 
after relatively short runs [40]. Runners tend to 
develop their ischemia in the cecum and right 
colon. Hypoperfusion is related to the duration 
and intensity of activity, insufficient previous 
training, dehydration, hypovolemia from perspi-
ration and high temperatures, polycythemia, and 
hyponatremia [14, 40, 56]. Most cases improve 
with nonoperative management [14].

Cocaine, well known for its vasoconstrictive 
properties, has been identified as a cause of IC 
particularly in young people as having metham-
phetamines [51]. Patients with cocaine although 
typically younger have a significantly higher mor-
tality than matched controls [26]. Chronic use of 
both drugs can induce ischemia via activation of 
adrenergic receptors [39].

 Diagnosis

There is no typical clinical presentation of 
IC. Common findings include the abrupt onset of 
crampy often mild abdominal pain, generally in 
the left lower quadrant. The pain may be associ-
ated with lower GI bleeding and the urge to defe-
cate. More severe cases of IC may present with 
distention, anorexia, nausea, and vomiting. Signs 
of impending sepsis may be present in severe 
cases. Most patients have insidious symptoms and 
no clear precipitating factor. Because of the wide 
differential for this constellation of symptoms, 
diagnosis is often delayed as a workup ensues 
[64]. Laboratory findings are nonspecific and 
therefore of limited clinical value. Commonly 
patients will present with leukocytosis and meta-
bolic acidosis. Lactic dehydrogenase acidosis, 
base deficit, and leukocytosis may be present in 
more severe or advanced cases but should be con-
sidered relatively late signs [60, 89]. 
Experimentally, lactate isomer assays for D-lactate 
have been shown to be more specific, but this is not 
widely available in clinical practice [71]. Recent 
studies have offered serum procalcitonin levels as 
corollary of colonoscopic findings, and additional 
data point to guide therapeutic decisions in postop-
erative ischemic colitis [17].

IC is a spectrum of disease, including revers-
ible colopathy with submucosal or intramural 
hemorrhage, transient colitis, chronic colitis, 
stricture, gangrene, and fulminant pancolitis. 
Complete recovery is likely for mild cases where 
the ischemia is confined to the mucosa, the most 
vulnerable layer of the colon. Severe cases affect-
ing additional layers of the colonic wall may have 
long-term sequela such as scarring and strictures. 
Transmural ischemia can lead to gangrene, perfo-
ration, peritonitis, and sepsis [60].

IC can be divided based on its vascular distri-
bution in to left and right variants with tendency 
toward subtle changes in clinical presentation. 
Left IC is more typically associated with shock, 
coagulation disorders, aortic operations, and car-
diac disease. It is more likely to present with 
hematochezia than right IC. In contrast, right IC 
less often presents with hematochezia but more 
often associated with SMA stenosis and end-stage 
renal disease [12, 31, 72]. A subset of right IC can 
have a presentation that mimics a mass in the 
proximal colon especially in elderly women [45].

 Imaging Studies

 Plain Radiography

X-rays of the abdomen are of low yield in diagnos-
ing IC especially mild or early cases. When 
obtained early in the disease course, a nonspecific 
gas pattern or distended loops consistent with an 
ileus should be expected. If necrosis and perfora-
tion is suspected, an upright abdominal film can 
identify pneumoperitoneum and indication for an 
emergency operation. Between these extremes 
phase, mucosal thickening from edema or hemor-
rhage can be seen and is frequently described as 
“thumbprinting.” Pneumatosis is rarely seen but 
when present is highly suggestive of ischemia but 
is seen in other disease states (i.e., infectious coli-
tis and any immunosuppressant therapy) [19, 74, 
89]. The diagnostic accuracy of plain radiographs 
may be augmented by the instillation of barium 
into the colon. Suggestive BE findings are thumb-
printing, pseudopolyps, sacculation, tubular nar-
rowing, and a ragged, saw-toothed irregularity of 
the mucosa. This practice is largely of historical 
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interest in the acute diagnosis of IC, as barium 
installation impedes endoscopic evaluation and 
may cause perforation [89].

 Sonography

Ultrasonography can detect colonic wall edema 
and suggests IC with appropriate clinical correla-
tion. Segmental thickening of large bowel longer 
than 10 cm, in symptomatic patients older 50 years, 
is highly correlated (87.5%PPV) with endoscopic 
findings of IC [55]. According to Lopez et  al., 
abdominal sonography has a high positive predic-
tive value in detecting IC (PPV 87.5%). The sensi-
tivity of ultrasound for detecting thickening has 
been demonstrated to be high (93%) [73]. The 
ease of repeating examinations affords the oppor-
tunity to follow disease progression. However, 
typically limitations of the technology related to 
overlying bowel gas and operator experience are 
factors, as is the low sensitivity in states of hypo-
perfusion with color Doppler sonography [89].

 Computerized Tomography (CT)

CT is an accurate imaging tool for the evaluation of 
abdominal pain of all types including patients sus-
pected to have IC symptoms. Mild to moderate IC 
manifests as thickened bowel walls, luminal dilata-
tion, adjacent fat stranding, and occasionally ascites 
[89]. Stratified attenuation or the double halo or tar-
get signs may be present. In this pattern, two (dou-
ble halo) or three (target) concentric and symmetric 
layers of alternating densities can be distinguished 
in edematous colon images with intravenous con-
trast enhancement [86] [Fig. 26.3]. The degree of 
inflammation, edema, or bleeding can influence the 
heterogeneity of the colonic thickening which is 
most often circumferential [2, 74, 79, 86]. Segments 
of abnormally thick walls of 8–9 mm are not uncom-
mon [2, 28]. Acute mesenteric arterial occlusion 
may be identified by CT, but due to lack of reperfu-
sion, the bowel wall is paper thin [11, 28, 41].

 Angiography

Angiographic evaluation is generally not indi-
cated in the diagnosis of IC, because IC is 

related to perfusion and flow abnormalities 
more commonly than to fixed anatomic abnor-
malities. If a fixed lesion is suspected, abnor-
malities of the mesenteric vasculature may be 
better seen with CT angiogram due to its ability 
to identify luminal irregularities from athero-
sclerosis and thrombi [48, 79]. It is infrequently 
employed but can help elucidate the etiology of 
IC [48, 79]. The potential increase in informa-
tion gained from a CT angiography must be 
weighed against the greater risks. Those addi-
tional risks include radiocontrast-induced 
nephropathy, additional radiation, and higher 
cost as compared to contrast-enhanced CT 
without proven clinical benefit [79]. Formal 
digital subtraction angiography may show mes-
enteric artery occlusion, increased arterial cali-
ber, or other more subtle findings but is seldom 
helpful in the diagnosis [25].

 Endoscopy

Lower GI endoscopy is the gold standard to 
establish the diagnosis, as the first part of the 
colon to lose perfusion is the antimesenteric 
mucosa. Early endoscopy should be considered 

Fig. 26.3 Transverse CT demonstrates the double halo, 
or target, sign with inner (mucosa, arrow) and outer (mus-
cularis propria, arrowhead) rings of high attenuation sepa-
rated by a ring of low attenuation, which represents 
submucosa with edema [86]

D. C. Johnson and K. A. Davis



317

when CT scan findings are suspicious [29]. 
Colonoscopy should be avoided in patients with 
signs of diffuse peritonitis. When done in acute 
IC, colonoscopy should be performed with 
minimal insufflation to avoid excessive disten-
sion of the colon, which could worsen the exist-
ing ischemia of the wall. CO2 insufflation is 
preferable, as CO2 is rapidly absorbed and 
exerts a vasodilating action [89]. Bowel prepa-
ration prior to colonoscopy is not indicated, as 

this may induce toxic dilation or perforation of 
the colon [60].

Colonoscopy findings are dependent on the 
phase and extent of ischemia. Early ischemia of the 
mucosa appears pale, friable, or edematous alone 
but can have petechial hemorrhages, erosions, and 
patches of erythema, with or without ulcerations 
and bleeding [Fig. 26.4]. A single linear ulcer or 
strip of mucosal inflammation running along the 
antimesenteric border is associated with mild 

a b c
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Fig. 26.4 Endoscopic findings of ischemic colitis. (a) 
Patchy erythema and mucosal congestion in rectosigmoid 
junction. (b) A single linear ulcer running along the longi-
tudinal axis of the descending colon. (c) Petechial hemor-
rhages interspersed with pale areas in the descending colon. 
(d) Cyanotic, edematous mucosa with scattered ulceration 
in the sigmoid colon. (e) Pseudomembranes with purple-

hemorrhagic nodules in the descending colon. (f) 
Congestive mucosa and pseudopolyps in the descending 
colon. (g) Mucosal edema, exudate and pseudotumor-like 
in the descending colon. (h) Bluish-black mucosal nodules 
with mucosal congestion and hemorrhage in the ascending 
colon approaching hepatic flexure. (i) Lumen structure and 
mucosal granularity in the descending colon [92]
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cases. Later findings are bluish-black mucosal 
nodules with a dark or dusky background. More 
rarely pseudopolyps, pseudotumor-like, and pseu-
domembranes are found. Chronic IC has a much 
different appearance with strictures, abnormal 
haustrations, and granular-appearing mucosa [92].

The Favier endoscopic classification grades 
the extent of colonic ischemic and standardizes 
disease severity [15] [Table 26.1]. Unfortunately, 
none of these endoscopic findings are unique for 
ischemia. Segmental abnormalities with abrupt 
transition between normal and diseased mucosa 
with normal rectum can help distinguish isch-
emia from other conditions such as IBD [27, 92].

When biopsies are taken, the nonspecific path-
ological findings include erosion, granulation tis-
sue hyperplasia, bleeding in the lamina propria, 
and macrophages with hemosiderin pigmentation 
in the submucosa [30, 92]. Advanced ischemia 
shows epithelial loss, inflammatory cells, and sub-
mucosal congestion within the specimens [89].

 Critically Ill Patients

Patients in intensive care units can present as mam-
moth diagnostic challenges. Altered sensorium 
from sepsis or sedation, mechanical ventilation, 
and heavy narcotic analgesia may obscure signs 
and symptoms. Furthermore, active comorbid con-
ditions like cardiac, respiratory, and renal failure 
may make transportation to definitive testing diffi-
cult or impossible. This may result in delay of the 
diagnosis and adversely affect outcomes. 

Endoscopy in the ICU is the most useful test for 
critically ill patients with hematochezia where IC is 
suspected. Bedside upper endoscopy is widely 
accepted and used as an early diagnostic test for 
upper gastrointestinal bleeding in the ICU setting. 
In contrast, lower endoscopy for hematochezia is 
much less widely used, studied, and accepted [23].

 Nonoperative Management

Medical management is appropriate for mild to 
moderate IC.  Since hypovolemia and hypoperfu-
sion are the core pathophysiologic derangements, 
the primary goal is to restore normal tissue oxygen-
ation before the target cells are beyond salvage [60, 
63]. All management strategies typically start with 
bowel rest to decrease metabolic demands associ-
ated with digestion. Oral intake should be restricted 
to essential medications. Total parenteral nutrition 
may be required depending on the severity of the 
disease and the time to symptom resolution, which 
generally takes 8–14 days [8, 72]. Any precipitating 
factors such as medications should be discontinued 
immediately [89]. Broad-spectrum antibiotics are 
widely recommended, but there is very little scien-
tific evidence for their use [10]. Coverage for enteric 
aerobic and anaerobic flora designed to treat trans-
location of bacteria from the weakened mucosa and 
consequent bacteremia is standard. Clinicians 
should adhere to the principles of antibiotics stew-
ardship and tailor antimicrobial coverage and dis-
continue coverage as soon as it is appropriate.

After successful medical management of 
moderate to severe cases, endoscopy should be 
performed every 3–4 months to assess for sequela 
of IC. Structuring is a common finding and colo-
noscopy can diagnose the condition and allow for 
mechanical dilatation. Chronic colitis resulting 
from continuous colon ischemia or unhealed 
areas of ischemic mucosa should be treated with 
elective colectomy [43, 89].

 Surgical Management

Indications for operative intervention may be 
urgent or delayed. Surgical intervention is 

Table 26.1 Favier endoscopic classification

Stage Endoscopic findings Mortality
Stage 1 Ischemia limited to the 

mucosa with petechiae and 
small ulcerations with 
intervening healthy mucosa

0%

Stage 2 Ischemia extending to the 
muscularis mucosa with 
large ulcerations

(−) 
MOF = 0%
(+) 
MOF = 53%

Stage 3 Transmural ischemia with 
necrosis of the muscularis 
and possible perforation

(−) 
MOF = 17%
(+) 
MOF = 66%
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required in 20% of cases [49]. Indications for 
immediate operative intervention include the 
presence of diffuse peritonitis on exam, evi-
dence of necrosis on CT imaging (pneumato-
sis, portal venous air, intraperitoneal air, 
megacolon), or endoscopic visualization (irre-
versible necrosis of the colonic mucosa and 
muscularis) [62, 65]. Surgery is also indicated 
in patients with less severe endoscopic evi-
dence of ischemia, if there is evidence of MOF 
or if the patient fails to improve within 24–48 h 
of maximal medical management. In this popu-
lation, laparoscopy can be helpful as it can 
detect the presence of transmural gangrene of 
the affected part of the large bowel, with/with-
out perforation and peritonitis [69, 23]. 
Delayed operative intervention may be indi-
cated for ongoing diarrhea, continued lower GI 
bleeding, or persistent colitis despite 14  days 
of treatment. Chronic indications for surgery 
include symptomatic colonic strictures and 
protein-losing colopathy.

In the operating room, determining the 
extent of resection can be a challenge, but all 
gangrenous bowel must be resected. This is 
most often done via midline laparotomy. The 
external appearance of healthy serosa may 
obscure underlying submucosal infarction. An 
intraoperative colonoscopy can be used when 
there is a question [34]. Other intraoperative 
tools to evaluate the perfusion of the colon 
include Doppler ultrasonography, photople-
thysmography, oxygen electrodes, pulse oxim-
etry of transcolonic oxygen saturation, and 
fluorescein. The most common method, uni-
versally applicable evaluation, is direct inspec-
tion by the bowel in question to verify 
adequacy of the surgical margins [89]. As 
many as 25% of patients may need an addi-
tional resection [78].

Resectional procedures may be done also in 
cases of chronic ischemia, i.e., chronic segmental 
colitis with recurrent sepsis, and colonic stric-
tures causing obstructive symptoms. Patients 
who have developed a stricture after an acute epi-
sode of IC or have a stricture as a result from 
chronic ischemia may be treated with segmental 
colectomy [43, 89].

 Outcomes

The prognosis after an episode of IC is related 
mainly to the degree of ischemic insult to the 
mural tissues [89]. Most cases are mild and of 
short duration resolving rapidly with nonopera-
tive management. These cases have an excellent 
prognosis, and two-thirds or more of these 
patients can be successfully managed without an 
operation [23]. Complete clinical recovery can be 
expected within 2  weeks, with improvement of 
mucosal findings [89]. The overall mortality for 
IC is 22%, which rises to 39% for severe cases 
requiring a partial or total colectomy [21, 75, 91].

Overall predictors of poor outcomes include 
male gender, tachycardia, a lack of rectal bleed-
ing, peritonitis, septic shock, and location of 
ischemia in the right colon [68, 82]. Severe 
comorbidities, such as liver disease, renal dis-
ease, and congestive heart failure, increase mor-
tality. Lower socioeconomic status also portends 
toward a worse prognosis and likely represents 
poorer overall health status [75].

Approximately 20% of patients will need 
emergency surgical intervention, and this por-
tends a poor prognosis [43, 49, 75, 77, 89]. The 
majority of postoperative deaths occur within 
30 days of surgery [53, 89]. Pre-existing cardiac 
failure (ejection fraction of <20%), acute kidney 
injury, metabolic acidosis and a pressor require-
ment, previous history of cardiovascular surgery, 
ASA score ≥ 4, and surgical delay ≥3 days are 
independent risk factors for postoperative mortal-
ity [67, 75].

For most patients, the long-term prognosis for 
IC is favorable. Recurrence rates are about 3% 
within 1 year and increase yearly to nearly 10% 
at 5 years. Survival rate 5 years after admission 
for IC is 69% and most of the deaths are unre-
lated to IC [16].

 Conclusion

Ischemic colitis has a variable and nonspecific 
presentation and makes the diagnosis difficult, 
even for seasoned providers. Clinical suspicion 
should be piqued by the presence of identified 
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risk factors that can lead to earlier recognition of 
this potentially lethal disease. CT and colonos-
copy are the best initial tools to evaluate for 
IC. Most cases respond with nonoperative man-
agement, but surgery may be needed. Prompt 
diagnosis and treatment are of vital importance 
but must start with clinical suspicion of this 
often-insidious condition.

Key Points

• IC is the most common type of intestinal 
ischemia.

• The mechanism of ischemic colitis is typically 
hypoperfusion.

• Presenting symptoms are abdominal pain and 
tenderness followed by hematochezia.

• Focal vascular lesions are unusual; therefore 
angiography has a limited role.

• Computed tomography is an excellent screen-
ing tool.

• Colonoscopy is the diagnostic gold standard 
and is safe when performed carefully.

• Most cases can be treated with supportive 
care.

• Twenty percent of patients will require sur-
gery despite medical management because of 
peritonitis, full-thickness necrosis, MOF, or 
clinical deterioration.

• Severe cases managed nonoperatively should 
be monitored for late complications.
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Ogilvie’s Syndrome

Morgan Schellenberg and Kazuhide Matsushima

 Introduction

Ogilvie’s syndrome is a condition wherein the 
colon becomes dilated without a mechanical 
cause of obstruction. It is also known as acute 
colonic pseudo-obstruction. Ogilvie’s syndrome 
is the eponymous term, named after William 
Heneage Ogilvie, a Chilean surgeon born in the 
1800s who first described the condition. This 
original description was based on two of his 
patients, both with retroperitoneal tumors invad-
ing the celiac plexus, who had acute colonic 
obstruction without a mechanical cause [1]. 
Because of the involvement of the celiac plexus, 
he postulated that a disorder of sympathetic 
innervation was the likely precipitant of this con-
dition. With further study of the condition over 
the past century, it now appears that acute pseudo-
obstruction of the colon is likely the result of 
parasympathetic, and not sympathetic, dysfunc-
tion [2], but the pathophysiology remains incom-
pletely understood. Most agree that the condition 
is related to autonomic dysfunction within the 
gastrointestinal tract, with decreased parasympa-
thetic tone to the colon resulting in colonic dila-
tion that mimics obstruction but without a 
mechanical obstruction. Alternate theories sug-

gest that the pathophysiology involves decreased 
splanchnic blood flow [3–5] or decreased sys-
temic levels of prostaglandin E [3, 6, 7].

 Epidemiology

Ogilvie’s syndrome occurs almost exclusively 
among hospitalized or institutionalized patients 
with a precipitating event. Patients are commonly 
elderly, with a mean age of 64–74 years [8, 9]. 
The risk factors for Ogilvie’s syndrome are 
extensive (Table 27.1). According to a large case 
series (n  =  1027), the most frequent inciting 
events are surgery, cardiorespiratory disease, and 
nonoperative trauma [8]. Of the surgical precipi-
tants, orthopedic and obstetric surgical patients 
seem to be at especially high risk. In addition to 
typically being hospitalized patients of advanced 
age with a predisposing event, these patients fre-
quently have underlying medical disorders. 
These can be neurologic, for example, dementia; 
metabolic, such as diabetes mellitus, hypokale-
mia, or uremia; oncologic; or infectious, such as 
from cytomegalovirus or herpes zoster [3, 10] 
(Table 27.1). Certain medications, including tri-
cyclic antidepressants, alpha agonists, calcium 
channel blockers, laxatives, and especially nar-
cotics, can precipitate or worsen colonic 
 pseudo-obstruction. Because advanced age, 
immobility, polypharmacy, and medical comor-
bidities are risk factors, Ogilvie’s syndrome is 
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especially common in the intensive care unit 
(ICU).

 Presentation

Patients with Ogilvie’s syndrome present with 
symptoms similar to those seen with mechanical 
bowel obstruction, including nausea, vomiting, 
abdominal pain, and obstipation. The differential 
diagnosis is broad but should include any type of 
mechanical large bowel obstruction. Mechanical 
causes of large bowel obstruction include, most 
commonly, a colonic mass; diverticular disease, 
including stricture; and colonic volvulus, typi-
cally sigmoid or cecal. Other less common causes 
of mechanical large bowel obstruction include 
inflammatory bowel disease and hernias. In addi-
tion to these mechanical causes, toxic megacolon 
must be considered. This can occur as a result of 

chronic or severe inflammatory bowel disease 
(IBD) or from an infectious colitis, such as C. dif-
ficile. Although toxic megacolon can also occur 
after ischemic or collagenous causes of colitis, 
these are rare etiologies [11]. While toxic mega-
colon and Ogilvie’s syndrome present similarly 
radiographically, these entities can often be eas-
ily distinguished clinically because patients with 
toxic megacolon are typically quite sick, with dif-
fuse abdominal pain and signs of systemic toxic-
ity, while patients with Ogilvie’s syndrome are 
often systemically well. The clinical history is 
also typically discriminating, with patients with 
toxic megacolon having antecedent signs and 
symptoms of IBD or infectious colitis.

When assessing a patient for potential 
Ogilvie’s syndrome, the differential diagnosis 
must be kept in mind, and questions should be 
targeted toward narrowing the differential diag-
nosis, searching for a suggestive history, the pres-
ence of constitutional or extraintestinal 
symptoms, past medical and surgical history, and 
medications. Physical examination begins with 
vital signs and general inspection. Although mild 
tachycardia may occur with Ogilvie’s syndrome, 
related to poor oral intake and resultant volume 
depletion, marked tachycardia, hypotension, or 
fever should raise concern for perforation. Visual 
inspection typically reveals a markedly distended 
abdomen. Mild diffuse tenderness can be 
expected, but peritonitis is concerning for perfo-
ration. The clinician should note the presence or 
absence of abdominal wall hernias.

 Investigations

 Laboratory Investigations

If the history and physical examination are con-
cerning for Ogilvie’s syndrome, the next steps 
are laboratory and imaging investigations. 
Laboratory evaluation should begin with a com-
plete blood count, complete metabolic panel, and 
measurement of the serum lactate. 
Hemoconcentration may be evident, with an ele-
vated white blood cell count or hematocrit. A 
marked leukocytosis should raise concerns for an 

Table 27.1 Etiologies and risk factors for Ogilvie’s 
syndrome

Etiologies and risk factors
Neurologic Dementia/delirium

Parkinson’s disease
Cerebrovascular accident (CVA)

Respiratory Pneumonia
Chronic obstructive pulmonary 
disease (COPD)
Need for mechanical ventilation

Cardiovascular Arrhythmia
Myocardial infarction (MI)
Congestive heart failure (CHF)

Gastrointestinal Intra-abdominal infection
Intra-abdominal hematoma
Trauma
Gastrointestinal bleeding
Abdominal compartment 
syndrome

Metabolic/
endocrine

Uremia
Diabetes mellitus (DM)
Electrolyte abnormalities
Need for dialysis

Musculoskeletal Immobility
Surgical Pelvic/hip surgery

Cesarean section
Abdominal surgery

Pharmacologic Opioids
Laxatives
Anticholinergic medications
Dopamine agonists
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underlying infectious etiology or perforation. 
The metabolic panel should be inspected for 
electrolyte abnormalities, particularly hypokale-
mia, hypomagnesemia, and hypocalcemia. There 
may also be evidence of prerenal acute kidney 
injury. Finally, serial measurements of the serum 
lactate can be a useful reflection of the degree of 
bowel ischemia.

 Imaging Investigations

Patients with abdominal pain and distension typi-
cally undergo an abdominal X-ray (AXR) as the 
initial imaging investigation. Findings of colonic 
dilation can be due to mechanical or pseudo-
obstruction (Fig.  27.1). Patients who have an 
incompetent ileocecal valve may also show small 
bowel dilation. Importantly, the AXR is not spe-
cific for the diagnosis of Ogilvie’s syndrome and 
cannot rule out a mechanical obstruction. The 
value of AXR in this setting is twofold. It should 
be inspected for free air and pneumatosis, which 
indicate hollow viscus perforation and bowel 

ischemia, respectively, and are triggers for 
exploratory laparotomy in the appropriate clini-
cal setting. Secondly, the AXR should be 
inspected for alternate diagnoses, such as a sig-
moid volvulus, which presents with colonic dila-
tion and a typical “coffee bean” sign.

Patients with a physical examination showing 
peritonitis with free air demonstrated on AXR 
should be brought directly to the operating room 
for exploratory laparotomy. Other patients with 
stable vital signs and a history, physical examina-
tion, and AXR consistent with large bowel 
obstruction without evidence of perforation 
should next undergo a computed tomography 
(CT) scan of the abdomen and pelvis. The CT 
scan should be inspected for colonic dilation and 
signs of bowel ischemia or perforation (Fig. 27.2). 
Additionally, the CT scan should be used to 
exclude a mechanical cause for the colonic dila-
tion. Findings suggestive of malignancy, includ-
ing colorectal lesions and signs of metastases, 
should be sought, as well as alternate diagnoses 
including hernias, volvuli, and diverticular dis-
ease (Fig. 27.3). Intravenous (IV) contrast should 
be used unless contraindicated, since IV contrast 
allows the clinician and radiologist to assess the 
bowel wall for viability. Oral contrast is of lim-
ited additional value and is typically forgone. 
Rectal contrast is not used routinely but can be 
helpful to define or exclude a colorectal mass in 
rare cases where CT scan is equivocal for 
mechanical obstruction [12].

Ogilvie’s syndrome tends to affect the cecum 
and right colon principally because the bowel 
wall is thinnest in these locations. Measurements 
should be taken of the maximum diameter of the 
transverse colon and cecum on abdominal imag-
ing. Diameters greater than 9  cm and 12  cm, 
respectively, have been shown to indicate 
impending perforation [3, 13].

A diagnosis of Ogilvie’s syndrome is one of 
exclusion. In particular, mechanical causes of 
colonic obstruction must be ruled out. 
Historically, contrast enemas were performed to 
exclude an obstructing lesion. CT scan now has 
sufficient sensitivity (96%) to rule out an obstruc-
tion lesion, and therefore contrast enemas to 
exclude distal obstruction in Ogilvie’s syndrome 

Fig. 27.1 Abdominal X-ray of a patient with Ogilvie’s 
syndrome. Dilation of the colon and small bowel is 
demonstrated
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are rarely necessary [12]. If used, water-soluble 
contrast (e.g., gastrografin) is preferred because 
of the risks of barium peritonitis if perforation 
has not been excluded. Although barium allows 
for a more detailed assessment of the mucosa 
than gastrografin, this advantage is rarely rele-
vant in this clinical scenario [14]. In addition to 
excluding a mechanical cause for colonic obstruc-

tion, contrast enemas may help relieve pseudo-
obstruction osmotically by stimulating the 
evacuation of intraluminal contents [15]. 
However, concerns about inducing perforation in 
patients with marked colonic distension limit the 
clinical utility of contrast enemas in Ogilvie’s 
syndrome.

 Management

Once alternate diagnoses have been excluded, the 
management of Ogilvie’s syndrome is performed 
in a stepwise fashion and aims to prevent colonic 
distension to the point of colonic ischemia, 
necrosis, or perforation. Treatment begins with 
supportive measures, including intravenous fluid 
administration, nasogastric (NG) and rectal tube 
placement, electrolyte repletion, treatment of any 
precipitating conditions, and cessation of caus-
ative medications. If these measures are unsuc-
cessful, decompression should be attempted 
either pharmacologically with neostigmine or 
endoscopically. Surgery is reserved for cases that 
are refractory to supportive treatment and phar-
macologic or endoscopic decompression and for 
patients with evidence of perforation or 
ischemia.

a

b

Fig. 27.2 CT scan of a patient with Ogilvie’s syndrome. 
Colonic dilation and pneumatosis (arrow) of the cecum 
and ascending colon are noted

Fig. 27.3 CT scan of a patient with a large bowel obstruc-
tion due to sigmoid colon diverticular stricture. The CT 
scan of a patient with colonic dilation must be inspected 
for causes of mechanical obstruction, including diverticu-
lar disease (arrow)
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 Supportive Treatment

Many patients with Ogilvie’s syndrome will 
resolve after a brief period of supportive treat-
ment consisting of bowel rest, early ambulation, 
intravenous fluids, electrolyte replacement, and 
discontinuation of inciting medications, particu-
larly narcotics. Bowel rest should involve the 
placement of a NG tube as well as a rectal tube.

Close clinical monitoring is a hallmark of ini-
tial supportive management, with serial abdomi-
nal examinations and frequent re-evaluation of 
vital signs in order to detect the development of 
peritonitis, tachycardia, hypotension, or fever in 
a timely fashion. Any of these signs can indicate 
perforation and the need for surgical interven-
tion. Some advocate for serial AXRs at 12–24-h 
intervals in order to track cecal diameter and 
inspect for evidence of perforation [16].

Because of the concern for mucosal and ulti-
mately full-thickness ischemia and perforation as 
the result of marked and persistent colonic disten-
sion, most clinicians consider pharmacologic or 
endoscopic decompression once the patient has 
been treated with supportive measures for 24–48 h 
or if the cecal diameter approaches 12  cm on 
AXR. The precise timing is not well defined by 
the current literature, although the available evi-
dence suggests that supportive treatment alone 
will resolve the pseudo-obstruction in up to 70% 
of patients by a median time of 1.6 days [17, 18]. 
For patients who fail supportive management 
alone, the choice of decompression strategies 
remains controversial and largely depends on the 
institutional resources and patient factors.

 Pharmacologic Decompression: 
Neostigmine

Neostigmine is a reversible acetylcholinesterase 
inhibitor that exerts its effects on the gastrointes-
tinal tract by increasing the availability of acetyl-
choline and activating muscarinic receptors in the 
mucosa and smooth muscle. This, in turns, causes 
muscle contraction, which allows for the elimina-
tion of colonic gas and stool and thereby resolves 
colonic pseudo-obstruction. To relieve pseudo-

obstruction, 2 mg is typically given by slow IV 
pushover several minutes. Neostigmine can be 
expected to exert its effects rapidly, with a median 
response time of 4  min but ranging upward of 
30 min [19]. If a single 2 mg dose of neostigmine 
does not resolve symptoms, it can be redosed 
twice at 3-h intervals as necessary (for a maxi-
mum total dose of 6 mg) [10, 20–22].

Because of its mechanism of action, neostig-
mine can have important cardiac effects. 
Consequently, patients should be placed on a car-
diac monitor prior to drug administration. 
Although they seldom occur (<7%) [19], brady-
cardia and hypotension should be anticipated and 
treated with atropine and IV fluid bolus if they 
occur. Cardiac monitoring and close clinical 
evaluation should continue for at least 30  min 
after administration, which is often best achieved 
in an ICU setting.

In addition to the potential cardiac effects, 
other side effects are neurologic (seizures, trem-
ors, restlessness); respiratory (bronchoconstric-
tion); and gastrointestinal (nausea, vomiting, 
diarrhea, abdominal pain). Because of the side 
effect profile of neostigmine, it should not be 
used to decompress patients with Ogilvie’s syn-
drome who have a history of cardiac disease (bra-
dycardia, rate-controlling medications such as 
beta-blockers, or recent myocardial infarction), 
asthma, or peptic ulcer disease.

In patients without these contraindications, 
neostigmine is an excellent option to relieve 
pseudo-obstruction. In fact, major gastroenterol-
ogy guidelines recommend neostigmine as the 
decompression method of choice among patients 
who fail supportive therapy alone [14]. A recent 
meta-analysis showed neostigmine to be approxi-
mately 90% effective in treating Ogilvie’s syn-
drome [19], although some individual studies 
reported success rates as low as 35–49% [23, 24] 
or as high as 91% [22].

 Endoscopic Decompression

Colonoscopy can be used to decompress the 
colon in Ogilvie’s syndrome. Evacuation of the 
colonic gas using a standard colonoscope resolves 
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colonic pseudo-obstruction in 75–90% of cases 
[24]. Although there is some concern about the 
risk of perforation with endoscopy in the setting 
of acute distension, studies show the risk of per-
foration is no different after colonoscopy as com-
pared to either neostigmine or the natural history 
of untreated Ogilvie’s syndrome (all approxi-
mately 4%) [24]. Proponents of the endoscopic 
decompression first strategy, followed by neo-
stigmine administration if this fails, argue that 
colonoscopy is more successful than neostigmine 
after a single intervention (75–81% vs 36–49%) 
[23, 24]. Additionally, endoscopy avoids the side 
effect profile of neostigmine, which can be sig-
nificant especially in terms of its cardiovascular 
risks in the elderly and comorbid population typi-
cally affected by Ogilvie’s syndrome. However, 
colonoscopy does require endoscopy equipment, 
trained nurses, and an endoscopist.

Leaving a rectal tube at the completion of the 
endoscopic decompression is a key maneuver to 
allow for continued decompression and prevent 
recurrence. One study showed that leaving a rec-
tal tube in place increased the success of endo-
scopic decompression from 25% to 80% [25]. It 
is unclear where the rectal tube should be ideally 
positioned to achieve decompression. Some 
authors advocate for placing the decompressive 
tube in the cecum or right colon to achieve maxi-
mum benefit, but this can be technically 
challenging.

No studies comparing cost-effectiveness 
between endoscopic and pharmacologic decom-
pression have yet been done. Additionally, spe-
cific patient populations that may respond better 
to one decompression strategy over the other 
have not yet been well defined. One recent study 
shows that advanced age and male gender pre-
dicted poor response to endoscopic decompres-
sion [23]. However, no patient factors or inciting 
etiologies were predictive of failure or success 
with neostigmine administration [23].

It is likely that there are subgroups of patients 
who will respond better to decompression with 
one technique versus the other, but these groups 
are currently undefined. At this time, it is clear 
that patients with bradycardia or hypotension 
should not receive neostigmine, and therefore 

that endoscopic decompression should be 
attempted if conservative measures fail. In the 
absence of cost data and further information 
about rates of response to therapy among specific 
subgroups, the decision between endoscopic and 
pharmacologic decompression for most patients 
is guided by resource availability and clinician 
preference. If a patient does not respond to 
decompression by one method, the other tech-
nique of decompression should be attempted 
next.

 Surgery

Surgery is indicated for patients with perforation, 
impending perforation, and those who fail man-
agement with supportive treatment, endoscopic 
decompression, and neostigmine. A precise and 
universally accepted definition of impending per-
foration is lacking but is considered by most to be 
a cecal diameter >9–12 cm. At that degree of dis-
tension, the cecal and ascending colonic walls are 
so thin that perforation is imminent.

Prior to intubation, the NG tube must be con-
firmed to be in proper position in the stomach and 
connected to wall suction to minimize the risks of 
aspiration on induction. It is prudent to treat these 
patients as though they have a full stomach and 
perform a rapid sequence induction for intuba-
tion. Perioperative antibiotics should be adminis-
tered prior to skin incision. The operation should 
begin with an exploration of the abdomen to con-
firm the absence of a colonic mass, evidence of 
malignancy, or other precipitating factors such as 
a large retroperitoneal hematoma or intra-abdom-
inal abscess.

The surgical procedure of choice for the man-
agement of pseudo-obstruction is controversial. 
There are many surgical options (proximal diver-
sion alone, segmental colectomy, and subtotal 
colectomy) and no high-quality data to guide the 
decision-making. Practically, the surgeon must 
evaluate the status of the entire colon before plan-
ning the surgical approach. Serosal tears, evi-
dence of ischemia, and sites of perforation must 
be noted. In a poor surgical candidate without 
perforation or compromise of bowel wall integ-
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rity, an ostomy might be the simplest, quickest, 
and most prudent course of action.

Perforation or ischemia, which occurs in up to 
15% of all patients with Ogilvie’s syndrome [3], 
necessitates resection. A segmental resection can 
be considered if the colonic distension and com-
promised area are relatively limited. In general, a 
subtotal colectomy is preferred for Ogilvie’s syn-
drome that requires operative intervention. A pri-
mary anastomosis with or without proximal 
diversion or an end ileostomy can be considered.

 Prognosis

Ogilvie’s syndrome tends to recur after treat-
ment. Recurrence rates after either pharmaco-
logic or endoscopic decompression approach 
40% within the first few days of treatment [3, 26]. 
One study showed that polyethylene glycol 
(PEG) solution administration after the achieve-
ment of colonic decompression resulted in a sig-
nificantly lower rate of pseudo-obstruction 
recurrence within the first 7 days [27]. Data on 
sustained response to treatment beyond 7  days 
are very limited. Avoidance of risk factors (such 
as immobility, electrolyte abnormalities, and pre-
cipitating medications) is likely the best approach 
to preventing recurrence.

Surgery is infrequently required, with only 
approximately 6% of patients requiring operative 
intervention [28]. However, the need for surgery 
significantly increases the risk of mortality among 
patients with Ogilvie’s syndrome, from 14% to 
30% for patients managed nonoperatively to 
30–50% among those managed operatively [3].

 Conclusions
Ogilvie’s syndrome, or acute colonic pseudo-
obstruction, most commonly affects patients 
>60 years of age and occurs after an inciting 
event, including orthopedic surgery, nonoper-
ative trauma, and cardiorespiratory failure. 
Patients typically present with abdominal 
pain, distension, and obstipation. The diagno-
sis of Ogilvie’s syndrome is one of exclusion. 
CT scan of the abdomen and pelvis can reli-
ably exclude a mechanical large bowel 

obstruction, and contrast enemas are rarely 
necessary. The management of Ogilvie’s syn-
drome begins with supportive therapy, includ-
ing NG and rectal tube decompression, IV 
fluids, correction of electrolyte abnormalities, 
and ambulation. If this fails to resolve the 
pseudo-obstruction within 24–48  h, either 
pharmacologic decompression with neostig-
mine or endoscopic decompression should be 
attempted next. In patients with a cardiac his-
tory, neostigmine should be avoided because 
of its risks of bradycardia and hypotension. 
Patients who fail one method of decompres-
sion should next receive the other method of 
decompression before being deemed to have 
failed nonoperative management. Surgical 
management is indicated for patients with per-
foration or ischemia and for those who have 
failed treatment with supportive measures and 
decompression.
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Colon Volvulus

Rebecca E. Plevin and Andre R. Campbell

Colonic volvulus occurs when a portion of the 
large intestine becomes twisted around its mes-
entery, occluding the intestinal lumen and caus-
ing a bowel obstruction. If the colon twists 360° 
or more around the axis, the vascular supply may 
become obstructed leading to ischemia and per-
foration. Congenital conditions in children, such 
as malrotation or Hirschsprung’s disease, can 
lead to colonic volvulus. More often, though, it is 
an acquired condition that occurs in adults and 
increases in frequency with older age.

Volvulus accounts for approximately 10–15% 
of large bowel obstructions in the United States, 
making it the third most common cause of large 
bowel obstructions in Americans [1]. Rates of vol-
vulus are higher worldwide, particularly in a 
region termed the “volvulus belt” which includes 
South America, the Middle East, India, Africa, and 
Russia [2–4]. In these regions, volvulus accounts 
for as much as 50% of large bowel obstructions. 
The sigmoid colon is the site of torsion in approxi-
mately two thirds of patients. The remaining cases 
involve the cecum (15–30%), transverse colon 
(2–5%), or splenic flexure (1%) [5, 6].

 Etiology and Pathophysiology

Volvulus usually occurs in an elongated segment 
of colon connected to a long mesentery and a nar-
row mesenteric base. The long segment of colon 
is prone to twisting around its mesenteric pedicle, 
particularly if the base of the mesentery is nar-
row. This results in bowel obstruction, dilation, 
and ischemia and perforation if not promptly 
treated.

Conditions associated with elongation of the 
colon predispose a patient to sigmoid volvulus. 
The rate of sigmoid volvulus in the United States 
increases with advanced age, with the average 
patient being between 60 and 80  years old [6]. 
Chronic constipation, frequent laxative or enema 
use, and spinal cord injury are common risk fac-
tors. Men are more prone to sigmoid volvulus 
than women. This has been attributed through 
anatomic studies to the finding that the male sig-
moid mesentery is longer than it is wide, while the 
reverse is true in women [7]. Psychiatric disease, 
and particularly disease treated with psychotropic 
medications, is also associated with higher rates 
of sigmoid volvulus [8]. This is likely due to the 
constipating effects of many psychotropic medi-
cations. Patients living in the “volvulus belt” who 
develop the condition, in contrast, are typically 
younger (40–50 years of age) and healthier than 
volvulus patients in the United States.

The term “cecal volvulus” may actually refer 
to one of several clinical entities. Despite the 
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name, cecal volvulus more frequently involves 
torsion of a mobile ascending colon distal to the 
ileocecal valve. However, there are occasional 
true cases of cecal volvulus where a mobile 
cecum and ascending colon twist around the 
colonic mesentery. Patients who develop cecal 
volvulus are younger; the typical cecal volvulus 
patient in the United States is 40–60  years old 
and is more often female. Cecal bascule is a simi-
lar but distinct clinical entity where the cecum 
folds anteriorly on itself, causing an obstruction. 
Cecal bascule occurs in patients with adhesive 
bands anterior to the cecum or ascending colon. 
These bands form a fixed point over which the 
cecum folding occurs. Cecal bascule may occur 
intermittently and then resolve, causing symp-
toms of intermittent obstruction.

Transverse colon and splenic flexure volvulus 
are rare clinical entities described largely in case 
reports. The transverse colon mesentery tends to 
be broad, short, and well fixated to the retroperi-
toneum, making the transverse colon an unlikely 
site for torsion. When transverse colon volvulus 
does occur, it is usually in the setting of underly-
ing pathophysiology that causes lengthening of 
the mesentery (e.g., chronic constipation or neu-
ropsychiatric disorders), lack of colonic fixation 
at the splenic or hepatic flexures, or congenital 
malrotation [9, 10]. Splenic flexure volvulus is 
even less common. It occurs in patients who lack 
retroperitoneal fixation of the splenic flexure or 
who have undergone surgery with transection of 
these points of fixation [11, 12].

 Sigmoid Volvulus

 Presentation

Symptoms of volvulus occur along a spectrum 
ranging from intermittent or chronic dysmotility 
to frank perforation. Patients with sigmoid volvu-
lus often describe a long history of constipation 
and symptoms of acute or subacute bowel 
obstruction. A careful history and physical exam 
can help suggest a colonic obstruction, but imag-
ing studies are typically necessary to precisely 
localize the site and etiology of the patient’s 

symptoms. As the colon torses, its lumen occludes 
and the colon distends (Fig. 28.1). Venous drain-
age is obstructed much earlier than the arterial 
inflow, and as a result, patients may not present 
with the sudden onset of acute abdominal pain 
that is seen with mesenteric ischemia. Instead, 
they often report slow-onset cramping abdominal 
pain that worsens, becomes constant, and is 
accompanied by progressive distention. 
Obstipation is common. Because the sigmoid 
colon can spontaneously detorse, patients may 
report symptoms that were relieved by an explo-
sive episode of large volume diarrhea, only to 
later recur. Vomiting is often absent or is a late 
finding due to the distal location of the obstruc-
tion. When present, it typically occurs after sev-
eral days of symptoms and is feculent.

On physical exam, patients who have been 
symptomatic for several days are distended, tym-
panic, and have diffuse, mild tenderness throughout 
the abdomen. With late presentations, arterial occlu-
sion and transmural pressure on the colon wall sec-
ondary to intraluminal distention  produce tissue 
ischemia. Symptoms in this setting range from focal 
to diffuse peritonitis. Hemodynamic abnormalities, 
severe pain, or rebound tenderness should alert the 
clinician to the possibility of intestinal ischemia. If 
untreated, these patients can progress to frank tissue 
necrosis, perforation, and sepsis.

Fig. 28.1 Dilated sigmoid colon with visible twisting 
secondary to sigmoid volvulus
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 Diagnosis

Radiographic studies are invaluable in diagnosing 
sigmoid volvulus. An upright or left lateral decubi-
tus X-ray is obtained to look for free air beneath 
the diaphragm, which suggests perforation and 
mandates the need for urgent exploration. The 
classic finding on abdominal X-ray in sigmoid 
volvulus is the “bent inner tube sign.” The twisted 
sigmoid colon becomes dilated, with its apex 
pointing toward the right upper quadrant and the 
twisted segment of colon in the left lower quad-
rant. Gas is typically absent from the rectum, and 
an air-fluid level may be present in the colon. Plain 
abdominal radiograph is sufficient to diagnose sig-
moid volvulus in nearly 2/3 of patients [13].

In the past, contrast enema was performed 
when the plain X-ray was nondiagnostic. It shows 
the pathognomonic “bird’s beak” narrowing of 
the colon at the distal obstruction site, with con-
trast enema present distal to the obstruction and 
absent in the proximal colon. Contrast enema 
should only be performed in patients without 
signs of perforation. Today, a CT scan is most 
often obtained if the plain abdominal X-ray fails 
to elucidate a diagnosis. CT has nearly 100% 
accuracy for diagnosis of sigmoid volvulus and is 
therefore of great utility [14]. Classic CT scan 
findings include a closed-loop colonic obstruc-
tion and a mesenteric “whirl” where the colonic 
vasculature becomes twisted around the mesen-
teric axis (Fig. 28.2).

 Management

Management of sigmoid volvulus has two aims: 
to relieve the obstruction and to prevent recur-
rence. Endoscopic detorsion was first described 
in 1947 by Bruusgaard [15] and continues to be 
the initial treatment for sigmoid volvulus today. 
In the stable patient, endoscopic decompression 
relieves the obstruction and allows definitive sur-
gery to be performed electively once the patient 
has been resuscitated and medically optimized. 
Endoscopy is only appropriate in patients with-
out signs of perforation or colonic ischemia; 
patients with these signs should undergo urgent 
operative exploration. Endoscopic detorsion can 
be performed with a rigid or flexible sigmoido-
scope or colonoscope. Detorsion with a rigid sig-
moidoscope was classically performed with the 
patient positioned on their hands and knees. 
However, this can be difficult for patients, par-
ticularly the elderly or those with significant 
abdominal pain. Instead, flexible sigmoidoscopy 
is performed with the patient in the left lateral 
decubitus position. The mucosa is examined for 
signs of bowel ischemia such as ulceration or 
necrosis. If these are encountered, the procedure 
is aborted and the patient prepared for surgery. If 
the colon mucosa appears healthy, the endoscope 
is gently advanced until a rush of air and feces 
(often quite dramatic) occurs as the colon 
detorses. A rectal tube is advanced past the site of 
torsion to prevent recurrent volvulus and to facili-
tate decompression of the proximal bowel. An 
abdominal radiograph is obtained to confirm suc-
cessful detorsion. If the procedure is unsuccess-
ful, the patient is taken to the operating room.

Endoscopic decompression is successful in 
80% of patients, but without surgical treatment, 
approximately 70% will have a recurrence. 
Aggressive resuscitation and optimization are 
crucial to operative success. In the elderly patient 
population with multiple medical comorbidities, 
careful attention is paid to cardiopulmonary sta-
tus, renal function, and fluid balance. The patient 
should undergo formal bowel preparation and 
complete colonoscopy in order to identify any 
neoplasms at the site of torsion or in the proximal 
colon. There is ongoing debate about whether 

Fig. 28.2 62-year-old man with sigmoid volvulus. CT 
scan demonstrates dilated sigmoid colon and mesenteric 
“whirl sign” (arrow)
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bowel preparation is necessary in patients who 
have had a recent colonoscopy (and thus do not 
require bowel preparation for this purpose). 
Bowel preparation has been the standard for elec-
tive colon resection, but recent data suggests that 
it may be unnecessary and may adversely impact 
outcomes. In addition, studies have demonstrated 
that patients with penetrating colon trauma can 
undergo resection and primary anastomosis with-
out increased infection rates. Thus, it is likely 
safe to omit bowel preparation in patients who do 
not require it for preoperative colonoscopy.

In the past, patients with sigmoid volvulus 
were sometimes treated with pexy of the sigmoid 
colon to the pelvic sidewall, which was thought 
to decrease the risk of recurrent volvulus. This 
operation takes less time than colon resection and 
was thus attractive in fragile patients with medi-
cal comorbidities. Unfortunately, the recurrence 
rate with sigmoidopexy is unacceptably high (up 
to 50%), and thus we do not recommend this 
procedure.

If endoscopic detorsion is unsuccessful or 
there is concern for colon necrosis, the involved 
colon should be resected without detorsion to 
avoid releasing inflammatory mediators from the 
necrotic bowel into the circulation. To minimize 
spillage in patients who did not undergo bowel 
preparation, an intestinal clamp is placed on the 
proximal colon. The proximal and distal resec-
tion sites are identified. The mesentery in the 
specimen is divided prior to colon resection using 
either the clamp-and-tie technique or the 
LigaSure. The colon is then divided and passed 
off the field. If there is no concern for colonic 
ischemia on preoperative endoscopy, the colon 
can be detorsed prior to resection.

 Colostomy Versus Primary Anastomosis
If the volvulus is successfully detorsed and an 
elective operation performed, primary colon 
anastomosis is appropriate provided the patient is 
hemodynamically stable, is well nourished, and 
does not have signs of colon necrosis. A tempo-
rary protective ileostomy can decrease the com-
plications associated with anastomotic leak. 
Primary anastomosis is sometimes performed in 
patients who require surgery in the acute setting, 

but we feel that these patients should all have a 
protective diverting ostomy. Sigmoid resection 
with end colostomy (Hartmann’s procedure) is 
used in patients who are hemodynamically unsta-
ble or show systemic signs of sepsis. Hartmann’s 
procedure is generally also indicated in patients 
who have necrotic colon at the time of surgery 
and are nutritionally depleted or immunosup-
pressed or those who have fecal incontinence at 
baseline.

Laparoscopic management of sigmoid volvu-
lus has been successfully performed in recent 
years, and research demonstrates that the laparo-
scopic approach is safe [16]. However because 
there is limited intraperitoneal working space in 
patients with a hugely dilated colon, we recom-
mend open surgery when the colon cannot be 
detorsed preoperatively. In patients who undergo 
endoscopic decompression and bowel prepara-
tion, the same resection options exist by the lapa-
roscopic approach as for the open. Advantages to 
laparoscopic surgery are that it is better tolerated 
in patients with severe pulmonary disease and 
may convey a lower risk of wound complications 
in those at high risk of infection or dehiscence. 
The experience and skill of the surgeon is of par-
amount importance when deciding whether to 
attempt laparoscopic management.

 Cecal Volvulus

 Presentation

As discussed above, patients with cecal volvulus 
are typically younger and more often female than 
patients with sigmoid volvulus. In cecal volvulus, 
the ascending colon and cecum are mobile and 
have minimal attachments to the retroperito-
neum. This mobility allows the ascending colon 
and cecum to rotate around the mesenteric axis, 
causing a true volvulus, or allows the cecum to 
fold up anteriorly on itself, causing a cecal 
bascule.

Cecal volvulus and bascule are difficult to 
diagnose because the symptoms are often non-
specific. Patients with a true cecal volvulus may 
describe sudden right-sided abdominal pain, dis-
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tention, and tenderness to palpation. The symp-
toms of a cecal volvulus are more acute than 
those of a sigmoid volvulus, so these patients 
may seek medical attention earlier. Patients with 
cecal bascule often present with intermittent 
obstructive symptoms as the bascule folds and 
unfolds upon itself. This can make the clinical 
diagnosis of cecal bascule challenging. Ischemia 
or perforation should be suspected in patients 
who present with localized or general 
peritonitis.

 Diagnosis

Radiographic studies are helpful in the diagnosis 
of cecal volvulus and bascule. However, up to 
15% of cecal volvulus are only diagnosed at lapa-
rotomy [17]. An upright or left lateral decubitus 
X-ray is obtained to evaluate for free air below 
the diaphragm. In cecal volvulus the classic find-
ing on abdominal X-ray is an air-filled, ahaustral 
cecum that extends from the right lower quadrant 
to the mid-abdomen or left upper quadrant. CT 
scan is useful when the diagnosis is unclear from 
plain X-rays. CT scan shows a dilated ileum and 
cecum with abrupt cutoff in the right lower quad-
rant. A “whirl sign” may be visible as the cecum, 
ascending colon, and mesentery swirl around the 
vascular pedicle [18].

In cecal bascule, the mobile distal portion of 
the cecum folds cephalad and anteriorly, causing 
an intermittent obstruction of the colon lumen. It 
can be difficult to appreciate a cecal bascule on 
X-ray, and abdominal CT scan will only reveal 
the process if performed while the cecum is 
obstructed.

 Management

Colonoscopic decompression is rarely successful 
in cecal volvulus. As a result, surgery is the treat-
ment of choice. Right hemicolectomy with pri-
mary ileocolic anastomosis is effective and has 
low morbidity and mortality, making it ideal in 
all patients who are able to tolerate the operation. 
Hemicolectomy is preferred to ileocectomy 

because in many cases the volvulized segment 
involves the ascending colon. The recurrence rate 
after right hemicolectomy with primary anasto-
mosis is less than 10% [19]. In a true cecal bas-
cule, ileocectomy and primary anastomosis are 
appropriate if the ascending colon is appropri-
ately fixed to the retroperitoneum. Detorsion and 
cecopexy or cecostomy were used in the past for 
frail patients who could not tolerate a long opera-
tion. Approximately 1/3 of these patients will 
have a recurrence, though, so these procedures 
are not recommended.

Colon resection with primary anastomosis is 
appropriate in many cases of emergent cecal vol-
vulus. Even in patients with cecal perforation or 
gangrene, primary anastomosis is preferred 
because it has lower rates of anastomotic leak 
(0–9%) and mortality (0–23%) than resection 
with diversion [19, 20]. Hemodynamically unsta-
ble patients, however, should undergo resection 
and end ileostomy in order to decrease operative 
time. As with sigmoid volvulus, a necrotic cecum 
should not be detorsed prior to resection in order 
to avoid reperfusion injury and worsening acido-
sis. Instead, the proximal and distal points of 
resection are identified, bowel clamps are applied, 
and the mesentery is transected. The colon and 
ileum are transected last, and the specimen is 
passed directly off the field to avoid spillage. 
Creation of an end ileostomy should also be 
 considered in patients at high risk of anastomotic 
leak, including those who use steroids or suffer 
from severe malnutrition.

 Transverse Colon and Splenic 
Flexure Volvulus

Volvulus of the transverse colon or splenic flex-
ure is rare, representing less than 5% of volvulus 
cases. When these conditions do occur, the pre-
sentation depends on the acuity with which the 
volvulus develops. Acute, complete volvulus 
leads to sudden onset of severe abdominal pain, 
nausea, vomiting, and abdominal distention. 
More chronic or incomplete volvulus presents 
with intermittent obstructive symptoms and 
abdominal pain. CT scan is diagnostic, demon-
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strating a volvulized loop of colon with a mesen-
teric “whirl.” The treatment for volvulus of the 
transverse colon or splenic flexure is resection of 
the involved segment. Primary anastomosis is 
performed in the clinically stable patient without 
signs of sepsis; unstable patients should undergo 
colostomy placement and mucous fistula or cre-
ation of a long Hartmann’s pouch.

 Summary

Colonic volvulus accounts for one in every ten 
cases of colonic obstruction in the United States. 
Chronic constipation and conditions that worsen 
constipation are the most common risk factor. 
Sigmoid volvulus is treated with colonic decom-
pression followed by resection, while cecal vol-
vulus and transverse colon volvulus are treated 
with resection. Management decisions, includ-
ing whether or not to perform a primary anasto-
mosis or colostomy, are based on the anatomic 
location of the volvulus, hemodynamic stability 
of the patient, and viability of the involved 
colon.
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The Treatment of Peri-Rectal 
Abscesses for the Emergency 
General Surgeon

Emily Miraflor and Gregory Victorino

 Peri-Rectal Abscess

At first appearances, the treatment of a peri-rectal 
abscess seems quite simple: drainage. However, 
there are some patient-related factors and ana-
tomic subtleties that can make what is often per-
ceived as a simple problem more complex. 
Advance knowledge of some of these factors can 
make the complex scenarios simpler and also 
prevent morbidity to the patient in the long term. 
With changing practice patterns, the acute care 
surgeon or on-call surgeon is increasingly called 
upon to manage peri-rectal infections [8] so it is 
important to be aware of which peri-rectal 
abscesses may require more advance planning 
and which can be simply drained without further 
evaluation. This chapter will offer practical 
guidelines to manage these patients.

 Anatomy

In order to treat peri-rectal abscesses appropri-
ately, it is important to understand the potential 
spaces in which these abscesses occur and the 
relationship of those potential spaces to the 

sphincter musculature. The easiest conceptual 
model used to understand anal sphincter anatomy 
is the “funnel within a funnel” model (Fig. 29.1). 
The inner funnel is made up of the rectum and the 
distal thickened circular muscle layer that com-
prises the internal anal sphincter (IAS). The outer 
funnel is the pelvic floor also known as the leva-
tor ani muscles which tapers to the external anal 
sphincter (EAS). During dissection, the IAS will 
appear white with circularly oriented muscle 
fibers since it is made up of autonomically inner-
vated smooth muscle. In contrast, the EAS is 
made up of skeletal muscle so it will be redder in 
appearance, like skeletal muscle found in other 
parts of the body. The EAS travels further distally 
than the IAS; thus the intersphincteric groove is 
apparent only when the EAS is mildly effaced. 
The entire space is confined by the bones of the 
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pelvis, laterally the ischium and posteriorly the 
sacrum. The anterior border is the vagina in 
females and the prostate in males.

Using this model the potential spaces where 
abscess can occur become easier to visualize 
(Fig. 29.2). A perianal abscess occurs just beneath 
the skin adjacent to the anal opening. An ischio-
rectal abscess forms in the space between the 
funnels and the ischium in the ischiorectal fat 
pad. An intersphincteric abscess occurs between 
the two funnels, and a supralevator abscess 
occurs above the level of the pelvic floor between 
the rectum and the levator ani complex. At the 
posterior midline, there are two potential spaces 
where abscesses can form that are important to be 
aware of due to their role in the formation of 
horseshoe abscesses (Fig.  29.3). These are the 
superficial and deep posterior anal spaces. The 
superficial posterior anal space (SPAS) is bor-
dered by the skin distally, the anal coccygeal liga-
ment superiorly, the anal canal anteriorly, and fat 
posteriorly. The deep posterior anal space (DPAS) 
is confined by the levator ani superiorly, the ano-
coccygeal ligament inferiorly, the anal canal 
anteriorly, and the sacrum posteriorly. Since the 
superior and inferior borders of the SPAS and 
DPAS are strong connective tissue structures, 
when abscesses form in these spaces, the path of 
least resistance for the spread of purulent fluid is 

into the contiguous lateral tissue planes of the 
ischiorectal spaces (Fig. 29.4).

 Etiology

The majority of peri-rectal abscesses will have 
originated from an infected anal gland. Anal 
glands are located near the dentate line and pro-
duce lubricating mucous which protects the ano-
derm during defecation. If the outflow tract of the 
gland becomes obstructed with debris, bacterial 
infection can ensue and abscesses form. The 
abscess may remain local, in the perianal space, 
or it may extend into one of the potential spaces 
described above. A small minority of abscesses 
are not due to infected anal glands but instead are 
caused by Crohn’s disease, skin infections, 
trauma, sexually transmitted diseases, or compli-
cations of radiation [1, 4, 12].

It is important to note that abscesses in the 
supralevator space have two potential etiologies. 
They can arise from an infected anal gland within 
the intersphincteric space where the purulence has 
ascended into the supralevator space, or they can 
come from an abdominal process such as diverticu-
litis, appendicitis, or a tubo-ovarian abscess where 
the purulence has descended from the abdomen 
into the supralevator space. The proper manage-
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ment of supralevator abscesses depends on deter-
mining the etiology of the infection, and this is 
explained in more detail below [4].

 Evaluation

One goal of the initial evaluation of a patient with 
a suspected peri-rectal abscess is to determine 
whether the patient can be categorized as having 
a simple abscess or a complex abscess. This clas-
sification scheme can help guide treatment, since 
a simple abscess can be readily drained either in 
the clinic, in the emergency room, or in the oper-
ating room without additional medical therapy, 
whereas, a complex abscess may require a more 
extensive workup, a specific drainage strategy, 
and an antibiotic therapy in addition to surgical 
drainage.

A simple abscess is one that is readily appar-
ent on examination, confined to a single peri-rec-
tal space, and located inferior to the pelvic floor 
in a patient with no prior history of abscesses, 

Pelvic floor
and EAS

Coccyx

Anococcygeal
ligament

2
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1 - Superficial posterior
anal space

2 - Deep posterior anal
space

Fig. 29.3 Relationship 
of the superficial and 
deep posterior anal 
spaces to the coccyx, 
rectum, and 
anococcygeal ligament

a

b

Fig. 29.4 (a) CT scan showing the ischiorectal spaces in 
continuity with the deep posterior anal space (DPAS). (b) 
CT scan of a horseshoe abscess that started in the deep 
posterior anal space and tracked laterally into the ischio-
rectal spaces
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inflammatory bowel disease, or other immuno-
compromising states. A complex abscess has any 
of the following features: not apparent on exter-
nal examination, involves more than one peri-
rectal space (e.g., an intersphincteric abscess that 
has tracked cephalad into the supralevator space), 
located superior to the pelvic floor, or presents 
with simultaneous necrosis. A patient with a 
recurrent abscess or who is immunocompro-
mised by diabetes, neutropenia, or HIV should 
also be placed into the complex category. Patients 
with inflammatory bowel disease can have sim-
ple abscesses, but since they are often immuno-
compromised or affected by other peri-rectal 
pathologies, abscesses in this population should 
be treated as complex (Table 29.1).

 Presentation and History

Nearly every patient with a peri-rectal abscess 
will present with pain. A retrospective study of 
patients with a peri-rectal abscess who presented 
to the emergency room found that 99% of them 
had a chief complaint of pain [7]. The pain is 
typically described as constant and throbbing in 
nature. Swelling was less common and found 
only in 46% of patients. About 25% had active 
drainage or a fever. A little over one third had a 
prior abscess. Patients with peri-rectal abscesses 

predictably report worsening of pain with bowel 
movements [7].

In addition to eliciting a history related to the 
suspicion of a peri-rectal abscess, it is important 
to also determine the patient’s baseline continence 
status to gas, liquid, and solid stools. A history of 
prior anorectal pathology or procedures should be 
sought, including obstetric tears. Prior medical 
history that indicates an impaired immune 
response should be determined. On review of 
symptoms, it is important to ask about urinary 
retention since that may be a sign of a more severe 
infection concerning for pelvic sepsis.

The majority of peri-rectal abscesses can be 
detected on external anal physical exam, with 
only a minority (about 10%) discovered solely on 
internal digital rectal exam findings [7]. Typical 
findings include asymmetric swelling, tenderness, 
warmth, cellulitis and fluctuance. Spontaneous 
drainage may be present. A patient with a peri-
rectal abscess is unlikely to tolerate anoscopy and 
it is generally unrevealing.

 Laboratory Studies and Imaging

Laboratory studies are often ordered prior to the 
request for surgical evaluation. In most cases 
they do not help to confirm or rule out the diagno-
sis. While a normal white blood cell count neither 
rules in nor rules out an infectious process, other 
lab values may help with some treatment deci-
sions. For instance, the chemistry panel may 
reveal poorly controlled diabetes, or it may show 
renal insufficiency that would affect medication 
or imaging choices. If labs have not been 
obtained, and the clinical situation is straightfor-
ward, it is safe to omit laboratory testing prior to 
surgical intervention.

If there is strong clinical suspicion for a peri-
rectal abscess based on physical exam, imaging 
is not necessary. In fact, surprisingly, the sensitiv-
ity of computed tomography (CT) scan to detect 
abscesses is not very high at just 77%, so a CT 
will miss about one in four abscesses. The sensi-
tivity is even lower in patients with a compro-
mised immune system. This was determined by a 
retrospective study where the authors reviewed 

Table 29.1 Characteristics of simple versus complex 
peri-rectal abscesses

Simple abscesses Complex abscesses
First occurrence Recurrent or history of 

prior anorectal procedures
Readily apparent on 
physical exam

Not apparent on exam

Confined to a single 
peri-rectal space

Involves more than one 
peri-rectal space

Located below the 
pelvic floor (levator ani)

Located above the pelvic 
floor (supralevator)

No history of 
inflammatory bowel 
disease

Accompanied by severe 
cellulitis or necrotic tissues

No 
immunocompromised 
state

Immunocompromised by 
diabetes, neutropenia, or 
immunosuppressants
Prior diagnosis of 
inflammatory bowel disease
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the imaging of patients who had a known abscess. 
They concluded that in the situation where the 
clinical findings were equivocal and a CT scan 
didn’t show an abscess, it is still worthwhile to 
perform an examination under anesthesia to eval-
uate for an abscess since the sensitivity of CT is 
less than perfect [2].

Other investigators have attempted to use 
endoanal or transperineal ultrasound to localize 
fluid collections in the setting of ambiguous clini-
cal exams. For the purposes of identifying an 
abscess, transperineal ultrasound was found to be 
equivalent to endoanal ultrasound [11]. Although, 
it is also feasible to localize peri-rectal abscesses 
at the bedside using the curvilinear ultrasound 
probe and attempts can be made at aspirating the 
collection under ultrasound guidance [3], this 
should not replace standard operative incision and 
drainage since a risk factor for recurrence of peri-
rectal abscesses is inadequate primary drainage 
[7]. Additionally, many patients with a peri-rectal 
abscess will not tolerate bedside ultrasonography 
and therefore may require examination under 
anesthesia and drainage in the operating room if 
an abscess is found to be the source of their pain.

Magnetic resonance imaging (MRI) is not nec-
essary for the patient with a simple abscess. 
However, patients with more complicated presen-
tations, recurrent abscesses, or suspected fistulas 
are good candidates for MRI to help guide ther-
apy. MRI is useful to identify additional fluid col-
lections or fistulas with unusual trajectories [11].

 Treatment

After obtaining the patient’s history, performing a 
physical exam, and evaluating available labora-
tory data or imaging, an assessment should be 
made about whether the patient has a simple 
abscess or a complex abscess (Table 29.1). If the 
abscess is readily apparent on examination and 
appears to be confined to a single peri-rectal space 
located below the pelvic floor in a patient without 
any immunocompromising condition or history of 
inflammatory bowel disease, then simple incision 
and drainage is all that is needed. Depending on 
the patient’s tolerance and the surgeon’s comfort, 

this can be done in the clinic, in the ER with light 
sedation, or in the operating room. The operating 
room is the ideal venue as the examination and 
drainage can be performed with ample analgesia 
and the adequacy of the drainage can be ensured.

 Method of Drainage for a Simple 
Abscess

Roughly half of patients who undergo incision 
and drainage of a perianal abscess will develop a 
persistent drainage tract at the site of the incision. 
Thus when we drain an abscess, we may be creat-
ing a future fistula-in-ano. For this reason it is 
important to plan your incision in such a way that 
the simplest possible fistula tract is created. 
Rather than making the incision over the area of 
maximal fluctuance, it is critically important that 
the incision should be made in the area of fluctu-
ance, but as close as possible to the sphincter 
complex without being in the sphincter complex 
[4]. This will create a simple short fistula tract 
should the area fail to heal. Since postoperative 
antibiotics are not necessary in the case of simple 
abscesses, there is no need to obtain wound cul-
tures or tissue cultures at the time of drainage.

Generally, there are few loculations in peri-
rectal abscesses. The surgeon should refrain from 
aggressive attempts to disrupt loculations, espe-
cially in the region of the sphincters and the rec-
tum. Instruments, including the Yankauer suction 
tip should never be pointed toward the sphincter 
or the rectum. In the inflamed state, imprudent 
instrumentation of the area can result in an iatro-
genic rectal perforation and the subsequent 
development of an extra-sphincteric fistula (a fis-
tula that travels from the rectum, outside of the 
sphincter complex out onto the perianal skin).

Some authors advocate for routine inspection 
of the anal canal, looking for an internal opening 
of a fistula that is feeding the abscess cavity. This 
can be done by injecting hydrogen peroxide into 
the abscess cavity while looking in the anal canal 
for an internal opening. When the internal open-
ing is identified, some suggest that a primary fis-
tulotomy in this area should be performed in order 
to prevent an abscess recurrence and prevent a 
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future fistula. The problem with this practice is 
that while it is true that some patients do go on to 
form a fistula, not all patients will form a fistula. 
In fact, less than 50% of abscess sufferers go on to 
have a fistula-in-ano. Thus about half the patients 
are over treated using this approach and undergo 
an unnecessary sphincterotomy that may impair 
their continence as they age. Therefore, in the 
case of a simple abscess, it is not necessary to 
look for an internal opening or perform a primary 
fistulotomy [11], and doing so may cause harm.

If there is concern that the cavity will close prior 
to complete drainage of the local sepsis, it is accept-
able to place a small open drain such as a mush-
room catheter, a Malecot catheter, or a Penrose 
drain into the cavity that should be removed in a 
few days. Routine packing of the wound by the 
patient or their caregiver does not facilitate wound 
healing or prevent recurrence. In fact an improperly 
packed or over-packed abscess cavity may damage 
the sphincters, further arguing against wound pack-
ing. Initial wound packing for hemostasis is an 
acceptable practice, and this packing should be 
removed on the first postoperative day [11].

With regard to postoperative care, antibiotic 
therapy is unnecessary after drainage of a simple 
abscess in an immunocompetent patient, [11]. 
Typically drainage itself affords significant pain 
relief. Postoperative analgesia is best performed 
with a multimodality therapy including acet-
aminophen, nonsteroidal anti-inflammatories, 
and opiate. A bowel regiment should be given, 
and if a bowel movement does not occur within 
72 h of surgery, a gentle laxative is recommended 
to avoid impaction. Soaking in a warm tub (sitz 
baths) can offer symptomatic relief but it is not 
required. Soaks or showers are recommended 
after bowel movements to facilitate good 
hygiene. If a drain was placed at the time of sur-
gery, it should be removed within a few days.

 Method of Drainage for a Complex 
Abscess

Patients with a complex abscess (Table  29.1) 
should be drained in the same manner as those 
with simple abscesses with some modifications. 

In the case of a recurrent abscess (especially one 
with a short interval to recurrence such as less 
than a month) or an abscess that appears to 
involve more than one peri-rectal space, it is pru-
dent to obtain imaging to better determine the 
locations of the fluid collections and facilitate 
complete drainage. If imaging shows a supraleva-
tor collection, the source of the collection needs 
to be determined since supralevator collections 
can be due to either descending pelvic processes 
such as a tubo-ovarian abscess or diverticulitis or 
due to an ascending peri-rectal process such as an 
intersphincteric abscess. Supralevator abscesses 
that are derived from pelvic processes are better 
served with an interventional radiology-placed 
drain, whereas supralevator abscesses that origi-
nate from a peri-rectal abscess can be drained 
through the perineum.

Patients with complicated abscesses are more 
likely to require postoperative antibiotics due to 
surrounding cellulitis or the presence of an 
immunocompromising condition such as AIDS 
or medications that impair the immune system, 
like biologic therapies in the inflammatory bowel 
disease population. Thus, it is reasonable to 
obtain wound cultures in this population. A small 
portion of these cultures will return with MRSA 
rather than enteric flora so culture data in this 
instance may change therapy. MRSA abscesses 
tend to have high failure rates with drainage 
alone, so having culture information may explain 
why an abscess recurred if it was found to be 
infected with MRSA [1].

Candidates for postoperative antibiotic therapy 
are patients with immune compromising condi-
tions such as AIDS, leucopenia, poorly controlled 
diabetes, or medication-induced immunosuppres-
sion from steroids or biologic therapies directed at 
inflammatory bowel disease. Peri-rectal infec-
tions with surrounding cellulitis are another indi-
cation for postoperative antibiotics. Unless there 
is strong suspicion for MRSA or culture data 
proving the presence of MRSA, antibiotics 
directed toward enteric flora is all that is required.

Patients with inflammatory bowel disease are 
at higher risk of abscess recurrence, and they are 
often on medications that impair their immune 
system. In this case, if an internal opening is eas-
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ily identified, a draining seton should be placed 
to prevent abscess recurrence and worsening 
local sepsis [4] (PR Fleshner personal communi-
cation). There are many acceptable ways to place 
a seton. The ideal seton is loose enough to pre-
vent painful constriction of the sphincter muscles 
and has a low profile that prevents discomfort. 
Vessel loops are often used as a seton, and when 
secured to itself with a silk tie, they have a flat 
profile that is more comfortable to the patient 
than when it is tied into bulky knots (Fig. 29.5). 
Placing a seton will likely result in a fistula that 
will need to be dealt with at a later stage, but the 
benefits of preventing another infection in an 
immunocompromised patient often outweigh the 
risks. If the subsequent fistula is a low trans-
sphincteric fistula, a simple fistulotomy can be 
performed in the future with good results.

 Special Situations

 Horseshoe Abscesses

While horseshoe abscesses can occur either from 
the anterior or posterior midline and track into the 
lateral ischiorectal spaces, they more commonly 
occur posteriorly (Fig.  29.4). They usually origi-
nate in the deep posterior anal space which lies 
between the anococcygeal ligament and the pelvic 
floor. Adequate drainage requires entry into the 
deep posterior anal space and into the lateral ischio-
rectal spaces. First an incision through the skin just 
outside of the sphincter complex, between the 
external anal sphincter and the coccyx, is made. 
The anococcygeal ligament is a tough connective 
tissue structure, so the surgeon will need to take a 
clamp to pop through this ligament and enter the 
space. Upon entry into the space, purulent fluid 
should be immediately drained. The lateral spaces 
will need to be drained as well. This can be accom-
plished with counterincisions into the ischiorectal 
spaces or by feeding a Penrose drain into both 
spaces from the deep postanal space to facilitate 
drainage in the postoperative period [12] 
(Fig. 29.6). While typically depicted in the prone 
position, horseshoe abscesses can be drained ade-
quately in the lithotomy position as well.

 Fournier’s Gangrene

Fournier’s gangrene is an extensive, necrotizing, 
soft tissue infection that can arise from neglected 
perianal infections, often in the setting of poorly 

Fig. 29.5 Seton secured placed through a fistula-in-
ano and secured to itself. The flat profile improves 
tolerability

DPAS incision

Anococcygeal
ligament

Counter-incisions

Fig. 29.6 Drainage 
method for horseshoe 
abscesses. An incision is 
made through the 
anococcygeal ligament 
to drain fluid from the 
deep postanal space 
(DPAS). 
Counterincisions are 
made into the 
ischiorectal fossa to 
drain purulent fluid that 
tracked laterally
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controlled diabetes. It can present with the usual 
signs of sepsis such as fever, tachycardia, and 
hypotension along with pelvic pain or urinary 
retention. Physical examination may show ery-
thema or necrosis of the perianal tissues. Imaging 
is not necessary, but if a CT is done, there may be 
large amounts of soft tissue gas or extensive soft 
tissue inflammation demonstrated by fat strand-
ing (Fig.  29.7). Expeditious operative debride-
ment is the key to successful treatment. Repeated 
debridement may be necessary to control the dis-
ease. The sphincters are usually spared, but if 
they are involved, diversion should be performed. 
The choices for diversion include a diverting loop 
ileostomy, a diverting transverse colostomy, or a 
sigmoidostomy. Of the three choices, the best 
option, if future reversal is anticipated, is divert-
ing loop ileostomy because it is the easiest to 
reverse and has the lowest rate of stomal compli-
cations such as retraction, ischemia, prolapse, 
and herniation. The least attractive option is a 

transverse colostomy due to increased rates of 
prolapse and herniation as well as pouching 
problems. A transverse colostomy is also more 
difficult to close. An end sigmoidostomy with a 
Hartmann’s pouch is a good option if the sphinc-
ters are severely compromised because a perma-
nent sigmoidostomy results in fewer physiologic 
derangements than an ileostomy and its output is 
easier to manage [6]. If the sphincters are unin-
volved, it is possible to avoid a diverting ostomy 
altogether and still provide adequate wound care. 
This can be accomplished with a “medical colos-
tomy” using a low residue diet and antidiarrheals 
[9]. Alternatively a rectal tube device can be used 
to contain stool [5], but in order for this technique 
to work, the patient must be placed on a bowel 
regimen that will produce liquid stools. 
Additionally, rectal tubes when left in place long 
term can complicate nursing care, cause patient 
discomfort, and if the balloon is overinflated 
result in rectal necrosis.

 Neutropenic Patients

Neutropenic patients, those with absolute neu-
trophil counts of less than 500/mm3, can develop 
peri-rectal infections that do not become suppu-
rative because they do not have sufficient neutro-
phil activity to produce a purulent fluid 
collection. When evaluating a neutropenic 
patient, an internal examination should be 
avoided. The examination should be limited to 
the perianal skin due to the theoretical risk of 
causing an infection  during the examination. If 
there is strong suspicion for a fluid collection, 
imaging should be performed. Any fluid collec-
tions identified are promptly drained, and antibi-
otic therapy is continued until neutropenia and 
symptoms resolve [10].

 Summary

Peri-rectal abscesses are common problems faced 
by the emergency general surgeon. Drainage of 
simple abscesses can be easily performed. 
Complex abscesses still require drainage, but 

Fig. 29.7 Computed tomography findings of patients 
who had Fournier’s gangrene. Extensive soft tissue gas or 
inflammation should raise concern for Fournier’s 
gangrene
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treatment should be augmented with antibiotics, 
and in the case of immunocompromised patients, 
it is reasonable to place setons. Knowledge of the 
peri-rectal spaces and ligaments can aid in the 
identification and treatment of complex abscesses 
including horseshoe abscesses.
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Diagnosis and Treatment of Acute 
Hemorrhoidal Disease 
and the Complications 
of Hemorrhoidal Procedures

James M. Tatum and Eric J. Ley

 Overview of Hemorrhoids

Hemorrhoids, colloquially “piles,” are common 
and range in severity from inconvenience 
(Napoleon at Waterloo) to fatal (David Livingston 
in Africa) [1]. They represent one of medicine’s 
oldest problems, one which we are fortunate 
enough to now understand and possess multiple 
options for treatment.

 Anatomy

Hemorrhoids are the sinusoidal vascular cush-
ions composed of the anastomoses of the arteri-
oles of the terminal branches of the superior 
rectal and hemorrhoidal systems as well as the 
smaller branches of the middle and inferior hem-
orrhoidal arteries and their respective venous 
drainage system [2, 3]. There are three hemor-
rhoidal plexuses, predictably found in the anal 
canal at three positions: laterally on the left and 
on the right at anterior and posterior positions. 
Each hemorrhoidal plexus extends under both 

anorectal mucosa above the dentate line proxi-
mally (internal hemorrhoid) and under the somat-
ically innervated anoderm distal to the dentate 
line (external hemorrhoid) [4]. The non-patho-
logic hemorrhoid functions as a vascular “cush-
ion,” both adding mass to the anal canal, serving 
to maintain continence in time of increased 
intraabdominal pressure as they expand during 
Valsalva, and functioning in sensing between 
solid bowel movement and flatus [2, 3].

The vascular anatomy of the anal canal is par-
ticularly important in patients with portal hyper-
tension. There are connections between the 
superior anal vein, which ordinarily has portal 
drainage, and the middle and inferior rectal veins, 
which drain into the systemic venous circulation, 
making the anal canal a notable site for portal 
systemic shunting. The congestion of portal 
venous hypertension found in cirrhosis or other 
disease of increased portal hypertension can 
result in anorectal varicosities of these anastomo-
ses [5]. These varices are of clinical concern 
given their propensity for troublesome bleeding 
in the cirrhotic patient. It should be clear that 
these anorectal varices are clinically and anatom-
ically distinct from hemorrhoids and that confus-
ing them can have fatal consequences for the 
patient [5].

A key point to remember about the anatomy 
of hemorrhoids is that they are not innately 
pathological; they are not the same as anorectal 
varices and are often vaguely described by both 
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patients and junior trainees. The perineum mer-
its careful examination by an experienced clini-
cian capable of distinguishing between 
prolapse, fissure, mass, papilloma, polyp, 
abscess, fistula, melanoma, inflammatory bowel 
disease, varices with an acute or chronic pathol-
ogy, and any of a variety of other conditions 
[2]. The single most important consideration 
when considering perineal anatomy is that 
someone familiar with it performs or supervises 
the clinical examination to avoid misdiagnosis 
and mistreatment.

 Pathophysiology of Disease

The hemorrhoid cushions become pathological 
and present to the clinician when they experi-
ence venous congestion or clot with subsequent 
prolapse with or without incarceration or stran-
gulation, bleeding from ulceration, thrombosis, 
or pain [2, 6]. Factors contributing to pathologi-
cal hemorrhoid conditions include habitual 
straining during bowel movements to achieve 
complete rectal emptying. Western low-fiber 
diets are often linked to this behavior and the 
disease [2].

 Epidemiology

Many people suffer from enlarged hemor-
rhoids although the exact number is unknown 
as it is often a self-limited condition or one for 
which patients do not seek medical care. The 
prevalence is estimated to be more than 4% of 
the adult US population [7]. Hemorrhoids are 
more common in Caucasians with the highest 
prevalence between ages 45 and 65  years. 
Hemorrhoids in the young are uncommon, and 
alternative explanations for bleeding must be 
dutifully sought if the diagnosis is not 
certain.

 Diagnoses and Evaluation 
of Hemorrhoid Disease

 Classification

Hemorrhoids are first classified by position rela-
tive to the dentate line, proximal being internal 
and distal being external. The site of origin deter-
mines the involvement of the superior vs. inferior 
hemorrhoidal plexus, respectively, but more 
importantly it determines symptoms. External 
hemorrhoids underlie somatically innervated 
skin and when thrombosed are associated with 
dramatic and incapacitating pain. Internal hemor-
rhoids are covered by mucosa and are relatively 
painless. Hemorrhoids may involve both the 
internal and external components at any of the 
three anatomic locations; these are referred to as 
“mixed” hemorrhoids.

Internal hemorrhoids are graded on a four-tier 
scale by severity of prolapse as shown in 
Fig.  30.1. Grade I hemorrhoids are defined by 
non-prolapsing prominent vessels, Grade II as 
prolapsing when bearing down with spontaneous 
reduction, Grade III prolapse with bearing down 
requiring manual reduction, and Grade IV as 
non-reducible prolapse [4]. Bleeding may occur 
from hemorrhoids of any grade.

 Symptoms

Hemorrhoids are asymptomatic in more than 
40% of people with pathological hemorrhoids. 
The most common symptoms are bleeding and 
pain [8].

 Symptoms of Internal Hemorrhoids
Grades I–III internal hemorrhoids often present 
with complaints of bleeding on toilet paper or 
spotting in the toilet after a bowel movement. 
Other symptoms include pruritus, incontinence, 
difficulty cleaning the perineum after bowel 
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Grade II: Prolapsing with
valsalva, spontaneous
reduce  

Grade III: Prolapse with
valsalva, require manual
reduction  

Grade IV: Prolapsed, non-
reducible

Grade I: Non-prolapsing
prominent vessels  

Fig. 30.1 Illustration of 
Grades I–IV internal 
hemorrhoids
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movement, or concern of prolapse. Grade IV 
internal hemorrhoids present with more promi-
nent complaints of the same symptoms. 
Thrombosed internal hemorrhoids can present 
with pain or more commonly symptoms of dis-
comfort, difficulty completely evacuating, or anal 
leakage. The prolapsed Grade IV hemorrhoid can 
become incarcerated or strangulated with subse-
quent thrombosis, necrosis, and bleeding.

 Symptoms of External Hemorrhoids
External hemorrhoids are not graded. In the 
absence of thrombosis, external hemorrhoids 
often go unnoticed in the absence of bleeding. 
Thrombosis of an external hemorrhoid (TEH) is 
excruciating. If not evacuated, the TEH pains will 
generally abate over a few days [2, 8].

 Initial Evaluation

Hemorrhoids can usually be diagnosed with an 
oral history and a physical examination. In gen-
eral, any anorectal condition, especially those 
involving bleeding, require a digital rectal exami-
nation and often anoscopy on first presentation. 
The one exception to this rule is in patients with 
prominent pain and no external signs of throm-
bosed or prolapsing hemorrhoids. Provided these 
patients have minimal signs of bleeding, infec-
tion, or inflammatory bowel disease, the diagno-
sis of anal fissure can be considered. If anal 
fissure is the most likely diagnosis from history 
and visual examination, the DRE may be delayed 
until a later date and treatment of the fissure has 
commenced. Care must always be taken in per-
forming DRE or anoscopy on patient with end-
stage liver disease as it may cause intractable 
bleeding. All other patients require a DRE +/− 
anoscopy for the initial diagnosis of hemorrhoids. 
Anoscopy is superior to flexible sigmoidoscopy 
for initial diagnosis as the hollow barrel of the 
side-viewing endoscopy which allows hemor-
rhoids to be viewed from the sidewall which 
facilitates careful inspection and a specific diag-

nosis [7]. These examinations are aided by proper 
patient positioning: knee to chest while in prone 
jackknife or left lateral position [3] (Table 30.1).

 Diagnostic Procedures, Imaging, 
and Laboratory Testing
Laboratory tests are not indicated unless there is 
a clinical concern of anemia from blood loss, 
concern for pelvic sepsis, or diagnostic uncer-
tainty regarding soft tissue infection or abscess of 
the perineum. We do recommend coagulation 
tests in patients with end-stage liver disease or on 
oral anticoagulants and will also consider them in 
pregnant patients with bleeding from pathologi-
cal hemorrhoids.

Imaging is rarely indicated in the setting of 
uncomplicated hemorrhoidal disease, and when 
indicated it is used to aid in the evaluation of pel-
vic sepsis or to evaluate for diagnoses other than 
hemorrhoids such as abscess, necrotizing soft tis-
sue infection, or rectal malignancy. Imaging 
studies to be considered in this setting include CT 
scan of the abdomen and pelvis, intrarectal ultra-
sonography, or barium enema.

 Endoscopy
Formal endoscopic (colonoscopy or sigmoido-
scopic) evaluation of the colon is indicated in 
selected patients with hemorrhoidal bleeding 
including those with iron deficiency anemia, + 
fecal occult blood test, age ≥ 50 years in patients 
without colonoscopy within 10  years, and 
age ≥ 40 years in those with a concerning family 
history and no recent colonoscopy and those with 
symptoms or signs concerning for inflammatory 
bowel disease or malignancy [7] (Table 30.2).

Table 30.1 American Society of Colon and Rectal 
Surgeons practice parameters

1. The evaluation of patients with hemorrhoids should 
include a directed history and physical examination
Grade of recommendation: strong recommendation 
based on low-quality evidence 1Ca

Source: Rivadeneira et al. [7]
aRecommendations made using GRADE system [9]
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 Nonoperative Treatment 
of Hemorrhoid Disease

Hemorrhoids amenable to nonoperative therapy 
rarely present to the acute care surgeon as their 
acute management and disposition are well 
within the scope of practice of the emergency 
room physician or primary care provider. On the 
occasion when nonoperative hemorrhoids pres-
ent to the surgeon, there are multiple noninvasive 
options that can be considered and recommended; 
these interventions are also part of the treatment 
of those who do require an acute intervention.

 Lifestyle Modifications

The avoidance of constipation with adequate 
hydration and fiber intake is of paramount impor-
tance both in preventing trauma to the hemor-
rhoidal plexus and preventing prolapse [2, 4]. 
Diarrhea can be equally problematic for those with 
Grades III–IV as continence is compromised as is 
the ability to maintain good hygiene. Adequate 
dietary fiber is again of paramount importance. 
Sitz baths are an equally important mechanism of 
hygiene, especially in those with Grades III–IV or 
external hemorrhoids (Table 30.3).

 Oral Medications

Oral fiber supplements should be recommended 
at a dose that optimizes stool consistency and 
regularity. European studies have examined the 

use of micronized and purified flavonoid with or 
without anti-inflammatory medications to treat 
hemorrhoid symptoms [4]. These medications 
are not approved by the Food and Drug 
Administration for use in the United States.

 Topical Treatments

Multiple over-the-counter remedies exist to treat 
hemorrhoids and hemorrhoid symptoms. There 
are no studies that support the use of over-the-
counter therapy to reduce either bleeding or pro-
lapse; however, some have been shown to reduce 
symptoms and inflammation [4]. Topical cortico-
steroids can be used, with caution, over a short 
duration to reduce inflammation. Other over-the-
counter devices, creams, ointments, or gels may 
be recommended for use at the patients’ discre-
tion, and we have found, anecdotally, that gels 
with a local anesthetic do improve patients’ 
symptoms. The most effective topical therapy is 
warm water during a sitz bath or shower to main-
tain good hygiene and minimize trauma.

 Operative Treatment of External 
Hemorrhoid Disease

 Thrombosed External Hemorrhoids (TEH)

TEH frequently present as an acutely painful, 
sometimes bleeding, anal mass. Thrombosis gen-
erally occurs after unusually intense straining 
from lifting, prolonged sitting, or constipation. 

Table 30.2 American Society of Colon and Rectal 
Surgeons practice parameters

2. Complete endoscopic evaluation of the colon is 
indicated in select patients with hemorrhoids and 
rectal bleeding
Grade of recommendation: strong recommendation 
based on moderate-quality evidence 1Ba

Source: Rivadeneira et al. [7]
aRecommendations made using GRADE system [9]

Table 30.3 American Society of Colon and Rectal 
Surgeons practice parameters

3. Dietary modification consisting of adequate fluid 
and fiber intake is the primary first-line nonoperative 
therapy for patients with symptomatic hemorrhoid 
disease
Grade of recommendation: strong recommendation 
based on moderate-quality evidence 1Ba

Source: Rivadeneira et al. [7]
aRecommendations made using GRADE system [9]
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These are sometimes amenable to conservative 
treatment with oral analgesia, sitz baths, and the 
application of topical anesthetics +/− topical 
nifedipine. Pain will generally resolve over a 
2–3-day period and swelling will resolve in 
7–10 days [10].

If the patient presents within 72  h (ideally 
≤48 h) of thrombosis, surgical evacuation may be 
considered. Patients with severe ulceration and 
bleeding, rupture, or signs concerning for infec-
tion should undergo excision within 72  h of 
symptom onset. This procedure should be per-
formed through an elliptical incision overlying 
the thrombosed hemorrhoid in a radial orienta-
tion to the anus after a four-finger stretch of the 
anus and rectum [6]. The thrombosed hemor-
rhoidal plexus is ligated and excised. We prefer to 
perform this procedure in the operating room 
under general anesthesia. The wound is generally 
left open and the specimen is always sent to 
pathology. Antibiotics can be prescribed at the 
discretion of the surgeon; we recommend them 
when there is concern of infection prior to sur-
gery as well as in patients with diabetes and in 
those with obvious poor hygiene. Bedside inci-
sion and evacuation of the TEH do provide symp-
tomatic relief if done early. This relief is 
frequently complicated by recurrence or re-
bleeding; however, rates of recurrence after 
 excision and incision considered together are 
lower than after conservative management [10]. 
Rubber band ligation of a TEH will result in 
excruciating pain on the part of the patient. 
Rubber band application to an external hemor-
rhoid is contraindicated in all cases.

Patients with resolved TEH often develop skin 
tags which can be troubling in terms of hygiene 
or appearance. These may be excised by a non-
acute care surgeon in an elective setting 
(Table 30.4).

 Non-thrombosed External 
Hemorrhoids

In the absence of thrombosis or frank hemor-
rhage, external hemorrhoids should not be oper-
ated on in an acute setting. Large or troubling 
external hemorrhoids may be considered for 
excision in an elective setting, usually by a 
colorectal surgeon experienced in this nonstan-
dard procedure.

 Operative Treatment of Internal 
Hemorrhoids (Fig. 30.2)

 Thrombosed Internal Hemorrhoids

Thrombosis of internal hemorrhoids may occur, 
usually as a complication in a prolapsed Grades 
III–IV hemorrhoid. Surgery is rarely recom-
mended unless there is true strangulation. 
Surgical treatment if necessary is a formal exci-
sion hemorrhoidectomy of some, or all, of the 
diseased hemorrhoidal plexuses.

 Internal Hemorrhoids

 Office-Based Procedures
Sclerotherapy: Sclerotherapy of Grades I–II 
internal hemorrhoids is accomplished in the non-
anesthetized patient with no other anal or rectal 
pathology by the application of a variety of scle-
rosing agents into the hemorrhoid while avoiding 
the hemorrhoidal vein [2]. Potential complica-
tions include abdominal pain, impotence, nerve 
injury, and hepatic abscess. We do not recom-
mend that this procedure be performed in an 
acute setting by a non-expert.

Infrared coagulation: Heat is applied to Grades 
I–II internal hemorrhoid resulting in coagulation 
and eventual obliteration. If an external compo-
nent is present, then anesthesia is required.

Rubber band ligation: Application of a rubber 
band at the base of the internal hemorrhoid results 
in ischemic necrosis and amputation of the 
plexus. The procedure can be accompanied by 
pain, increasing in amount as proximity to the 
dentate line increases. Rubber bands may not be 

Table 30.4 American Society of Colon and Rectal 
Surgeons practice parameters

5. Most patients with thrombosed external 
hemorrhoids benefit from surgical excision within 
72 h of the onset of symptoms
Grade of recommendation: strong recommendation 
based on low-quality evidence 1Ca

Source: Rivadeneira et al. [7]
aRecommendations made using GRADE system [9]
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applied distal to (or ideally within 1 cm of) the 
dentate line. There is a risk of hemorrhage as the 
banded hemorrhoid sloughs 1–2 weeks post pro-
cedure. Rubber band ligation requires only sim-
ple mechanical equipment which is intuitive to 
use and should be part of the scope of practice of 
the acute care surgeon. This is our preferred 
method of intervention if called to address bleed-
ing internal hemorrhoids.

Other local interventions have been described 
including cryotherapy and diathermy. These 
treatments are beyond the scope of an acute care 
surgery text (Table 30.5).

 Operative Treatment of Internal 
Hemorrhoids
Multiple Procedures for the Operative Treatment 
of Internal or Mixed Hemorrhoids: Each requires 
specialized knowledge, and each has potentially 
devastating complications to the surrounding tis-
sue and patient. Catastrophic bleeding from an 
internal hemorrhoid should nearly always be 
amenable to local therapies such as banding or 
simple open hemorrhoidectomy. Attempting to 
perform a complex operative procedure in an 
acute setting is not recommended without the 

consultation of a colorectal surgeon first. 
Antibiotics are not required prior to the perfor-
mance of hemorrhoidectomy; however, we do 
administer them to patients with signs of infec-
tion, diabetics, and smokers as hemorrhoidec-
tomy in these patients is associated with a higher 
risk of postoperative complications [11].

Closed Hemorrhoidectomy: Local anesthesia 
mixed with epinephrine is used to infiltrate the 
anal submucosa. A plane is developed between 
the internal sphincter and the hemorrhoidal tissue 
which is then excised and the pedicle ligated. All 
incisions are closed both internally and on the 
skin. Complications may include incontinence, 
pelvic sepsis, or hemorrhage.

Open Hemorrhoidectomy: It is similar to 
closed hemorrhoidectomy without submucosal 
or skin closure. Both procedures have a risk of 
subsequent stenosis of the anal canal, and care 
must be taken to leave bridging tissue between 
hemorrhoid plexuses. Open hemorrhoidectomy 
is sometimes indicated in a subacute setting to 
treat necrotic hemorrhoids or those with intrac-
table bleeding not amenable to other interven-
tions. You must remember to liberally dilate the 
anal canal before performance of these proce-
dures to reduce the risk of subsequent stenosis.

Harmonic/LigaSure Hemorrhoidectomy: 
Planes are developed in the same fashion as the 
above procedures, and dissection/resection is 
achieved with the energy device of the surgeons 
choosing. This is our preferred method to treat 
intractable bleeding of necrotic internal hemor-
rhoids in the acute setting.

Stapled Hemorrhoidopexy: Use of modified 
circular stapler is used to resect a segment of the 
rectal mucosa and submucosa after approxima-
tion with a purse-string suture. We do not recom-

Bleeding/painful/incarcerated hemorrhoid 

Strangulated internal hemorrhoid Thrombosed external hemorrhoid
(TEH) 

>72 h non-operative management

<72 h evacuate

>72 h non-operative management 

<72 h

If possible complete or partial
hemorrhoidectomy

If not possible/reasonable
non-operative management

Fig. 30.2 Decision algorithm for acute painful hemorrhoids

Table 30.5 American Society of Colon and Rectal 
Surgeons practice parameters

4. Most patients with grades I, II, and III hemorrhoid 
disease in whom medical treatment fails may be 
effectively treated with office-based procedures, such 
as banding, sclerotherapy, and infrared coagulation. 
Hemorrhoid banding is typically the most effective 
option
Grade of recommendation: strong recommendation 
based on moderate-quality evidence 1Ba

Source: Rivadeneira et al. [7]
aRecommendations made using GRADE system [9]
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mend this device for use in the acute setting or by 
a non-colorectal surgeon. The procedure can lead 
to incontinence or infection. If the patient’s hem-
orrhoids are accompanied by significant rectal 
prolapse, the patient deserves to have consulta-
tion with a colorectal surgery prior to any non-
emergent procedure (Table 30.6).

 Complications of Hemorrhoid 
Surgery

The acute care surgeon may occasionally encoun-
ter patients who have undergone recent interven-
tion for external or internal hemorrhoids. Acute 
problems can range from urinary retention or 
bleeding accompanying sloughing of internal 
hemorrhoids following banding or other office-
based procedures. The dreaded complication is 
pelvic sepsis following stapled hemorrhoidec-
tomy. More chronic problems such as stenosis of 
the anal canal may also present with acute on 
chronic colonic obstruction.

The bleeding after banding, sclerotherapy, or 
thermal procedure is usually self-limited requir-
ing only supportive care; however, we have on 
occasion needed to take a patient to the operating 
room for exam under anesthesia and intervention. 
Colonoscopy with endoscopic ligation can also 
be considered if available at your facility [12]. 
Chronic anal stenosis with colon obstruction can 
be temporized with either dilatation or more dra-
matically with colon diversion in the operating 
room. A barium enema or CT scan should pre-
cede any operative intervention if possible.

Stapled hemorrhoidectomy can be compli-
cated by severe complications including pelvic 
sepsis, necrotizing soft tissue infection, rectal 

necrosis, or pelvic abscess. Any of these compli-
cations can be rapidly fatal if not diagnosed early 
and treated aggressively. Prompt diagnosis, 
resuscitation, and treatment which may include 
operative exploration, drainage and/or, resection 
may be necessary. A high index of suspicion 
should be maintained by the acute care surgeon 
when consulted on the patient who recently 
underwent operative hemorrhoidectomy.
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Spontaneous Pneumothorax

Jaye Alexander Weston and Anthony W. Kim

 History

Jean Marc Gaspard Itard first coined the term 
pneumothorax in 1803, when he described five 
cases where free air was found in the chest after 
traumatic events [1]. It was not until 1819 that 
Rene Laennec first described the clinical features 
of a pneumothorax where he theorized existing 
lung blebs and unprovoked rupture were the 
cause of a spontaneous pneumothorax [2]. The 
term pneumothorax is derived from the Greek 
words pneuma, relating to air, and thorakos relat-
ing to the breastplate or chest. It is better known 
today as a collection of air outside the lung within 
the pleural cavity between the parietal and vis-
ceral pleura. There are several types of pneumo-
thorax owing to the etiology of this entity 
including spontaneous, traumatic, and iatrogenic 
pneumothorax. We will focus on the spontaneous 
pneumothorax for the remainder of this chapter 
specifically discussing traditional approaches to 
this disease process.

Spontaneous pneumothorax can be further 
divided into primary and secondary, which relates 
to the causes of each. Primary spontaneous pneu-
mothorax (PSP) is a localized rupture of a bleb in 
otherwise normal lungs without an inciting trau-
matic event. A secondary spontaneous pneumo-
thorax (SSP) occurs due to underlying pulmonary 
disease such as COPD.  Other diseases causing 
SSP include HIV-related infection Pneumocystis 
carinii pneumonia, Langerhans cell granuloma-
tosis, and lymphangioleiomyomatosis, among 
several other disease processes.

 Epidemiology

The incidence of age-adjusted primary spontane-
ous pneumothorax has been reported at 
7.4/100,000 a year for males and 1.2/100,000 for 
females. In comparison, the incidence of second-
ary spontaneous pneumothorax is 6.3/100,000 
for males and 1.2/100,000 for females [3]. PSP 
typically occurs in tall, thin, young males usually 
between the ages of 10 and 30 years. Although 
PSP is not associated with overt lung disease, a 
predominant risk factor is smoking cigarettes, 
which has been reported to increase the risk by as 
much as 20-fold [4]. The peak incidence of SSP 
is in elderly individuals over the age of 60 years, 
paralleling the diseases it is most associated with 
such as COPD [5].
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 Pathophysiology

 Primary Spontaneous Pneumothorax

PSP is categorized as not being associated with 
apparent lung disease; however, it is often associ-
ated with subpleural bullae that rupture leading to 
pneumothorax (Fig. 31.1). The evidence of sub-
pleural bullae has been found in 76–100% of 
patients undergoing video-assisted thoracoscopic 
surgery [6]. The matter in which bullae develop is 
presumed to be due to degradation of elastic 
fibers in the lung parenchyma. Smoking appears 
to play a significant role in the influx of neutro-
phils and macrophages that create an imbalance 
of protease enzymes that lead to the destruction 
of the elastic fibers. The resultant bullae produce 
an inflammatory destruction of the small airways 
leading to an air leak into the lung interstitium. 
Once enough pressure builds up, a rupture occurs 
in the visceral pleura allowing air to escape that 
creates a separation between the parietal and vis-
ceral pleura, defined as a pneumothorax.

 Secondary Spontaneous 
Pneumothorax

The pathophysiology for SSP is dependent on the 
disease process that leads to the development of 
the pneumothorax. COPD, which is the most 
common cause of SSP, leads to pneumothorax in 

the similar manner as the subpleural bullae in 
PSP (Fig.  31.2). The airway inflammation and 
elastin destruction leads to an increase in alveolar 
pressure that moves from the interstitium toward 
the hilum. The build of pressure in the hilum 
leads to pneumomediastinum and eventually a 
violation of the parietal pleura [6]. In compari-
son, P. carinii leads to a pneumothorax by ruptur-
ing the alveolus directly due to necrosis of the 
lung from infection [7].

 Clinical Presentation

The presenting symptoms of a spontaneous pneu-
mothorax are usually pleuritic chest pain and 
sudden onset of dyspnea [8]. The chest pain asso-
ciated with pneumothorax is often described as 
sharp or stabbing in nature. The degree of symp-
toms is dependent on whether it is a PSP or 
SSP. SSPs are often more symptomatic because 
they already have a compromised pulmonary 
reserve, whereas PSPs are less symptomatic due 
to the fact that these patients are otherwise typi-
cally young and healthy. Additionally, patients 
with SSP may provide an additional history sup-
porting the presumed diagnosis of exerting them-
selves or engaging in an activity that may be 
associated with a mechanism of injury that 
involves a Valsalva maneuver.

The physical examination findings associated 
with a pneumothorax can be decreased breath 

a b

Fig. 31.1 Primary spontaneous pneumothorax: (a) intraoperative image of apical bleb, (b) image of resected ruptured 
bleb
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sounds on the side of the pneumothorax, hyper-
resonance to percussion, and decreased chest 
wall movement on the affected side [9]. 
Additional measurements used clinically may 
include arterial blood gas and oxygen saturations, 
which often demonstrate an increased A-A gradi-
ent and slightly diminished oxygen saturations 
on room air, respectively.

 Imaging

The clinical diagnosis of a spontaneous pneumo-
thorax can be confirmed with imaging. The most 
common imaging modality used is a posterior-
anterior chest radiograph that reveals a less than 
1 mm area of visceral pleura that is displaced if 
a pneumothorax is present. The radiograph is 
able to diagnose most pneumothoraces but is of 
limited utility when the pneumothorax develops 
in the anterior chest or costophrenic angle. Also, 
radiographs can lead to false positives in indi-
viduals with extremely large bullae appearing as 

a pneumothorax (Fig. 31.3). Nevertheless, chest 
radiographs are an excellent imaging modality 
alone to detect and make clinical decisions in 
more obvious large and symptomatic 
 pneumothoraces (Fig. 31.4). In fact, it is impor-

a

b

Fig. 31.2 Secondary 
spontaneous 
pneumothorax: (a) 
intraoperative image of 
apical bullae with 
anthracotic and diseased 
lung, (b) image of 
resected bullae

Fig. 31.3 Chest radiograph of a large left bullae mimick-
ing left pneumothorax. Careful inspection reveals concave 
lining of bullae superiorly
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tant to understand that when presented with a 
patient who has clinical suspicion of a pneumo-
thorax and who evolves into developing tension 
physiology, it is imperative that an emergent 
intervention such as decompression be per-
formed without waiting for a confirmatory imag-
ing study.

In this era of medicine, computed tomography 
(CT) scans are sensitive and accurate in diagnos-
ing a pneumothorax. CT scans allow for the 
detection of small pneumothoraces and the esti-

mation of size and can differentiate between bul-
lous lungs that may appear as a pneumothorax on 
simple chest radiograph (Fig. 31.5). In addition, 
CT scan may be a preferred imaging modality in 
elderly individuals or people with history of 
smoking to rule out malignancy as potential 
cause of pneumothorax or coincident disease due 
to the shared risk factor of tobacco use.

 Treatment

The goal of therapy for a pneumothorax is 
removing the air from the pleural space and pre-
venting recurrence. The management of a pneu-
mothorax is dependent on the degree of 
symptoms and type of pneumothorax. The 
options include observation, aspiration of air 
from the pleural space, chest tube placement, 
pleurodesis (mechanical and chemical), and 
operative surgical bleb resection and pleurodesis 
via video-assisted thoracoscopy or thoracotomy 
approach. The more invasive therapies generally 
are reserved for those patients who are symp-
tomatic from a spontaneous pneumothorax, have 
a large pneumothorax, or have not responded to 
observation.Fig. 31.4 Chest radiograph of a large left pneumothorax

a b

Fig. 31.5 CT scan images of (a) right apical pneumotho-
rax with small thick black arrows denoting apical pneu-
mothorax and large white arrow denoting subcutaneous 

emphysema, (b) right apical bullae with small thin black 
arrows denoting bullae
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 Observation

A small pneumothorax is defined as less than 
15% of the hemithorax or less than 3 cm in dis-
tance between the apex and the cupola [10]. 
Despite this ostensibly objective criterion, the 
designation of a small pneumothorax still remains 
at the discretion of the managing clinician. A 
small pneumothorax can present with minimal 
clinical symptoms, and the patient can be 
observed if they are asymptomatic and the small 
pneumothorax is found incidentally on chest 
imaging. It is often recommended that in this 
context, a patient should be observed for 3–6 h in 
the clinical setting. A repeat chest radiography 
also should be performed to monitor for an inter-
val change in size. If the repeat chest radiograph 
demonstrates interval improvement in size of the 
pneumothorax, then the patient can be discharged 
with follow-up and a repeat chest radiograph as 
an outpatient [10]. The body will naturally reab-
sorb the air from the pleural space, allowing 
small pneumothoraces to be observed. There are 
two methods that can increase the rate of resolu-
tion of a pneumothorax noninvasively, and these 
include supplemental oxygen and use of incen-
tive spirometry. The use of supplemental oxygen 
works by increasing the partial pressure of oxy-
gen and increasing the gradient of nitrogen 
absorption; it has been shown to increase the rate 
of reabsorption by a factor of four in comparison 
to room air alone in the observation setting [11, 
12]. In addition, incentive spirometry has been 
shown to improve resolution of the pneumotho-
rax by making the patient sustain maximal inspi-
ration, which can aide in the absorption of air in 
the pleural space [13].

 Aspiration

Another technique used to re-expand the lung fol-
lowing pneumothorax is aspiration. Simple aspi-
ration is defined as the removal of pleural air via a 
needle or cannula followed by immediate removal 
once there is evidence of improvement in the 
pneumothorax [9]. Obviously, relief from the 
symptoms warranting the aspiration also confirms 

the success of the procedure, and the lack thereof 
may suggest the inadequate removal of air or 
another etiology for the symptoms. This tech-
nique can be applied to a pneumothorax that may 
range from small to large as long as the patient is 
stable clinically. Access into the pleural cavity is 
achieved employing the Seldinger technique at 
the level of the second intercostal space in the 
midclavicular line. A needle is used to gain access 
over the superior portion of the rib followed by 
wire placement and catheter placement. The cath-
eter is then connected to a three-way stopcock or 
valved system that allows for syringe removal of 
pleural air akin to how a thoracentesis is per-
formed. Response to aspiration is monitored by a 
post-aspiration chest radiograph. If the pneumo-
thorax has resolved, the catheter can be removed. 
If there is only interval improvement of the pneu-
mothorax following aspiration, the catheter then 
should be transitioned to functioning as a small 
tube thoracostomy, exchanged for a pigtail cathe-
ter, or up-sized to a larger bore chest tube [14].

 Tube Thoracostomy

The most common method used to treat both PSP 
and SSP is via chest tube placement. It is the sug-
gested method of choice for any large pneumo-
thorax, defined as greater than 3  cm from the 
apex to cupola and for any symptomatic patients 
[10]. The choice of chest tube utilized can vary 
from small-bore catheters that are often less than 
or equal to 14 French (Fr) to large chest tubes 
ranging up to 36 Fr. Once placed, the tube thora-
costomy can be connected to either a Heimlich 
valve or pleural evacuation system. Suction on 
these latter systems is not absolutely required, 
and placing it to a water seal chamber mode 
should allow for adequate lung expansion to the 
chest wall.

The small-bore catheters are often inserted in 
a similar manner as described for simple aspira-
tion. A needle is inserted in the second intercostal 
space in the midclavicular line. The catheter is 
then directed apically and can be connected to a 
Heimlich valve. A Heimlich valve is a device 
with a one-way valve that is attached to the end of 
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the catheter. It will allow air to exit the pleural 
space and prevent it from reentering. Alternatively, 
the small-bore type may be connected to a more 
conventional water-seal pleural evacuation sys-
tem. The catheters are used routinely in emer-
gency rooms because of the ease of access and 
improved patient comfort which is comparable to 
large-bore chest tubes.

The large-bore chest tubes vary in size as pre-
viously described, but most commonly range 
from 16 Fr to 28 Fr for a PSP or SSP. A chest tube 
is inserted in the anterior axillary line either in 
the fourth or fifth intercostal space and directed 
to the apex of the chest wall. The chest tube is 
then connected to a water-seal pleural evacuation 
system and placed to either water-seal mode or 
controlled suction to −20 cm of water (−20 cm 
H20).

Management of a catheter or large-bore chest 
tube after placement is dependent on the pro-
vider, reliability of the patient, and immediate 
effect of placement on the size of the pneumotho-
rax. Ideally, upon placement of a tube thoracos-
tomy, there is a complete resolution of a 
pneumothorax demonstrated by chest radiograph. 
It is common practice to watch the patient for 
24–48 h monitoring for air leaks and continued 
resolution of pneumothorax. However, if a patient 
is reliable and immediate improvement in the 
clinical symptoms and pneumothorax size is 
noted, the patient can be transitioned to a 
Heimlich valve and discharged home with close 
follow-up. There is a theoretical increased risk of 
infecting the pleural space with this strategy, and, 
therefore, it requires a highly compliant patient 
for this approach. If the pneumothorax does not 
have immediate improvement, the tube thoracos-
tomy can remain on water seal or then be con-
nected to suction at −20  cm H20. There is 
controversy over the use of suction for a pneumo-
thorax versus leaving the chest tube to water seal 
with reasonable and rationale arguments for 
either option. Ultimately, the clinical circum-
stances should dictate the appropriate modality to 
eliminate any residual entrapped air. Once the 
lung is completely annealed to the chest wall and 
there is no air leak seen in the water seal cham-
ber, the tube is often removed. The success rate 

for tube thoracostomy is usually >90% for PSP, 
but with each subsequent reoccurrence, the rate 
of success drops significantly reaching <20% 
success rate for a third time occurrence [15]. This 
reason is why the use of pleurodesis becomes an 
important adjunct to ensure resolution for 
recurrences.

 Pleurodesis

Following the placement of a tube thoracostomy, 
an additional adjunct in the treatment of pneumo-
thorax is the use of pleurodesis. Pleurodesis is a 
technique used to create symphysis between the 
parietal and visceral pleura to facilitate inten-
tional adherence of the lung to the chest wall 
internally. From a broad perspective, there are 
two methods of pleurodesis: (1) chemical and (2) 
mechanical (mechanical pleurodesis will be dis-
cussed in the subsequent operative intervention 
section).

The most common agents used to perform 
chemical pleurodesis include sterile grade talc 
and pharmaceutical or antiseptic solution. There 
are a number of pharmaceutical or antiseptic 
solutions that can be employed including more 
commonly doxycycline, tetracycline, bleomycin, 
and betadine [10]. The success rates range from 
75% to 92% as evidenced by the recurrence rates 
of pneumothoraces ranging from 8% to 25% [16, 
17]. Due to the relatively high recurrence rates, it 
is generally preferred to reserve chemical 
pleurodesis for patients that are suboptimal oper-
ative candidates.

The recommended dosing of talc is 2 grams 
because at higher doses such as 5 grams, com-
monly used for malignant pleural effusions, there 
is the possibility of inducing adult respiratory 
distress syndrome [18]. The incidence of this 
complication has been reported to be minimal at 
0.15–0.71% [19]. The occurrence is believed to 
be associated with small particulate size that 
facilitates the systemic absorption of talc. 
Consequently, talc formulations with larger par-
ticulate size have been employed to ameliorate 
this risk [20]. Nevertheless, prior to its use, the 
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potential of this complication must be included in 
the informed consent discussion.

Despite the success of talc pleurodesis, the 
adverse effect profile has rendered it as the alter-
native pleurodesis choice at many institutions. 
Other primary chemical agents such as doxycy-
cline are often the preferred agent of choice for 
chemical pleurodesis. The dosing of doxycycline 
for bedside pleurodesis is usually 500–1500 mg, 
which is infused with 1% lidocaine due to pain 
associated with the medication. Surgical dogma 
once perpetuated the belief that patients should 
shift position to allow for the spread of the agent 
throughout the chest cavity; however, techne-
tium-labeled agents evaluated on nuclear imag-
ing following pleurodesis have demonstrated no 
difference in dispersion of the agent in the pleural 
cavity with maneuvers such as deep breathing 
with incentive spirometry [21]. After the scleros-
ing agent is allowed to dwell in the chest follow-
ing a finite period of time such as 1–2 h, the chest 
tube is then placed on suction for 48 h to maxi-
mize the apposition of the visceral and parietal 
pleural surfaces. Daily chest radiographs and fre-
quent monitoring for air leaks are useful adjuncts. 
Typically, the dwell time will require that the 
chest tube is clamped near its entry point follow-
ing the instillation of the agent. This approach is 
acceptable when the air leak has resolved and the 
pleurodesing is being performed to prevent fur-
ther recurrences. However, in some circum-
stances, when there is an active air leak, clamping 
the tube may be contraindicated due to the pos-
sibility of creating a tension pneumothorax. In 
this case, the tubing of the chest tube should sim-
ply be elevated over the chest of the patient to 
allow for gravity to facilitate the dwelling of the 
agent in the chest while simultaneously allowing 
for the air to escape.

The use of CT imaging following pleurodesis 
should be limited and interpreted with caution 
following the instillation of sclerosing agents, 
because the inflammatory process may be inter-
preted erroneously as an infectious process, such 
as an empyema. Often times, owing to the inten-
tional inflammatory reaction induced by the scle-
rosing agent, a fever may accompany a 
pleurodesis for several days, sometimes with 

very high temperatures. Since infections of the 
pleural space can occur, clinical judgment should 
be exercised in discerning if a truly infectious 
process is ongoing versus the aforementioned 
response. More long-term sequelae of pleurode-
sis, particularly with talc pleurodesis, are the 
inflammatory reactions that may remain durable 
and longer lasting. This phenomenon can affect 
the interpretation of other imaging studies such 
as positron emission tomography (PET) scans if 
obtained for other reasons.

 Surgical Therapy

Surgery for the treatment of spontaneous pneu-
mothorax is used frequently when conservative 
or less invasive methods do not meet with suc-
cess. Indications for treatment include failure of 
complete lung expansion despite 5–7  days of 
chest tube placement, large or persistent air leaks 
over a predetermined time period, recurrence of 
spontaneous pneumothorax, and synchronous or 
metachronous bilateral spontaneous pneumotho-
rax [9]. Additionally, professions at risk for 
developing issues from pressure differentials at 
work such as airline pilots and scuba divers 
should also be considered for definitive interven-
tion even after a first time occurrence of a sponta-
neous pneumothorax [22].

The goals of surgery are to ensure complete 
lung expansion, remove associated bullae, and 
perform adequate pleurodesis to prevent recur-
rence. The preferred surgical method used for 
treatment of spontaneous pneumothorax is video-
assisted thoracoscopic surgery (VATS) as com-
pared to an open thoracotomy [9, 10]. Some 
studies have suggested slightly better prevention 
of recurrence, as low as 1%, with an open thora-
cotomy approach, but other meta-analysis have 
largely shown no difference [23]. The primary 
differences between the VATS and open modali-
ties remain the better postoperative pain control, 
shorter hospital lengths of stay, and improved 
total economic cost that favors the use of VATS 
as the surgical technique of choice.

The VATS approach may be performed using a 
variety of incision strategies including a single-
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incision approach. Classically, a three-port tech-
nique in which a double lumen endotracheal tube 
is utilized for single lung ventilation is employed. 
During the procedure, the lung is carefully 
inspected to look for bullae, which are most com-
monly located at the apical segments of the upper 
lobes and superior segments of the lower lobes. If 
no bullae are seen on visual inspection, then the 
attention is often turned to searching for an air 
leak which can be aided by submerging the lung 
under saline and inflating the lung gently in a con-
trolled manner to look for air bubbles in a system-
atic manner. The areas involved with blebs or air 
leaks are then resected using a standard thoraco-
scopic stapler. If a uniportal approach is used, a 
1.5–2 cm incision is made in the midaxillary line 
at the sixth intercostal space where all three 
instruments are inserted through a wound retrac-
tor in the same plane. Some argue there is 
improved postoperative pain with a single inci-
sion compared to the three-port incision [24]. 
Other locations for the single-incision approach 
are acceptable as well and most likely depend on 
both surgeon comfort and experience in determin-
ing the optimal approach for a specific patient.

The other objective of surgical intervention is 
to create fusion between the visceral and parietal 
surfaces of the pleura to prevent recurrence. This 
can be done either by pleurodesis (both mechani-
cal and chemical) or by parietal pleurectomy. 
Mechanical pleurodesis is the most common 
method performed at the time of surgery because 
of the ease of taking a Bovie scratch pad and 
aggressively irritating the parietal pleura. The 
abrasion from the scratch pad creates an inflam-
matory response that will lead to symphysis 
between the parietal and visceral pleura upon 
lung expansion. Additionally, some surgeons will 
elect to also perform a chemical pleurodesis at 
the time of VATS with either talc or doxycycline. 
Furthermore, the other method of choice to pre-
vent recurrence at time of surgery is a pleurec-
tomy, which is the removal of the parietal pleura. 
Data suggesting the advantages of either pleurec-
tomy or pleurodesis over the other in terms of 
lower recurrence rates are lacking, and, often, 
they are performed in conjunction with one 
another based on surgeon preference.

Conclusions
Spontaneous pneumothorax is a commonly 
encountered disease process seen in an emer-
gency setting. It is important for the healthcare 
team to be familiar with the diagnoses and treat-
ment of PSP and SSP. CT scans can confirm the 
diagnosis, but starting with a chest radiograph to 
guide therapy is reasonable in many clinical cir-
cumstances. The treatment options remain vast 
and depend on the presentation of the patient 
and the type of pneumothorax. If simple tube 
thoracostomy fails or recurrent pneumothorax is 
seen, it is recommended that a thoracic surgeon 
or pulmonologist be consulted for assistance in 
the management of this patient.
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Empyema

Neil Venardos and John D. Mitchell

 Introduction

Empyema is a combination of two Greek words. 
The first is a prefix “en” meaning within, and the 
second is “pyema,” which means accumulation 
of pus. An empyema can describe a collection of 
purulent material anywhere in the body; however 
empyema thoracis more specifically describes a 
collection of pus within the pleural cavity. 
Imhotep, the Egyptian physician, described pleu-
ral infection around 3000  BC; however 
Hippocrates was the first to describe surgical 
drainage of empyema by trephination [1].

The current incidence has been estimated to 
be around 65,000 patients per year in the 
United States, carrying a mortality of 20% and 
mean hospitalization duration of around 
15 days [2]. However, the incidence of pleural 
infection in adults is increasing. Finley et  al. 
[3] found an increasing incidence of pneumo-
nia, as did Grijalva et al. [4]. The latter study 
found that the overall incidence of parapneu-
monic empyema-related hospitalization rates 
increased from 3.04 per 100,000  in 1996 to 
5.98 per 100,000 in 2008.

Patients at risk for pleural infection mirror 
those for pneumonia. These patients often have 
diabetes mellitus, immunosuppression, GERD, 

alcohol and drug abuse, and history of aspiration 
or poor oral hygiene [5]. Patients with empyema 
present with symptoms similar to those who have 
pneumonia. They typically have cough, fever, 
dyspnea, pleuritic chest pain, and sputum produc-
tion. Unfortunately these symptoms do not help 
differentiate pneumonia from patients with empy-
ema [6]. Findings on physical examination may 
include fever, crackles, egophony, decreased 
breath sounds, and fremitus. These findings are 
often not detectable; thus it is essential to obtain 
imaging in these patients. The RAPID score can 
be used to predict which patients with pleural 
infections have worse outcomes [7]. Any patient 
with persistent signs of sepsis after 2 or 3 days of 
treatment for their pneumonia has a high likeli-
hood of having an associated pleural infection and 
should be appropriately imaged. Furthermore, 
any patient who begins to show signs of sepsis 
after an intrathoracic procedure should undergo 
workup for possible pleural infection.

 Etiology

Empyema most frequently is the result of a para-
pneumonic effusion, making up between 40% 
and 60% of the total cases diagnosed each year. 
Postsurgical empyemas make up another 20–30% 
of cases, most often resulting from lung resec-
tions, esophagectomies, and mediastinal proce-
dures. Posttraumatic empyemas make up for 
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most of the other cases, accounting for most of 
the remaining 5–10% of all empyemas [8].

 Diagnosis

Initial imaging should begin with chest radio-
graph, and the lateral film can assist in identify-
ing effusions not present on posteroanterior 
imaging. Pleural ultrasound has emerged as an 
important next step in further characterization of 
the effusion. Ultrasound can identify septations 
and guide needle placement for aspiration and/or 
pleural catheter placement [9].

Definitive evaluation of chest effusions is pro-
vided by CT scanning with intravenous contrast. 
CT scanning can identify bronchogenic carci-
noma, endobronchial foreign body, or esophageal 
pathology. Loculated empyemas can be distin-
guished from pleural-based lung abscesses. 
Particular imaging characteristics include parietal 
pleural thickening and pleural enhancement in 
86% and 96% of patients, respectively. A “split 
pleura sign” is encountered when both the visceral 
and parietal pleura enhance concomitantly. This 
sign can be seen in up to 68% of empyemas [10]. 
Air bubbles can indicate pleural space infection. If 
the pleural fluid thickness is less than 2–2.5 cm, 
the effusion may respond to antibiotics alone.

Pleural fluid analysis is critical for further man-
agement of patients with pleural effusions. The 
presence of pus, positive gram stain, positive culture 
[11], or pleural pH < 7.2 [12] suggests the presence 
of an empyema, and a chest tube should be placed. 
Other important predictors of need for tube thora-
costomy include pleural fluid glucose <40 mg/dL or 
LDH value >1000 IU/L. Culture should be obtained 
during initial aspiration – not from the tube later on. 
The most commonly identified organisms were cat-
egorized by Maskell et al. [5]. The following table 
groups these bacteria into community-acquired and 
hospital-acquired organisms.

 Staging of Empyema

Empyema occurs in three stages, defined by the 
American Thoracic Society back in 1964 [13]. 
The first stage is considered to be exudative. 

Fluid moves into the pleural space due to 
increased vascular permeability. This fluid is 
free-flowing and does not typically contain bac-
terial organisms. Most effusions of this type do 
not require drainage [11]. Without treatment, the 
effusion may progress to stage 2, which is 
referred to as the fibrinopurulent stage. Fibrin is 
deposited over the visceral and parietal surfaces 
of the lung, and the fluid itself becomes purulent. 
The pleural space may become loculated as more 
fibrin becomes deposited. The pleural fluid at this 
stage has a low pH (<7.2), glucose (<2.2 mmol/L), 
and LDH level (<1000 IU/L). The third and final 
stage is reached when a solid fibrous pleural peel 
has formed, encasing the underlying lung. The 
lung cannot completely expand at this point with-
out removal of the peel.

 Management of Acute (Early) 
Empyema

Management of pleural infection begins with 
adequate medical care of the patient undergoing 
the workup. A thoracic surgeon should be 
involved early in the care of these patients, as 
sepsis can develop in patients with untreated 
infection of the pleural space. In addition, unless 
there are clear contraindications, the patient 
should be placed on thrombosis prophylaxis, 
nutrition should be optimized, and blood cultures 
should be drawn [14]. Only patients with high 
likelihood of bronchial obstruction as a cause for 
the empyema should undergo bronchoscopy.

In addition to obtaining cultures, antibiotic 
therapy must be started early and targeted at the 
most common offending organisms (see prior sec-
tion). Choice of antibiotic should be guided by 
culture data, local resistance patterns, antimicro-
bial stewardship policies, and the agent’s 
pharmacologic properties. For patients with com-
munity-acquired empyema with low risk for 
methicillin-resistant Staphylococcus aureus infec-
tion, a second or third (non-pseudomonal) cepha-
losporin such as ceftriaxone or an aminopenicillin 
with beta-lactamase inhibitor (ampicillin/sulbac-
tam) provides good coverage. Metronidazole 
should be added if suspicion for anaerobic infec-
tion is high [14]. Duration of treatment for empy-
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ema is variable depending on the organism and 
response to treatment, but at least 2 weeks of anti-
biotic therapy should be pursued [15]. Overall 
duration of therapy is a matter of debate.

Antibiotics may be started while arranging for 
pleural fluid sampling, and complete drainage of 
the pleural cavity is critical for successful treat-
ment [12]. Indications for chest tube placement 
include frank pus on aspiration, positive direct 
gram stain or culture, pH <7.2, glucose 
<400  mg/L, LDH >1000  IU/mL, total protein 
>3  g/mL, and WBC >15,000 cells/mm^3 [11]. 
Other indications for early chest tube drainage 
include loculation on imaging, which may be 
associated with worse outcomes [16]. For effu-
sions with no or minimal septations, placement of 
a small-bore (<14Fr) drainage catheter is now 
considered an acceptable option for first-line ther-
apy in these patients [7, 14]. Drains of this caliber 
must be regularly flushed for effective drainage of 
the space, as blockage rates can be as high as 64% 
in patients with empyema [17]. Patients with 
more complicated effusions or frank pus on aspi-
ration should receive tube thoracostomy drainage. 
Patients not responding to initial therapy require 
repeat pleural fluid sampling, further drainage 
procedures, or surgical therapy [15].

Once adequate drainage has been achieved, 
many patients will clinically improve, and no fur-
ther therapy outside of completion of the appro-
priate antibiotic course is warranted. Early stage 
empyema (stage I or II) can be treated by either 
fibrinolytics or early video-assisted thoraco-
scopic surgery. Fibrinolytics have been in use 
since 1945 for pleural infections, but the clinical 
effectiveness of these drugs is not clear. These 
chemicals are thought to encourage lysis of sep-
tations to allow improved drainage via the cathe-
ter. Streptokinase is the most widely studied of 
these agents. Maskell et al. [18] published a ran-
domized controlled trial evaluating streptokinase 
and found no reduction in the need for surgical 
intervention, no mortality reduction, and no 
reduction in hospital stay. Wait et al. [19] com-
pared chest tube and fibrinolytic therapy with 
video-assisted thoracoscopic surgery (VATS). 
The authors found a higher treatment success 
rate, shorter chest tube duration, shorter hospital 
stay, and lower average cost with the VATS [19]. 

However, the MIST2 trial demonstrated that the 
combination of tPa and DNase had improved 
pleural drainage and reduced hospital stay. In 
addition, there was a 3/4 reduction in the need for 
surgical intervention at 3  months [20]. At this 
time it is difficult to synthesize prior studies of 
tPA and DNase therapy for empyema, since 
empyema patients are generally a particularly 
heterogeneous group of patients. As of now, the 
AATS and BTS guidelines recommend against 
the routine use of fibrinolytics in patients who are 
reasonable surgical candidates [14, 15].

Video-assisted thoracoscopic surgery (VATS) 
is the preferred first-line approach in all patients 
with stage II acute empyema. This approach is 
also preferred for patients who fail antibiotic/
chest tube management. The two goals of surgical 
therapy are as follows: (1) complete removal of 
infection from the pleural space and (2) re-expan-
sion of the lung. VATS should be defined as the 
absence of rib spreading in order to complete the 
procedure. In a large series, success with VATS 
was reported to be between 80% and 85% [21]. 
This study found that the success of VATS 
depended upon the length of preoperative symp-
toms. The choice of VATS vs. open decortication 
depends on multiple factors, including the 
patient’s ability to tolerate one-lung ventilation, 
coagulopathy, local resources and expertise, and 
imaging characteristics. VATS has certainly 
shown a benefit vs. open surgery for other proce-
dures such as lobectomy for cancer. One such 
study showed a reduction in postoperative pain, 
length of stay, blood loss, respiratory compro-
mise, and complications [22]. There are few 
drawbacks to choosing a VATS-first approach in 
appropriately selected patients, as the procedure 
can typically be converted to an open procedure 
during the same trip to the operating room. Fears 
about longer operating times and learning curves 
have slowly been dying out. A review of 14 stud-
ies by Chambers et al. [23] demonstrated a clear 
benefit of VATS over open surgery for empyema. 
Granted this review included mostly single-insti-
tution retrospective cohort studies, the findings 
show that VATS affords shorter length of stay, less 
pain, and lower morbidity. Unfortunately, these 
studies are inherently flawed, as the distinction 
between stage II and III empyema is often not 
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made until the time of surgery. The authors of any 
of these publications may also have been more 
biased toward one operation or the other.

The technique of video-assisted thoracoscopic 
decortication has been described [24]. The proce-
dure begins with general anesthesia using lung 
isolation. This can be accomplished with the use 
of a bronchial blocker or a double-lumen endotra-
cheal tube. The two principles of this procedure 
are to fully debride the cavity and completely 
remove the fibrous peel from the parietal/visceral 
surfaces. Two or three incisions can be utilized. A 
1  cm incision located in the eighth intercostal 
space in the midaxillary line serves as the camera 
port. An additional 3–4 cm incision located ante-
riorly in the fifth intercostal space is utilized as an 
access port. Alternatively, this access incision can 
be made smaller, and an additional port can be 
placed posteriorly in the fifth or sixth intercostal 
space to assist with instrument handling. 
Instruments are carefully introduced under thora-
coscopic guidance, and the lung is decorticated. 
The peel is removed from the surface of the lung 
using a combination of sharp and blunt dissection, 
taking care to avoid the lung parenchyma beneath. 
Electrocautery is utilized to control chest wall 
bleeding. At the end of the procedure, a chest tube 
(or multiple chest tubes) is placed using direct 
thoracoscopic guidance. Critical elements of post-
operative care include early mobilization, aggres-
sive chest physiotherapy, continuous chest tube 
suction for at least 48  h, and expeditious chest 
tube removal once the cavity has been fully evac-
uated and lung expansion achieved. Complications 
related to VATS surgery most frequently include 
atelectasis, prolonged air leak, reintubation, venti-
lator dependence, need for tracheostomy, and 
need for blood transfusion [24].

 Management of Chronic Empyema

The final stage of empyema is heralded by the 
formation of a solid fibrous pleural peel, primar-
ily caused by the actions of fibroblasts. These 
rinds trap the lung, creating persistent pleural 
spaces which have the potential to remain 
infected. Three types of surgical techniques are 
used to treat the chronic empyema. These include 

decortication and debridement, space oblitera-
tion, and open drainage [25]. The choice of tech-
nique involves an assessment of the source of 
infection, lung expansion, space filling options, 
and the health of the patient.

The workhorse operation for chronic empyema 
in patients medically fit for surgery is open decor-
tication performed via thoracotomy [26] 
(Fig. 32.1). The procedure is becoming less com-
mon as more pulmonary infections are treated ear-
lier on in the disease course. These procedures 
involve carefully peeling off the fibrous rind from 
the visceral and parietal pleurae. Necrotic lung 
parenchyma can be resected if this is the source of 
sepsis or hemoptysis. An epidural can often be 
placed, and no data supports increased risk of epi-
dural abscess; however placement of an epidural 
should be a patient-specific decision. The approach 
is typically through a standard or muscle-sparing 
posterolateral thoracotomy [28]. An incision is 
made over the sixth rib. The sixth rib is removed 
and the pleura exposed. Dissection is carried 
through the extrapleural plane using sharp and 
blunt dissection in an anterior and posterior direc-
tion. The apex is dissected, carefully avoiding the 
subclavian vessels. The same concern is taken at 
the hilum, avoiding tearing large vessels or injury 
to the phrenic nerve. The pleura is then mobilized 
off the diaphragm. The visceral peel is then 
removed from the lung using a knife to begin dis-
section, and then the plane between the lung and 
peel is developed using a peanut sponge. Complete 
decortication often includes empyemectomy or 

Fig. 32.1 Open thoracotomy and decortication. Note 
removal of the thick peel from the surface of the lung. 
(Figure from Hajjar et al. [27])
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removal of the thick purulent collection within its 
surrounding rinds. Chest tubes are placed anteri-
orly, posteriorly, and along the diaphragm in order 
to thoroughly evacuate the space.

Surgical resection of the lung must be included 
with decortication when the underlying lung is 
destroyed or when associated areas of severe cavi-
tary disease/bronchiectasis are identified on preop-
erative CT scan. Resection options include 
decortication with lobectomy or pneumonectomy. 
Extrapleural pneumonectomy is a final option for 
patients who have all underlying lobes involved. 
This procedure is particularly difficult and involves 
dissection of thick, fibrous peel off of multiple 
critical structures. In addition, the bronchial stump 
is at particularly high risk for breakdown, forming 
fistulas and recurrent empyemas [29].

Beyond decortication, space filling procedures 
should be performed when the lung cannot expand 
to fill the space or the destroyed lung has to be 
removed during the operation. Pedicled muscle 
flaps are ideal for this purpose. These adjuncts are 
particularly useful when a bronchopleural fistula 
is encountered [30]. An intercostal muscle flap is 
one option. Extrathoracic muscle options typi-
cally used include latissimus dorsi, serratus ante-
rior, and pectoralis major flaps [30]. Other flaps 

including omentum can be used as well, with the 
understanding that omental pedicle transposition 
requires entry into the abdominal cavity, raising 
the risk of infection. These muscle flaps can be 
performed at the first operation or later on after 
this initial infection has been dealt with.

Another space-obliterating technique is thora-
coplasty. These procedures were originally used 
on tuberculosis patients prior to development of 
drugs active against tuberculosis. These proce-
dures involve removal of portions of the ribs and 
chest wall, compressing the chest cavity. 
Procedures such as pleural tenting and the Schede 
thoracoplasty are somewhat morbid and disfigur-
ing. These procedures are reserved for the most 
severe cases after flap or open window techniques 
have been exhausted [31].

In patients who are debilitated and not good 
candidates for the decortication, flap placement, 
or thoracoplastic procedures, a better option is 
the open thoracic window [32]. This procedure 
involves marsupialization of the infected pleural 
cavity. These patients typically have chronic con-
tamination resulting from a bronchopleural fis-
tula, making attempts to close down and sterilize 
the space difficult. This procedure is described in 
more detail below (see “Bronchopleural fistula” 
section). Wound VAC dressings have also been 
applied to close the infected cavity down, and 
some institutions have found success with this 
technique [33]. This technique must be used with 
caution, since significant portions of the patient’s 
functioning parenchyma can be sucked down and 
rendered nonfunctional.

Chest tube drainage left in chronic empyema 
cavities is another effective way to deal with a 
stage III empyema. The tube can be placed dur-
ing the first surgery or as a stand-alone measure 
to drain infection in deconditioned patients who 
cannot tolerate operation.

A few special situations deserve mention. One 
is empyema necessitans. In his unfortunate situa-
tion, empyema expresses through the chest wall 
and presents as an enlarging chest wall abscess. 
This situation can be managed with closed decor-
tication or open drainage procedures [34].

Another special situation is a post-pneumonec-
tomy empyema. This scenario complicates up to 
15% of cases after pneumonectomy [35]. 

Table 32.1 Empyema Bacteriology

Type of pneumonia Organisms
Community-
acquired

Streptococcus spp. (~52%)
  S. milleri
  S. pneumoniae
  S. intermedius
Staphylococcus aureus (~11%)
Gram-negative aerobes (9%)
  Enterobacteriaceae
  E. coli
Anaerobes (20%)
  Fusobacterium spp.
  Bacteroides spp.
  Peptostreptococcus spp.
  Mixed

Hospital-acquired Staphylococci
  Methicillin-resistant S. 

aureus (MRSA) (25%)
  S. aureus (10%)
Gram-negative aerobes (17%)
  E. coli
  Pseudomonas aeruginosa
  Klebsiella spp.
Anaerobes (8%)

Table adapted from Davies et al. [14]

32 Empyema



372

Bronchopleural fistula is frequently encountered 
in these patients, occurring in about eight out of 
ten post-pneumonectomy empyema cases. These 
infections can be challenging to manage. Of par-
ticular importance is an acute presentation in post-
pneumonectomy patients, which can result in 
acute respiratory compromise, as the contralateral 
bronchus fills with chest fluid (Fig.  32.2). The 
patient should be immediately positioned in the 
lateral decubitus position until drainage can be 
obtained. The next section discusses broader man-
agement strategies for patients with BPF.

 Management of Bronchopleural 
Fistula

Empyema can be complicated by bronchopleural 
fistula (BPF), which provides a constant source of 
contamination in the pleural space. The lung is 
not expandable in these situations, trapped by a 
thickened fibrous peel. The etiology of BPF can 
range from a dehiscence of a bronchial closure 
after pulmonary resection or an anastomotic 
dehiscence after bronchoplastic resection. 
Predisposing factors have been defined for 
patients undergoing anatomic lung resection. 
These risk factors include malnutrition, immuno-
suppression, radiation therapy, poorly controlled 
pulmonary/pleural infection, smoking, and che-
motherapy [36]. Other risk factors for this dreaded 

complication include right pneumonectomy, com-
pletion pneumonectomy, diminished pulmonary 
reserve, and extended lymph node dissection. 
BPF typically presents as persistent air leak, new 
evidence of pneumomediastinum, a decrease in 
the fluid level in the ipsilateral pleural cavity, or a 
new air-fluid level at the height of the bronchial 
stump after pneumonectomy or lung resection. 
CT scanning can suggest the presence of BPF, but 
bronchoscopy is better for diagnosing and charac-
terizing the fistula. Occasionally, surgical explo-
ration must be necessary for diagnosis.

Management of the bronchopleural fistula 
depends on the etiology, chronicity, and health of 
the underlying lung, along with the patient’s nutri-
tional status. Endobronchial treatment has been 
described for BPF; however, success rates are low 
[37]. Definitive management in medically opti-
mized patients with ideal nutritional status typi-
cally is performed via posterolateral thoracotomy. 
Next, the bronchial stump is resected back to 
healthy tissue, and the stump is over-sewn with 
absorbable suture. Finally, soft tissue autologous 
buttressing is performed to reinforce the closure. 
Flaps such as the latissimus dorsi, pectoralis major, 
or intercostal muscle can be used. In patients with-
out these options, free flaps can be used [38]. 
Omental transposition can be used for this as well, 
and this can be a particularly good option for a 
poorly controlled infection within the chest [39]. 
Creation of an open thoracostomy window is an 
acceptable treatment strategy for empyema with a 
persistent BPF. The original procedure, as described 
by Leo Eloesser [32], involved the excision of two 
to three ribs along with creation of a U-shaped flap 
with marsupialized skin edges. A modified version 
of this procedure is used today, whereby a window 
is created using an inverted U-shaped muscle flaps. 
This allows dependent drainage of the pleural 
space and resolution of the infection.

Patients can even be sent home after resolution 
of sepsis with wound care and packing changes as 
the space granulates. When appropriate granula-
tion tissue has formed, primary chest closure 
using the Clagett procedure is one option for these 
patients [40]. This procedure involves filling the 
residual cavity with antibiotics such as neomycin 
and polymyxin B mixed with saline. Next, a 
watertight closure of the thoracostomy opening is 

Fig. 32.2 CT scan image of a patient who developed a 
bronchopleural fistula after undergoing right-sided pneu-
monectomy. The air-fluid interface is noted at the level of 
the right main stem stump closure. (Figure from Zanotti 
et al. [36])
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achieved by excising excessive skin, mobilizing 
the serratus muscle, and sewing the opening 
closed in layers. This procedure can be quite 
effective when performed in the right setting, 

achieving success in up to 80% of patients in one 
series [41]. Failure of a Clagett requires reversion 
back to the Eloesser flap with or without space 
obliteration procedures (Figs. 32.3 and 32.4).

Fig. 32.3 This figure shows a cross section of the empy-
ema cavity and the modified Eloesser flap. Note the 
tongue flap attached to the base of the empyema cavity. 
(Figure from Sabiston and Spencer Surgery of the Chest, 
8th edition [42])

Left lung

Skin flap attached
to base of
empyema cavity

Drained
empyema

cavity

Skin flap

Diaphragm

Fig. 32.4 This is a patient 
with a matured Eloesser 
located just above the 
diaphragm. The serratus 
muscle is preserved under the 
superior skin flap. (Figure 
from Zanotti et al. [36])
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 Pediatric Considerations

For the pediatric population, current guidelines 
recommend tube thoracostomy with or without 
fibrinolytics for the initial treatment of patients 
with empyema. If the patient fails to respond to 
therapy, VATS debridement should be the next 
step in management.

 Traumatic Empyema

Empyema may complicate the hospital course of 
up to 26% of patients with posttraumatic retained 
hemothorax [43]. Identified risk factors for for-
mation of empyema in trauma patients include 
duration of tube thoracostomy, length of inten-
sive care unit stay, pulmonary contusion, lapa-
rotomy, and retained hemothorax [44]. These 
empyemas may be approached in similar matter 
as described for empyema of other etiologies; 
however, earlier operative intervention may be 
warranted in lower-risk patients [45, 46].
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Incarcerated Inguinal Hernias

Shirin Towfigh

Inguinal hernias have been treated surgically 
since the age of ancient Egypt [1]. At that time, it 
became apparent that life-threatening hernias 
require an operation. The indications for surgical 
treatment of inguinal hernias have since evolved 
immensely. Options for repair of inguinal hernias 
are varied. On the one hand, most minimally 
symptomatic inguinal hernias can be safely 
observed [2]. On the other extreme, strangulated 
inguinal hernias are life-threatening and must be 
treated emergently. The incarcerated inguinal 
hernia, however, can be a diagnostic and thera-
peutic dilemma. There has been no clinical trial 
studying incarcerated inguinal hernias. We have 
no widely accepted treatment algorithm for its 
treatment. The surgeon can be left wondering if 
his or her decision to observe or to operate was 
indeed the most correct one. This chapter will 
focus on the treatment algorithm for incarcerated 
inguinal hernias in the adult population.

 Definitions

An incarcerated inguinal hernia is one in which 
the contents are no longer reducible. Reducibility 
can be subjective. Patients may report incidents 
of incarceration, which self-resolve. Should these 
patients be treated like a patient with no history 

of inguinal hernia incarceration? Patients may 
present with irreducible inguinal hernia contents 
to the emergency room, yet the physician may be 
able to reduce the contents. Should they still be 
treated as if they have an incarcerated hernia? 
Lastly, patients may have a minimally symptom-
atic incarcerated inguinal hernia that no one can 
reduce. The clinical algorithm may be different 
for each of these situations.

The timing of the incarceration is of impor-
tance. Though patients may present with an acutely 
incarcerated inguinal hernia, others may have 
chronically incarcerated hernias. Again, the clini-
cal scenario may be different for each of these. In 
one study, 1/3 of patients with incarcerated ingui-
nal hernia who underwent an emergent operation 
were asymptomatic prior to their presentation [3].

Lastly, the amount of pain and other clinical 
symptoms that are associated with the incarcera-
tion is of importance. For example, an acutely 
incarcerated inguinal hernia with 10/10 pain may 
be treated differently than an acutely incarcerated 
inguinal hernia without any pain.

A strangulated inguinal hernia is technically 
not the same as an incarcerated one. By definition, 
a strangulated hernia includes ischemic contents. 
The ischemia may be reversible in some situa-
tions, but there must be some evidence of ischemia 
to inherit the label of strangulation. Irreducibility 
is typical in such situations, but it is not a prerequi-
site. In other words, almost all strangulated hernias 
are also incarcerated. That said, there is a spectrum 
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of presentation. An incarcerated inguinal hernia 
can evolve into a strangulated one. Also, it may be 
difficult to discern one vs the other. In most studies 
addressing incarcerated inguinal hernias, strangu-
lated hernias are addressed as a subset of the incar-
cerated hernias, and so the two diagnoses are 
addressed as one entity [3–5]. This can confuse the 
surgeon, as these studies make no clinical distinc-
tion between the two presentations. In this chapter, 
we will tease out the scenario of the obviously 
strangulated inguinal hernias and focus the bulk of 
our discussion on the non-strangulated incarcer-
ated inguinal hernia.

Inguinal hernias include direct and indirect 
inguinal hernias. Their content may include fat 
(most commonly), the intestine, and/or a nearby 
organ. Femoral hernias are infra-inguinal and share 

in the myopectineal orifice but are not the same as 
inguinal hernias (Fig. 33.1). Their presentation and 
risks for incarceration are quite different than 
inguinal hernias. In this chapter, we will discuss 
femoral hernias separately from inguinal hernias.

 Strangulated Hernias

All strangulated hernias must be operated on 
emergently as a lifesaving procedure. If left 
untreated, all patients with strangulated hernias 
will die. There are situations in which patients 
with strangulated hernias do not undergo any 
operation. These are typically rare situations 
wherein the patient wishes to forego any inter-
ventions, even if life-saving, or the patient’s clini-

a

b

Fig. 33.1 The 
myopectineal orifice. 
Note the anatomy of the 
various hernias as they 
relate to the inguinal 
ligament/iliopubic tract 
and the vessels. (a) 
Myopectineal orifice 
from anterior or open 
view, right groin. (b) 
Myopectineal orifice 
from retroperitoneal or 
laparoscopic view, right 
groin
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cal situation is so critical that an operation will 
not improve the expected mortality, such as in a 
patient with end-stage liver failure.

Strangulated inguinal hernias present with 
severe symptoms. These may include signs of 
sepsis (fever, shock), intestinal obstruction (vom-
iting), constant unrelenting pain, acute abdomen, 
and skin changes overlying a firm mass in the 
groin (erythema, edema, exfoliation, blistering). 
Imaging is often not necessary to confirm a diag-
nosis. However, in modern day, it is not uncom-
mon to have a CT scan or X-ray ordered and 
completed prior to surgical consultation. Imaging 
findings would show signs consistent with isch-
emia and/or infarction: pneumatosis, edema, free 
fluid, and free gas.

The general teaching is that intestinal infarc-
tion can occur within 6  h of mesenteric occlu-
sion. Thus, time is of the essence. One small 
study showed that delay in operating 12 or more 
hours after onset of systems will result in higher 
risk for intestinal resection [6].

As with any emergent operation, the goal is to 
save the patient’s life. Thus, in the situation of a 
strangulated inguinal hernia, the goal is not to 
repair the hernia. The hernia is not the life- 
threatening issue. The focus should primarily be 
to address the ischemia. This may require fat and/
or intestinal resection.

Depending on the patient’s clinical situation, 
the operation can be performed as a single-stage 
procedure or may need to be performed in multi-
ple stages. The safest decision is always the best 
decision.

The first stage is resection of the strangulated 
contents. In one scenario, the patient may be flor-
idly septic and in shock. The best intraoperative 
decision would be to rapidly excise the infarcted 
intestine and leave the patient in discontinuity, 
with an open abdomen. The hernia is not repaired 
at this stage. In the case of a damage control situ-
ation, the acute abdomen should be treated as one 
would any other situation involving mesenteric 
ischemia. These situations are nicely addressed 
in detail in the “Mesenteric Ischemia” and 
“Ischemic Colitis” chapters of this book. Once 
the patient is clinically stable, the hernia repair 
can be addressed. In this scenario of an unstable 

patient, definitive hernia repair may not even 
occur at the primary admission.

The timing of the hernia repair would depend 
on the clinical situation of the patient. We have 
no tools to predict the risk of re-incarceration or 
re-strangulation if a hernia is not definitively 
repaired. This assessment has never been studied. 
There is no rule that the hernia must be repaired 
within days or even during the same admission as 
the strangulation episode. That said, most sur-
geons tend to repair the hernia at the same time or 
within days of the first-stage operation of a stran-
gulated hernia.

I do not agree that a hernia should undergo 
definitive repair if the patient is unfit for the oper-
ation. Rushing to repair a hernia in a sub-optimal 
setting—such as when the patient remains criti-
cally ill, septic, and malnutritioned—may result 
in a higher risk of complications related to the 
repair. Complications and morbidity after an 
emergency operation are also significantly higher 
than after an elective operation [3, 7, 8].

The top two complications include infection 
and recurrence. Both can significantly compli-
cate options and outcomes for future hernia 
repairs, sometimes spiraling the patient toward a 
poor quality of life with risks for giant hernias 
and chronic pain.

We know that “putting some stitches” in a her-
nia will not hold the repair. More often, it may 
tear the tissue, which will make the subsequent 
hernia larger. It may entrap a nerve if poorly 
placed. A bona fide tissue repair involves quite a 
bit of tissue dissection and rearrangement. I do 
not recommend that in the face of infection, 
edema, and/or poor nutrition. If or when that her-
nia repair recurs, the surgeon loses the chance at 
offering the same repair electively.

The use of biologic or absorbable mesh pros-
thetics has been promoted in situations of gross 
contamination or prior contamination. The recur-
rence rates are higher when using biologic mesh 
in an emergent situation than with elective 
repairs, and surgical site infection remains a 
problem [9, 10]. Some of the data regarding bio-
logic mesh outcome must be extracted from the 
ventral hernia population, as the outcome of bio-
logic mesh in inguinal hernias has not been well 
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studied [11, 12]. The most recent meta-analysis 
looking at use of biologic mesh in ventral hernias 
reports a pooled 30% hernia recurrence rate when 
implanted in contaminated fields, 9% recurrence 
rate in potentially contaminated fields, plus a 
50% surgical site complication rate [13]. It is also 
quite costly. Nevertheless, it is an option.

The use of nonabsorbable synthetic mesh in a 
grossly contaminated field has been reported. 
There are a few small population reports showing 
where patients had reasonable outcomes after 
synthetic mesh implants in contaminated fields. 
Larger studies in the ventral hernia population 
have not supported this practice, even if using 
macroporous lightweight mesh [14–16]. It is also 
not my practice to place synthetic mesh in a con-
taminated field. The morbidity of dealing with a 
mesh infection is too high for me to consider it a 
valid option in my practice.

If the patient is unfit for a definitive repair, and 
the surgeon is concerned for early recurrence of a 
strangulation event, my recommendation is to 
consider plugging the hernia defect with an 
absorbable product, such as a sheet of an absorb-
able hemostatic agent. This would temporarily 
reduce the risk of any content reentering the 
defect.

 Risk Stratification

Treatment of strangulated hernias is basically 
straightforward: operate. Meanwhile, the case of 
the incarcerated (non-strangulated) inguinal her-
nia has many shades of gray. As such, the sur-
geons should stratify the treatment plan based on 
the hernia’s risk for progression to a strangulated 
inguinal hernia.

An incarcerated inguinal hernia may vary 
from being asymptomatic and non-obstructing to 
painful and obstructing. Those that are symptom-
atic may share many clinical findings with a 
strangulated inguinal hernia. These may include 
nausea, constant or colicky pain, overlying skin 
changes such as erythema, warmth over the her-
nia site, and intestinal obstruction. In general, if 
any of these findings are notable in a patient with 
an incarcerated inguinal hernia, the risk of pro-

gression to strangulation is real. Urgent surgical 
treatment is recommended. Early attention to this 
category of incarcerated inguinal hernia can be 
lifesaving [7].

Secondarily, the incarcerated inguinal hernia 
should be stratified based on the patient’s quality 
of life. For example, if a patient has a chronically 
incarcerated inguinal hernia that is minimally 
symptomatic, then urgent surgical attention may 
not significantly improve his or her quality of 
life. A better choice may be elective repair, under 
controlled perioperative circumstances, with 
improved outcome. Watchful waiting may even 
be an option in the asymptomatic or minimally 
symptomatic patient with incarcerated inguinal 
hernia. That said, none of the watchful waiting 
trials included incarcerated inguinal hernias in 
their study population [2, 17].

 Diagnosis

The first level of diagnosis of an incarcerated 
inguinal hernia is clinical. The patient may 
notice a bump or mass in the groin. This is more 
commonly appreciated in nonobese patients 
[18]. If there are symptoms, they tend to be 
focused at the level of the herniation. The timing 
of the symptoms is important, as those with 
shorter period of symptoms are at higher need 
for emergent attention [19, 20]. Obstructive 
symptoms, such as nausea, bloating, and vomit-
ing, are common when the intestine is involved. 
However, most incarcerated inguinal hernias 
involve only fat.

In some patients, an intestinal obstruction may 
be the only sign of an incarcerated inguinal her-
nia; thus, physical examination should always 
include a hernia examination [8]. This is more 
commonly missed among non-surgeons than sur-
geons, with up to 1/3 of the bowel obstructions 
being missed as due to inguinal hernia [21].

Findings of overlying erythema, warmth, and 
hypesthesia are concerning as they may be sug-
gestive of ischemia and impending strangulation.

Imaging can be an important adjunct to physi-
cal examination, especially if there is a question 
about content and its viability [8]. X-rays can 
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show intestinal obstruction and sometimes gas 
below the inguinal ligament. CT scan is the most 
common imaging modality. Use of both oral and 
IV contrast would be ideal, as it will best identify 
intestinal content, evaluate for intestinal wall 
edema and perfusion, and more clearly show any 
free fluid and gas within the hernia defect.

Laboratory testing is minimal for evaluation 
of an incarcerated inguinal hernia. If there is con-
cern for ischemia, then a CBC is warranted. An 
elevation in WBC in the setting of an incarcer-
ated inguinal hernia should be treated as an 
urgent matter, with impending strangulation if 
treatment is not offered in a timely manner.

 Nonoperative Treatment Options

In an acutely incarcerated inguinal hernia, selec-
tive reduction of the incarcerated inguinal hernia 
is an option if there is no suggestion of nonviable 
tissue, especially the intestine. In an early study, 
80% of patients with incarcerations were deemed 
appropriate candidates for reduction [22]. Of 
those, 2/3 were successfully reduced. The major-
ity of the patients who had successful reductions 
(62%) required medications, whereas 38% could 
be reduced by the physician’s skill alone.

Reduction of an incarcerated inguinal hernia 
should be considered if (a) there is no clinical 
finding suggestive of strangulation and (b) the 
patient is symptomatic from the incarceration. If 
the inguinal hernia is asymptomatic or minimally 
symptomatic and has been chronically incarcer-
ated, then attempts at reduction are not typically 
necessary. It will not improve outcome.

If the asymptomatic or minimally symptom-
atic inguinal hernia is acutely incarcerated, it 
may be to the patient’s benefit reduce it. This will 
reduce the risk of edema and progression to need-
ing an emergent operation. Also, it will help 
maintain the integrity of the inguinal canal. As 
these patients may have recurrent incarceration 
episodes, it may be helpful to educate the patient 
about how to reduce their hernia.

The technique to reduce an inguinal hernia 
involves some basic knowledge of anatomy. Most 
will be indirect inguinal hernias, implying a long, 

narrow, often oblique canal as opposed to the 
wide short canal of the direct hernia. The con-
tents of the hernia should be lengthening to 
accommodate the inguinal canal prior to reduc-
ing them into the abdomen. This form of manual 
reduction is referred to as taxis. It requires skill 
rather than force and should be used judiciously. 
To quote from Dr. Joseph Parrish’s [23] essay:

Now let common sense speak on this subject. What 
can be more irrational than to apply force to a ten-
der bowel already in a state of inflammation? What 
more likely plan to hurry on the bowel to mortifica-
tion, and the patient to death? I lay it down as a 
principle that all force in such a case is improper—
arte non vi should be the maxim of the surgeon.

When reducing an incarcerated inguinal hernia, 
the surgeon must be aware of the risk of reduc-
tion en masse [24]. This is the scenario in which 
the hernia sac is seemingly reduced from the 
defect but intestinal obstruction remains. The 
cause is usually a stricture at the neck of the her-
nia sac, wherein the incarcerated contents remain 
entrapped within the hernia sac, and the perito-
neal sac is reduced intraperitoneally. Thus, in 
many situations, observation is necessary after 
reduction of an incarcerated inguinal hernia with 
obstruction. Surgical intervention is mandated if 
the obstruction does not resolve.

 Operative Treatment Options

The options for a patient with incarcerated ingui-
nal hernia are plenty and dependent more so on 
the skill of the surgeon. Most incarcerated ingui-
nal hernias can be approached via open or 
 laparoscopic approach. Neither has been shown 
to be superior to the other [8]. The safest approach 
is the best approach, and that may differ based on 
the experience of the surgeon.

The open approach for an incarcerated ingui-
nal hernia can be via inguinal, low transverse, or 
laparotomy approach. The primary goals must be 
to reduce the incarcerated content, assess for via-
bility of the content, and release any obstruction. 
Thus, it is alright to make two incisions, inguinal 
and laparotomy, as necessary to assure that those 
goals are met.
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Assuming the patient is stable and there is no 
gross contamination of the field, the inguinal her-
nia repair can be performed at the same setting. 
This can be performed via open or laparoscopic 
approach. Also, both a mesh and non-mesh tissue 
repair can be performed. There is little contrain-
dication to synthetic mesh implantation in the 
setting of incarcerated non-strangulated inguinal 
hernia, assuming there is no intestinal resection, 
as these are considered clean wound classes. In 
the situation where there has been reversible 
intestinal ischemia, one can argue there has been 
bacterial translocation, and so the site of the her-
nia is potentially contaminated. Many studies 
have confirmed the safety of synthetic mesh 
placement in a potentially contaminated situation 
[25, 26]. Monofilament macroporous lightweight 
mesh is preferred in these situations, as the risk of 
mesh infection may be lower [8]. Judicious use of 
antibiotics perioperatively would be prudent 
nevertheless.

If an open approach is chosen, I prefer the 
posterior approach as opposed to the common 
anterior approach. Variations of this approach 
have been described by many surgeons, includ-
ing Arthur Cheatle, AK Henry, Renee Stoppa, 
Lloyd Nyhus, and Robert Condon [27]. I prefer 
the technique described by Nyhus and Condon. 
The surgeon starts with a low transverse inci-
sion two fingerbreadths cephalad to the ingui-
nal ligament. This is basically a one-sided 
transverse laparotomy. With this incision, the 
surgeon can gain intraperitoneal access to 
reduce the hernia contents and assess their via-
bility. Any sac-related stricture or adhesions 
can be released. Intestinal resection can be per-
formed if necessary. Since this is a low inci-
sion, the surgeon has direct access to the 
inguinal canal for the hernia repair. It is a bit 
more difficult to repair an inguinal hernia from 
a low midline incision. At this point, the perito-
neum can be closed, and an extraperitoneal 
approach can be taken to reduce the hernia sac 
and expose the hernia defect. In the extraperito-
neal space, similar to that seen with the laparo-
scopic approach, the surgeon has a choice of 
mesh placement or tissue-based repair. The tis-
sue repair is an iliopubic tract repair, wherein 

the transversalis arch is sewn down to the ilio-
pubic tract (Fig. 33.2).

The laparoscopic approach can be considered 
in a hemodynamically stable patient. The 
approach begins intraperitoneally, with the goal 
of reducing the contents from the hernia. In the 
case of intestinal obstruction, it is very important 
to assure that entry is performed safely, such as 
with open Hasson technique. This may reduce the 
risk of intestinal injury as the abdomen will be 
distended with dilated loops of the intestine abut-
ting the abdominal wall. Secondly, the herniated 
intestine may be edematous and friable. To reduce 
the risk of bowel injury during its reduction from 
the hernia defect, it is safest to tug on the distal 
decompressed intestine and not the dilated thin-
walled edematous proximal intestine. If intestinal 
resection is necessary, then that can be performed 
in laparoscopic or open fashion, depending on the 
surgeon’s skill. Hernia repair can then be per-
formed as a transabdominal preperitoneal 
approach with mesh, if considered safe.

 Morbidity and Mortality

The mortality risk associated with elective hernia 
surgery is negligible, regardless of age [7]. Death is 
rarely part of the discussion when consenting for 
this operation. However, mortality associated with 
emergency hernia surgery is quite high. Nilsson 
et  al. [7] reported the standardized mortality ratio 
(SMR) after emergency hernia surgery to be 6.18 for 
men and 8.68 for women. This is in part due to 
increased age and comorbidities [3, 7, 20]. Patients 
undergoing an emergency hernia operation are 
about 10 years older than those undergoing an elec-
tive operation. Other reasons include need for more 
complex operations, such as bowel resection or lap-
arotomy, at the time of emergency hernia surgery. A 
bowel resection increases the SMR to 22.29 [7].

It is recommended, therefore, that all attempts 
be made to prevent need for an emergency opera-
tion. For example, symptomatic inguinal hernias 
with intermittent incarceration should be consid-
ered for elective repair. Also, those with acute 
symptoms should be more likely to undergo 
 elective repair than those with chronic symptoms. 
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One small population retrospective study suggests 
that patients with less than 3 months of symptoms 
should be considered a priority, as they are at 
highest risk for need for emergent operation [19]. 
A later study considered the same risk in patients 
with less than 1 year of symptoms [20].

Further risk factors for poor outcome include 
delay in treatment. This may be delay in presenta-
tion or delay in operation. Most studies suggest 
need for bowel resection, and thus increase in mor-
bidity and mortality, peaks if obstructive symp-
toms lasted 48 h or longer [4, 20] (Table 33.1).

a b

c d

Fig. 33.2 Posterior approach iliopubic tract repair, right 
groin. (a) Myopectineal orifice with indirect inguinal her-
nia. (b) Myopectineal orifice with direct inguinal hernia. 
(c) Iliopubic tract repair of indirect inguinal hernia, 

approximating lateral transversalis arch to iliopubic tract. 
(d) Iliopubic tract repair of direct inguinal hernia, approx-
imating medial transversalis arch to Cooper’s ligament 
and iliopubic tract

33 Incarcerated Inguinal Hernias



384

 The Case of the Incarcerated 
Femoral Hernia

Like inguinal hernias, femoral hernias occur 
within the myopectineal orifice. However, they 
are very different in epidemiology and presenta-
tion than an inguinal hernia. Women are more 
likely than men to have incarcerated femoral her-
nias by a factor of 7 [28]. We know that femoral 
hernias have the highest incidence of incarcera-
tion, strangulation, and associated mortality of all 
hernias [8, 29]. Accordingly, women have a 
higher risk of mortality from emergency hernia 
surgery [7].

Femoral hernias are at highest risk for incar-
ceration and strangulation [28]. Over 1/3 of fem-
oral hernias present for the first time as an 
intestinal obstruction and/or strangulation [30]. 
Accordingly, intestinal resection is also more fre-
quent with femoral hernias (23% vs 5% for emer-
gent inguinal hernias). Those who present with 
strangulated intestine are also at higher risk for 
sepsis and death. Women who present emergently 
with a femoral hernia have a 4% 30-day mortality 
rate [31].

Timely diagnosis is prudent, as a delay in 
diagnosis greater than 6 h correlated with worse 
outcome [28]. Thus, the workup for intestinal 
obstruction in a female, especially older than 
65  years, should rule out femoral hernia. Also, 
based on the known high risk for strangulation 

and mortality, it is recommended that femoral 
hernias be repaired electively, even if asymptom-
atic [8]. Watchful waiting is discouraged.

Femoral hernias are hard to diagnose clini-
cally, as the femoral space is small, and so they 
don’t commonly present with a bulging mass. 
Furthermore, due to the stiff confines of the canal 
(lacunar ligament, Cooper’s ligament, iliopubic 
tract), it is very difficult to reduce a femoral 
hernia.

The philosophy behind treatment of a femoral 
hernia is no different than that of inguinal her-
nias. The surgical approach is more commonly 
posterior, as the anterior transinguinal and infra- 
inguinal approaches have been shown to be limit-
ing. This can be performed via open or 
laparoscopic approach, as described above.
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Incarcerated Umbilical and Ventral 
Hernia Repair

Molly R. Deane and Dennis Y. Kim

 Introduction

Ventral herniorrhaphies are commonly performed 
procedures worldwide. Approximately 175,000 
umbilical hernia repairs are performed annually 
in the USA, where umbilical and epigastric her-
nias comprise 10% of all primary hernias [1]. 
Ventral hernia repairs are much more common 
with an estimated 350,000–500,000 open and 
laparoscopic procedures performed annually in 
the USA [2]. Left untreated, both types of hernias 
may ultimately result in life-threatening compli-
cations including incarceration and strangulation. 
Of the 2.3 million inpatient abdominal hernia 
repairs performed between 2001 and 2010 in the 
USA, approximately one-fourth were performed 
emergently [3].

 Etiologies and Presentation

Ventral hernias occur as a result of defects in the 
abdominal wall fascia and muscles through which 
preperitoneal or intraperitoneal contents may pro-
trude. Ventral hernias may be classified on the 
basis of whether or not they are primary, also 
known as true, ventral hernias (nonincisional). 

These are further classified based upon their loca-
tion or the plane of tissue through which the defect 
occurs. Epigastric hernias are midline abdominal 
hernias occurring between the umbilicus and 
xiphoid process. The defect is typically small and 
occurs as a result of incomplete fusion of the mid-
line due to a lack of decussating fibers. Multiple 
defects may be encountered and incarceration is 
uncommon. Spigelian hernias are rare hernias 
which occur through the Spigelian fascia – a sec-
tion of the aponeurosis between the semilunar line 
and the lateral border of the rectus muscle extend-
ing from the eighth costal cartilage to the pubis. 
The majority of these hernias occur at or above the 
arcuate line and may be difficult to diagnose on 
physical examination [4]. Patients often present 
with incarceration or strangulation. Parastomal 
hernias occur as a result of the creation of a defect 
in the abdominal wall through which the bowel is 
brought out to create the stoma.

Umbilical hernias may be congenital or 
acquired. In children, these hernias occur as a 
result of delayed or incomplete closure of the 
umbilical ring, which usually occurs by the age of 
5. In children, the majority of umbilical hernias 
are asymptomatic, and the standard approach to 
management is observation with the expectation 
of spontaneous closure. Common indications for 
umbilical hernia repair include failure to close by 
5 years of age, large hernias, and concerns over 
the appearance of the umbilicus and abdomen. 
Although uncommon, incarceration, which may 
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manifest with abdominal pain, distension, bilious 
emesis, and a tender mass over the umbilicus, 
warrants immediate exploration and repair.

Acquired umbilical hernias develop in adult-
hood and occur as a result of increases in intra-
abdominal pressure as may occur in the setting of 
obesity, chronic cough, or recurrent heavy lifting. 
Pregnancy, ascites, and other processes resulting 
in increased abdominal distension may also con-
tribute to the development of an umbilical hernia. 
In adulthood, umbilical hernias occur more com-
monly in women than in men. These hernias 
often contain omentum and preperitoneal fat.

Incisional hernias are by far the most common 
ventral hernias encountered and occur at the site 
of a previous incision. Approximately 10–15% of 
incisions will develop a hernia over time, and 
careful attention to closure techniques is para-
mount to reducing incisional hernias [5]. 
Development of a postoperative wound infection, 
immunosuppression, and obesity are associated 
with an increased risk for an incisional hernia as 
is the need for emergent surgery. The majority of 
these hernias manifest in the early postoperative 
period. The most common type of ventral hernia 
is a midline incisional hernia, comprising approx-
imately 90%. Trocar or laparoscopic port site 
hernias may occur in 0.5–1.0% of patients [6].

Umbilical and ventral hernias are both suscep-
tible to complications, the most concerning of 
which are incarceration and strangulation. 
Incarceration occurs when the contents of a her-
nia are irreducible due to a narrowed opening, 
adhesions to the hernia sac, or both. A Richter’s 
hernia is an example of an incarcerated hernia in 
which a portion of the antimesenteric border 
becomes incarcerated in the fascial defect with 
the potential for obstruction or strangulation. 
Strangulation involves compromised blood sup-
ply to the contents of the hernia with progression 
to ischemia and perforation.

 Clinical Presentation

Evaluation of a patient with a suspected incarcer-
ated ventral hernia begins with a detailed history 
and physical examination in conjunction with 

active resuscitative efforts. Symptoms of increas-
ing or intractable pain, nausea, and vomiting 
should be sought, in addition to the presence of 
fevers, chills, and other constitutional symptoms. 
Operative risk stratification including an assess-
ment of medical comorbidities, medications, 
functional status, and frailty should be performed. 
Additionally, details should be sought regarding 
previous surgeries, the indications for those sur-
geries, and the development of complications 
postoperatively. For patients with a known ven-
tral hernia, duration, changes in size over time, 
and the ability to reduce the hernia may be impor-
tant factors to consider when embarking upon the 
decision to repair a ventral hernia acutely.

A focused physical examination should be 
performed to identify local and systemic compli-
cations. The presence of surgical scars, location, 
and contents of the hernia, as well as the size of 
the fascial defect, should be sought during the 
exam. The presence of the systemic inflamma-
tory response syndrome, particularly when 
accompanied by the presence of erythematous 
skin changes overlying the hernia, palpation ten-
derness, or peritonitis, is highly suggestive of 
strangulation with resultant sepsis. Strangulation 
should be identified expeditiously as delays to 
operative intervention can lead to progressive 
bowel compromise and further complications 
including shock with resultant organ dysfunction. 
Early detection of progression from incarceration 
to strangulation remains a challenge.

 Diagnosis

Diagnostic imaging in the form of plain radio-
graphs or contrast-enhanced CT scans, with or 
without oral contrast, may provide additional 
information regarding the presence of a bowel 
obstruction, ischemia, and perforation. Bowel 
obstruction is diagnosed based on the presence of 
distended or dilated loops of bowel. A transition 
point can often be identified at or near the neck of 
the hernia in these patients (Fig. 34.1). Findings 
suggestive of bowel ischemia on CT scan include 
bowel wall thickening, reduced wall enhance-
ment, mesenteric stranding, pneumatosis intesti-
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nalis, and the presence of ascites or free fluid 
(Figs. 34.2 and 34.3). The presence of fluid in the 
hernia sac has been associated with an increased 
risk for surgical site infections [7]. The sensitiv-
ity of CT to identify bowel ischemia varies 
widely, and results should be interpreted in light 
of findings from the history and physical exam. 
Additional information provided by CT includes 
the presence of additional hernia defects, status 
of the abdominal wall musculature, and the pres-
ence of loss of domain. All of these variables 
should be incorporated into the surgical decision-

making process. It should be emphasized that the 
diagnosis of incarcerated or strangulated ventral 
hernia is primarily established on the basis of his-
tory and clinical exam findings. Lab values 
including an elevated white blood cell count, the 
presence of a bandemia, and lactic acidosis may 
be suggestive of bowel strangulation.

 Management

For patients with an incarcerated ventral hernia 
complicated by bowel obstruction, nasogastric 
tube decompression in conjunction with fluid 
resuscitation should be undertaken prior to oper-
ative intervention. The aggressiveness of fluid 
resuscitation is determined by the patient’s over-
all volume and metabolic status. For patients in 
whom strangulation is suspected, early goal-
directed therapy should be instituted with an 
emphasis on source control. Early administration 
of broad-spectrum antibiotics to cover for com-
mon enteric pathogens as well as skin flora 

Fig. 34.1 Axial CT demonstrating dilated and collapsed 
small bowel within a large recurrent ventral hernia. Note 
also the presence of free fluid

Fig. 34.2 CT scan demonstrating the presence of an 
incarcerated umbilical hernia with resultant small bowel 
obstruction

Fig. 34.3 Sagittal CT demonstrating incarcerated umbil-
ical hernia with free fluid in dependent portion of the her-
nia sac
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should be provided in addition to fluids, while 
arrangements are made for emergent surgical 
intervention.

 Surgical Technique

The choice of operative approach is largely dic-
tated by patient anatomy and physiology, surgeon 
experience, and the presence of complications 
associated with the incarcerated hernia. Key fac-
tors to consider are outlined in Table  34.1. In 
emergency general surgery patients presenting 
with strangulated ventral hernias and hemody-
namic instability due to septic and/or cardiogenic 
shock, we recommend a damage control or staged 
approach to management. Source control and 
avoidance of iatrogenic injury are the guiding 
principles of the first stage, in conjunction with 
active and aggressive resuscitation. Infected 
mesh should be excised, and nonviable or com-
promised bowel should be resected and the 
patient left in discontinuity followed by tempo-
rary closure and admission to the intensive care 
unit. During the second stage, invasive hemody-
namic monitoring, optimization of oxygen deliv-
ery, and support of end-organ dysfunction in a 
goal-directed fashion should continue until key 
endpoints are achieved such as reversal of acido-
sis, correction of the base deficit, and repletion of 
volume deficits. In the final stage, patients are 
brought back to the operating room where the 
gastrointestinal tract is placed back into continu-

ity and final definitive closure or serial partial 
closures are performed.

 Open Repair

 Incarcerated Umbilical Hernia
The majority of patients presenting with an incar-
cerated ventral hernia will undergo an open her-
niorrhaphy, with or without the use of mesh. 
Patients should be positioned supine on the oper-
ating room table with arms abducted at 90°. 
Following induction with a general anesthetic, 
patients are widely prepped and draped. 
Perioperative parenteral antibiotics should be 
administered prior to skin incision.

For patients with an uncomplicated incarcer-
ated umbilical hernia, injection of local anes-
thetic along the skin and subcutaneous tissue of 
the inferior umbilical ridge or depression should 
be performed. A semilunar incision is then made 
along the inferior aspect of the umbilicus, and the 
subcutaneous tissues are sharply cleared from the 
surrounding fascia and umbilical stalk. A Kelly 
or curved hemostat can be used to develop a win-
dow around the stalk, which is then divided. The 
hernia sac is identified and freed from surround-
ing tissues and the umbilical skin using a combi-
nation of sharp and blunt dissection. The neck of 
the hernia is identified, and the surrounding fas-
cia is cleared circumferentially for 1.5–2.0  cm 
followed by opening of the hernia sac and inspec-
tion of hernia contents to ensure viability. The 
contents of the hernia are then reduced and the 
hernia sac excised ensuring that enough remains 
to allow for re-approximation and closure using 
an absorbable 2-0 or 3-0 suture. The undersur-
face of the fascial defect is also cleared of any 
adhesions on the peritoneal surface. Defects less 
than 2–3 cm in size can be primarily repaired in a 
transverse fashion without the use of mesh using 
interrupted permanent 0 sutures. Careful atten-
tion should be paid to hemostasis, ensuring 
 adequate bites of fascia both above and below the 
defect. The umbilicus should then be secured or 
tacked to the fascia using a 3-0 absorbable suture 
being careful not to buttonhole the skin. The skin 
is closed with a running absorbable subcuticular 

Table 34.1 Factors determining approach to repair of an 
incarcerated ventral hernia

Factors
Management options and 
considerations

Hemodynamic 
status of patient

Definitive repair (stable) versus 
damage control or staged 
approach (unstable)

Operative 
approach

Open versus laparoscopic

Wound 
classification

Clean, clean-contaminated, 
contaminated, dirty

Type of repair Primary (tissue) versus mesh
Selection of mesh Synthetic, biologic, biosynthetic
Location of mesh 
insertion

Onlay, inlay, sublay, underlay
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suture and a cotton ball placed in the umbilicus 
which is then covered with a waterproof transpar-
ent dressing.

For larger umbilical defects (>2–3 cm), con-
sideration should be given to placement of a 
mesh plug or patch to reduce tension at the site of 
the repair and the risk for recurrence. In patients 
in whom the potential for bowel resection and 
more extensive procedures may be required, a 
vertical incision which skirts around the umbili-
cus may be employed, as opposed to the standard 
curvilinear incision, as this incision may be 
extended superiorly or inferiorly as needed. 
Decisions regarding the type and location of 
mesh placement are discussed below. The 
authors’ preference is to place mesh in the sublay 
or retrorectus position whenever feasible.

 Incarcerated Ventral Hernia
Patients undergoing repair of an incarcerated 
ventral hernia should be positioned, prepped, and 
draped in a similar fashion to patients undergoing 
an incarcerated umbilical hernia repair. 
Depending on the location of the ventral hernia(s), 
a generous vertical or transverse incision can be 
made directly over the hernia itself or along the 
midline. If unsightly scars are present along or in 
the path of the incision, these can be excised dur-
ing the process of entry into the abdomen. The 
hernia sac and peritoneum are then dissected free 
from the surrounding tissues, and the neck of the 
hernia is dissected circumferentially from the 
surrounding fascia which should be cleared for a 
distance of 3–4  cm. The sac is then incised to 
allow for inspection of the contents of the hernia 
and to ensure viability. Fluid present within the 
sac may be cultured at this time. The contents of 
the hernia are then reduced into the peritoneal 
cavity, or interventions such as omentectomy or 
bowel resection are carried out as dictated. If the 
contents of the hernia are not readily reducible, 
the fascial defect should be sharply elongated to 
allow return of the hernia contents into the perito-
neal cavity. The peritoneum is reapproximated, 
and the decision to place a mesh and the location 
of mesh placement are made.

Defects larger than 2–3 cm should be repaired 
with mesh to decrease the risk of recurrence. 

Even among patients with contaminated abdomi-
nal wall defects, synthetic mesh placed in a sub-
lay fashion within the retrorectus space with 
approximation of the fascia ventral to the mesh 
appears to have similar outcomes to patients 
undergoing repair with a biologic mesh [8]. 
Judicious use and placement of subcutaneous 
drains are required to decrease the risk for post-
operative seroma formation.

Whenever possible, bridging of ventral her-
nias or placement of mesh in an inlay position 
should be avoided as such repairs do not provide 
optimal mechanical stabilization of the abdomi-
nal wall and the lack of fascial overlap precludes 
mesh-tissue integration or ingrowth, which may 
ultimately increase the risk of infection and 
recurrence. In patients with large or complex 
ventral hernias in whom primary fascial re-
approximation cannot be achieved, advanced 
myofascial release techniques should be 
employed. Both an anterior component separa-
tion technique and a transversus abdominis mus-
cle release (TAR), a modification of the classic 
retrorectus muscular Stoppa repair technique, are 
reasonable surgical options. Patients with loss of 
domain (variably defined as ≥50% of the abdom-
inal viscera residing outside of the abdominal 
cavity) will often require the use of these tech-
niques during the reconstruction of their complex 
abdominal wall hernias.

Traditionally, an anterior component release 
involves the development of large skin flaps that 
allow for the identification of the linea semiluna-
ris which is then incised 2–3  cm lateral to it, 
being careful to limit the incision to the external 
oblique aponeurosis and avoiding the internal 
oblique and transversus abdominis fascia. A 
plane is then developed between the external 
oblique and the internal oblique laterally to the 
posterior axillary line, superiorly toward the cos-
tal margin, and inferiorly to the inguinal liga-
ments. This mobilization results in each ipsilateral 
complex being able to be advanced toward the 
midline 4 cm in the upper abdomen, 8 cm at the 
waist, and 3  cm in the lower abdomen [9]. 
Component separation can be a useful and low-
cost option for repair of large midline abdominal 
wall hernias.
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For patients with complex abdominal wall her-
nias or those requiring complex abdominal wall 
reconstruction, we advocate for repair using the 
TAR technique or posterior component separation. 
Briefly, following a midline laparotomy and 
meticulous adhesiolysis with reduction of contents 
into the abdominal cavity, the retrorectus space is 
entered by sharply incising the posterior rectus 
sheath just lateral to the midline. The linea semilu-
naris is then identified, and the posterior rectus 
sheath is incised medial to the neurovascular bun-
dles supplying the rectus muscles to reveal the 
underlying transversus abdominis muscle 
(Figs.  34.4 and 34.5) [10]. The muscle is then 
divided allowing entry into the space between the 
transversus abdominis and the transversalis fascia, 
which is developed laterally and posteriorly as 
well as superiorly and inferiorly. This allows for 
medialization and closure of the peritoneum and 
transversalis fascia over which a large mesh can be 
placed and fixated in the retrorectus space fol-
lowed by re-approximation of the anterior rectus 
sheath over the mesh (Figs. 34.6 and 34.7) [10].

 Selection of Mesh and Location 
of Placement

With the exception of very small ventral hernias 
(<2-3 cm), mesh should be employed in order to 

reduce recurrence. Various types of mesh are 
available for use, and they have widely varying 
properties which lead to different indications for 
use. Heavyweight meshes have thick polymers, 
small pore size, and high tensile strength which, 
in combination with the profound tissue reaction, 
leads to a dense scar. Lightweight meshes are 
composed of thinner filaments and have larger 
pores making them more flexible and inducing 
less of a foreign body reaction which, in some 
cases, has led to higher rates of recurrence. 
Different meshes have different shrinkage prop-
erties, and the amount of shrinkage correlates 
with density so that heavyweight meshes with 
smaller pores have more shrinkage due to 
increased scar. Overall scar tissue shrinks to 
~60% of the surface area of the original wound 
[11, 12].

In addition to factors such as wound class, the 
risk of infection is also related to mesh character-
istics such as type of filament and pore size. It has 
been advocated that if synthetic mesh placement 
is being considered in a contaminated field, a 
lightweight macroporous mesh should be used as 
it may have a lower risk of infection and also 
because there are data demonstrating the possibil-
ity of eradication of infection in this type of mesh 
without removal [13]. A recent prospective, multi-
institutional study of surgical and quality-of-life 
outcomes comparing heavyweight, midweight, 

Inferior epigastric
vessels

Perforators to
rectus muscles

Linea semilunaris

Fig. 34.4 The posterior rectus sheath is incised about 
0.5–1  cm medial to the anterior/posterior rectus sheath 
junction to expose the underlying transversus abdominis 

muscle. Note the perforator nerves that are preserved dur-
ing retromuscular dissection and subsequent posterior 
component release
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and lightweight mesh in open ventral hernia repair 
demonstrated that midweight mesh had fewer sur-
gical site infections (SSIs) and decreased length 
of hospital stay, whereas  lightweight mesh was 
associated with worse quality of life at 6 and 
12 months postoperatively [14].

Biomaterials or biologic meshes may have a 
lower risk of infection over time but come at a 

a b

c d

Fig. 34.5 Sequential steps of the TAR technique: (a) 
exposure of the posterior rectus fascia, (b) incision of the 
posterior rectus sheath and the underlying transversus 

abdominis muscle, (c) further division of the posterior 
sheath/transversus abdominis with development of the lat-
eral space, and (d) dissection caudal to the arcuate line of 
Douglas toward the space of Retzius

Retracted Rectus muscle
Medially advanced

posterior rectus sheath

Incised edge of the
transversus abdominal

muscleExposed transversalis fascia

Fig. 34.6 Transversus abdominis muscle release allows 
for posterior component separation with entrance to the 
space between the transversalis fascia and the divided 
transversus abdominis muscle. This sublay space is suf-
ficient for significant prosthetic reinforcement of a vis-
ceral sac

Fig. 34.7 The anterior rectus sheaths then are reapproxi-
mated in the midline ventral to the mesh to re-create the 
linea alba
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much higher cost than traditional, synthetic mesh 
products. As such, insertion or use of these meshes 
is typically reserved for contaminated and dirty 
wounds. Due to degradation and host remodeling, 
it has been proposed that these meshes may 
become vascularized and largely replaced by host 
tissues thereby potentially decreasing the risk of 
permanent mesh infection. Biologic materials are 
processed leading to a scaffold of porous extracel-
lular matrix which undergoes remodeling and 
incorporation by the host. Some biologic meshes 
have been processed to have additional cross-link-
ing, such as those chemically processed with glu-
taraldehyde, and this slows degradation in the 
hopes of leading to a stronger host collagen 
framework; however, this is controversial [15]. 
The biologic meshes (Table  34.2) are classified 
based upon species of origin, source of collagen 
matrix, decellularization process, whether they 
are cross-linked, storage requirements, and need 
for rehydration at the time of use [16].

Mesh may be placed in a variety of locations. 
Typically, this involves placement in an onlay, 
inlay, sublay, or underlay/intraperitoneal loca-
tion. Onlay repairs involve placement of the mesh 
over the anterior fascia and usually require devel-
opment of skin flaps. As discussed earlier, an 
inlay placement involves placement of mesh 
between the fascial edges. Sublay mesh place-
ment in the retrorectus space is considered by 
many to be the ideal location for mesh placement. 

Underlay placement involves placement of the 
mesh in the peritoneal cavity below the perito-
neum. This is the typical location of mesh place-
ment when performing a laparoscopic ventral or 
umbilical hernia repair. Placement within the 
peritoneal cavity necessitates the use of a hybrid 
or dual-layer mesh with an absorbable nonadher-
ent surface positioned toward the abdominal con-
tents to decrease the potential for adhesions.

 Wound Classification

The amount of bacterial burden in the wound is the 
most significant risk factor for postoperative infec-
tion. The Centers for Disease Control and 
Prevention (CDC) wound classification predicts 
the relative probability that a given wound will 
become infected, and the World Society of 
Emergency Surgery has developed guidelines for 
mesh use based upon wound class. For CDC class 
I and II wounds, use of synthetic mesh is recom-
mended for incarcerated hernias, with or without 
intestinal resection, provided there is no gross spill-
age. In these groups, there was no  statistically sig-
nificant difference in the rate of deep incisional 
SSIs or return to OR in 30 days compared to non-
mesh patients. However, the rate of recurrence was 
lower in hernias repaired with mesh [16]. For CDC 
class III and IV wounds, additional factors deter-
mine the type of repair and mesh used. Small her-

Table 34.2 Types of biologic mesh

Brand name Company Type Species Additional cross-link Sterilized
Alloderm® LifeCell Dermis Human No No
Allomax™ CR Bard Dermis Human No Yes
FlexHD™ MTF Dermis Human No No
Collamend™ CR Bard Dermis Porcine Yes Yes
Permacol™ Covidien Dermis Porcine Yes Yes
Strattice® LifeCell Dermis Porcine No Yes
Surgimend® TEI Dermis Bovine, fetal No Yes
XenMatrix™ CR Bard Dermis Porcine No Yes
Surgisis® Cook Intestinal Submucosa Porcine No Yes
Periguard® Synovis Pericardium Bovine Yes Yes
Tutopatch® Tutogen Pericardium Bovine No Yes
Veritas® Synovis Pericardium Bovine No Yes
BioA® WL Gore Synthetic bioabsorbable N/A Yes
TIGR® Novus Scientific Synthetic bioabsorbable N/A Yes
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nia defects (<3 cm) should be repaired primarily, 
and, when not possible, a biologic mesh may be 
used. In contaminated or dirty fields, there are data 
supporting the use of a biologic matrix over a syn-
thetic mesh; however, studies are of low quality 
with conflicting results [8, 17, 18]. The use of syn-
thetic mesh in clean contaminated and contami-
nated cases has been demonstrated to be comparable 
to biologic mesh repairs in terms of outcomes.

 Laparoscopic Repair

Minimally invasive techniques can be success-
fully employed in the repair of incarcerated or 
strangulated hernias. Prior to establishing pneu-
moperitoneum, it is important to assess the size 
of the defect and mark out the borders of the her-
nia in order to assist with the selection of an 
appropriately sized mesh. Access to the perito-
neal cavity can be achieved using an open Hasson 
technique or via a closed technique using a Veress 
needle at Palmer’s point or with the aid of a dilat-
ing optical trocar. Following insufflation and 
establishment of adequate pneumoperitoneum, 
reduction of hernia contents followed by evalua-
tion of bowel viability will dictate the next opera-
tive steps. An appropriately sized composite- or 
dual-coated mesh can then be fixated using a 
combination of tacks and transfascial sutures 
ensuring 4–5 cm of overlap circumferentially.

For patients with strangulated hernias where via-
bility needs to be addressed and bowel resection 
performed, the feasibility of laparoscopy is decreased 
and surgeon dependent. Hemodynamically unstable 
patients may not be able to tolerate pneumoperito-
neum. Additionally, as an underlay repair is typically 
performed in patients undergoing laparoscopic 
repair, the presence of strangulation and a dirty field 
may mandate an open repair and placement of mesh 
in an extraperitoneal location.

 Special Circumstances

Cirrhotic patients with ascites and an incarcer-
ated ventral hernia present a unique management 
challenge. In the absence of incarceration and 

provided that the liver disease is not advanced 
(child’s B or C), several groups have advocated 
for elective repair of umbilical hernias in order to 
prevent complications of ascitic leak or incarcer-
ation. When cirrhotic patients present with incar-
ceration or strangulation, emergent operation is 
required. Protein loss and large fluid shifts should 
be anticipated and repleted via infusion of albu-
min in a similar fashion to patients undergoing a 
large-volume paracentesis (6–8  g/L). Whenever 
possible a primary tissue repair should be per-
formed. If mesh is required, consideration should 
be given to a biologic mesh. Placement of an 
intraperitoneal drain is optional and may help 
prevent rapid accumulation of tense ascites with 
the potential for ascitic leak and hernia recur-
rence. Alternatively, paracentesis may be per-
formed as required, while optimization of 
medical therapy takes place. Occasionally, tran-
sjugular intrahepatic portosystemic shunt (TIPS) 
may be required for refractory ascites.

 Postoperative Course

Postoperatively, subcutaneous drain output 
should be monitored and drains removed when 
there is <30 cc output in a 24-h period. Placement 
of an abdominal binder is suggested but not 
required. Duration of antibiotic therapy will 
depend on the presence or absence of contamina-
tion, and pharmacologic venous thromboembo-
lism prophylaxis should be administered in the 
immediate postoperative period. Glucose control 
along with dietary modification, weight loss, and 
smoking cessation are important modifications 
that may prevent wound-healing complications 
and hernia recurrence.
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Paraesophageal Hernia 
and Gastric Volvulus

K. Conley Coleman and Daniel Grabo

 Introduction

Hiatal hernias are a relatively common incidental 
finding on radiographic or endoscopic evaluation 
with estimates of incidence ranging from 10% to 
50% for the general population [1]. A paraesoph-
ageal hernia is a rare type of hiatal hernia that 
mainly affects older adults (age 65–75  years). 
Medical management of reflux symptoms is the 
mainstay of therapy for a hiatal hernia. However, 
surgical management is often required for the 
management of failed medical therapy in hiatal 
hernia and in complicated paraesophageal hernia 
(gastric volvulus, bleeding, or obstruction).

 Classification and Etiology

The most common type of hiatal hernia is type I, or 
a sliding hiatal hernia, which accounts for about 
95% of all hiatal hernias with the remaining 5% 
being true paraesophageal (types II, III, and IV) her-
nias [2]. Hiatal hernias are classified as follows:

 I. Type I, also called a sliding hiatal hernia, 
occurs when the gastroesophageal (GE) 
junction ascends into the thorax through the 

esophageal hiatus, pulling the cardia of the 
stomach up as well. This occurs due to a lax-
ity in the phrenoesphageal ligament.

 II. Type II is a true paraesophageal hernia, 
where the GE junction resides in the abdo-
men but a portion of the stomach fundus her-
niates through the hiatus into the thorax. This 
is commonly due to a combination of phren-
oesphageal ligament laxity and widening of 
the esophageal hiatus.

 III. Type III occurs as a combination of type I 
hiatal and II paraesophageal hernias. The GE 
junction ascends into the thorax as well as 
the fundus of the stomach herniating in par-
allel thought the hiatus.

 IV. Type IV is when an organ other than the 
stomach herniates through the hiatus into the 
thorax. This is most commonly the colon, 
but can be the spleen, or small bowel as well.

Trauma, congenital malformations, and iatro-
genic factors, such as complications from surgi-
cal dissection, have all been implicated in the 
development of hiatal hernias [3]. Type I hiatal 
hernias result from the progressive disruption of 
the GE junction and as such a portion of the gas-
tric cardia herniates upward. Type II, III, and IV 
paraesophageal hernias can result in displace-
ment of the greater curvature of the stomach into 
the thorax due to hernia enlargement and laxity in 
the gastrocolic and gastrosplenic ligaments. The 
GE junction, however, often remains fixed in the 
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abdomen, and this results in the herniated stom-
ach rotating around its longitudinal axis.

Gastric volvulus can occur if the stomach rotates 
around its long or short axis, resulting in organo-
axial or mesenteroaxial, respectively. Organoaxial 
volvulus occurs when the stomach rotates around 
its long axis as drawn from the GE junction to the 
pylorus where as mesenteroaxial volvulus occurs 
when the stomach rotates around a perpendicular 
line drawn from the lesser curvature to the greater 
curvature. Gastric volvulus is more common in 
persons age > 50 years and in those with diaphrag-
matic defects. Gastric volvulus can be classified as 
primary or secondary gastric volvulus [4]. Primary 
gastric volvulus is due to abnormalities occurring 
with the gastric ligaments which allows the stom-
ach to twist. More common, however, is secondary 
gastric volvulus which occurs as the result of ana-
tomic abnormalities not associated with gastric 
ligamentous distention. These are usually due to 
paraesophageal hernias or diaphragmatic hernias 
but also can be due to diaphragmatic eventration 
and phrenic nerve paralysis.

Acute gastric volvulus can be a surgical emer-
gency if the stomach becomes rotated in such a 
way as to cause ischemia. Unfortunately, acute 
gastric volvulus is associated with mortality rates 
that range from 30% to 50% [4]. In this circum-
stance emergent, surgical intervention is war-
ranted to prevent gastric necrosis. Quick diagnosis 
along with appropriate perioperative management 
and surgical therapies is the key to minimizing the 
risk of the morbidity and mortality that is associ-
ated with gastric necrosis. Chronic or intermittent 
gastric volvulus is less severe in nature; however, 
chronic rotation of the stomach can result in gas-
tric ulceration, bleeding, and anemia.

 Clinical Presentation and Diagnosis

 Hiatal Hernia

While most patients with small type I hiatal hernias 
are asymptomatic, as the hernia enlarges, symp-
toms of gastroesophageal reflux (GERD) including 
heartburn, regurgitation, and dysphagia can occur 
[5]. A hiatal, type I, hernia is suspected based on 
symptoms consistent with GERD. Complications 

are rare and are usually related to reflux. Barium 
swallow, upper endoscopy, and esophageal 
manometry are utilized in the diagnosis; however, a 
full discussion of these modalities is outside the 
scope of this emergency surgery chapter.

 Paraesophageal Hernia

Paraesophageal (types II, III, IV) hernias are often 
asymptomatic or result in only vague, intermittent 
symptoms of epigastric/substernal pain, postpran-
dial fullness, regurgitation, and dysphagia. 
Complications of paraesophageal hernias are due to 
mechanical problems and include gastric volvulus, 
bleeding from ulcerations and erosions in the herni-
ated organs, and respiratory complications [6].

 Gastric Volvulus

Acute gastric volvulus and strangulated parae-
sophageal hernias have similar clinical histories. 
Symptoms typically involve severe epigastric 
abdominal pain and/or lower chest pain. 
Intractable vomiting often occurs as well and can 
often be unproductive. Borchardt’s triad is often a 
finding associated with acute gastric volvulus 
and consists of chest pain, vomiting with inabil-
ity to produce emesis, and the inability to pass a 
nasogastric tube. Development of gastric isch-
emia and necrosis will be manifested by severe 
abdominal pain and peritonitis. Chronic or sub-
acute gastric volvulus usually causes vague or 
subclinical symptoms such as mild upper abdom-
inal discomfort, dysphagia, and heartburn.

Findings on examination will depend on the 
severity of the obstruction and ischemia. Depending 
on the degree of volume depletion, the patient may 
present in a spectrum from mild tachycardia to 
hypovolemic shock. If gastric outlet obstruction is 
present, the stomach can become dilated and filled 
with fluid resulting in upper abdominal distention.

Laboratory findings may show electrolyte 
derangements consistent with multiple episodes of 
vomiting. Hypokalemia may be present as well as a 
hypochloremic metabolic alkalosis. Elevation in the 
white blood cell count can be present as well, and 
persistent elevation after gastric decompression may 

K. Conley Coleman and D. Grabo



399

indicate gastric ischemia and possible perforation. 
An elevation in lactate may be present and could 
point toward the presence of gastric ischemia.

Radiographic finding in the acute settings may 
show a classic large, spherical air-filled density in 
the chest with an air-fluid level present on plain 
film; see Fig. 35.1. If acute gastric volvulus is sus-
pected, computer tomography (CT) scan should be 
obtained to evaluate the stomach in relation to sur-
rounding structures in three dimensions. CT scan 
in an acute gastric volvulus can show a dilated 

stomach positioned in the chest. It may also dem-
onstrate the esophagus and stomach rotating 
around one another, a swirl sign, best seen in the 
transverse plane. CT scan can also be used to 
detect other pathology occurring such as free air, 
free fluid, other anatomic abnormalities, diaphrag-
matic defects, and pneumatosis of the stomach. 
Finally, CT scan can also aid in ruling out other 
pathologic causes as the source. See Fig. 35.2a, b 
demonstrating CT findings of a patients with 
incarcerated paraesophageal hernias.

Incarcerated
intrathoracic
stomach

Fig. 35.1 PA chest 
X-ray demonstrating 
acute incarcerated 
paraesophageal hernia

Incarcerated
intrathoracic
small Bowel

Incarcerated
intrathoracic
stomach

Incarcerated
intrathoracic
colon

a b

Fig. 35.2 (a) Type IV paraesophageal hernia with intrathoracic stomach and small bowel and (b) the stomach and 
colon
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Radiographs in the chronic setting of gastric 
volvulus often demonstrate abnormal positioning 
of the stomach in the chest. Additional contrast-
enhanced imaging (upper gastrointestinal series) 
and endoscopy are often used to confirm the 
diagnosis. See Fig. 35.3 demonstrating incarcer-
ated paraesophageal hernia with intrathoracic 
and intra-abdominal stomach.

 Management

Asymptomatic type I hiatal hernias do not require 
surgical intervention. Medical management of 
GERD is the mainstay of therapy. The role of sur-
gery in the management of GERD is reserved for 
failure of medical therapy, intractable symptoms, 
and progression of disease.

The prophylactic correction of asymptomatic 
paraesophageal hernias remains controversial as 
the annual risk of developing acute symptoms 
requiring emergent surgery is less than 2% [5]. 
This risk decreases exponentially after 65  years, 
and the mortality rate from elective paraesophageal 
hernia repair is approximately 1.4% [5]. Elective 
repair, however, is required in patients with a para-
esophageal hernia and subacute symptoms, such as 
GERD refractory to medical  therapy, dysphagia, 
postprandial pain, early satiety, and anemia.

Options for repair include surgical approaches 
transabdominally or transthoracically often uti-

lizing laparoscopic or video-assisted techniques, 
alone or in combination. The optimal operative 
approach remains controversial and varies by 
surgeon preference and experience. Laparoscopic 
repair of PEH is associated with overall low mor-
bidity and mortality (30  day 1.7% and 0.8%, 
respectively) and an estimated 10% recurrence 
rate [7, 8]. Regardless of approach, the principles 
of surgical repair of PEH remain the same and 
vary by incision of choice, body cavity approach, 
and order in which they are performed. However, 
they include the following:

• Dissection of the hiatus, removal of hernia 
sac, and reduction and derotation of the 
stomach.

• Esophageal mobilization with at least 3–4 cm 
intra-abdominal length (the use of Collis gas-
troplasty to gain additional esophageal length).

• Closure of hiatal defect with primary suture 
repair and selective use of mesh (biologic or 
permanent) which has been shown to be effec-
tive in reducing recurrences.

• Fundoplication, most often Nissen-type, ben-
efits patients who have preexisting GERD.

• Anterior gastropexy with suture or gastros-
tomy tube can be used to reduce the risk of 
recurrence.

Surgical repair is required in patients with 
symptoms resulting from paraesophageal her-

Incarcerated
intrathoracic
stomach

Fig. 35.3 Contrast 
esophogram 
demonstrating chronic 
hiatal hernia with 
portion of intrathoracic 
stomach as well as 
intra-abdominal
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nias. Emergent repair is required in patients with 
gastric volvulus, uncontrolled bleeding, strangu-
lation, perforation, obstruction, or respiratory 
compromise that results from a paraesophageal 
hernia. Paraesophageal hernias that present as an 
emergency are associated with a high mortality.

 Preoperative Considerations 
and Resuscitation

Light et al. present a useful and comprehensive 
management algorithm for acute gastric volvulus 
in surgical endoscopy in 2016 [4]. Once the diag-
nosis is confirmed, initial management should 
focus on stabilization and resuscitation. Fluid 
resuscitation with isotonic crystalloid and/or 
blood therapy (if bleeding/anemic) should be 
started along with correction of any electrolyte 
derangement. The addition of broad spectrum 
antibiotics early on after the diagnosis is made or 
strongly suspected is important as well. 
Concomitantly, immediate gastric decompres-
sion should be performed with placement of a 
nasogastric tube. Decompression of the stomach 
will provide symptomatic alleviation and can 
sometimes result in spontaneous reduction of the 
volvulus. Gastric decompression improves perfu-
sion to the gastric wall which allows for further 
medical optimization as the need to emergently 
go to the operating room is abated.

If an NG tube cannot be passed, endoscopic 
assistance can be performed for decompression. 
If endoscopic assistance is needed, this is best 
preformed in patients in which an airway has 
been secured via endotracheal tube intubation. 
Minimal insufflation should be used during the 
endoscopy. Once the esophagoscope is success-
fully in the stomach, gastric contents can be suc-
tioned to provide decompression, and an NG tube 
can then be placed.

Once a successful NG tube is placed and gas-
tric decompression is obtained, repeat abdominal 
radiographic imagining should be obtained to 
confirm placement of the tube and decompres-
sion of the stomach. Once confirmed, the NG 
tube should remain in the stomach to prevent re-
accumulation of fluid and repeated distention of 

the stomach. If gastric decompression cannot be 
obtained via nasogastric tube placement or 
endoscopy, immediate surgical decompression 
should be performed.

 Endoscopic Therapy

Endoscopic derotation is often used as first-line 
therapy to manage patients with idiopathic or pri-
mary gastric volvulus and in patients who are 
poor surgical candidates with secondary (parae-
sophageal hernia-related) gastric volvulus [4]. 
The placement of a percutaneous endoscopic gas-
trostomy (PEG) tube aids in fixing the stomach to 
its normal position. The addition of a second PEG 
tube may prevent future rotation of the stomach. 
One PEG is placed into the gastric body; the other 
is placed more distal in the stomach.

 Surgical Therapy

Surgical repair of secondary gastric volvulus, 
most commonly the result of paraesophageal her-
nia, consists of reducing and derotating the stom-
ach, removal of nonviable gastric tissue, repair of 
anatomic defects, and gastric fixation. Open or 
laparoscopic surgical techniques can be used, and 
the approach largely depends on the preference 
and experience of the surgeon. Traditionally, 
acute gastric volvulus is managed via an open 
surgical approach; however, observational stud-
ies suggest that a laparoscopic approach may be 
preferred to open surgery because of the advan-
tages of shorter hospital stay and reduced periop-
erative morbidity [9].

Via an upper midline laparotomy, the stomach 
is reduced from the hernia sac. This is typically 
accomplished initially by gentle downward trac-
tion of the stomach starting anteriorly. Lysis of 
adhesions between the stomach/omentum and the 
hernia sac is often necessary prior to delivery of 
the stomach into the abdomen where it can be 
manually derotated.

Obvious ischemic areas of the stomach neces-
sitate gastric resection in the form of partial or 
rarely subtotal gastrectomy. Consideration should 
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be given to a second-look operation to see if the 
appearance of the stomach improves over 
12–36 h. Repair of an associated anatomic defect, 
such as a paraesophageal hernia, is often neces-
sary to reduce the risk of recurrence.

After the stomach is reduced and derotated, 
the hernia sac needs to be completely excised. 
The distal esophagus is mobilized, and an antire-
flux procedure is often performed. Closure of the 
defect, with or without mesh, is performed.

Gastric fixation is accomplished in one of two 
ways. Simple direct suturing of the anterior stom-
ach to the abdominal wall or placement of gas-
trostomy tube effectively tethers the anterior wall 
of the stomach to the posterior aspect of the 
abdominal wall. Gastric fixation via PEG tube 
placement, while routinely performed along with 
endoscopic derotation, is not required following 
repair of anatomic diaphragm defects.

For the patient with severe metabolic derange-
ments who might not be suited for definitive 
repair, a staged approach is another option. The 
priority is control of sepsis which includes at 
least a few of the initial principles of surgical 
management: reduction of the hernia contents, 
derotation of the volvulized stomach and other 
organs, and resection of nonviable tissue. Once 
this has been accomplished, determination if the 
patient can tolerate definitive repair must be 
made. Alternatively, leaving the patient in tempo-
rary discontinuity with NG decompression in 
place, abdominal packing on raw surface and 
temporary abdominal closure devices is a useful 
alternative. After this abbreviated “damage con-
trol” operation in which the source of sepsis has 
been controlled, the patient can be taken to the 
ICU for hemodynamic and metabolic optimiza-
tion as well as the recruitment of consultants for 
definitive repair if needed [10].

 Postoperative Management

Patients should be admitted postoperatively to an 
appropriate level of care for their clinical condition. 
Scheduled antiemetics can be administered to help 
prevent postoperative nausea and vomiting [11]. A 

nasogastric tube can also be left in place postopera-
tively to provide gastric decompression and help 
prevent postoperative nausea and vomiting.

In 24–48 h, a barium swallow study should be 
obtained to evaluate the hernia repair, determine 
the presence of an esophageal leak, and assess 
gastric emptying. If the barium swallow is nega-
tive, a clear liquid diet can be started and 
advanced to a low-residue diet as tolerated. Those 
undergoing a laparoscopic repair can typically be 
discharged on postoperative day 2 [9]. If an open 
repair is preformed, return of bowel function 
should occur prior to discharging the patient.

 Recurrence

While recurrence of unrepaired gastric volvulus 
is common, there are few data that report on 
recurrence following repair. Recurrence of surgi-
cally corrected gastric volvulus indicates failure 
of anatomic repair or inadequate fixation of the 
stomach to the abdominal wall.

 Summary

Although type I hiatal hernias are more com-
mon, they rarely result in a surgical emergency. 
Paraesophageal hernias occur less frequently; 
however, they can present with devastating com-
plications. A quick and accurate diagnosis of 
strangulated paraesophageal hernia/gastric vol-
vulus is crucial to providing appropriate, timely 
therapy.

If strangulation or volvulus is present or 
there are symptoms of obstruction, bleeding, 
perforation, or respiratory distress, emergent 
operative intervention is indicated. Appropriate 
fluid and blood component resuscitation with 
attention to electrolyte derangements, broad-
spectrum antibiotics, NG decompression, and 
urgent surgical repair should be undertaken 
immediately.

Whether proceeding in an open or laparoscopic 
manner, the core principles of operative repair of 
a paraesophageal hernia remain the same:
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• Dissection around the hiatus and complete 
reduction of the hernia sac (and stomach dero-
tation if volvulus is present)

• Dissection of the intrathoracic esophagus until 
adequate (3–4  cm) intra-abdominal length is 
obtained

• Hiatal defect repair
• Antireflux and gastric fixation procedure

If transfer to a tertiary care center with a high-
volume foregut practice is not possible, then, 
keeping in mind these principles, one should pro-
ceed with a safe operation that has as its primary 
aim to achieve source control of sepsis by reduc-
ing the hernia, detorsing the volvulized stomach, 
and resecting necrotic tissue.

Gastric volvulus and strangulated paraesopha-
geal hernia represent a surgical emergency and 
should be treated as such. Once diagnosed, quick 
action and appropriate operative intervention can 
prevent a potential catastrophic condition.
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Extremity Compartment 
Syndrome

Col (Ret) Mark W. Bowyer

 Pathophysiology/Epidemiology

CS has been found wherever a compartment is 
present: the hand, forearm, upper arm, abdomen, 
buttock, and entire lower extremity. The patho-
physiology of CS is relatively straightforward. 
Groups of muscles and their associated nerves 
and vessels are surrounded by thick fascial layers 
that define the various compartments of the 
extremities which are of relatively fixed volume. 
Compartment syndrome occurs either when com-
partment size is restricted or compartment vol-
ume is increased. Several conditions have been 
implicated in causing CS [1–32] and are detailed 
in Table 36.1.

As the pressure within the compartment (from 
blood, fluid, or external pressure) increases, the 
tissue perfusion decreases, and cellular metabo-
lism is impaired, leading to cellular death. If this 
pressure is not relieved in a timely fashion 
(reported to be 4–6 h but may be less (as little as 
an hour) in a patient with shock), irreversible 
damage will occur. Polytrauma patients with 
hypotension can sustain irreversible injury at 
lower compartment pressures than patients with 
normal blood pressures, and a very high index of 
suspicion should be maintained in this group.

The leg (calf) is the area that is most com-
monly affected accounting for 68% in a large 
civilian series (Branco), followed by the forearm 
(14%), and the thigh (9%) [33]. In a review of 
294 combat injured soldiers undergoing 494 fas-
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Table 36.1 Factors implicated with the development of 
acute limb compartment syndrome [1–32]

Restriction of compartment 
size

Increased compartment 
volume
From hemorrhage:
Fractures

Casts Vascular injury
Splints Drugs (anticoagulants)
Burn eschar Hemophilia; sickle cell
Tourniquets From muscle edema/

swelling:
Tight dressings Crush – Trauma, drugs, 

or alcohol
Fracture reduction Rhabdomyolysis/blast 

injury
Closure of fascial defects Sepsis
Incomplete skin release Exercise induced
Military antishock 
trousers

Envenomation or bee 
sting

Prolonged extrication 
trapped limb

Massive resuscitation

Localized external 
pressure

Intra-compartmental fluid 
infusion

Long leg brace Phlegmasia cerulea dolens
Automated BP 
monitoring

Electrical burns

Malpositioning on  
OR table

Reperfusion injury

Postpartum eclampsia

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96286-3_36&domain=pdf
mailto:mark.bowyer@usuhs.edu


406

ciotomies, Ritenour et al. reported the calf as the 
most common site (51%) followed by the fore-
arm (22.3%), thigh (8.3%), upper arm (7.3%), 
hand (5.7%), and foot (4.8%) [34].

Certain injury patterns have been associated 
with higher likelihood of needing fasciotomy. 
Blick et  al. found a close association between 
grade of fracture, degree of comminution, and 
risk of development of CS in a retrospective 
review of 198 open tibia fractures [35]. Abouezzi 
et  al. found a 28% incidence of fasciotomy in 
patients with peripheral vascular injuries treated 
at a Level I trauma center. They determined that 
injury to popliteal vessels was more likely (62% 
cases) to result in fasciotomy than above the knee 
vascular injury (19% cases) [36]. This finding 
was echoed by Gonzalez et al. [37] who reported 
that CS of the lower extremity was more likely to 
be associated with penetrating injuries below the 
knee (94%) than above the knee. Another study 
evaluated femoral vascular injuries in particular 
and found that the rates of fasciotomy depended 
on whether there was isolated arterial (13% fasci-
otomy) or venous injury (3% fasciotomy), or a 
combination (38% fasciotomy) [38].

Branco et al. [33] found that incidence of fas-
ciotomy varied widely by mechanism of injury 
(0.9% after motor vehicle collision to 8.6% after 
a gunshot wound). Additionally the need for fas-
ciotomy was related to the type of injury ranging 
from 2.2% incidence for patients with closed 
fractures up to 41.8% in patients with combined 
venous and arterial injuries. The study by Branco 
identified ten risk factors associated with the 
need for fasciotomy after extremity trauma: 
Young males, with penetrating or multi-system 
trauma, requiring blood transfusion, with open 
fractures, elbow or knee dislocations, or vascular 
injury (arterial, venous, or combined) are at the 
highest risk of requiring a fasciotomy after 
extremity trauma [33].

 Diagnosis

The diagnosis of compartment syndrome is a 
clinical diagnosis. The classically described five 
“Ps”  – pain, pallor, paresthesias, paralysis, and 

pulselessness – are pathognomonic of compart-
ment syndrome. However, these are usually late 
signs, and extensive and irreversible injuries may 
have taken place by the time they are manifested. 
The most important symptom of CS is pain 
greater than expected due to the injury alone. 
Remember that the loss of pulse is a late finding, 
and the presence of pulses does not rule out CS! 
The presence of open wounds does not exclude 
CS. In fact, the worst open fractures are actually 
more likely to have a CS.

In actual practice, tissue pressure (compart-
ment pressure) measurements have a limited role 
in making the diagnosis of CS. However, in poly-
trauma patients associated with head injury, drug 
and alcohol intoxication, intubation, spinal inju-
ries, use of paralyzing drugs, extremes of age, 
unconsciousness, or low diastolic pressures, 
measuring compartment pressures may be of use 
in determining the need for fasciotomy. The pres-
sure threshold for making the diagnosis of CS is 
controversial. A number of authors recommend 
30 mm Hg [39, 40], and others cite pressures as 
high as 45  mm Hg [41]. Ouellete [42] recom-
mended that an ICP of 15–25 should be used in 
patients with clinical signs and greater than 25 
for those without. Many surgeons use the 
“Delta-P” system. The compartment pressure is 
subtracted from the patient’s diastolic blood pres-
sure to obtain the Delta-P with muscle was at risk 
when the ICP was within 10–30  mmHg of the 
diastolic pressure [43]. If the Delta-P is less than 
30, the surgeon should be concerned that a CS 
may be present. Other factors to consider when 
considering fasciotomy are length of time of 
transport to definitive care and ability to do serial 
exams.

Compartment syndrome is a first and foremost 
a clinical diagnosis, and a patient manifesting 
with signs and symptoms of a CS should be oper-
ated on expeditiously. In patients with poly-
trauma, CS should be a diagnosis of exclusion, 
and one should have a low threshold for perform-
ing fasciotomy especially in patients with vascu-
lar trauma. The safest approach is to err on the 
side of early and aggressive intervention, and if 
one thinks of about doing a fasciotomy, it should 
be done. The reliance on clinical examination 
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with a low threshold for fascial release may result 
in unwarranted fasciotomies, but it avoids the 
grave consequences of a missed diagnosis.

 Treatment of Compartment 
Syndrome

The definitive treatment of compartment syn-
drome is early and aggressive fasciotomy. In 
patients with vascular injury who require fasci-
otomy in conjunction with a vascular repair, it 
makes great sense to perform the fasciotomy 
before doing the repair. The rationale for this is 
that the ischemic compartment is likely to already 
be tight and thus will create inflow resistance to 
your vascular repair, making it susceptible to 
early thrombosis. The remainder of this chapter 
will detail the relevant anatomy, landmarks, step-
by-step surgical techniques, and pitfalls associ-
ated with fasciotomy of the extremities most 
commonly affected by CS.

 Lower Leg Fasciotomy

The lower leg (calf) is the most common site for 
CS requiring fasciotomy. The leg has four major 
tissue compartments bounded by investing mus-
cle fascia (see Fig. 36.1).

It is important to understand the anatomical 
arrangement of these compartments as well as 
some key structures within each compartment in 
order to perform a proper four-compartment fas-

ciotomy. It is not necessary to remember the 
names of all the muscles in each compartment, 
but it is useful to remember that the anterior com-
partment contains the anterior tibial artery and 
vein and the common peroneal nerve (recently 
renamed the common fibular nerve), the lateral 
compartment the superficial peroneal (recently 
renamed the superior fibular) nerve (which must 
not be injured), the superficial posterior compart-
ment the soleus and gastrocnemius muscles, and 
the deep posterior compartment the posterior 
tibial and peroneal vessels and the tibial nerve.

When dealing with a traumatically injured 
extremity, there is absolutely no role for getting 
fancy. The use of a single incision for four-com-
partment fasciotomy of the lower extremity is 
mentioned to condemn it. Attempts to make cos-
metic incisions should also be condemned, and 
the mantra should be “bigger is better.” 
Compartment syndrome of the lower extremity 
dictates two-incision four-compartment fasciot-
omy with generous skin incisions [29, 44].

There are several key features that will enable 
a successful two-incision four-compartment fas-
ciotomy. One of the key steps is proper place-
ment of the incisions. As extremities needing 
fasciotomy are often grossly swollen or deformed, 
marking the key landmarks will aid in placement 
of the incisions. It is useful to mark the patella 
and the tibial tuberosity as well as the tibial spine 
which serves as a reliable midpoint between the 
incisions. The lateral malleolus and fibular head 
are the landmarks used to identify the course of 
the fibula on the lateral portion of the leg 
(Fig.  36.2). The lateral incision is marked just 
anterior (~1 fingerbreadth) to the line of the fib-
ula or a finger in front of the fibula. It is important 
to stay anterior to the fibula as this minimizes the 
chance of damaging the superficial peroneal 
(superior fibular) nerve and helps to correctly 
identify the intermuscular septum between the 
anterior and lateral compartments.

The medial incision is made one thumb 
breadth below the palpable medial edge of the 
tibia or a thumb below the tibia (Fig. 36.3). The 
extent of the skin incision should be to a point 
approximately three fingerbreadths below the 
tibial tuberosity and above the malleolus on 

Anterior

Lateral

Superficial
posterior

Deep
posterior

Fig. 36.1 The cross-sectional anatomy of the midportion 
of the left lower leg depicting the four compartments that 
must be released when performing a lower leg 
fasciotomy

36 Extremity Compartment Syndrome



408

either side. It is very important to mark the inci-
sions on both sides prior to opening them, as the 
landmarks of the swollen extremity will become 
rapidly distorted once the incisions are made.

 The Lateral Incision of the Lower 
Leg

The lateral incision (Fig. 36.2) is made one fin-
ger in front of the fibula and should in general 
extend from three fingerbreadths below the head 
of the fibula down to three fingerbreadths above 
the lateral malleolus. The exact length of the 
skin incision will depend on the clinical setting. 
Care must be taken to make sure that it is long 
enough so that the skin does not serve as a con-
stricting band. The skin and subcutaneous tis-
sue are incised to expose the fascia encasing the 
lateral and anterior compartments. Care should 
be taken to avoid the lesser saphenous vein and 
peroneal (fibular) nerve when making these skin 
incisions.

Once the skin flap is raised, the intermuscular 
septum is identified. This is the structure that 
divides the anterior and lateral compartments. In 
the swollen or injured extremity, it may be diffi-
cult to find the intermuscular septum. In this set-
ting the septum can be identified by following the 
perforating vessels down to it (Fig. 36.4).

Classically the fascia of the lateral lower leg is 
opened using an “H”-shaped incision. The cross-
piece of the “H” is made using a scalpel which 
will expose both compartments and the septum. 
The legs of the “H” are made with curved scis-
sors at least 1  cm away from the septum using 
just the tips which are turned away from the 

septum to avoid injury to the peroneal (fibu-
lar) nerves (Figs.  36.5 and 36.6). The superfi-
cial peroneal (superior fibular) nerve originates 
around the head of the fibula and descends to the 
foot within the lateral compartment becoming 
superficial two thirds to three fourths of the way 
down the leg and then crosses over to the anterior 
compartment (Fig. 36.6). Care must be taken to 
avoid injury to this nerve as the fascial incisions 
approach the ankle. The fascia should be opened 
by pushing the partially opened scissor tips in 

Fig. 36.2 The fibular head and lateral malleolus (on the right lower leg) are used as reference points to mark the edge 
of the fibula, and the lateral incision (dotted line) is marked one finger in front of this (a finger in front of the fibula)

Medial edge of tibia
Medial incision

Medial
malleolus

Fig. 36.3 The medial incision (dotted line) is marked (on 
the medial left lower extremity) one thumb breadth below 
the palpable medial edge of the tibia (solid line). A thumb 
behind the tibia
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both directions on either side of, and at least 1 cm 
away from, the septum, opening the fascia from 
the head of the fibula down to the lateral malleo-
lus. Inspection of the septum and identification 
of the common peroneal (fibular) nerve and/or 
the anterior tibial vessels confirms entry into the 
anterior compartment. The skin incision should 
be closely inspected and extended as needed to 
ensure that the ends do not serve as a point of 
constriction.

 Pitfalls of the Lower Leg Lateral 
Incision

The anterior compartment is the most com-
monly missed compartment when performing 
a fasciotomy of the lower extremity [34]. The 
most common reason the anterior compartment 
is missed is due to the incision being made too 
far posteriorly, either over or behind the fibula. If 
the incision is made too far posteriorly, the inter-
muscular septum between the lateral and super-
ficial compartments is mistaken for the septum 
between the anterior and lateral compartments, 
and the anterior compartment is not opened 
(Figs. 36.7 and 36.8).

 The Medial Incision  
of the Lower Leg

The medial incision (Fig. 36.3) is made one fin-
gerbreadth below the palpable medial edge of 
the tibia (one thumb behind the tibia). When 
making this incision, it is important to identify 
and preserve the greater saphenous vein, as 
well as ligate any perforators to it. After making 
an incision through the skin and subcutaneous 
tissues, the fascia overlying the superficial pos-
terior compartment is exposed. This compart-
ment contains the soleus and gastrocnemius 
muscle. Opening this fascia from the tibial 
tuberosity to the medial malleolus effectively 
decompresses the superficial posterior com-
partment (Fig. 36.9).

The key to entering the deep posterior com-
partment is the soleus muscle. The soleus muscle 
attaches to the medial edge of the tibia, and dis-
secting these fibers (referred to by some as the 

Lateral compartment

Anterior compartment Intermuscular septum

Perforating vessels

Anterior
Lateral

Fig. 36.4 The lateral incision on a right lower extremity 
demonstrates the intermuscular septum (dotted line), 
which separates the anterior and lateral compartments of 
the lower leg. Note one of the perforating vessels (arrow) 
which enters and helps to identify the septum

Fig. 36.5 The fascia of the right lateral lower leg (foot to 
the right) is opened in a classic “H”-shaped fashion for the 
length of the compartments with scissors turned away 
from the septum to avoid damage to underlying structures 
as seen on the right
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soleus bridge) completely free from and expos-
ing the underside of the tibia ensures entry into 
the deep posterior compartment (Fig.  36.10). 
Identification of the posterior tibial neurovascu-
lar bundle confirms that the compartment has 
been entered (Fig.  36.11). The muscle in each 
compartment should be assessed for viability. 
Viable muscle is pink, contracts when stimulated, 
and bleeds when cut. Dead muscle should be 
debrided back to healthy viable tissue. The skin 
incision is left open and either covered with 
gauze or a vacuum-assisted wound closure device 
which have been shown in recent studies to speed 
up and improve the chances definitive closure of 
these wounds.

 Pitfalls of the Medial Incision

The deep posterior compartment (DPC) is the 
second most commonly missed compartment 
when performing a fasciotomy of the lower 
extremity [34]. The most common reason the 
DPC is missed is due to a dissection plane made 
between the gastrocnemius and soleus muscles 
and believing that opening the fascia over the 
soleus muscle equates to having opened the deep 
posterior compartment (Fig. 36.12).

In the injured extremity, a prominent plantaris 
tendon (also known as the “intern’s nerve”) may 
be mistaken for the posterior tibial neurovascular 
bundle leading one to erroneously believe that the 
posterior compartment has been entered and 
decompressed (Fig. 36.13).

Inadvertent injury to the saphenous vein can 
cause significant bleeding and may result in 
venous insufficiency if the deep venous system 
has also been injured.

Inadequate length of either the fascial or skin 
incision(s) can result in failure to reduce com-
partment pressures to acceptable levels.

 Compartment Syndrome 
of the Thigh

Compartment syndrome is uncommon in the 
thigh because of the large volume that the thigh 
requires to cause an increase in interstitial 

Fig. 36.7 There is an intermuscular septum (red arrow) 
between the lateral and superficial posterior (post) com-
partments which can be mistaken for the septum between 
the anterior and lateral compartments (blue arrow) if the 
incision is made too far posteriorly

Fig. 36.6 The superficial peroneal (fibular) nerve 
(arrows) runs in the lateral compartment from the knee 
and crosses over the septum (star) into the anterior com-
partment 2/3–3/4 of the way down the leg toward the 
ankle. This must be carefully avoided by keeping the scis-

sor tips pointed away from the septum and looking for the 
nerve as the fasciotomy is extended to the lateral malleo-
lus. The left lateral lower leg is seen on the left, and the 
right lateral lower leg is seen on the right
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 pressure. In addition, the compartments of the 
thigh blend anatomically with the hip allowing 
for extravasation of blood or fluid outside the 
compartment. Major risk factors for thigh com-
partment syndrome include severe femoral frac-
tures, vascular injury, severe blunt trauma/crush 

or blast injury to the thigh, iliofemoral deep vein 
thrombosis, and external compression of the thigh 
[45–49]. The thigh contains three compartments: 
anterior, posterior, and medial (Fig. 36.14). The 
anterior (not the medial) compartment contains 
the femoral artery and vein and is the most likely 
to develop a compartment syndrome.

Fig. 36.8 If the lateral incision is made too far posteri-
orly, the intermuscular septum (red arrow) between the 
lateral (L) and superficial posterior (SP) compartments 

can be mistaken for the septum (blue arrow) between the 
anterior (A) and lateral (L) compartments with the ante-
rior compartment missed

Fig. 36.9 The medial incision as seen on the left lower 
leg is placed such that the saphenous vein can be identi-
fied and preserved, and the fascia (star) is opened to 
expose the soleus and gastrocnemius muscles in the 
superficial posterior compartment. The superficial poste-
rior compartment is exposed by opening the superficial 
fascia (star) below the edge of the tibia (arrows)

Fig. 36.10 On the left medial lower leg, the soleus mus-
cle (stars) is dissected off of the inferior border of the tibia 
(arrow) allowing entry into the deep posterior 
compartment
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If compartment syndrome of the thigh exists, a 
lateral incision is made first as this enables 
decompression of both the anterior and posterior 
compartments (Fig.  36.15). Often, the lateral 
incision is all that is needed, though on occasion 
with a severely swollen extremity a medial inci-
sion will be needed as well (Fig. 36.15). The lat-
eral incision of the thigh extends from the 
intertrochanteric line to the lateral epicondyle of 
the femur to expose the iliotibial band or fascia 

latae which is opened the length of the incision. 
The vastus lateralis muscle is reflected superiorly 
and medially to expose the lateral intermuscular 
septum (between the anterior and posterior com-
partments) which incised the length of the inci-
sion. Commonly after the anterior and posterior 
compartments are decompressed, the pressure in 
the medial compartment is measured, and if ele-
vated, this compartment is also decompressed 
through the medial incision.

Fig. 36.11 Identification of the posterior tibial neurovas-
cular structures (arrows) confirms entry into the deep pos-
terior compartment after taking the soleus muscle down 

from the tibia as seen on the left (picture to left) and right 
(picture to right) medial lower leg

Fig. 36.12 If the dissection plane is made between the 
soleus (S) and gastrocnemius (G) muscles, the deep poste-
rior (DP) compartment has not been opened, and the soleus 

fibers must be taken down from the underside of the tibia 
(star) to separate the superficial posterior (SP) from the 
deep posterior compartment such that it can be opened
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If needed, the medial compartment can be 
opened through a medial incision (Fig.  36.15) 
placed along the course of the saphenous vein. 
This is followed by rotation of the sartorius muscle 
and incision of the medial intermuscular septum 
between the medial and anterior compartments.

 Compartment Syndrome 
of the Forearm and Hand

Compartment syndromes of the hand and fore-
arm are much less common than in the lower 
extremity, but it is vital that it be recognized and 

treated should it occur. Compartment syndrome 
of the upper arm is very unusual but may follow 
supracondylar fracture of the humerus. 
Compartment syndrome of the forearm may be 
associated with fractures, crush or blast injury, 
burns, or vascular injury [50–55]. CS of the hand 
can occur from trauma but is more commonly 
associated with infiltration of intravenous fluids 
[56–58]. As there are no sensory nerves in the 
hand compartments, physical findings do not 
include sensory abnormalities, and the pressure 
threshold for release is much less than in the legs 
(15–20 mmHg).

The forearm is classically described as having 
three compartments: volar (anterior), mobile 
wad, and dorsal (posterior). Some anatomy texts 
and practitioners subdivide the volar into superfi-
cial and deep compartments. The literature con-
tains descriptions of multiple approaches to the 
volar incision [51–55]. The most commonly used 
and described volar fasciotomy incision of the 
forearm is a curvilinear incision (to release the 
anterior and mobile wad compartments) which is 
extended to the hand to release the carpal tunnel 
(Fig. 36.16). The incision crosses the antecubital 
fossa in a curvilinear fashion to the radial aspect 
of the upper forearm and then is carried toward 
the ulnar aspect down to the wrist and then across 
the wrist in a transverse fashion and onto the 

Fig. 36.13 The plantaris tendon (arrow) is found in the 
plane between the soleus and gastrocnemius muscles and 
may be mistaken for the posterior tibia neurovascular 
bundle. In order to enter and decompress the deep poste-
rior compartment, the soleus muscle must be taken down 
from the underside of the tibia

Anterior

Medial

Posterior

Fig. 36.14 This cross section of the mid right thigh 
shows the three compartments of the thigh: anterior (pur-
ple), medial (orange), and posterior (green). Note that the 
femoral artery and vein (arrow) are found in the anterior 
compartment

Lateral incsion

Medial incsion

Thigh
compartments

Anterior

Medial

Posterior

Fig. 36.15 The two incisions required to decompress the 
compartments of the thigh are depicted with the anterior 
(purple) and posterior (green) compartments opened via 
the lateral incision and if indicated the medial (orange) 
compartment opened through the medial incision
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palm to release the carpal tunnel. This volar inci-
sion allows for decompression of the volar (ante-
rior) and mobile wad compartments as well as the 
carpal tunnel. This incision is preferred because 
of potentially better cosmetic results and mainte-
nance of an adequate skin blood supply between 
it and the dorsal (Fig. 36.17) incision at the wrist.

The dorsal (posterior) compartment of the 
forearm is released through a linear dorsal inci-
sion, with two additional incisions on the dorsum 
of the hand to release the hand (Fig. 36.17). To 

ensure that the compartments of the forearm are 
completely decompressed, it is important to do a 
complete episiotomy (opening the fascia overly-
ing the muscle) of each of the muscles exposing 
the muscle bellies in the entire length of the 
forearm.

In most cases of suspected compartment syn-
drome of the forearm, the carpal tunnel should be 
opened completely at the wrist. This is accom-
plished by identifying the median nerve at the 
wrist crease and using scissors passed on either 
side of the transverse carpal ligament above the 
median nerve and divided (Fig. 36.18). The trans-
verse carpal ligament is generally wider than one 
might expect (>2 cm), and there is a haptic and 
audible crunch that accompanies its division. If 
one “cuts until the crunch is gone,” the carpal 
tunnel is fully opened. If CS of the hand is sus-
pected, it is best to involve a hand specialist early 
as often additional incisions will be required to 
decompress the thenar and hypothenar compart-
ments [56–58].

 Aftercare and Complications

If necrotic muscle is present, it should be debrided 
at the time of original fasciotomy which as 
described above will create large wounds that 
must be covered. The open wounds should be 
covered with non-adherent dressing or moist 
gauze. Wound closure can be accomplished with 
the assistance of traction such as the “shoelace 
technique” or vacuum-assisted devices [59–62]. 
The wounds should be reevaluated 24–48 h after 
the initial fasciotomy with further debridement as 
indicated. After the acute process subsides, 
delayed primary closure or split-thickness skin 
grafting may be performed. Patients with open 
fasciotomy wounds are at risk for infection, and 
incomplete or delayed fasciotomies can lead to 
permanent nerve damage, loss of limb, multi-
system organ failure, rhabdomyolysis, and death. 
Early recognition and aggressive fasciotomy will 
help to minimize these adverse outcomes.

Fig. 36.16 The volar incision as seen on the right arm 
enabling decompression of the anterior (volar) and mobile 
wad compartments

Fig. 36.17 The dorsal incision as seen on the right arm 
with additional incisions on the hand enabling decompres-
sion of the dorsal compartment of the forearm and the 
intraosseous compartments of the hand
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 Conclusions
Compartment syndrome must be suspected in 
all polytrauma patients with extremity injury. 
Additionally, patients in the intensive care 
unit are also at risk to develop compartment 
syndrome from a variety of non-traumatic 
conditions, principally sepsis, massive resus-
citation, and reperfusion. It is essential that 
all clinicians caring for these patients have an 
intimate knowledge of the pathophysiology, 
etiology, and evaluation of CS. Additionally, 
all surgeons need to have a comprehen-
sive knowledge of the relevant anatomy and 
the techniques for performing a proper fas-
ciotomy. A high index of suspicion must 
be maintained (especially in patients with 
altered levels of consciousness), and early and 
aggressive fasciotomy will minimize the mor-
bidity and mortality associated with failure to 
adequately treat compartment syndromes.
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Abdominal Compartment 
Syndrome and the Open Abdomen
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 Introduction

Compartment syndrome, first identified in the 
context of extremity perfusion, was described in 
the early 1800s. Inadequate tissue perfusion due 
to narrowing of the gap between perfusion pres-
sure/flow and tissue pressure was recognized as a 
threat to limb perfusion and viability. This same 
principle can be applied to the abdomen and its 
visceral contents, and it was the recognition of 
this analogy that eventually led to the recognition 
of IAH and subsequent ACS as life-threatening 
entities. The relationship of increased abdominal 
pressures and its effects on the respiratory system 
were first described in the late 1800s. Emerson’s 
work in the 1900s examined the true relationship 
of intra-abdominal pressures and the cardiovas-
cular system in dogs [1]. The interest in IAH was 
reinvigorated in the 1980s with multiple publica-
tions, initially through the work of Kron et  al., 
who described the effects of IAH and the effects 
of re-exploration on renal function [2, 3]. 
Ultimately, the World Society of the Abdominal 
Compartment Syndrome (WSACS), now termed 

the Abdominal Compartment Society, was 
formed in 2004 and exists to promote research 
and education as it relates to ACS [4, 5].

The pathophysiology of compartment syn-
drome is simply defined as intra-abdominal 
hypertension resulting in end-organ failure. The 
effects of intra-abdominal hypertension have vast 
implications including cardiac, pulmonary, renal, 
and even neurological function. Patients with 
intra-abdominal catastrophes as well as those 
who have undergone aggressive resuscitation in 
the context of dysregulated systemic inflamma-
tion are patient populations at increased risk for 
ACS.  Once recognized, immediate attention 
should be directed toward relieving the IAH 
through consideration of both invasive and nonin-
vasive maneuvers aimed toward decreasing 
abdominal pressure. These maneuvers, though 
beneficial in the context of decreasing abdominal 
pressure, often carry with them their own set of 
problems and issues, such as acute or chronic 
open abdominal wounds and challenges that 
come along with these wounds. Fortunately, 
experience has led to the creation of multiple 
short- and long-term options to deal with these 
issues.

Furthermore, as the understanding of the 
pathophysiology driving IAH and ACS increases, 
options aimed upstream of decompression are 
being described as being important in preventing 
IAH to begin with. Earlier recognition of uncom-
pensated shock and systemic inflammation, 
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improved fluid resuscitation strategies, and the 
evolution of lower tidal volume strategies for the 
management of respiratory failure all represent 
relatively recent developments in management of 
critically ill patients that have contributed to a 
decrease in the incidence and prevalence of IAH 
and ACS.

 Definitions

Standard definitions and taxonomy have been 
an important focus of recent work by the 
WSACS. The most recent definitions, published 
in 2013, define IAH as intra-abdominal pres-
sure (IAP) ≥ 12 mmHg. The various grades of 
IAP are listed in Table 37.1. ACS is defined as 
IAH  >  20  mmHg that is associated with new 
organ dysfunction/failure [4]. It is important to 
recognize that IAH and ACS are not equivalent 
terms; IAH is a spectrum and ACS only occurs 
when there is concurrent organ dysfunction. 
It should be noted that the value of “normal” 
IAP needs to be better established in various 
populations including children, the obese, and 
pregnant women. One other important distinc-
tion made by the WSACS is primary versus sec-
ondary ACS. Primary ACS is associated with a 
condition, injury, or disease within the abdomi-
nopelvic region, whereas secondary ACS refers 
to conditions not originating in the abdomino-
pelvic region [4].

 Pathophysiology

Intra-abdominal pressure is normally atmo-
spheric or subatmospheric. In critically ill 
patients, the IAP is normally 5–7  mmHg [4]. 
When the IAP rises to a point where organ dys-
function occurs, the diagnosis of ACS can be 

made. The organ dysfunction arising from ACS 
can affect multiple systems including cardiovas-
cular, pulmonary, renal, gastrointestinal, and 
even the central nervous system.

Traditionally, it was thought that ACS occurs 
when the abdominal perfusion pressure (mean 
arterial pressure  – intra-abdominal pressure) 
becomes inadequate. However, recent studies 
suggest this may not be so straight forward. 
Olofsson and colleagues demonstrated that the 
mucosal blood flow of small bowel was less 
affected than other areas of microcirculation dur-
ing stepwise increases in intra-abdominal pres-
sure (IAP) in a swine model, suggesting a 
component of autoregulation. As cardiac output 
decreased, so did microcirculation; however, the 
small bowel mucosa was less affected relative to 
the seromuscular layers. This study also found 
that changes occur at grade 1 and 2 IAH, suggest-
ing even mild IAH is not a benign process [6].

Primary ACS occurs when there is a direct 
source of increased IAP within the abdomen 
(trauma, pancreatitis, infection, etc.). Secondary 
ACS, however, occurs as a result of factors not 
directly related to the abdominal cavity. Examples 
of secondary ACS include bowel or retroperito-
neal edema due to large-volume resuscitation 
associated with a non-abdominal source of 
inflammation, ACS due to massive ascites in the 
absence of an abdominal operation, and right 
heart failure associated with visceral edema. 
Activation of the immune system triggers cyto-
kine release and subsequent capillary leak. This 
impacts the cellular function of the organ itself, 
along with the effects of fluid accumulation in the 
extravascular space. As emphasized by Malbrain, 
this is well recognized in the pathophysiology of 
acute respiratory distress syndrome, but clini-
cians have been slow to adopt the same physio-
logic blueprint to the gastrointestinal tract [7]. 
For these reasons, the terms acute bowel injury 
and acute intestinal distress syndrome were intro-
duced by Malbrain and colleagues.

Acute bowel injury is the result of capillary 
leak and subsequent edema. In the so-called “two-
hit” process, a first hit occurs when an insult 
results in neutrophil activation and cytokine 
release. This is followed by a second physiologic 

Table 37.1 Intra-abdominal hypertension (IAH) grading 
scheme

Grade IAP (mmHg)
I 12–15
II 16–20
III 21–25
IV >25
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insult where capillary leak ensues resulting in per-
sistent and worsening tissue edema and subse-
quent IAH. As this process continues, IAH will 
continue to worsen, and eventually acute intesti-
nal distress syndrome and ACS occur. The initial 
insult simply opens the door to additional IAH 
which in and of itself will lead to decreased perfu-
sion of the GI tract. The authors compare this to 
the acute lung injury progression to ARDS path-
way. Inherent in this pathway is that ischemia-
reperfusion likely plays a substantial role in the 
pathophysiology of ACS [7].

In addition to global capillary leak, ACS also 
has profound effects on the cardiovascular, pul-
monary, genitourinary, gastrointestinal, and neu-
rological systems. As demonstrated in multiple 
studies, cardiac output is negatively affected by 
increases in IAP [6, 8]. Decreases in global car-
diovascular performance are usually a result of 
decreased venous return and diastolic filling (pre-
load) combined with increases in ventricular 
afterload. Increases in afterload may result from 
both direct compression of the pulmonary artery, 
aorta, and their branches and sympathetic vaso-
constriction secondary to metabolic stress. 
Continued fluid administration may be temporar-
ily beneficial; however, ongoing fluid resuscita-
tion without addressing the primary source and 
abdominal hypertension may be deleterious, as 
fluid cannot overcome the factors affecting low 
cardiac output. Fluid administration in patients 
with ACS has been found to increase pulmonary 
capillary wedge pressure (PCWP) without any 
concomitant increase in cardiac index (CI) [9, 
10]. Fluid administration can become a viscous 
cycle of more fluid followed by worsening capil-
lary leak followed by even more fluid. The lack 
of a systemic response to additional fluid has 
been appropriately termed the “futile crystalloid 
preloading cycle.” [10] Furthermore, careful 
attention should be paid to how preload is being 
assessed in these patients, as errors in interpret-
ing pressure-derived estimates of preload may 
lead to conclusions being drawn about intravas-
cular volume status that in fact have little rela-
tionship to actual volume status. There is a 
positive correlation between IAH and PCWP and 
CVP, but this increase does not result in an 

increase in cardiac output as one may expect 
[11]. Thus, hemodynamic monitoring values 
should be interpreted with caution in patients 
with IAH.

An increase in IAP invariably leads to 
increased thoracic pressures and a decrease in 
functional residual capacity. The decrease in lung 
compliance is particularly noticeable in the venti-
lated critically ill patient. Ventilated patients on 
volume-limited modes will see an increase in 
peak inspiratory pressure, whereas those on pres-
sure-limited modes of ventilation will have lower 
tidal volumes. Resultant pulmonary edema sec-
ondary to fluid administration and capillary leak 
results in increased PEEP requirements which 
then exacerbate the cardiovascular effects men-
tioned above. It is clear that ACS is a risk factor 
for the development of acute respiratory distress 
syndrome (ARDS), which itself is a morbid and 
mortal syndrome, and its development is likely 
multifactorial [12]. Appropriate ventilator man-
agement with lung protective strategies is crucial 
when managing the ACS patient.

Oliguria and subsequent renal failure were 
among the earliest effects of ACS noted in the 
surgical literature. Renal dysfunction associated 
with IAH is due to factors both extrinsic to the 
kidneys themselves and direct effects of IAH on 
the kidneys. Inadequate global cardiovascular 
function leads to relative hypotension, decreased 
cardiac output, and subsequent renal hypoperfu-
sion [2]. Several investigators in the past have 
looked at the renal subsystem itself very care-
fully, focusing on both the kidneys, and the renal 
collecting system. Although ureteral compres-
sion was once thought to play a role, renal vein 
compression (outflow obstruction) along with 
direct compression of the renal cortex is the most 
plausible etiology of renal dysfunction [13].

Decompression plays a central role in the 
management of renal impairment associated with 
IAH and ACS and, if performed early in the 
course of the ACS, usually results in improve-
ment in both intrinsic renal function and urine 
output. However, delays in recognition are often 
associated with either transient or no improve-
ment in renal function at the time of decompres-
sion. Keys to early decompression center around 
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an increased awareness of the risk of IAH in 
these metabolically stressed patients and 
 definitive decision-making to move forward with 
decompressive maneuvers once diagnosed.

The gastrointestinal system is also vulnerable 
to the effects of IAH. This is likely related to the 
decreased perfusion secondary to the local 
increased pressures and the changes in the circu-
latory system described above. Diebel and col-
leagues have clearly demonstrated the profound 
negative effect of IAH on mesenteric perfusion 
using an animal model and measuring the 
decreases in mesenteric blood flow and mucosal 
pH with incremental increases in IAP [14]. 
Further, Chang and colleagues demonstrated a 
significant improvement in gut mucosal pH, indi-
cating an improvement in intestinal perfusion, 
after decompression of the abdomen, which sup-
ports this concept [11].

Lastly, IAH can have a deleterious effect on 
the central nervous system by impairing cerebral 
venous outflow and thus increasing intracranial 
pressures (ICP). This phenomenon was first rec-
ognized with laparoscopy, and it was identified 
that abdominal insufflation increases ICP [15]. 
This can have many downstream effects includ-
ing exacerbating head injury and potentially con-
tributing to altered mental status in the critically 
ill patient [16]. To further demonstrate this, it has 
also been suggested that decompressive laparot-
omy can be used as an adjunctive therapy in low-
ering ICPs that are refractory to traditional 
treatments [17].

ACS affects multiple critical physiologic sys-
tems concurrently. The effect on each system can 
adversely potentiate the effect on another bodily 
system. It is the interrelation of the effects that 
leads to the ultimate organ failure and potential 
fatal consequences.

 Diagnosis

IAH and ACS can result after a wide range of 
both anatomic and physiologic insults. The bed-
side clinician must be vigilant in the ICU to 
assess at-risk patients for IAH. It is important to 
always recognize that IAH is distinct from 
ACS.  The vigilant clinician can recognize IAH 

and intervene, potentially preventing ACS and its 
significant consequences. In a meta-analysis, 
large-volume crystalloid resuscitation, the respi-
ratory status of the patient, and shock/hypoten-
sion were all risk factors for ACS; obesity, sepsis, 
abdominal surgery, ileus, and large-volume fluid 
resuscitation were notable risk factors for IAH 
[18]. Primary and secondary ACS vary in their 
presentation and course. As described by Reintam 
and colleagues, secondary IAH often presents 
late and may be characterized by a prolonged 
course where IAP increases over a period of 
days. Compared with primary IAH, secondary 
IAH is associated with increased mortality [19].

Early recognition of both IAH and ACS 
requires both a heightened suspicion of their 
presence in patients at risk and careful interpreta-
tion of bedside monitoring and physiologic infor-
mation across all potentially affected subsystems. 
Changes to the respiratory status (increased peak/
plateau inspiratory pressures, decreased compli-
ance) may be among the first signs of IAH in the 
ventilated patient. Decreasing urine output, rising 
creatinine, abdominal distention, and hypoten-
sion are among other signs of IAH and impend-
ing ACS. Clinical exam alone is often not reliable 
in recognizing and diagnosing IAH [20].

When a concern exists for IAH or ACS, direct 
measurement of intra-abdominal pressure is the 
gold standard for diagnosis. Multiple techniques 
have been used to measure the pressures within 
the abdominal compartment. The most accepted 
technique involves the measurement of bladder 
pressure, first described by Kron et al. in 1984. 
Fundamentally, the bladder is filled with a speci-
fied volume of saline solution with the urinary 
drainage catheter clamped to maintain bladder 
volume. The wall of the bladder then acts as a 
passive diaphragm, and transduction of intrave-
sicular pressure, done by attaching a pressure 
transducer to the catheter, allows a reasonable 
estimation of intra-abdominal pressure. Optimal 
volumes of bladder distention with saline have 
been correlated with direct measurements of 
intra-abdominal pressure at laparoscopy, and vol-
umes of 25–50 cc provide the most accurate mea-
surements [3]. The most recent recommendations 
of the WSACS advise to instill no more than 
25 cc of saline into the bladder [4]. A schematic 
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of the setup to measure bladder pressures at the 
bedside is depicted below (Fig. 37.1). Other tech-
niques using pressures within the vasculature, 
rectum, and stomach have also been described, 
but bladder pressure is the current standard. [2] 
This methodology has been validated by compar-
ing bladder pressures to true intra-abdominal 
pressure during laparoscopy [21]. Optimally, 
bladder pressure measurements should be mea-
sured with the patient in the supine position [22]. 
If the patient is active or has tense abdominal 
muscles, the pressure may be interpreted as 
falsely high. In such patients, consideration 
should be given to sedation and potential paraly-
sis to obtain an accurate IAP. Space-occupying 
materials in the pelvis, such as packs, masses, or 
a pelvic hematoma, may also confound bladder 
pressure measurements by extrinsically decreas-
ing function bladder wall compliance, leading to 
elevated bladder pressures independent of 
increases in intra-abdominal pressure.

Ultimately, a well-defined protocol employing 
consistent techniques within an institution is 
essential to obtaining accurate and consistent 
bladder pressure measurements.

 Management

The gold standard treatment of ACS is emergent 
abdominal decompression. In considering the 
treatment, however, one must also emphasize that 

prevention is the best treatment. The WSACS has 
proposed a treatment algorithm which is detailed 
in Fig. 37.2. Once IAH is identified, steps can be 
taken to prevent progression to ACS, directed at 
both the primary physiologic insult and the sec-
ondary insult resulting from the deranged physi-
ology due to the primary problem. Primary ACS 
can often not be avoided by the clinician, as the 
patient often has a direct insult to the abdomino-
pelvic cavity. However, leaving the abdomen 
open after damage control surgery or in cases 
where the viscera cannot be reduced for abdomi-
nal closure has been a hallmark in preventing 
ACS and is unequivocally the reason there has 
been a decrease in ACS [12]. Secondary ACS 
may be also be preventable by intervening upon 
the inflammatory cascade and being judicious 
with fluid (particularly crystalloid) administra-
tion, with the goal being to achieve and maintain 
a euvolemic state.

When IAH is recognized, steps should be 
taken promptly to reduce IAP to prevent progres-
sion to ACS.  This includes primarily medical 
management and close observation. Proper pain 
control and sedation of the patient are essential 
and may reduce IAP. As alluded to earlier, neu-
romuscular blockade may reduce IAP. At the 
very least, paralytics will allow for accurate IAP 
measurements. Although evidence is lacking, 
placement of enteric tubes to reduce gastric and 
colonic  distention may be helpful [4]. As men-
tioned above, fluid balance plays a critical role in 

Fig. 37.1 Bedside setup 
for measurement of 
bladder pressure
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the development of ACS (particularly secondary 
ACS) and should be optimized. Just as optimizing 
fluid  balance has been shown to be favorable in 
ARDS, the same is likely true for ACS. Increased 
crystalloid volumes are associated with an 

increased incidence of ACS, so achieving appro-
priate fluid balance, which may involve strict 
management of fluid administration, and some-
time diuresis, is critical [23]. In cases of trauma, 
balanced blood product resuscitation should be 

Medical treatment options to reduce IAP
1. Improve abdominal wall compliance
   Sedation & analgesia
   Neuromuscular blockade
   Avoid head of bed > 30 degrees
2. Evacuate intra-luminal contents
   Nasogastric decompression
   Rectal decompression
   Gastro-/colo-prokinetic agents
3. Evacuate abdominal fluid collections
   Paracentesis
   Percutaneous drainage
4. Correct positive fluid balance
   Avoid excessive fluid resuscitation
   Diuretics
   Colloids / hypertonic fluids
   Hemodialysis / ultrafiltration
5. Organ Support
   Optimize ventilation, alveolar recruitment
   Use transmural (tm) airway pressures
           Pplattm = Plat - 0.5 * IAP
     Consider using volumetric preload indices
     if using PAOP/CVP, use transmural pressures
  PAOPtm = PAOP - 0.5 * IAP
  CVPtm = CVP - 0.5 * IAP

IAH - intra-abdominal hypertension

ACS - abdominal compartment syndrome

IAP - intra-abdominal pressure

APP - abdominal perfusion pressure (MAP-IAP)

Primary ACS - A condition associated with injury
or disease in the abdomino-pelvic region that
frequently requries early surgical or
interventional radiological intervention

Secondary ACS - ACS due to conditions that do
not originate from the abdomino-pelvic region

Recurrent ACS - The condition in which ACS
redevelops following previous surgical or
medical treatment of primary or secondary ACS

Definitions

In
tr

a-
ab

d
o

m
in

al
 h

yp
er

te
n

si
o

n
 (

IA
H

)
A

b
d

o
m

in
al

 c
o

m
p

ar
tm

en
t 

sy
n

d
ro

m
e 

(A
C

S
)

Is IAP > 20
mmHg with

organ failure?
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> 20 mmHg with

progressive organ
failure?

Continue medical treatment options to reduce IAP
(GRADE 1C)

Measure IAP at least every 4 hours while patient is critically ill
(GRADE 1C)

Perform balanced resuscitation of patient preload, contractility, and
afterload using crystalloid / colloid / vasoactive medications
AVOID EXCESSIVE FLUID RESUSCITATION (GRADE 2D)

Patient has Secondary or
Recurrent ACS

Does
patient have

Primary ACS?

IDENTIFY AND TREAT
UNDERLYING ETIOLOGY

FOR PATIENT’S ACS

Patient has ACS

IAP >
20 mmHg

with new organ
failure?

IAP < 12 mmHg
consistently?

Patient has IAH
(IAP ≥ 12 mmHg)

Initiate treatment to reduce IAP
Avoid excessive fluid

resuscitation
Optimize organ perfusion

(GRADE 1C)

Monitor IAP with
serial measurements

at least every 4
hours while patient is

critically ill
(GRADE 1C)

Perform / revise abdominal
decompression with temporary
abdominal closure as needed to

reduce IAP (GRADE 2D)

Is IAP < 12 mmHg
consistently?

IAH has resolved
Decrease frequency of IAP
measurements and observe

patient for deterioration

IAH has resolved
Discontinue IAP measurements

and monitor patient for
clinical deterioration

Intra-abdominal hypertension (IAH) / abdominal
compartment syndrome (ACS) management algorithm

YES

NO

NO

NO

NO

YESYES

YES

YES

NO

Fig. 37.2 Management algorithm for ACS. (Reprinted with permission from Kirkpatrick et al. [4])
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pursued, as this has been related to a decrease in 
the incidence of ACS in this population [24].

Minimally invasive strategies have been pro-
posed to decrease IAP. This includes percutane-
ous drainage of fluid collections within the 
abdominal cavity and, in the case of severe pan-
creatitis, the retroperitoneum. Reports of percuta-
neous drainage allow for avoidance of the 
morbidity associated with a laparotomy and the 
subsequent open abdomen [25–27]. Among 
trauma patients with large resuscitations, percu-
taneous drainage was found to offer significant 
reduction in IAP, increase in abdominal perfusion 
pressure, improved pulmonary compliance, and 
increase in mean arterial pressure [28]. This pro-
cedure is best suited for patients with abdominal 
fluid after significant resuscitation with crystal-
loid (severe pancreatitis, sepsis) or after blunt 
solid organ trauma. Cheatham and colleagues 
demonstrated 81% treatment efficacy of this 
modality. These authors suggested that drainage 
of less than 1000 mL and a decrease in IAP of 
less than 9 mmHg in the first 4 h are predictive of 
failure [29]. Subcutaneous fasciotomy of the 
abdominal wall fascia has also been described in 
small series [30]. Leppaniemi describes a tech-
nique where the linea alba is opened through 
small skin incisions. This results in a hernia that 
must be repaired in the long term but avoids the 
morbidity of an open abdomen [31, 32]. Although 
the results are promising, this technique has only 
been studied in small numbers.

In light of these strategies, surgical abdominal 
decompression via laparotomy remains the stan-
dard. This is the most rapid and definitive method 
to decompress ACS.  Prompt decompression 
results in improved preload, pulmonary function, 
and visceral perfusion [11]. The treatment phase 
of ACS not only includes this initial decompres-
sion but also includes care of the open abdomen 
and the subsequent closure and abdominal wall 
reconstruction. Appropriate management of the 
open abdomen and the prevention of complica-
tions are essential. Once an abdomen is opened, a 
negative pressure dressing should be used as a 
temporary closure device [4]. The open abdomen 
is then treated in a staged approach. This approach 
is very similar to the open abdomen after damage 

control surgery in trauma, as described by 
Rotundo et al. [33] After the initial operation, a 
temporary closure is placed over the abdominal 
viscera, and the patient is taken to the intensive 
care unit for resuscitation and optimization. The 
patient is then returned to the operating room for 
re-exploration and definitive closure as early as 
possible. Potential complications of the open 
abdomen are inability to close, hernia, enterocu-
taneous fistula, infection, and even recurrent 
ACS. Various methods have been described for 
temporary abdominal closure to maximize fascial 
closure and minimize hernia. Bowel edema and 
fascial retraction often make primary abdominal 
wall closure difficult or impossible.

 Temporary Abdominal Closure

The evolution and development of current tech-
niques employed to manage open abdominal 
wounds is a relatively recent development in sur-
gery. Before the description of the staged celiot-
omy [34], standard general surgical teaching was 
that all operations should be completed at the ini-
tial operation. In fact, failure to close the abdomi-
nal wound was considered a marker of surgical 
inadequacy. Advances in the understanding of 
IAH and ACS have driven a significant change in 
attitudes over the four decades, and the increased 
understanding of IAH and ACS has carried with 
it significant advances in the techniques used to 
safely manage temporary open abdominal 
wounds. Early techniques, such as skin closure 
with towel clips, wet dressings over open wounds, 
and artificial mesh sewn to the skin, are fraught 
with complications and have largely been aban-
doned. A silo-type dressing, commonly referred 
to as “Bogota bag,” involves the placement of a 
sterilized IV fluid bag over the viscera and sewn 
to the skin edges [35, 36]. This technique is 
quick, simple, and inexpensive and provides a 
true “window” into the abdomen. The drawback 
to this technique is that it does not provide any 
tension on the fascial edges, allowing for retrac-
tion of the abdominal wall laterally.

In theory, any device or method used for tem-
porary abdominal closure should meet certain 
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minimum criteria. The dressing should protect 
the viscera, prevent spillage of ascites (with asso-
ciated heat loss), allow for patient mobility, and 
minimize metabolic stress. Optimally, the dress-
ing would facilitate measuring and controlling 
peritoneal drainage, would be flexible enough to 
expand should visceral edema worsen, and would 
not involve damage to the fascia, in anticipation 
of eventual delayed fascial closure.

Vacuum-assisted fascial closure (VAFC) 
meets most, if not all, of these criteria and has 
become a popular method of managing tempo-
rary open abdominal wounds. This technique 
involves placing a standard vacuum pack (as 
described by Barker et al.) to the abdomen at 
the index operation if the abdomen is not going 
to be closed [37]. If the abdomen is not able to 
be closed at the time of reoperation, the VAFC 
method is employed. Described in detail by 
Miller et al., this includes placement of a per-
forated polyethylene sheet over the viscera. A 
black sponge is then placed on the sheet and 
sutured to the skin edges with a running nylon 
stitch (Figs. 37.3, 37.4, and 37.5). Employing 
this technique allows for an abdominal closure 
rate of 88%. Interestingly, 48% of the patients 
in this study were able to be closed after 9 days, 
suggesting that attempts should continue to be 
made to close the abdomen even after 1 week 
or more [38]. The Denver group has described 
a novel vacuum technique where white sponges 
are placed on the viscera, followed by fascial 

tension with PDS sutures, followed by a tradi-
tional sponge in the subcutaneous space. By 
changing this every 2 days, they claim a 100% 
fascial approximation rate [39]. The ABThera 
VAC (KCI, San Antonio, TX) is a commer-
cially available device that accomplishes the 
same principles as the techniques above and 
has favorable abdominal closure rates. The Fig. 37.3 Placement of polyethylene sheet

Fig. 37.4 Black sponge with nylon suture and adhesive 
dressing

Fig. 37.5 Abdominal closure on postoperative day 21
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Wittmann Patch (Starsurgical, Burlington, WI) 
is a Velcro device that can be sutured to fascial 
edges and serially tightened until abdominal 
closure is adequate. Using this device has been 
shown to facilitate definitive abdominal clo-
sure [40, 41]. There are multiple techniques 
and devices that are available to maintain 
abdominal domain while the abdomen is open, 
and each individual provider must choose their 
preferred method. Whichever technique is 
employed, it is critical that the clinician recog-
nizes that ACS can occur with a temporary 
abdominal dressing in place [42].

 Definitive Abdominal Closure

As soon as the abdomen is initially decom-
pressed, planning for definitive abdominal clo-
sure should begin. While the abdomen is open, 
appropriate fluid balance, depending on the 
patient’s physiologic state, should be maintained. 
Balanced blood product resuscitation decreases 
the incidence of ACS and is also related to 
improved rates of abdominal fascial closure [43]. 
Enteral nutrition with adequate protein and total 
caloric intake should begin as soon as feasible in 
patients with an open abdomen, as this has been 
shown to improve fascial closure rates [44]. It is 
important to carefully monitor the protein-rich 
effluent from the open abdomen, as this affects 
both the patient’s fluid balance and their nutri-
tional status given the abdominal effluent may 
have 10–15 g of albumin per liter.

Management of the open abdomen can be 
broadly divided into three phases: phase 1 is the 
time after the index operation when a TAC tech-
nique is used; phase 2 is the attempted closure of 
the abdominal wall during the acute phase; and 
phase 3 is the later (6–12  months) abdominal 
wall reconstruction in those whom primary clo-
sures were not possible during phase 2 [45]. 
Primary fascial closure is by far the most desired 
outcome after open abdomen and can be achieved 
in well over half of patients, as far out as 1 month 
after injury [46]. In the event that primary fascial 
closure is unable to be attained, acute mesh repair 

and component separation are techniques that 
may be employed to achieve abdominal closure 
early. Acute component separation and mesh 
placement, while allowing for early abdominal 
closure, are associated with a high complication 
and hernia rate, respectively [45]. When abdomi-
nal closure is not accomplished during the acute 
phase, planned ventral hernia with a staged 
approach is also an option with future definitive 
reconstruction.

With planned ventral hernia, the viscera must 
be covered in some fashion. If a visceral block has 
formed, the skin may be closed over the viscera 
with a running suture. If this skin cannot be closed, 
our preference is to cover the viscera with a skin 
graft. If a nice bed of granulation exists on the vis-
cera, the graft may be placed directly onto it. In the 
more common scenario where there is not suffi-
cient granulation or the bowel is not adhered as a 
block, a polyglactin mesh is sutured to the fascial 
edges circumferentially. This should not be placed 
under significant tension, as the mesh can tear; the 
goal of the procedure is visceral coverage, not fas-
cial tension. Next, negative pressure wound ther-
apy is applied until adequate granulation tissue is 
present, at which time a split-thickness skin graft 
is performed. Acellular dermal matrices are 
another option when closing the abdomen and can 
be placed to bridge the fascial defect. While this 
may decrease the incidence of fistula formation, it 
has a high rate of recurrent hernias and should be 
approached as a planned hernia [47]. Again, the 
goal of this procedure is to cover the viscera to 
decrease the risk of infection and fistula [48]. 
Many months later, often a year or more, when the 
skin graft heals and easily pinches away from the 
underlying bowel, a definitive hernia repair can be 
performed. Excess skin and the hernia sac are 
excised and primary fascial closure is attempted. 
There are various techniques to augment the pos-
sibility of fascial closure including external 
oblique release, posterior rectus release, transver-
sus abdominis release, and Botox injections, to 
name just a few. Placement of mesh at the time of 
hernia repair significantly decreases the risk of 
recurrence [49]. While the techniques of abdomi-
nal hernia repair are incredibly important for 
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 long-term outcomes, they are beyond the scope of 
this chapter.

 Conclusion
Intra-abdominal hypertension and resultant 
abdominal compartment syndrome are often 
markers of severe metabolic and physiologic 
stress, and patients with these conditions can 
be the most challenging surgical patients to 
manage from both a critical care and opera-
tive perspective. The decrease in incidence 
of abdominal compartment syndrome can be 
credited to the research and subsequent edu-
cation that has been dedicated to this syn-
drome in the preceding decades, but it has 
been associated with a dramatic increase in 
the incidence of the open abdomen. The astute 
clinician should be familiar with the prompt 
recognition, diagnosis, and treatment of ACS 
to avoid its morbid and mortal consequences. 
Moreover, management of the open abdomen 
requires careful planning and oversight to 
optimize patient outcomes.
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Necrotizing Soft Tissue Infection

Sameer A. Hirji, Sharven Taghavi, and Reza Askari

 Epidemiology

Soft tissue infections can be classified into super-
ficial and deep infections. Superficial infections 
involve the skin and hypodermis, while deep 
infections involve the soft tissues at and below 
the level of the fascia [1]. Necrotizing soft tissue 
infections (NSTIs), in particular, are rapidly pro-
gressive infections of the deep soft tissues and are 
associated with high morbidity and mortality [2, 
3]. In fact, these infections rank among the more 
difficult disease processes encountered in clinical 
practice and encompass a spectrum of presenta-
tions with varying severity. NSTI was first 
described by Hippocrates in the fifth century 
B.C. and later adopted by the British in the eigh-
teenth century, where the disease was known as 
phagedena gangrenous, gangrenous ulcer, malig-
nant ulcer, or hospital gangrene. The term “hospi-
tal gangrene” became the dominant term in the 
United States in 1871, first utilized by Confederate 
Army surgeon Joseph Jones who reported his ini-
tial series of over 2600 cases with a mortality rate 
approaching almost 50% [4].

NSTI is an uncommon clinical entity and has 
a reported incidence of only 1000 cases annually 
in the United States. In other words, it affects 0.4 

to 1 person per 100,000 per year [4–6]. 
Furthermore, according to one study examining 
9-year trends in NSTI from 1999 to 2007, the 
gross incidence of NSTI has more than doubled 
[6]. Given the varying degrees of clinical presen-
tation, some clinicians argue that the incidence 
may be underestimated.

 Pathophysiology: Organisms 
and Types

In the context of NSTI, impaired immunity is 
known to increase susceptibility to various infec-
tions [7]. Trauma to the skin can also precipitate 
these infections because of breach of integrity of 
underlying mucosa. The impaired immunity can 
either be inherent or acquired in the setting of 
multiple chronic conditions such as diabetes. 
NSTIs are also typically caused by toxin-produc-
ing bacteria and involve significant local tissue 
destruction as a result of toxin-mediated system-
atic inflammation [4].

While there is no age or gender predilection, 
higher rates of NSTIs are observed in diabetic, 
obese, alcoholic, and immunocompromised 
patients. Nonetheless, NSTIs can also occur in 
young, healthy patients without any significant 
comorbidities. Likewise, there are also regional 
and geographic differences that exist in terms of 
NSTI occurrence and presentation. For instance, 
a retrospective study involving six academic 
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 hospitals in Texas between 2004 and 2007 found 
that there were significant center differences in 
patient populations, etiology, and microbiology 
of NSTIs, even within a concentrated region [8].

NSTIs can be classified based on the affected 
anatomic part, microbial source, or infection 
depth [1]. For example, NSTI can affect the peri-
neal, perianal, or genital areas, a condition also 
known as Fournier’s gangrene (first identified in 
1883 by Dr. Jean Alfred Fournier) [4]. In terms of 
infection depth, while NSTIs can arise primarily 
in the dermis and epidermis, they more commonly 
occur in the deeper layers of adipose tissue, fas-
cia, or muscle causing necrotizing adiposities, 
fasciitis, or even myonecrosis, respectively.

Furthermore, varying amounts of early or late 
systemic toxicity depend on the microbial source 
(i.e., strain of bacteria and toxins produced). 
Between 55% and 80% of cases involve more 
than one type of bacteria [3, 9–11]. Common 
organisms include Group A Streptococcus (the 
most common), Klebsiella, Clostridium, 
Escherichia coli, Staphylococcus aureus, and 
Aeromonas hydrophila. Most of the infections 
involve normally residing skin flora, which coex-
ist as commensals, and cause infections when 
inherent immunity is compromised. It should be 
noted that Clostridium infections typically mani-
fest quickly and can become symptomatic within 
hours after initial injury or inoculation, whereas 
most bacterial species (except Group A 
Streptococcus) require a few days to become 
symptomatic [4, 7].

Thus, NSTIs can be classified into four types, 
depending on the infecting organism or organ-
isms. However, no difference in clinical course, 
morbidity, or mortality has been demonstrated 
between these groups [7]:

 1. Type I is the most common and caused by a 
mixture of bacterial types including anaerobes 
(Clostridium species). It commonly occurs at 
sites of surgery or sometimes blunt trauma. It 
can also occur in abdominal or perineal areas, 
both of which account for most of the cases 
(almost 80%) [12]. Often, these patients are 
typically older, with more medical comorbidi-
ties such as diabetes [4].

 2. Type II is caused by Group A Streptococcus 
and usually occurs on the head, neck, arm, and 
legs. It often co-occurs with Staphylococcus 
aureus infection. These infections have signifi-
cant potential for aggressive local spread or, in 
some cases, systemic toxicity including toxic 
shock syndrome [4]. These infections typically 
occur in younger, healthier patients and more 
commonly in patients with a history of trauma, 
surgery, or intravenous drug use [4].

 3. Type III is caused by gram-negative marine 
organisms, most commonly Vibrio vulnificus, 
which often enters the skin via puncture 
wounds from fish or insects in sea water. 
Clinical presentation is similar to that of Type 
II infections, but there appears to be early evi-
dence of significant systemic toxicity.

 4. Type IV occurs due to fungal infection. This 
type of infections often coexists with the other 
types of NSTI.

 Clinical Presentation

The hallmark presentation is intense pain and 
tenderness in a specific area, which clinically 
progresses from a prodromal phase of fever and 
lethargy (for 2–7  days) to fulminant, obvious 
gangrene formation. If the infection progresses, it 
can be associated with purulent drainage from 
the wounds and extensive subcutaneous crepita-
tion [2–4].

In certain scenarios, obvious underlying clini-
cal manifestations are absent, but patients may 
still present with pain out of proportion to physi-
cal findings. The skin overlying the affected 
region may be normal, erythematous, cyanotic, 
bronzed, indurated, or just blistered [2–4]. In 
some cases, the primary process may be occur-
ring under the skin, so a high index of suspicion 
is warranted even if the skin appears normal. 
Subcutaneous emphysema, which is classic for 
NSTI, is rarely seen. It is for this reason that diag-
nosis is often hindered or delayed. Systemic 
symptoms, including fever, tachycardia, and 
hypotension, may be present once the patient 
becomes symptomatic and the disease has pro-
gressed significantly over time.
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 Diagnosis

The general approach to timely and effective 
diagnosis involves a thorough physical exam, 
labs (complete blood cell count, blood and urine 
culture, etc.), and imaging. A coagulation profile, 
including type and screen, should also be sent 
especially if surgical exploration is needed. 
Notably, immunocompromised patients pose a 
diagnostic challenge and may not manifest obvi-
ous systemic signs and symptoms. A recent study 
from our institution by Keung and colleagues 
found that immunocompromised patients (as 
defined by corticosteroid use, active malignancy, 
receipt of chemotherapy or radiation therapy, 
diagnosis of human immunodeficiency virus or 
AIDS, or prior solid organ or bone marrow trans-
plantation with receipt of chronic immunosup-
pression) had significant delays in diagnosis and 
presented with lower systolic blood pressures, 
lower serum glucose levels, and lower WBC 
counts. Given the differential presentation, these 
patients were less likely to be transferred in, and 
less likely to undergo surgical debridement at the 
time of admission, resulting in a twofold higher 
mortality. In these patients, a higher index of sus-
picion is warranted [13].

 The Role of Imaging

The role of imaging in the diagnosis of NSTI is 
extremely important. Imaging also helps to guide 
the surgical treatment approach and allows early 
recruitment of multiple specialties if the extent of 
the disease appears severe. Imaging also helps to 
exclude any other underlying diagnosis other 
than NSTI [1]. Plain radiographs should be the 
initial imaging study although its utility is limited 
in non-extremity NSTI. Gas within the soft tis-
sues is detected more commonly than with physi-
cal exam, although absence of air on plain films 
does not exclude the diagnosis. Instead, com-
puted tomography (CT) is preferred and should 
be considered the imaging study if choice is 
available, especially given its scanning speed, 
high spatial resolution, and multi-planar refor-
matting capabilities [1].

Concerning findings include soft tissue and 
fascial thickening, fat stranding, and soft tissue 
gas collections. Although magnetic resonance 
imaging (MRI) has better sensitivities than CT 
scans for soft tissues, their use in acute settings 
has not been validated and in fact may delay 
diagnosis and/or prompt treatment of 
NSTI.  Additionally, there are logistical chal-
lenges associated with MRI.  However, if time 
permits and when clinical suspicion of NSTI is 
low, MRI can be utilized to aid in the diagnosis of 
other soft tissue infections owing to its inherent 
spatial and contrast resolution [1]. MRI can also 
provide anatomic and pathophysiologic informa-
tion about the extent and degree of soft tissue 
involvement, including adjacent bone.

 Risk Scoring Systems

Unfortunately, true risk factors for NSTI have not 
been elucidated. Thus, many scoring systems 
have been developed to risk stratify patients. Wall 
et al. developed a simple risk model for discrimi-
nating NSTI from non-NSTI using their retro-
spective single-center cohort [14]. The study 
found that white blood cell count >15, 400 cells/
mm3 or a serum sodium level < 135 mmol/l was 
associated with NSTI, and a combination of both 
increased likelihood of NSTI [14]. While this 
tool was sensitive (90%), with a negative predic-
tive value of 99%, it was not specific (76%) with 
a positive predictive value of only 26% [14].

Probably, the most widely utilized score is the 
Laboratory Risk Indicator for Necrotizing 
Fasciitis (LRINEC). This score uses six sero-
logic measures (C-reactive protein, total white 
blood cell count, hemoglobin, sodium, creati-
nine, and glucose) to help determine the likeli-
hood of necrotizing fasciitis being present. A 
score greater than or equal to 6 (maximum of 13) 
indicates that necrotizing fasciitis should be con-
sidered and is a reasonable cutoff to rule in the 
diagnosis. For intermediate- and high-risk 
patients (score > 6), the positive predictive value 
is 92% and the negative predictive value is 96%. 
However, a lower score doesn’t rule out the diag-
nosis, in which case, a higher index of clinical 
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suspicion is warranted [15]. The scoring criteria 
are included in Table 38.1.

There are limited contemporary scoring sys-
tems to help predict hospital length of stay and 
morbidity. For instance, a retrospective review of 
54 patients who were treated for Fournier’s gan-
grene between 2010 and 2016 at one of the larg-
est public hospitals was utilized to develop a 
novel scoring system, the Combined Urology and 
Plastics Index (CUPI) [16]. When compared to 
other existing scoring systems, only the newly 
calculated CUPI score was shown to be a signifi-
cant predictor of longer hospital stay. Regardless, 
early emphasis on supportive care, nutrition, and 
prompt involvement of surgeons can, to some 
extent, minimize length of stay in select patients.

 Management

Necrotizing soft tissue infection can progress 
rapidly and cause systemic toxicity. Host defense 
mechanisms can be rapidly overwhelmed, lead-
ing to rapid spread, hemodynamic compromise, 
and ultimately organ failure. Expeditious treat-
ment must be carried out to prevent rapid decom-
pensation. Definitive treatment is surgical 
debridement, and delay in operation is the major 
risk factor for morbidity and mortality [5].

 Antibiotics

While early surgical debridement is the most 
important aspect of treating NSTI, timely imple-
mentation of broad-spectrum antibiotics is 
essential. Many NSTI patients are first seen in 
the ER, and implementation of antibiotics prior 

to going to surgery is vital. In general, antibi-
otic choice should include coverage against 
gram-positive, gram-negative, and anaerobic 
organisms. Consideration should be made for 
Group A Streptococcus and Clostridium species. 
Acceptable broad-spectrum regimens that should 
be initiated immediately include an agent from 
each of the following three categories:

 1. A carbapenem such as imipenem, meropenem, 
or ertapenem or a beta-lactamase inhibitor 
such as piperacillin-tazobactam, ampicillin-
sulbactam, or ticarcillin-clavulanate. Patients 
allergic to all of these agents could be treated 
with an aminoglycoside or a fluoroquinolone, 
plus metronidazole.

 2. Clindamycin for its antitoxin effects against 
toxin-producing strains of streptococci and 
staphylococci [17, 18].

 3. An agent with methicillin-resistant 
Staphylococcus aureus activity such as vanco-
mycin, daptomycin, or linezolid.

Coverage of other less common organisms 
bears mentioning based on the patient’s history 
and physical exam. Patients with a history of 
trauma in fresh or marine water may warrant cov-
erage of Aeromonas. The Infectious Disease 
Society of America suggests that either ciproflox-
acin or ceftriaxone be used in combination with 
doxycycline for Aeromonas coverage [7]. Patients 
with a history of trauma in sea water may need 
coverage of Vibrio vulnificus. Empiric antibiotics 
for Vibrio vulnificus include a third-generation 
cephalosporin plus a tetracycline. Presentation of 
NSTI from Vibrio vulnificus and Aeromonas can 
be similar, making ceftriaxone and doxycycline a 
good choice for empiric coverage [19].

Broad-spectrum coverage should be contin-
ued until culture results are available. Antibiotics 
can be tailored to gram stain, culture, and sensi-
tivity results. For group A streptococcal or other 
beta-hemolytic streptococcal infection, antibiot-
ics can be narrowed to penicillin and clindamy-
cin. Treatment for methicillin-resistant 
Staphylococcus aureus can also be discontinued, 
if appropriate, when culture and sensitivity 
results have resulted. Optimal duration of antibi-

Table 38.1 Scoring criteria for LRINEC system

C-reactive protein (mg/L) ≥ 150: 4 points
White blood cell count (× 103/mm3): 0 points if <15, 1 
point if between 15 and 25, and 2 points if >25
Hemoglobin (g/dl): 0 point if >13.5, 1 point if between 
11 and 13.5, and 2 points if <11
Sodium (mmol/L) < 135: 2 points
Creatinine (umol/L) > 141: 2 points
Glucose (mmol/L) > 10: 1 point
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otic treatment for NSTI has not been established. 
At a minimum, antibiotics should be continued 
until no further debridement is necessary and the 
patient’s hemodynamic status has normalized 
[20]. Duration of antibiotics should be individu-
alized to each patient’s clinical status.

 Surgical Management

NSTIs are true surgical emergencies. Operative 
debridement should not be delayed by radio-
logical studies if there are clear signs of NSTI 
on physical exam. Operative treatment should 
include aggressive debridement of all necrotic, 
devitalized tissue. Necrotic issue may appear 
swollen and fascia may have a dull-gray 
appearance, and tissue planes can often be eas-
ily separated. The first goal of surgery is to do 
a wound exploration to determine the extent of 
infection. The tissue necrosis usually extends 
well beyond the boundaries of skin infection. 
As a result, exposure should be wide, and exci-
sion should extend beyond the boundaries of 
viable tissue. It is important to extend until 
healthy bleeding tissue is encountered. It is 
imperative that some devitalized tissue be sent 
for gram stain and culture. However, the use of 
bedside or intraoperative frozen sections has 
limited utility likely due to lack of sensitivity 
and specificity and risk for delayed diagnosis 
and treatment [21].

After debridement is carried out, the wound 
should be covered with sterile dressing, and 
patient should be admitted to the ICU for sup-
portive care and antibiotics. In a NSTI of the 
abdominal wall, a temporary abdominal closure 
may be necessary. A return to the operating room 
24 h after the initial wound exploration is manda-
tory [7]. This ensures that all necrotic tissue has 
been debrided. In general, operative debridement 
should be carried out on a daily basis until the 
infection is well controlled. Patients that require 
increasing inotropes or vasopressors or whom are 
otherwise clinically declining should return to 
the operating room earlier than planned.

When the wound has been adequately 
debrided, a decision can be made about wound 

coverage. In some cases, wound healing by sec-
ondary intent is adequate, and negative pressure 
dressings can help the healing process. For more 
complex wound defects, reconstruction may be 
necessary. Strategies for wound coverage include 
skin grafts, fascio-cutaneous flaps, or myocuta-
neous flaps. Rarely, for NSTI of the extremities, 
an amputation may be necessary [22].

More recently, there is a growing interest in 
utilizing a skin-sparing approach for treatment of 
NSTI. While rapid progression of NSTI necessi-
tates aggressive surgical debridement, this 
approach often leaves survivors with large sur-
face area defects/wounds, comparable to full-
thickness burns. These wounds can be challenging 
to manage as they often require skin grafting and 
extensive rehabilitation. In some instances, skin-
sparing debridement may be feasible and improve 
reconstructive options at subsequent surgery. 
Using this approach, the debridement only 
focuses on tissues directly involved in necrosis 
and spares viable skin and subcutaneous tissue 
[23]. According to one study, this approach has 
decreased skin graft size and allowed some 
wounds to be closed by delayed primary closure 
alone [23], and this allows for subsequent 
reconstruction.

 Adjunct Management

Hyperbaric oxygen therapy may improve out-
comes in patients with NSTI when used as an 
adjunctive therapy in addition to antibiotics and 
surgical debridement. An animal study carried 
out in dogs showed a survival benefit in 
Clostridium infection [24]. Other studies have 
shown a benefit when using hyperbaric oxygen as 
an adjunct for Clostridium infection [25], 
Fournier’s gangrene [20], and necrotizing fasci-
itis [10, 11]. Randomized controlled trials are 
needed to determine if there is truly an advantage 
to using hyperbaric oxygen for NSTI. Likewise, 
although IV immune globulin (IVIG) has been 
used as an adjunct treatment for patients with 
necrotizing fasciitis, multiple studies have shown 
that there is no benefit to administering IVIG for 
patients [26, 27].

38 Necrotizing Soft Tissue Infection



436

 Future Directions

Given the increasing prevalence of NSTI, and 
the challenges associated with prompt diagnosis 
and treatment, extensive research is ongoing to 
develop novel drugs for treatment of NSTI. For 
example, Reltecimod (previously AB103) is a 
peptide mimetic of the T-lymphocyte receptor, 
CD28, that has demonstrated safety and efficacy 
in modulating inflammation after NSTI in a pro-
spective, randomized, placebo-controlled, dou-
ble-blinded study across six academic medical 
centers in the United States [28]. This drug is 
currently undergoing Phase 3 trial, also known 
as the ACCUTE trial (Reltecimod Clinical 
Composite Endpoint Study in Necrotizing Soft 
Tissue Infections) with planned recruitment of 
290 patients from approximately 60 sites in the 
United States. This trial will evaluate several 
endpoints including recovery from acute kid-
ney injury, days in the ICU and on ventilator, 
30-day hospital readmission rate, and 3-month 
survival [29].

 Intensive Care Unity Treatment

Patients with NSTI are often intravascularly 
depleted, and immediate fluid resuscitation 
should begin as soon as the diagnosis is made. 
Obtaining euvolemia helps maintain adequate 
end-organ perfusion and tissue oxygenation. 
Patients that are in shock or that have concomi-
tant cardiac or pulmonary comorbidities may 
benefit from adjunct methods of monitoring fluid 
status such as bedside ultrasound, central venous 
monitoring, or pulmonary artery catheterization. 
Vasopressors or inotropes should be used to 
maintain organ perfusion. Renal failure is com-
mon among patients with NSTI [30].

Furthermore, patients with NSTI should 
begin nutritional support as soon as possible. 
Enteral feeding is preferred over parenteral 
feeding. Patients that are ventilated for a pro-
longed amount of time should have enteral 
access for enteral feeds. Patients with NSTI 
often have increased total caloric demands 
due to a hypermetabolic state. In addition, 

open wounds can lead to large protein loss and 
increased protein requirements [30].

 Outcomes

Mortality from necrotizing soft tissue is high, 
ranging from 14% to 59%. Several factors have 
been found to influence mortality. In one study, 
variables associated with mortality included a 
white blood cell count over 30,000/uL, a serum 
creatinine over 2.0  mg/dL, infection with 
Clostridium species, and preexisting heart dis-
ease on admission [31]. A prior study carried 
out in Taiwan found that liver cirrhosis, the 
presence of soft tissue emphysema, Aeromonas 
infection, age over 60  years, bandemia over 
10%, activated partial thromboplastin time 
over 60  s, bacteremia, and creatinine over 
2  mg/dL were significantly associated with 
mortality [32].

Earlier studies have also shown that delay in 
operative debridement for more than 24  h is 
strongly associated with mortality. In addition, an 
infection involving the head, neck, thorax, and 
abdomen was a risk factor for death, likely due to 
difficulty in debridement [33]. The mortality rate 
for Fournier’s gangrene specifically ranges from 
22% to 40% [34]. The presence of streptococcal 
toxic shock syndrome greatly increases the risk 
of mortality [35]. Survival in Fournier’s gangrene 
is significantly associated with several laboratory 
parameters including urea, creatinine, bicarbon-
ate, sodium potassium, total protein, albumin, 
white blood cell count, lactate dehydrogenase, 
and alkaline phosphatase. In addition, involve-
ment of higher percentages of body surface area 
is significantly associated with mortality in 
Fournier’s gangrene [36].

 Conclusion
Necrotizing soft tissue infections are rela-
tively infrequent but highly lethal infections, 
encompassing a spectrum of presentations 
with varying severity of soft tissue infections. 
Prompt diagnosis and treatment of NSTI can 
be challenging but are extremely crucial to 
survival. Given the relative rarity of this dis-
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ease presentation, familiarity of epidemiol-
ogy, clinical presentation, and laboratory and 
imaging diagnostic tools and understanding 
various facets of perioperative treatment, 
including surgical treatment, are essential. 
Surgical debridement remains the mainstay 
treatment for NSTI, combined with antimicro-
bial therapy and supportive adjuvant therapies 
in the perioperative setting. There is some role 
for existing risk prediction scores; however, 
further research is warranted to better identify 
high-risk patients for novel treatments and 
future clinical trials [7].
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Management of Bariatric 
Complications for the General 
Surgeon

Essa M. Aleassa and Stacy Brethauer

 Introduction

Obesity and obesity-related comorbidities have 
become prevalent across the globe among all age 
ranges. Currently, one-third of the US population 
is obese [1]. The increase in the prevalence of 
obesity and the extensive evidence proving the 
safety and efficacy of bariatric surgery have led 
to the increased acceptance of this as a surgical 
discipline worldwide. More surgeons are also 
completing fellowship training in bariatric and 
metabolic surgery which has resulted in wide-
spread application of these procedures. All of 
these factors have led to increased number of bar-
iatric and metabolic procedures performed 
worldwide. In the United States, approximately 
200,000 bariatric procedures are performed 
annually [2].

Managing complications in this population 
can present some unique challenges. Changes in 
the gastrointestinal anatomy, particularly the 
Roux-en-Y reconstruction, can present chal-
lenges when access to the excluded stomach or 
biliary tree is needed. Foreign bodies such as the 
adjustable band can obstruct or erode and occa-
sionally present acutely. And finally, a small 
bowel obstruction may need to be managed dif-
ferently than it would in a non-bariatric surgery 

patient to avoid a catastrophic outcome. 
Understanding the anatomy unique to each pro-
cedure and recognizing the most serious or life-
threatening complications after bariatric surgery 
are critical to successful management of the bar-
iatric surgery patient. In this chapter, we aim to 
provide the general surgeon called to manage 
these patients with the information and manage-
ment strategies to achieve a successful outcome.

 Overview of Bariatric Procedures

Bariatric surgery is a well-established and dura-
ble treatment for obesity and its metabolic com-
plications. The most commonly performed 
procedures in the United States are sleeve gas-
trectomy (SG) which represents about 60% of 
procedures currently and Roux-en-Y gastric 
bypass (RYGB) which represents about 35% of 
bariatric procedures performed. Adjustable gas-
tric banding was widely performed a decade ago, 
but its utilization has decreased to about 5% of all 
bariatric operations due to the unpredictable out-
comes and high reoperation rates seen with the 
band in the United States [2]. Despite the low 
number of bands currently being placed, there are 
many patients who still may present with a com-
plication from a band place years ago.

Understanding the anatomy of different bariat-
ric operations is essential to managing the compli-
cations after these procedures. Over 95% of 
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primary bariatric procedures are now performed 
laparoscopically. In RYGB, the stomach is divided 
to form a small proximal gastric pouch about 
30 cc in volume. The distal stomach is separated 
from the pouch but is not resected and is referred 
to as the gastric remnant by bariatric surgeons. 
Following that, the proximal jejunum is divided 
50 cm distal to the ligament of Treitz and the dis-
tal end brought up (usually antecolic, occasion-
ally retrocolic) and anastomosed to the gastric 
pouch. The other (proximal) end of the divided 
jejunum is referred to as the biliopancreatic limb 
and is anastomosed 150 cm downstream from the 
gastrojejunostomy. The biliopancreatic juices and 
food then travel distally in the common channel 
beyond the “Roux” anastomosis (Fig. 39.1).

During sleeve gastrectomy, the gastric fundus 
and body are vertically resected leaving 15–20% 
of the stomach behind along the lesser curvature. 
The final product resembles a tubular banana-
shaped stomach that empties normally through 
the pylorus. It is important to note that there are 
no anastomoses created in sleeve gastrectomy (Fig. 39.2). Most surgeons reinforce the long ver-

tical staple line with synthetic buttressing mate-
rial or by oversewing or inverting the staple line.

Laparoscopic adjustable gastric banding 
involves placement of a silicon band around the 
proximal stomach just below the gastroesopha-
geal junction (Fig.  39.3). The gastric fundus is 
plicated over the band anteriorly with two or 
three interrupted sutures to help prevent prolapse 
of the stomach upward through the band. The 
inner circumference of the band is a circular bal-
loon that is connected to tubing and a subcutane-
ous port. Typically, it takes several “adjustments” 
using saline injected into the subcutaneous port 
to tighten the circumference of the band enough 
to achieve the desired effect of decreased hunger 
and early satiety.

 Diagnosis of Urgent Bariatric 
Complications

 Roux-en-Y Gastric Bypass

RYGB is a safe operation in general; however 
a small percentage (1–2%) of patients may 
develop serious complications [3]. It is helpful Fig. 39.1 Illustration of a Roux-en-Y gastric bypass

Fig. 39.2 Illustration of a sleeve gastrectomy
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to classify complications by the onset of pre-
sentation postoperatively: acute (<7 days), early 
(7 days–4 weeks), late (4–12 weeks), or chronic 
(>12  weeks). Major acute and early postopera-
tive complications consist of anastomotic leaks, 
hemorrhage, and small bowel obstruction. Late 
and chronic complications consist of internal 
hernia, bowel obstruction, anastomotic ulcers 
and strictures, intussusception, and micronutrient 
deficiencies.

Anastomotic leaks after gastric bypass now 
occur less than 0.5% of the time but remain the 
second leading cause of death (after pulmonary 
embolism) following bariatric surgery [4]. 
Most early postoperative leaks occur at the gas-
trojejunostomy and present with early signs of 
sepsis. Resting tachycardia >120, tachypnea, 
fevers, and worsening abdominal pain, in a 
patient that is not progressing normally after 
surgery, are all concerning signs and symptoms 
of a leak. A high level of suspicion and early 
diagnosis are the keys to a favorable outcome. 
Any suspicion of a leak should be evaluated 
with imaging, either an upper GI or a CT with 
oral contrast (Fig. 39.4). The advantage of CT 
imaging is that it can also detect other compli-
cations such as an early bowel obstruction or 
distal leak that would not be detected with an 

upper GI contrast study and may mimic the 
signs of a leak. If the patient is becoming ill and 
hypoxic but the etiology is not clear, the opti-
mal imaging is a chest, abdomen, and pelvis CT 
with intravenous contrast timed for the pulmo-
nary artery anatomy with a small amount (one 
or two cups) of oral contrast given before the 
scan to help in detecting leaks.

Small bowel obstructions can occur anytime 
after RYGB, and it is important to remember that 
these patients cannot be managed like a typical 
adhesive bowel obstruction in a non-bariatric 
patient. Because the biliopancreatic limb and 
gastric remnant cannot be decompressed with a 
nasogastric tube, a distal obstruction can result in 
massive dilation and perforation of this anatomy 
if it is not surgically decompressed.

Early postoperative bowel obstructions are 
typically secondary to a mechanical problem 
(kinking or narrowing) at the jejunojejunostomy 
(Fig. 39.5), an intraluminal clot at the jejunojeju-
nostomy (Fig. 39.6) or beyond, or distal adhesive 

Fig. 39.3 Illustration of a laparoscopic adjustable gastric 
banding

Fig. 39.4 Free extravasation of oral contrast from a leak 
at the gastrojejunostomy. Contrast is being picked up by 
the drain

39 Management of Bariatric Complications for the General Surgeon



442

disease from prior pelvic surgery [5]. Another 
cause of early postoperative bowel obstruction is 
a port site or abdominal wall hernia that entraps a 
loop of small bowel. These complications can be 
challenging to diagnose in patients with severe 
obesity, and CT imaging should be performed 
when concern arises. Patients with early postop 
bowel obstructions may look well initially but 
then fail to progress with their oral intake and 
develop worsening nausea and abdominal pain. 
Abdominal distension can be hard to elicit as 
well in this population so subjective finding of 
bloating, worsening nausea, pressure, and 

abdominal pain should prompt an evaluation. 
Plain film imaging can detect a distal obstruction 
but will often not alert the surgeon to a dilated, 
fluid-filled gastric remnant that needs 
 decompression. Early postop bowel obstructions 
after RYGB require operative intervention and 
should not be managed nonoperatively. At a min-
imum, the gastric remnant should be decom-
pressed with a surgical gastrostomy tube and, if 
possible in a stable patient, the source of the 
obstruction addressed.

Late bowel obstructions after RYGB most com-
monly result from adhesive disease or internal her-

Fig. 39.5 Acute dilation of the gastric remnant and bilio-
pancreatic limbs after gastric bypass due to an obstruction 
at the jejunojejunostomy (JJ) (curved arrows). This 

requires emergent surgical intervention with placement of 
a decompressive remnant gastrostomy tube and correction 
of the obstruction at the JJ anastomosis
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nias. Roux-en-Y reconstruction results in two 
mesenteric defects that can reopen and cause an 
internal hernia with mesenteric volvulus, obstruc-
tion, and bowel ischemia. These defects are located 
at the jejunojejunostomy behind the mesentery of 
the Roux limb as it passes over the colon mesentery 
and transverse colon. If the Roux limb is in the ret-
rocolic position, the mesenteric defect (Peterson’s 
defect) and the mesocolic defect are potential sites 
of herniation. The majority of bariatric surgeons 
now close these defects with nonabsorbable suture 
at the primary operation, but they can reopen after 
massive weight loss (Fig. 39.7).

Gastric bypass patients who present with sud-
den onset, severe mid-abdominal pain (often with 
an antecedent history of intermittent pain) should 
have CT imaging done immediately to rule out an 
internal hernia, volvulus, or obstruction 
(Fig. 39.8). Delaying the diagnosis and treatment 
of this problem can result in the loss of the entire 
midgut and a catastrophic outcome for the patient 
(Fig. 39.9).

If clinical concern is high and imaging is 
equivocal or negative, a diagnostic laparoscopy is 
still appropriate to rule out an internal hernia or 
to identify another cause of the pain [6].

Bowel intussusception is a rare cause of 
obstruction and most commonly occurs at the 
jejunojejunal anastomosis which can become 
dilated and patulous years after the original sur-

gery. Small incidental intussusceptions seen on 
imaging in an asymptomatic patient do not 
require surgery, but if the intussusception is caus-
ing pain or an obstruction, operative intervention 
should be carried out (Fig. 39.10). In some cases, 
this may require resection and reconstruction of a 
new Roux anastomosis.

Fig. 39.6 Early postoperative small bowel obstruction 
secondary to intraluminal clot at the jejunojejunostomy

Fig. 39.7 Potential sites of internal hernia after 
RYGB. Most commonly, the small bowel herniates under-
neath the Roux limb mesentery or at the jejunojejunos-
tomy mesenteric defect. If the Roux limb was placed 
retrocolic, the defect in the mesocolon is also a potential 
site of herniation

Fig. 39.8 Axial image of an internal hernia in a patient 
with a history of gastric bypass
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Marginal ulcers usually form chronically 
post-RYGB, usually on the small bowel side 
of the gastrojejunal anastomosis. Marginal 
ulcers are linked to smoking, nonsteroidal anti-
inflammatory drug (NSAID) use, acid exposure 
from a large gastric pouch, and presence of for-
eign body at the anastomosis such as an eroded 
suture. Patients presenting with early marginal 
ulcers usually complain of epigastric pain after 
eating and nausea. The majority of ulcers after 
bypass can be managed medically, but patients 
will occasionally present with a perforation of 

a chronic marginal ulcer that requires emergent 
surgery. This problem presents as acute epigas-
tric pain that worsens and progresses to peritoni-
tis. Imaging will reveal free air and likely some 
free fluid. Management is surgical and should 
consist of repair if possible, omental patch, and 
wide drainage. There is no role for revising the 
anastomosis in the setting of an acute perforation. 
Placing a feeding gastrostomy tube in the gastric 
remnant should be considered depending on the 
condition of the patient.

Early postoperative bleeding after RYGB 
should be managed as with any other patient, 
but there are several unique circumstances in a 
gastric bypass patient that should be considered. 
Intra-abdominal bleeding most commonly 
occurs at one of the mesenteries that was divided 
during the procedure or from a staple line. 
Potential intraluminal bleeding sites include the 
pouch staple line, the gastrojejunostomy, the 
gastric remnant staple line, and the jejunojeju-
nostomy staple line. While most of these events 
are self-limiting, they can occasionally require 
surgery if the intraluminal clot causes an 
obstruction at the jejunojejunostomy. Bleeding 
at the gastrojejunostomy is typically heralded 
by hematemesis and can be managed 
endoscopically.

Fig. 39.9 Intraoperative findings of extensive bowel 
necrosis in a 56-year-old RYGB patient who presented 
three times to her local emergency department with severe 
abdominal pain prior to transfer. The entire small bowel 

had herniated underneath the Roux limb mesentery caus-
ing necrosis of the midgut and the Roux limb (endoscopy 
picture)

Fig. 39.10 Small bowel intussusception seen on CT 
imaging in a patient who presented with severe abdominal 
pain and obstructive symptoms
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 Sleeve Gastrectomy

Sleeve gastrectomy has become the most com-
monly performed bariatric operation in the 
United States, largely because it eliminates the 
risk of anastomotic complications and is widely 
accepted by patients. The major morbidity rate is 
less than 2%, and adverse events mainly include 
staple line leaks, fistula formation, and sleeve ste-
nosis and stricture resulting in an obstruction [7].

The most feared complication after sleeve 
gastrectomy is a staple line leak. Leaks after 
sleeve gastrectomy most often present in the first 
week after surgery but can occasionally present 
with a left upper quadrant abscess weeks later. 
The majority of leaks after sleeve gastrectomy 
occur proximally at the angle of His. Clinically, 
leaks will present as abdominal sepsis with fever 
and tachycardia. As with RYGB leaks, early 
detection and operative management of an early, 
uncontained leak are key to achieving a good out-
come. In stable patients who present with a con-
tained left upper quadrant abscess, percutaneous 
drainage is appropriate prior to referring the 
patient to a bariatric surgeon who can continue 
the management.

Patients with sleeve stenosis can present soon 
after surgery with failure to advance diet and or 
excessive vomiting. This can be a result of tech-
nical issues while creating the sleeve, and the 
most common site of narrowing is at the incisura. 
Twisting or kinking of the staple line can also 
result in a functional obstruction and severe 
GERD. This is not a complication that requires 
urgent surgical management, however, and these 
patients can be referred to a bariatric surgeon for 
further evaluation and management.

 Laparoscopic Adjustable Gastric 
Banding

Complications after LAGB that might involve the 
general surgeon include acute perforation or 
bleeding shortly after band placement, gastric 
prolapse, obstruction at the band, and erosion. 
Mechanical problems with the tubing or port 

u sually require operative repair, but these would 
not be emergent issues and can be referred to a 
bariatric surgeon.

Placing the band involves creating a small 
retroesophageal tunnel above the lesser sac and 
passing an instrument through this space to pull 
the band into place. This maneuver can result in 
a perforation or injury to the esophagus or gas-
tric fundus that may not be immediately recog-
nized. Since most LAGB patients are discharged 
the same day as surgery, they may present with 
abdominal sepsis secondary to a perforation 
several days after the injury. Upper GI contrast 
studies or CT imaging will confirm the diagno-
sis and prompt emergent operative intervention 
that should include removal of the band, closure 
of the perforation if possible, and wide drainage 
(Fig.  39.11). Bleeding can occur from injury to 
the short gastric vessels or spleen that may not be 
evident until the patient returns to the emergency 
department with hypotension or syncope at home.

 Algorithmic Approach 
to Abdominal Pain in Patients 
with History of Bariatric Surgery

The American Society for Metabolic and 
Bariatric Surgery and the American College of 
Emergency Physicians have developed a practice 

Fig. 39.11 Obstruction and pouch dilation due to an 
overtightened adjustable gastric band (arrow)
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guideline for Bariatric Examination, Assessment, 
and Management in the Emergency Department 
(BEAM-ED) to guide physicians on how to 
approach patients presenting to the emergency 
department with potential complications after 
bariatric surgery [8]. While this program was 
designed for use by ED physicians, it provides a 
structured, algorithmic approach to evaluating 
bariatric surgery patients that would be a helpful 
resource for the general surgeon called on to 
evaluate these problems.

In addition to routine history, the patient’s sur-
gical history should consist of information about 
the type of bariatric procedure performed, the 
surgeon who performed the procedure, and the 
center where the procedure took place. This 
information helps narrow down the etiology of 
the presenting symptom. Most complications 
post-bariatric procedures are unique to the proce-
dures performed as described above. Identifying 
the surgeon and, if needed, contacting him/her 
would help provide necessary information and 
guide the management plan. Some surgeons work 
within bariatric surgery groups with associates 
on call round the clock. Locating the facility 
where the index procedure was performed can 
facilitate transfer of care if the patient presents 
with a non-emergent problem. Bariatric coverage 
or transfer is not always available, though, and 
treatment of emergent problems like perforations 
or internal hernias should not be delayed by 
transferring the patient as the additional time 
required may result in a worse outcome or death.

The presenting symptoms should be put into 
the context of the procedure performed and the 
timing since surgery. Gauging the duration of 
onset of symptoms can aid in determining the 
urgency of the presenting pathology; i.e., patients 
presenting with acute onset severe abdominal pain 
within the first 4 weeks postoperatively should be 
investigated for staple line or anastomotic leak 
after a sleeve gastrectomy or a gastric bypass, 
respectively. It is imperative to consider internal 
hernia and/or intestinal obstruction in patients pre-
senting with obstructive symptoms within the 
same time frame. Patients with chronic abdominal 
pain presenting more than 4 weeks postoperatively 
are better managed by a bariatric surgery team as 
further investigation might be warranted.

Complications of bariatric surgery are not 
always evident. This highlights the importance of 
high clinical suspicion and experience dealing 
with bariatric surgery patients. The patient’s 
overall status reflected in the vital signs and sub-
jective symptomatology can help make the deci-
sion to either further investigate the patient 
noninvasively through imaging or invasively 
through a diagnostic laparoscopy or laparotomy. 
Signs such as fever, tachycardia, increased oxy-
gen requirements, pain out of proportion to phys-
cial examination or peritonitis in the setting of 
hemodynamic instability require prompt opera-
tive exploration after initial resuscitation.

It is important to emphasize that a general sur-
geon can manage all bariatric emergencies by fol-
lowing basic surgical principles and having some 
knowledge of the anatomy and potential manage-
ment options. Generally speaking, damage control 
procedures in the deteriorating patient are appro-
priate, and no definitive reconstruction or repair is 
necessary at the initial operation. Controlling the 
immediate problem of contamination or bleeding, 
wide drainage, stabilizing the patient, and then 
making arrangements for transfer to a bariatric 
surgeon are appropriate care in this setting.

In a stable patient, there is more time to inves-
tigate the presenting symptoms. Diagnoses such 
as appendicitis, cholecystitis, diverticulitis, and 
nephrolithiasis should be considered when appro-
priate. In female patients, pregnancy status and 
other gynecological causes for abdominal symp-
toms should be assessed. Presence of a pulmo-
nary embolism, deep venous thrombosis, or 
portomesenteric thrombus in patients presenting 
with concordant symptoms should be ruled out. 
D-dimer levels and CT angiography can be added 
to the work-up in these cases [9].

 Management of Specific 
Complications

 Scenario 1: Obstructing Adjustable 
Gastric Band

A 36-year-old female with a recent history of 
LAGB (8  months ago) presents with nausea, 
vomiting, and postprandial abdominal pain. She 
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describes her symptoms to have started a week 
ago after a band adjustment in her surgeon’s 
office. The patient otherwise looks healthy and 
her vital signs are within normal limits, but she 
continues to have dry heaves with any oral intake. 
She called her bariatric surgeon’s office but he is 
out of town so she was told to report to the near-
est emergency department.

Diagnostic Test Upper GI contrast study. This 
reveals obstruction at the level of the band with 
moderately dilated gastric pouch above the band 
and severe gastroesophageal reflux of contrast.

Management The balloon in the band needs to 
be deflated. A Huber™ needle can be inserted 
into the subcutaneous port palpated on the ante-
rior abdominal wall. Patients typically know 
where their port is located. The port can be stabi-
lized between two fingers while the patient lifts 
his/her head off the pillow, and the port is percu-
taneously accessed as any mediport would be. If 
a LAGB-specific Huber™ needle isn’t available, 
any type of needle can be used in this urgent set-
ting. Once accessed, all of the fluid should be 
aspirated out of the system. The patient can be 
given oral fluids and discharged home if symp-
toms are resolved and fluids are tolerated. Close 
follow-up with her bariatric surgeon should be 
arranged to further manage the band.

 Scenario 2: Internal Hernia After 
Roux-en-Y Gastric Bypass

A 55-year-old female 3 years post laparoscopic 
gastric bypass presents to the emergency depart-
ment with sudden, severe abdominal pain that 
started 6 hours ago. The abdominal pain is asso-
ciated with nausea and dry heaving. When asked, 
she reports that her last bowel movement and fla-
tus were on the previous morning. She has had 
two similar, but less severe, episodes of this pain 
in the last month that resolved after 2 hours. Her 
heart rate is 120 bpm and her blood pressure is 
100/75 mmHg. On examination, she cannot get 
comfortable in the bed, and her abdomen is dif-
fusely tender but soft without peritonitis.

Diagnostic Test CT of the abdomen and pelvis. 
Sudden onset of severe abdominal pain after gas-
tric bypass must be considered an internal hernia 
or small bowel volvulus until proven otherwise. 
This patient may not tolerate a full dose of oral 
contrast for the CT, but an attempt to ingest some 
should be made. IV contrast should be used 
unless contraindicated. The pathognomonic find-
ing on CT is the “swirl sign” of the mesenteric 
vasculature suggesting an internal hernia 
(Fig. 39.12). Other findings of bowel obstruction 
may or may not be present in the acute setting. 
Routine labs including serum lactate may further 
support the diagnosis of early bowel ischemia.

Management In this clinical setting, any find-
ings on CT suggesting an internal hernia, closed 
loop obstruction, or bowel obstruction or isch-
emia require emergent operation. After resuscita-
tion, the patient’s abdomen should be explored 
laparoscopically or open depending on the sur-
geon’s expertise. Internal herniation of the small 
bowel most commonly occurs under the mesen-
tery of the Roux limb or through the jejunojeju-

Fig. 39.12 Mesenteric “swirl sign” seen in a patient with 
an internal hernia after gastric bypass
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nostomy mesenteric defect. The bowel should be 
run distally to proximally starting at the terminal 
ileum to effectively reduce the volvulus and then 
assessed for viability. Untwisting the bowel and 
identifying the site of the internal hernia can be 
confusing, even for an experienced bariatric sur-
geon, so care should be taken to slowly follow the 
bowel’s course and reduce it to the normal posi-
tion rather than performing a bowel transection to 
achieve this. In cases of chronic internal hernia, 
some adhesiolysis may be needed to restore the 
normal RYGB anatomy. In all cases, the original 
anatomy can be restored with patience and care-
ful handling of the bowel. In a stable patient, 
resection (if indicated) and re-anastomosis are 
safe. The remaining mesenteric defects should all 
be re-closed with nonabsorbable suture. In an 
unstable patient, resection only and temporary 
closure of the abdomen are appropriate, and 
intestinal continuity can be restored when the 
patient stabilizes. If the Roux limb is ischemic 
(commonly from vascular compromise due to 
pressure from the bowel herniated beneath it), it 
should be resected up to the level of the gastric 
pouch. Care should be taken to divide as little of 
the distal gastric pouch as possible and to stay 
below the left gastric artery pedicle so that conti-
nuity can be restored later and the gastric bypass 
preserved. In cases where the majority of the 
midgut has become necrotic, care decisions 
should be presented to the patient’s family and, if 
available, the intestinal transplant team consulted 
to offer their opinion regarding future 
reconstruction.

 Scenario 3: Perforated Marginal Ulcer 
After RYGB

A 56-year-old male presents with severe upper 
abdominal pain and a rigid abdomen. His past 
medical history is significant for a previous myo-
cardial infarction and a Roux-en-Y gastric bypass 
7 years prior. The patient has smoked one pack of 
cigarettes per day for the past 5 years. He is con-
scious and responds to questions appropriately. 
His heart rate is 125 bpm and his blood pressure 
is 105/75 mmHg.

Diagnostic Test An upright abdominal x-ray 
shows free air under the diaphragm. The emer-
gency department also obtained a CT scan of his 
abdomen that revealed free air, a moderate 
amount of free fluid, and inflammatory changes 
around the gastrojejunostomy in the upper 
abdomen.

Management This patient has a perforated mar-
ginal ulcer at the gastrojejunostomy, likely 
related to smoking. After adequate resuscitation, 
the patient should be taken to the operating room. 
In most cases, this problem can be managed lapa-
roscopically. A liver retractor should be placed to 
expose the anterior pouch, and anastomosis and 
placing the patient in reverse Trendelenburg posi-
tion can facilitate exposure of this area. 
Occasionally, omentum will have already sealed 
the perforation in which case it can be secured 
with sutures as a Graham patch. If the perforation 
is visible, the quality of the tissue should be 
assessed and primary closure attempted when 
possible. Omentum should then be sewn in place 
over the repair. If the perforation is not easily 
localized, intraoperative endoscopy can be used 
to insufflate air into the pouch while submerged 
in saline to identify the area of bubbling. 
Following repair, the abdomen should be washed 
out and wide drainage of the gastrojejunostomy 
and left upper quadrant obtained.

Whenever possible, some form of enteral 
access for postoperative nutritional support 
should be achieved. In a stable patient, time can 
be taken to place a remnant gastrostomy tube or a 
feeding jejunostomy tube. If these options aren’t 
available, a transnasal feeding tube can be placed 
into the Roux limb distal to the repair to provide 
nutritional support.

 Scenario 4: Anastomotic Leak After 
Gastric Bypass

A 46-year-old female presents to the emergency 
department feeling progressively more ill 4 days 
after an uneventful laparoscopic Roux-en-Y gas-
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tric bypass. She reports having progressively 
worse abdominal pain. Her vital signs reveal a 
fever of 104 F and a heart rate of 136 bpm. Her 
abdominal exam shows generalized tenderness 
with guarding.

Diagnostic Test CT of the abdomen and pelvis 
reveals free extravasation of oral contrast from 
the gastrojejunostomy with a poorly defined air 
and fluid collection in the left upper quadrant.

Management Patients presenting acutely within 
days of a Roux-en-Y gastric bypass with fever 
and tachycardia should be evaluated for an anas-
tomotic leak first. The most common site for leak 
is the gastrojejunostomy anastomosis. Imaging 
may not always show extravasation of oral con-
trast, but other secondary findings of inflamma-
tion or fluid at one of the anastomotic sites should 
also prompt surgical intervention. After resusci-
tation and initiation of antibiotics, the patient 
should be taken to the operating room and 
explored laparoscopically or open depending on 
the surgeon’s skill set. Reverse Trendelenburg 
position can facilitate exposure of the upper 
abdomen, and the site of the leak should be 
clearly identified. A gastrojejunal anastomotic 
leak may be severely indurated, and primary clo-
sure may not be possible. In this case, omental 
patch and wide drainage are appropriate. If the 
leak is present at the jejunojejunostomy, primary 
repair is usually adequate, and resection is rarely 
needed. Enteral access of some kind should be 
obtained to facilitate healing postoperatively as 
long as the patient is stable. Once the patient has 
stabilized, the patient can be transferred to a bar-
iatric surgeon and may require additional surgical 
or endoscopic therapy (clips, stent).

 Scenario 5: Sleeve Gastrectomy Leak

A 25-year-old male presents to the emergency 
department 1 week after laparoscopic sleeve gas-
trectomy with 2  days of persistent fever and 
vague abdominal pain. On examination, he is 
found to be febrile with a heart rate of 115 bpm 

and a blood pressure of 110/75 mmHg. He is ill-
appearing and his abdomen is tender in the left 
upper quadrant.

Diagnostic Test CT of the abdomen with IV and 
oral contrast will provide the diagnosis of a sleeve 
gastrectomy leak (Fig. 39.13). There may be free 
or contained extravasation of oral contrast as well 
as an air and fluid collection in the left upper 
quadrant. No other imaging is necessary, and 
while upper GI contrast studies may show the 
leak, they do not provide any information about 
the extent of the adjacent collections.

Management A stable patient that presents with 
a contained left upper quadrant abscess second-
ary to a sleeve leak can be managed with percuta-
neous drainage and transfer to a bariatric center. 
In this case, however, there is no defined collec-
tion and there is free extravasation that must be 
controlled. Primary repair is rarely possible in 
these cases as the leak is most commonly at the 
GE junction and the tissue is of very poor quality 

Fig. 39.13 A contrast study of a patient presenting with 
fever post a sleeve gastrectomy. The patient is found to 
have a contained leak (arrow)
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by this time. The safest strategy is to wash out the 
left upper quadrant, sew an omental patch over 
the perforation, and widely drain the area. In a 
stable patient, a feeding jejunostomy tube should 
be placed as these leaks commonly evolve into 
chronic fistulas that require prolonged periods 
without oral intake to heal. Once contamination 
is controlled, the patient can be transferred to a 
bariatric center for additional endoluminal ther-
apy to facilitate healing of the leak.

 Summary

The increase in bariatric surgery procedures per-
formed in the last decade has increased the 
chances that the on-call general surgeon will be 
faced with some of these postoperative complica-
tions. In some cases, these patients can be trans-
ferred or managed without surgical intervention, 
but there are some scenarios where the general 
surgeon should manage the acute complication to 
avoid progression of the problem, delays in treat-
ment, and increased risk for patient mortality. 
These emergent problems in the bariatric surgery 
patient can be managed by the general surgeon 
by following basic surgical principles: stabilize 
the patient, identify the anatomy, identify the 
problem, stop contamination or bleeding, wide 
drainage, and enteral access if indicated. General 
surgeons are familiar with Roux-en-Y recon-
structions, staple line leaks, internal hernias, and 
bowel obstructions after many other types of gen-
eral surgery procedures, and it is critical that they 
manage these problems in bariatric patients the 
same way they would in patients who have had 
surgery for gastric cancer, biliary malignancies, 
and small bowel disease.

Gaining familiarity of bariatric surgery anat-
omy and the initial diagnosis and management of 
bariatric surgery complications is an important 
skill for the general surgeon given the increasing 
number of bariatric surgery patients in our soci-

ety. While bariatric surgery consultation or trans-
fer is often appropriate and necessary, it should 
never delay treatment for a life-threatening com-
plication that can be initially managed by the 
general surgeon on call.
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Emergency General Surgery 
in the Elderly

Bellal Joseph and Mohammad Hamidi

 Introduction

 The Growing Elderly Population

It is estimated that between 2014 and 2060, the 
United States (USA) population will increase 
from 319 million to 417 million, reaching 400 
million by 2051 [1]. The elderly group is the fast-
est-growing segment as by 2030, those 65 and 
older are projected to make up 20% of the 
American population; in other words one in every 
five people will be 65 and older [1].

 Burden of Emergency General 
Surgery Conditions in the Elderly

Emergency general surgery (EGS) is referred to 
surgery performed when a patient has a condition 
that requires an emergency surgical intervention 
(e.g., acute appendicitis, acute cholecystitis, or 
acute mesenteric ischemia) [2]. Such interven-
tions require special attention in the geriatric 
population (age ≥ 65 years) because, for instance, 
as an individual grows older, the number of ailing 
systems in the body increases. In general, emer-

gency surgery carries an abundant global health 
burden and is associated with high rates of mor-
tality [3]. It’s worth elaborating more on emer-
gency surgery burden in elderly, as a Danish 
study by Svenningsen et al. found that emergency 
laparotomy carried a 48% mortality rate in 
patients aged >75 years [4]. A further study found 
that mortality rate is doubled in patients who 
aged 90 years and above undergoing emergency 
surgery as compared to younger patients. And, of 
notice, 1-year mortality was high after both elec-
tive (29%) and emergency surgery (49%) [5]. 
Another study has found that surgeries that 
involve bowel resection are associated with 
higher rates of mortality (43%) [6].

 Aging and the Impact of Multiple 
Comorbidities

Aging is a process characterized by progressive 
and unavoidable physiological and biological 
changes. Gradually, the accumulation of such 
changes decreases performance and increases 
physiological function impairment, which results 
in a decreased ability to tolerate the pathological 
process and stress. Multiple comorbidities 
defined as the presence of two or more chronic 
conditions. The prevalence of multiple chronic 
conditions increases with age and is more robust 
in the elderly. In addition, multiple comorbidities 
interact synergistically instead of producing 
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 isolated effects. They compromise a patient’s 
overall medical condition and usually coexist 
with other problems, such as addiction disorders 
(e.g., opioid use), mental illnesses (e.g., depres-
sion), dementia, and other cognitive impairment 
disorders [7–9]. The impact of aging and comor-
bidities in patients requiring EGS is further inten-
sified by the risk of surgery itself as well as a lack 
of appropriate preoperative assessment, prepara-
tion, or optimization of the patient’s general con-
dition [10].

 Common Emergency General 
Surgery Procedures in the Elderly

 Acute Appendicitis

Acute appendicitis is the most common EGS 
procedure. Approximately 7–14% of the general 
population will develop acute appendicitis at 
some point in their lifetime. In the elderly, the 
risk of the disease is only 1:35 for women and 
1:50 for men [11]. However, the manifestations 
of appendicitis in the elderly are associated with 
increased mortality and morbidity that are 
mainly due to a delay in the diagnosis [12]. Such 
a delay can be attributable to many factors, 
including a failure on the part of the physician to 
consider the diagnosis early on because of its 
low incidence in this population, a reluctance to 
operate on elderly patients, and excessive labo-
ratory and radiographic studies prior to reaching 
the final diagnosis. Likewise, the blunted inflam-
matory response in the elderly prevents the 
development of significant clinical features of 
acute appendicitis and delays the presentation 
[13–15]. While the pathophysiology of appendi-
citis is similar in the elderly and the young, there 
are several differences that make the elderly 
more vulnerable to increased progression and 
early perforation. In the elderly, the lumen of the 
appendix is narrowed due to fibrosis, lipid accu-
mulation, and mucosal atrophy. Moreover, the 
atherosclerosis of vessels compromises the 
blood flow to the appendix. As a result, blockage 
of the appendix lumen due to any cause with a 
mild increase in intraluminal pressure can lead 

to ischemia, gangrene, and perforation. 
Perforation rates are higher in the elderly; the 
reported incidence of perforation in elderly 
patients with acute appendicitis is as high as 
70% [14]. In terms of prognosis, elderly and 
young patients have a similar prognosis, but 
when perforation occurs, the elderly have a 
worse prognosis and higher mortality rates com-
pared to younger patients [16, 17].

Currently, the most commonly used scores 
for diagnosing appendicitis are the Alvarado 
score and the comparatively more accurate 
appendicitis inflammatory response score. While 
each clinical sign associated with each score has 
a low predictive value by itself, the predictive 
value becomes stronger when they are combined 
[18]. There is a controversy regarding the opera-
tive and non-operative management of appendi-
citis in elderly patients. It has been reported that 
the use of an antibiotic alone produces favorable 
outcomes, but no one has yet demonstrated the 
superiority of antibiotic therapy compared to 
operative management [19]. In the elderly 
patients, laparoscopic appendectomy remains 
the gold standard for the early treatment of 
appendicitis. In comparison to an open appen-
dectomy, laparoscopic approach is associated 
with lower morbidity, lower mortality rates, 
lower hospital stays, and reduced hospital 
charges [20–25].

 Acute Cholecystitis

Acute cholecystitis is a common cause of emer-
gency general surgery in elderly patients espe-
cially in female and may have an atypical course 
with serious complications and high mortality 
[26]. Abdominal pain remains a common pre-
senting symptom, but nausea, vomiting, fever, or 
leukocytosis is often absent. In the elderly, a pos-
itive Murphy’s sign is useful. However, a nega-
tive sign should be further investigated in 
combination with other diagnostic tests because 
it has a lower negative predictive value [27, 28]. 
For patients with suspected gallbladder disease, 
liver function tests remain the most important 
type of laboratory investigation. An ultrasound is 
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the diagnostic gold standard for the diagnosis of 
acute cholecystitis.

The management of gallstone disease in the 
elderly is quite challenging because of their 
frailty status and associated comorbidities. In 
addition, their course of management is associ-
ated with higher rates of complications, such as 
choledocholithiasis and gallstone pancreatitis. 
The first line of treatment of acute cholecystitis is 
a laparoscopic cholecystectomy. However, in 
elderly or critically ill patients with underlying 
comorbidities, an emergency cholecystectomy is 
associated with higher rates of mortality and 
morbidity. Decompression by tube cholecystos-
tomy allows the inflammation to subside and 
gives the patient extra time to recover from the 
acute illness [29, 30]. In the literature, percutane-
ous cholecystostomy in selected patients espe-
cially critically ill patients at time of presentation 
followed by interval laparoscopic cholecystec-
tomy has been described as a safe option of man-
agement of acute cholecystitis [29–32].

 Acute Diverticulitis

The acquired form of diverticulitis is highly com-
mon in the western society. It affects about 
5–10% of the population over 45 years old and 
approximately 80% of those over age 85 [33]. 
Symptomatic diverticulitis develops in around 
20% of patients. The pathophysiology of acute 
diverticulitis mainly attributed to two mecha-
nisms: increased intraluminal pressure and weak-
ening of the bowel wall. The latter usually 
happens near the sites of vasa recta penetration 
and occurs primarily in the sigmoid colon [34]. 
The majority of patients present with abdominal 
pain that usually starts at the hypogastrium and 
then migrates to localize in the left lower quad-
rant. Some patients present with a change in their 
bowel habits (i.e., diarrhea and/or constipation). 
Physical examination reveals tenderness to pal-
pation in the left lower quadrant, and lower 
abdominal or rectal mass may present.

The gold standard imaging test for the diagno-
sis of acute diverticulitis is a computed tomo-
graphic (CT) scan, which has a high sensitivity 

and specificity. The use of colonoscopy and sig-
moidoscopy should be avoided in the acute stage 
of the disease because of a high risk of colonic 
perforation and concomitant peritonitis due to the 
fragility of the inflamed colonic wall. Usually, a 
colonoscopy is recommended 4–6  weeks after 
the acute phase of the inflammation in order to 
rule out other coexisting diseases such as malig-
nancy, especially in people older than 50 years of 
age.

Conservative management of acute uncompli-
cated diverticulitis is successful in 70–100% of 
cases [35]. Geriatric patients with acute divertic-
ulitis can be managed safely with outpatient ther-
apy. For these patients, the treatment of choice is 
7–10  days of oral broad-spectrum antibiotics 
[36]. Hospitalization is indicated only for those 
who require analgesia, who cannot tolerate any 
diet, or who have complicated diverticulitis. Such 
patients should be made NPO (nil per os), and 
broad-spectrum antibiotics should be adminis-
tered intravenously [37]. These patients are fol-
lowed serially with white cell counts, abdominal 
examinations, and repeat CT scans. Many organi-
zations, however, recommended bowel resection 
after two attacks of diverticulitis. Nonetheless, a 
review paper concluded that there is no evidence 
to support elective surgery after two such attacks 
because the surgical intervention in the elderly is 
usually associated with higher rates of morbidity 
and mortality [38]. Moreover, surgery of diver-
ticular disease has a high complication rate and a 
25% chance of ongoing symptoms after the 
diverticular resection [38].

 Acute Mesenteric Ischemia

Acute mesenteric ischemia is a serious, relatively 
rare disorder of the elderly with an overall mor-
tality rate of 60–80% [39, 40]. It refers to a wide 
spectrum of bowel injury ranging from partial 
reversible ischemic changes to full-thickness 
bowel wall infarction [41]. It occurs within the 
distribution of the celiac artery, the superior mes-
enteric artery (the most common artery involved), 
and/or the inferior mesenteric artery. It is catego-
rized into four types based on its cause: (1) 
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 arterial embolism, (2) arterial thrombosis, (3) 
nonocclusive mesenteric ischemia, and (4) mes-
enteric venous thrombosis [40].

Patients with acute mesenteric ischemia typi-
cally present with sudden, severe, periumbilical 
abdominal pain, often accompanied by nausea 
and vomiting. Elderly patients frequently have 
antecedent symptoms of chronic mesenteric isch-
emia, including postprandial abdominal pain, 
avoidance of meals, and unintentional weight 
loss. The most common laboratory abnormalities 
seen in patients with acute mesenteric ischemia 
are hemoconcentration, leukocytosis, a high 
anion gap, and possibly lactic acidosis in more 
advanced cases. High amylase, aspartate amino-
transferase, and lactate dehydrogenase can also 
be observed.

The first-line imaging modality for diagnos-
ing acute intestinal ischemia is contrast-
enhanced CT, which has a high sensitivity and 
specificity [42, 43]. Findings on the CT scan 
include bowel wall thickening (which is seen 
more frequently with venous occlusion com-
pared to arterial occlusion), pneumatosis intesti-
nale, dilation of the bowel lumen, and, in most 
of the cases, emboli or thrombi in the mesen-
teric arteries and veins [44].

Acute mesenteric ischemia management 
should include a high index of clinical suspi-
cion, rapid preoperative evaluation, revascular-
ization with open surgical techniques, resection 
of infarcted bowel, liberal use of second-look 
procedures, sophisticated postoperative care for 
the prevention of multi-organ failure, and recog-
nition of recurrent mesenteric ischemia. The 
overall clinical outcome in these patients is still 
poor, yet the aforementioned management 
approach will result in the early survival of two-
thirds of the patients with embolism and throm-
bosis [45].

 A Perforated Peptic Ulcer

A perforated peptic ulcer in the elderly is associ-
ated with high rates of morbidity (up to 50%) and 
mortality (up to 30%) and is more common in 
females than males [46, 47]. The prevalence of 

Helicobacter pylori increases with age, and it has 
a well-established role in the development of 
ulcers. In the elderly, nonsteroidal anti-inflamma-
tory medications also contribute to the increased 
incidence of ulcers and the development of com-
plications [48, 49]. In addition, the presence of 
other concomitant diseases (e.g., diabetes melli-
tus, chronic obstructive pulmonary disease, 
hypertension, and congestive heart failure) is a 
significant risk factor for peptic ulcer disease.

Clinical presentation in the elderly is less spe-
cific than in younger patients. It presents with 
vague abdominal pain rather than intense epigas-
tric pain [50]. During the clinical assessment of 
elderly patients, other differential diagnoses (i.e., 
ruptured abdominal aortic aneurysm or acute 
pancreatitis) should be considered and excluded. 
Laboratory markers are not diagnostic in a perfo-
rated peptic ulcer. However, they are helpful in 
estimating the degree of inflammatory response 
and assessing organ functions.

On an erect abdominal X-ray, the most classi-
cal sign of a perforated peptic ulcer and other vis-
cus perforations is air under the diaphragm. This 
sign has a sensitivity of only 75% and cannot 
specify the origin of the pneumoperitoneum 
which limits its use in making definitive diagno-
sis [51]. Recent surgical research concerns 
whether a definitive surgical approach should be 
sought at the time of presentation. A study by 
Trevor et al. indicates that a period of observation 
before operating on a suspected perforation of a 
peptic ulcer is unlikely to be harmful in patients 
over 70  years old [52]. Indeed, many patients 
may avoid an operation altogether. Period of 
observation allows to restore circulating intravas-
cular volume and to administer antibiotics. 
Although non-operative treatment may seem the 
most logical in elderly patients who face higher 
risks under surgery, there is evidence that they do 
not fare well with this approach. Another issue 
has to be taken into consideration that perforation 
is less likely to seal spontaneously in elderly 
patients. Therefore, early surgical management 
(i.e., laparotomy) for these patients is recom-
mended, unless they experience a rapid improve-
ment in their symptoms.

B. Joseph and M. Hamidi



455

 Perioperative Care

In recent years, there has been an increased inter-
est in the impact of surgery on the elderly patients. 
As the baby boomers age, the number of geriatric 
patients undergoing surgery in general is increas-
ing. It is therefore crucial that surgeons gain sub-
stantial knowledge and understanding of the care 
and optimization of elderly patients. It is also 
important for surgeons and healthcare providers 
to understand the differences between elderly 
patients and their younger counterparts and how 
management needs to be modified to improve 
outcomes. Pre- and postoperative care is critical 
in the elderly as they have higher rates of morbid-
ity, which can alter the potential benefits of sur-
gery in this population.

 Preoperative Assessment

Preoperative assessment highlights risk factors 
that can lead to adverse events. The identification 
of these risk factors allows for their optimization 
prior to surgery and improves surgical outcomes 
in these patients [53–55]. The pathophysiology 
of the disease as well as the surgical procedure 
itself is important prognostic factors. However, 
the most important factors in the determination of 
postoperative morbidity and mortality are related 
to the general health and physiological capacity 
of the patient [56]. Diminished physiologic 
capacities have a direct impact on the patient’s 
ability to tolerate the additional stress of surgery 
and possible postoperative complications.

There are many available tools that can be 
used preoperatively which can objectively assess 
the elderly patients in the setting of emergency 
general surgery; in this review we are going to 
discuss frailty assessment, the role of geriatric 
consultation, and goals of care.

 Elderly Assessment Tools
Assessing and optimizing elderly patient’s medi-
cal conditions in the context of emergency sur-
gery is not an easy task. It can be very subjective 
and limited, especially with the narrow time 
frame available in the preoperative period. This 

review discusses some of the widely used, objec-
tive assessment tools that can predict postopera-
tive outcomes among the elderly, optimize the 
degree of preparedness and the decision-making 
capacity of surgeons, and enhance the prognostic 
discussion with the patient’s family members 
[57, 58]. There is, for instance, a general consen-
sus about the value of the assessment of frailty, 
and it has been thoroughly described in the litera-
ture as a one such tool [59].

 Frailty Assessment
Frailty is a decrease in physiological function or 
reserve that increases vulnerability to stressors. 
Among the many ways to assess frailty, the two 
most common tools define it phenotypically or 
as an accumulation of deficits [60–63]. Frailty 
phenotypes include the following five measures: 
weight wastage, low endurance, grip strength, 
sluggishness, and low energy expenditure [64] 
(Table. 40.1). A patient is frail if three or more 
of these factors are present. Patients with one or 
two factors are pre-frail, and those with none of 
the factors are non-frail. Nonetheless, it is not 
always clear what the appropriate clinical steps 
should be based on such phenotypic factors. 
Unlike the phenotype model, the cumulative 
deficit model of frailty developed by the 
Canadian study of health and aging (CHSA), 
which is also known as the frailty index [66], is 
a quantitative measure based on 92 variables of 

Table 40.1 Phenotypic model of frailty

Weight wastage
Self-reported, unintentional weight loss ≥10 pounds 
(4.5 kg) or weight loss of ≥5% per year
Low endurance
Indicated by self-report of exhaustion. Self-reported 
exhaustion, identified by two questions from the 
CES–D scale [65]
Grip strength
Decreased grip strength by 20% compared to baseline, 
along with adjustment for sex and body mass index
Sluggishness
Decreased time to walk 15 feet (4.57 m), along with 
adjustment for sex and height
Lower energy expenditure
Energy expenditure <383 kcal/week (men) or 
<270 kcal/week (women)
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symptoms, signs,  abnormal lab values, disease 
status, and disabilities. Calculating frailty based 
on this index is done by simply dividing the 
total positive signs and symptoms over 92 (e.g., 
30/92 = 0.32).

 Emergency General Surgery Frailty 
Index (EGSFI)
Frailty can be assessed using the 50-variable 
Rockwood frailty index [66] which is an exten-
sive and difficult to apply in the setting of emer-
gency surgery. Based on that we developed and 
validated the emergency general surgery frailty 
index which has a 15-variable questionnaire that 
is simple, quick, and reliable bedside tool for 
EGS patients [67]. It comprises of patient’s 
comorbidities, daily activity, health attitude, and 
one lab-based result, which is the albumin level 
(Table.  40.2). Univariate analysis identified 
15 variables significantly associated with com-
plications that were used to develop the EGSFI. 
A cutoff frailty score of 0.325 was identified 
using receiver operating characteristic curve 
analysis for frail status. Frailty status deter-
mined by this EGSFI is an independent predic-
tor of postoperative complications and mortality 
in geriatric EGS patients.

 Geriatrician Consultation
Hospitals and healthcare providers will need to 
invest in quality improvement initiatives in opti-
mizing the care among elderly patients [68]. This 
entails quality measures directed at the care of 
elderly patients and/or inpatient geriatric consul-
tation. Relatively speaking, geriatric consultation 
is an easily implemented, generalizable interven-
tion for the frail elderly who are hospitalized. 
Previous studies have reported various results 
with geriatric consultation. One study has shown 
that inpatient geriatric consultation had a benefi-
cial role in the acute care of older patients com-
prising a variety of surgical populations (e.g., 
emergency general surgery, orthopedic surgery), 
including decreasing patient’s mortality, hospital 
length of stay, and cost of care. Another study 
also demonstrated that geriatric consultation is 
associated with a significant reduction in postop-
erative delirium [69, 70].

 Postoperative Complications

Delirium
Delirium is defined as a multifactorial neuro-
psychiatric disorder with well-defined predis-
posing and precipitating factors, and it is the 

Table 40.2 Emergency general surgery frailty index

Comorbidities
Cancer history Yes (1) No (0)
Hypertension Yes (1) No (0)
Coronary artery disease MI (1) CABG (0.75) PCI (0.5) Medication (0.25) None (0)
Dementia Severe (1) Moderate (0.5) Mild (0.25) No (0)
Daily activities
Help with grooming Yes (1) No (0)
Help managing money Yes (1) No (0)
Help doing house work Yes (1) No (0)
Help toileting Yes (1) No (0)
Help walking Wheel chair (1) Walker (0.75) Cane (0.5) No (0)
Health attitude
Feel less useful Most times (1) Sometimes (0.5) Never (0)
Feel sad Most times (1) Sometimes (0.5) Never (0)
Feel effort to do everything Most times (1) Sometimes (0.5) Never (0)
Feel lonely Most times (1) Sometimes (0.5) Never (0)
Feel sexually active Yes (1) No (0)
Nutrition
Albumin <3 (1) >3 (0)
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most  common complication in hospitalized 
older patients [71]. Two types of delirium usu-
ally present in the postoperative period: emer-
gence delirium (ED) and postoperative delirium 
(POD) [72]. ED is a benign cognitive disorienta-
tion that can occur during the transition period 
from anesthesia to wakefulness and resolves 
within minutes or hours, while POD is an acute 
organic brain disorder that usually develops 
within the first few postoperative days. POD has 
been associated with a wide range of negative 
long-term outcomes in the elderly patients, even 
though patients may initially recover completely. 
Almost 15% of all elderly patients experience 
POD after elective procedures, with a higher 
rates (30–70%) among elderly who undergo 
emergency operations [73]. Several risk factors 
and precipitating factors can lead to postopera-
tive delirium (Table. 40.3) [74]. Delirium can be 
managed and prevented by the prompt identifi-
cation and treatment of precipitant factors, early 
mobilization, hydration, nutrition, and with-
drawal of drugs [75].

Postoperative Hospital Acquired Infections
Postoperative infection accounts for about 28% 
of hospital acquired infections [76]. Nowadays, 
although there is an improvement of aseptic and 
surgical techniques, postoperative infectious 
complication rates range from 0.5% to 23% [77]. 
The most frequent postoperative infections 
include wound infection, pulmonary infections, 
and urinary tract infections [77].

• Urinary tract infection

Urinary tract infection (UTI) in surgical 
patients is typically due to prolonged bladder 
catheterization [78]. Around 80% of patients with 
hospital acquired UTIs underwent urinary blad-
der catheterization [79]. In addition to increase 
the risk of UTI, Wald et al. have found that uri-
nary catheterization for longer periods than nor-
mal postoperatively is associated with increased 
mortality and a decreased chance of the patient 
being discharged to home [56]. There is an 
increase in the need for urinary bladder catheter-
ization in elderly patients for several reasons, 
including medication side effects, neurogenic 
bladder or obstruction secondary to spinal cord 
injury/disease, multiple sclerosis, enlarged pros-
tate, or cerebrovascular accident. Elderly patients 
usually present with the classic symptoms of dys-
uria, fever, and frequency, which are commonly 
present in younger people; however, they may 
present with vague presentation, such as an acute 
confusion state or delirium, decreased mobility, 
or newly developed urinary incontinence [80]. 
Thus, it is important to recognize a diagnosis of a 
UTI in the absence of the classical symptoms. It 
is, therefore, necessary to examine the patient 
completely for other possible diagnoses and 
obtain objective laboratory data. The most impor-
tant preventive strategies for UTI in elderly 
patients are minimization of the use of urinary 
catheters and the early removal of catheters.

• Surgical site infection

A surgical site infection (SSI) is an infection 
related to an operative procedure that occurs at or 
near the surgical incision within 30 days of the 
procedure or within 1 year if a prosthetic mate-
rial is implanted at the time of surgery [81, 82]. 
SSI has a huge impact on morbidity and creates 
a substantial economic burden for patients and 
the healthcare system-multidisciplinary teams 
who are involved in managing them. Most sig-
nificant, elderly patients with an SSI have a 
two-time higher mortality compared to elderly 
patients without infections [83]. Advanced age 
independently is considered as a host-derived 

Table 40.3 Delirium risk factors and precipitating 
factors

Risk factors Precipitating factors
Elderly (age > 65) Pain
Frailty Surgery
Dementia Sleep deprivation
Infection Respiratory and urinary 

infections
Dehydration Electrolytes disturbance
Polypharmacy Drugs with anticholinergic 

activity
Malnutrition Hypoxia
Deafness/visual 
impairment

Neurological disorder
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risk factor for developing surgical site infections. 
SSI is caused by organisms that contaminate the 
surgical wound at the time of operation. Most of 
these organisms originate from the patient’s own 
microflora; however, bacteria from other sources 
(e.g., aseptic techniques) can also lead to infec-
tion [82]. SSI can be prevented by the use of 
prophylactic measures, such as antibiotic admin-
istration, intraoperative maintenance of body 
temperature (i.e., normothermia), the avoidance 
of shaving the surgical site for long period prior 
to the skin incision, and ensuring perioperative 
blood sugar control (i.e., euglycemia) [53, 84]. 
Preoperative antibiotic prophylaxis is an effec-
tive method of prevention [82]. Because resistant 
pathogens are common among elderly patients, 
physicians should consider switching the antibi-
otic agent to cover the resistant pathogen. Careful 
observation of surgical wounds postoperatively 
is necessary to ensure early identification and 
treatment of SSI. Upon the development of SSI, 
treatment approaches include opening the inci-
sion and allowing adequate drainage along with 
antibiotic coverage.

Cardiac Complications
Cardiac complications such as myocardial infarc-
tion and heart failure are among the common 
causes of postoperative morbidity and mortality 
that occur in 1–5% of patients undergoing non-
cardiac surgery [85, 86]. Multiple comorbidities 
such as hypertension, diabetes mellitus, and his-
tory of cardiac or renal failure are risk factors for 
higher incidence of perioperative myocardial 
infarction (5.1%), cardiac death (5.7%), or isch-
emia (12–17.7%) in elderly patients [87].

Most perioperative MIs that occur early after 
surgery are asymptomatic, of the non-Q-wave 
type, and are most commonly preceded by 
ST-segment depression rather than ST-segment 
elevation [88]. Most ischemic episodes often 
happen at the end of surgery and during emer-
gence from general anesthesia. This period is 
characterized by tachycardia, increased arterial 
pressure, sympathetic system overdrive, and pro-
coagulation processes [89].

Eighty percent of elderly patients don’t expe-
rience infarction pain [90] and may present in a 

nonclassical symptoms of myocardial ischemia 
or infarction, which makes the diagnosis obscure 
and challenging. Additional factors that could 
mislead the diagnosis of ischemic attacks postop-
eratively include inability to discriminate between 
the incisional pain and the ischemic pain, residual 
anesthesia, and postoperative analgesia.

Two major strategies should be sought to 
reduce the incidence of perioperative MI, as well 
as other cardiac events and complications: preop-
erative assessment and revascularization of the 
stenotic lesions as well as pharmacological treat-
ment [91]. The latter specifically refers to the use 
of beta-blockers. Perioperative B-blockade 
improves cardiac outcome in patients with, or at 
risk of, coronary artery disease, as well as in 
patients with documented inducible MI undergo-
ing non-cardiac surgery [92].

Pulmonary Complications
Postoperative pulmonary complications (PPCs) 
are not exclusive to thoracic surgeries as 5–10% 
of patients undergoing non-thoracic surgery 
develop PPCs [93]. They are considered as the 
second most common serious morbid condition 
after the cardiovascular events [93]. PPCs include 
atelectasis, pneumonia, bronchitis, broncho-
spasm, pulmonary collapse due to mucus plug-
ging pulmonary embolism, and respiratory 
failure that requires ventilation [94]. Development 
of these complications can extend the intensive 
care unit stay and increase mortality. As com-
pared to younger patients, elderly patients espe-
cially those 70  years of age and above have a 
higher risk of developing respiratory complica-
tions, including pneumonia, pulmonary edema of 
the non-cardiogenic type, and respiratory failure 
requiring intubation [95]. Elderly patients are 
more prone to develop respiratory complications 
due to age-related alterations in pulmonary func-
tion combined with postoperative pulmonary 
pathophysiologic changes.

Risk factors for PPCs are preoperative and 
procedure-related (Table. 40.4) [93]. In order to 
prevent or minimize PPCs, risk reduction strate-
gies can be planned from the preoperative period 
itself. Optimization of surgical and anesthetic 
techniques, as well as meticulous postopera-
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tive care, can prevent the progression to severe 
 pulmonary complications [96].

 Goals of Care

As our population is aging, older patients are 
living longer with chronic illness. Discussion 
on the goals of care should be initiated with the 
admission of geriatric patients. A multidisci-
plinary approach involving the patient and fam-
ily with the discussion on the risk and benefits 
will allow the patients to make informed deci-
sion toward the end of life. Advance care plan-
ning can decrease the suffering, increase the 
quality of life, and improve the experience of 
family members and decrease healthcare costs 
[97, 98]. Establishing goals of care that corre-
spond with the patient’s values and preferences; 
and communication between the patient and all 
those involved in their care should be part of the 
assessment of any geriatric patient for emer-
gency general surgery. It is important for sur-
geons to identify high-risk patients and initiate 
the discussion of a definitive curative surgery vs. 
a temporizing procedure based on the goals of 
care. A study by Olson et  al. found that about 
40% of surgeons who frequently perform high-
risk procedures reported a conflict with critical 
care physicians and nurses regarding the goals 
of care for their patients with poor postoperative 
outcomes. This can be only improved with effec-
tive communication with all the team members 
involved in the care of elderly patients [99].

 Failure to Rescue

Failure to rescue (FTR), mortality after develop-
ing a major complication following surgery, is an 
important marker of patient safety and healthcare 
quality [100]. Several previous studies have 
shown that in-hospital mortality rates are signifi-
cantly affected by the variation in the manage-
ment of complications that develop after surgery. 
Recent evidence suggests that minimizing the 
rates of FTR events might be the most appropri-
ate target for quality improvement in the elderly 
population.

A study performed Sheetz et al. demonstrated 
a significant difference in FTR rates between 
elderly and younger patients, especially when 
pulmonary and infectious complications are the 
first complication to develop. However, the study 
found no significant difference between the two 
groups regarding cardiovascular complications. 
They had almost the same FTR rates [101]. 
Another study by Joseph, et al. shows an associa-
tion between frailty status and FTR. It concluded 
that frail elderly trauma patients are more likely 
to die after developing a major complication fol-
lowing surgery. Thus, they have a higher FTR 
rate than non-frail patients [102]. Predicting FTR 
in elderly undergoing EGS has been described in 
the literature, a study described the use of 
 geriatric rescue after surgery (GRAS) score, 
which can accurately predict the probability of 
dying from complications in elderly patients 
undergoing EGS [103, 104].

Table. 40.4 Postoperative pulmonary complications risk factors

Patient-related risk factors Procedure-related risk factors
Risk factor Relevance to complication Risk factor Relevance to complication
Age > 65 years Independent, unmodifiable Duration of 

the surgery
Independent risk factor

Smoking Higher incidence of complications, 
only if associated with COPD

Type of 
anesthesia

RA decreases the risk of 
complications. Long-acting NBMs 
during GA increase the risk

Chronic obstructive 
pulmonary disease

Most important risk factor. 
Preoperative preparation decreases 
significantly

Site of 
surgery

Neck, thorax, upper abdominal 
surgeries, neurological surgery and 
lonely aortic aneurysm surgery

Obstructive sleep 
apnea

Higher risk of developing 
postoperative hypoxemia, 
hypercarbia, aspiration pneumonia, 
and ARDS

Type of 
surgery

Laparoscopic vs. open. Emergency 
vs. elective surgery
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 Discharge Disposition 
and Readmission

Discharge disposition is the person’s anticipated 
location or status following the hospital encoun-
ter (e.g., death, transfer to home/hospice/skilled 
nursing facility). One third of the patients under-
going EGS are discharged to skilled nursing 
facility [105]. More than half of these patients 
stay greater than a year, with only less than 12% 
returning to home eventually [105]. In elderly 
who undergo emergency general surgery, the 
risk factors that decrease the chances of the 
patients to discharge home are the advancing 
age, lower American Society of Anesthesiologists 
(ASA) physical status classification, and the 
development of in-hospital complications [106]. 
Frailty plays a major role in predicting the dis-
charge disposition. A study by Makary et al. has 
shown in their adjusted model that frailty inde-
pendently predicts the odds of being discharged 
to skilled or assisted living facility and interme-
diately frail patients had 3.16-fold higher odds 
of being discharged to a skilled or assisted liv-
ing facility [107].

Among elderly EGS patients, the most com-
mon reason for readmission is gastrointestinal ill-
nesses followed by surgical infections [108]. In 
addition, older patients are more likely to return 
to hospital due to malnutrition, genitourinary, 
vascular, pulmonary, and cardiac reasons, com-
pared to younger patients who get readmitted 
mainly due to surgical infections [108]. Predictors 
of readmission include higher score on an index 
of coexisting illnesses, being discharged against 
medical advice, and insurance status.

 Withdrawal of Care

An elderly patient’s decision to undergo an 
emergent surgical procedure is time sensitive 
and usually made while experiencing severe 
physical discomfort. One study found that that 
many elderly patients will consent to emergency 
surgery, but they are more likely to decline 
aggressive medical intervention postoperatively, 

especially if they had a prior DNR (do not resus-
citate) order before the operation [109]. 
According to the study by Scarborough et  al., 
patients consent to emergency surgery for vari-
ous reasons, including the use of general anes-
thesia during surgery and the chance that 
emergency surgery will reduce their pain and 
treat the underlying cause. However, the proce-
dure might make them more debilitated, or the 
postoperative discomfort might be worse than 
expected, leading to a decreased willingness to 
undergo continued aggressive management 
[110]. The same study found that mortality rates 
are higher in the elderly who have a preopera-
tive DNR order and who underwent emergency 
surgery. This is mainly due to their unwilling-
ness to pursue rescue when major postoperative 
complications occur.

 Conclusion
Managing risks and predicting postoperative 
outcomes in elderly patients who undergo 
emergency general surgery is a complex 
process due to their acute presentation, 
which renders many preoperative prepara-
tions difficult to apply. However, there are 
certain preoperative and most often postop-
erative opportunities to improve outcomes. 
Therefore, focusing on preoperative and 
postoperative outcomes in such patients 
should be the target for both the surgeon 
and the hospital. In comparison to age alone, 
frailty is used as an objective tool to predict 
the postoperative outcomes in elderly and 
helps surgeons to formulate their decisions 
in managing this group of patients. Geriatric 
consultation is recommended in the hospi-
tal setting as it is associated with reduction 
in mortality rates, hospital length of stay, as 
well as lower costs of care.
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Non-obstetric Emergency Surgery 
in the Pregnant Patient
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 Introduction

Pregnant patients are often a fear-inducing popu-
lation for the general surgeon. These patients 
present a unique and sometimes difficult chal-
lenge, representing one of the few situations in 
surgery where decisions have the potential to 
directly affect two lives. Despite this, little 
emphasis seems to be placed on teaching general 
surgeons specific considerations about this popu-
lation. Though there are actually “two patients,” 
the well-being of the mother always takes prece-
dence over that of the fetus, since in emergent 
situations especially, the optimal management of 
the condition of the fetus is appropriate resuscita-
tion, diagnosis, and management of the mother. 
There are many important anatomic and physio-
logic changes to consider in the pregnant patient, 
and these changes effect practically every organ 
system. These changes must be considered 
whether pregnant mothers present with emer-
gency general surgical conditions or injuries, as 

they carry the need for specific considerations in 
both the evaluation and treatment of these 
patients.

 Evaluation of the Pregnant Surgical 
Patient

A full history and physical exam should be 
obtained, and this should include all past and cur-
rent obstetric history, gestational age, prenatal 
care, and issues with any pregnancy, including 
the current one. While general surgical condi-
tions affect pregnant patients, one should still 
consider and rule out other obstetric-related 
causes, such as ectopic pregnancy, placental 
abruption, preeclampsia, or rupture of visceral 
aneurysms. It is prudent to also consider changes 
in anatomic relationships and landmarks that 
occur during pregnancy.

Evaluation should include a sterile speculum 
exam and fetal heart tone monitoring if indi-
cated, as adjuncts to a thorough physical exam. 
Fetal monitoring is generally recommended to 
begin at 24 weeks gestation, when patients pres-
ent with significant medical conditions. If per-
forming a laparoscopic procedure, it is not 
possible to obtain transabdominal signal with 
pneumoperitoneum, therefore transvaginal 
monitoring should be employed. A transabdom-
inal tocodynamometer can be placed immedi-
ately following operation to monitor for uterine 
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contractions. Prolonged, regular contractions 
(eight per hour for greater than 4 h) are associ-
ated with placental abruption, which carries a 
high fetal mortality rate [1]. If fetal monitoring 
remains normal for more than 4 h, in the absence 
of concerning findings on physical exam (vagi-
nal bleeding, uterine tenderness, membrane rup-
ture), it is generally considered safe to 
discontinue [2] (Fig. 41.1). Though this figure is 
from trauma literature, it is likely applicable to 
emergency general surgery conditions as well, 
as these patients may also present in various 
forms of shock with heightened physiologic 
stress. If continuous fetal monitoring is not 
available, calculation of fetal heart rate can be 
done with bedside ultrasound as a temporary 
substitute [3].

 Imaging

The amount of radiation the mother is exposed to 
is not necessarily the same amount presented to 
the fetus, and this varies based on fetal position-
ing as well as maternal tissue thickness. The det-
rimental effects of radiation exposure include 
lethality early in gestation, teratogenicity during 
organogenesis, and finally growth retardation in 
later stages; each of these effects occurs above a 
certain threshold level. For lethality, it is difficult 
to determine a threshold level due to the high 
number of fertilized embryos that naturally abort, 
often without knowledge of the production of a 
conceptus. Regarding teratogenicity, exposure of 
10  rad or higher is proven to create substantial 
risk to the fetus [4]. Risk of growth restriction is 

≥ 23-24 weeks?

Yes

Transfer to labor and delivery unit when stable (where applicable)
Minimum 4 h fetal heart rate monitoring
Provide other definitive treatment (suture lacerations, necessary x-rays)
Consider Rho(D) immune globulin in Rh-negative women

Serious maternal injury
Significant abdominal/uterine pain
Rupture of amniotic membranes
Vaginal Bleeding
Fetal tachycardia, late fetal heart rate deceleration, 
nonreassuring fetal heart rate tracing
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fetal heart rate
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Document fetal
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Fig. 41.1 Algorithm for fetal monitoring
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increased at any dose above 5  rad [5]. Due to 
these risks, the radiation dose should be limited 
to no more than 5–10 rad during the first 25 weeks 
of pregnancy, with no single dose exceeding 
5 rad [6]. A list of radiation exposure from com-
mon procedures is available in Table 41.1.

The first imaging modality of choice is often 
ultrasound. It utilizes no ionizing radiation, and 
is an excellent first imaging choice for many 
obstetric and gynecologic causes of abdominal 
pain. However, one should not delay imaging 
studies that do use radiation if they are indeed 

truly warranted. There is no evidence that prop-
erly performed diagnostic ultrasonography pres-
ents any harm to the fetus [7].

Each abdomen and pelvis CT scan results in 
an exposure of 5–10  rad, but if the exam is 
deemed clinically necessary, it must be done. 
Clinical necessity should be based on a risk ver-
sus benefit analysis. MRI without contrast is con-
sidered safe in pregnancy, but as there may be a 
considerable delay in performance and interpre-
tation of MRI versus alternate imaging modali-
ties, it may delay further workup or resuscitation. 
Gadolinium contrast is a teratogen and should be 
avoided.

 Physiology

There are significant differences in the physiol-
ogy of pregnant patients, which affect almost 
every organ system. Changes are apparent in 
baseline physiology, as well as anatomy and lab-
oratory values.

 Hematologic System

A large increase in circulating volume occurs in 
pregnancy until about 32–34  weeks, where it 
then plateaus in order to maintain perfusion and 
prepare for anticipated blood loss during delivery 
[8, 9]. The average blood loss during vaginal 
delivery is approximately 500  cc, while it is 
closer to 1000  cc for cesarean delivery. Twin 
pregnancies may increase blood volume by as 
much as 70%. Total body water increases by 
4–5 L and is regulated by changes in the renin- 
angiotensin- aldosterone system. This leads to 
increased sodium reabsorption and water reten-
tion. Estrogens and progesterone both act to 
increase aldosterone levels. Most of this increase 
in total body water is within the fetus, placenta, 
and amniotic fluid. Blood volume is augmented 
by 1.2–1.3 L of plasma and 300–400 cc of eryth-
rocytes. There is a disproportionate increase in 
plasma volume; therefore a normal hematocrit 
during pregnancy is 31–35% [10]. The pregnant 
patient can bleed 1.2–1.5  L before exhibiting 

Table 41.1 Average radiation exposure for common 
imaging techniques

Procedure

Mean 
exposure 
(rad)

Maximum 
exposure (rad)

Conventional 
radiographic 
examination
Chest <0.001 <0.001
Abdomen 0.14 0.42
Intravenous urogram 0.17 1
Pelvis 0.11 0.4
Lumbar spine 0.17 1
Skull <0.001 <0.001
Thoracic spine <0.001 <0.001
Fluoroscopic 
examination
Barium meal (upper 
GI)

0.11 0.58

Barium enema 0.68 2.4
Computed 
tomography
Abdomen 0.8 4.9
Head 0.006 0.096
Chest <0.0005 <0.0005
Lumbar spine 0.24 0.86
Pelvis 2.5 7.9
Procedure Estimate 

(rad)
Range (rad)

Cardiac catheter 
ablation

0.015–0.06a

ERCP 0.31 0.001–5.59
TIPS creation 0.55
Pulmonary 
angiography

0.002–0.046

Uterine fibroid 
embolization

4.2

Cerebral angiography 0.006
aDepending on procedure duration
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hypovolemia-related symptoms [11]. In this situ-
ation, the only presenting evidence of fetal dis-
tress may be fetal tachycardia.

Leukocytosis also may be present during preg-
nancy and can be normal. Levels of around 15,000/
mm3 are not unusual during pregnancy, with levels 
of 25,000/mm3 often present during labor. 
Fibrinogen and other serum clotting factors are 
elevated mildly. Albumin drops somewhat to 
around 2.2–2.8 g/dL, which also decreases serum 
protein, though osmolarity remains roughly nor-
mal. The hypervolemia of pregnancy leads to a 
mild reduction in serum sodium (125–138 mEq/L).

 Cardiovascular System

Cardiac output increases by 1.0–1.5  L/min in 
order to increase perfusion, due to increased 
plasma volume and decreased uterine and pla-
cental vascular resistance. These structures 
receive as much as 20% of the maternal cardiac 
output. As stroke volume increases, cardiac out-
put concomitantly increases as well to 6 L/min in 
the first two trimesters – an increase of 50%. This 
is augmented by an increase in heart rate, up to 
10–20 bpm faster, by the third trimester. Stroke 
volume eventually decreases as the pregnancy 
advances due to compression of the aorta and 
vena cava by the uterus. Uterine blood flow is 
~25% of cardiac output at term. Fetal perfusion is 
reliant on the maternal mean arterial pressure, as 
uteroplacental circulation lacks autoregulatory 
mechanisms. Therefore, maternal MAP must be 
maintained to sufficiently perfuse the fetus, and 
anything that decreases maternal MAP (or car-
diac output) may impair fetal perfusion.

In terms of positional effects on cardiovascu-
lar status, second or third trimester patients in the 
supine position will have compression on the 
vena cava, resulting in reduction of the cardiac 
output of up to 30% [11]. This compressive effect 
on venous return can be exaggerated in women 
with poorly developed venous collaterals. 
Systemic vascular resistance can be expected to 
decrease by around 15% due to progesterone- 
mediated blood vessel dilation, as well as low 
vascular resistance in the uteroplacental circula-

tion. Venodilation causes higher venous pres-
sures and greater distensibility, which is more 
pronounced in dependent areas such as the lower 
extremities.

Systolic blood pressure can decrease by 
5–15 mmHg by the second trimester but trends 
toward or returns to normal by term. Some stud-
ies suggest blood pressure may increase, particu-
larly in obese women [12]. Additional 
cardiovascular changes can include JVD, mild 
hypotension and/or tachycardia, and increased 
peripheral edema. There may be a leftward axis 
shift by as much as 15 degrees, which can result 
in flattened or inverted T waves in leads III, AVF, 
and precordial, which would be considered nor-
mal. Most of these pregnancy-related changes 
return to normal within the few days following 
delivery. On the other hand, cardiac output can 
take up to 3 months to return to normal.

Several remodeling changes occur in the heart 
through the first month of pregnancy. All of the 
heart’s chambers increase in size, as do the valvu-
lar annular diameters and left ventricular wall. It 
is not unusual to have systolic flow murmurs or a 
third heart sound during pregnancy, and over 
90% of pregnant women will have tricuspid and 
pulmonic regurgitation [13, 14]. On the other 
hand, sounds that may indicate underlying heart 
disease are diastolic, pansystolic, or late systolic 
murmurs. Hematologic and cardiovascular 
changes are listed in Table 41.2.

 Pulmonary System

As the fetus grows and the uterus expands, 
upward forces from the abdomen compress the 
thorax and result in multiple changes to pulmo-
nary mechanics, as well as the prominence of 
pulmonary vasculature on chest radiography. 
Lung volume can be expected to decrease by 
around 5%. Inspiratory capacity will increase, 
and residual volume can be expected to decrease. 
Tidal volume, however, will increase, which 
results in an increase in minute ventilation by 
30–50%, as respiratory rate remains relatively 
constant. As minute ventilation increases, PaCO2 
can be expected to decrease, and hypocapnia is 
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common late in pregnancy. Conversely, a PaCO2 
of 35–40 may indicate impending respiratory 
failure in the pregnant patient, though this is 
obviously normal otherwise. These changes are 
thought to be mediated by progesterone, which 
stimulates the respiratory system. As PaCO2 
decreases, this establishes a gradient to facilitate 
transfer of carbon dioxide from fetal to maternal 
circulation across the placenta. As mentioned 
previously, maternal oxygen reserve is decreased, 
due to increased maternal oxygen consumption 
as well as by the placenta and fetus. Difficult 
intubation leading to hypoxia is therefore a sig-
nificant cause of morbidity and mortality during 
pregnancy, and the risk of failed intubation is up 
to 11 times higher in pregnant patients [15, 16]. 
Additionally, there may be generalized airway 
edema, which also makes intubation more diffi-
cult. In the trauma setting, if a pregnant patient 
requires tube thoracostomy, it may need to be 
placed more cephalad to account for upward dis-
placement of the diaphragm by the gravid uterus.

 Renal System

Due to increased cardiac output and decreased 
systemic vascular resistance, there will be a rise 
in GFR, as well as an increase in renal blood 
flow. Alterations in sodium reabsorption result in 
water retention and plasma expansion. With an 
increased GFR, there will also be a decrease in 
serum creatinine. Importantly, one must make 
necessary adjustments to medications that are 
cleared by the renal system. Progesterone also 
works in the renal system, causing smooth mus-

cle relaxation and thus dilation of the collecting 
system. This may be a dilation of the renal sys-
tem, including the calices, pelvis, and ureters. 
Collecting system dilation can also be exacer-
bated by physical compression of the ureters due 
to the enlarging uterus, which can result in 
increased dilation of the right renal collecting 
system in comparison to the left. The dilated col-
lecting system lends itself to urinary stasis, which 
predisposes pregnant women to urinary system 
infections and stones [17]. Glycosuria may be 
present, because of impaired tubular resorption 
of glucose as well as increased GFR.

 Gastrointestinal System

Gastrointestinal changes are mostly anatomic, 
due to physical compression or displacement of 
intra-abdominal structures due to the gravid 
uterus (Fig.  41.2). The uterus remains a pelvic 
organ until approximately the 12th week of ges-
tation, gradually rising to the level of the umbili-
cus around 20  weeks and to the costal margin 
around 34 weeks. Taking this into account, oper-
ative intervention for common gastrointestinal 
procedures may require a modified or alternate 
incision location. Pregnancy alters the relation-
ship of the esophagus and stomach, resulting in 
decreased function of the lower esophageal 
sphincter [18–21]. Physiologically, gastric motil-
ity and emptying decrease during pregnancy, 
though some studies dispute any effect on empty-
ing [22]. Due to larger stomach volume and 
decreased motility, pregnant women have a larger 
risk of aspiration when sedated. There is also 

Table 41.2 Mean values of hemodynamic changes during pregnancy

Parameter Nonpregnant Trimester 1 Trimester 2 Trimester 3
Heart rate (beats/min) 70 78 82 85
Systolic blood pressure (mm Hg) 115 112 112 114
Diastolic blood pressure (mm Hg) 70 60 63 70
Central venous pressure (mm/Hg) 9 7.5 4 3.8
Cardiac output (L/min) 4.5 4.5 4 3.8
Blood volume (mL) 4000 4200 5000 5600
White blood cells (cells/mm3) 7200 9100 9700 9800
Hematocrit with iron (%) 40 36 34 36

Data from Refs. [57–60]

41 Non-obstetric Emergency Surgery in the Pregnant Patient



470

generalized relaxation of smooth muscle, and 
gastric emptying time is lengthened during 
pregnancy.

 Hematologic System

Contributing factors to physiologic anemia 
include the transfer of iron stores to the fetus as 
well as a disproportionate increase in plasma vol-
ume versus red cell volume. Leukocytosis can be 
found during pregnancy, especially peripartum, 
and should not be mistaken as a marker for infec-
tion. Pregnant patients do undergo hematologic 
changes that result in hypercoagulability. These 
changes include an increase in all procoagulant 
factors as well as decrease in fibrinolysis. Thus, 
pregnant patients are at an up to fivefold higher 
risk for thrombotic events, including DVT and 
PE [23]. The baseline increase in hypercoagula-
bility is important to consider, as it is increased 
further by trauma or emergency surgery, as well 

as the immobility and elaboration of inflamma-
tory factors that subsequently follows. The fre-
quency of deep venous thrombosis is the same 
across the trimesters and is reported as 0.7  in 
1000 women [24], though it is more common in 
the left leg [25]. Diagnosis can be difficult in the 
pregnant patient, as leg pain and swelling tend to 
be quite common in those without DVT as well. 
However, unilateral swelling or pain should 
prompt evaluation with venous compression 
ultrasonography. In contrast to DVT, pulmonary 
embolism tends to be more common in the post-
partum period. Treatment is with low molecular 
weight heparin, with warfarin being reserved for 
use postpartum, due to its teratogenic effects. 
Low molecular weight heparin is preferred over 
unfractionated heparin by the American College 
of Chest Physicians [26]. Following a thrombotic 
event, treatment should be for 3–6  months, to 
include 6 weeks postpartum. Twelve months of 
treatment is indicated for those with recurrent 
thrombosis or history of a hypercoagulable state.
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 Endocrine System

Pituitary gland hypertrophy can be up to three-
fold, which may result in pituitary insuffi-
ciency, especially when the mother may have 
 experienced hypotensive episodes. Synthesis 
of TSH,  prolactin, and ACTH increases, while 
gonadotropin and growth hormone production 
decrease during pregnancy. Cortisol levels, both 
free and bound, are increased [27]. Patients may 
have a relative adrenal insufficiency that results 
in rapid decompensation during the stress of 
labor. This should be immediately treated with 
hydrocortisone if suspected.

Levels of T3 and T4 increase, but free levels of 
both are unchanged. Thyroid size may increase in 
15% of women [28, 29]. If the patient has pre- 
existing hypothyroidism, levothyroxine dose 
should be increased by 30% [30].

 Pre- and Perioperative 
Considerations

As previously mentioned, this patient population 
has a high aspiration risk and a low oxygen 
reserve. When performing emergent procedures, 
early and rapid intubation is essential to attempt 
to mitigate morbidity and mortality both to 
mother and fetus from airway complications. In a 
study performed by Olson et al., women under-
going cesarean delivery were at roughly a three-
fold higher risk for aspiration than the general 
population undergoing anesthesia [31]. However, 
there are other studies that do not show increased 
risk with cesarean delivery, but rather with emer-
gency surgery [32, 33]. Though pregnant women 
are at significantly increased risk in terms of aspi-
ration, this risk has decreased within the last few 
decades, likely due to significant increases in the 
utilization of neuraxial anesthesia. It is important 
to note that in this population, the reported risk of 
aspiration upon emergence from anesthesia is 
just as high as the risk upon induction, and thus 
clinicians should remain especially vigilant and 
utilize protective strategies during the entire 
course of intervention [33].

The American Society of Anesthesiologists 
obstetric anesthesia practice guidelines recom-

mend administration of H2 blockers, non- 
particulate antacids, and/or reglan prior to 
surgical procedures in this population [34].

Fluid management should be judicious but 
aggressive, in an attempt to limit use of vaso-
pressors as much as possible. If necessary, the 
preferred agent is phenylephrine, due to its lim-
ited effects on uterine and placental perfusion. 
The two most studied vasopressor agents in 
obstetrics seem to be ephedrine and phenyleph-
rine. In contrast to ephedrine, phenylephrine can 
be administered in doses that maintain maternal 
blood pressure while preventing nausea and 
vomiting and without causing fetal acidosis. 
Phenylephrine, however, is associated with 
decreases in maternal heart rate and cardiac out-
put [35].

If possible, the patient should be placed in a 
left lateral decubitus position to augment 
venous return by relieving compression from 
the vena cava. If this is not possible, one may 
utilize a bolster placed under the right hip or tilt 
the table toward the patient’s left. There is some 
concern as to whether chest compressions are 
as effective when the patient is placed in posi-
tions other than supine. An alternative to posi-
tioning changes is to place the patient supine 
and utilize manual retraction of the uterus to the 
patient’s left side. Pregnant patients may require 
significant modifications to the way in which 
cardiopulmonary resuscitation is performed 
(Table 41.3).

Table 41.3 Modifications to CPR performed on the 
pregnant patient

Chest compressions: place the hands slightly higher on 
the sternum
Obtain intravenous access above the diaphragm
Anticipate difficult airway management
Discontinue magnesium sulfate (if applicable) and 
administer calcium chloride or calcium gluconate
Perform manual left uterine displacement, or place a 
firm wedge under the resuscitation board to tilt patient 
approximately 30°
Defibrillation: remove both internal and external fetal 
monitors
If spontaneous circulation does not return within 
4 min of cardiac arrest, immediate hysterotomy or 
cesarean delivery should be performed if gestational 
age is 20 weeks or greater, aiming for delivery within 
5 min of cardiac arrest
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In this population, a consult should be placed 
to an obstetrician as soon as is possible for their 
assistance in determining need for and perfor-
mance of emergent cesarean section.

 General and Emergency Surgical 
Considerations

General surgery procedures are required in about 
1 in 500 pregnant patients [36]. The incidence of 
surgical disease in the pregnant population is 
similar to the nonpregnant population [36] for the 
most part, though some conditions, such as cho-
lelithiasis, may have an increased incidence.

 Appendicitis

The most common general surgical condition 
affecting pregnant patients is acute appendicitis, 
which accounts for approximately 25% of all non-
obstetric surgical interventions in pregnant patients. 
Acute appendicitis seems to have an equal fre-
quency across all three trimesters [37]. However, 

this population does have a higher rate of perfo-
rated appendicitis, which correlates with an 
increased maternal and fetal morbidity and mortal-
ity. The presence of peritonitis from a perforated 
viscus can lead to preterm labor and delivery in up 
to 50% of cases during the third trimester [38]. 
Increased vascularity and lymphatic drainage 
within the abdomen during pregnancy lead to more 
rapid dissemination of infection and potential com-
plications for both mother and fetus. During gesta-
tion, the position of the appendix within the 
abdomen changes, as it becomes progressively dis-
placed into the right mid- to upper quadrant 
(Fig. 41.3). Therefore, location of pain in the right 
lower quadrant is common only earlier on in the 
gestational period. As the abdominal wall muscula-
ture also demonstrates increased laxity and the 
uterus may be interposed between the appendix 
and the abdominal wall, guarding and rebound ten-
derness can be diminished or absent. The position 
and size of the uterus may also contribute to 
decreased ability of the omentum to reach and wall 
off a ruptured appendix [38]. Nausea, vomiting, 
and anorexia are common in pregnant patients with 
appendicitis, appearing in 58–72% of cases [37]. 
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This may cloud the clinical picture early in the 
pregnancy, since nausea and emesis are common 
during the first trimester. In later stages of gesta-
tion, these signs should arouse suspicion and result 
in investigation, especially when coupled with 
abdominal pain. Though CT scan is highly sensi-
tive and specific for appendicitis, its concomitant 
radiation exposure usually leads to ultrasound 
being the most common initial imaging modality, 
unless the diagnosis is in question. An appendiceal 
wall thickness over 3 mm and a diameter of greater 
than 6 mm are findings that suggest appendicitis. 
Of course, ultrasound is an operator-dependent 
modality, and it can be difficult to obtain a high-
quality exam during pregnancy. Abdominal wall 
thickness, alteration of usual landmarks, and dis-
placement of intra- abdominal structures may com-
plicate the exam. If necessary, CT scan can and 
should be performed. Performing a CT with rectal 
contrast decreases the radiation exposure to roughly 
one- third of that of a regular CT scan [39]. It is 
important to remember that while the amount of 
radiation to perform a CT scan is unlikely to result 
in fetal loss or teratogenicity (though possible), 
low levels of radiation can and do increase the risk 

and incidence of childhood malignancies. This 
increased lifetime risk of cancer is estimated to 
increase from 20% to 21% for those exposed to at 
least 10 rad [40]. It is important to use discretion in 
performing CT scan and other radiologic studies in 
pregnant patients and should be reserved for those 
cases in which the diagnosis is not clear after per-
forming a thorough history and physical, as well as 
ultrasound examination.

MRI is another potential imaging modality for 
diagnosis of appendicitis. One study reports sen-
sitivity and specificity of MRI for acute appendi-
citis in pregnancy to be 100% and 93.6%, 
respectively [41].

Appendectomy tends to be well-tolerated both 
by mother and fetus. Laparoscopy becomes 
increasingly challenging with increasing uterine 
size, particularly after the second trimester. 
Regardless of trimester, it is recommended that an 
open technique of initial trocar placement be uti-
lized, in order to attempt to avoid injury to the 
uterus or fetus. A proposed alternate port place-
ment for laparoscopic appendectomy is shown in 
Fig. 41.4. Indications for laparoscopy in the preg-
nant patient, as presented by the Society of 

Fig. 41.4 Proposed modification for port placement for laparoscopic appendectomy
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American Gastrointestinal and Endoscopic 
Surgeons, are shown in Table  41.4. If an open 
operative technique is utilized, the safest approach 
is generally a right-sided transverse incision over-
lying the point of maximal tenderness [37, 42]. 
The second trimester seems to be the optimal time 
for operation, as fetal organogenesis is complete 
and maternal anatomic changes will not be as 
marked as in the third trimester. Operative inter-
vention, of course, can be performed during any 
trimester for urgent or emergent indications and 
should only be delayed for active labor, in which 
case appendectomy may be performed immedi-
ately afterward. Cesarean delivery should be per-
formed if there is evidence of sepsis or septic 
shock. Pregnant patients have a higher incidence 
of false-negative appendiceal pathology, though 
this is acceptable due to the significant fetal and 
maternal risks that come with a delay in diagnosis 
or management. If the appendix is found to appear 
grossly normal, an appendectomy should still be 
performed, as it only mildly impacts morbidity 
and eliminates the organ as a source of potential 
confusion if there is recurrence of symptoms in 
the future [37].

 Biliary Disease

The second most common non-obstetric surgical 
condition is biliary tract disease. Again, the signs 
and symptoms closely follow those of nonpregnant 
patients, though Murphy’s sign may not be present. 
The gallbladder empties more slowly during preg-
nancy, and there is also an increase in residual vol-
ume. Bile is supersaturated by cholesterol, which is 
mediated by estrogen, and progesterone mediates 
relaxation of the gallbladder [43]. These changes 
increase the likelihood of lithogenesis during preg-
nancy [44]. In fact, the risk of developing gallstones 
increases with increasing pregnancies [43, 45, 46]. 
Gallbladder physiology returns to normal as early 
as 2 weeks postpartum, but if stones have formed, 
they may persist. Ultrasound is the imaging modal-
ity of choice in pregnant women with complaints 
of right upper quadrant pain. Symptomatic choleli-
thiasis is likely to be managed conservatively in the 
pregnant patient, with planned cholecystectomy 
postpartum. However, with conservative manage-
ment, there is an increased risk of progression of 
biliary disease or continuation of symptoms. 
Between 57% and 70% of patients treated medi-
cally for gallstone disease during the gestational 
period will have a recurrence at some point during 
their pregnancy [47, 48], and the risk of recurrence 
is proportional to the amount of remaining gesta-
tional time. Additionally, if these patients progress 
to acute cholecystitis or choledocholithiasis, they 
are at higher risk compared to nonpregnant patients 
for complications such as cholangitis and gallstone 
pancreatitis. Patients who develop these complica-
tions are at a much higher risk for fetal loss and 
maternal mortality, as high as 15% for the mother 
and 60% for the fetus [49]. For these reasons, some 
advocate for early operative management in those 
presenting early in their pregnancy, with the second 
trimester being the optimal time for operation. 
Despite the increased prevalence of gallstones, for-
tunately acute cholecystitis is not frequent and 
occurs in 0.01–0.08% of pregnancies [50, 51]. As 
in appendectomy, laparoscopy is acceptable and 
seems to be well-tolerated by mother and fetus. A 
proposed alternate port placement for the pregnant 
patient is shown in Fig. 41.5. If necessary, ERCP 
can be performed in this population. With j udicious 

Table 41.4 SAGES guidelines for laparoscopy in the 
pregnant patient

Indications for laparoscopic treatment of acute 
abdominal processes are the same as for nonpregnant 
patients
Laparoscopy can be safely performed during any 
trimester of pregnancy
Preoperative obstetric consultation should be obtained
Intermittent lower extremity pneumatic compression 
devices should be used intraoperatively and 
postoperatively to prevent venous stasis (i.e., as 
prophylaxis for deep vein thrombosis)
The fetal heart rate and uterine tone should be 
monitored both preoperatively and postoperatively
End-tidal CO2 should be monitored during surgery
Left uterine displacement should be maintained to 
avoid aortocaval compression
An open (Hassan) technique, a Veress needle, or an 
optical trocar technique may be used to enter the 
abdomen
Low pneumoperitoneum pressures (between 10 and 
15 mm Hg) should be used
Tocolytic agents should not be used prophylactically 
but should be considered when evidence of preterm 
labor is present
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use of fluoroscopy and adequate shielding, fetal 
radiation exposure can be kept to a minimum. If 
the uterus is shielded, one series reported no radia-
tion exposure of the uterus as measured by dosim-
eter [52].

 Bowel Obstruction

The third most common non-obstetric surgical 
condition affecting pregnant women is bowel 
obstruction. Most of these obstructions are 
caused by adhesions from previous surgeries. 
Due to rapid changes in shape and size of the 
uterus and the shifting of intra-abdominal organs, 
volvulus is more common in pregnant patients 
[53]. The affected segment of the bowel is usu-
ally the sigmoid, as the gravid uterus causes a 
redundant sigmoid to rise out of the pelvis and 
twist around its mesentery. Treatment for bowel 
obstruction follows the same principles as for 
nonpregnant patients, with a trial of nonsurgical 

management including bowel rest, nasogastric 
tube decompression, and IV fluids being an 
acceptable starting point. However, the diagnosis 
of ischemia can be difficult in this patient popula-
tion, as pain can sometimes be attributed to the 
pregnancy, and since the WBC count is mildly 
elevated in pregnancy, it can erroneously be dis-
missed. Delayed diagnosis of ischemic bowel can 
be detrimental to both mother and fetus creating 
a difficult dilemma. A discussion regarding the 
risks of radiation exposure for CT scan versus 
diagnostic laparoscopy or exploration must be 
undertaken when uncertainty arises. The surgeon 
must be prepared to take the patient to the operat-
ing room if there is suspicion for bowel compro-
mise, even in the absence of definitive diagnostics, 
prior to perforation as fetal and maternal out-
comes will be compromised if this diagnosis is 
missed. The overall rate of fetal loss during bowel 
obstruction is 17%, with a maternal mortality rate 
of 2% [54].

 Umbilical Hernia

Umbilical hernias are common in pregnancy, 
though most do not incarcerate or strangulate. 
For patients that present with hernia, an attempt 
should be made at reduction and observation, 
assuming there are no signs pointing to bowel 
ischemia or necrosis, such as overlying cellulitis 
or peritoneal signs. Operative repair should be 
urgently undertaken if the hernia is irreducible or 
if there are signs of peritonitis or fetal distress. At 
our institution, umbilical hernias in this popula-
tion are generally repaired primarily if possible. 
Contrary to the general surgery population, mesh 
repair is not associated with a lower recurrence 
rate compared to suture repair for patients with 
subsequent pregnancy [55]. It may also be advis-
able to avoid implantation of foreign material 
during pregnancy, and the growing uterus and 
forces exerted on the abdominal wall during labor 
may lend the hernia to recurrence if repair is 
undertaken during pregnancy, regardless of 
employed technique. Suture or mesh repair is 
therefore best avoided until at least the postpar-
tum period. The risk of recurrence and reoperation 

Fig. 41.5 Proposed alternate port placement for laparo-
scopic cholecystectomy during pregnancy
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versus strangulation or incarceration during preg-
nancy should be weighed against each other. Some 
studies suggest any subsequent pregnancy follow-
ing hernia repair is associated with a higher risk of 
recurrence. It may be beneficial to wait until no 
future pregnancies are desired to repair umbilical 
hernias if symptoms are minimal [55, 56].
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 Introduction

The immunocompromised patient presents 
unique challenges to the general surgeon. These 
patients usually present in a delayed fashion 
with atypical symptoms and an unreliable phys-
ical exam. Even common diagnoses can be dif-
ficult. Immune compromise can come from 
many sources (Table 42.1) [1]. While the gen-
eral management of immunosuppression may 
not traditionally fall under the purview of the 
general surgeon, it is critical to understand the 
basic pathophysiology and effects of immune 
suppression in the emergent setting when con-
sidering operative intervention. This chapter 
will review common causes of immune com-
promise and their impact on decision for sur-
gery, operative care, and perioperative 
management.

 Evaluating 
the Immunocompromised Patient

Immune compromise is usually readily apparent 
when taking the history and performing physical 
examination. Once identified, it is critical to note 
details related to the cause and management of a 
patient’s immune compromise. The indication, 
timing, and current dose of any immunosuppres-
sion medication, for example, will be even more 
crucially important than details of other medica-
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Table 42.1 Causes of immune compromise

HIV
Transplant
  Recent transplant
  Long-term transplant on immunosuppressive 

therapy
Cancer/malignancy/neutropenic patients
Rheumatologic diseases
  Systemic lupus erythema
  Rheumatoid arthritis
  Sarcoidosis
Inflammatory bowel disease
Iatrogenic
  Steroids
  Chemotherapeutics (tacrolimus, cyclosporin, 

methotrexate, etc.)
  Anti-inflammatory medications (anti-TNF-alpha, 

NSAIDs)
Diabetes
Liver failure
Renal failure
Elderly
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tions. Furthermore, the general surgeon will need 
to come to an understanding of the patient’s prog-
nosis in the condition causing immune compro-
mise. In an era of increasingly specialized care, 
this will often require multidisciplinary help 
from many fields of expertise.

The physical exam is notoriously blunted by 
immune suppression. Signs such as peritonitis 
are absent, and commonly used decision rubrics 
or scoring systems may be difficult to apply 
safely. Even general indicators of disease such as 
fever and leukocytosis may not be present, leav-
ing the surgeon with precious little to base a clini-
cal diagnosis. Suspicion, however, should remain 
elevated for any diagnosis under consideration, 
and final decision-making should not be made 
until all information is made available [2, 3].

Laboratory testing may be more compre-
hensive than in immunocompetent patients 
with typical presentations. A complete blood 
count, comprehensive metabolic panel, elec-
trolytes, arterial blood gas, lactate, and lipase 
form the basis of a general laboratory evalua-
tion. In patients with solid organ transplanta-
tion, organ-specific biomarkers should be 
evaluated for any risk or presence of transplant 
rejection. A renal transplant patient, for exam-
ple, may need evaluation of urine, creatinine, 
or other renal-related studies, while liver func-
tion testing is necessary when evaluating a 
liver transplant recipient. Specialized stains 
and cultures may also be necessary in neutro-
penic or immunocompromised patients such as 
those with human immunodeficiency virus 
(HIV) or acquired immunodeficiency syn-
drome (AIDS) to determine the presence of 
opportunistic infection [2, 4].

Imaging may also have a heightened impor-
tance in the workup of immunocompromised 
patients. With paradoxical presentations and 
exam findings, imaging sometimes may be the 
only diagnostic finding in a presenting immuno-
compromised patient. Imaging can often identify 
disease pathology that may not have been appar-
ent or considered based on clinical examination 
or blood tests alone. Computed tomography (CT) 
is commonly used in the search for septic sources, 

but other tools such as Doppler ultrasound or 
magnetic resonance imaging (MRI) may be 
needed after transplantation. Protocols which 
serve to limit overuse of imaging (e.g., clinical 
diagnosis pathways for acute appendicitis) may 
not apply to patients with altered immune func-
tion and should not be used until validated in 
those populations.

 Decision for Surgery

When managing immunocompromised patients, 
the decision to operate is often particularly chal-
lenging for the surgeon [5]. Compared to other 
patient encounters, there is likely to be more 
diagnostic uncertainty. Assessment of sever-
ity and host response is similarly difficult. Two 
overarching and contrary concerns accompany 
the decision for possible operation. First, it may 
be clear that the patient will tolerate surgery 
poorly. Wound and respiratory complications 
will be more likely than usual, and a compli-
cated postoperative course may be anticipated. 
These factors lead the surgeon away from the 
operating room and toward less invasive strate-
gies, which may include percutaneous drainage 
or observation.

In contrast, the surgeon will likely appreciate 
that these patients have little reserve for fighting 
infection. Their ability to heal perforations or 
resorb small abscesses may be significantly 
diminished. Worse, they may not show early 
signs of unresolved infection, but instead may 
collapse suddenly from septic shock. Clearly, 
patients with immune compromise cannot afford 
delayed or incomplete source control and may 
have only one chance at success.

These concerns – often summarized into the 
question, “too sick to operate or too sick not to 
operate?”  – can be confounding. Many experi-
enced surgeons have concluded that in operations 
involving source control (cholecystitis, perfo-
rated diverticulitis, appendicitis, etc.), the sur-
geon should lean toward aggressive surgical 
source control in immunocompromised patients. 
Many exciting, less invasive treatment plans for 
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abdominal infections have arisen in recent years, 
including laparoscopic lavage for perforated 
diverticulitis, non-operative treatment of acute 
appendicitis, and ileostomy with colonic lavage 
for fulminant Clostridium difficile colitis. Until 
these strategies are validated in immunocompro-
mised patients, it may be more prudent to ask the 
question, “Can my patient afford to fail” a new 
noninvasive strategy? If the answer is no, it is rea-
sonable to select early, definitive surgical source 
control while acknowledging the potential 
consequences.

When surgery is contemplated for other rea-
sons – e.g., symptom control or lifestyle improve-
ment  – the surgeon may reasonably be more 
cautious in choosing an operative approach. This 
does not mean that immune compromise is an 
absolute contraindication to non-lifesaving sur-
gery but rather that the risks and benefits need to 
be carefully weighed and explained to the patient 
as part of a shared decision. Immune compromise 
is not a binary “yes or no” phenomenon, and 
while some such patients may be too ill to toler-
ate any surgery, others with well-controlled 
immune modulation may achieve surgical out-
comes nearly identical to their non-compromised 
counterparts.

 Disease-Specific Considerations

Familiarity with the care of immunocompro-
mised patients allows the general surgeon to 
become more proficient in preparing patients for 
surgery and better optimize their chances for suc-
cess [2, 3]. Following the decision to proceed 
with surgery, the patient must be optimized with 
focus on any active immunosuppressive disease 
process. Maintenance of fluid balance, restora-
tion of hemodynamics, circulatory function opti-
mization, electrolyte replacement, and correction 
of acidosis should all be emphasized [6]. Basic 
considerations such as minimizing exposure to 
invasive lines, ensuring early extubation after 
surgery, or selecting appropriate anesthetic man-
agement in patients with organ failure have led to 
an overall improvement in care.

 Human Immunodeficiency Virus 
and Acquired Immunodeficiency 
Syndrome

Patients with human immunodeficiency virus 
(HIV) and the more advanced acquired immuno-
deficiency virus (AIDS) can be a diagnostic chal-
lenge for the emergency general surgeon. Not 
only do they have the atypical presentations 
inherent to the immunocompromised population, 
but the possibility of opportunistic infection can 
further complicate their course. Important ele-
ments to note while obtaining a history in patients 
with HIV/AIDS include the use of antiretroviral 
therapy, compliance with management, and last 
known CD4 count and viral load. Evaluation of 
CD4 count is critical – worse outcomes are asso-
ciated with those patients who have CD4 counts 
less than 200 [7–9]. Common complications in 
this patient population include poor wound heal-
ing, surgical site infections, postoperative pneu-
monias, or the development of opportunistic 
infections following operative intervention 
[10–12].

The introduction of highly active antiretrovi-
ral therapy (HAART) in the 1990s has improved 
patient survival and made this deadly virus 
increasingly manageable. Despite this, however, 
compliance with this regimen is incomplete, and 
patients still oftentimes present in the emergent 
setting whether they are well-managed or not [9]. 
Patients with HIV and AIDS can present for a 
variety of emergent reasons such as appendicitis, 
hernias, cholecystitis, opportunistic infections, 
and malignancies such as Kaposi sarcoma and 
lymphoma [13–15].

Emergent procedures in this patient popula-
tion are notably associated with increasing com-
plications, and some literature report mortality 
rates as high as 50% [16, 17]. Immune status as 
identified by viral load and CD4 count must be 
considered in the evaluation of the patient. 
Susceptible opportunistic organisms include 
Candida, Helicobacter pylori, Cryptosporidium, 
Mycobacterium avium complex (MAC), spiro-
chete, and Cytomegalovirus (CMV) and have 
been implicated in gastrointestinal perforations, 
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cholecystitis, and cholangitis [18–21]. Anorectal 
disease is also a common among these patients 
and presents as simple and deep, complex peri-
anal abscesses, HPV-associated anorectal warts, 
and anal intraepithelial neoplasia (AIN).

A 10-year retrospective review of HIV-
positive patients examined whether CD4 count 
was predictive of outcomes following emergent 
abdominal operations. They noted patients who 
underwent urgent operations were more likely to 
have lower CD4 counts preoperatively and were 
more likely to suffer a major or fatal complica-
tion [9]. Some studies have also suggested a cor-
relation between lower CD4 counts and increased 
complications in both aortic and gynecologic sur-
geries [22–24]. Other studies have suggested a 
relationship with lower CD4 count and increased 
risk of death [25, 26]. Viral load (HIV-1 RNA) 
has also been considered as a marker for immune 
status, but results comparing outcomes appear to 
be more discordant [9]. Compared to the unin-
fected population, there is decreased morbidity 
with the laparoscopic approach in HIV-infected 
patients [20, 27].

Some simple steps may mitigate the increased 
morbidity seen in these patients. Current evi-
dence supports early infectious disease consulta-
tion in the surgical management of patients with 
HIV disease. They can help manage and advise in 
the use of antiretroviral therapy, manage postop-
erative infections, and optimize CD4 counts and 
viral loads in preparation for operative interven-
tion. Their inclusion has been shown to reduce 
the rate of postoperative complications, mortal-
ity, and hospital costs and shorten length of stay 
[28–30].

Opportunistic organisms can be a source of 
surgical pathology [31]. In one series, more than 
80% of patients undergoing operative interven-
tion were found to be due to HIV-related pathol-
ogy such as opportunistic infections. Preoperative 
antibiotic selection may be different than in other 
patients due to the potential for opportunistic 
infections such as Pneumocystis jirovecii, MAC, 
Candida, and CMV.  Related antibiotic prophy-
lactic regimens typically include bactrim, azithro-
mycin, fluconazole, and valganciclovir [32–34]. 
Patients already on antiretroviral medications 

with suppressed viral loads and a CD4 count 
>200, however, may not need a specialized pro-
phylactic regimen [35].

AIDS patients requiring emergency abdomi-
nal surgery have increased morbidity and mortal-
ity [20, 22, 36]. Patients presenting emergently 
typically have CD4 counts significantly lower 
than those undergoing elective procedures [9]. 
Antiretroviral therapy can have a protective effect 
on a patient’s immune system by decreasing viral 
load while increasing CD4 count in an attempt to 
reestablish the immune system. This may prevent 
opportunistic infections and potentially improve 
survival [37].

 Solid Organ Transplantation

Patients who have undergone solid organ trans-
plantation are unique even among the immuno-
compromised population, due to their 
medication-induced immunosuppression and 
prior history of major surgery. As the field of 
organ transplantation has matured, graft survival 
and life expectancy have improved. This longev-
ity has increased the likelihood of these patients 
needing emergency surgery [38–40]. These 
patients are typically managed by transplant 
teams, are chronically on immunosuppressive 
medications, and present atypically. It is crucial 
that the consulting general surgeon performs a 
thorough examination of these patients even in 
the presence of mild abdominal pain, to avoid 
missing atypical presentations of significant 
pathology [1].

Emergency surgery in the transplant patient is 
not a rare event. All surgeons should be familiar 
with the factors that influence surgical outcomes 
in these patients. A recent meta-analysis showed 
that, among transplanted patients who underwent 
emergency surgery, 2.5% of these patients were 
due to graft-unrelated acute abdominal disease. 
The most common presentations for emergency 
abdominal surgery included gallbladder disease 
followed by gastrointestinal perforations, com-
plicated diverticulitis, small bowel obstruction, 
and appendicitis. Overall mortality was reported 
at 5.5% [5].
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Timing can factor into the differential diagno-
sis of posttransplant complications. Typically 
within the first month, nosocomial infections 
should be considered first. These can present as 
cellulitis, catheter-associated urinary tract infec-
tion (CAUTI), central line-associated blood 
stream infection (CLABSI), hospital- or commu-
nity-associated pneumonia, Clostridium difficile, 
intra-abdominal abscesses, or fungal infections. 
However, up to 6 months afterward, higher risks 
for opportunistic infections should be considered 
including CMV, MAC, tuberculosis, amebiasis, 
Salmonella, and Campylobacter. After the first 
year, patients with no graft issues or signs of 
rejection present with abdominal surgical emer-
gencies similar to those in immunocompetent 
patients. Those with immunosuppressive issues 
or more intense rejection signs are more likely to 
have opportunistic infection [1]. Current evi-
dence does not support the use of any specific 
preoperative antibiotic in transplant patients. 
However, standard perioperative antibiotic guide-
lines and practices should be followed [41, 42].

Preoperative evaluation should note the type, 
location, and timing of transplantation as well as 
current immunosuppressive medications. The 
immunosuppressive regimen may be influenced 
by a patient’s history of adverse reactions, previ-
ous rejections, or tolerance to the medications 
themselves [43, 44]. Immunosuppressive medi-
cations can have an important impact on surgical 
outcomes. The use of calcineurin inhibitors, anti-
proliferative agents, and corticosteroids can pre-
dispose patients to gastrointestinal diseases, 
lymphoproliferative disorders, and infectious 
complications. They have additionally been 
implicated as a cause of the atypical and masked 
symptoms of presentation [44, 45]. A complete 
understanding on the reasoning behind a patient’s 
current regimen can help identify what available 
alternative immunosuppressive options are 
available.

Immunosuppressive agents can have impor-
tant cross-reaction with perioperative medica-
tions, including anesthetic agents. Calcineurin 
inhibitors work to suppress the immune system 
by preventing IL-2 production and include medi-
cations like cyclosporine or tacrolimus. Their 

combined use with other medications can alter 
bloodstream concentrations and affect metabo-
lism of the inhibitors itself. For example, combi-
nation use of paralytics such as vecuronium or 
pancuronium with calcineurin inhibitors may 
increase neuromuscular blockade. Its concomi-
tant use with fluconazole, erythromycin, or phe-
nytoin may alter calcineurin inhibitor levels [2, 
46, 47]. This can potentially put the transplanted 
organ at risk. Medication levels must therefore be 
measured postoperatively and daily thereafter. 
Antiproliferatives work to prevent DNA replica-
tion through a purine pathway and include such 
medications as mycophenolate mofetil and aza-
thioprine. One of the most important side effects 
of antiproliferative use is chronic and extensive 
myelosuppression. Preoperative evaluation 
should thus also focus on preoperative and daily 
medication levels as well as daily evaluation of 
blood counts in anticipation of any signs or 
symptoms of toxic dosing and to evaluate the 
need for transfusion [48, 49].

Meta-analyses of gallbladder disease in solid 
organ transplantation identified acute cholecysti-
tis as the most common presenting problem 
requiring emergent abdominal surgery in trans-
planted patients [5]. The prevalence of biliary 
tract disease may be due to cyclosporine-induced 
perturbation of the enterohepatic circulation, 
resulting in increased biliary stone formation. 
Other factors that may potentially affect the 
enterohepatic system include vagotomy associ-
ated with transplantation, hemolysis, or rapid 
posttransplant weight loss [50–52]. In trans-
planted patients undergoing cholecystectomy, a 
morbidity rate of 13.6% was reported. Common 
postoperative complications included surgical 
site infection, deep venous thrombosis, pulmo-
nary embolus, respiratory failure, pneumonia, 
and bleeding. The mortality rate was 3.4% with a 
median hospital length of stay of 9.3 days [5, 40, 
53–55]. Consequently, some authors have advo-
cated prophylactic cholecystectomy in asymp-
tomatic patients awaiting transplantation [56, 
57]. Comparing open versus laparoscopic 
approach for gallbladder disease in transplanted 
patients, there is some evidence to suggest that 
the laparoscopy has fewer postoperative compli-
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cations than open approach – as seen in nontrans-
plant patients – and can be performed safely after 
lung and kidney transplant [53].

Gastrointestinal perforations are serious and 
multifactorial, with causes ranging from periop-
erative hypoperfusion to high-dose immunosup-
pressant or invasive infectious colonic disease 
[58–61]. Gastrointestinal perforations are the 
second most frequent cause of emergent abdomi-
nal surgery subsequent to organ transplantation 
[5, 62, 63]. Meta-analyses of transplanted patients 
identified diverticulitis, peptic disease, ischemia, 
chronic inflammatory bowel disease, posttrans-
plantation lymphoproliferative disorders, 
Clostridium difficile colitis, and CMV as the 
most frequent causes of perforation. Signs and 
symptoms may be absent, nonspecific, or obvi-
ous with acute peritonitis [64–66]. The interval 
from clinical onset to surgery ranges as high as 
8  days. Diagnosis is often confirmed by CT. 
Perforations are mostly located in the colon and, 
to a lesser extent, small bowel and stomach. 
Meta-analysis of transplanted patients with gas-
trointestinal perforation noted that a colostomy 
was required in 2.5% of patients, median hospital 
length of stay was 22.2 days, and the overall mor-
tality rate was 17.5% [5].

Complicated diverticulitis in transplant 
patients carries a complication rate as high as 
32.7% and typically manifests as respiratory dis-
ease or wound infection. A mortality rate of 
13.6% has been reported, with most deaths due to 
sepsis. Diagnosing diverticular disease in trans-
planted patients is known to be challenging due 
to the masked signs and symptoms that hinder 
diagnosis [67]. These patients typically present 
with fever, abdominal pain, peritonitis, anorexia, 
diarrhea, and leukocytosis. In this setting, abdom-
inal CT is reliable in identifying the location and 
severity of disease. Significantly higher morbid-
ity and mortality have been reported after emer-
gency colectomy for diverticulitis in a solid organ 
transplant patient compared to those performed 
on immunocompetent individuals [68, 69].

The most frequent cause of small bowel 
mechanical obstruction following organ trans-
plantation is adhesive disease [5]. Diagnosis is 
made based on a combination of abdominal 

radiographs and CT and usually occurs within 
the first 2 years following transplantation. Small 
bowel obstruction is strongly associated with 
high levels of immunosuppression, and up to a 
third of patients may have both small and large 
bowel involvement [70, 71]. A course of non-
operative management can be attempted initially 
with bowel rest, intravenous fluid administration, 
and serial abdominal exams, but adhesiolysis 
must be considered in patients who fail to prog-
ress. Mortality rates may be up to 14%, which 
has been attributed mainly to sepsis and surgical-
related complications [5].

Appendicitis presenting with nonspecific 
gastrointestinal symptoms may be confused 
with other transplant complications. While 
atypical symptoms may occasionally occur in 
the transplanted patient, evidence suggests that 
the clinical presentation overall still resembles 
that of a nonimmunosuppressed patients – right 
lower quadrant pain is typical, often with nau-
sea, emesis, fevers, and diarrhea. Laboratory 
findings may be unreliable. In one study of 
liver-transplanted patients who presented with 
appendicitis, most patients showed no leuko-
cytosis (>10 K) which may have contributed to 
delayed diagnosis and treatment [72]. Imaging 
can be used to take advantage of its noninvasive-
ness and accessibility, but computed tomogra-
phy still remains the diagnostic gold standard, 
with the highest sensitivity and specificity [73, 
74].  Delay in diagnosis is associated with a 
higher incidence of appendiceal rupture, gan-
grene, increased likelihood of laparotomy, and 
other related complications making early surgi-
cal intervention the treatment of choice [5, 72]. 
Length of stay may be high in these patients 
[73], but overall mortality rates associated with 
appendectomy are lower compared to other gas-
trointestinal complications [75].

Opportunistic infections can similarly affect 
the gastrointestinal system. Tuberculosis (TB) of 
the colon, for example, represents a clinical, diag-
nostic, and therapeutic challenge for a variety of 
reasons. Mycobacterium tuberculosis is difficult 
to identify on samples taken from lower GI endos-
copy and has been reported to be  definitively 
identified in less than 18% of cases. Even its gross 
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appearance on endoscopic evaluation more 
closely resembles Crohn’s disease and further 
compounds its misdiagnosis. Due to these factor, 
as well as a paucity of guidelines or evidence 
compared to pulmonary TB, colonic TB is more 
often a diagnosis of exclusion [76]. Up to 12% of 
gastrointestinal tuberculosis occurs in the colon 
with the most common site of colitis or enteritis 
occurring in the distal ileus and ileocecal region, 
making differentiation clinically from Crohn’s 
disease more difficult. Up to 50% of patients with 
TB colitis will have no pulmonary etiology. One 
way to distinguish from Crohn’s disease is the 
presence of diarrhea, which is encountered in 
Crohn’s disease or overgrowth of the enteric flora 
but absent in colonic TB. Endoscopic evaluation 
will reveal inflamed or ulcerated mucosa and pos-
sible pseudopolyps near the ileocecal region. 
Histopathologic analysis will similarly exhibit 
chronic inflammation with ulceration of the 
mucosa, granulomatous changes with central 
necrosis, and lymph node invasion. Large granu-
lomatous pseudopolyps are diagnostic and can 
cause obstruction. With concomitant thinning of 
the colonic wall and lymphadenopathy, vascular 
ischemia can result in perforation and become a 
surgical emergency [76]. Without perforation, 
treatment usually focuses on the avoidance of cor-
ticosteroids during microbiological and serologic 
testing, as well as a 9–12 month antituberculous 
treatment regimen with follow-up endoscopy to 
evaluate progression [76].

Other posttransplant complications may pres-
ent to the general surgeon. Patients undergoing 
pancreatic transplantation, for example, may 
experience an early, posttransplant pancreatitis 
known as physiologic acute graft pancreatitis. 
This entity may occur up to 72 h post procedure. 
However, graft pancreatitis may present with 
abdominal pain up to 3 months after transplanta-
tion. Other considerations should include vascu-
lar thrombosis, infection, or rejection response. 
Evaluation at this point should include pancreas 
function studies such as amylase, lipase, and glu-
cose as well as CT and Doppler imaging to exam-
ine the transplanted organ [1]. Graft-versus-host 
disease is a rare disease with high mortality rates 
in liver transplant patients. The disease develops 

due to the presence of lymphoid tissue in the 
donor organ. The presence of skin rash, diarrhea 
symptoms, and abdominal pain should raise sus-
picion [1]. Posttransplant bowel edema, ascites, 
and donor/recipient mismatch can also lead to 
increased intra-abdominal pressures. This is usu-
ally seen in the postoperative inpatient setting 
with worsening ascites or increasing abdominal 
pressure. Treatment should follow standard com-
partment syndrome protocols with measurements 
of bladder pressures to fully assess the degree of 
this condition with considerations given for 
decompressive laparotomy [1].

 Neutropenic Patients

Cancer is a leading cause of death worldwide, and 
therapeutic advances have allowed extended sur-
vival in many malignancies. As with other immu-
nocompromised patients, an increasing population 
of neutropenic patients are presenting to the gen-
eral surgeon with potential life-threatening com-
plications related to malignancy and its treatment 
[77]. The patients that present with neutropenia 
are usually undergoing extensive chemotherapy. 
A review of gastrointestinal emergencies in criti-
cally ill cancer patients revealed a variety of pre-
sentations that included neutropenic enterocolitis, 
mucosal toxicity, bowel infiltration by malig-
nancy, and infectious colitis. A hospital mortality 
rate up to 35% was reported. Higher Simplified 
Acute Physiology Score (SAPS) II and Logistic 
Organ Dysfunction System (LODS) and neutro-
penia were independently associated with hospi-
tal mortality [77]. Evaluation of the neutropenic 
patient should begin with a thorough history not-
ing the current disease process, location, and 
treatment regimen. Laboratory testing should 
identify preoperative anemia, thrombocytopenia, 
coagulopathy, or other hematologic dyscrasias 
that should be addressed prior to surgery. Bone 
marrow suppression and, as a result, coagulation 
function may similarly be affected either due to 
the disease process or treatment regimen and 
should also be considered in preoperative evalua-
tion [78, 79].
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Chemotherapeutic agents can potentially alter 
the metabolism of anesthetic agents, and a com-
plete medication list should be obtained. For 
example, agents like anthracyclines can cause 
cardiotoxicity-associated dysrhythmias [80], 
bleomycin can cause pulmonary toxicity [81], 
and cisplatinum can cause neurotoxicity [82]. 
Due to the anesthetic needs required for operative 
intervention, a thorough understanding of drug-
related reactions should be reviewed with the 
anesthesia team to determine an appropriate 
anesthetic regimen.

Like HIV and AIDS patients, neutropenic 
patients are at considerably increased risk for 
both common and opportunistic infections. 
Appropriate contact precautions should be set up 
limiting the number of staff interacting with the 
patient and providing appropriate personal pro-
tective equipment. Antibiotic prophylaxis should 
be considered particularly in patients with a low 
neutrophil count. No established consensus 
guidelines have been reached to suggest a stan-
dardized preoperative antibiotic regimen, but 
broad-spectrum antibiotics considered include 
piperacillin-tazobactam for its antipseudomonal 
properties, ciprofloxacin, or levofloxacin in high-
risk patients. Fluconazole is an effective antifun-
gal therapy to consider against Candida and 
Aspergillus pathogens while acyclovir can be 
used to manage patients with herpes simplex 
virus [83].

In the emergent setting, the risk of postopera-
tive complications that include anastomotic leak 
can increase considerably. A retrospective analy-
sis of patients who underwent segmental colec-
tomy with anastomosis in the 2012 American 
College of Surgeons National Surgical Quality 
Improvement Program (NSQIP) identified sev-
eral risk factors associated with anastomotic leak. 
Upon multivariate analysis, preoperative chemo-
therapy was significantly associated with 
increased rates of anastomotic leak. Radiation 
therapy has similarly been implicated in the asso-
ciation of anastomotic complications as well 
[84]. It is prudent for the general surgeon to con-
sider all possible outcomes in this setting and 
consider diversion options, which can include 
diverting ileostomy, colostomy, or end ostomy. 

Diverting ileostomy has been associated with a 
decreased incidence of leak compared to those 
with primary anastomosis [85].

Neutropenic enterocolitis (NEC), otherwise 
known as typhlitis, has become an increasingly 
recognized intestinal pathologic entity in the 
neutropenic patient. Presentation typically 
includes the triad of neutropenia, fever, nausea, 
emesis, abdominal pain, and distention follow-
ing antineoplastic chemotherapy. It may encom-
pass the entire bowel from small intestines to 
colon and may be identified with signs of colitis 
on CT imaging [1]. Affected patients can deteri-
orate quickly with rapidly progressing sepsis and 
multisystem organ failure. Improved outcomes 
critically depend on rapid diagnosis and inter-
vention [86].

Several chemotherapeutic agents have been 
implicated in the pathogenesis of NEC and 
include paclitaxel, vincristine, doxorubicin, 
5-fluorouracil, and leucovorin, among others. 
Associated malignancies were originally exclu-
sively identified among pediatric leukemia, but 
adult leukemia, lymphoma, and solid tumors of 
breast, lung, colorectal, and ovarian origin have 
since been implicated. Symptoms appear as white 
blood cell counts reach their lowest point. 
Terminal ileum and cecum are commonly 
affected, due the distensibility and limited blood 
supply [86].

The pathophysiology of NEC is related to 
numerous factors including neutropenia, che-
motherapeutic damage to the intestinal mucosa, 
and alteration of the gut lining that allows 
pathogenic bacterial invasion. The ensuing 
endotoxin produced allows the cascade of bac-
teremia, septic shock, and enteric necrosis. 
Initial care is supportive, with broad-spectrum 
antibiotic coverage and resuscitation. Diagnosis 
can be still be difficult at this point and relies on 
a high index of suspicion. CT imaging can be 
helpful, revealing bowel wall thickening, disten-
tion, and pneumatosis [86].

Treatment for NEC has traditionally 
involved bowel resection. Recent evidence 
suggests that some cases may be nonsurgical 
via careful  hemodynamic support, bowel rest, 
and broad-spectrum antibiotics. Still, surgi-
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cal intervention remains an important tool in 
refractory cases [86].

 Corticosteroid Use

Corticosteroids are potent anti-inflammatory and 
immunosuppressive medications used broadly in 
the medical management of various disease pro-
cesses. An estimated 0.9% of the population are 
said to use oral corticosteroids with approxi-
mately 22% having long-term use in excess of 
6  months. The most common diseases causing 
corticosteroid use are respiratory disease, disease 
of the musculoskeletal system, and disease of the 
skin [87]. A review of the 2012 NSQIP data iden-
tified the association of corticosteroid use with 
increased risk of anastomotic leak. Patients in 
this population with anastomotic leak were noted 
to have longer hospital length of stay, higher rates 
of mortality, and a higher likelihood of multiple 
returns to the OR [85].

The general surgeon should expect higher 
rates of complications with steroid use, includ-
ing wound complications, and should counsel 
their patients appropriately [88]. The association 
of corticosteroid use with gastrointestinal perfo-
ration is clear. In a large study examining diver-
ticular perforations over a 15-year period, a 
threefold increase in diverticular perforation risk 
was associated with corticosteroid use [89]. The 
diagnosis of peritonitis from the onset of symp-
toms has been suggested to take as long as 
2 weeks [90].

The underlying mechanisms of bowel perfora-
tion in chronic corticosteroid use are likely mul-
tifactorial. Corticosteroid use disturbs the 
cyclooxygenase enzyme responsible for prosta-
glandin synthesis necessary for intestinal muco-
sal defense [91]. The absence of such defensive 
mechanisms predisposes the gut to noxious 
agents like bacterial pathogens and related toxins 
[87]. As in other immunocompromised patients, 
the chronic corticosteroid use has been reported 
to mask peritoneal signs during evaluation for 
emergency abdominal surgery [92–94].

Historically, perioperative stress dosing was 
widely used to avoid adrenal insufficiency in 

patients with chronic corticosteroid use. These 
strategies included preoperative or intraoperative 
cortisol levels, with supplemental steroid admin-
istration if levels are inadequate [95, 96]. Current 
evidence, however, suggests a lack of benefit to 
this use [97]. Newer recommendations involve 
maintaining the patient’s baseline dose with addi-
tional intraoperative dosing only in the case of 
unexplained clinical deterioration [98, 99].

 Immune Compromise Following Burn 
Injury

Burn injury can cause pronounced changes in 
intestinal physiology that may result in gastroin-
testinal ischemia or infarction, often associated 
with pneumatosis intestinalis. Due to marked 
fluid shifts, changes in cardiac output, and 
decreased regional organ perfusion, gas may be 
identified within the bowel wall on diagnostic 
imaging. Several theories exist to explain the 
accumulation of gas in the bowel wall. Mucosal 
injury and loss of structural integrity may allow 
the passage of intraluminal gas into the bowel 
wall. Alternatively, the translocation of bacteria 
into the abdominal wall may produce gas. A 
6-year review at an Army burn ICU noted that 
pneumatosis intestinalis was associated with 
intestinal ischemia in 91% of patients and an 
overall survival rate of 27% [100].

Most patients in this setting will require a lap-
arotomy with potential resection and diversion. 
When definitive abdominal closure is not per-
formed, abdominal negative pressure wound 
dressings can be a challenge due to difficulty in 
achieving adequate seals to burned skin. Bowel 
infarction usually – though not always – occurs 
in patients with large burns [100].

 Diabetes

Diabetes has been identified as a significant 
risk factor for postoperative complications in 
emergency surgery patients, which may lead to 
 prolonged hospital stay and additional health-
care costs. The pathophysiology underlying 
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the detrimental effects of hyperglycemia is 
complex. Changes in glucose homeostasis are 
compounded by acute illness, anesthesia admin-
istration, and the surgical intervention itself. 
Stress responses involving glucagon, epineph-
rine, cortisol, growth hormone, epinephrine, and 
cortisol impair glucose utilization and increase 
insulin resistance. This in turn reduces T cell 
response, neutrophil function, and immunoglob-
ulin behavior to increase a patient’s susceptibil-
ity to infection.

Diabetes in recent decades has been a national 
public health issue after initiatives such as the 
Diabetes Control and Complications Trial 
showed that glycemic control could decrease 
microvascular-associated complications [101]. 
Poor glycemic control has been linked to worse 
outcomes in cardiac surgery and other critically 
ill patients. In contrast, reductions in multi-organ 
failure, systemic infections, and mortality have 
been demonstrated with appropriate glycemic 
control [102]. In a large retrospective review of 
patients undergoing non-cardiac surgery, 1-year 
mortality was significantly related to preopera-
tive blood glucose [102, 103]. Additional risks 
identified in the literature include a higher risk 
for surgical site infection, complicated appendi-
citis, perforation, and development of intra-
abdominal abscess [104]. These patients may 
have atypical or absent clinical signs and symp-
toms due to their blunted inflammatory response. 
They are less likely to have expected findings 
such as elevated temperature, white blood cell 
count, or pain-related findings on physical exam. 
As such, clinical suspicion should remain high 
for any abdominal pathology [105, 106].

A retrospective study of appendicitis in dia-
betic patients noted that patients were more likely 
to present with comorbid disease such as obesity, 
chronic kidney disease, hypertension, coronary 
artery disease, peripheral vascular disease, and 
chronic obstructive pulmonary disease. These 
patients had a lower white blood cell count com-
pared to nondiabetics and a higher rate of appen-
diceal perforation. Complications were also 
notably higher in the diabetic population, and, on 
multivariate analysis, a longer length of stay was 
noted [107]. The general surgeon should remain 

wary of poor glycemic control when diabetic 
patients present in this setting.

Gallstone disease is more prevalent in diabetic 
patients than in the general population [108]. 
Diabetic patients with biliary disease also have 
poorer surgical outcomes, higher rates of compli-
cations, and higher rates of conversion from lapa-
roscopy to open cholecystectomy [109–111]. A 
recent study examining the effect of diabetes on 
outcomes in patients undergoing emergent chole-
cystectomy for acute cholecystitis noted just 
above 14% of the total population had concomi-
tant diabetes and that diabetes was an indepen-
dent risk factor for renal failure, infectious 
complications, cardiovascular events, and death 
[112]. A retrospective review of the NSQIP data 
noted that delay of cholecystectomy more than 
24 h following admission in diabetic patients was 
associated with higher odds of surgical site infec-
tion and longer hospital length of stay compared 
to nondiabetics [113].

Fournier’s gangrene is a progressive necrotiz-
ing fasciitis involving the perineum, perianal, and 
genital area. The gangrene results from polymi-
crobial aerobic and anaerobic infection arising 
from the colorectal, genitourinary, or skin sys-
tems. Early diagnosis and treatment is critical to 
achieving successful outcomes. Despite this, 
mortality rates remain high. Recent studies have 
evaluated predisposing factors for this disease 
and have identified diabetes mellitus as a signifi-
cant factor. Aggressive early surgical debride-
ment, hemodynamic stabilization, and 
broad-spectrum antibiotic therapy remain the 
mainstay of treatment. However, good glycemic 
control is equally important in maximizing opti-
mal outcomes in this patient group [114].

Evaluation of these patients should focus on 
the level of glycemic control, history of related 
complications, cardiovascular issues, and previ-
ous hospitalizations. A thorough review of all 
diabetic medications, oral glycemics, and insulin 
use should be performed with a focus on ade-
quacy of glycemic control [105, 106]. Possible 
mitigation strategies include delaying proce-
dures when possible and normalizing the glyce-
mic  levels of any diabetic patient [115]. Several 
algorithms exist to assist in the glycemic man-
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agement of the surgery patient, such as the 
Emory University Perioperative Algorithm for 
the Management of Hyperglycemia and Diabetes 
in Non-Cardiac Surgery Patients. According to 
this tool, in the critically ill patient, IV insulin 
infusion should be considered at a threshold of 
180 mg/dL or higher with a goal glucose level of 
140–180 mg/dL. In the non-critically ill patient, 
rapid-acting insulin can be used to obtain glyce-
mic control in both the operating room and on 
the surgical floor with a focus on converting to a 
basal-bolus or oral glycemic control with oral 
intake that has been reestablished. Glycemic 
control is often directed by the surgeon or surgi-
cal intensivist but may include anesthesiology, 
critical care medicine, internal medicine, endo-
crinology, and a primary care provider in an out-
patient setting [102].

 End-Stage Renal Disease

Breakthroughs in hemodialysis and peritoneal 
dialysis have resulted in the prolongation of life 
and a steady increase in the number of dialysis 
patients presenting with acute surgical problems. 
End-stage renal disease itself is associated with 
complex and multifactorial perturbations of the 
immune system. The buildup of uremic toxins 
can impair function of the cells involved in innate 
immunity. Decreased cytokine production, endo-
cytosis, and impaired maturation have all been 
described. The decrease in renal elimination can 
additionally introduce the issue of volume over-
load, oxidative stress, and accumulation of pro-
inflammatory cytokines that can each have their 
own downstream effect on the immune system, 
explaining the high infection rates seen in this 
patient population. These effects are compounded 
by the fact that these patients present with signifi-
cant comorbidity including cardiovascular dis-
ease, diabetes, or pulmonary issues [116].

Common indications for emergency abdomi-
nal surgery include biliary tract disease, gastroin-
testinal perforation, and bleeding. Those 
undergoing emergency surgery have high reported 
morbidity and mortality rates  – up to 50% and 
70%, respectively [117, 118]. When planning 

urgent or emergent operation, the general surgeon 
should document the renal function of the patient 
and determine current dialysis methods, timing of 
last dialysis, adequacy, and whether dialysis 
access is currently available. The surgical team 
should anticipate possible high volume fluid 
resuscitation and possible consequent volume 
overload. Critically ill and hemodynamically 
unstable patients who require filtration may ben-
efit from continuous venous hemofiltration for 
more hemodynamic-sensitive filtration.

 Conclusion
General surgeons are often called upon to 
manage immunocompromised patients, and 
these consultations will grow increasingly fre-
quent as more Americans undergo organ 
transplantation. While immunocompromised 
patients will most often suffer from common 
and familiar conditions, their presentation 
may be subtle or paradoxical and their out-
comes worse. Infection prevention and man-
agement require extra consideration and may 
trigger additional consultation. Details of 
medication management may be even more 
important than in other patients. The decision 
for surgery will be particularly challenging, 
recognizing the increased burden of operative 
complications as well as the dire consequences 
of delayed source control in infected patients.
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Cirrhosis

Jessica K. Reynolds and Andrew C. Bernard

 Introduction

Cirrhosis increases morbidity and mortality in 
patients requiring emergency surgery [1]. In 
these patients, every phase of care is challenging, 
from preoperative risk stratification and optimi-
zation to operative intervention and management. 
Efforts have been made to predict survival in 
patients with cirrhosis under various clinical cir-
cumstances, yet a single predictive model that 
encompasses the patients’ clinical condition and 
the specific emergency procedure has yet to be 
established. Emergency surgery in cirrhotic 
patients confers an additional four to five times 
higher mortality risk compared to elective sur-
gery [1]. However, increased awareness of risk 
has to date not translated into substantial improve-
ment in outcomes [2]. Preoperative planning 
relies upon the stage of cirrhosis, timing of sur-
gery, comorbid conditions, and the type of opera-
tion [3]. In all situations, surgeons will benefit 
from understanding the pathophysiology of cir-
rhosis as it relates to the treatment of the acute 
disease process. In urgent situations, the opportu-
nity for optimization is minimal. To achieve opti-
mal outcomes, surgeons must recognize the 

disease, defer surgery when appropriate, opti-
mize physiology, and perform a technically 
excellent operation.

 Epidemiology

Liver cirrhosis is the 8th most common cause of 
death in the United States with a prevalence of 
0.27% [4, 5]. However, cirrhosis is underdiag-
nosed, with as many as 70% of patients being 
unaware of their clinical condition [5]. For that 
reason, patients with risk factors for liver disease 
such as obesity, chronic alcohol abuse, previous 
transfusions, substance abuse, tattooing, known 
hepatitis exposure, high-risk sexual behavior, and 
family history should be evaluated for chronic 
liver disease prior to surgical intervention [1]. 
Due to the endemic nature of obesity in the 
United States, nonalcoholic steatohepatitis 
(NASH) accounts for a large proportion of undi-
agnosed patients with cirrhosis.

 Pathophysiology

Advanced liver disease affects every organ system 
and is frequently associated with life-threatening 
complications [1]. Hemodynamic changes associ-
ated with liver dysfunction include increased car-
diac output, diastolic dysfunction, and decreased 
systemic vascular resistance (SVR). Patients will 
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frequently demonstrate inappropriate response to 
surgical stress. For the cirrhotic patient requiring 
operative intervention, the surgeon and anesthesia 
provider should make every effort to avoid arterial 
hypotension in order to preserve hepatic arterial 
blood flow and hepatic function. General anesthe-
sia alone causes reduced hepatic arterial blood 
flow. When combined with sepsis, acute blood 
loss, and the intraoperative effects of reflex sym-
pathetic hypotension from traction of abdominal 
viscera, normotension can be difficult to achieve. 
Patients may also experience rising intra-abdomi-
nal pressures from laparoscopic surgery or posi-
tive pressure ventilation. The compounded effects 
of vasodilation and resultant ischemic injury to 
the remaining functioning hepatocytes in a cir-
rhotic liver will increase the risk of acute decom-
pensation [1].

 Initial Evaluation

Performing a thorough physical exam is critical 
in the preoperative evaluation of the cirrhotic 
patient. Suspicion for chronic liver disease should 
arise in any patient who is obese or displays clini-
cal features of chronic liver disease or portal 
hypertension [1]. Patients with cirrhosis may 
exhibit obesity, ascites, jaundice, asterixis, 
peripheral edema, and hepatosplenomegaly. 
Subtle exam findings such as palmar erythema, 
spider nevi, temporal wasting, parotid gland 
enlargement, testicular atrophy, and gynecomas-
tia should not be overlooked. If planning a lapa-
roscopic operation, a careful examination for 
periumbilical varices should be performed. A his-
tory of esophageal varices on prior endoscopy, or 
upper gastrointestinal hemorrhage, should raise 
suspicion of cirrhosis.

The etiology of cirrhosis is frequently multi-
factorial as a single patient may have multiple 
risk factors. Obtaining a detailed history may 
assist the surgeon in identifying patients with risk 
factors for cirrhosis, prompting further work-up 
and optimization. The provider should give spe-
cial attention to social history including alcohol 
and intravenous drug abuse, tattooing, high-risk 
sexual behavior, and known hepatitis exposure. A 

history of previous blood transfusion, travel his-
tory to areas where liver infections are endemic, 
or family history of liver disease should also be 
noted. Obesity is frequently overlooked as a sig-
nificant risk factor, and its potential impact 
should not be underestimated. A detailed review 
of prescription and over-the-counter medications 
should be performed to exclude possible drug-
induced liver disease [1].

The cirrhotic will present in one of two dis-
tinct clinical phases: compensated or decompen-
sated cirrhosis [1]. Decompensated cirrhosis is 
defined by the presence of complications such as 
ascites, spontaneous bacterial peritonitis (SBP), 
variceal hemorrhage, encephalopathy, hepatocel-
lular carcinoma (HCC), hepatorenal syndrome 
(HRS), or hepatopulmonary syndrome (HPS) [1]. 
Patients with compensated cirrhosis have a 
median survival of more than 12 years, compared 
to the patient with decompensated cirrhosis, who 
demonstrate a markedly diminished median sur-
vival rate of less than 2 years [6]. Patients who 
present with compensated cirrhosis in the emer-
gency surgery setting can quickly transition to a 
decompensated state with development of acute 
liver failure, severe coagulopathy, portal vein 
thrombosis, electrolyte imbalance, acute renal 
failure, and sepsis [1]. Clinicians must be vigilant 
in monitoring for early signs of decompensation 
and be proactive in preventing decompensation.

 Risk Assessment and Scoring 
Systems

Once the presence of cirrhosis has been identi-
fied, the next step is to perform risk stratification 
in order to guide decision making and determine 
overall prognosis. Laboratory tests should 
include a complete blood count, INR, and com-
prehensive metabolic panel including liver func-
tion tests, electrolytes, and renal function. 
Incidental findings of low platelets, coagulopa-
thy, hyponatremia, elevated bilirubin, low albu-
min, or elevated liver enzymes warrant a thorough 
assessment to evaluate the severity of liver dis-
ease [7]. Available imaging studies including 
ultrasonography or computed tomography (CT) 
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should be reviewed to assess the size and contour 
of the liver as well as the presence of ascites or 
signs of portal hypertension (splenomegaly and 
varices).

The degree of decompensation is the most 
important factor in determining perioperative 
outcomes [8–13]. The two most commonly used 
scoring systems to help predict morbidity and 
mortality are the Child-Turcotte-Pugh (CTP) and 
Model for End-Stage Liver Disease (MELD) 
score. Although neither model is perfect, both are 
reasonable predictors of short-term complica-
tions [12].

The CTP score has been used to assess the 
severity of cirrhosis, prognosis, and management 
of surgical patients. The CTP score has five mea-
sures, each given a score of 1–3, with 3 represent-
ing the most severe derangement (Table  43.1) 
[14, 15]. Although frequently used in clinical 
practice, the CTP score has not been validated 
[1]. Inherent problems to the reproducibility of 
this score include its subjective assessment of 
ascites and encephalopathy. Additionally, arbi-
trary thresholds were chosen for the objective 
components  – albumin, bilirubin, and 
INR. Table 43.1 highlights the components used 
to calculate the CTP score.

The MELD score was historically used in 
transplantation to predict mortality after transjug-
ular intrahepatic portosystemic shunt (TIPS) pro-
cedure. This model was later found useful in 
assessing prognosis of liver cirrhosis and priori-
tizing patients as candidates for transplantation 
[16, 17]. Today, the score is often used to assess 
the severity of cirrhosis and perioperative risk in 
emergency general surgery. MELD is a calcu-
lated formula using objective data including 
serum bilirubin, INR, and serum creatinine. 

MELD  =  3.78 × ln[serum bilirubin (mg/
dL)] + 11.2 × ln[INR] + 9.57 × ln[serum creati-
nine (mg/dL)] + 6.43 [17]. Lack of reliance on 
subjective measures makes MELD a more con-
sistent predictive tool. In practice, mortality 
increases 1% for each point up to 20 and then 2% 
for each point thereafter when using the MELD 
score [18]. MELD may be a better predictive 
model for the decompensated cirrhotic given the 
importance of creatinine in the determination [6]. 
The MELD score has been validated in many 
studies and is used extensively [1].

When comparing CTP to MELD, scores of 
<10, 10–14, and >14 are comparable to CTP 
classes A, B, and C [1]. Thus, advanced stages of 
cirrhosis are defined as MELD >14 and CTP 
class C.  Patients with this severity of cirrhosis 
have consistently demonstrated higher morbidity 
and mortality in emergent cases. Historically, 
studies by Garrison and Mansour showed similar 
mortality rates of 10%, 31%, and 76% when 
comparing CTP classes A, B, and C to corre-
sponding MELD scores [8, 9]. In contrast, a 
recent study by Telem et al. showed significantly 
lower mortality rates of 2%, 12%, and 12% in 
CTP classes A, B, and C [10].

 Perioperative Optimization

Patients with cirrhosis can achieve better out-
comes by undergoing perioperative optimization 
directed at addressing factors that increase mor-
bidity and mortality in the cirrhotic population. 
Emergency surgery frequently does not afford 
such an opportunity for true preoperative optimi-
zation; however there are still opportunities to 
minimize risk. The first steps are to identify the 

Table 43.1 CTP score calculation

Parameter 1 point 2 points 3 points
Albumin, g/dL >3.5 2.8–3.5 <2.8
Bilirubin, mg/dL <2 2–3 >3
INR <1.7 1.7–2.3 >2.3
Hepatic encephalopathy None Grades 1–2 Grades 3–4
Ascites None Mild and moderate Severe

Abbreviations: CTP Child-Turcotte-Pugh, INR international normalized ratio
CTP score = addition of each parameter score. CTP class: A = 5–6 points, B = 7–9 points, C = 10–15 points
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cause of cirrhosis and determine the level of com-
pensation. Efforts should then be focused on 
optimizing liver function, with particular atten-
tion to nutrition, correction of coagulopathy and 
electrolytes, and management of ascites.

 Nutrition

Malnutrition affects more than 80% of patients 
with cirrhosis. Hypoalbuminemia is a hallmark 
of malnutrition and liver disease, resulting in 
decreased oncotic pressure and intravascular 
hypovolemia [1]. Malnutrition is an independent 
predictor of mortality in the cirrhotic surgical 
patient [19]. A serum albumin of 2.1 g/dL com-
pared to a level of 4.6  g/dL is associated with 
morbidity rates of 65% versus 10% and mortality 
rates of 29% versus 1% [20]. Despite this asso-
ciation, albumin replacement is not recom-
mended as it has not been shown to improve 
mortality.

Accurate assessment of malnutrition in the 
cirrhotic remains a challenge. Factors such as 
malabsorption with fat-soluble vitamin defi-
ciency and reduced food intake due to ascites and 
anorexia can contribute to malnutrition. 
Perioperative nutrition support improves out-
comes [21, 22]. Use of immune-enhancing for-
mulas should be considered after trauma and 
before and after surgery. If hepatic encephalopa-
thy is present, a diet high in carbohydrates and 
lipids with milk-based and branched chain amino 
acids is preferred [23].

 Coagulopathy 
and Thrombocytopenia

Liver disease results in complex alterations of all 
three phases of hemostasis: primary hemostasis, 
coagulation, and fibrinolysis [24]. Both platelet 
number and function may be reduced in the cir-
rhotic, with the majority of patients demonstrat-
ing mild to moderate thrombocytopenia [24]. 
Bone marrow suppression by antiviral therapy, 
alcohol, or folate deficiency can impair platelet 
production. Platelet sequestration also occurs as a 

result of portal hypertension and congested sple-
nomegaly. Despite the quantitative effects of cir-
rhosis on platelets, the procoagulant activity of 
thrombin generation is typically preserved [24]. 
In chronic liver disease, synthesis of procoagu-
lant proteins is reduced (factors II, V, VII, IX, and 
XI). Natural anticoagulant proteins such as pro-
teins C and S are also reduced and found to be 
similar to the range of values seen in patients 
with inherited deficiencies [24]. Fibrinolytic 
activity varies among individuals. Reabsorption 
of large-volume ascites may contribute to 
enhanced fibrinolysis [24]. Due to the relative 
deficiency of both procoagulant and anticoagu-
lant factors, patients may develop hemorrhage or 
thrombosis depending on the clinical circum-
stances [24].

Conventional coagulation tests such as pro-
thrombin time (PT) and activated partial throm-
boplastin time (aPTT) do not fully reflect the 
derangement in hemostasis and do not accurately 
predict the risk of bleeding [24]. Prevention of 
bleeding should not be sought by correction of 
these conventional tests as a high INR does not 
equate with hypocoagulability. Prophylactic 
infusion of plasma prior to invasive procedures is 
unlikely to have clinical benefit [24]. Large-
volume plasma may paradoxically increase the 
bleeding risk by exacerbating portal hypertension 
from volume overload. Waiting for plasma may 
also delay procedures, thus exposing the patient 
to unnecessary risks [24]. For the patient who is 
actively bleeding, plasma (10–20  cc/kg) should 
be given, noting that the effect of plasma transfu-
sion on INR is negligible if INR is <1.7 [25]. 
Thrombocytopenia may be a better predictor of 
bleeding than INR.  Platelet counts <50–60  K 
have been associated with an increased rate of 
post-procedure bleeding. However, a threshold 
platelet count for prophylactic transfusion in 
patients with liver disease has not been estab-
lished [24]. For the actively bleeding patient, the 
platelet count should be maintained >50  K to 
ensure adequate thrombin generation [24]. 
Transfusion of cryoprecipitate to maintain a 
fibrinogen level > 100 has been recommended in 
cirrhotic patients, although an evidence base is 
lacking [24]. There is insufficient data to support 
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the use of prothrombin complex concentrates 
(PCCs), recombinant factor VII, or tranexamic 
acid in acute hemorrhage. Use of these products 
may increase thrombotic risk while providing 
minimal if any benefit [24]. Vitamin K adminis-
tration will not reverse the liver synthetic impair-
ment; however it may contribute to correction of 
coagulopathy if malabsorption and fat-soluble 
vitamin deficiency are contributing [1]. Currently, 
no evidence-based guidelines exist for acute 
hemorrhage in patients with cirrhosis.

The clinical utility of whole blood assays of 
hemostasis is evolving [24]. Although use of 
thromboelastography (TEG) and thromboelas-
tometry (ROTEM) has not been validated for pre-
dicting bleeding risk in patients with liver disease, 
these diagnostic tests can provide insight into the 
dynamics of clot formation, clot strength, and clot 
stability [24]. In a recent randomized trial, TEG-
guided transfusion strategy resulted in transfusion 
of only 17% of patients compared to 100% of 
patients in whom transfusion was based upon INR 
and platelets, without an increase in bleeding 
complications [26]. These tests show promise but 
are not universally available and require expertise 
in interpretation.

 Ascites

Ascites is a common presentation of decompen-
sated cirrhosis. The development of ascites is an 
important landmark in the natural history of cir-
rhosis, and its presence is associated with a 50% 
mortality rate over 2 years [27]. Presence of asci-
tes is a risk factor for development of dilutional 
hyponatremia, spontaneous bacterial peritonitis, 
and acute kidney injury (AKI), all of which con-
tribute to increased morbidity and mortality [28]. 
First-line treatment for uncomplicated ascites is 
sodium restriction combined with diuretic therapy 
[28]. Sodium is typically restricted to a no-added 
salt diet with <5 g of salt per day [27]. Water 
restriction is only employed in uncomplicated 
ascites if serum sodium level is <125 mmol/L. [27] 
Spironolactone is the initial drug of choice in treat-
ment of ascites, starting with a dose of 100 mg/day 
that may be progressively increased to 400  mg/

day. If spironolactone fails to resolve ascites, furo-
semide can be added at an initial dose of 40 mg/
day which may be gradually increased to a dose of 
160  mg/day [27]. With diuretic therapy, electro-
lytes, renal function, and volume status should be 
closely monitored. In the emergency surgical set-
ting, ascites control will be impossible preopera-
tively, and postoperative diuretic use may be 
precluded by physiology. Restriction of I.V. fluid 
use, when appropriate, may reduce ascites [29].

For refractory ascites, paracentesis with albu-
min replacement is feasible. Large-volume para-
centesis with colloid replacement has been shown 
to be rapid, safe, and effective [27]. However, 
failure to give volume expansion after paracente-
sis can result in electrolyte disturbances and 
impairment of renal function [27]. If a therapeu-
tic tap is performed, or large-volume ascites are 
removed during an emergency operation, pub-
lished guidelines suggest that albumin should be 
replaced with albumin 25% solution at a dose of 
6–8 g/L of fluid removed in excess of 5 L [29]. 
TIPS is a rescue measure for refractory ascites 
and a good alternative for some patients.

 Fluids and Electrolytes

Fluid and electrolyte balance should be meticu-
lously monitored [1]. In cases of volume deple-
tion such as diarrhea, emesis, or excessive 
diuresis, fluid replacement should consist of iso-
tonic crystalloids (0.9% NaCl) [30]. Balanced 
salt solutions such as Plasmalyte® may be pre-
ferred in the patient with hyperchloremic acido-
sis [30]. With presence of elevated lactate, 
non-lactate-containing solutions should be used 
[1]. The patient with hemorrhagic shock should 
be resuscitated with blood products. For a patient 
with suspected bacterial infection, a combina-
tion of crystalloids and 5% albumin is preferred 
[1]. Three particular situations exist where albu-
min should be favored: SBP, large-volume para-
centesis, and type 1 hepatorenal syndrome [31]. 
Hydroxyethyl starch (HES) has potential neph-
rotoxic effects and should be avoided [31].

Hyponatremia occurs in up to 50% of patients 
with cirrhosis and ascites, with 10–20% of 
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patients presenting with severe hyponatremia 
(serum sodium ≤125 mEq/L) [32]. Hyponatremia 
is not only a predictor of complications but also a 
predictor of mortality [33]. For each mEq drop in 
sodium below 135 mEq/L, the mortality risk has 
been shown to increase by 10% in patients consid-
ered for transplantation [32]. Hyponatremia 
develops from systemic vasodilation with subse-
quent activation of compensatory neurohormonal 
mechanisms that function to restore effective cir-
culatory volume [33, 34]. First, vasodilation 
results in activation of the sympathetic nervous 
system, renin-angiotensinogen system, and non-
osmotic release of antidiuretic hormone (ADH) 
[33]. Resulting hyponatremia can occur with 
hypovolemia or hypervolemia. Hypovolemic 
hyponatremia occurs due to fluid loss from the 
kidneys or gastrointestinal tract. Treatment should 
be focused on volume replacement and correction 
of the underlying cause of volume loss [34]. 
Hypervolemic hyponatremia occurs with volume 
overload and is attributed to the inability of the 
kidneys to excrete solute-free water proportionate 
to the amount of free water ingested [34]. This 
form of hyponatremia is an ominous sign and is 
difficult to manage. The mainstay of treatment is 
to increase renal excretion of free water through 
diuresis [32]. The decision to treat should be 
based on the patient’s clinical status and symp-
toms rather than absolute serum sodium level 
[33]. The rate of sodium correction should be 
closely monitored to avoid neurologic complica-
tions such as seizures and central pontine myelin-
olysis [34].

Serum potassium levels should also be moni-
tored and replaced accordingly. Correction 
appears to be important for two reasons: (1) cor-
rection tends to raise serum sodium and osmolal-
ity and (2) hypokalemia promotes development 
of hepatic encephalopathy by increasing synthe-
sis of ammonia in the proximal tubules [34, 35].

 Esophageal Varices

Despite advances in endoscopic therapy, the mor-
tality rate of acute variceal hemorrhage remains 
around 15% [36]. Standard treatment for acute 

variceal hemorrhage includes the combination of 
endoscopic band ligation, vasoactive drugs, and 
prophylactic antibiotics [24, 36]. Effective hemo-
stasis and volume management are essential in 
preventing complications [36]. If bleeding cannot 
be controlled with endoscopic ligation, or bleeding 
recurs, TIPS should be performed to reduce portal 
hypertension. In cases of massive life-threatening 
hemorrhage, balloon tamponade (Sengstaken-
Blakemore or Minnesota tube) or a covered esoph-
ageal stent may be used as a salvage therapy or a 
bridge to definitive banding or TIPS.

 Anesthetic Considerations

Emergency general surgeons should have a basic 
knowledge of anesthetic agent use in the cirrhotic. 
Given the physiologic derangements of this patient 
population, there are multiple factors to take into 
consideration. As previously stated, avoidance of 
hypotension is of utmost importance.

In general, benzodiazepines should be avoided. 
Propofol has been shown to be a safer alternative 
due to its faster elimination. Etomidate can be 
safely used. In regard to opiate analgesics, remi-
fentanil is the safest, as it is metabolized by red 
cell esterase as opposed to hepatocytes [1]. Other 
opiates such as morphine and fentanyl have 
decreased clearance and should be monitored 
accordingly. Among inhalation anesthetics, des-
flurane is considered the safest for patients with 
cirrhosis due to preservation of hepatic blood flow 
and cardiac output [1]. Additionally, desflurane 
undergoes minimal hepatic metabolism [37]. 
Atracurium and cisatracurium undergo Hoffman 
degradation and are considered safe neuromuscu-
lar blocking agents. Caution should be taken with 
spinal or epidural anesthesia to avoid hypotension 
and prevent local bleeding complications related 
to coagulopathy or thrombocytopenia [1].

 Pain Management

Pain management in the cirrhotic can be chal-
lenging. Contrary to popular belief, acetamino-
phen is not contraindicated and may be used with 
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caution at a recommended dose of 2–3  g/day. 
Nonsteroidal anti-inflammatories should be 
avoided due to potential for nephrotoxicity, plate-
let dysfunction, and gastrointestinal bleeding 
[38]. In patients with compensated liver disease, 
I.V. patient-controlled anesthesia is well tolerated 
[37]. Opiate dose and frequency should be 
reduced to avoid over-sedation and encephalopa-
thy. For abdominal operations, use of regional 
anesthesia in the form of local infiltration or 
transversus abdominis plane block may be bene-
ficial to decrease need for narcotics.

 Considerations for Specific 
Procedures

 Abdominal Wall Hernias

Increased intra-abdominal pressure, weakening 
of the abdominal wall fascia, and recanalization 
of the umbilical vein increase the risk of develop-
ment of abdominal wall hernias in patients with 
cirrhosis and ascites [39]. Patients may present 
with complications including incarceration or 
strangulation of bowel, hernia rupture with asci-
tes leak, and evisceration [39]. Despite evidence 
that elective repair is safe, many hernias in cir-
rhotic patients with ascites are observed until 
becoming a surgical emergency.

Marsam et  al. found that conservative man-
agement of umbilical hernia (UH) in cirrhosis 
was successful in only 23% of patients, with 
nearly 50% requiring an emergent hernia repair 
[40]. Acute rupture of UH in patients with cir-
rhosis carries a high mortality rate, and emer-
gency repair can require prolonged length of 
stay with significant consumption of hospital 
resources [41, 42]. Early elective repair of UHs 
should be considered, as repair has proven to be 
safe, even in advanced cirrhosis [40, 43–46]. 
Although no clear method exists to determine 
when cirrhosis is severe enough to preclude elec-
tive repair, a recent retrospective study compar-
ing outcomes of UH repair in patients with 
cirrhosis suggested to avoid elective repair of 
UHs in patients older than 65 years, with MELD 
score ≥ 15 and serum albumin <3.0 g/dL [47]. 

The same study found the mortality rate for 
emergency repair of UH to be 11% in patients 
with MELD ≥15 compared to 1.3% in patients 
with MELD <15 [47].

Hernia repair must include meticulous surgi-
cal technique and adequate control of ascites. 
Ascites can usually be controlled with a combi-
nation of diuretic therapy, surgical drainage, and 
intermittent paracentesis. Some patients may 
benefit from TIPS, although this is usually 
reserved for optimization in elective hernia 
repair [39]. Use of mesh and the optimal surgi-
cal technique is controversial. Options for repair 
include open primary tissue repair, open mesh 
repair, and laparoscopic mesh repair. Primary 
tissue repair with permanent suture is the most 
frequently performed procedure. However, UH 
recurrence in cirrhotic patients has been shown 
to be decreased at 6  months with mesh repair 
compared to primary repair (14% vs. 2.7%) 
without substantial increase in morbidity [48]. 
The presence of ruptured UH, infected ascites, 
or bowel obstruction will increase risk of mesh 
infection.

Cirrhotic patients are sevenfold more likely 
to die with emergent ventral hernia repair 
(VHR) compared to elective VHR [49]. 
Although there is little data regarding the repair 
of ventral, incisional, and parastomal hernias 
with ascites in the emergency setting, early elec-
tive repair should be considered when feasible 
in order to prevent an acute surgical emergency 
[39]. In the elective setting, laparoscopic VHR 
compared to open VHR has lower wound-
related complications and shorter hospital 
length of stay [49]. However, with the presence 
of ascites, laparoscopic VHR has been associ-
ated with significantly higher mortality, sys-
temic complications, and unplanned return to 
the operating room [49].

Elective inguinal hernia (IH) repair is gener-
ally well-tolerated and should be considered if 
the patients’ nutritional status can be optimized 
and ascites can be controlled [39]. Although 
superficial wound complications are common, 
there is no evidence to suggest against use of 
mesh in emergency inguinal hernia (IH) repair in 
a non-contaminated field [39].
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 Cholecystectomy

The incidence of gallstones in cirrhotic patients is 
29%, compared to 12% in the non-cirrhotic pop-
ulation [50]. Prior to the advent of laparoscopic 
surgery, the mortality rate of open cholecystec-
tomy was reported to be as high as 87% [51]. 
Laparoscopic cholecystectomy has since proven 
to be safe and led to decreased mortality, overall 
complications, and length of hospital stay com-
pared to open cholecystectomy in cirrhotic 
patients [52–55]. For CTP class C, conservative 
management with antibiotics and percutaneous 
cholecystostomy tube placement should be con-
sidered as an alternative to surgery [56]. In 
patients with symptomatic cholelithiasis at risk 
of developing biliary pancreatitis or acute chole-
cystitis, elective laparoscopic cholecystectomy 
should be considered.

 Gastrointestinal Tract and the Open 
Abdomen

In the cirrhotic patient, complications of gastro-
duodenal ulcer disease, including perforation 
and bleeding, carry mortality rates of 42% and 
49% [57]. In the emergency setting, surgical 
intervention should not be aimed at treatment of 
peptic ulcer disease but rather focused on con-
trol of perforation or bleeding [57]. Resectional 
treatment should be avoided when possible [57]. 
If the surgeon is technically facile with complex 
laparoscopy, a laparoscopic approach for repair 
of gastric perforation should be used [1]. 
Percutaneous endoscopic gastrostomy (PEG) is 
advised against in patients with cirrhosis and 
ascites [29].

Colorectal surgery in a patient with cirrho-
sis is associated with a morbidity of 50% and 
mortality of 25% [58]. In a recent study exam-
ining risk of anastomotic leak after colorectal 
surgery in cirrhosis, the leak rate was found to 
be 12.5% compared to 2.5% in patients without 
cirrhosis [58]. Despite the increased risk of 
anastomotic failure, stoma creation is also not 
without risk when bowel resection is needed 

[59]. Although a temporary loop ileostomy 
may decrease the sequelae of anastomotic leak, 
the risks of parastomal hernia, bleeding peris-
tomal varices, and complications related to 
stoma closure should be taken into consider-
ation [58].

Damage control laparotomy with temporary 
abdominal closure (TAC) is frequently used in 
patients with hemodynamic instability or with 
massive intra-abdominal contamination. A recent 
study showed that cirrhotic patients managed 
with TAC are susceptible to early acidosis, per-
sistent coagulopathy, large negative pressure 
wound therapy (NPWT) fluid losses, prolonged 
vasopressor requirements, multiple organ failure, 
and early mortality [60]. Use of TAC should be 
avoided when possible.

Key Points

• Cirrhosis increases morbidity and mortality in 
patients requiring emergency surgery.

• Preoperative planning relies upon the stage of 
cirrhosis, timing of surgery, comorbid condi-
tions, and the type of operation.

• To achieve optimal outcomes, surgeons must 
recognize the disease, defer surgery when 
appropriate, optimize physiology, and per-
form a technically excellent operation.

• MELD and CTP scores can be useful in pre-
dicting perioperative morbidity and mortality.

• TEG has shown promise in reducing unneces-
sary empiric blood product transfusion.

• Management of ascites and albumin replace-
ment help prevent surgical complications and 
hemodynamic side effects of large-volume 
paracentesis.

• Avoid factors that exacerbate worsening liver 
failure (hypotension, general anesthesia, hep-
atotoxins, AKI).

• Early repair of hernias in patients with cirrho-
sis and ascites is a safe option for select 
patients and may help prevent increased mor-
bidity and mortality associated with need for 
emergent repair.

• Consider referral to a high-volume tertiary 
care facility when appropriate.
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Surgical Palliative Care, “Heroic 
Surgery,” and End-of-Life Care

Franchesca Hwang and Anastasia Kunac

Case Vignette
Urgent surgical consultation is requested in the 
emergency department (ED) at 2:30  a.m. The 
patient is an 87-year-old female with the follow-
ing comorbidities: congestive heart failure with 
ejection fraction of 30% and a recently diag-
nosed stage IV ovarian cancer. According to the 
patient’s son, she is not undergoing treatment for 
her ovarian cancer because the patient expressed 
to her oncologist that she did not want to pursue 
any intervention that would “make her sick.” She 
resides at home with her son, daughter-in-law, 
and grandchildren and a 24-hour health aide. 
She uses a walker for ambulation and rarely 
leaves her residence. According to her son, in the 
last week, her oral intake has decreased, and her 
chronic constipation has worsened. Her only 
complaint is abdominal pain for the last few 
days. This evening, she began vomiting profusely 
at which time the son brought her into the ED. On 
initial assessment in the ED, she is lying in bed 
confused and lethargic with her heart rate in 
110’s and systolic BP in the 90’s—her heart rate 
and blood pressure improve with initiation of 
intravenous fluids. Her exam reveals a distended 
abdomen, tender to palpation in all four quad-
rants. A CT scan has already been performed and 
shows diffuse peritoneal metastasis with com-

plete obstruction in the proximal jejunum. Now 
you are going to talk to the son—what treatment 
will you offer?

The vignette represents a variation of a case 
that nearly all surgeons have encountered—a 
very ill patient, possibly even moribund, with a 
diagnosis that “could” be treated with surgery. 
The diagnoses may differ: bowel perforation, 
intestinal ischemia, cholangitis, or gastrointesti-
nal bleeding. Comorbidities that make this high-
risk surgery also vary and include heart failure, 
cancer, advanced cirrhosis, or frailty. No matter 
what the exact clinical picture, it is cases such as 
this that leave the surgeon wondering what is best 
for the patient. There are many potential treat-
ment options for the patient presented above: (1) 
operate for obstruction despite the high risk for 
morbidity and mortality, (2) offer only comfort 
care with adequate pain control, (3) conservative 
management of obstruction with nasogastric 
decompression and IV hydration, or (4) recom-
mend a palliative gastrostomy to relieve vomit-
ing. How does one decide among these options? 
If one of the above options does not achieve the 
desired outcome, when should the clinician 
revisit alternate options?

The management decision must consider the 
patient’s preferences. The surgeon first needs to 
elicit if the patient has had an advance directive 
and ask if the patient has discussed her wishes 
with her family previously. Depending on the 
answers to these inquiries, the surgeon will 
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choose among the different care pathways. This 
chapter will offer tools to help guide these com-
plicated and difficult discussions and subsequent 
management decisions.

 Surgical Palliative Care

The World Health Organization (WHO) defines 
palliative care as an approach that improves the 
quality of life of patients and their families facing 
problems associated with life-threatening illness, 
through the prevention and relief of suffering by 
means of early assessment and treatment of phys-
ical, psychological, and spiritual pain [1]. 
Palliative care has been shown to improve symp-
tom management and satisfaction in patients, 
with overall improvement in the quality of life for 
patients with serious illness and their caregivers 
[2, 3]. Its positive effects on patient-centered out-
comes also translate into reduction in the inten-
sity of care and overall healthcare costs at the end 
of life in regions with more palliative care ser-
vices [4]. The same approach has been shown to 
be beneficial when caring for patients with surgi-
cal diagnoses.

In a systematic review of palliative care in sur-
gical patients, palliative care has been linked to 
improved quality of communication and symp-
tom management and decreased healthcare 
resources and cost [5]. In the trauma intensive 
care unit (ICU) setting, early integration of palli-
ative care approach with goals-of-care (GOC) 
communications within 72 h of admission led to 
improved patient and family satisfaction, quality 
of care, and length of ICU stay without changing 
the overall mortality [6]. Another study in geriat-
ric trauma patients demonstrated decreased ICU 
and hospital days in patients who had palliative 
medicine consultation within 2 days of admission 
[7]. The earlier the goals of care are established, 
the less conflict will occur later regarding futile 
life-prolonging procedures, end-of-life decisions, 
do-not-resuscitate (DNR) orders, or withholding 
life-sustaining treatments. These conflicts fre-
quently prolong patients’ suffering.

Recognizing the significance of palliative care 
in surgery, the American College of Surgeons 

(ACS) has been advocating it since the late 1990s. 
The ACS collaborated with the Robert Wood 
Johnson Foundation to form a surgical palliative 
care workgroup in 2001, and in 2005, the College 
issued the Statement of Principles of Palliative 
Care.

The Palliative Care Task Force later became 
part of the Division of Education and then 
evolved into the Committee on Surgical Palliative 
Care (CSPC). The College continued to endorse 
the efforts of the CSPC by publishing the 
“Surgical Palliative Care: A Resident’s Guide” in 
2009, again demonstrating the value of training 
surgical residents on palliative care [8].

Optimal surgical palliative care meets the fol-
lowing objectives: (1) to address the surgical 
issues, (2) to improve quality of life, and most 
importantly, (3) to meet patients’ goals. To meet 
these objectives, the key step is to consider 
patients’ values and preferences in the context of 
prognosis. The values important to patients may 
be different from what surgeons believe to be 
important. Mortality is undoubtedly a patient-
centered outcome as no one wishes for it. 
Nonetheless, not everyone may consider death 
the worst outcome. In fact, more than half of 
older hospitalized patients with serious illnesses 
reported bowel and bladder incontinence, relying 
on a breathing tube or feeding tube to live or 
needing care all the time as health states that 
would be worse than death [9]. This finding 
emphasizes the magnitude of finding out patients’ 
values prior to any operative procedures.

 Palliative Care in Emergency 
General Surgery

Palliative care does not necessarily equate to end-
of-life care. If we revisit the first two core princi-
ples of surgical palliative care as defined by the 
American College of Surgeons, outlined in 
Table 44.1, we are reminded that patient auton-
omy and shared decision-making are core princi-
ples in surgical palliative care. Decision-making 
in emergency general surgery (EGS) poses chal-
lenges for both surgeons and the patients and their 
families. EGS alone is an independent risk factor 
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for mortality and major postoperative complica-
tions compared to non-emergency general sur-
gery, adjusting for preoperative characteristics 
and procedure types [11]. This mandates in-depth 
conversations regarding the risks and potential 
benefits of surgery. For patients who have pre-
existing life-limiting comorbidities, the outcomes 
are even worse. Over one third of patients with 
advanced cancer, who underwent emergency 
abdominal surgery, died in 30 days, and two thirds 
experienced complications [12]. These findings 
underline the need for palliative care in this at-risk 
patient population undergoing emergency general 
surgery to encourage shared decision-making and 
goals-of-care discussion perioperatively.

The nature of surgical emergency, however, 
makes extensive discussion challenging. Yet, the 
decision to undergo an operation, or not to, is not 

simply a unidirectional decision from the surgeon 
that affects the patient. It is rather a shared deci-
sion-making process where all parties together 
make decisions about patient care. These deci-
sions should be made after considering the likeli-
hood of many factors such as surviving the 
operation, developing complications, returning 
home to a functionally independent lifestyle, or 
needing assistance to varying degrees with the 
activities of daily living. In cases such as the case 
vignette presented, where consideration is given 
to operating for obstruction in the setting of meta-
static cancer, the patient and family must under-
stand that the purpose of the operation is symptom 
relief and will not cure the malignancy; if the can-
cer is not being treated, the malignancy will prog-
ress whether or not the patient has an operation. 
Through this process, goals of care are established 
that are consistent with the patients’ wishes. 
Therefore, having goals-of-care discussion is of 
the utmost importance when caring for patients 
with emergency general surgical diagnoses.

 Shared Decision-Making

The key to surgical palliative care is grounded in 
the shared decision-making between the surgeons 
and the patients and their families. It is different 
from the informed consent process in which the 
physician “provides” the patient with the pur-
pose, benefits, and potential risks of an interven-
tion, and the patient “receives” the information 
and signs the document after understanding it. 
Shared decision-making is, rather, a process to 
which both parties are contributing. The physi-
cian shares the information about treatment 
options, prognosis, and expected outcomes, and 
the patient shares his or her expectations, prefer-
ences, and wishes. Both parties together then 
make decisions that best meet the patient’s goals.

 Determination of Decision-Making 
Capacity

Shared decision-making implies that both the 
surgeon and the patient understand the nature of 

Table 44.1 Statement of Principles of Palliative Care 
developed by the American College of Surgeons Task 
Force on Surgical Palliative Care and the Committee on 
Ethics [10]

1. Respect the dignity and autonomy of patients, 
patients’ surrogates, and caregivers
2. Honor the right of the competent patient or 
surrogate to choose among treatments, including those 
that may or may not prolong life
3. Communicate effectively and empathically with 
patients, their families, and caregivers
4. Identify the primary goals of care from the patient’s 
perspective, and address how the surgeon’s care can 
achieve the patient’s objectives
5. Strive to alleviate pain and other burdensome 
physical and nonphysical symptoms
6. Recognize, assess, discuss, and offer access to 
services for psychological, social, and spiritual issues
7. Provide access to therapeutic support, 
encompassing the spectrum from life-prolonging 
treatments through hospice care, when they can 
realistically be expected to improve the quality of life 
as perceived by the patient
8. Recognize the physician’s responsibility to 
discourage treatments that are unlikely to achieve the 
patient’s goals, and encourage patients and families to 
consider hospice care when the prognosis for survival 
is likely to be less than a half year
9. Arrange for continuity of care by the patient’s 
primary and/or specialist physician, alleviating the 
sense of abandonment patients may feel when 
“curative” therapies are no longer useful
10. Maintain a collegial and supportive attitude toward 
others entrusted with care of the patient
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the patient’s disease and can engage in a two-way 
discussion. At times, patients are too ill to partici-
pate in these discussions. The principle of auton-
omy is built on the assumption that the patient 
can make decisions regarding his or her own care 
and understands the risks and benefits of the treat-
ment, or no treatment. This capacity is often com-
promised in the setting of emergency general 
surgery when the patient may have impaired cogni-
tion due to shock or other metabolic derangements.

Alternately, the patient at baseline may have 
cognitive deficits, such as dementia secondary to 
advanced age, that would preclude their ability to 
make appropriate decisions. As the US population 
is growing older, and people over the age of 65 are 
projected to represent more than 20% by 2030, the 
issues of geriatric surgery are relevant to any gen-
eral surgeon in practice now. Many older adults 
have surgery, and as many as one third of Medicare 
beneficiaries undergo inpatient surgery during the 
last year of life [13]. As surgery in older patients is 
increasingly prevalent, it has become more critical 
for surgeons to understand decision-making 
capacity. All surgeons in practice who operate on 
adult patients can expect to be faced with geriatric 
patients with acute surgical emergency.

The following criteria may be useful as a 
guide to establish a person’s decision-making 
capacity [14] (Table 44.2):

If the patient does not meet all the criteria or has 
already been deemed incompetent, a surrogate 
decision-maker must be involved in the discussion 
about treatment plan. If the patient is competent to 
make decisions, it is important to remember that 
the concept of autonomy justifies the patient’s right 
to refuse treatments. This refusal should be hon-
ored regardless of the potential benefits of the plan 
discussed and even if the proposed treatment is life-
saving. A patient may weigh the risks and benefits 
of a surgical intervention and refuse an operation.

 Discussions Regarding Goals 
of Care

People have different values and naturally have 
different goals of care. Goals also change depend-
ing on the stage of life at which patients face 

medical decisions. Goals of care in a young, 
healthy person will most likely be different from 
those of an older person with many comorbidi-
ties. Nevertheless, a previously healthy, relatively 
young man who acutely developed bowel perfo-
ration and spent numerous days in the ICU with 
prolonged respiratory failure will now have dif-
ferent sense of what brings him the greatest 
meaning and value in life. Some potential goals 
of care are presented in Table 44.3. Although not 
comprehensive, the table lists relevant goal-con-
cordant treatment option examples encountered 
in surgery [15].

As listed above, goals of care are not based on 
a simple dichotomous approach: curative versus 
comfort care. The perception among many sur-
geons, regardless of the number of years they 
have been practicing, is that symptom manage-
ment and surgery are in opposition to each 

Table 44.2 Guide to ascertain patient’s decision-making 
capacity

1. Acknowledgment 
of relevant 
information

The patient should understand 
his/her diagnosis and the 
treatment options.

2. Appreciating 
one’s 
circumstances

The patient should acknowledge 
the disease he/she has and 
understand how it will impact 
his/her life. He/she should be 
able to answer what the 
outcome may be with or 
without treatment.

3. Logical use of 
information

The patient should be able to 
give evidence for his/her 
decision. Even if the patient 
comes to a decision against the 
physician’s recommendation, 
this is acceptable if it was made 
in a logical fashion.

4. Communication 
of choices

This is a paramount condition 
of judging competence. The 
patient must be able to 
communicate his/her preference 
of one choice over another. If 
he/she says “yes” to every 
treatment option choice, he/she 
is not appropriately integrating 
information. The patient can 
change his/her mind over time 
but should be able to provide a 
meaningful reason for the 
change.
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another. Instead, goals of care are usually more 
fluid and can change over the course of patients’ 
illness. Patients’ conditions may improve or 
worsen. No matter how their condition changes, 
the ultimate objective remains the same: to maxi-
mize their quality of life and preserve their 
autonomy.

It is, therefore, extremely important to assess 
patient preferences in goals-of-care (GOC) dis-
cussions prior to procedures and postoperatively 
throughout the recovery process. Any surgical 
procedure has inherent risks, however common 
the procedure is. Perioperative morbidity is 
higher in emergency surgery as compared to 
elective surgery, and yet most surgeons do not 
discuss goals of care at all in an emergent setting 
even if they routinely do so while obtaining con-
sent for elective cases in the office. The following 
table shows a step-by-step structured template 
for preoperative GOC discussion applicable to 
any major surgery whether elective or emergent. 

The goals-of-care discussion, as outlined in 
Table  44.4, is comprehensive and lengthy—it 
takes 30–60 min to have this serious discussion, 
and it may have to take place in stages. Even in 
emergency general surgery, it is important to con-
sider that this decision about whether to operate 
or not does not always have to be made within 
moments—often, the patient can be managed 
non-operatively with close monitoring until a 
thoughtful decision is reached regarding the next 
appropriate treatment option.

Following these steps not only helps uncover 
concerns or questions that patients may have 
prior to surgery but also ensures that both patients 
and surgeons are on the same page about expec-
tations. Some patients have misconceptions of 
surgery as a “cure-all.” This may be due in part to 
commercial advertising or other misleading por-
trayals in media. For instance, many people 
believe that bariatric surgery is a cure for obesity 
or coronary artery bypass surgery for heart dis-
ease. If patients’ expectations are not realistic, 
their goals of care are often not feasible. Thus, it 
is critical to set the common ground for expecta-
tions. If operating on a patient with peritonitis 

Table 44.3 Potential goals of care and examples of goal-
concordant treatment options

Cure of disease Pain relief
  Complete resection of 

cancer
  Hip or knee 

replacement to 
relieve chronic 
arthritic pain

Avoidance of premature 
death

Prolongation of life

  Evacuation of 
intracranial hematoma in 
the setting of severe 
traumatic brain injury

  Feeding tube 
placement in patients 
with severe 
dysphagia after 
stroke

Maintenance/improvement 
of function

Maintenance of control

  Femoral-tibial arterial 
bypass for claudication 
symptoms

  Reversal of 
colostomy months 
after developing 
perforated 
diverticulitis

Death with dignity Support for family or 
loved ones

  Symptom management 
without surgery for 
malignant perforation in 
a patient with stage IV 
colon cancer that has not 
responded to 
chemotherapy

  Offering in-home 
hospice care for a 
dying patient when 
the patient’s needs 
exceed family 
capacity for offering 
care

Table 44.4 Template for goals-of-care discussion

Sequence Rationale
1. Introduction Identity/role of 

participants
2. Ask patient to explain his/
her disease condition and/or 
planned surgery in his/her 
own words

Establish foundation 
of discussion
Establish whether 
patient has decision-
making capacity

3. Ask patient if any 
questions/fears

Provide opportunities 
to address concerns

4. Describe perioperative care 
including in the ICU, if 
expected

Establish range of 
outcomes

5. Establish healthcare proxy Begin advance 
directive, if possible

6. Discuss goals of care Establish patient’s 
expectations/hopes

7. Discuss/document advance 
directive

Preferences regarding 
life support

8. New questions/concerns Provide emotional 
support
Bring session to a 
close
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secondary to a perforated malignancy, surgeons 
must clearly explain that the surgery may help to 
control sepsis but will not cure the cancer.

Once the surgeon has clearly laid out the dis-
ease condition and potential option of surgical 
treatment, asking the patient to explain the 
planned surgery in his or her own words helps to 
confirm understanding. If the patient cannot 
explain the surgery just described, he or she may 
not have decision-making capacity and perhaps 
should not be the person to give consent. If he or 
she can understand risks and benefits of the pro-
posed procedure, this is a great opportunity to 
address questions and speak about fears. As out-
lined above, in emergency general surgery, there 
are frequently undesirable outcomes—stroke, 
myocardial infarction, profound sepsis, multior-
gan failure, prolonged ICU stays, and the need 
for long-term mechanical support are all possi-
bilities and are difficult to discuss.

A useful transition into the next part of the dis-
cussion is to talk about the “what ifs,” as in “what 
if things don’t go well?” The first “what if” to 
establish is who to contact if the patient is unable 
to speak for him- or herself—name a healthcare 
proxy. This person is frequently not the next of 
kin. Sometimes patients fear that their spouse 
would be too emotional to “make the right deci-
sion” and instead ask that an adult child or a sib-
ling be named proxy. Sometimes a patient has 
several adult children and believes that one is 
more suited than the others in assisting with these 
decisions. Many of us as healthcare professionals 
might be named proxy for our parents, siblings, 
and adult children by virtue of our training. 
Asking patients to assign their own healthcare 
proxy allows them to disclose who they think is 
best suited to honor their wishes regarding medi-
cal treatment decisions.

It is important to ensure that this identification 
of healthcare proxy is documented in the medical 
record to prevent any medicolegal issues. If pos-
sible, this person should be notified that he or she 
has been named to this role and should be invited 
to participate in the remainder of the preoperative 
discussion, even in the emergency setting. Family 
conflicts, in the setting of no assigned healthcare 
proxy, prolong decision-making processes related 

to end-of-life care, leading to prolonged suffering 
or suboptimal care for patients. Surrogates who 
have not participated in preoperative discussions 
with the patient are often influenced by their own 
needs and preferences which may be at odds with 
patient-centered preferences [16]. If the patient is 
too ill to name a proxy, the preoperative discus-
sion is with the next of kin. Under these circum-
stances, it is important to remind the surrogate 
decision-makers that they are to consider what the 
patient would have wanted for him- or herself.

Once a healthcare proxy has been identified and 
invited to join the conversation, surgeons need to 
then paint the picture of what the recovery process 
is like. This should include in-hospital postopera-
tive care and expectations beyond the hospital after 
the patients are discharged. When the prognosis is 
not clear, the most helpful approach to establish a 
range of outcomes is by describing the “best-case/
worst-case” scenarios. This range of outcomes 
should be personalized to individual patients, rather 
than simply reporting numbers such as the expected 
in-hospital or 30-day mortality [17]. For example, 
if we revisit the case vignette above, and if the 
patient’s son is favoring an operative intervention 
for her malignant obstruction, the best-case sce-
nario may be a relatively straightforward operation 
to relieve obstruction secondary to a simple adhe-
sive band, and she returns home to her previous 
quality of life within a few days postoperatively. 
The worst-case scenario may be that the operation 
could not be carried out successfully due to diffuse 
peritoneal metastases and a “frozen abdomen,” and 
the patient has prolonged ventilator-dependent 
respiratory failure postoperatively and a large pain-
ful laparotomy wound that is chronically draining 
malignant ascites. By presenting these potential 
outcomes, the surgeons help patients and their fam-
ilies understand the implications of the proposed 
treatment plans.

Additionally, using objective prognostic tools 
may be valuable in certain situations. The ACS 
National Surgical Quality Improvement Program 
(NSQIP) Surgical Risk Calculator, which is read-
ily available online, offers estimated risks of 
postoperative complications based on specific 
patient characteristics along with the type of 
planned procedure and whether it is an emer-
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gency case. For geriatric patients specifically, age 
or comorbidities alone do not predict outcomes; 
frailty has been shown to independently predict 
postoperative complications, length of stay, and 
discharge to facilities in older surgical patients 
[18]. Utilizing these adjunctive tools for prognos-
tication may provide surgeons and patients a 
common ground to establish expected outcomes 
for shared decision-making.

Once both parties agree regarding expecta-
tions, the goals-of-care conversation continues 
with gathering more information regarding their 
preferences for life support and advance direc-
tives. Some patients may opt out of surgery once 
they find out about the expected outcomes. Others 
may elect to have surgery but will ask to enact a 
do-not-resuscitate order and will indicate that if 
they do not recover well, they would not want to 
be kept alive on mechanical support. Hence, it is 
essential to have a GOC discussion preopera-
tively, even in the emergency setting, to ensure 
that patients receive the treatments that are 
aligned with their preferences postoperatively. 
The discussion about advance directives is diffi-
cult—patients have a hard time considering their 
own mortality, and it is especially difficult when 
faced with a surgical emergency. Patients may 
simply state that they are comfortable with a 
named proxy making end-of-life decisions on 
their behalf. No matter what decisions are made, 
this is a good time to provide assurances that the 
patient will be well cared for throughout their 
hospitalization and that these concepts can be 
revisited at any time. Closing the GOC discus-
sion by determining if the patient or surrogate has 
any new questions, concerns, or worries may 
shed additional light on the patient’s wishes, 
goals, and even advance directives; practically 
speaking, addressing new concerns helps ease the 
patient into the next step of his or her care.

 “Heroic Surgery”: To Intervene, or 
Not to Intervene?

The term “heroic” refers to a behavior that is 
excessively bold. There is no better example of 
“heroic surgery” than the controversial repair of 

aortic dissection in Dr. Michael Ellis DeBakey. 
Dr. DeBakey was the pioneer in cardiac surgery 
after whom the standard classification system of 
aortic dissection was named. At the age of 97, on 
December 31, 2005, he self-diagnosed acute aor-
tic dissection after a sudden chest pain. It took 
him 3  days to undergo CT scan which showed 
type II aortic dissection, and yet he refused to be 
admitted to the hospital until almost a month 
after his first symptoms. His dissection had wors-
ened by this time, and he still refused surgery 
repeatedly saying, “I prefer to die.” By the time 
his clinical condition deteriorated, he lost con-
sciousness in early February. The hospital ethics 
committee was convened late at night as Dr. 
DeBakey had previously signed an advance 
directive indicating that a do-not-resuscitate 
order should be in effect, and the anesthesiologist 
refused to put him to sleep. This meeting lasted 
about an hour until Mrs. DeBakey charged in and 
demanded surgery to be done immediately. 
Subsequently, Dr. DeBakey was taken to the 
operating room for a 7-hour-long surgery. He 
became the oldest patient to survive this surgery, 
but not without its consequences. He endured a 
long, painful, and difficult recovery with numer-
ous complications: ventilator-dependent respira-
tory failure for 6 weeks, tracheostomy, dialysis, 
parenteral feedings, and multiple episodes of 
infection. He was later readmitted for another 
4 months. The hospital bill for his care was esti-
mated to be well over a million dollars. A year 
after the surgery, he could walk but was mostly 
limited to a motorized wheelchair. He ultimately 
died of an unspecified cause in 2008, 2 months 
before his 100th birthday.

This story of Dr. DeBakey generates many 
questions about the decision-making process—
surgery was carried out with a lack of respect for 
his wishes and rights. He survived the surgery 
and eventually recovered, albeit painfully. 
Nonetheless, his wish not to undergo surgery was 
not honored, and the stakeholders, his wife and 
his surgeons, chose to operate based on their own 
preferences. The principle of patient autonomy 
was completely disregarded in his case. This 
brings back the question: “To intervene, or not to 
intervene?” The answer always lies in the 
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patient’s wishes. This anecdote highlights why 
the preoperative discussion is so very important.

 Futility

The concept of futility, like the concepts of benef-
icence and non-maleficence, was recognized as 
early as the time of Hippocrates when he himself 
suggested to “refuse to treat those who are over-
mastered by their disease, realizing that in such 
cases medicine is powerless.” Physicians should 
serve in a role to preserve the processes of life but 
should not look to prolong death. There are many 
cases in which death is inevitable, and a surgical 
incision could inflict more pain and more suffer-
ing without saving the patient’s life.

In the modern time when medical care 
advances are continuously made, the natural 
response to a critically ill patient with surgical 
diagnoses is to “do something.” Pursuing heroic 
measures when they are most likely futile is ill-
advised. The term medical futility carries both 
technical and ethical weights. It is defined as “a 
clinical action serving no useful purpose in 
attaining a specified goal for a given patient.” 
[19] Hence, futility is defined by the patients’ 
goal whether it is survival, neurological recovery, 
or returning to independent lifestyle.

 The “Grey Zone”

Many surgeons are comfortable with a complex 
consent process in emergency general surgery 
and with respecting patient autonomy. Still others 
pride themselves on not offering or rendering 
futile care. There are clinical situations where it 
is very difficult to determine if an operative inter-
vention is futile or not—we will call this the 
“grey zone.” Surgeons should consider a time-
limited trial in complicated cases such as this. In 
the “grey zone,” some patients unexpectedly do 
extraordinarily well, while others linger in the 
intensive care unit for months before dying. It is 
important to remember that goals of care can be 
revisited at any time. A surgeon may decide to 
pursue “heroic measures” at the direction of a 

patient, or by the persuasion of a surrogate deci-
sion-maker, or because the surgeon really did not 
understand the breadth of disease. When this 
happens, the outcome may be undesirable and 
not consistent with a quality of life that would 
have been acceptable to the patient. Under these 
circumstances, it is crucial that the physician 
revisits GOC and considers altering the course of 
treatment accordingly.

 End-of-Life Care

Even after we as surgeons determine that further 
aggressive interventions, such as surgery, would 
not promote patients’ quality of life, our role 
does not simply end there. Patients who are near-
ing the end of life with surgical diagnoses still 
benefit from hospice care, and surgeons need to 
take the initiative to help patients and their fami-
lies during this process. For instance, the woman 
in the case vignette is most likely eligible for hos-
pice services either at her home or in a facility. 
Generally, to be eligible for hospice services, she 
must be certified by a physician as terminally ill 
with a prognosis of 6  months or less. It is still 
very important to be reminded that palliative care 
can be offered to patients at any stage of illness, 
whether terminal or not.

For surgical patients who are in their last 
days of life, it is essential for surgeons to first 
recognize that death is imminent and reassess 
the patients’ goals of care to ensure they are 
met. Most experienced surgeons are familiar 
with the signs and symptoms of dying patients, 
as well as symptom management, such as pain. 
Yet, the more difficult and time-consuming 
aspect of end-of-life care is providing the psy-
chological support to the family during this 
process; this can be achieved by being available 
for multiple goals-of-care discussions and 
ensuring that both patients and families under-
stand the treatment plans. When the time comes 
to discuss withdrawal of life-sustaining treat-
ments in the intensive care unit, it is critical to 
have GOC discussions as families often become 
frustrated if they feel that suffering is pro-
longed. It is often helpful to involve the patient’s 
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primary nurse, social worker, and counselors 
for family support/bereavement, if available, 
during these meetings to facilitate the discus-
sion. Issues that need to be addressed during 
these meetings are withdrawal or withholding 
of ventilator support, artificial hydration and 
feeding, blood products, and vasopressive/ino-
tropic agents. Detailed documentation of the 
decisions and a do-not-resuscitate (DNR) order 
must be written in the medical record, and thor-
ough discussion with the staff caring for the 
patient regarding the plan must be carried out. 
If available, bereavement support from reli-
gious leaders, counselors, or social workers 
should be offered to the family.

 New Paradigm

It is difficult for surgeons to recommend no sur-
gery to patients and their families. Frequently, 
having a conversation about operative or non-
operative options with patients and families is 
more time-consuming and painstaking than sim-
ply obtaining the signed surgical consent. 
Furthermore, surgeons rarely are reimbursed, or 
almost always underpaid, for the time spent on 
GOC discussions, while their time will certainly 
be compensated much more for operating. 
Consequently, surgeons often turn to the tradi-
tional paradigm of “patriarchal” approach to 
make decisions on what they believe to be the 
best on behalf of the patients, instead of asking 
for patients’ values and preferences.

Times are changing. Recently, at the 76th 
Annual Meeting of American Association for 
the Surgery of Trauma (AAST) and Clinical 
Congress of Acute Care Surgery, Dr. Ronald 
Maier presented the Fitts Lecture named 
“Patients are First,” calling to incorporate pal-
liative care in trauma, emergency general sur-
gery, and surgical critical care (Fig. 44.1). He 
emphasized that the surgeons’ traditional prac-
tice using the Golden Rule “Do unto others as 
you would have them do unto you” reflects 
only surgeons’ perspective and as such does 
not necessarily lead to decision-making that is 
aligned with the patients’ wishes. He then pro-

posed a new paradigm of the Platinum Rule: 
“Treat the patients the way they want to be 
treated.” This paradigm brings the focus onto 
the patients and their autonomy as this is one of 
the central principles in medical ethics and 
acute care surgery.

 Conclusion
Caring for patients in emergency general 
surgical setting is challenging and requires 
not only operative skills but excellent com-
munication skills. Honoring patient auton-
omy is of the foremost importance in surgical 
palliative care and is now also considered 
preeminent in acute care surgery. As such, 
surgeons caring for ill patients and consider-
ing emergency surgical procedures must 
assess patients’ goals and preferences 
through structured goals-of-care discussions 
with patients and/or surrogate decision-mak-
ers. Together, via a process of shared deci-
sion-making, clinicians along with patients 
and families will develop treatment plans 
that are concordant with patient goals. Time 
spent in developing these treatment plans 
leads to improved patient and family satis-
faction, decreased healthcare costs, and less 
patient suffering.

Trauma
surgery

Surgical
intensive

care

Surgical
palliative

care

Emergency
general
surgery

Acute
care

surgery

Fig. 44.1 Service components provided by acute care 
surgeons [20]
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A
Abdominal closure, 426

definitive, 427–428
temporary, 425–427

Abdominal compartment syndrome (ACS), 419–420
acute pancreatitis, 182
definition, 420
definitive abdominal closure, 427–428
diagnosis, 422–423
management, 423–425
pathophysiology, 420–422
temporary abdominal closure, 425–427

Abdominal distension, 442
Abdominal fundoplications, 70
Abdominal pain, 452

bariatric surgery, 445–446
computed tomography, 27–28

Abdominal ultrasound, 35
Abdominal wall hernias, cirrhosis, 501
Abdominal X-ray (AXR), 167

Ogilvie’s syndrome, 327, 329
sigmoid volvulus, 335

Abscess, see specific abscesses
ABThera VAC, 426
ACCUTE trial, 436
Acellular dermal matrices, 427
Acquired immunodeficiency syndrome (AIDS), 481–482
Acquired umbilical hernias, 388
ACS, see Abdominal compartment syndrome (ACS)
ACS National Surgical Quality  

Improvement Program (NSQIP)  
Surgical Risk Calculator, 510

Acute abdominal pain
cardiac examination, 15
character, 14
differential diagnosis, 13, 19–22
elderly patients, 24
endoscopic images, 23
history, 13–15
imaging studies, 16–19
immunocompromised patient, 25
inguinal canal, 15
laboratory studies, 16
location, 13

management considerations, 22–24
medical causes for, 14
nonsurgical causes of, 14
onset, 13
physical exam, 15–16
pregnant patient, 25
quality, 14
radiation, 14
special populations, 24–25
symptoms, 14
systematic physical exam, 15

Acute acalculous cholecystitis, 122
Acute appendicitis, 452, 472–474

acute perforated appendicitis, 259
Alvarado score, 258
appendectomy timing, 262
diagnosis, 257
dilated appendix, 258
during pregnancy, 262–263
imaging modalities, 260
incidental appendectomy, 263
inflamed appendix, 261
interval appendectomy, 263
large fecalith, 259
nonoperative management

for complicated appendicitis, 261
for uncomplicated appendicitis, 260

operative management, 261–262
perforated appendicitis, 261
postoperative antibiotic treatment, 262

Acute bleeding
antibiotics/prokinetics, 80–81
balloon tamponade, 81
devascularization, 84
diagnosis, 77–79
endoscopic management, 82
initial management, 80
management, 79–80
nonselective shunts, 83
percutaneous management, 82–83
pharmacologic agents, 80
recurrent bleeding, 84–85
selective shunts, 83
shunts, 83–84
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Acute bowel injury, 420
Acute calculous cholecystitis, 121
Acute care surgery, 513
Acute cholangitis, 151

antibiotic therapy, 157–158
biliary Fogarty, 160
cholangiography, 154–155
clinical presentation, 152
computed tomography, 153
diagnostic criteria, 155
ERCP, 154, 158
magnetic resonance imaging, 153–154
medical management, 156
microbiology, 155–156
minimally invasive surgery, 159–161
outcomes, 161–162
parasites, 156
pathophysiology, 151–152
percutaneous transhepatic biliary drainage, 158–159
post intervention care, 161
sepsis, 156–157
severity grading, 155
special populations, 156
ultrasound, 152–153

Acute cholecystitis, 23, 452–453, 488
bailout maneuvers, 130
cholecystostomy, 132
clinical presentation, 122
computed tomography, 124
diagnosis, 125–126
differential diagnosis, 122–123
emphysematous cholecystitis, 125
endoscopic therapy, 133
gallbladder wall thickening, 124
gangrenous cholecystitis, 125
initial management, 126
intraoperative cholangiography, 129
intraoperative complications, 130–132
laboratory studies and imaging, 123–124
laparoscopic cholecystectomy, 127–128
medical management, 132
multi-specialty management protocols, 133
open cholecystectomy, 129–130
pathogenesis, 121–122
peri-cholecystic abscess, 125
postoperative complications, 130–132
postoperative management, 133
primary pathophysiologic mechanism, 122
severity of disease, 125–126
subtotal fenestrating/reconstituting cholecystectomy, 

131
timing of, 126–127
Tokyo Guidelines, 125
ultrasound, 123

Acute colonic pseudo-obstruction, see Ogilvie’s 
syndrome

Acute diverticulitis, 453
Acute empyema, 368–370
Acute intestinal ischemia, 215–216
Acute mesenteric ischemia (AMI), 31, 32, 453–454

angiography, 250
arterial embolization, 247–248
arterial thrombosis, 248
CT/CTA, 250
diagnosis, 249–251
duplex ultrasound, 250
embolism, 252
epidemiology, 247
etiology, 247
imaging, 249
laboratory findings, 249
mesenteric venous thrombosis, 249
nonocclusive mesenteric ischemia, 248–249
presentation, 249
thrombotic disease, 252–253
treatment, 251–254
venous thrombosis, 253–254

Acute pancreatitis
abdominal compartment syndrome, 182
antibiotics, 180–181
Atlanta classification of 2012, 177
cholecystectomy, 181
diagnosis, 176
endoscopic debridement, 184
endoscopic retrograde cholangiopancreatography, 181
etiology, 175–176
flank incision, 185, 186
fluid collections, 181–182
fluid resuscitation, 180
goal-directed resuscitation end points, 180
hemorrhage, 183
infection, 181
interventions for infected necrosis, 183
management, 179–180
minimally invasive necrosectomy, 184–186
modified Marshall scoring system, 177
necrotic parenchyma, 186
nutrition, 180
open debridement, 186
pancreatic and peripancreatic fluid collections, 182
percutaneous catheter drainage, 184
pseudocyst, 182
severity classification, 176–177
severity prognostication scoring systems, 178–179
sterile processes, 183
walled-off necrosis, 181, 182

Acute respiratory distress syndrome (ARDS), 421, 424
Adhesive small bowel obstruction, 201
Adjunct management, necrotizing soft tissue  

infections, 435
Adjustable gastric band

laparoscopic, 440, 441, 445
overtightened, 445

Advance care planning, 459
Adverse drug reactions (ADRs), 51
Aeromonas infection, 434, 436
Aging, multiple comorbidities, 451–452
American Association for the Surgery of Trauma 

(AAST), 1, 2, 28
American College of Chest Physicians, 470
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American College of Emergency Physicians, 445
American College of Gastroenterology (ACG), 306
American College of Surgeons (ACS), 506
American College of Surgeons National Surgical Quality 

Improvement Program (NSQIP), 486
American College of Surgeons Task Force on 

Surgical Palliative Care and the Committee 
on Ethics, 507

American Society for Gastrointestinal Endoscopy 
(ASGE) management algorithm, 36

American Society for Metabolic  
and Bariatric Surgery, 445

American Society of Anesthesiologists  
(ASA), 460, 471

American Society of Colon and Rectal Surgeons, 352
AMI, see Acute mesenteric ischemia (AMI)
Amikacin, 49
Aminoglycosides, 49
Aminopenicillins, 46
Amoebic abscess, 189–190
Ampicillin, 46
Amylase, 16, 123
Anal glands, 340
Anastomotic leak

after gastric bypass, 441
Roux-en-Y gastric bypass, 448–449

Anemia, 113, 470
Angiodysplasia, 304, 306
Angiography

ischemic colitis, 316
small bowel gastrointestinal bleeding, 241

Annual Meeting of American Association for the Surgery 
of Trauma (AAST), 513

Anorectal disease, 305
Anoscopy, 305, 352
Antibacterial agents, 44
Antibiotic prophylaxis, 458
Antibiotic therapy

acute appendicitis, 262
acute cholangitis, 157–158
antibacterial agents, 44–50
approach, 50–51
bacterial resistance, 52–54
beta-lactam antibiotics, 45, 46
detected pathogens, 43
diagnostic test characteristics, 43
duration, 395
half-life, 43
internal guidelines, 42
morbidity and mortality, 42
non-beta-lactam antibiotics, 47–50
pharmacodynamics, 44
principles of, 43–44

Antibiotics, 80–81
acute pancreatitis, 180–181
in choledocholithiasis, 141
necrotizing soft tissue infections, 434–435
toxicity, 51–52

Antidiuretic hormone (ADH), 500
Antipseudomonal carbapenems, 46

Antiretroviral therapy, 482
Antrectomy, 94
Aortoenteric fistula, 95–96
Appendectomy, 262, 473
Appendicitis, 20, 23, 32, 472–474, 484

diabetic patients, 488
elderly, 452

Ascending cholangitis, 146
Ascites, 499, 501
Aspiration, pneumothorax, 361
Athletes, ischemic colitis, 314–315
Atracurium, 500
Avibactam, 46
AXR, see Abdominal X-ray (AXR)
Azithromycin, 49
Aztreonam, 46

B
Bailout maneuvers, 130
Balloon tamponade, 81
Bariatric Examination, Assessment,  

and Management in the Emergency 
Department (BEAM-ED), 446

Bariatric surgery, 439
abdominal pain, 445–446
complication

LAGB, 445
management, 446–450
Roux-en-Y gastric bypass, 440–444
sleeve gastrectomy, 445

procedures, 439–440
Beta-lactam allergy, 51
Beta-lactam antibiotics, 44–46
Bilateral tube thoracostomy, 71
Bile duct carcinomas, 147–148
Bile stasis, 122
Biliary strictures, 146–147
Biliary tract disease, 474–475

diabetic patients, 488
prevalence, 483

Biliopancreatic limb, 440
Bilirubin, 138
Billroth reconstruction options, 105
Biologic meshes, 393, 394
Bladder pressure, 423
Bleeding, 498

See also specific bleeding
Bleeding disorders, ischemic colitis, 314
Bleeding gastric ulcer, 93
Blood urea nitrogen (BUN), 16, 90
Bogota bag, 425
Borchardt’s triad, 398
Bouveret’s syndrome, 113
Bowel intussusception, 443, 444
Bowel obstruction, 388, 475
Broad-spectrum coverage, 434
Bronchopleural fistula (BPF), 372–374
Budd-Chiari syndrome, 77
Burn injury, immune compromise, 487
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C
Calcineurin inhibitors, 483
Cameron lesions, 96
Canadian study of health and aging (CHSA), 455
Cancer, 485–487
Carbapenems, 46, 434
Cardiac complication, elderly, 458
Cardiac index (CI), 421
Cardiovascular system, pregnancy, 468
Carpal tunnel, 413, 414
CBD exploration (CBDE), 143–145
CDI, see Clostridium difficile infection (CDI)
Cecal bascule, 334, 337
Cecal volvulus, 33–34, 333, 334, 336–337
Cefazolin, 46
Cefepime, 46
Cefoxitin, 46
Ceftaroline, 46
Ceftazidime, 46
Ceftolozane, 46
Ceftriaxone, 46, 157
Cefuroxime, 46
Cellulitis, 37
Centers for Disease Control and Prevention (CDC), 394
Cervical esophageal perforation, 61, 64–66, 71
Chemotherapeutic agents, 486
Chest pain, pneumothorax, 358
Chest radiograph, pneumothorax, 359–362
Chest roentgenogram (CXR), 88
Chest tube placement, 369
Chest X-ray, paraesophageal hernia, 399
Child-Turcotte-Pugh (CTP) score, 497
Cholangiography, acute cholangitis, 154–155
Cholangitis, 35–36
Cholecystectomy, 483

acute pancreatitis, 181
cirrhosis, 502
timing of, 145

Cholecystitis, 35, 452–453, 488
Cholecystostomy, 132

decompression by, 453
tube placement, 23

Choledocholithiasis, 19, 35–36
antibiotics for, 141
ascending cholangitis, 146
bile duct carcinomas, 147
biliary strictures, 146–147
CBD exploration, 143–145
confirmatory testing, 139
diagnosis, 138
endoscopic retrograde cholangiopancreatography, 

141–142
endoscopic ultrasonography, 140
epidemiology, 137
gallstone pancreatitis, 146
hepatic abscesses, 147
imaging, 139–141
intraductal ultrasonography, 140
intrahepatic stones, 147
intraoperative cholangiogram, 140
laboratory values, 138–139

magnetic resonance cholangiopancreatography, 139
pathophysiology, 137–138
percutaneous transhepatic  

cholangiography, 140, 142
physical examination, 138
portal hypertension, 147
recurrent pyogenic cholangitis, 147
secondary biliary cirrhosis, 147
stone retrieval, 141
transabdominal ultrasound, 139

Choledochoscope, 129
Choledochotomy, 159–160
Cholelithiasis, 474
Chronic anal stenosis, with colon obstruction, 356
Chronic empyema, 370–372
Chronic liver disease, 313, 496
Chronic mesenteric ischemia (CMI)

diagnosis, 255
epidemiology, 254
etiology, 254
imaging, 255
laboratory test, 255
presentation, 255
treatment, 255

Chronic renal failure, 313
Ciprofloxacin, 48, 157
Cirrhosis, 495

abdominal wall hernias, 501
cholecystectomy, 502
compensated, 496
decompensated, 496, 497, 499
epidemiology, 495
evaluation, 496
gastrointestinal tract, 502
pain management, 500–501
pathophysiology, 495–496
perioperative optimization, 497–498

anesthetic considerations, 500
ascites, 499
coagulopathy and thrombocytopenia, 498–499
esophageal varices, 500
fluid and electrolyte balance, 499–500
nutrition, 498

risk assessment, 496–497
scoring system, 496–497

Cisatracurium, 500
Clagett procedure, 372, 373
Clamp-and-tie technique, 336
Clindamycin, 48, 434
Clinical Congress of Acute Care Surgery, 513
Closed hemorrhoidectomy, 355
Clostridium difficile infection (CDI), 432, 435, 481

initial management, 278
initial presentation and evaluation, 277–278
loop ileostomy and colonic lavage, 279–280
mild to moderate disease, 278–279
postoperative management, 280
prevention, 280–281
protocol for treatment, 280
severe/complicated disease, 279
subtotal colectomy, 279
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CMI, see Chronic mesenteric ischemia (CMI)
Coagulation tests, 498
Coagulopathy, 24

cirrhosis, 498–499
lower gastrointestinal bleeding, 308

Cocaine, ischemic colitis, 315
Colistin, 49
Colon obstruction, chronic anal stenosis, 356
Colon resection, 337
Colonic obstruction, 170
Colonic perfusion, 311
Colonic volvulus, 333
Colonoscopy, 22

acute diverticulitis, 453
decompression, 337
ischemic colitis, 316–319
lower gastrointestinal bleeding, 306
Ogilvie’s syndrome, 329–330
with endoscopic ligation, 356

Colorectal surgery, 502
Colostomy, sigmoid volvulus, 336
Combined Urology and Plastics Index (CUPI), 434
Committee on Surgical Palliative Care (CSPC), 506
Common bile duct (CBD), 139, 151
Community-acquired pneumonia, 368, 371
Compartment syndrome (CS), 419, 485

abdominal (see Abdominal compartment syndrome 
(ACS))

aftercare, 414
complications, 414
development, 405
diagnosis, 406–407
epidemiology, 405–406
forearm and hand, 413–414
lower leg

fasciotomy, 407–408
lateral incision, 408–409
medical incision, 408–411

pathophysiology, 405–406, 419
thigh, 410–413
treatment, 407

Compensated cirrhosis, 496
Computed tomographic angiography (CTA), 29, 98

lower gastrointestinal bleeding, 306–308
Computed tomographic enterography (CTE), 240
Computed tomography (CT)

of abdomen, 17
abdomen and pelvis, 447
abdominal pain, 27–28
acute cholangitis, 153
acute diverticulitis, 453
acute mesenteric ischemia, 454
advantage, 441
appendicitis, 473
bronchopleural fistula, 372
cecal volvulus, 337
empyema, 368
Fournier’s gangrene, 346
gallstone ileus, 168
gastric outlet obstruction, 30
gastric volvulus, 399

immune compromise, 480
incarcerated umbilical hernia, 389
ischemic colitis, 316
necrotizing soft tissue infections, 433
Ogilvie’s syndrome, 327–328
organoaxial gastric volvulus, 30
peri-rectal abscess, 342, 343
pleurodesis, 363
pneumothorax, 360
sigmoid volvulus, 335
small bowel obstruction, 202–203
small bowel perforation, 214
solid organ transplantation, 484
ventral hernias, 388–389

Concordant symptoms, 446
Constipation, ischemic colitis, 314
Conventional angiography, 32
Corticosteroids, immune compromise, 487
Creatinine, 16
Critically ill patients, ischemic colitis, 318
Crohn’s disease (CD), 202, 304, 485

abscess formation, 228
bowel obstruction, 228
complications, 229
diagnosis and treatment, 237
epidemiology, 236–237
initial management, 228
medical management, 228
operative indications, 228
preoperative patient counseling, 228
rectal bleeding, 228
small bowel perforation, 215
surgical strategies, 229

CS, see Compartment syndrome (CS)
Csendes procedure, 105
CT, see Computed tomography (CT)
CT severity index (CTSI) score, 36
CTP score, see Child-Turcotte-Pugh (CTP) score
Curved hemostat, 390
Cytokines, pro-inflammatory, 489

D
Dalfopristin, 48
Daptomycin, 48
Decision-making capacity, palliative care, 507–508
Decompensated cirrhosis, 496, 497, 499
Decompression, 421

colonoscopy, 337
large bowel obstruction, 290–291
tube cholecystostomy, 453
See also Endoscopic decompression

Decortication, 69, 370
Deep posterior anal space (DPAS), 340, 341
Deep posterior compartment (DPC), 410, 412
Deep vein thrombosis (DVT), 24, 227, 308, 470
Definitive abdominal closure, 427–428
Delayed gastric emptying (DGE), 118
Delirium, 456–457
Denver group, 426
Desflurane, 500
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Detrimental effects
of hyperglycemia, 488
of radiation exposure, 466

Devascularization, 84
Diabetes, immune compromise, 487–489
Diarrhea, 353
Dieulafoy’s lesions, 95, 238
Direct oral anticoagulant (DOAC), 91
Discharge disposition, 460
Disease-specific consideration, 481

burn injury, 487
corticosteroid use, 487
diabetes, 487–489
end-stage renal disease, 489
HIV/AIDS, 481–482
neutropenia, 485–487
solid organ transplantation, 482–485

Diversion, 70–71
Diverticular bleeding, 306
Diverticulitis, 21, 32–33

colonic diverticula, 267
colovesical fistula, 269
complicated diverticulitis, 270–274
DILALA trial, 274
elderly, 453
on endoscopy, 267
Hartmann’s procedure, 273
Hinchey classification, 270
initial presentation and work-up, 268–269
microperforated, 270
pericolic diverticular abscess, 272
physical examination, 269
prevalence of, 267
rectal stump, 273
treatment, 268, 269
uncomplicated diverticulitis, 269–270

Diverticulosis, 304
Do-not-resuscitate (DNR) order, 460, 506, 513
Doppler ultrasound, immune compromise, 480
Doripenem, 46
Dorsal incision, 414
Double-balloon enteroscopy (DBE), 241–242, 309
Doxycycline, 49
Drainage method

horseshoe abscesses, 345
peri-rectal abscess, 343–345

Duodenal ulcers, 94–95, 105
Duodenitis, 94
Duodenum imaging, 29

E
EAS, see External anal sphincter
Elderly

assessment tools, 455
emergency general surgery, 451

acute appendicitis, 452
acute cholecystitis, 452–453
acute diverticulitis, 453
acute mesenteric ischemia, 453–454

discharge disposition and readmission, 460
failure to rescue, 459
goals of care, 459
perforated peptic ulcer, 454
perioperative care, 455–456
postoperative complication, 456–459
withdrawal of care, 460

growing population, 451
Elective repair, 400
Electrocautery, 370
Electrolyte disturbances, 16
Eloesser flap, 373
Emergence delirium (ED), 457
Emergency general surgery (EGS)

AAST anatomic grading system for, 2
anatomic severity of, 2
burden of disease, 2–3
common diseases, 2
costs, 7–8
data sources and, 8
definition, 1
demographics, 6
elderly, 451

acute appendicitis, 452
acute cholecystitis, 452–453
acute diverticulitis, 453
acute mesenteric ischemia, 453–454
discharge disposition and readmission, 460
failure to rescue, 459
goals of care, 459
perforated peptic ulcer, 454
perioperative care, 455–456
postoperative complication, 456–459
withdrawal of care, 460

immune compromise, 479
decision for surgery, 480–481
disease-specific consideration, 481–489
evaluation, 479–480

loss of independence, 6–7
morbidity/mortality, 6–7
operative rates for, 4–6
outcomes, 6–7
palliative care, 506–507
readmissions, 6–7
regionalization, 8
reoperations, 6–7
risk assessments, 6
volume, 3–5
years of life lost, 6–7

Emergency general surgery frailty index (EGSFI), 456
Emphysema, 432
Emphysematous cholecystitis, 125
Empyema, 367

diagnosis, 368
etiology, 367–368
management, 368–372
pediatric considerations, 374
stages of, 368
symptoms, 367
traumatic, 374
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Endoanal ultrasound, peri-rectal abscess, 343
Endocrine system, pregnancy, 471
End-of-life care, 512–513
End-organ dysfunction, 390
Endoscopic debridement, 184
Endoscopic decompression

Ogilvie’s syndrome, 329–330
sigmoid volvulus, 335, 336

Endoscopic detorsion, 335, 336
Endoscopic gallbladder drainage  

(EGBD), 133
Endoscopic retrograde cholangiopancreatography 

(ERCP), 22, 132, 141–142
acute cholangitis, 158
acute pancreatitis, 181

Endoscopic ultrasound (EUS), 115
Endoscopic variceal band ligation (EVL), 82, 84
Endoscopy, 170–171

cirrhosis, 500
gastric volvulus, 401
hemorrhoids, 352–353
ischemic colitis, 316–318
non-variceal UGIB, 92–93
ulcers at, 92
upper gastrointestinal bleeding, 91
for variceal bleeding, 96

End-stage renal disease, 313, 489
Entamoeba dispar, 190
Enteroclysis, 206
Enterolithotomy, 168, 169
Enteroscopy

occult GI bleeding, 309
small bowel gastrointestinal bleeding, 241–242

Epigastric hernias, 387
Ertapenem, 46
Erythromycin, 49, 81
Esophageal perforation

cervical incision, 64, 65
cervical perforation, 62, 64–66
chest radiography, 58
computed tomography, 58
delineation, 66
diagnosis, 58–59
diagnostic algorithm, 59
diversion, 70–71
due to non-iatrogenic trauma, 58
endoscopic assessment, 58
endoscopic therapy, 60–61
esophagectomy, 71
etiologies of, 57–58
evidence-based algorithm, 57
false-negative rate, 58
historical treatment, 59–60
iatrogenic perforation, 57
incisions for, 67
intra-abdominal perforation, 69–70
intrathoracic perforation, 70
mortality of, 57
nonsurgical treatment, 57
optimal management, 57

repair of intrathoracic perforation, 66–69
right thoracotomy, 68
spontaneous perforation, 58
stents, 60–61
thoracic perforation, 64
treatment algorithm, 61–64

Esophageal rupture, 81
Esophageal varices, 75, 500
Esophagectomy, 63, 71
Esophagitis, 94
Esophagogastroduodenoscopy (EGD), 22, 29, 93
Esophagus

abdominal exposure, 69
anatomic proximity, 57
cervical, 64, 71
CT swallow, 58
distal, 58
mega-esophagus, 63
muscular wall, 65
Penrose drain, 68
thoracic, 67

Extended-spectrum penicillins, 46
External anal sphincter (EAS), 339
External hemorrhoid

non-thrombosed, 354
thrombosed, 353–354
See also Hemorrhoids

Extrapleural pneumonectomy, 371

F
Failure to rescue (FTR), 459
False-positive rates, 19
Fascial closure, 427
Fasciotomy

incidence, 406
lower leg, 407–408

Favier endoscopic classification, 318
Femoral hernias, 378, 384
Fetal monitoring, 465, 466
Fetal perfusion, 468
Fibrinolytics, 369
Fibrinopurulent stage, 368
Fistula closure, 168–169
Fistula-in-ano, 343–345
Fluid and electrolyte balance, 499–500
Fluid management, 471
Fluid radiodensity, 28
Fluoroquinolones, 48
Foley catheter insertion, 24
Forearm, compartment syndrome, 413–414
Foreign body (FB), 22, 203, 439
Forrest Classification, 92
Fournier’s gangrene, 345–346, 432, 436, 488
Frailty

assessment, 455–456
discharge disposition, 460
phenotypic model, 455

Fungal infection, 432
Futility, 512
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Gadolinium contrast, 467
Gallbladder

physiology, 474
pathology, 19
solid organ transplantation, 482, 483

Gallstone ileus, 19, 121, 203, 488
abdominal X-ray, 167
biliary-enteric fistula, 166
colonic obstruction, 170
computed tomography, 168
endoscopic therapy, 170–171
enterolithotomy, 168
epidemiology, 165–166
fistula closure, 168–169
laparoscopic intervention, 170
management, 453
perioperative complications, 171
recommendations, 171
recurrence, 169
signs and symptoms, 166–167
ultrasound, 167–168

Gallstone pancreatitis (GSP), 146
Gangrenous cholecystitis, 125
Gastric bypass

anastomotic leaks after, 441
gastric remnant/biliopancreatic limbs after, 442
Roux-en-Y, 440–444

Gastric outlet obstruction (GOO), 30, 111
alternative surgical options, 118–119
clinical manifestations, 112–113
computed tomography, 114
endoscopic evaluation, 114–115
etiology, 111–112
evaluation, 114
gastric emptying procedures, 116
incidence, 111
laboratory studies, 113
management

benign causes, 115–117
malignant causes, 117–118

paired acid reduction, 116
radiologic studies, 113–114
surgical therapy, 115

Gastric ulcer, bleeding, 94
Gastric variceal hemorrhage, 77
Gastric volvulus, 29–30

clinical presentation and diagnosis, 398–400
endoscopic therapy, 401
recurrence, 402
surgical therapy, 401–402

Gastritis, 94
Gastrocnemius (G) muscles, 407, 409–413
Gastroduodenal artery (GDA), 93, 99
Gastroduodenal peptic ulcers, 91
Gastroduodenal perforation, 29

diagnosis, 104–107
epidemiology, 104
gastric resection/reconstruction options, 105
laparoscopic repair, 107

management, 104–107
nonoperative management, 107
pathophysiology, 103–104
triple tube therapy, 106

Gastroduodenal ulcer disease, 502
Gastroesophageal reflux (GERD), 398
Gastrografin, 58
Gastrointestinal (GI) bleeding

hemorrhage, 75
lower (see Lower gastrointestinal bleeding (LGIB))
occult, 303, 309
perforations, 484

Gastrointestinal stromal tumors (GISTs), 235
Gastrointestinal system, pregnancy, 469–470
Gastrojejunostomy, 116, 440, 441, 444, 448, 449
Gentamicin, 49
Geriatric rescue after surgery (GRAS) score, 459
Geriatrician consultation, 456
Glycemic control, 488, 489
Glycopeptides, 48
Glycylcycline, 50
Goal-concordant treatment option, 508, 509
Goals-of-care (GOC), 508–511

communications, 506
elderly, 459
template, 509

GOO, see Gastric outlet obstruction (GOO)
Graded-compression technique, 17
Grades I–III internal hemorrhoid, 350–352
Grades I–IV internal hemorrhoid, 351
Graft-versus-host disease, 485
Graham patch, 448
Gram-negative resistance, 52–54
Gram-positive agents, 48
Gram-positive resistance, 52
Grey zone, 512
Griffith’s point, 312
Group A Streptococcus, 432

H
Hand, compartment syndrome, 413–414
Harmonic hemorrhoidectomy, 355
Hartmann’s procedure, 336
Hasson technique, 395
Heavyweight meshes, 392
Heimlich valve, 361, 362
Heineke-Mikulicz pyloroplasty, 93
Helicobacter pylori (H. pylori), 103, 454
Hematochezia, 303, 304
Hematologic system, pregnancy, 467–468, 470
Hemicolectomy, 337
Hemobilia, 95
Hemorrhage, acute pancreatitis, 183
Hemorrhoidectomy

closed, 355
harmonic, 355
open, 355

Hemorrhoids, 349
anatomy, 349–350
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classification, 350
complications, 356
diagnosis, 352
endoscopy, 352–353
epidemiology, 350
imaging, 352
initial evaluation, 352–353
laboratory testing, 352
nonoperative treatment, 353
operative treatment, 353–355
pathophysiology, 350
symptoms, 350–352
See also specific hemorrhoids

Hemosuccus pancreaticus, 95
Hepatic abscesses (HA), 147, 189

amoebic abscess, 189–190
diagnosis, 192–193
laparoscopic surgery, 196
open surgical drainage procedures, 196
percutaneous drainage, 194–195
presentation, 192–193
pyogenic abscess, 190–191
signs and symptoms, 192
surgical, 195
treatment options for, 193–194

Hepatic encephalopathy, 76, 81, 83, 498
Hepatic vein thrombosis, 77
Hepatobiliary scintigraphy (HIDA), 123
Hepatobiliary system, 35–37
Hernia, 15, 30, 201
Heroic surgery, 511–512
Hiatal hernias, 397

classification, 397–398
clinical presentation and diagnosis, 398
etiology, 397
management, 400–402
postoperative management, 402
preoperative considerations and resuscitation, 401

High-dose proton pump inhibitors (PPI), 88
Highly active antiretroviral therapy (HAART), 481
Highly selective vagotomy, 116
Hormonal therapy, 314
Horseshoe abscesses, 340, 345
Hospital gangrene, 431
Hospital-acquired pneumonia, 371
Hounsfield units (HU), 28
“H”-shaped incision, 408
Huber™ needle, 447
Human immunodeficiency virus (HIV), 481–482
Hyperbaric oxygen therapy, 435
Hypercoagulability, 470
Hyperemesis, 113
Hyperglycemia, detrimental effects, 488
Hypervolemic hyponatremia, 500
Hypoalbuminemia, 498
Hypokalemia, 398
Hyponatremia, 499, 500
Hypoperfusion, 313
Hypotensive resuscitation, 89
Hypovolemic hyponatremia, 500

I
IAS, see Internal anal sphincter
Iatrogenic injury, 390
IC, see Ischemic colitis (IC)
Idiopathic hypertrophic pyloric stenosis (IHPS), 112
IH, see Inguinal hernia (IH)
Iliopubic tract repair, 382, 383
IMA, see Inferior mesenteric artery (IMA)
Imaging

hemorrhoids, 352
necrotizing soft tissue infections, 433
Ogilvie’s syndrome, 327–328
peri-rectal abscess, 342–343
pneumothorax, 359–360
pregnancy, 466–467

Imipenem, 46, 157
Immunocompromised patient, 25

causes of, 479
decision for surgery, 480–481
disease-specific consideration, 481

burn injury, 487
corticosteroid use, 487
diabetes, 487–489
end-stage renal disease, 489
HIV/AIDS, 481–482
neutropenia, 485–487
solid organ transplantation, 482–485

evaluation, 479–480
Immunosuppressive agents, 480, 483
Incarcerated hernia, 390
Incarcerated inguinal hernia, 377–378

case of, 384
diagnosis, 380–381
morbidity and mortality, 382–384
nonoperative treatment, 381
operative treatment, 381–382
risk stratification, 380

Incarcerated umbilical hernia, 389–391
Incarcerated ventral hernia, 390–392, 395
Incentive spirometry, pneumothorax, 361
Incidental appendectomy, 263
Incisional hernias, 388
Infection

abdomen, 24
diagnosis of, 42–43
emergency general surgery, 51

Infectious Disease Society of America (IDSA), 434
Infectious-related mortality, 41
Inferior mesenteric artery (IMA), 303, 311–312, 314
Inflammatory bowel disease (IBD), 304, 344

Crohn’s disease, 228–229
small bowel perforation, 215
ulcerative colitis, 224–228

Infrared coagulation, 354
Inguinal canal, examination, 15
Inguinal hernia (IH), 501
Intensive care unit, necrotizing soft tissue infections, 436
Intermuscular septum, 410
Intern’s nerve, 410
Internal anal sphincter (IAS), 339
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Internal hemorrhoid
office-based procedures, 354
operative treatment, 355
symptoms, 350–352
thrombosed, 354

Internal hernia, 202, 443, 447, 448
International Classification of Diseases (ICD 9) 

diagnostic codes, 1
Interval appendectomy, 263
Interventional radiology, 33
Intestinal ischemia, 22
Intestinal obstruction, 380–382, 384
Intra-abdominal esophageal perforation, 69–70
Intra-abdominal hypertension  

(IAH), 314, 419–423, 425
Intra-abdominal perforation, 61
Intra-abdominal pressure (IAP), 420–423, 425, 501
Intracranial pressures (ICP), 422
Intractable vomiting, 398
Intrahepatic pathology, 190
Intrahepatic stones, 147
Intraluminal bleeding, 444
Intraoperative cholangiography (IOC), 127–129
Intraoperative enteroscopy (IOE), 241–242
Intrathoracic esophageal perforation, 66–70
Intravenous contrast, Ogilvie’s syndrome, 327
Intravenous immunoglobulin (IVIG), 435
Intussusception, 22, 202–203
Iodinated IV contrast, 18
Ischemic bowel, 475
Ischemic colitis (IC), 34, 304, 311

anatomy, 311–313
angiography, 316
bleeding disorders, 314
computerized tomography, 316
critically ill patients, 318
diagnosis, 315
endoscopy, 316–318
epidemiology, 313
history, 311
incidence for, 313
nonoperative management, 318
outcomes, 319
pathophysiology, 313–315
plain radiography, 315–316
postsurgical patients, 314
prescription medications, 313–314
risk factor, 313–315
sonography, 316
surgical management, 318–319
young Japanese patients, 314–315

J
Jejunojejunostomy, 441–444, 448, 449

K
Kelly hemostat, 390
Klebsiella pneumonia, 191

L
Laboratory Risk Indicator for Necrotizing Fasciitis 

(LRINEC), 433, 434
Laparoscopic adjustable gastric banding (LAGB), 440, 

441, 445
Laparoscopic appendectomy, 452
Laparoscopic cholecystectomy, 127–128, 475, 502
Laparoscopy

of abdomen, 23–25
abdominal compartment syndrome, 423
appendicitis, 473
gallstone ileus, 170
hepatic abscesses, 196
incarcerated inguinal hernia, 381–382
ischemic colitis, 319
pregnancy, 474
repair, 395
sigmoid volvulus, 336

Laparotomy, abdomen, 23, 24
Large bowel obstruction (LBO)

abdominal radiograph, 296
advanced imaging, 286–287
anastomotic stricture and dilation, 292
benign disease, 297–298
complications, 298
computed tomography, 286
decompression, 290–291
dilation, 291–292
disimpaction, 290
endoscopy, 287
etiology, 283–285
evaluation, 284
fluoroscopic guidance, 295
food and drug administration-approved colonic 

stents, 293
left-sided obstruction, 288–289
long colonic decompression tube placement, 291
malignant disease, 297
management, 283, 287
mechanical causes, 326
outcomes of colonic stenting, 294–296
pathophysiology, 284
presentation, 284–285
rectal obstruction, 289
right-sided obstruction, 287–288
self-expanding metallic stent, 292, 293
sigmoid volvulus, 290, 291
subtotal colectomy, 289
technical aspects, 293–294
treatment algorithm, 284
water-soluble contrast enema, 286

Lateral incision
lower leg, 408–409
thigh, 412

LBIG, see Lower gastrointestinal bleeding (LGIB)
Left lower quadrant abdominal pain, 21
Left upper quadrant abdominal pain, 20
Leukocytosis, 468, 470
Levofloxacin, 48
Lifestyle modifications, hemorrhoids, 353
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LigaSure, 336
LigaSure hemorrhoidectomy, 355
Lightweight meshes, 392
Lincosamide, 48
Linea semilunaris, 391, 392
Linezolid, 48
Lipase, 16, 123
Lipoglycopeptide, 48
Lipopeptides, 48
Liver dysfunction, hemodynamic changes, 495
Liver transplantation (LT), 191
Logistic Organ Dysfunction System (LODS), 485
Lower gastrointestinal bleeding (LGIB), 34, 303

algorithm for, 305
anorectal sources, 305
coagulopathy, 308
colonic sources, 304–305
colonoscopy, 306
computed tomographic angiography, 306–308
diagnostic/therapeutic assessment, 306
etiology, 304–305
imaging, 306–308
initial assessment, 305–306
occult GI bleeding, 309
operative management, 308
outcomes, 308
risk factors, 304

Lower leg
fasciotomy, 407–408
lateral incision, 408–409
medical incision, 408–411

Lymphadenopathy, 33

M
Macrolides, 49
MAD, see Marginal artery of Drummond (MAD)
Magnetic resonance angiography, 32
Magnetic resonance cholangiopancreatography (MRCP), 

124
Magnetic resonance enterography (MRE), 240
Magnetic resonance imaging (MRI)

acute cholangitis, 153–154
appendicitis, 473
immune compromise, 480
necrotizing soft tissue infections, 433
peri-rectal abscess, 343
small bowel obstruction, 206

Mallory-Weiss lesions, 95
Malnutrition, 498
Marginal artery of Drummond (MAD), 312, 314
Marginal ulcer, 444, 448
Matrix-assisted laser desorption/ionization time-of-flight 

mass spectrometry (MALDI-TOF MS), 43
McBurney’s point, 257
Meckel’s diverticulum, 21, 216

diagnosis and treatment, 238
epidemiology, 237–238

Median nerve, 415
Medical colostomy, 346

Medical futility, 512
Medical incision, lower leg, 408–411
Meropenem, 46, 157
Mesenteric ischemia, 31–32

acute mesenteric ischemia, 247–254
chronic mesenteric ischemia, 254–255
elderly, 453–454

Mesenteric swirl sign, 447
Mesenteric venous thrombosis (MVT), 249
Metabolic surgery, 439
Methicillin-resistant Staphylococcus aureus (MRSA), 368

risk ffactors for, 53
treatment for, 434

Metoclopramide, 81
Metronidazole, 50
Minimally invasive necrosectomy, 184–186
Minimally invasive surgery, 159–161, 395
Minimum inhibitory concentration (MIC), 44
Minocycline, 49
Model for End-Stage Liver Disease (MELD) score, 96, 

497
MOF, see Multisystem organ failure (MOF)
Monobactam, 46
Moxifloxacin, 48
Mucosal erosive disease, 94–95
Multidrug-resistant organisms (MDRO), 53
Multimodality therapy, 344
Multiple comorbidities, aging, 451–452
Multiplex PCR, 43
Multisystem organ failure (MOF), 311, 319
Murphy’s sign, 16, 474
Muscle contraction, 329
Muscular pedicle, 68
Mycobacterium tuberculosis, 484
Myocardial infarction (MI), 458
Myopectineal orifice, 378

N
Nafcillin, 46
Nasogastric (NG) tube, 305, 306, 329, 330, 402
National Surgical Quality Improvement Program 

(NSQIP), 6
Natural anticoagulant proteins, 498
Natural PCN, 46
Necrosectomy, 183
Necrotic lung parenchyma, 370
Necrotizing soft tissue infection (NSTI), 37

classification, 432
clinical presentation, 432
diagnosis, 433–434
epidemiology, 431
management, 434

adjunct, 435
antibiotics, 434–435
intensive care unity treatment, 436
surgical, 435

outcomes, 436
pathophysiology, 431–432
risk factors for, 433–434
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Negative pressure wound therapy (NPWT), 502
Neoplasm, 202

diagnosis, 235
epidemiology, 234–235
prognosis, 235
risk factors, 235
treatment, 235

Neostigmine, Ogilvie’s syndrome, 329
Nephrotoxicity, 51–52
Neurotoxicity, 52, 486
Neutropenia, 346, 485–487
Neutropenic enterocolitis (NEC), 486–487
Nitrofurantoin, 50
Nitroimidazoles, 50
Nonabsorbable synthetic mesh, 380
Nonalcoholic steatohepatitis (NASH), 495
Non-beta-lactam antibiotics, 47–50
Nonocclusive mesenteric ischemia (NOMI), 248–249, 

254
Nonoperative management

hemorrhoids, 353
incarcerated inguinal hernia, 381
ischemic colitis, 318

Nonsteroidal anti-inflammatories, 501
Non-thrombosed external hemorrhoid, 354
Nonvariceal upper gastrointestinal bleeding, 29–30

aortoenteric fistula, 95–96
bleeding duodenal ulcers, surgical management of, 

93–94
bleeding gastric ulcer, 93
cameron lesions, 96
Dieulafoy’s lesions, 95
endoscopic therapy for, 92–93
hemobilia, 95
hemosuccus pancreaticus, 95
Mallory-Weiss lesions, 95
management of, 90
mucosal erosive disease, 94
peptic ulcers, 91–92
surgical intervention, 93

NSAID-induced ulcers, 236
Nuclear imaging, 27
Nuclear medicine imaging

of abdomen, 18
small bowel gastrointestinal bleeding, 240

Nutrition
acute pancreatitis, 180
cirrhosis, 498

O
Obstructive symptoms, 380
Occult GI bleeding, 303, 309
Octreotide, 80
Office-based procedures, hemorrhoids, 354
Ogilvie’s syndrome, 325

endoscopic decompression, 329–330
epidemiology, 325–326
etiology, 326

imaging investigations, 327–328
laboratory investigations, 326–327
management, 328–331
pharmacologic decompression, 329
presentation, 326
prognosis, 331
risk factor, 326
supportive treatment, 329
surgery, 330–331

Ohm’s law, 76
Onlay repairs, 394
Open abdomen, 425, 427, 502

incidence, 428
management, 427, 428

Open appendectomy, 452
Open cholecystectomy, 129–130
Open debridement, acute pancreatitis, 186
Open fasciotomy wounds, 414
Open hemorrhoidectomy, 355
Open pancreatic debridement, 183
Open thoracotomy, 370
Operative debridement, 435
Operative management

hemorrhoids, 353–355
incarcerated inguinal hernia, 381–382
lower gastrointestinal bleeding, 308

Opportunistic infections, 483, 484
Opportunistic organisms, 481, 482
Oral medications, hemorrhoids, 353
Organ dysfunction, 420
Overtightened adjustable gastric band, 445
Oxacillin, 46
Oxazolidinones, 48

P
Packed red blood cells (pRBCs), 303, 308
Pain management, cirrhosis, 500–501
Palliative care

decision-making capacity, 507–508
emergency general surgery, 506–507
goals-of-care, 508–511
paradigm of, 513
shared decision-making, 507
surgical, 506

Palliative Care Task Force, 506
Palmaris longus (PL) tendon, 415
Palmer’s point, 395
Pancreatitis, 16, 19, 20, 36–37, 112
Paracentesis, 82, 395
Paraesophageal hernia, 397, 399

asymptomatic, 400
chest X-ray, 399
clinical presentation and diagnosis, 398
surgical repair, 400–401

Parapneumonic effusion, 367
Parasites, acute cholangitis, 156
Parastomal hernias, 387
Parietal cell vagotomy, 116
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Partial stomach partitioning gastrojejunostomy  
(PSPGJ), 118

Pathognomonic sign, 29
Pauchet procedure, 105
Pelvic sepsis, 352, 356
Penicillin G, 46
Penicillinase-resistant penicillins, 46
Penrose drain, 65, 68, 69
Peptic ulcer disease (PUD), 112
Peptic ulcers, 20, 91–92
Peptide nucleic acid fluorescence in situ hybridization 

(PNA-FISH), 43
Percutaneous catheter drainage, 184
Percutaneous endoscopic gastrostomy (PEG), 63, 401, 

502
Percutaneous transhepatic biliary drainage (PTBD), 

158–159
Percutaneous transhepatic cholangiography (PTC), 142
Perforated peptic ulcer, 454
Peri-cholecystic abscess, 125
Perioperative care, elderly, 455–456
Peri-rectal abscess, 339

anatomy, 339–340
complex, 342, 344–345
drainage method, 343–345
etiology, 340–341
evaluation, 341–342
history, 342
imaging, 342–343
laboratory studies, 342–343
simple, 342, 343
treatment, 343

Peri-rectal space, 341–344
Pharmacodynamics (PD), 44
Pharmacokinetics (PK), 43
Phenotypic model, 455
Phenylephrine, 471
Physician’s order for life-sustaining therapy (POLST), 22
Physiologic acute graft pancreatitis, 485
Piperacillin, 46
Piperacillin-tazobactam, 51
Pituitary gland hypertrophy, 471
Plain films

of abdomen, 17
Roux-en-Y gastric bypass, 442

Plain radiography
ischemic colitis, 315–316
necrotizing soft tissue infections, 433

Plantaris tendon, 413
Plasmalyte®, 499
Pleural fluid analysis, 368
Pleural infection, 367
Pleurodesis, 362–363
Pneumatosis intestinalis, 315, 487
Pneumocystis carinii, 357, 358
Pneumonia, 20, 371
Pneumothorax

aspiration, 361
chest radiograph, 359–362

clinical presentation, 358–359
epidemiology, 357
history, 357
imaging, 359–360
observation, 361
pathophysiology, 358
pleurodesis, 362–363
surgical therapy, 363–364
treatment, 360–364
tube thoracostomy, 361–362

Polyethylene sheet placement, 426
Polymerase chain reaction (PCR), 43
Polymyxin, 49, 52
Portacaval shunts, 83
Portal hypertension, 76, 77, 147
Portography, 98
Post-bariatric procedures, 446
Posterior tibial neurovascular structures, 412
Posterolateral thoracotomy, 67
Post-hepatic portal hypertension, 77
Postoperative bowel obstruction, 441, 442
Postoperative care, elderly, 456–457
Postoperative complication, elderly

cardiac complication, 458
PPC, 458, 459
surgical site infection, 457–458
urinary tract infection, 457

Postoperative delirium (POD), 457
Postoperative pulmonary complications (PPCs), 458, 459
Post-pneumonectomy empyema, 371
Post-polypectomy bleeding, 304, 306
Postsurgical anastomotic leak, 34–35
Post-vagotomy diarrhea, 115
PPCs, see Postoperative pulmonary complications 

(PPCs)
Pradaxa, 91
Pregnancy, 465

appendicitis during, 262–263
appendix throughout, 472
cardiovascular system, 468
endocrine system, 471
fundal height during, 470
gastrointestinal system, 469–470
general surgery, 472–476
hematologic system, 467–468, 470
hemodynamic changes during, 469
imaging, 466–467
laparoscopic cholecystectomy during, 475
laparoscopy, 474
modifications to CPR, 471
physiology, 467–471
pre- and perioperative consideration, 471–472
pulmonary system, 468–469
renal system, 469
surgical evaluation, 465–466

Prehepatic portal hypertension, 77
Prepyloric gastric ulcers, 105
Prescription medications, ischemic colitis, 313–314
Primary anastomosis, 336, 337
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Primary anastomosis with proximal  
diversion (PAPD), 273

Primary spontaneous pneumothorax (PSP), 357, 358
clinical presentation, 358
epidemiology, 357
pathophysiology, 358
See also Pneumothorax

Procalcitonin, 43
Pro-inflammatory cytokines, 489
Prokinetics, 80–81
Propofol, 500
Prothrombin complex concentrate (PCC), 91
Proton pump inhibitor (PPI), 80, 88, 95, 106
Pulmonary capillary wedge pressure (PCWP), 421
Pulmonary embolism (PE), 24, 227
Pulmonary system, pregnancy, 468–469
Push enteroscopy (PE), 241–242, 309
Pyloroplasty, 107
Pyogenic abscesses (PA), 189–191, 194
Pyogenic hepatic abscesses, 190–191

Q
Quinupristin, 48

R
Radiation enteritis, 216
Radiation exposure

detrimental effect, 466
imaging techniques, 467

Radiation therapy, 486
Radiography

pneumothorax, 359–360
gastric volvulus, 400

Radiology, 28
Rebound tenderness, 15
Recurrent gastric volvulus, 402
Recurrent pyogenic cholangitis, 147
Reflux symptoms, 397
Reltecimod, 436
Renal system, pregnancy, 469
Responders, 88
Resuscitation, lower gastrointestinal bleeding, 305
Reversible vascular occlusion of the colon, 311
Richter’s hernia, 388
Rifampin, 49
Rifamycins, 49
Rifaximin, 49
Right lower quadrant abdominal pain, 20
Right upper quadrant (RUQ), 19, 20, 122
Rockwood frailty index, 456
Roux limb, 443, 448
Roux-en-Y gastric bypass (RYGB), 202, 439–444

anastomotic leak, 448–449
gastrojejunostomy, 105
internal hernia, 443, 447, 448
intraoperative findings, 444
marginal ulcer, 448

Rovsing’s sign, 15
Rubber band ligation, 354, 355
Rupture of the spleen, 20

S
Salvage therapy, 500
SBO, see Small bowel obstruction (SBO)
Schede thoracoplasty, 371
Scintigraphy, 19, 307
Sclerotherapy, 76, 82, 85, 354
Secondary biliary cirrhosis, 147
Secondary spontaneous pneumothorax (SSP), 357, 359

clinical presentation, 358–359
incidence, 357
pathophysiology, 358
See also Pneumothorax

Segmental colectomy, 308
Selective vagotomy, 116
Self-expanding metal stent (SEMS), 96, 292–293
Sengstaken-Blakemore tube, 81, 96
SEP-1 core measure, 50
Sepsis, acute cholangitis, 156–157
Serosal tears, 330
Serratus fascia, 67
Serum creatinine (SrCr), 44
SG, see Sleeve gastrectomy (SG)
Shared decision-making, palliative care, 507
Shoelace technique, 414
Sigmoid volvulus, 33–34, 333, 334

diagnosis, 335
laparoscopic management, 336
management, 335–336

Sigmoidoscopy, acute diverticulitis, 453
Sigmoidostomy, 346
Silo-type dressing, 425
Simplified Acute Physiology Score (SAPS) II, 485
Single-balloon enteroscopy (SBE), 241–242
Sinistral portal hypertension (SPH), 97
Sitz baths, 353
Skin-sparing approach, 435
Sleeve gastrectomy (SG), 439, 440, 445, 449, 450
SMA, see Superior mesenteric artery (SMA)
Small bowel adenocarcinomas, 235
Small bowel fecalization, 30
Small bowel gastrointestinal (GI) bleeding, 233

angiography, 241
computed tomography, 240
Crohn’s disease, 236–237
diagnostic methods, 238–239
Dieulafoy’s lesions, 238
double-balloon enteroscope, 241
enteroscopy, 234, 241–242
intestinal diaphragm, 237
magnetic resonance enterography, 240
management, 242–243
Meckel’s diverticulum, 237–238
neoplasms, 234–235
NSAID-induced ulcers, 236
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nuclear medicine, 240
sources, 233
treatment, 242–243
vascular ectasias, 233–234
video capsule endoscopy, 239–240

Small bowel lymphomas, 235
Small bowel obstruction (SBO), 30–31, 439, 441, 443

abdominal X-ray, 204, 205
colonic resection, 202
contrast studies, 206
differential diagnosis, 201–202
epidemiology, 201
hypertonic contrast, 208–209
imaging, 204–206
initial management, 206–207
intussusception, 203
laboratory workup, 204
necrosis, 203
nonoperative management, 208
obstructing incisional hernia, 202
operative management, 207–208
operative techniques, 209
physical examination, 203–204
small bowel follow-through, 206
symptoms, 203

Small bowel perforation
acute intestinal ischemia, 215–216
chest radiograph, 214
clinical presentation, 213–214
complications, 219–220
etiology, 213–215
fish bone, 217
foreign body, 216–217
hernia, 216
infectious causes, 217
inflammatory bowel disease, 215
laparotomy, 218
Meckel’s diverticulum, 216
neoplasms, 217
operative considerations, 217–219
physiologic response, 213
postoperative considerations, 219
Radiation enteritis, 216
single layered running repair, 218

Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES), 474

Soft tissue infections, 431
See also Necrotizing soft tissue infections (NSTIs)

Soleus muscle, 407, 409, 410, 412, 413
Solid organ transplantation, 482–485
Solitary rectal ulcers, 305
Sonography, ischemic colitis, 316
Spigelian hernias, 387
Splenic aneurysms, 20
Splenic flexure volvulus, 334, 337–338
Standardized mortality ratio (SMR), 382
Staphylococcus aureus, 432
Stapled hemorrhoidopexy, 355, 356
Sterile processes, acute pancreatitis, 183

Stomach imaging, 29
Strangulated hernias, 377–380

laparoscopic repair, 395
treatment, 380

Strangulation, 388
Streptogramins, 48
Structuring, 318
Subcutaneous emphysema, 432
Sublay mesh placement, 394
Subpleural bullae, 358
Sudeck’s point, 312
Sugiura procedure, 84
Sulbactam, 46
Sulfonamides, 49
Superficial infections, 431
Superficial peroneal nerve, 408, 410
Superficial posterior anal space (SPAS), 340
Superinfection, 52
Superior mesenteric artery (SMA), 303, 311–312
Supralevator abscesses, 341, 344
Surgical Apgar score (SAS), 6
Surgical site infection (SSI), 227, 393, 457–458
Surgical therapy

gastric volvulus, 401–402
ischemic colitis, 318–319
necrotizing soft tissue infections, 435
pneumothorax, 363–364

Swallow CT, 58
Systemic inflammatory response syndrome (SIRS), 176
Systemic vascular resistance (SVR), 495
Systolic blood pressure, 468

T
TAC, see Temporary abdominal closure (TAC)
Tazobactam, 46
Technetium-99 m-labeled erythrocytes, abdomen, 19
Tedizolid, 48
Telavancin, 48
Temporary abdominal closure (TAC), 425–427, 502
Terlipressin, 80
Tetracyclines, 49
Thermal contact plus injection therapy, 306
Thigh, compartment syndrome, 410–413
Thoracic perforation, 61
Thoracoplasty, 371
Thrombelastography (TEG), 16
Thrombocytopenia, 498–499
Thromboelastography (TEG), 77, 90
Thrombosed external hemorrhoid (TEH), 353–354
Thrombosed internal hemorrhoid, 354
Thumbprinting, 315
Tigecycline, 50
Time-dependent antibiotics, 44
Tobramycin, 49
Topical treatments, hemorrhoids, 353
Total parenteral nutrition (TPN), 122, 318
Toxic megacolon, 326
Transabdominal tocodynamometer, 465
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Transcatheter arterial embolization (TAE), 29, 98
Transcystic CBD exploration, 159
Transient responders, 88
Transjugular intrahepatic portosystemic shunt (TIPS), 

75, 82–84, 395, 497
Transmural necrosis, 311
Transperineal ultrasound, peri-rectal abscess, 343
Transverse colon volvulus, 334, 337–338
Transverse colostomy, 346
Transversus abdominis muscle release (TAR), 391–393
Traumatic empyema, 374
Trimethoprim/sulfamethoxazole (TMP-SMX), 49
Triple therapy, 103
Truncal vagotomy, 116
Tube thoracostomy, pneumothorax, 361–362
Tuberculosis (TB), 484–485
Two-hit process, 420
Typhlitis, see Neutropenic enterocolitis (NEC)

U
Ulcerative colitis (UC), 304

acute fulminant colitis, 224
complications, 227–228
fulminant, 224
initial management, 224
medical management, 224
multiple-stage operations, 225
operative indications, 224–225
postoperative mortality, 227
preoperative patient counseling, 225
proctocolectomy, 226
rectal bleeding, 224
subcutaneous placement of rectal stump, 227
surgical resection, 225
surgical strategies, 225–227
toxic megacolon, 224, 225
wound infection, 227

Ultrasound
abdomen, 17, 18
empyema, 368
gallstone ileus, 167–168
ischemic colitis, 316
pregnancy, 474

Umbilical hernia (UH), 388, 475–476
cirrhosis, 501
indications, 387
repairs, 387

Underlay placement, 394
Underlay repair, 395
Upper gastrointestinal bleeding (UGIB), 305

causes of, 91
classification, 88
description of the problem, 87
diagnostic and interventional radiology, 97–99
endoscopy, 91
history and physical exam, 87–88
imaging, 114

laboratory studies, 89–90
nasogastric lavage, 88
non-variceal (see Non-variceal UGIB)
restoration of coagulation, 90–91
resuscitation, 88–89

Uremic toxins, 489
Ureteral compression, 421
Urinalysis, 16
Urinary tract infection (UTI), 457

V
Vacuum-assisted devices, 414
Vacuum-assisted fascial closure (VAFC), 426
Vagotomy, 93, 107
Valsalva maneuver, 358
Vancomycin, 48, 51
Variceal bleeding, 75
Variceal hemorrhage, 75

acute bleeding, 77–85
history, 75–76
management algorithm, 79
pathophysiology, 76–77
portal hypertension, 77
portosystemic shunt procedures, 83

Variceal upper gastrointestinal bleeding (VUGIB)
antibiotic prophylaxis in, 89
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