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Since 2011, the founding members of the World Society of Emergency Surgery’s 
(WSES) Acute Care and Trauma Surgeons group, in collaboration with the American 
Association for the Surgery for Trauma (AAST), endorse the development and 
publication of the “Hot Topics in Acute Care Surgery and Trauma,” realizing the 
need to provide more educational tools for young surgeons in training and for 
general physicians and other surgical specialists new to this discipline. These new 
forthcoming titles have been selected and prepared with this philosophy in mind. In 
particular, CT Scan in Abdominal Emergency Surgery focuses on the diagnostic 
impact of CT scans in severe abdominal trauma and in nontraumatic acute abdo-
men, the two clinical entities that constitute the main reasons for referrals to this 
imaging technique in emergency. The concept behind this practical book is that 
emergency surgeons and physicians not only need the clinical knowledge to manage 
the different acute pathological conditions but they must also have a full under-
standing of diagnostic imaging modalities. Each chapter includes a description of a 
specific acute abdominal disorder: in addition to the clinical presentation and to the 
diagnosis and management guidelines, the readers will find a special focus on imag-
ing studies with clear and concise descriptions. This book is a useful tool to achieve 
a strong background to understand CT scans and to perform right diagnosis with 
proper conservative or surgical treatments.

Foreword to the Series

Cesena, Italy� Federico Coccolini 
Riverside, CA� Raul Coimbra 
Calgary, AB, Canada� Andrew W. Kirkpatrick 
Cambridge, UK� Salomone Di Saverio
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Preface

In the past era, the science of emergency surgery was a completely different one 
without CT scans. We used to perform a good number of diagnostic laparotomies, 
and plain abdomen X-ray was the most used diagnostic test. Nowadays, plain abdo-
men X-ray is seldom used, and diagnostic laparoscopy has taken the place of diag-
nostic laparotomy.

CT scan is the “king” of emergency surgery diagnosis and the only barrier 
between clinical examination and diagnostic laparoscopy—as a matter of fact, CT 
scan is the fundamental tool in emergency surgery. According to the WSES 
Guidelines, CT scan is the test with the highest sensitivity and specificity in intra-
abdominal infections. It is therefore mandatory for any surgeon/physician dealing 
with emergency surgery patients to have a specific expertise to read CT images.

This book focuses on the diagnostic impact of CT scans in severe abdominal 
trauma and in nontraumatic acute abdomen, the two clinical entities that constitute 
the main reasons for referrals to this imaging technique in emergency. The concept 
behind this practical book is that emergency surgeons and physicians not only need 
the clinical knowledge to manage the different acute pathological conditions but 
they must also have a full understanding of diagnostic imaging modalities.

To this end, each chapter includes a description of a specific acute abdominal 
disorder: in addition to the clinical presentation and to the diagnosis and management 
guidelines, the readers will find a special focus on imaging studies with clear and 
concise descriptions. Evolution and grading scales will also be included for the 
interpretation and high-quality images.

This easy-to-read book is not only an ideal source of practical information for 
acute care surgeons, radiologists, physicians, and for all the members of the emer-
gency team, but also a useful tool to understand CT scans and to perform right 
diagnosis with proper conservative or surgical treatments.

Enjoy the reading …

Parma, Italy� Fausto Catena 
Cambridge, UK� Salomone Di Saverio 
Cesena, Italy� Luca Ansaloni 
Cesena, Italy� Federico Coccolini 
Macerata, Italy� Massimo Sartelli
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1Diagnostic Tools in ACS:  
CT Scan, Diagnostic Laparoscopy, 
and Exploratory Laparotomy

Ning Lu and Walter L. Biffl

1.1	 �Introduction

The abdomen is a black box of diagnostic uncertainty. There is an old surgical adage 
that goes “never let the skin come between you and the diagnosis.” However, it is 
just that: an old adage. The surgeon has many alternatives to employ in situations in 
which the clinical diagnoses, or decision to operate, are not straightforward. In this 
chapter, three primary modalities are discussed: computed tomography (CT) scan-
ning, diagnostic laparoscopy (DL), and exploratory laparotomy (LAP).

1.2	 �CT Scanning

The CT scan is an exceedingly valuable tool for the diagnosis of essentially any 
abdominal surgical problem. A CT scan can quickly and accurately demonstrate any 
number of pathologies while ruling out others, allowing the surgeon to narrow the 
list of differential diagnoses and plan definitive management strategies. It is nonin-
vasive, rapid, and nearly universally available and has been insinuated into myriad 
clinical care guidelines for surgical problems. The ability to grade the severity of 
pathology prior to operating allows the surgeon to tailor the approach to the situa-
tion and to counsel the patient regarding expectations more accurately.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-48347-4_1&domain=pdf
mailto:walt@biffl.com
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1.2.1	 �Perforated Gastroduodenal Ulcers

CT is 95% sensitive and 93% specific for diagnosing gastroduodenal perforation. In 
addition to identifying free air, signs of peri-duodenal fat stranding, wall defect/
ulcer, and wall thickening can be seen 72–89% of the time [1]. However, these other 
signs may not be visible before at least 6 h of symptomatology [2].

1.2.2	 �Cholecystitis

Ultrasonography is the accepted standard for detecting cholelithiasis and diagnos-
ing acute calculous cholecystitis. CT can detect gallstones only 50% of the time, but 
in patients with equivocal ultrasounds, CT can demonstrate wall thickening, peri-
cholecystic stranding, and pericholecystic fluid [3–5]. CT is also valuable in identi-
fying complications of cholecystitis, including emphysematous, hemorrhagic, or 
perforated cholecystitis [6].

1.2.3	 �Choledocholithiasis

CT has a diagnostic sensitivity ranging from 56.5 to 81% and a specificity ranging 
from 72.8% to 96%. Thus, it is not the initial imaging study of choice for patients 
suspected of choledocholithiasis [7, 8]. On the other hand, CT can accurately and 
reliably identify common bile duct dilation.

1.2.4	 �Pancreatitis

CT has a 92% sensitivity and 100% specificity in identifying acute pancreatitis. It is 
80–90% accurate with a 90% sensitivity and 33% specificity in identifying pancre-
atic necrosis [9–11]. In addition, CT imaging allows classification of pancreatitis 
per Atlanta and revised Atlanta Classification [12, 13].

1.2.5	 �Small Bowel Obstruction

CT is able to diagnose complete bowel obstruction with a sensitivity of 92% 
(81–100%) and a specificity of 93% (68–100%). CT is able to diagnose intestinal 
ischemia with 83% (63–100%) sensitivity and 92% (61–100%) specificity [14, 15]. 
CT has great value in patients with inconclusive plain films and can be helpful in 
determining the likely etiology of the obstruction, whether it is due to hernias, adhe-
sions, or malignancy [16].

N. Lu and W.L. Biffl
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1.2.6	 �Mesenteric Ischemia

CT angiography is rapid and noninvasive for diagnosis of acute mesenteric ischemia 
and its multiple etiologies (arterial thrombosis, arterial embolism, mesenteric vein 
thrombosis, and nonocclusive ischemia), with a sensitivity and specificity of 96% 
and 94%, respectively [17]. CT angiography in nonocclusive mesenteric ischemia 
will demonstrate no signs of arterial or venous occlusion, may demonstrate vascular 
spasm, and may demonstrate more diffuse nonconsecutive segments of bowel with 
signs of ischemia. However, after ruling out vascular occlusive disease, diagnosing 
nonocclusive mesenteric ischemia still requires a high clinical suspicion [18]. The 
ability to differentiate the multiple etiologies of mesenteric ischemia is critical as 
the treatment for each can vary.

1.2.7	 �Appendicitis

CT is 91% sensitive and 90% specific for diagnosing acute appendicitis. For those 
suspected of having appendicitis, there is clear benefit to the use of IV, but not oral 
contrast [19]. In addition, CT can grade the severity of appendicitis (inflamed, per-
forated with localized free fluid, perforated with regional abscess, perforated with 
diffuse peritonitis) [20]. The grading of appendicitis can allow for appropriate treat-
ment plans, which may be operative or via IR drainage.

1.2.7.1	 �Diverticulitis
CT is 94% sensitive and 99% specific in the diagnosis of acute diverticulitis [21]. In 
addition to identifying the absence or presence of perforation, CT allows for 
Hinchey classification of perforated diverticulitis. This facilitates determination of 
whether hospitalization is required and selection of patients for medical vs. surgical 
therapy [22] (Table 1.1).

Table 1.1  Summary of CT in diagnosing intra-abdominal pathologies

Pathology Sensitivity Specificity
Grading/classification 
capability

Perforated gastroduodenal ulcers 95% 93%
Cholecystitis – –
Choledocholithiasis 56.5–81% 72.8–96%
Pancreatitis 92% 100% X
    Pancreatic necrosis 90% 33%
Small bowel obstruction 92% (81–100%) 93% (68–100%)
    Intestinal ischemia 83% (63–100%) 92% (61–100%)
Mesenteric ischemia 96% 94% X
Appendicitis 91% 90% X
Diverticulitis 94% 99% X

1  Diagnostic Tools in ACS: CT Scan, Diagnostic Laparoscopy, and Exploratory Laparotomy



4

CT is, of course, not without risks. The average CT abdomen/pelvis with con-
trast has an estimated radiation dose of 10–30 and 3–10 mSv in pediatric patients. 
The average CT angiogram of the abdomen has an estimated radiation dose of 
1–10 and 0.3–3 mSv in pediatric patients. When possible, the risks of radiation 
exposure are minimized in the pregnant and pediatric populations. Depending on 
the pathology, ultrasound and MRI are viable options with similar accuracy. In the 
pediatric population, ultrasound approaches the accuracy of CT in diagnosing 
appendicitis with a sensitivity of 88% and specificity of 94% [23]. In the pregnant 
population suspected of appendicitis, MRI has a sensitivity of 97% and specificity 
of 95% [24].

Most non-trauma patients are candidates for CT for diagnosis. It is not recom-
mended for patients who are unstable and in extremis. For those with renal dysfunc-
tion, exposure to contrast agents should be minimized. There is a well-known risk 
of contrast-induced nephropathy.

1.3	 �Diagnostic Laparoscopy

Laparoscopy is increasingly used in the diagnosis and treatment of many intra-
abdominal pathologies. Traditionally, patients admitted with acute abdominal pain 
of unclear origin are managed with observation (serial abdominal exams, laboratory 
tests, and/or repeat imaging), progressing to surgery only if signs of peritonitis 
develop. However, this can lead to delays in diagnosis. In certain populations 
(immunocompromised, morbidly obese, paraplegic/quadriplegic, sedated, coma-
tose), the abdominal exam is not always reliable. In patients with a suspected acute 
abdomen or unexplained unrelenting acute abdominal pain, especially those with an 
unreliable exam, diagnostic laparoscopy may be invaluable. The diagnostic accu-
racy of laparoscopy is 90%–99.5% [25–30].

After a diagnosis is made, treatment can also be achieved laparoscopically in 
many instances with safety and efficacy. By avoiding laparotomy, the relatively 
higher morbidity can be avoided as well. In cases of acute cholecystitis and acute 
appendicitis, laparoscopic cholecystectomy and appendectomy are safe and effec-
tive, now becoming the standard of care (level I). For patients with Hinchey I–IV 
perforated diverticulitis, when colectomy is performed, laparoscopic colectomy 
(with or without Hartmann’s procedure) has been performed successfully by expert 
laparoscopic groups. For patients with Hinchey III perforated diverticulitis, laparo-
scopic exploration with peritoneal lavage and drainage is an emerging therapeutic 
modality. Current recommendation for laparoscopic management of diverticulitis is 
level 3. For gastroduodenal perforations, laparoscopic management has been dem-
onstrated to be safe and effective (level 1) [31]. In the case of adhesive small bowel 
obstruction, laparoscopy is an emerging therapy, which may be successful in hands 
of an experienced laparoscopic surgeon on a hemodynamically stable patient, in the 
absence of peritonitis or severe intra-abdominal sepsis, in patients with localized 
distension on imaging, in the absence of severe abdominal distention, in an antici-
pated single band, and in a low peritoneal adhesion index. The etiology of the 
obstruction can be determined with 96.9% accuracy, and treatment can be provided 

N. Lu and W.L. Biffl
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without conversion to laparotomy in more than 50% of patients [16, 32, 33]. 
Minimally invasive necrosectomy is an emerging therapeutic option with less mor-
bidity and mortality than open necrosectomy in the hands of experienced laparo-
scopic surgeons [34, 35].

Laparoscopy is contraindicated with patients known to have a “frozen abdomen,” 
massive bowel distention, inability to tolerate pneumoperitoneum, uncorrectable 
coagulopathy, uncorrectable hypercapnia >50 torr, or hemodynamic instability [36]. 
Historically, laparoscopy was delayed until the second trimester to reduce the likeli-
hood of complications including spontaneous abortions and preterm labor. However, 
recent studies show that it may be safe to perform laparoscopy during any trimester 
of pregnancy without increased risk to the mother or fetus. However, data on long-
term effects to children is lacking [37].

Given the safety, efficacy, and accuracy of diagnostic laparoscopy, with the 
added ability to treat most diagnosed pathologies, laparoscopy should be considered 
in the majority of patients with an acute abdomen.

1.4	 �Exploratory Laparotomy

For those with suspected intra-abdominal pathologies, and certainly those with evi-
dence of peritonitis, laparotomy is still the gold standard. Patients with an acute 
abdomen and a contraindication to laparoscopy require laparotomy. Especially criti-
cal in the decompensating patient, laparotomy has the ability to diagnose with abso-
lute certainty and provide treatment of the disease. However, exploratory laparotomy 
has significantly higher morbidity (5–22%), compared to diagnostic laparoscopy. 
Thus, in stable patients without contraindications, a minimally invasive approach 
should be considered.

�Conclusions

The three modalities—CT, DL, and LAP—are individually very accurate and 
thus frequently employed. Rather than consider them competitive, they are com-
plementary tests that have major roles in acute care surgery.
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2Hepatic Trauma
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and Biatta Sholosh

2.1	 �Introduction

Injury to the liver is one of the leading causes of death from abdominal trauma and 
is responsible for 5% of all trauma admissions [1]. The liver’s relatively large size, 
fixed attachment points to the surrounding tissues, and friable parenchyma make it 
an easily injured organ in deceleration events such as motor vehicle accidents [2]. 
Because the liver occupies most of the right upper quadrant, it can be easily injured 
in direct blunt-force trauma or penetrating injury. The right lobe is more commonly 
injured because it represents most of the hepatic parenchyma, and because of its 
close proximity to the surrounding ribs and spine. Left hepatic lobe injuries are less 
common and are more likely the result of a direct blow to that region. The approxi-
mate ratio of blunt force to penetrating hepatic trauma is 3.5:1 [3].

Over the past 20 years, nonoperative management has become the treatment of 
choice for blunt force trauma in hemodynamically stable patients [4]. Many factors 
have improved the success of nonoperative management. More sophisticated imag-
ing capabilities have played a significant role in patient management and clinical 
outcome. The purpose of this chapter is to discuss the current imaging modalities 
used in diagnosis and treatment of hepatic trauma with a focus on computed  
tomography (CT).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-48347-4_2&domain=pdf
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2.2	 �Diagnostic Imaging in Liver Trauma

2.2.1	 �FAST

Focused assessment with sonography for trauma (FAST) is a focused ultrasound 
examination performed solely to identifying the presence of free fluid indicating 
potentially life-threatening intra-abdominal hemorrhage or pericardial tamponade. 
FAST consists of ultrasound evaluation of 5 spaces in the supine position: pericar-
dial, perihepatic, perisplenic, Morrison’s pouch, and retrovesicular space. The 
advantages of ultrasound are that it is quick and repeatable with a high sensitivity 
and specificity (80–85% and 97–100%, respectively). The limitations of the study 
include operator dependence, and it may be difficult to perform in patients who are 
obese or have overlying bowel gas or subcutaneous emphysema [5]. Ultrasound will 
detect 400 mL or more of intraperitoneal fluid, and a positive FAST is invaluable in 
the triage of an unstable patient [5].

2.3	 �Noncontrast CT

Evaluation for overt visceral trauma is possible with noncontrast CT when hemoperi-
toneum or pneumoperitoneum are identified. Additionally, a high-density clot or 
“sentinel clot” may be demonstrated, suggesting the underlying source of hemor-
rhage. While noncontrast CT provides some information, intravenous contrast-
enhanced CT is necessary to evaluate for vascular injury; identify infarcted or 
devascularized hepatic tissue and is more sensitive to determine extent of visceral 
injury. Noncontrast CT is not recommended for patients who can receive IV contrast 
because of its lack of sensitivity [5].

2.4	 �Contrast-Enhanced CT

In the past 20 years, multidetector contrast-enhanced CT has become the imaging 
modality of choice for the evaluation of visceral injury in the abdomen and pelvis. 
CT is noninvasive with a high sensitivity (99%) and specificity (96.8%) in the 
detection of traumatic liver lesions [6]. At large trauma facilities, a biphasic tech-
nique is generally employed in which an arterial phase of the chest and upper abdo-
men are obtained with an overlapping CT portal venous phase of the abdomen and 
pelvis. Biphasic technique has been demonstrated to be superior to a single portal 
venous phase for the detection of blunt force trauma [7]. Water soluble oral con-
trast is not generally administered in the trauma setting, but it may be utilized on a 
follow up CT obtained 6–12 h later if the initial CT was suspicious for gastrointes-
tinal injury [8].

J.L. Patrick et al.
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2.5	 �Acute Imaging Findings on Contrast-Enhanced CT

Hepatic parenchymal injury includes hepatic contusions, lacerations, and infarction. 
In addition, there are several vascular injuries that can occur within the liver. These 
include posttraumatic pseudoaneurysm and post-traumatic arteriovenous fistula, 
which represent contained vascular injury. It is important to differentiate these enti-
ties from active arterial or uncontained vascular injury more commonly referred to 
as “active extravasation” discussed later in the chapter.

2.6	 �Contusions

Hepatic contusions are common in the context of liver injury but are not included in 
the AAST liver grading system. On contrast-enhanced CT, they appear as low-
density areas compared to the surrounding liver parenchyma and can be irregular in 
shape and size (Fig. 2.1). Small contusions can be difficult to differentiate from 
small lacerations, although this is not clinically significant. Contusions can either 
represent a crush injury or a deceleration shearing injury.

Fig. 2.1  A 72-year-old female involved in a motor vehicle accident. (a) There is a laceration of the 
right hepatic lobe (black arrow) which was not identified on the initial study and may be iatrogenic 
from the chest tube (white arrow) placement. (b) Hepatic contusion in the posterior right lobe 
adjacent to the right kidney (black arrow)

2  Hepatic Trauma
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2.7	 �Lacerations

Lacerations are the most common traumatic liver injury. They are generally linear 
or branching, low-attenuation regions within the liver (Figs. 2.1a and 2.2). If a lac-
eration extends to the liver capsule, careful inspection for extrahepatic hemorrhage 
should be performed (Fig. 2.3). Lacerations that extend into the liver hilum are more 
likely to be associated with biliary injury [9]. Lacerations that extend into the bare 
area of the liver, in the posterior right hepatic dome, can be present with isolated 
retroperitoneal hematomas [10]. On ultrasound, acute lacerations appear echogenic 
or heterogenous in linear or oblong areas. In the subacute phase, the laceration 
becomes more hypoechoic (Fig. 2.4).

Fig. 2.2  A 22-year-old 
male stabbed in the left 
upper quadrant. There is 
complete transection of a 
portion of the left hepatic 
lobe, with active 
extravasation of contrast 
(black arrow) and 
hemoperitoneum. Note the 
contrast layering over the 
anterior aspect of the 
stomach (white arrows) 
and a small devascularized 
segment of the liver 
(asterisk)

Fig. 2.3  Grade I liver laceration and adrenal hematoma. Male who sustained polytrauma from an 
ATV accident. Contrast-enhanced CT showed a grade I small peripheral segment VI liver lacera-
tion extending to the capsule (black arrow). The laceration is adjacent to a displaced right rib 
fracture (white arrow) and a right adrenal hematoma (asterisk)

J.L. Patrick et al.
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2.8	 �Hematoma

Traumatic liver hematomas can be intrahepatic, perihepatic, or subcapsular. A 
hematoma will appear hyperdense relative to unenhanced liver parenchyma but 
appear hypodense compared to the enhanced liver (Fig. 2.5). According to the most 
widely used liver injury grading system from AAST, the intrahepatic hematomas 
are graded by size, presence of expansion, rupture, and active bleeding. Subcapsular 
hematomas are graded based on the percent of the liver surface they involve. 
Subcapsular blood in the liver results in adjacent parenchymal compression, similar 
to other encapsulated abdominal organs, whereas perihepatic blood does not (Figs. 
2.6 and 2.7). On ultrasound, as hematomas evolve, they become better demarcated 
and more hypoechoic (Fig. 2.3).

Fig. 2.4  Posterior right hepatic lobe laceration (white arrow) with a large subcapsular hematoma 
(asterisk) compressing the liver. A small right pleural effusion is incidental (black arrow)

Fig. 2.5  Small right 
hepatic lobe subcapsular 
hematoma in a 24-year-old 
male status post MVC with 
pickup truck (arrow). The 
patient also sustained 
polytrauma with liver 
laceration, splenic 
laceration, status post 
splenectomy, and a left 
femur fracture (not shown)

2  Hepatic Trauma
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Fig. 2.6  A 27-year-old woman with hypotension after transjugular biopsy. Large subcapsular 
hematoma with active contrast extravasation. (a) Emergent ultrasound shows partial replacement 
of the right lobe by mixed echogenicity acute clot (asterisk). (b) Portal venous phase CT revealed 
a massive right lobe subcapsular hematoma with large hemoperitoneum. Note the acute hematoma 
is hypodense relative to the contrast-enhanced liver. Oblique coronal and oblique axial reconstruc-
tions reveal multiple foci of uncontained active contrast extravasation into the subcapsular hema-
toma (black arrows). (c) Digital subtraction image during emergent angiogram performed 45 min 
later confirmed multiple sites of active contrast extravasation indicating active bleeding (black 
arrows). These were successfully embolized with Gelfoam. Other sites of bleeding from the left 
lobe were detected and were also embolized (not shown). (d) Noncontrast CT following surgical 
clot evacuation demonstrates re-expansion of the liver with a hyperdense central right lobe hema-
toma (asterisk)

J.L. Patrick et al.
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2.9	 �Infarct

The liver maintains a dual blood supply from the hepatic artery and the portal 
venous system, making hepatic infarct/devascularization uncommon. However, 
posttraumatic infarcts are possible by the isolation and disruption of liver paren-
chyma from its blood supply (Fig. 2.2) or vascular occlusion in high-grade blunt 
injuries. Infarcts typically appear as a peripheral, wedge-shaped areas of decreased 
(in the case of ischemia) or absent enhancement on contrast-enhanced CT or 
decreased attenuation relative to normal liver on noncontrast CT.

Fig. 2.7  Active contrast extravasation into a subcapsular hematoma. Penetrating liver trauma 
from percutaneous transhepatic cholangiography (PTC) resulting in a large subcapsular and peri-
hepatic hematoma with active contrast extravasation (arrow). Non-contrast narrow window images 
show acute hyperdense subcapsular and perihepatic hematoma (asterisk). Arterial phase images 
show a small arterial focus of contrast extravasation (arrow) which enlarges on the portal venous 
phase (arrow). The density of the extravascular contrast blush on both post contrast phases is the 
same density as the contrast in the aorta (Ao)

2  Hepatic Trauma
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Hepatic vascular injuries can involve the hepatic arteries, portal venous veins, 
or hepatic veins. The appearance of vascular injuries in the liver may be complex 
due to the dual blood supply. When portal venous flows interrupted, the affected 
parenchyma will be hyperenhanced during the hepatic arterial phase due to com-
pensatory hepatic arterial flow. Subsequently, the segment becomes hypodense on 
portal venous phase due to the portal vein injury. This perfusional alteration is 
termed transient hepatic attenuation difference [11]. It can be difficult—although 
very important—to differentiate between contained and uncontained vascular 
injuries, which are indicated by extravasation of contrast outside of the normal 
contour of a vessel [2]. Determining whether a vascular injury is contained or 
noncontained will change clinical management. Included below are instructions 
on how to differentiate between a contained vascular injury and uncontained vas-
cular injury.

2.10	 �Contained Vascular Injuries

Posttraumatic pseudoaneurysms and arteriovenous fistulas (AV) represent con-
tained vascular injuries. Post-traumatic pseudoaneurysms variable in size, but the 
“blush” tends to be rounded or lobular with a curvilinear edge, and their enhance-
ment parallels the density of the aorta on all phases. The pseudoaneurysm becomes 
less conspicuous on the portal venous phase (because it is still in communication 
with the intravascular space), whereas active contrast extravasation slowly expands 
on the portal venous phase (Fig. 2.8). A posttraumatic AV fistula represents a new 
communication between the arterial and venous sides of the circulation. In an AV 
fistula, contrast-enhanced blood quickly flows from a high-pressure hepatic artery 
into a lower-pressure vein resulting in early enhancement of the involved hepatic 
or portal vein branch during the hepatic arterial phase compared to the other veins 
(Fig. 2.8).

2.11	 �Uncontained Vascular Injuries

Uncontained arterial vascular injury needs to be differentiated from a pseudoaneu-
rysm or AV fistula. With uncontained arterial vascular injuries, the “blush” of con-
trast during the arterial phase tends to be irregular and may have an indistinct border. 
During the portal venous phase, the contrast will persist and will change in size and 
morphology, generally becoming larger, although it may be diluted by the surround-
ing noncontrast blood (Fig. 2.7). During a single portal venous phase scan, it may 
be difficult to differentiate between contained and uncontained vascular injuries, 
although extravasation beyond the liver capsule represents an uncontained vascular 
injury [2].

J.L. Patrick et al.
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Fig. 2.8  Large traumatic pseudoaneurysm with AV fistula. (a) Arterial phase of a biphasic 
contrast-enhanced CT after stab wound to the left lateral segment showed an elongated 5.7-cm 
long left hepatic arterial pseudoaneurysm conforming to the shape of a knife blade (white arrow). 
Early opacification of the left hepatic vein (black arrow) on the corresponding coronal reconstruc-
tion represents an arterialvenous fistula (AVF). (b) A hypodense anterior wedge-shaped hepatic 
laceration is present (asterisk) with persistent contrast pooling in the pseudoaneursym. (c) Injection 
into the left hepatic artery during angiography confirmed the arterial LHA pseudoaneurysm with 
early opacification of the left hepatic vein indicating AVF. The pseudoanerysm was embolized 
during left hepatic vein occlusion. (d) Repeat CT 3 days later showed a small residual pseudoan-
eurysm with resolved AVF prompting a left hepatectomy. (e) The gross pathology specimen dem-
onstrates a linear capsular stab wound and clot in the intrahepatic pseudoaneurysm

a

b c

d
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2.12	 �Liver Injury Scoring

A few liver injury classification systems have been created, with the most widely 
utilized being the 1994 revision of the American Association for the Surgery of 
Trauma (AAST) scoring scale for liver injury (Table 2.1) [12] . A CT-modified grad-
ing scale was created by Mirvis et al. in 1989 (Table 2.2) [13]. Both systems use the 
size and extent of the parenchymal hematoma or laceration to score the injuries. On 
the AAST and Mirvis grading scales, vascular injury is described as juxta-hepatic 
vascular injury or avulsion (AAST system) or devascularization of one or both 
hepatic lobes [13]. However, neither scoring systems includes findings such as 
active contrast extravasation or pseudoaneurysm, which are being increasingly 
treated with selective arterial embolization in hemodynamically stable patients. The 
CT-based grading system may underestimate injury seen at the time of surgery [14].

e

Fig. 2.8  (continued)

J.L. Patrick et al.
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2.13	 �Pitfalls Associated with CT Imaging

Several pitfalls need to be considered when evaluating the liver in a trauma patient. 
Normal anatomical structures such as the slips of the diaphragm and accessory 
hepatic fissures can mimic hepatic lacerations (Fig. 2.9). The configuration of geo-
graphic fat deposition in the liver can have variable appearances including a linear 
or wedge-shaped configuration mimicking laceration and infarct (Fig. 2.10). 
Nontraumatic liver lesions such as hemangiomas may occasionally be difficult to 
distinguish from hepatic injury (Fig. 2.9). Identification of the lesion on prior stud-
ies excludes acute traumatic cause. Artifacts can degrade image quality and nega-
tively affect evaluation of the liver. A common artifact is beam hardening, which can 
result from the patient’s arms being down by their sides, orthopedic hardware in the 
spine, or metallic foreign bodies including ballistic fragments or embolization coils. 

Table 2.1  AAST Liver Injury Grading Scale

Grade Hematoma Laceration Vascular
1 Subcapsular < 1 cm <1 cm depth
II Subcapsular 10–50% surface area 

Intraparencymal < 10 cm diameter
1–3 cm depth, or 
<10 cm length

III Subcapsular > 50% surface area, or 
ruptured capsule 
Intraparencymal > 10 cm diameter or 
expanding

>3 cm depth

IV Parenchymal disruption 
involving 25–75% of a 
lobe or 1–3 Couinaud’s 
segments

V Parenchymal disruption 
involving >75% of a 
lobe or >3 Couinaud’s 
segments in a single 
lobe

Juxtahepatic 
venous injuries

VI Hepatic avulsion

Modified from http://www.aast.org/Libary/TraumaTools/InjuryScoringScales.aspx#liver

Table 2.2  Mirvis CT Modified Grading Scale

Grade Hematoma Laceration Vascular
1 <1 cm thick
2 1–3 cm thick
3 Intraparenchymal: <3 cm diameter 

Subcapsular > 3 cm thick
4 Lobar maceration Lobar devascularization
5 Bilobar 

maceration
Bilobar devascularization

Derived from Mirvis S.E., et al. Blunt hepatic trauma in adults CT-based classification and correla-
tion with prognosis and treatment. Radiology 1989 171:1, 27–32

2  Hepatic Trauma
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Beam hardening can cause streaky linear hypodensities that can mimic laceration, 
but their typical appearance and lack of other traumatic findings will suggest an 
artifact (Fig. 2.12). In cases of more severe hepatic injury, normal islands of enhanc-
ing liver parenchyma located between intrahepatic hematoma or complex laceration 
could be mistaken for small islands of focal contrast extravasation. The periportal 
halo sign, manifested by interstitial low density surrounding the portal vein, can 
represent edema in patients who receive rapid fluid resuscitation but can also be 
caused by periportal blood tracking in the setting of liver injury. The periportal halo 
can make it difficult to depict small hepatic lacerations.

2.14	 �Delayed Complications of Liver Injury

The paradigm shift toward nonoperative management of hepatic injuries has 
increased the importance of accurate diagnosis of early and delayed complications 
(those occurring more than 10 days after liver injury). Such complications include 
delayed hemorrhage, abscess, posttraumatic pseudoaneurysm, hemobilia, and biliary 
complications such as biloma and bile peritonitis. Not only are most minor liver 
injuries (grade I or II) safely observed, but up to one-third of higher-grade injuries 
(grades III, IV, and V) are successfully treated without surgery. Although more 
patients with blunt liver trauma are being treated nonoperatively, in one study, up to 

Fig. 2.9  Pitfall. Fluid in 
an accessory fissure (black 
arrow). Linear fluid in the 
right inferior hepatic 
fissure can simulate a liver 
laceration. This becomes 
accentuated by hepatic 
edema, in the early phase 
after liver transplant (as in 
this case). Anasarca and 
perihepatic drain are 
present

J.L. Patrick et al.
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Fig. 2.10  Pitfall. Geographic hepatic 
steatosis mimicking liver laceration and 
infarct. (a) 45-year-old woman referred to a 
surgeon with a clinical history of “liver 
laceration.” Geographic hepatic steatosis in 
a linear and wedge-shaped distribution 
simulates a liver laceration and hepatic 
infarct, respectively, in a morbidly obese 
patient without trauma. Note the lack of 
intraperitoneal hemorrhage. (b) CT 
performed 5 months later on the same 
patient from a more superior section of the 
liver shows the geographic steatosis is 
stable

Fig. 2.11  Pitfall. Liver hemangioma. Coronal hepatic arterial phase and axial portal venous phase 
images from the same patient as above who has a 2 cm vascular lesion in segment II of the liver 
with peripheral discontinuous nodular enhancement matching the attenuation of the blood pool on 
all phases diagnostic of a cavernous hemangioma. Hemangiomas are a potential pitfall in the acute 
trauma patient as they could be confused with contained active bleeding

2  Hepatic Trauma
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24% of this cohort still required additional interventional procedures such as angiog-
raphy, percutaneous drainage, or endoscopic retrograde cholangiography (ERC) 
with sphincterotomy and biliary stenting with a high (85%) success rate [15]. The 
rate of delayed complications and the need for these minimally invasive procedures 
primarily affects patients with higher-grade (grades IV and V) injuries.

2.15	 �Late Hemorrhage

“Late” bleeding generally occurs within 72 h after injury with an incidence of 2.8–3.5% 
[16]. In nonoperatively managed patients, delayed hemorrhage is the most common 
complication and cause of death. Some causes of late hemorrhage include rupture of a 
pseudoaneurysm or rupture of a subcapsular hematoma. Angiography (with selective 
catheter embolization) is useful if recurrent arterial bleeding occurs in a hemodynami-
cally stable patient, with surgical treatment reserved if embolization is unsuccessful.

2.16	 �Abscess

Intra- or perihepatic abscess has a low incidence (0–7%). They present with clinical 
signs of infection and are more common in patients treated operatively. On CT, they 
appear as loculated fluid collections, in or near the liver, and may contain new gas 
bubbles or air-fluid levels (Fig. 2.13). Rim enhancement can be seen after intrave-
nous contrast administration. Abscesses can be treated with image-guided percuta-
neous drain placement [17].

Fig. 2.12  Pitfall. Streak artifact. Multiple faint linear streaks through the liver parenchyma related 
to beam hardening from the ribs and the splinted right upper extremity. The patient was unable to 
raise the right arm for CT due to severe right scapula and right humerus fractures

J.L. Patrick et al.
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2.17	 �Biliary Complications

The spectrum of biliary complications resulting from traumatic injury includes com-
mon findings such as biloma, bile leak, and bile peritonitis and less commonly biliary 
fistula, hemobilia, and bilhemia. A biloma results from disruption of the intrahepatic 
biliary ducts forming a contained bile collection in the parenchyma. It should be 
suspected on CT or ultrasound when an enlarging well-defined water-attenuation 
fluid collection pools in the area of liver injury (Fig. 2.14). ERCP (endoscopic retro-
grade cholangiopancreatography) is useful to diagnose bilomas by documenting 
extravasation of contrast from the injured bile ducts (Fig. 2.15). When bilomas are 
symptomatic, large, superinfected, or obstructing, treatment can be achieved by a 
combination of internal biliary stent placement to allow biliary duct healing and per-
cutaneous drainage.

Biliary leaks occur in 4–23% of patients after major liver injury [18]. Bile leaks 
are suspected when a water density perihepatic fluid collection develops. Extra 
biliary-enteric pooling of the radiotracer during hepatobiliary scintigraphy is diag-
nostic of an active bile leak. While minor bile leak from hepatic lacerations is com-
mon, most cases are transient and self-limited. In about one-third of patients, ERCP 
and biliary stenting with percutaneous drainage are necessary for major biliary 
leaks [15, 17]. Bile peritonitis in liver trauma patients should be considered when 
there is persistent abdominal pain, distention, leukocytosis, and tenderness. On CT, 
rim enhancement around a biloma is typically observed.

A biliary fistula can occur spontaneously if bile leaks through a skin defect 
formed from penetrating trauma or a drain site. A biliary-pleural fistula may develop 
from transdiaphragmatic communication. Another uncommon complication is 
hemobilia, which develops when a communication between a vessel, usually an 

Fig. 2.13  Perihepatic abscess after penetrating liver injury. A 47-year-old female stab victim to 
the left lateral hepatic segment (black arrow). Anterior rim enhancing perihepatic abscess follow-
ing liver hepatorrhaphy (white arrows). The patient also sustained gastric and pancreatic transec-
tion complicated by pancreatic duct leak (not shown)
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Fig. 2.14  (a) Intrahepatic biloma. Retrograde contrast injection during ERCP reveals a large irregu-
lar contrast collection in the liver dome communicating with biliary ductal system (black arrow). 
Purulent drainage from the bile duct at ERCP indicated an infected biloma. Biloma treated with biliary 
stent. (b) Contrast-enhanced CT performed 1 day later on the same patient revealed retained extrava-
sated contrast injected during ERCP in the biloma (asterisk) with free air (white arrow). (c) An image 
more caudally revealed diluted dependent contrast (black arrow) and free fluid in the subhepatic space 
collection from a biliary leak. Bile duct wall enhancement represents cholangitis (white arrow). (d) 
Seven weeks after percutaneous drain placement, the biliary abscess has almost resolved

J.L. Patrick et al.
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Fig. 2.15  An 18-year-old female status post motor vehicle collision. (a) AAST grade V liver 
laceration with extension to the hilum. (b) ERCP image demonstrates extravasation of contrast 
injected into the bile duct. (c) CT obtained 1 month later demonstrates an organized, rim enhancing 
infected biloma containing a locule of gas

2  Hepatic Trauma
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artery, drains into the lower-pressure biliary tree (Fig. 2.16). Patients present with 
upper gastrointestinal bleeding, and right upper quadrant pain with jaundice if a clot 
obstructs the biliary tree (Fig. 2.17). Angiography and embolization will stop the 
bleeding. Endoscopic treatment with biliary sphincterotomy and stenting can relieve 
biliary clots. Bilhemia is another rare but serious complication in which a traumatic 
fistula between the biliary ducts and hepatic veins results in serum hyperbilirubine-
mia [18].

Fig. 2.16  Hemobilia. Noncontrast 
CT demonstrating hyperdense clot in 
the gallbladder (asterisk) and the bile 
duct (black arrows). Note the density 
of the bile duct is slighter higher than 
the adjacent superior mesenteric vein 
(SV) on the axial image and the 
adjacent portal vein on the coronal 
reconstruction (PV). This patient 
presented with hematochezia after 
right portal vein embolization prior 
to planned right hepatectomy for 
resection of colon cancer metastasis. 
Note the embolization coil in the 
right lobe (white arrow)

J.L. Patrick et al.



27

a

b

Fig. 2.17  Iatrogenic hemobilia. A 33-year-old woman who developed elevated liver function tests 
and abdominal pain after a random left lobe liver biopsy. (a) Axial and coronal fat suppressed T1 
gradient echo images reveal layering T1 hyperintense filling defect in the extrahepatic duct (black 
arrow) compatible with hemobilia confirmed on subsequent ERCP (endoscopic retrograde cholan-
giopancreatography). (b) MIP images from a 3D MRCP showed biliary dilation due to biliary 
obstruction by the clot resulting in CBD cutoff (white arrow). The patient was treated with sphinc-
terotomy and clot extraction. She recovered uneventfully

2.18	 �Ischemic Segments of Liver

Ischemic or devascularized segments of liver are more common with higher-
grade injury (Fig. 2.18). Hepatic ischemia or necrosis can develop during the 
inciting injury, particularly when associated with major vessel disruption. 
Hepatic-related morbidity is also common after catheter hepatic embolization 
[19]. In one retrospective study, up to 19% (6 out of 31) of patients who required 
hepatic catheter angiography with embolization for their injuries developed 
hepatic infarction [20].
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a b

c

Fig. 2.18  Grade V liver laceration. 21-year-old female sustained a high speed MVA presented 
with positive FAST scan, and hemorrhagic shock was immediately managed surgically. Severe, 
bleeding right lobe liver laceration was treated with superficial right lobe hepatorrhaphy and pack-
ing with lap sponges. (a) Postoperative contrast-enhanced trauma CT showed a severe grade 5 liver 
injury with deep complex lacerations to segments I, IV and V–VIII. Segment VIII also sustained 
hemorrhagic infarction (asterisk). (b) Scout image from the post-operative CT scan demonstrates 
surgical packing material (arrows). (c) Gross pathologic specimen from the right hepatectomy 
performed 3 days later confirmed traumatic lacerations and a focal infarct with patchy hepatic and 
biliary necrosis
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2.19	 �Other Clinical Complications

Clinical complications encountered after operative management of liver injury include 
hyperpyrexia (defined by maximal daily temperature >38° for the first three consecu-
tive postoperative days), coagulopathy requiring blood transfusions, and hypoglyce-
mia (serum glucose <80 mg/dL) during the first 24 hours.

2.20	 �Hepatic Arterial Embolization

Hepatic arterial embolization is increasingly utilized as an adjunct to surgery or in 
hemodynamically stable patients with a vascular injury detected on CT (Fig. 2.5). 
The dual blood supply of the liver allows embolization anywhere along the course 
of the hepatic artery as long as normal hepatopetal flow is present in the portal vein. 
This can be established with a portal venogram performed prior to embolization, if 
the clinical situation permits. The absence of normal hepatopetal portal venous flow 
significantly increases the risk of hepatic necrosis. The dual blood supply of the 
liver also results in challenges to achieving hemostasis. Ideally, embolization should 
be performed proximal and distal to the injured vessel to prevent continued supply 
by collateral vessels. Embolization should be achieved distal to the cystic artery as 
gallbladder necrosis carries significant morbidity.

Embolization material selection depends on the size of the vessel, location, and 
desire for permanent or temporary occlusion. The options include Gelfoam, coils, 
particles, and liquid sclerosants. Gelfoam provides inexpensive and temporary 
embolization that will recanalize in 2–3 weeks. Coils offer more precise control for 
placement, which is valuable when addressing arteriovenous fistulas or pseudoan-
eurysms. Particles can be used to target more diffuse bleeding; the material courses 
through the arteries until they finally occlude vessels of a smaller diameter than the 
particles themselves. Sclerosants are rapid and permanent and generally have lim-
ited utility except for in situations where the target organ can be sacrificed. In addi-
tion, when using particles, Gelfoam slurry, or liquid sclerosants, prevention of 
refluxed material is key to avoid nontarget embolization [21, 22].
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3CT Imaging of the Injured Spleen

Eric M. Campion and Ernest E. Moore

3.1	 �Introduction

The spleen is one of the most commonly injured organs in the abdomen with up to 
45% of patients with blunt abdominal injuries having a splenic injury [1]. 
Historically, the spleen was not recognized to have any significant function and was 
removed with impunity after trauma. It was eventually noted that patients had a 
higher rate of sepsis and severe infection after splenectomy, especially with encap-
sulated organisms.

Significant investigation led to the understanding of physiologic splenic func-
tion. The spleen is histologically made up of a network of vascular sinusoids (“red 
pulp”). The red pulp functions to eliminate senescent red blood cells. It also has a 
filtering function which can trap antigens and bacteria and present it to the lym-
phatic follicules and reticuloendothelial cells (“white pulp”) that surround the red 
pulp. After these antigens are presented, immunoglobulins are produced, as well as 
important immune products such as opsonin. It is now recognized that this immune 
function plays an important role in the body’s ability to respond to infection, espe-
cially with encapsulated organisms.

Asplenic patients are at risk for a specific clinical entity often referred to as 
“overwhelming post-splenectomy infection syndrome” or OPSI. As its name sug-
gests, OPSI manifests itself as a severe, often life-threatening infection in asplenic 
patients. This includes patients with functional or surgical splenectomies from any 
cause, but patients with hematologic malignancies appear to be at higher risk than 
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patients whose spleen was removed for injury [2]. The lifetime incidence of OPSI is 
estimated at 5% for splenectomized patients [3]. Asplenic patients appear to be at 
increased risk of sepsis from all types of bacteria but are at a particularly high risk 
for infection with encapsulated organisms. The encapsulated bacteria Streptococcus 
pneumoniae, Haemophilus influenzae, and Neisseria meningitidis are classically 
associated with this syndrome, with S. pneumoniae being the most commonly found 
organism in OPSI [3]. The reported mortality rate is wide ranging but is quite high, 
48% in one case series [4]. Vaccinations against these pathogens are critically 
important in helping to prevent this syndrome and must be given at regular intervals 
for the remainder of the individual’s lifetime.

The understanding of the important functions of the spleen, along with the 
complications associated with laparotomy and OPSI, has led to an emphasis on 
splenic preservation when feasible. This is of particular emphasis in the pediatric 
population.

3.2	 �Anatomy

The spleen lives in the posterior left upper quadrant of the abdomen in close rela-
tionship to the stomach, tail of pancreas, and left kidney (Fig. 3.1a). The splenic 
hilum (artery and vein) enter the spleen anteromedially. The splenic artery is often 
quite tortuous and has a widely variable number of branches as it enters the spleen 
(Fig. 3.1b). The spleen also receives some of its blood supply from the short gastric 
vessels off of the left gastroepiploic artery. The splenic vein lies at the superior bor-
der of the pancreas and tends to take a more direct course into the splenic hilum 
(Fig.  3.1c). The spleen has several soft tissue “ligaments” that extend from the 
spleen to the surrounding organs. The gastrosplenic (spleen to stomach) and spleno-
renal (spleen to kidney) ligaments are the most prominent and surgically important. 
The gastrosplenic ligament contains the short gastric vessels, while the splenorenal 
is relatively avascular.

3.3	 �CT Imaging Protocols

The normal spleen, on a non-contrasted CT imaging study, has homogenous atten-
uation of 40–60 Hounsfield units [5]. The spleen is most commonly imaged in the 
portal venous phase of the contrast bolus on CT imaging. During the arterial con-
trast phase and early portal venous phase, the spleen appears mottled, becoming 
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c

Splenic Vein

b

Main Splenic Artery

Splenic artery branches

a
Stomach

Tail of Pancreas

Kidney

Spleen

Fig. 3.1  (a) Anatomic 
relationships of the spleen 
with the surrounding 
organs. (b) Splenic artery 
with branches. (c) Splenic 
vein
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more homogenous during the middle and later portal venous phases (Fig. 3.2) [5]. 
The most common protocol for imaging the spleen for abdominal trauma is during 
the portal venous phase on imaging. This phase is best able to identify active bleed-
ing and parenchymal injury (Fig. 3.1a) [6]. This can then be followed by a delayed 
phase 5 min later to further elucidate whether active extravasation is ongoing ver-
sus a contained injury (Fig.  3.3). However, recent data have suggested that the 
arterial phase imaging of the spleen is better able to identify contained vascular 
injury, such as pseudoaneurysms [6, 7]. The clinical relevance of these findings is 
unclear with at least one study determining that routine use of dual phase (arterial 
and portal venous) imaging would drastically increase the radiation dose without 
changing clinical outcome [8].

Given the uncertainty surrounding the need for arterial imaging of the spleen, 
many trauma centers routinely obtain arterial phase images of the spleen and liver 
only when a contrasted CT of the chest is being performed in conjunction with 
abdominal CT. Once arterial phase images are completed through the chest, liver, 
and spleen, the portal venous phase images of the abdomen are obtained using that 
same contrast bolus or the bolus is split to accommodate the different phases. 

Fig. 3.2  Normal spleen 
during arterial phase. 
Notice the mottled 
appearance

Contrast
Extravasation

Fig. 3.3  Delayed phase 
imaging of the spleen with 
contrast extravasation
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Delayed images during the renal excretory phase are obtained routinely by some 
trauma centers, while others perform delayed imaging selectively.

Follow-up surveillance imaging for high-grade blunt splenic injuries is some-
what controversial. In a recent study, 6% of patients developed delayed pseudoa-
neurysm or arterial extravasation on surveillance CT at 48  h. The number of 
delayed pseudoaneurysms identified on imaging in this study increased with 
increasing grade, but 20% of those identified were still in grade 1 or 2 injuries [9]. 
The clinical significance of these findings isn’t entirely clear, although these 
lesions are implicated in failure of nonoperative management and delayed splenic 
bleeding. There is no clear consensus on the need for and timing of obtaining 
follow-up imaging and local practices vary.

3.4	 �Imaging Findings in Trauma

Traumatic injuries to the spleen produce a spectrum of injuries. A splenic laceration 
appears as a linear area of hypodensity within the spleen (see Fig. 3.1). The depth of 
laceration and involvement with trabecular vessels determines the severity on grad-
ing. A subcapsular hematoma is an area of hypodensity around the spleen that 
indents and distorts the parenchyma of the spleen (Fig. 3.4). The size relative to the 
spleen affects is grade. Lacerations involving parenchymal and trabecular vessels 
can devascularize portions or all of the spleen. This is seen as a hypodense area of 
the spleen without distortion of parenchyma.

A contrast “blush” is an area of contrast enhancement, with Hounsfield units 
>80, within the spleen or around the splenic vessels. When enlarging on delayed 
imaging, this can represent active bleeding either into the splenic parenchyma or the 
peritoneum (Fig. 3.3). When a contrast blush is unchanged on delayed imaging, it 
often represents a traumatic pseudoaneurysm or AV fistula.

Free blood around the spleen or throughout the abdomen is frequently seen with 
splenic injuries and increases with grade of injury. While the quantity of hemoperi-
toneum is associated with failure of nonoperative management, it has not been 
shown to be an independent predictor of failure [10].

Subcapsular
HematomaFig. 3.4  Large 

subcapsular hematoma 
(note how splenic 
parenchyma is indented by 
hematoma)
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Splenic injuries are most commonly graded by severity according to the AAST 
grading system (Table 3.1) [11]. Increasing splenic injury grade is associated with 
an increased risk of failure of nonoperative management and need for intervention.

Another blunt splenic injury grading system was developed out of Baltimore, 
which purports to show an improved correlation to failure of nonoperative manage-
ment [12, 13]. Ongoing prospective study is being performed on this grading sys-
tem, but it has not, as of yet, gained widespread utilization.

An interesting delayed finding after splenic injury or splenectomy is the presence 
of splenosis. Splenic tissue can autoimplant into other areas of the peritoneum and 
grow into defined nodules. This is typically clinically irrelevant but can be confused 
with neoplastic processes seen on imaging.

3.5	 �Interventions Based on Imaging Findings

The decision to intervene on splenic injuries is first based on the patient’s hemody-
namic factors. Patients that are hemodynamically unstable should proceed to the 
operating room without delay for management of their injuries. CT imaging should 
only be obtained in patients that arrive to the emergency department stable or are 
stabilized with resuscitation. In patients that are hemodynamically stable, the grade 
of splenic injury on CT imaging influences decisions in management. Nonoperative 
management is appropriate for the majority of stable patients with splenic injuries. 
Observation alone is the most common management strategy for patients with grade 
1–3 injuries without active extravasation [14] (Figs. 3.5 and 3.6).

Patients with a splenic injury grade of 4 or 5 with normal hemodynamics war-
rant consideration for angiography as well as patients with active arterial 

Table 3.1  Spleen injury scale (1994 revision).

Grade Injury type Description of injury
1 Hematoma Subcapsular, <10% surface area

Laceration Capsular tear, <1 cm
Parenchymal depth

2 Hematoma Subcapsular, 10–50% surface area
Intraparenchymal, <5 cm in diameter

Laceration Capsular tear, 1–3 cm parenchymal depth that does not
Involve a trabecular vessel

3 Hematoma Subcapsular, >50% surface area or expanding; ruptured
Subcapsular or parenchymal hematoma; intraparenchymal
Hematoma ≥5 cm or expanding

Laceration >3 cm parenchymal depth or involving trabecular vessels
4 Laceration Laceration involving segmental or hilar vessels producing

Major devascularization (>25% of spleen)
5 Laceration Completely shattered spleen

Vascular Hilar vascular injury with devascularized spleen
aAdvance 1 grade for multiple injuries up to grade 3
From Moore et al. [11], with permission
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extravasation or evidence of ongoing bleeding [15]. Routine angiography for 
patients with grade 3 injuries is under investigation, but is not currently routinely 
recommended. As with all traumatic injuries, there are many patient-specific fac-
tors that can affect management and the decisions surrounding splenic injury 
management need to be individualized to the specific clinical situation (Figs. 3.7, 
3.8, and 3.9).

Fig. 3.5  Grade 1 splenic 
injury. Laceration of <1 cm

Grade 2 Injury

Fig. 3.6  Grade 2 splenic 
injury. Laceration of <3 cm 
not involving a trabecular 
vessel

Grade 3 Injury

Fig. 3.7  Grade 3 splenic 
injury. Laceration >3 cm
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4Computed Tomography in Pancreatic 
and Duodenal Injuries

Ari Leppäniemi and Eila Lantto

4.1	 �Introduction

Pancreatic and duodenal injuries are quite rare, and their detection can be challenging 
both at the initial stage during diagnostic workup of an abdominal trauma patient and 
during explorative laparotomy. Their protected location in the retroperitoneum can 
give subtle symptoms and signs in isolated injuries leading to delayed diagnosis and 
management. The aim of this chapter is to describe the computed tomography (CT) 
findings of pancreatic and duodenal injuries.

4.2	 �Diagnostic Workup of Pancreatic and Duodenal Injuries

The majority of pancreatic and duodenal injuries are caused by blunt trauma, most 
commonly following a direct blow or compression injury to the upper abdomen. 
The mechanism of injury in penetrating trauma is direct violation of the pancreatic 
gland or duodenal wall by the wounding agent. A special type of injury is the intra-
mural duodenal hematoma which presents most often with signs of progressive high 
intestinal obstruction (Fig. 4.1).

Depending on the institutional practice guidelines on managing penetrating and 
blunt abdominal injuries, the indications for operative exploration vary. However, in 
general, hemodynamically unstable patients with obvious abdominal injuries 
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usually undergo prompt laparotomy, whereas stable patients will be evaluated clini-
cally and radiologically.

In pancreatic injuries, CT is the primary diagnostic tool, although in rare cases, 
the initial CT image may be misleading and not show the presence of a pancreatic 
disruption. Sometimes a repeat CT a couple of days later may reveal the true extent 
of the injury. Other diagnostic options include magnetic resonance cholangiopan-
creatography (MRCP or MR) or endoscopic retrograde cholangiopancreatography 
(ERCP), and their roles are discussed later on.

Extraluminal air seen on CT in the peritoneal cavity of the retroperitoneum sug-
gests the presence of a bowel perforation, but the exact location can be difficult to 
determine. Retroperitoneal or periduodenal air can point to the injury site, and 
sometimes oral contrast can be used to demonstrate the perforation site.

4.3	 �Grading of Organ Injuries and Management Principles

The American Association for the Surgery of Trauma has published the most com-
monly used scales for grading individual organ injuries. The injuries are graded 
from I to V with increasing severity. Although useful in determining the manage-
ment strategy for pancreatic injuries, its role in managing duodenal injuries is less 
important.

In grade I and II pancreatic injuries, the main pancreatic duct is intact, and these 
patients can often be managed nonoperatively provided that no other injuries requir-
ing surgical repair are present and that an injury to the major pancreatic duct has 
been excluded. Occasionally, a minor leak or a side fistula of the pancreatic duct can 
be managed with an endoscopically placed stent.

The disruption of the main pancreatic duct left to the superior mesenteric vein 
(grade III) usually requires operative management and removal of the pancreatic 
tail, with or without splenectomy. Grade IV injuries (transection to the right of the 
superior mesenteric vein but intact papilla of Vater) are very usually operated upon 
and can be very challenging. Sometimes a mere drainage is the best policy, although 
under favorable circumstances, a more complex repair with pancreaticojejunal 
anastomosis can be performed.

Major lacerations in the head of the pancreas with ductal involvement (grade V), 
devascularizing lesions of the duodenum, or duodenal lacerations with destruction 
of the ampulla and distal common duct usually undergo urgent surgery due to the 

Fig. 4.1  CT of an intramural duodenal 
hematoma
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bleeding from adjacent vascular injuries. In very rare cases, these patients present in 
stable conditions and undergo diagnostic imaging.

Most duodenal perforations cause generalized peritonitis and require surgical 
management. The duodenal perforation, however, can sometimes give subtle signs, 
and therefore the timely diagnosis of duodenal perforation is crucial. A delay of more 
than 24 h in managing duodenal perforation is one of the major risk factors for poor 
outcome including failed duodenal repair and fistula formation. Asymptomatic duo-
denal perforations limited to the retroperitoneum can sometimes be managed nonop-
eratively including a percutaneously placed drain, but these patients require careful 
observation. Sometimes early surgery with duodenal repair is the safest option.

The treatment of an intramural duodenal hematoma is nonoperative consisting of 
nasogastric suction and parenteral fluid administration. Prolonged obstruction may 
require parenteral nutrition and even operative treatment if the obstruction persists 
for more than 2 weeks.

4.4	 �Complications

CT is useful in detecting postoperative pancreatitis, pseudocyst formation, and pan-
creatic fistulas. Definitive treatment of these complications requires usually advanced 
radiological and endoscopic techniques, and surgery is often the last option.

A controlled duodenal leak into a drain with good general condition of the patient 
can be managed expectantly, whereas progressive sepsis and uncontrolled leakage 
of the duodenal content outside the confined area of drainage require a reoperation, 
diversion of the duodenal content, luminal decompression, and insertion of a feed-
ing jejunostomy, if not placed at the primary operation.

4.5	 �CT Imaging Technique

Conventional multidetector CT protocol for trauma patients includes arterial and 
portal venous phase imaging of the abdomen and pelvis, acquired 25–30 and 
65–70 s after the beginning of intravenous contrast material administration. With 
biphasic contrast medium injection (split bolus technique), a single acquisition with 
simultaneous arterial and venous phase scanning provides comparable results and 
minimizes radiation dose. Thin axial, sagittal, and coronal images are routinely 
viewed on workstations. Additional curved MPR images can be used as problem-
solving means in equivocal cases, i.e., to analyze the depth of parenchymal injury 
and disruption of pancreatic duct. Routinely administered oral contrast material is 
not used in emergency setting.

4.6	 �Imaging Findings in Pancreatic Injuries

Pancreatic trauma can be difficult to recognize because of coexisting injuries to 
other abdominal organs. Imaging findings of pancreatic injuries may range from 
normal appearance to complete transection of the pancreas.

4  Computed Tomography in Pancreatic and Duodenal Injuries
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Pancreatic injuries are commonly graded according to the American Association 
for the Surgery of Trauma classification described above. The major factors that 
influence the grade of injury include the location and severity of the parenchymal 
injury and the integrity of the main pancreatic duct. Specific and nonspecific signs 
of pancreatic injury on CT are presented in Table 4.1.

Pancreatic contusion causes frequently only subtle findings on imaging and 
may present as focal or diffuse nonlinear areas of low attenuation, inhomoge-
neous enhancement of pancreatic parenchyma, or focal pancreatic enlargement 
(Fig. 4.2).

Hematoma is seen as a hyperattenuating area within the pancreatic parenchyma 
and is a specific sign on pancreatic injury. Laceration is a linear hypodense or non-
enhancing region perpendicular to the long axis of the pancreas. It may be superfi-
cial or extend through the entire pancreas, resulting in a transection (Figs. 4.3, 4.4, 
4.5, and 4.6). Although CT may not always demonstrate the ductal disruption, it can 
be suggested based on the degree of the parenchymal injury. Laceration of more 
than 50% of the thickness of the parenchyma usually causes ductal injury (Figs. 4.4, 
4.5, and 4.6).

Table 4.1  Specific and nonspecific signs of pancreatic injury

Specific signs Nonspecific signs
Pancreatic fracture Peripancreatic fat stranding or fluid
Pancreatic laceration
Diffuse or focal pancreatic enlargement Fluid separating the splenic vein from posterior 

aspect of the pancreas
Heterogenous enhancement Thickening of the left anterior pararenal fascia
Pancreatic hematoma Injuries to adjacent organs or vessels

Fig. 4.2  Grade I pancreatic injury after a 
fist punch to the abdomen. Axial CT image 
demonstrates pancreatic contusion as 
inhomogeneous enhancement of the neck 
of the pancreas. Secondary signs of trauma 
include increased density of the 
peripancreatic fat, thickening of the left 
anterior pararenal fascia, and fluid between 
the splenic vein and pancreas
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Fig. 4.3  Grade II pancreatic injury. CT 
shows a linear laceration across the distal 
body of the pancreas without ductal injury. 
There is also peripancreatic fluid and 
edema and laceration in the liver

a b

Fig.  4.4  (a, b) Grade III pancreatic injury. (a) Deep laceration in distal pancreatic parenchyma 
suggesting ductal injury after motorbike accident of a teenage boy. There is also peripancreatic 
fluid. (b) Ductal disruption was confirmed on ERCP

Fig. 4.5  Transection throughout the 
pancreatic body after bicycle accident 
with ductal injury. A fluid collection is 
communicating with the pancreas at the site 
of transection
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Lacerations tend to occur at the junction of the body and tail due to shearing 
injuries with compression against the spine. Pancreatic fracture is diagnosed if 
there is a clear separation of fragments across the long axis of the pancreas 
(Figs. 4.7 and 4.8).

Secondary signs to look for are peripancreatic fat stranding and fluid collections 
and thickening of the left anterior pararenal fascia (Figs. 4.2, 4.3, and 4.4). Fluid 
between the splenic vein and pancreas is a nonspecific sign, but it may suggest pan-
creatic injury in a patient with blunt abdominal trauma.

Complications after pancreatic injury are traumatic pancreatitis, pseudocyst for-
mation, abscesses, and fistulas (Figs. 4.7 and 4.8). The presence of focal peripancre-
atic fluid collections after trauma implies ductal injury. Posttraumatic strictures of 
the pancreatic duct and pseudoaneurysm formation of adjacent vascular structures 
have also been reported.

The most important pitfall in the early phase after injury is that CT findings may 
be absent or only subtle and nonspecific. The severity of pancreatic injury may be 
underestimated because of the difficulty in early detection of ductal integrity. 

a b

c

Fig. 4.6  (a–c) Grade IV pancreatic injury. (a) Transection of the pancreatic neck with some retro- 
and intraperitoneal fluid. (b) ERCP shows extravasation of contrast material confirming the ductal 
injury. (c) Transected pancreas at operation demonstrating the central pancreatic injury with ductal 
transection at the level of the superior mesenteric vein

A. Leppäniemi and E. Lantto
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a

c

b

Fig. 4.7  (a–c) Grade III pancreatic injury. (a) Proximal fracture of the pancreatic neck in a child 
with bicycle handlebar injury. There is also fluid and edema in peripancreatic area. (b) Duodenography 
did not show duodenal injury. (c) MR demonstrates two pseudocysts anterior to the pancreas 3 weeks 
later. Pseudocyst on the right side communicates with the injured duct

a b

c

Fig. 4.8  (a–c) Grade IV injury. Extensive fracture of the pancreatic neck and head involving the 
ampulla with surrounding edema and fluid in (a) axial and (b) coronal CT images. (c) Three weeks 
later, MR shows a large pseudocyst communicating with the injured proximal duct
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Peripancreatic fluid may be related also to aggressive resuscitation or injuries to 
adjacent organs. In contrast, sometimes the true extent of the pancreatic injury is 
only revealed at surgery (Fig. 4.9).

4.7	 �Role of MRCP and ERCP

Since difficulties in detecting pancreatic ductal injuries arise, magnetic resonance 
cholangiopancreatography (MRCP) can be used as a noninvasive alternative for 
direct imaging of the pancreatic duct. Secretin-stimulated MRCP provides dynamic 
information of leakage from the main pancreatic duct. In addition, MRCP may 
demonstrate the pancreatic parenchymal injury, as well as pathologic fluid collec-
tions and their ductal connections.

The most reliable method to assess the patency of the main pancreatic duct is to 
perform endoscopic retrograde cholangiopancreatography (ERCP), although it is 
usually not available outside office hours. ERCP is invasive and has potential com-
plications but also includes a therapeutic option with the possibility to place a stent 
to control leak from a partially injured pancreatic duct.

4.8	 �Imaging Findings in Duodenal Injuries

CT findings of duodenal injuries range from contusion or intramural hematoma to 
complete perforation or devascularization. Distinction between duodenal wall hema-
toma and perforation is critical. On imaging, typical direct sign of duodenal hematoma 
or contusion is a focal asymmetric wall thickening (>4 mm) from edema or hyperdense 
intramural hematoma (Fig. 4.1). Gastric outlet obstruction is a common complication.

Fig. 4.9  CT image of a young woman with 
a gunshot wound in the upper abdomen. 
Image shows bullet track extending through 
hepatic segment III and pancreatic body to 
the anterior aspect of the spine. In operation, 
a laceration without ductal involvement was 
found in the pancreas

A. Leppäniemi and E. Lantto



49

Imaging findings in duodenal perforation include discontinuity and nonenhance-
ment of the duodenal wall, extraluminal gas adjacent to the duodenum, and extrava-
sation of positive contrast material (if administered) into the retroperitoneum 
(Figs. 4.9, 4.10, 4.11, and 4.12). Secondary signs are periduodenal fluid or hemor-
rhage and fat stranding, which can be associated with both intramural hematomas 
and perforations.

a

c

b

Fig. 4.10  (a–c) A 5-year-old boy with history of fall with a heavy object over the abdomen. 
(a) Axial and (b) coronal CT images show signs of duodenal perforation including discontinuity 
of the wall in descending part of the duodenum, extraluminal gas bubbles adjacent to the duode-
num, and fluid in intra- and retroperitoneal space. (c) Fluoroscopy examination demonstrates leak-
age of contrast material outside the duodenum. At operation, the laceration involved 250° of the 
circumference of the descending part of the duodenum
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Fig. 4.12  Nonenhancement and 
discontinuity of the wall at the duodenal 
bulb after blunt abdominal trauma. There 
is also traumatic dissection in the right 
renal artery and nonenhancing right kidney

a b

Fig. 4.11  (a, b) Duodenal perforation after accidental fall. Extraluminal gas bubbles adjacent 
to the duodenum in (a) axial and (b) coronal CT images. Free fluid is seen as a secondary sign 
of perforation
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5CT Scan in Blunt Gastrointestinal Trauma

Gustavo Pereira Fraga and Rao Ivatury

5.1	 �Introduction

Abdominal injury as a result of penetrating or blunt trauma may represent a life-
threatening condition requiring rapid diagnosis and treatment. The Eastern 
Association for the Surgery of Trauma Multi-institutional Hollow Viscus Injury 
(HVI) study, the largest retrospective hollow viscus injury to date, found the inci-
dence of blunt small bowel injury (BSBI) of 1.1%, blunt colonic injury as 0.3% 
(30.2% of patients diagnosed with HVI had a colon injury), and the incidence of 
blunt gastric injury to be much lower (only 4.3% of a total of 2632 patients identi-
fied with HVI) [1, 2].

Direct bowel or mesenteric injury occurs in approximately 1–5% of all blunt 
abdominal traumas, and its incidence has increased with the growing number of 
automobile crashes [3–6]. The small bowel is the most frequently injured viscus in 
penetrating abdominal trauma and currently the third most common injury follow-
ing blunt trauma. The frequency of isolated BSBI in abdominal trauma reported in 
the literature ranges from 31.4 to 59% [1, 3, 5]. The frequency of BSBI in children 
appears lower than the incidence rates reported for adult populations [7].

The diagnosis of significant intra-abdominal injury is a challenge in blunt trauma. 
The association between mechanism of trauma and a careful physical examination 
remains the most important method to determine the need for exploratory laparot-
omy. The sudden deceleration caused by the kinematics of automobile crashes, 
associated with the compression caused by the seat belt, stretching and pulling the 
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bowel’s attachment points, accounts for most injuries found. The diagnosis is noto-
riously difficult, as nearly half the patients may have no complaints or external signs 
of abdominal injury on admission to the hospital. Diagnosis of BSBI is sometimes 
delayed, especially in patients with multiple injuries, head trauma, or intoxicated [4, 
5, 8–10]. A bruise across the abdomen inflicted by a seat belt (“seat belt sign”) and 
ongoing abdominal pain are known associated risk factors of BSBI. Fakhry et al. [4] 
observed that 67.7% of 198 patients with BSBI initially presented with signs or 
symptoms highly suggestive of this injury. In the EAST study, the seat belt sign was 
associated with a 4.7-fold increase in relative risk of BSBI in patients following 
motor vehicle crashes [1].

The introduction and refinement of diagnostic procedures and imaging studies, 
such as computed tomographic (CT) scan and focused abdominal sonography for 
trauma (FAST), have contributed significantly in the new trends of abdominal injury 
management. CT scan is now considered as a rapid means of assessment for the early 
detection of intraperitoneal injury. In patients with multiple traumas, the “panscan” 
(CT of the head, neck, chest, abdomen, and pelvis) has become the necessary step to 
identify and define the severity of the injuries. With the increasing frequency of non-
operative management of blunt abdominal trauma, the diagnosis of BSBI is now 
more frequently made on the basis of clinical signs or an abnormal CT scan rather 
than as an associated injury at a trauma laparotomy. With the advancement of tech-
nology and the use of multislice CT scanners, capable of performing thinner sections 
more quickly, with fewer motion artifacts, and allowing multiplanar reformations, 
CT scan has a high sensitivity to diagnose BSBI, ranging from 64 to 95% and an 
accuracy of 80–90%, providing useful anatomic details such as contrast extravasa-
tion and extraluminal air. The longer the time interval between the trauma and the CT 
scan, the higher the chances of the CT scan diagnosing BSBI [11–15].

5.2	 �CT Technique

The advent of multidetector CT (MDCT) has increased image resolution with thinner 
collimation and fewer artifacts and has decreased scanning times. MDCT also allows 
high-quality two- or three-dimensional multiplanar reformatted images to be obtained, 
aiding in the diagnosis of injuries in the trauma patient. MDCT scanners offer the pos-
sibility to acquire images at multiple phases of intravenous contrast enhancement [16, 
17]. The radiation dose delivered should be the minimum necessary.

The MDCT protocol includes arterial phase images to facilitate detection of 
trauma to the mesentery and portal veins or delayed phase images of the abdomen 
and pelvis, acquired 60–80 s after the beginning of intravenous contrast material 
administration [16, 17].

G.P. Fraga and R. Ivatury



53

Besides requiring expertise in the interpretation of images, the sensitivity of the 
method depends on the technological generation of the device. Even using an 
advanced imaging technique MDCT, the diagnosis of BSBI can be missed or 
delayed [18–20].

5.3	 �CT Findings

BSBI can be classified as a partial- or full-thickness injury. Partial-thickness BSBI 
results in contusion of the bowel wall and can be seen on MDCT as a focal region 
of bowel wall thickening, usually greater than 3–4 mm in thickness. BSBI with full-
thickness bowel injury includes CT findings considered to be specific: luminal or 
oral contrast content extravasation (rarely identified when no oral contrast is rou-
tinely given to trauma patients) and discontinuity of hollow viscus wall. CT findings 
considered suggestive of BSBI are pneumoperitoneum (sensitivity of 30–60% since 
extraintestinal barotraumas/mechanical ventilation may also cause it), gas bubbles 
close to the injured hollow viscus, thickened (>4–5 mm) bowel wall, bowel wall 
hematoma, and intraperitoneal fluid of unknown source.

The latter findings include the presence of free fluid in the cavity without solid 
organ injury, striking or focal densification of the mesenteric fat, dilated bowel 
loops, pneumoperitoneum, thickening of the intestinal wall, extravasation of con-
trast, and discontinuity of the intestinal wall (rarely identified). Most of these find-
ings suggest but do not establish the diagnosis of BSBI [18–24]. Patients with a 
Chance-type vertebral fracture and large abdominal wall hematoma have a higher 
risk of injury to the bowel or mesentery.

The largest review of the literature, involving 518 patients subjected to abdomi-
nal trauma CT imaging, 13% of all BSBI (both small bowel and/or mesenteric inju-
ries), had normal abdominal CT scans [22]. In the study by Ekeh et al. [18] analyzing 
57 patients with BSBI who underwent CT, in 19.2% of examinations, findings were 
not identified to be consistent with bowel injury. In the reports by Matsushima et al. 
[19], 19% of the exam results were considered normal. The experience from 
University of Campinas with 26 patients with BSBI and CT exam considering “pre-
MDCT” (period 1994–2005) and “post-MDCT” (2005–2012), according to the 
time of implementation of a 64-slice MDCT, there were 13% CT scans considered 
normal in the first period, and in the last period, after a detailed examination by an 
experienced radiologist, all had findings consistent with injury to hollow viscera 
[20]. Kemmeter et al. [23] reviewed 69 patients with blunt SBI and found that 13 of 
the cases (38%) had enteric injuries that were missed by the initial CT scan. Fang 
et al. [24] reported a 10.2% (5 out of 49 scans) false-negative rate in patients that 
had SBI with perforation.

5  CT Scan in Blunt Gastrointestinal Trauma
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The more specific signs are not highly sensitive, and the more sensitive signs are 
not highly specific (Table 5.1) [17].

Free fluid in the cavity is the most common CT finding noted in 50–90% of the 
patients with BSBI (Fig. 5.1) [18–22].

Pneumoperitoneum is a highly suggestive, but not pathognomonic, sign of bowel 
perforation (Figs. 5.2 and 5.3). It is important to review carefully all phases acquired 
because air outside the intestinal lumen may appear only on delayed images. 
Extraluminal air is usually a sign of intestinal perforation but can also be the conse-
quence of intraperitoneal rupture of the urinary bladder and pulmonary trauma 
(pneumothorax or pneumomediastinum) or can be a “pseudopneumoperitoneum” 
that corresponds to air confined between the abdominal wall and the parietal perito-
neum [13, 16, 18–22].

Table 5.1  Sensitivity and specificity of various CT signs of bowel injury

Sign Sensitivity (%) Specificity (%)
Free peritoneal fluid 90–100 15–25
Mesenteric fat striking or focal densification 70–77 40–90
Abnormal bowel wall enhancement 10–15 90
Focal bowel wall thickening 55–75 90
Extraluminal air 30–60 95
Extraluminal oral contrast material 8–15 100
Bowel wall discontinuity 5–10 100

Fig. 5.1  Axial contrast-enhanced CT image 
in a BSBI patient with moderate amount of 
hyperattenuation of perihepatic and 
perisplenic free fluid, without injury to the 
solid viscera

Fig. 5.2  Axial contrast CT image showing 
pneumoperitoneum
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Localized thickening or abnormal enhancement of a bowel loop or segment is 
highly suggestive of a BSBI, such as a contusion, hematoma, ischemia secondary to 
mesenteric vascular trauma, or perforation. CT findings of mesenteric hematoma or 
densification of mesenteric fat (Figs. 5.4 and 5.5) are associated with a high likeli-
hood of BSBI. Peritoneal active extravasation of contrast-enhanced blood (blush), 
mesenteric rent with internal hernia, beading or abrupt termination of the mesen-
teric vessels, and mesenteric hematoma are signs of mesenteric injuries on CT 
images [6, 13, 16, 18–22]. The combination of these findings increases the risk of a 
clinically important injury.

Extravasation of enteral contrast material is the most specific sign of bowel 
injury, but this finding is not common in BSBI.

Ruptures of the small bowel can be fatal, due to peritonitis. In some cases, espe-
cially when there is a delay in diagnosis, they can lead to sepsis from bacterial 
contamination, as well as cause blood loss with secondary intraperitoneal hemor-
rhage, significantly increasing the morbidity and mortality. A delay of more than 

Fig. 5.3  Blunt abdominal trauma with injury to the distal ileum. CT of the abdomen after the 
intravenous administration of iodinated contrast shows evidence of small bubbles of pneumoperi-
toneum (white arrow), as well as densification of mesenteric fat, representing edema and hema-
toma (yellow arrow) adjacent to the lacerated segment of the small bowel

Fig. 5.4  Blunt abdominal trauma with 
injury to the jejunum-ileum transition. CT 
of the abdomen after the intravenous 
administration of iodinated contrast shows 
evidence of a small bubble of 
pneumoperitoneum (white arrow), as well 
as densification of mesenteric fat (yellow 
arrow) adjacent to the injured segment of 
the small bowel, which has thickened walls
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24 h is associated with approximately 30% of mortality [4, 5, 18, 22]. The role of 
CT in diagnosing hollow viscus injury after blunt abdominal trauma remains con-
troversial, but the MDCT alone or in concert with physical examination is a valu-
able tool in the timely diagnosis and treatment of bowel and mesenteric injury 
caused by blunt trauma.
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6Computed Tomography (CT Scan) 
in the Management of Genitourinary 
Trauma

Rodrigo Donalisio da Silva and Fernando J. Kim

6.1	 �Introduction

Trauma is a serious public health problem with significant social and economic 
costs. Worldwide, trauma accounts for 10% of all mortalities with approximately 
five million deaths each year. Trauma results in an exorbitant number of disabilities 
[1]. About half of the deaths due to trauma occur in people during their productive 
age, and it is the leading cause of death for people between 15 and 45 years old [2].

Genitourinary injury occurs in 2–5% of all trauma patients and in at least 10% of 
patients with abdominal trauma. Genitourinary trauma needs to be managed with 
close collaboration between the general and urologic trauma surgeons to improve 
outcomes.

6.2	 �Injury Grading and Scoring Systems for Genitourinary 
Injuries

The American Association for the Surgery of Trauma (AAST) Injury Scaling 
Committee devised a staging system for urologic injuries in 1989 [3, 4]. The 
system classifies organ-specific injuries which can help in decision-making 
regarding treatment options. The classifications of genitourinary injuries allow 
researchers to evaluate clinical significance, decision-making, complication 
rates, and outcomes [5–10].
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6.3	 �Renal Trauma

Overall renal trauma is diagnosed in approximately 1–5% of all trauma patients 
and up to 10% of patients with abdominal trauma [11]. Blunt versus penetrating 
injuries vary according to the region analyzed and the population served, with 
penetrating injuries as high as 20% in urban centers [12–15]. Renal penetrating 
injuries caused by gunshot wounds are associated with other intra-abdominal organ 
injuries in nearly all patients and are close to 60% for patients with renal stab 
wounds. Other intra-abdominal organ injuries (non-urologic) are found in approxi-
mately 20–33% of patients with blunt renal trauma and 77–100% in penetrating 
renal injuries [6, 7, 11].

6.3.1	 �Indications for Image Studies in Patients 
with Suspected Renal Trauma

Deciding when to proceed with image workup for patient with suspected renal inju-
ries should be based on clinical findings (vital signs, rib fracture, hematuria, flank 
ecchymosis, and others) and trauma mechanisms (rapid deceleration, significant 
trauma to the flank, rib fracture, flank ecchymosis, penetrating injuries of the abdo-
men or lower chest). Surgeons should not hesitate to order imaging studies in patients 
with known congenital conditions (i.e., UPJ obstruction) and/or anatomic abnormali-
ties (renal cysts, horseshoe kidneys, etc.) because they are known to predispose 
patients to renal injury, even in lower energy accidents (Fig. 6.1). Recently, authors 
are attempting to identify which patients’ image studies could be spared in an attempt 
to reduce radiation exposure, possible allergic reaction to contrast, and costs.

Indications for radiographic evaluation of patients with suspected renal trauma 
are gross hematuria, microscopic hematuria with hypotension, and the presence of 
associated injuries [11, 12]. Patients with penetrating trauma to the torso also 
benefit from image studies since they have a high incidence of renal injury. 
Children can be imaged using the same criteria as adults; however, indications 
such as hypotension are not as frequent as in adults.

a

c

bFig. 6.1  Patient with known previous 
history of large renal cyst on the right 
kidney; (a) hematoma, (b) cyst, (c) kidney
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CT scan is the image study that presents the higher sensitivity and specificity to 
diagnose and grade renal traumas compared to ultrasound (US), intravenous pyelo-
gram (IVP), and angiography. CT scan can precisely identify the location of the 
injury and associated hematomas and evaluate other abdominal organs (Fig. 6.2).

CT scan of the abdomen and pelvis using IV contrast with immediate and delayed 
phases (10–15 min after IV contrast) should be done, unless there is a formal con-
traindication for the use of IV contrast. The immediate phase will be able to eluci-
date the location of the renal lacerations (Fig. 6.3); lack of contrast enhancement of 
the injured kidney may indicate a pedicle injury (Fig. 6.4). Delayed images will be 

Fig. 6.2  Grade I renal laceration on the 
left kidney with small perirenal 
hematoma

Fig. 6.3  Contrast extravasation around 
the left kidney

Fig. 6.4  Lack of contrast in the right 
kidney
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able to delineate the collecting system and ureters, demonstrating contrast extrava-
sation if there is any injury involving the collecting system.

Spiral CT scan can be performed faster, generating fewer artifacts in patients 
with altered mental status who cannot cooperate adequately [11]. In some cases, 
three-dimensional reconstructions can improve the demonstration of complex lac-
erations of the parenchyma.

6.4	 �Ureteral Trauma

Ureteral trauma has a low incidence and accounts for approximately 1–2.5% of 
urinary tract trauma [10]. Most ureteral injuries are caused by penetrating trauma, 
particularly gunshot wounds (Fig. 6.5). Blunt trauma can damage the ureter in 
about 30% of patients [10]. The rates of missed ureteral injuries are reported to 
be 11% [13].

Patients with deceleration trauma mechanism and all penetrating injuries to the 
abdomen should raise suspicion for ureteral injuries. The upper ureter is more com-
monly injured in blunt trauma caused by decelerating mechanism, causing the renal 
pelvis to tear. In penetrating injuries, the lesions to the ureter are distributed along 
its length, but the upper ureter is also commonly injured [1, 10, 12].

Clinically, it is difficult to diagnose ureteral trauma. An isolated injury to the 
ureter is not common, and it is usually associated with severe injuries to the abdo-
men, pelvic bone, and spine [10]. The presence of hematuria is not a reliable indica-
tor of the presence of ureteral injuries as it can be present in 50–70% of patients 
with ureteral injuries and is also associated with other more common urological 
traumas such as in the kidney, bladder, and urethra.

Iatrogenic injury may be noticed during the primary procedure (gynecologic, 
colorectal, and urologic procedures) when intravenous indigo carmine can be 
injected IV during cystoscopy to rule out ureteral injury. It may also be discovered 
later in the postoperative course by evidence of upper urinary tract obstruction, 
urinary fistula, sepsis, and/or flank pain. Early recognition is important because it 
facilitates the repair and reduces associated morbidity (renal damage, infection, and 
hypertension). Imaging studies are important to classify ureteral trauma because 
approach may vary depending on severity and trauma mechanism.

Fig. 6.5  Contrast extravasation on the 
left ureter
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6.4.1	 �Radiological Evaluation of Patients 
with Suspected Ureteral Trauma

The radiological evaluation of ureteral trauma is a contrast-enhanced abdominal/
pelvic CT with delayed imaging (CT-IVP) for stable trauma patients with suspected 
ureteral injuries [1, 12, 13]. The extravasation of contrast material of the ureter is the 
hallmark sign of ureteral injury (Fig. 6.6). Other signs that may be suggestive of 
ureteral injury are the presence of hydronephrosis, urinoma, or free liquid in the 
abdomen. In cases where the CT-IVP was not able to confirm the diagnoses, retro-
grade pyelogram is the gold standard to confirm the ureteral injury.

6.5	 �Bladder Trauma

The most common cause of traumatic bladder injury (excluding iatrogenic 
causes) is motor vehicle collisions, followed by falls, industrial trauma, and 
blows to the lower abdomen [14]. Pelvic fracture is found in 60–90% of patients 
with blunt bladder trauma, and 44% of the patients with bladder injuries have at 
least one intra-abdominal organ-associated injury [15]. The majority of bladder 
ruptures are extraperitoneal. A combination of bladder and urethral trauma can 
be found in 4.1–15% of the cases [15, 16]. Classification of traumatic bladder 
injuries can be done using the AAST injury scale or more commonly by classi-
fying blunt vs. penetrating bladder injuries and extraperitoneal vs. intraperito-
neal bladder injuries [4].

Extraperitoneal ruptures are almost always associated with pelvic fracture. The 
bladder can be injured on the same side as the fracture by the traction of its liga-
ments caused by the distortion of the pelvic anatomy. A countrecoup mechanism is 
the mechanism of injury when the bladder injury is found on the opposite side of the 
pelvic fracture. The bladder wall can be perforated by bone fragments [16].

Fig. 6.6  Contrast extravasation on the left ureter
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The bladder dome is the weakest point of the bladder. A sudden rise in intra-
vesical pressure can cause bladder rupture at the bladder dome, leading to intra-
peritoneal bladder rupture and urinary leakage inside the peritoneal cavity. 
A full bladder at the time of the trauma is a risk factor for intraperitoneal blad-
der rupture [16].

Bladder traumas can be graded according to AAST classification, but usually 
surgeons classify the bladder injuries according to mechanism of trauma (blunt vs. 
penetrating) and anatomical location (intraperitoneal, extraperitoneal, or combined 
intra- and extraperitoneal) [4].

6.5.1	 �Radiological Evaluation of Traumatic Bladder Injuries

Gross hematuria is the most common sign of bladder injury, while pelvic fracture is 
the most common associated injury with bladder rupture. In patients with gross 
hematuria and pelvic fracture, bladder injury can be found in 29% of patients. An 
absolute indication to proceed with CT cystography is the combination of gross 
hematuria and pelvic fracture [1, 12].

Classically, cystography is the diagnostic modality for suspected bladder rupture 
[1, 12]. Cystography can be performed by filling the bladder with at least 350 mL of 
contrast. Sensitivity (90–95%) and specificity (100%) of plain or CT cystography 
are similar [15]. The decision to perform a plain or CT cystography should be based 
on potential benefits of the CT scan in diagnosing associated injuries, time to per-
form the exam, availability of resources, and costs.

Surgeons must be aware that clamping the Foley catheter during the excretory 
phase of CT or IVP is not recommended to diagnose bladder injury because this 
procedure lacks the sensitivity to exclude bladder injuries [15].

The presence of contrast material within bowel loops and/or outlining abdomi-
nal viscera is diagnostic for intraperitoneal bladder rupture. Extraperitoneal blad-
der ruptures are associated with extravasation of the contrast in the perivesical 
soft tissue (Fig. 6.7).

Fig. 6.7  Extraperitoneal bladder rupture

R. Donalisio da Silva and F.J. Kim



65

6.6	 �Urethral Trauma

Trauma to the anterior urethra may be a result of sudden compression at the level of 
the mid-urethra to bulbar urethra against the pubic bones. The posterior urethral 
injuries can be found in 4–10% of patients. AAST grading scale can be used to 
grade urethral injuries; however, urologists usually classify these lesions in partial 
urethral disruption or complete urethral disruption [4].

Blood at the urethral meatus, urinary retention, perineal hematoma, and inability 
to palpate the prostate on a rectal exam should raise suspicion of urethral injuries.

6.6.1	 �Radiological Evaluation of Urethral Injuries

Although CT scan of the pelvis and urethra can demonstrate urethral injury, the 
retrograde urethrogram (RUG) is the image modality more frequently performed to 
evaluate urethral injuries. In patients with suspected urethral injuries, iodinated con-
trast is injected via a catheter within the urethral meatus followed by plain radio-
graph (Fig. 6.8). In the normal RUG, contrast can delineate normal anatomy of the 
urethra and bladder. In incomplete urethral transection, contrast extravasation will 
be seen in the urethra, and the contrast should still reach the bladder. In complete 
urethral transection, the contrast extravasation will be present in the location of the 
urethral injury, and no contrast will be present in the bladder (Fig. 6.9). Physicians 
must obtain plain and oblique films to better evaluate the urethra.

CT scan has a limited role in the acute phase of urethral disruption despite the 
good sensitivity in identifying associated injuries (pelvic fracture, pelvic hemato-
mas, and rectal injuries) and the possibility to be used to guide the placement of 
suprapubic tubes (the bladder can be displaced by pelvic hematoma). CT scans can 
be less useful than other imaging modalities because in order to obtain good image 
quality, patients need to be fully cooperative and must have the ability to void.

Fig. 6.8  Complete urethral disruption; 
contrast media not reaching the bladder
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6.7	 �Testicular Trauma

Blunt scrotal trauma can cause testicular rupture in approximately 50% of cases. 
Testicular rupture is associated with pain, nausea, and vomiting. Ultrasonography is 
usually the first image study performed and can determine if the hematoma is intra- 
and/or extra-testicular with associated testicular contusion or rupture (Fig. 6.10).

Traumatic dislocation of the testis is reported in the literature associated with 
motor vehicle accidents and pelvic trauma. CT scan can easily diagnose and iden-
tify testicle dislocation in patients with pelvic trauma when the testicle cannot be 
identified in the physical exam.

Fig. 6.9  Urethral injury with extravasation

a

b

Fig. 6.10  Testicular trauma; (a) scrotal 
hematoma, (b) intratesticular hematoma
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Explosive device-related injuries can compromise the genitals in approximately 
9% of patients. Most common CT scan findings related to testicular injury are loss 
of definition of the tunica albuginea and intratesticular contrast blushing. In patients 
with pelvic trauma that had a CT scan to evaluate the pelvis, CT findings related to 
the testis can contribute to the decision of additional US imaging with or without 
scrotal exploration.
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7.1	 �Introduction

Acute cholecystitis (AC) is considered the inflammation of the gallbladder, and it is 
caused in most cases by the presence of gallstones. It can be associated to local or 
general signs of inflammation and the diagnosis is given from a combination of 
detailed clinical history and clinical examination, laboratory tests and images as 
reported by the recent World Society of Emergency Surgery (WSES) guidelines [1]. 
AC can affect 10–20% of patients with gallstones, and in up to 39% of cases, a 
gangrenous AC was found [2, 3].

Another clinical entity that mimics the lithiasic AC is the acute acalculous cho-
lecystitis (AAC) [4] that represents 2–15% of all AC. However, AAC is related with 
a high mortality (10% up to 90% comparing to 1% of AC) because patients with 
AAC are often critically ill patients with hypovolemic shock, heart failure, diabetes 
mellitus, dehydration, sepsis, and vasculitis.

Abdominal ultrasound (US) is considered the first and preferred initial imaging 
technique to detect the presence of gallstones and to evaluate the inflammatory 
changes in the gallbladder [1]. US is also valuable because it is free from ionizing 
radiation and is easily available and not invasive with a good diagnostic accuracy [1]. 
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However computed tomography (CT), even if it is related to ionizing radiation, 
seems to be more useful when US is not diagnostic and in patients with confusing 
clinical condition or to evaluate eventual AC complications [1].

7.2	 �Value of Computed Tomography

As mentioned above, the role of CT in AC is not clearly defined. In the literature 
comparing with US, CT shows sensitivity from 85 to 94% (95% CI, 66–95 and 95% 
CI, 73, 99%, respectively) and specificity from 59 up to 81% (95% CI 42, 74 and 
95% CI 69–90%, respectively), while for US they are, respectively, 81 and 83% [15].

A recent meta-analysis that summarized the role of the different diagnostic tech-
niques in AC shows that cholescintigraphy has the highest diagnostic accuracy and 
the accuracy of US leaves a substantial margin of error, comparable to that of MR 
imaging, while CT is still under evaluation [5].

The use of US remains crucial in AC (Figs. 7.1 and 7.2), however there is an 
increased number of patients undergoing CT especially in suspected complicated 
AC (Table 7.1) [3, 6].

In patients where AC is suspected, in watching the CT images, the attention 
should be focused on the gallbladder wall (thickness, enhancement, continuity, 
irregularity, and the presence or absence of gas), the gallbladder lumen (presence or 
absence of gallstones, gas, high-density fluid, sloughed mucosa), the pericholecys-
tic space (fat stranding, fluid, abscess), and the characteristics of pericholecystic 
organs (the liver, peritoneal collection, small bowel obstruction) [3, 6].

Gallbladder perforation is rare, without specific clinical signs at presentation, 
and often requires an urgent surgical intervention to reduce morbidity and mortality 
rates. For this reason, some authors like Niemeier proposed a classification for per-
forated gallbladder dividing it in type I (acute free perforation into the peritoneal 
cavity without protective adhesions), type II (subacute perforation surrounded by a 
pericholecystic abscess walled off by adhesions), and type III (chronic perforation 
with a fistula between the gallbladder and viscus) [7]. It has been pointed out that 
CT scan scores better than US in detecting gallbladder perforations, establishing a 

a b c

Fig. 7.1  Coronal reconstruction CT scan with use of intravenous contrast. (a, c white arrow) 
shows enhancing thickness wall of gallbladder with gallstone inside in acute cholecystitis. (b, c 
white arrow) shows pericholecystic fluid
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prompt definitive diagnosis of gallbladder perforation and hence decreasing mor-
bidity and mortality [7].

Some authors suggest that a dual-phase (unenhanced and contrast-enhanced 
images) abdominal CT can be important to predict the rate of conversion from 
laparoscopic to laparotomic cholecystectomy [8]. The most factors that seem to 

a

c d

b

Fig. 7.2  Axial reconstruction of a CT scan with intravenous contrast shows gallbladder fundus 
with enhancing thickness wall (a, white arrow); enhancing thickness wall of gallbladder (b, head-
arrow) with gallstone inside in acute cholecystitis (b, white arrow); pericholecystic fluid (c, white 
arrow); Magnetic Resonance Image shows acute cholecystits (d, white arrow)

Table 7.1  Clinical condition related to CT findings

Clinical condition CT findings
Acute cholecystitis Detecting (or not) gallstones in the gallbladder, thickened 

(more than 3 mm) and enhancing wall, stranding 
pericholecystic fat with or without pericholecystic fluid

Gangrenous cholecystitis Detecting (or not) gallstones, non-enhancing wall or irregular 
enhancing wall with defect, sloughed membranes, 
pericholecystic fat with fluid

Perforated cholecystitis Detecting (or not) gallstones, focal defect of gallbladder wall, 
pericholecystic fluid with or without pericholecystic or hepatic 
abscess

Emphysematous  
cholecystitis

Detecting (or not) gallstones in the gallbladder, presence of 
intramural gas and enhancing wall, stranding pericholecystic 
fat with or without pericholecystic fluid
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be associated with conversion were the absence of gallbladder wall enhancement 
(58% vs. 40% in non-conversion group, p = 0.02) and the presence of infundibular 
gallstones (78% vs. 22% in non-conversion group, p = 0.04) [8]. These data could 
suggest that contrast-enhanced CT can give a better selection of patients and can 
minimize time of conversion.

7.3	 �CT Findings in AC

The detection of the following findings at the CT scan is reported as highest 
sensitivity and specificity criteria of AC: a gallbladder distention (in 41% of 
cases), pericholecystic fat density and collection (respectively, in 52 and 31% of 
cases), gallbladder wall thickness of more than 7 mm (in 59% of cases), subse-
rosal edema (in 31% of cases), local or widespread absence of gallbladder wall 
enhancement, and high gallbladder bile attenuation (in 24% of cases) (Figs. 7.3, 
7.4, and 7.5) [3, 8, 9]. In case of pericholecystic abscess, it is possible to find 
focal mural defects or mural abscess with a focal intramural bulge [3]. These 
signs have specificity for complicated or perforated AC close to 90% [3]. 

a b

Fig. 7.3  Abdominal US shows acute cholecystits with gallstone inside and posterior shadow cone 
(a, white arrow); enhancing thickness wall of gallbladder (b, white arrow)

a b c

Fig. 7.4  Abdominal US shows acute cholecystits with enhancing wall with very thickness wall of 
gallbladder (a, white arrow); gallstone inside and posterior shadow cone (b, white arrow)
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However, it has to be pointed out that CT has a lower sensitivity in detecting 
gallstones compared to US [3].

Gangrenous AC (GAC) shows an increase in transient focal enhancement of the 
liver adjacent to the gallbladder during the arterial phase of dynamic CT and an 
attenuation ratio of the arterial phase ≥1.46 [10]. These characteristics seem to be 
predictive for GAC helping for a rapid diagnosis to reduce complication rates [10].

A particular entity is the xanthogranulomatous cholecystitis that is a rare inflam-
matory disease of the gallbladder due to an acute and chronic inflammatory cell 
infiltration and macrophages containing lipids forming such as foamy histiocytes 
[11]. Clinical manifestations are similar to AC, and the CT images show in most of 
patients a diffuse thickening of the gallbladder wall with an aggressive presentation 
and extent into adjacent structures, which mimic a gallbladder carcinoma, with 
intramural hypo-attenuated nodules that are suggestive for (but also similar to) ade-
nomyomatosis [11].

A particular CT finding is the emphysematous AC secondary to infections by gas-
forming organisms such as Clostridium welchii, especially in diabetic patients [3].

a

c d

b

Fig. 7.5  Axial reconstruction of a CT scan with intravenous contrast shows gallbladder fundus 
with enhancing thickness wall (a, headarrow) and pericholecystic fluid (a, white arrow); sagittal 
reconstruction of CT scan with use of intravenous contrast shows irregular enhancing wall with 
defect (b, white headarrow) and intrahepatic abscess (b, black headarrow); coronal reconstruction 
of CT scan with use of intravenous contrast shows periheaptic fluid (c, white arrow); coronal 
reconstruction of CT scan with use of intravenous contrast shows periheaptic fluid (d, white arrow) 
with irregular enhancing wall with defect (d, white headarrow) and intrahepatic abscess (d, black 
headarrow)
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Other rare cases are the Mirizzi syndrome (impacted gallstone in the gallbladder 
neck or cystic duct that causes an extrinsic compression of the common hepatic 
duct, dilatation of intrahepatic bile ducts) and the cholecystocholedochal fistula 
from recurrent gallbladder inflammation around the impacted gallstones [3].

�Conclusions
Although according to the literature and WSES guidelines the first radiologic tech-
nique for diagnosis of AC remains US, CT scan may play an important role in 
complicated AC or in patients where no clear symptoms are present. Furthermore, 
some CT scan findings may help to stratify patients with probable high or low dif-
ficulties in the execution of surgery, either laparoscopic or laparotomic.
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8CT Evaluation of Appendicitis

F. Monetti, A. Bhangu, S. Di Saverio, M. Stellino, 
P.E. Orlandi, and M. Imbriani

8.1	 �Background

Appendicitis is the most common acute abdominal emergency in the United States, 
with approximately 250,000 cases occurring annually. The lifetime risk of develop-
ing it is 7%, and it occurs more frequently in young white males (median age of 
22 years) [1]. Acute appendicitis has traditionally been a clinical diagnosis, with early 
surgery thought to be mandatory to remove the appendix before it perforates, although 
more recent evidence suggests short delays of 12–24 h before surgery is safe [2]. 
Severity and natural history of acute appendicitis can be variable; differential diagno-
sis between uncomplicated and complicated/perforated appendicitis is of paramount 
importance since the former can be successfully treated by non-operative manage-
ment and antibiotics alone [3] whereas the latter requires surgery and laparoscopy 
can aid both differential diagnosis and allow minimally invasive management [4].

The vermiform appendix arises 3–4 cm below the ileocecal valve from the cecum, 
and it has a high variability in location: paracolic, retrocolic, retrocecal (Fig. 8.1), and 
pericecal. Pathophysiology is often secondary to an obstruction (90%) of the lumen by 
fecalith, lymphoid hyperplasia, or cancer, which causes venous engorgement, arterial 
compromise, transmural inflammation, and finally ischemia with infarction of the wall 
leading to perforation. Ten percent of appendicitis have a nonobstructive etiology.
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8.2	 �Radiological Diagnosis

The radiological diagnosis of appendicitis makes use of three methods: ultrasound 
(US), computed tomography (CT), and magnetic resonance (MR). US is the first-
line investigation in suspected appendicitis, especially in young patients, women of 
childbearing age, and known pregnancy. The use of CT is highly variable around the 
world, although many reserve it for cases with atypical presentation and suspicion 
of cancer (e.g., elderly). For atypical presentation, it means the absence of at least 
one of the classic signs of appendicitis (fever, migrant pain, pain on palpation of the 
McBurney point, elevation of inflammatory laboratory tests) and usually occurs in 
the very young or very old. MRI is indicated in pregnant women or very young 
patients in the event of dubious or negative US with ongoing symptoms.

With recent reports on the high accuracy of CT examination in diagnosing 
appendicitis, CT has become the gold standard for the diagnosis of acute appen-
dicitis in the United States. In Europe, the use of CT is more cautious, due to the 
risk associated with exposure to ionizing radiation. Recently, several low-dose 
protocols to overcome this problem are suggested. CT shows a sensitivity of 
90–100%, a specificity of 91–99%, diagnostic accuracy of 94–95%, positive pre-
dictive value of 92–98%, and 95–100% of the negative predictive value. CT is 
strongly indicated in particular cases of atypical presentation, in suspected cases 
of perforation, and when the US is questionable or negative in the presence of 
clinical suspicion.

Fig. 8.1  Retrocecal-inflamed appendix
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8.3	 �Computed Tomography

CT technique is still a controversial issue; in particular the subject of discussion is 
the utility or less of intravenous contrast medium and of water-soluble contrast 
medium orally or rectally and the use of low-dose protocols. CT scan can rule out 
the possibility of appendicitis when you see a normal appearance appendix or when 
the appendix is not displayed, in the absence of secondary signs in particular edema 
of pericecal adipose tissue.

Recent studies demonstrated that the oral contrast provides no benefits in the 
diagnosis of appendicitis. It is not associated with a significant increase of the sen-
sitivity and the specificity and for the time required for the opacification of the 
lumen of the intestine, especially in the case of oral administration.

8.4	 �Computed Tomography Protocols

Low-dose protocols are obtained with intensity current reduction (mAs), reduction 
of the voltage (kV), automated systems of dose modulation, and implementation of 
reconstruction iterative systems. Many studies have demonstrated a high sensitivity 
and specificity of low-dose CT without intravenous (IV) contrast, compared to stan-
dard contrast-enhanced CT in the diagnosis of acute appendicitis.

The most common CT protocol covers the entire abdomen using IV-iodinated 
contrast without any oral or rectal contrast. It is mandatory to use thin section pro-
tocol (at least 2.5 mm) to obtain good multiplanar (coronal and sagittal) reconstruc-
tion images that are very helpful to find the appendix in uncommon position.

Diagnostic accuracy for the detection of appendicitis on CT scan with or without 
IV contrast is similar, but IV contrast can demonstrate the appendiceal wall enhance-
ment and help to resolve complicated cases such as perforated appendicitis, abscess 
(Fig. 8.2), or atypical appendiceal location (Fig. 8.3).

8.5	 �Computed Tomography Signs

CT signs of acute appendicitis include a distended appendix measuring greater than 
6  mm in diameter, an appendicolith (30% of cases) (Fig.  8.4), appendiceal wall 
enhancement or thickening, adjacent or periappendiceal fat stranding (Figs. 8.5, 8.6 
and 8.7), fluid collections, phlegmon or abscess formation, extraluminal air, adenop-
athy, adjacent bowel wall thickening, and focal cecal-apical thickening (Table 8.1).

The arrowhead sign or the “cecal bar” sign is specific but rare signs, and they can 
be visualized only in the presence of positive contrast medium in the cecum. A sign 
that can be observed is the “target” or the spotlight (“bull’s eye sign”) due to edema 
of the submucosa that appears hypodense (Fig. 8.8).

The threshold of 6 mm is not absolute because it can be present in about 40% of 
healthy adults, so many authors suggest to consider an appendix from 6 to 10 mm 
indeterminate and to correlate this data with secondary signs. It is important to look 
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for signs of inflammation of the periappendicular structures and especially the “fat 
stranding.” Fat stranding and the clouding aspect and thickening of the periappen-
dicular adipose tissue have an excellent sensitivity (100%) and good specificity 
(80%) in the diagnosis of acute appendicitis. CT findings of extraluminal 

Fig. 8.3  Ectopic pelvic-inflamed appendix 
with the apex in the left pelvis

Fig. 8.2  Appendicitis complicated by 
perforation and wall enhancing abscess
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Fig. 8.4  Appendicolith at the base of the 
appendix with fat stranding around the 
cecum

Fig. 8.5  Thickening of the appendiceal 
wall with low-attenuation edema of the 
submucosal layer of the appendix

Fig. 8.6  Enlarged appendix with wall 
thickening, periappendicular fat stranding, 
and appendicolith. Features of acute 
appendicitis
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Fig. 8.7  Surgical 
appearance of the acute 
appendicitis in CT 
features. Intraoperative 
Picture courtesy of  
Dr. Salomone Di Saverio 
MD FACS FRCS

Table 8.1  CT signs of appendicitis •  Diameter of appendix ≥6 mm
•  Wall thickness ≥3 mm
•  Periappendiceal inflammatory changes:
 � Fat stranding
 � Fluid collections
 � Phlegmon
 � Abscess formation
 � Extraluminal air
 � Adjacent adenopathy
 � Adjacent bowel wall thickening
 � Focal cecal wall thickening

Fig. 8.8  Target sign: homogeneously 
enhancing thickened wall with mural 
stratification

F. Monetti et al.
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appendicolith, extraluminal air, and presence of abscess, phlegmon, and defects in 
wall impregnation after IV contrast have an excellent accuracy for the diagnosis of 
perforated appendicitis.

The specificity is limited by the fact that the “stranding” can also be seen in the 
cecal diverticulitis. The sensitivity can be limited by the fact that sometimes the 
CT scan is requested and executed too soon, before the “stranding” is visible.

Air in the appendix lumen does not rule out appendicitis. Air is present in the 
lumen of the appendix in over 15% of cases of appendicitis imaged on CT.

CT is more sensitive than the US in the diagnosis of complications such as per-
foration and abscess. The perforation is associated with increased morbidity and 
mortality, and it is present in 30% of cases of acute appendicitis. The perforation 
rate is more common in very young patients (40–57%) and very elderly people 
(55–70%) in whom diagnosis of appendicitis can be misdiagnosed or delayed. In 
case of perforation, the transverse diameter of the appendix is greater than that of 
appendicitis inflamed but not perforated (15 mm vs. 11 mm), but in the absence of 
free air or abscesses in the periappendicular space, CT cannot make a diagnosis of 
perforation; the amount of extraluminal air is minimal or absent in case of perfora-
tion, usually not more than 1–2 mL, and a frank pneumoperitoneum is rare.

CT also allows distinguishing of complications such as appendiceal phlegmon, 
fluid collections delimitated by the wall with contrast enhancement, and adherences 
between the appendix and viscera such as inflamed bowel loops, greater omentum, 
or bladder.

8.6	 �Risks and Benefits of Computed Tomography

CT has a high sensitivity and specificity (respectively, 91% and 90%), has short 
acquisition times than US, allows diagnosis of complications, and has an important 
role in establishing differential diagnoses. The limits are represented by exposure to 
ionizing radiation and the risks associated with the possible IV administration of the 
contrast agent. In CT, false negatives are observed in very thin patients with little 
abdominal adipose tissue outlining the appendix, which can be confused with a loop 
bowel. False positives, however, are due to wrong identification of an appendix as 
another structure (loop of the intestine, in particular the last ileal loop, a dilated 
ureter, or gonadal veins). The terminal ileum does not originate from the base of the 
cecum, has peristaltic activity, and is not a dead end, and the cross section has an 
oval shape.

8.7	 �Differential Diagnosis

There are many diseases that can mimic appendicitis (Table 8.2). Acute appendicitis 
then enters in differential diagnosis with many diseases that cause abdominal pain 
in the right iliac fossa (enterocolitis, mesenteric lymphadenitis, diverticulitis, 
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Crohn’s disease, ulcerative colitis, cancer of the cecum, Meckel’s diverticulitis, epi-
ploic appendagitis (Fig. 8.9) omental infarction), as well as gynecological (adnexi-
tis, tubo-ovarian abscesses, ectopic pregnancy, ovarian cyst pedicle torsion, pelvic 
inflammatory disease), urological (urolithiasis, cystitis, pyelonephritis), and pri-
mary neoplastic disease (e.g., carcinoid tumors, adenocarcinoma, mucocele and 
pseudomyxoma peritonei, lymphoma) and metastases (from leiomyosarcoma, gan-
glioneuroma, Kaposi’s sarcoma, and granular cell tumors).

8.8	 �Appendiceal Tumors

Appendix tumors should be suspected when its transverse diameter exceeds 15 mm. 
Appendiceal neoplasms are still rare and found in 0.9–1.4% of all appendectomies. 
Carcinoid tumor is the most common and is characterized by nodular thickening of 

Table 8.2  Most common differential 
diagnosis of appendicitis

Enterocolitis
Mesenteric lymphadenitis
Diverticulitis
Crohn’s disease
Ulcerative colitis
Cancer of the cecum
Meckel’s diverticulitis
Epiploic appendagitis
Omental infarction
Adnexitis
Tubo-ovarian abscesses
Ectopic pregnancy
Ovarian cyst pedicle torsion
Pelvic inflammatory disease, PID
Urolithiasis
Cystitis
Pyelonephritis

Fig. 8.9  Hypodense pericolonic oval 
mass with adjacent fat stranding: epiploic 
appendagitis

F. Monetti et al.
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the distal third of the appendiceal wall visible on CT, unlike adenocarcinoma that is 
most rare and is characterized by a diffuse thickening of the proximal third of the 
appendiceal wall.

Carcinoid tumor is detected in 0.3–0.9% of surgical findings. Therefore, the his-
tological examination of the surgical specimen is mandatory. For small carcinoid 
tumors (<2 cm diameter), appendectomy is curative; if larger, or in the case of ade-
nocarcinoma, right hemicolectomy is indicated.

Appendicitis associated with tumors of the cecum should be suspected in case of 
anemia, loss of weight, and a palpable mass associated with common symptoms of 
appendicitis in elderly patients. Carcinoma of the cecum in the elderly can long 
remain asymptomatic and occur because of over-infection and bleeding. CT shows 
a circumferential and asymmetrical thickening of the cecum, marked inflammation 
of the adipose pericecal tissue, and enlarged lymph nodes.

8.9	 �Other Differential Diagnoses

Stump appendicitis is rare but can occur months to years after a laparoscopic appen-
dectomy or laparotomy.

Diverticulitis of a sigmoid loop present in the right iliac fossa may mimic appen-
dicitis, as diverticulitis of the cecum.

In diverticulitis of the right colon, it is often observed that only one diverticulum 
with thickened wall is present, often containing one coprolith (hard feces lump, akin 
to appendicolith). CT can easily demonstrate the position of the coproliths inside 
the diverticulum that could be confused with appendicoliths.

The Meckel diverticulum, unlike the acquired diverticula of the ileum, is located 
on the anti-mesenteric side of the ileum at approximately 100 cm from the ileocecal 
valve. CT demonstrates a dead-end structure related to gastrointestinal tract with 
thickened wall, enhancement after contrast medium, and peridiverticular inflamma-
tion of the adipose tissue.
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9Acute Diverticulitis

Massimo Sartelli, Fausto Catena, Salomone Di Saverio, 
Federico Coccolini, and Luca Ansaloni

9.1	 �Introduction

Diverticular disease is very common in western countries, even if the prevalence of 
colonic diverticulosis is increasing throughout the world, because of changes in 
lifestyle [1].

Acute diverticulitis is a usual complication of diverticulosis. It affects 15–25% of 
patients with diverticulosis [2].

Acute diverticulitis encompasses a variety of conditions, ranging from uncom-
plicated diverticular inflammation to fecal peritonitis.

Computed tomography (CT) imaging is now the gold standard in the diagnosis 
and staging of patients with acute diverticulitis. CT imaging with intravenous con-
trast has sensitivity and specificity, reported as high as 98 and 99% [3, 4].

The utility of CT imaging in studying acute diverticulitis goes beyond accurate 
diagnosis of diverticulitis; CT imaging can show the grade of severity and drive 
treatment planning of patients with acute diverticulitis.
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In the last years, detailed information provided by CT scans led to several modi-
fications of the Hinchey classification. For example, in 1989, Neff et al. [5] pre-
sented a new classification based on CT findings. It consisted of five stages, ranging 
from radiological diagnosis of uncomplicated AD (Stage 0) to pneumoperitoneum 
with abundant free liquid (Stage 4):

Stage 0
Uncomplicated diverticulitis;
Diverticula, thickening of the wall, increased density of the pericolic fat
Stage 1 Locally complicated with local abscess
Stage 2 Complicated with pelvic abscess
Stage 3 Complicated with distant abscess
Stage 4 Complicated with other distant complications

In 1997, Sher et al. [6] introduced a modification of Hinchey classification. This 
classification divided abscesses into pericolic abscesses (Stage 1), distant abscesses 
amendable for percutaneous drainage (Stage 2A), and complex abscesses associ-
ated with a possible fistula (Stage 2B). This classification implied the use of new 
treatment strategies, such as CT-guided percutaneous drainage of abscesses.

In 2002, Ambrosetti et  al. [7] classified diverticulitis into severe or moderate 
disease. In this classification, the CT scan determined the grade of severity guiding 
the physician in the treatment of acute complications. Moderate diverticulitis was 
defined by wall thickening of ≥5 mm and signs of inflammation of pericolic fat. 
Severe diverticulitis was defined by wall thickening accompanied by abscess forma-
tion, extraluminal air, or extraluminal contrast leak:

Moderate diverticulitis
Localized sigmoid wall thickening
Pericolic fat stranding
Severe diverticulitis
Abscess
Extraluminal air
Extraluminal contrast

In 2005, Kaiser et al. [8] modified Hinchey classification according to specific 
CT findings:

Stage 0 Mild clinical diverticulitis
Stage 1A Confined pericolic inflammation
Stage 1B Confined pericolic abscess
Stage 2 Pelvic or distant intra-abdominal abscess
Stage 3 Generalized purulent peritonitis
Stage 4 Fecal peritonitis at presentation

In 2015 a World Society of Emergency Surgery (WSES) working group published 
a new simple classification system based on CT scan results. The new classification 
divided acute diverticulitis into two groups: uncomplicated and complicated [9].
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In the event of an uncomplicated case of acute diverticulitis, the infection only 
involves the colon and does not extend to the peritoneum.

In the event of complicated IAI, the infectious process proceeds beyond the 
colon. Complicated acute diverticulitis was divided into four stages, based on the 
extension of the infectious process.

Uncomplicated

Stage 0: Diverticula, thickening of the colonic wall or increased density of the peri-
colic fat

Complicated

Stage 1A: Pericolic air bubbles or little pericolic fluid without abscess (within 5 cm 
from inflamed bowel segment)

Stage 1B: Abscess ≤4 cm
Stage 2A: Abscess >4 cm
Stage 2B: Distant air (>5 cm from inflamed bowel segment)
Stage 3: Diffuse fluid without distant free air (no hole in colon)
Stage 4: Diffuse fluid with distant free air (persistent hole in colon)

9.2	 �WSES Classification

Stage 0 (Uncomplicated Diverticulitis).
Uncomplicated diverticulitis is a confined inflammatory process (Fig. 9.1). 

CT findings include diverticula, thickening of the wall, and increased density 
of the pericolic fat.

The current consensus in recent international literature is that uncomplicated 
diverticulitis may be a self-limiting condition in which local host defenses can man-
age the bacterial inflammation without antibiotics in immunocompetent patients. In 
this context, antibiotics may, therefore, not be necessary in the treatment of uncom-
plicated disease. In these patients, outpatient management is suggested for patients 
with uncomplicated acute diverticulitis, with no comorbidities [10].

Fig. 9.1  Slightly thickened 
sigmoid diverticular disease, 
without abscess or perforation
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9.2.1	 �Stage 1A

Stage 1A diverticulitis is a confined inflammatory process that may include a 
microperforation but excludes an abscess and/or peritonitis (Fig. 9.2). CT findings 
include pericolic air in the form of air bubbles or little pericolic fluid without 
abscess. Patients with pericolic air or small fluid collection should be managed by 
antimicrobial therapy [10].

9.2.2	 �Stage 2A–1B

The therapeutic strategies for patients with diverticular abscesses are still debated 
(Fig. 9.3).

The size of 4–5 cm may be a reasonable limit between antibiotic treatment alone 
vs. percutaneous drainage combined with antibiotic treatment in the management of 
diverticular abscesses [10]. However, based on the clinical conditions, also patients 
with large abscesses can be initially treated by antibiotic therapy alone. However, 
careful clinical monitoring is mandatory. A CT scan should be repeated if the patient 
fails to show clinical and laboratory improvement [10].

Fig. 9.2  Diverticular 
disease, colonic wall 
thickening, fat stranding and 
pericolic fluid and air bubbles

Fig. 9.3  Sigmoid diverticuli-
tis with associated abscess 
formation
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9.2.3	 �Stage 2B

A critical issue may be the CT presence of distant free air without diffuse fluid (Fig. 9.4).
Patients with distant air (>5 cm from inflamed bowel segment) may be treated by 

conservative treatment in selected cases [10].
However, it is associated with failure and may necessitate surgical operation. 

Careful clinical monitoring is mandatory [10].

9.2.4	 �Stage 3

Stage 3 includes diffuse fluid without CT findings of perforation. In this stage, CT 
does not reveal any evidence of distant free air [10]. Fluid should be visualized in at 
least two distant abdominal quadrants.

Although laparoscopic lavage and drainage have been debated in recent years, on 
the basis of SCANDIV, Ladies, and DILALA trials [11–13], it should not be con-
sidered the treatment of choice in patients with generalized peritonitis.

Hartmann resection is still advised for managing diffuse peritonitis in critically 
ill patients and in patients with multiple comorbidities. However, in clinically stable 
patients with no comorbidities, primary resection with anastomosis with or without 
a diverting stoma may be performed.

9.2.5	 �Stage 4

Stage 4 includes diffuse fluid with CT findings of perforation (Fig. 9.5). It may be 
still treated by the classic Hartmann procedure even if several reports indicated 
that primary resection and anastomosis with or without diversion have been 
reported as potential operative choices. Laparoscopic lavage and drainage are not 
suggested.

Fig. 9.4  Distant retroperito-
neal free gas by perforated 
diverticular disease
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�Conclusions
Although the management strategy depends on more factors such as peritonitis 
diffusion, clinical conditions, and physiological reserve of the patient, the WSES 
classification system based on CT scan results may drive decision-making in 
nonoperative and operative management of acute diverticulitis and can help in 
making critical decisions in patients having acute diverticulitis.
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10Complicated Peptic Ulcer Findings 
on Abdominal CT Scan

Bruno M. Pereira, Thiago J. Penachim, and Gustavo P. Fraga

10.1	 �Introduction

Before focusing on complicated peptic ulcer computed tomography (CT) scan find-
ings, a brief review on peptic ulcer disease (PUD) is necessary. PUD refers to a 
number of clinical signs and symptoms on the esophagus, stomach, or duodenum, 
united by the presence of mucosal ulceration usually secondary to the effects of gas-
tric acid. Since the recognition of Helicobacter pylori as a common causative agent 
and the development of powerful antiacid medications such as the proton-pump 
inhibitors (PPI), PUD has become comparatively rare in western populations [1, 2].

Gastric and duodenal ulcers usually cannot be differentiated based on history 
alone, although some findings may be suggestive. Epigastric pain is the most com-
mon symptom of both gastric and duodenal ulcers. It is characterized by a gnawing 
or burning sensation and occurs more commonly after meals. In uncomplicated 
PUD, the clinical findings are few and nonspecific. Severity and signs of complica-
tions that warrant prompt investigation include excruciating abdominal epigastric 
pain, bleeding, acute anemia, unexplained weight loss, progressive dysphagia or 
odynophagia, recurrent vomiting, and family history of gastrointestinal (GI) cancer. 
Patients with perforated PUD usually present with a sudden onset of severe, sharp 
abdominal pain [1–5].
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In most patients, documentation of PUD depends on endoscopic and/or radio-
graphic confirmation. Upper GI endoscopy is the preferred diagnostic test in the 
evaluation of patients with suspected non-perforated PUD. Endoscopy provides an 
opportunity to visualize the ulcer, to determine the presence and degree of active 
bleeding (Forrest classification), and to attempt hemostasis by direct measures, if 
required. In the acute setting, CT scan is the modality of choice for assessing a 
patient with acute abdominal pain and suspicion of perforation and in some settings 
may be able to identify the site of bleeding prior to endoscopy [2–4].

CT is certainly not the diagnostic evaluation of choice for most patients with 
suspected peptic ulcer disease, but many patients with peptic ulcer disease will 
nonetheless present to the emergency department with unexplained abdominal pain 
and undergo CT evaluation as the initial diagnostic test. Besides that, although the 
overall prevalence of peptic ulcer disease and related hospitalizations are decreas-
ing, the initial presentation of complicated peptic ulcer disease on CT remains com-
mon, with perforated peptic ulcer disease accounting for up to 48% of nontraumatic 
pneumoperitoneum [6].

Current emergency management includes the early use of high-dose intravenous 
PPIs, treatment to eradicate Helicobacter pylori, improved endoscopic methods for 
control of hemorrhage, and changes in surgical indications and procedures. 
Notwithstanding this fact, evolution of a nontreated or refractory PUD can happen, 
and complications include localized inflammation, perforation, ulcer penetration, 
hemorrhage, and obstruction. Perforation results in free communication between 
the GI tract lumen and adjacent peritoneal space. This generally occurs with ulcers 
of the anterior wall of the stomach and duodenum and curvatures of the stomach. 
Ulcer penetration refers to ulcers that have entered beyond the serosa of the stomach 
or duodenum wall with penetration into the adjacent soft tissue. These generally 
occur with posteriorly located ulcers with the exception of the posterior gastric wall 
in which free perforation can occur into the lesser sac [1–3].

In the United States, bleeding is the most common complication of PUD (73%), 
followed by perforation (9%) and obstruction (3%). The mortality rate from compli-
cations of PUD is more than ten times that of acute appendicitis or acute cholecysti-
tis. Perforation has the highest mortality rate, followed by obstruction and hemorrhage. 
By contrast, a 13-year review of all surgical procedures for peptic ulcer complica-
tions at a Nigerian hospital found that obstruction was the most common complica-
tion (56%), followed by perforation (30%) and bleeding (10%). Some regional 
factors that may account for these differences include the rates of NSAID use, the 
prevalence of H. pylori infection, and the distribution and extent of gastritis [7, 8].

10.2	 �Complicated Peptic Ulcer CT Scan Findings

Recent advances in CT technology, including the introduction of multi-slice CT 
and the development of real-time three-dimensional (3D) imaging systems, have 
blossomed renewed interest in using CT to evaluate the GI tract. The same 
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technology that is applied to CT colonography and the generation of 3D and endo-
luminal images of the colon can be used to perform a detailed CT examination of 
the stomach.

For detailed imaging of the stomach, adequate distention is essential. If the entire 
stomach is not well distended, disease may be overlooked or, conversely, the col-
lapsed gastric walls may mimic disease. Traditionally, high-attenuation contrast 
agents have been administered to enhance and distend the stomach and gastrointes-
tinal tract. These agents can be categorized as positive contrast agents because they 
have a greater CT attenuation than that of water. Although these agents are safe, 
well tolerated, and result in good gastric distention, they may not be optimal when 
evaluating the gastrointestinal tract and stomach. Occasionally, positive oral con-
trast material may not mix uniformly with gastric contents, and pseudotumors can 
be created, on both axial and endoluminal images [9]. Because the wall of the gas-
trointestinal tract can enhance up to 120 HU after the intravenous administration of 
contrast material, the high-attenuation intraluminal contrast material may mask 
subtle disease. Also, the use of positive contrast agents can complicate 3D imaging 
and CT angiography: the contrast agent may obscure enhanced vessels, thereby 
necessitating extensive editing [9–18].

Recently, there has been interest in using alternative oral contrast agents for CT 
of the GI tract. There is an advantage to using low-attenuation agents with attenua-
tion values similar to those of water. These agents allow better evaluation of the 
enhancing gastric wall and may allow better detection of subtle disease [15–18]. In 
addition, low-attenuation agents do not interfere with 3D imaging and CT angiog-
raphy. Oil-based oral contrast agents have been tested and allow adequate depiction 
of the stomach wall but are not very palatable and result in significant steatorrhea, 
although newer preparations may be better [15–17]. Whole milk has been proposed 
as a possible CT oral contrast agent and is routinely used for CT angiography by 
some groups. Milk is emptied from the stomach relatively slowly and has a slower 
small bowel transit time than water. However, many adults are lactose intolerant and 
may experience cramping and diarrhea.

Water can be used as an oral contrast agent when patients clinical conditions 
allows. Water is often well tolerated and results in good gastric distention, which 
is necessary for a dedicated gastric imaging as well as excellent visualization of 
the enhancing gastric wall. Volume rendering of CT data coupled with interac-
tive 3D and stereoscopic display can then be used to more clearly depict gastric 
disease. Water is inexpensive (usually free) and well tolerated. It distends the 
stomach well, allows good visualization of the enhancing wall, and does not 
interfere with the manipulation of the 3D data sets. When CT is performed spe-
cifically to evaluate the stomach, the patient is given 750 mL of water approxi-
mately 15  min before scanning. An additional 250  mL is given immediately 
prior to the study (Fig. 10.1). Some authors have suggested combining prone 
and supine imaging for optimal distention of all parts of the stomach. In addi-
tion, in certain cases, decubitus imaging may help distend the gastric antrum 
and pyloric region [15–18].
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One disadvantage of using water as an oral contrast agent is that it results in 
suboptimal distention of the distal small bowel. Some authors have advocated 
administering positive contrast material initially, followed by water. The positive 
contrast material will fill the distal small bowel loops, and the water will distend the 
stomach and proximal small bowel [16, 17].

In addition to an oral contrast agent, which allows good gastric distention, intra-
venous contrast material is essential for complete evaluation of neoplastic and 
inflammatory diseases of the stomach. Some authors recommend administration of 
120 mL of nonionic contrast material at a rate of 3 mL/s [15–17].

The diagnosis of complicated peptic ulcer in CT scan depends on close attention 
and active search in recognizing multiple signs. Recognition of complications of 
peptic ulcer disease on CT is vital for directing appropriate patient management in 
these acutely ill patients (Table 10.1).

Fig. 10.1  Patient with epigastric pain and fever. X-ray shows air collection in the right upper 
quadrant projection (black circle). Computed tomography after oral administration of water shows 
subhepatic collection containing gas and fluid adjacent to the second duodenal portion. The diag-
nostic of perforated ulcer was considered, and positive oral contrast was administrated that clearly 
showed the perforated ulcer in the second duodenal portion, with extravasation (white arrow) of 
iodinated contrast into the collection (black arrow)
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Signs of gastroduodenal PUD can be very difficult to recognize on CT, but close 
attention to discrete findings may serve as an important clue to the underlying diag-
nosis. These signs are:

–– Disruption of mucosal enhancement: Represents erosion through the muscularis 
mucosa and has been shown to be a useful finding for identifying the site of GI 
perforation (Fig. 10.2)

–– Focal luminal outpouching: Represents the ulcer crater and is one of the earliest 
described CT signs of PUD (Fig. 10.3)

–– Low-attenuation wall thickening: Represents submucosal edema, a marker of 
underlying bowel inflammation

Table 10.1  CT protocol used in our service

Preparation Three glasses of water (750 mL) orally immediately before the image 
acquisition

Positioning Dorsal decubitus
Contrast Nonionic iodinated intravenous contrast
Phases Pre-contrast and post-contrast 60 s delay

Fig. 10.2  Post-contrast abdominal computed tomography demonstrates disruption of mucosal 
enhancement in the transition of the third and fourth portion of the duodenum, representing an 
ulcer (white arrow). It is also possible to recognize minimum amount of retroperitoneal gas com-
patible with perforation (black arrow)
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–– Mucosal hyperenhancement: Represents mucosal hyperemia related to the 
underlying gastritis or duodenitis

–– Perigastric/periduodenal inflammation: Fat stranding surrounding the stomach 
and duodenum, secondary to inflammatory changes (Fig. 10.3)

10.3	 �Images Related to Complicated PUD

•	 Hemorrhage: Bleeding due to gastric ulcers often presents with hematemesis, 
while duodenal bleeds may present with tarry stools or even occasionally 
hematochezia, depending on the rate of bleeding. The most common vessels 
affected are the left gastric artery in cases of gastric ulcers along the lesser 
curvature and the gastroduodenal artery by duodenal ulcers. Hemorrhage can 
be challenging to identify and requires a multiphase scan without positive oral 
contrast (typically non-contrast, arterial, and delayed phase scans are obtained) 
and the presence of active bleeding. Extravasation and accumulation of intra-
venous contrast into the lumen of the bowel may be seen. CT scan can also 
identify bleeding through recognition of amorphous high-attenuation (more 
than + 40 UH) content (hematoma/clot), which can be intraluminal or extralu-
minal—situation when the source of bleeding cannot be seen through endos-
copy (Fig. 10.4).

•	 Perforation: Perforation from a penetrating ulcer is a life-threatening condi-
tion, usually requiring emergency surgery. It is usually a straightforward diag-
nosis, often with abundant pneumoperitoneum visible (Fig. 10.5). The site of 
perforation is sometimes visible as a region of discontinuity in the stomach or 
duodenal wall. Extraluminal fluid can also indicate perforation; however, 

Fig. 10.3  Focal luminal outpouching in 
the first portion of the duodenum (white 
arrow), representing the ulcer crater, 
associated with fat stranding surrounding 
the stomach and duodenum (white circle), 
compatible with perigastric/periduodenal 
inflammation
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extraluminal oral contrast is seen in less than 50% of patients with perfora-
tion, as many perforated ulcers seal off rapidly (Fig. 10.1). While gastric per-
foration typically extends into the peritoneal space, duodenal ulcers can result 
in either intraperitoneal or retroperitoneal perforations, depending on ulcer 
location (Fig. 10.2). Primary CT findings of acute bowel perforation include 
pneumoperitoneum, bowel wall thickening and inflammatory changes in soft 
tissues and organs adjacent to the ulcer site, extravasation of ingested contrast 
media, and visualization of discontinuity of the bowel wall (demonstration of 
an ulcer crater). Secondary findings include collection of gas in a loculated 
space or unusual location. Therefore, extraluminal gas and fluid in the perito-
neum or retroperitoneum are frequently seen in such cases. Perforation can 
also be contained resulting in collections that communicate to the gastric/
bowel lumen (Fig. 10.5).

*
*

Fig. 10.4  Focal luminal outpouching in the second portion of the duodenum (white arrow), rep-
resenting a perforated gastric ulcer with high-attenuating amorphous content in gastric lumen, 
compatible with blood (asterisk)
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“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.”

Cokkinis, 1930 [1]

Computed Tomography Evaluation 
of Small Bowel Ischemia

Gavin Sugrue and Michael Sugrue

11.1	 �Introduction

Mesenteric ischemia is a life-threatening condition characterized by insufficient 
blood supply to the bowel [2]. It is subclassified as acute mesenteric ischemia (AMI) 
and chronic mesenteric ischemia (CMI), the latter accounting for only 5% of mes-
enteric ischemia [3]. Mesenteric ischemia is associated with a high mortality rate of 
50–90% [4, 5] despite advances in diagnostic tools and treatment options. Failure to 
recognize AMI can result in mesenteric infarction, intestinal necrosis, and ulti-
mately death. Due to the nonspecific symptoms and lack of clinical signs of intesti-
nal ischemia, a high index of suspicion is required for a prompt and accurate 
diagnosis.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-48347-4_11&domain=pdf
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11.1.1	 �Tips

•	 A provisional working diagnosis of mesenteric ischemia should be made within 
<30 min of presentation.

•	 Formal diagnosis of mesenteric ischemia should be made <2  h after 
presentation.

•	 Surgery should be performed <4 h after diagnosis.
•	 Surgery +−  interventional radiology is required in select cases (if available 

<90 min).

Advances in CT technology has established MDCT as the first-line imaging modal-
ity in suspected mesenteric ischemia [6–9]. It is a sensitive and noninvasive imaging 
tool that allows for rapid assessment of the patency of mesenteric vessels, bowel wall, 
mesenteric abnormalities and identifies a possible differential diagnosis. In this chap-
ter, we provide an overview of the etiology and clinical features of small bowel intes-
tinal ischemia, with a focus on optimal CT imaging techniques and characteristic 
imaging features of AMI.

11.2	 �Etiology

Four etiological forms of AMI are described (Table 11.1) and include arterial embo-
lism (EAMI), arterial thrombosis (TAMI), venous thrombosis (VAMI), and nonoc-
clusive mesenteric ischemia (NOMI) [10]. Mesenteric ischemia can be further 
subclassified into acute and chronic, which are characterized by the timing of symptom 
onset and degree of reduction in blood flow.

11.2.1	 �Tip

Sudden onset of severe epigastric pain in elderly patients with minimal clinical 
signs, often not relived by opioid analgesia, should lead to an immediate potential 
working diagnosis of AMI.

Firstly, EAMI is the most frequent cause of mesenteric ischemia contributing up 
to 45% of cases of AMI [4, 11]. Emboli typically arise from the left atrium/atrial 
appendage or cardiac valves in the setting of myocardial ischemia or arrhythmia [12] 
and occlude the proximal superior mesenteric artery (SMA). The classic finding of 
vomiting and/or diarrhea, with acute severe abdominal pain out of proportion clinical 
examination findings, is well described in EAMI in 40–80% of patients [13].

Secondly, TAMI accounts for approximately 25% of cases of AMI [4, 11] and 
may be acute or acute on chronic. It arises within an atherosclerotic plaque, often at 
the ostium of the SMA, which serves as a nidus for thrombosis. Thus, patients typi-
cally present with similar symptoms as EAMI due to the acute mesenteric vessel 

G. Sugrue and M. Sugrue



107

occlusion but often describe antecedent progressive mesenteric angina [12]. Major 
risk factors include atherosclerotic disease, hypertension, dyslipidemia, an aortic dis-
section or aneurysm, vasculitis, and dehydration.

Thirdly, VAMI accounts for 10% of AMI cases. It can be caused by both the 
mechanical obstructions of mesenteric vessels or mesenteric vein thrombus. VAMI 
usually occurs in patients aged >40 years, contrasting to EAMI, and TAMI is seen 
predominately in patients aged >60 years [14, 15]. Patients often present with acute 
or subacute abdominal pain. A focused history will identify risk factors for venous 
thrombosis including pregnancy, protein C and S or antithrombin deficiencies, 
intra-abdominal malignancy or acute infection, portal hypertension, or trauma [16]. 
In fact, up to 50% of patients with VAMI will have had a prior pulmonary embolus 
or deep venous thrombus [17]. The most commonly associated hypercoagulability 
state is Factor V Leiden mutation, seen in 20–40% of VAMI cases [18].

Finally, NOMI accounts for 20% of cases of mesenteric ischemia. NOMI is due to 
mesenteric hypoperfusion secondary to systemic hypotension or vasoconstrictive 
medication (e.g., vasopressin, digitalis, amphetamine, and cocaine) [19]. Unlike 

Table 11.1  Risk factors and symptoms for acute and chronic mesenteric ischemia

Incidence 
95% Risk factors Symptoms Acuity

AMI EAMI 45% Systemic emboli (arising from 
left atrium or cardiac valve), 
arrhythmia, myocardial infarct, 
aortic dissection, vasculitis

Acute severe 
abdominal pain, 
vomiting, and 
diarrhea

Acute

TAMI 25% Atherosclerosis, dyslipidemia, 
hypertension, aortic dissection, 
vasculitis

Similar to EAMI 
with antecedent 
progressive 
mesenteric angina

Acute

VAMI 5–10% Strangulated small bowel 
obstruction (e.g., closed loop 
bowel, internal hernia, 
intussusception), intra-
abdominal malignancy or 
infection, cirrhosis, portal 
hypertension, hypercoagulable 
states (e.g., factor V Leiden 
deficiency), prior DVT or PE

Nonspecific 
abdominal pain

Subacute

NOMI 10–20% Hypotension, hypovolemia, 
trauma, recent surgery, low 
cardiac output, medications 
(vasopressin, cocaine, digitalis, 
beta-blockers)

Nonspecific 
abdominal pain, 
nausea, ileus

Acute or 
subacute

CMI 5% Atherosclerosis (>90%), 
fibromuscular dysplasia, 
vasculitis, median arcuate 
ligament syndrome, tumors 
invading the mesenteric vessels

Postprandial pain, 
sitophobia, weight 
loss

Chronic
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EAMI, TAMI, or VAMI, there is no arterial or venous mesenteric vessel occlusion. 
It is most commonly seen in postoperative patients with severe systemic illnesses and 
with a poor cardiac output. While symptoms of NOMI are nonspecific and difficult 
to elicit in the critical care setting, they include acute abdominal pain, distension, and 
occult blood in the stools [17, 20].

CMI is a rare condition and only accounts for 5% of all cases of mesenteric isch-
emia [21]. In contrast to AMI, CMI is associated with atherosclerotic stenosis of the 
mesenteric vessels in 90% of cases [22, 23]. CMI presents with insidious nonspecific 
symptoms and may include postprandial pain, fear of eating (sitophobia), or weight 
loss [24]. Less commonly, non-atherosclerotic causes of CMI include fibromuscular 
dysplasia, vasculitis, median arcuate ligament syndrome, and tumors invading mes-
enteric vessels [25]. Symptoms typically arise when two of the three major mesen-
teric vessels (i.e the celiac, SMA, and IMA), often the SMA and celiac artery, 
demonstrate severe atherosclerotic stenosis.

11.3	 �CT Techniques for the Evaluation of Acute Mesenteric 
Ischemia

MDCT and CT angiography (CTA) has established itself as the first-line imaging 
tool in the acute evaluation of AMI [26] (Table 11.2). MDCT and CTA are rapidly 
acquired, noninvasive, and highly sensitive in the diagnosis of AMI. Recent meta-
analysis demonstrates the diagnostic sensitivity for CT ranges from 89 to 100% [27, 
28]. However, this is often not the case in clinical practice and must be interpreted 
with caution. CT demonstrates a reduced sensitivity of 67–85% [29, 30] in the diag-
nosis of AMI if possible diagnosis of AMI is provided in the clinical information 
prior to CT. Conventional angiography, once the gold standard diagnostic tool, is 
not routinely employed first-line, as it is invasive, more time-consuming, and not as 
readily accessible as CT.

Table 11.2  CT imaging protocol for suspected mesenteric ischemia

Multiphase imaging
Unenhanced, arterial (30 s post-IV contrast), portovenous (60 s 
post-IV contrast)

Oral contrast Not routinely used for suspected AMI. If oral contrast is given, 
500–600 mls of a neutral oral contrast (water). Positive oral contrast is 
not indicated

Rectal contrast Not indicated
Intravenous contrast 120 mls of iodinated contrast (350 mg iodine/mL) administered at 

5 mL/s
Detector collimation 128 × 0.6 mm
Reconstruction slice 1.0 mm and 5.0 mm
Reconstruction images Axial, coronal, and sagittal reformats. 3D maximum intensity 

projection (MIP) and volume-rendered images
Scan field of view From xiphoid process to pubic symphysis
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11.4	 �Oral Contrast Agents

“Positive” and “neutral” oral contrast agents are routinely used in abdominal CT 
imaging. Contrast agents which are >50 Hounsfield units (HU) are “positive” agents 
(e.g., iodinated compounds or barium sulfate). Agents with HU near water (−20 to +20 
HU) are considered “neutral” agents (e.g., water or sorbitol solutions with 0.1% barium 
sulfate). Positive oral contrast may be of detriment in the evaluation of AMI. The pres-
ence of hyperdense oral contrast within the bowel lumen limits assessment of bowel 
wall enhancement, intramural hematoma, and the mesenteric vessels [31, 32]. 
Conversely, “neutral” oral contrast agents distend the bowel lumen with low-attenuating 
material which may be of value in assessing bowel wall enhancement patterns [33, 34]. 
Unfortunately, the transit time for oral contrast through the small bowel is often poor in 
the setting of AMI due to vomiting, abdominal pain, or an adynamic ileus [32, 35]. Thus, 
the decision to administer oral contrast poses a risk of aspiration and may delay prompt 
diagnosis of AMI. Delays in diagnosis of AMI can be fatal, with microscopic changes of 
bowel ischemia detected within minutes [36] of arterial mesenteric vessel occlusion. 

There are no consensus guidelines on the CT protocol recommended for AMI. In 
routine clinical practice, AMI is evaluated with a biphasic CTA, using arterial and 
portal venous phases [37]. Incorporating an initial non-contrast computed tomogra-
phy (NECT) phase, termed triphasic CTA, remains controversial. An initial NECT 
provides an assessment of the extent of calcified atherosclerotic plaque, bowel wall 
enhancement, and the presence of intramural hematoma. Current opinion is that 
although triphasic imaging may mildly improve the specificity and sensitivity in 
detection of AMI, it comes at the expense of a one-third increase in radiation dose 
[6, 31, 38, 39]. Further, assessment for bowel wall hypoenhancement on biphasic 
CT can be performed by comparing the suspected region of AMI to a loop of nor-
mally enhancing bowel which acts as the internal control [6]. The arterial phase of 
the CTA delineates the mesenteric arterial supply to allow for precise evaluation of 
the mesenteric vessels and bowel wall enhancement. The venous phase provides a 
further assessment of bowel wall enhancement and thickness, visualization of the 
mesentery, and venous drainage, crucial in suspected VAMI.

Prior to IV contrast administration, a non-contrast CT can be performed. This is 
not essential, and within our institution, we do not routinely perform a non-contrast 
CT. To acquire the arterial phase, we administer 120 mL of nonionic iodinated con-
trast (350 mg iodine/mL) injected at 5 mL/s. A region of interest is placed over the 
proximal abdominal aorta, triggering image acquisition when a 150 HU threshold is 
reached [6], with images acquired 30 s post-IV contrast administration. A portal 
venous phase is acquired at 60 s after IV contrast administration. Images are refor-
matted into 2.5 mm axial, 2.5 mm sagittal, and 3 mm coronal images. Certain radio-
logical features, like small mesenteric vessel branch vessels or air bubbles in 
pneumatosis intestinalis, are 1–2 mm in size and require high spatial resolution to 
be visualized [32, 40]. Recent advances in CT technology and post-processing tech-
niques, such as dual-energy CT, have shown promise in sensitivity and diagnostic 
confidence of bowel wall hypoenhancement [41, 42]; however, they are not cur-
rently routinely employed in our clinical practice.
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11.5	 �CT Imaging Features of AMI

There is no single CT finding that is both sensitive and specific for the diagnosis of mesenteric 
ischemia (Table 11.3). In particular, bowel wall changes, as outlined below, may be subtle or 
focal in nature, and thus, high index of clinical and radiological suspicious is required.

Table 11.3  Spectrum of CT findings of AMI and CMI

Arterial ischemia 
(EAMI and TAMI)

Venous ischemia 
(VAMI)

Nonocclusive 
ischemia (NOMI) CMI

Vasculature Mesenteric artery 
filling defect, 
atherosclerosis, 
dissection flap. 
SMA > SMV 
caliber

Venous filling 
defect, engorged 
mesenteric 
veins. 
SMV > SMA 
caliber

Patent mesenteric 
vessels, mesenteric 
artery vasospasm

Atherosclerosis

Bowel 
dilation

Variable ↑↑ Variable Variable
Dilation associated 
with transmural 
ischemia or 
infarction

Mild-moderate 
dilation. If 
present often 
associated with 
transmural 
ischemia or 
infarction

If present often 
associated with 
transmural ischemia 
or infarction

If present often 
associated with 
transmural 
ischemia or 
infarction

Bowel wall 
thickness

↑ or ↓ ↑↑↑ ↑ ↑ or ↓
Thin (“paper thin”) 
in acute ischemia 
or thickened with 
reperfusion

Thick and 
edematous due 
to mural edema 
and hemorrhage

Diffuse thickening Thin in acute 
ischemia or 
thickened with 
reperfusion

Bowel wall 
attenuation

↑ or ↓ ↑ or ↓ ↑ or ↓ ↑ or ↓
Hypodense (edema 
seen post-
reperfusion) or 
hyperdense 
(hemorrhage)

Hypodense 
(edema) or 
hyperdense 
(hemorrhage)

Hypodense (edema) 
or hyperdense 
(hemorrhage)

Hypodense 
(edema) or 
hyperdense 
(hemorrhage)

Bowel wall 
enhancement

↑ or ↓ ↑ or ↓ ↑ or ↓ ↑ or ↓
Reduced, normal, 
or increased (with 
reperfusion). 
Target sign

Reduced, 
normal, or 
increased. Target 
sign

Reduced, normal, or 
increased. Diffuse 
non-focal segments 
of bowel involved. 
Target sign

Reduced, normal, 
or increased

Mesentery 
inflammation

— or ↑ ↑↑↑ — or ↑ Not specific
If present, 
associated with 
bowel ischemia or 
superimposed 
infection

Associated with 
mesenteric fat 
stranding, fluid, 
and ascites

If present, 
associated with 
bowel ischemia or 
superimposed 
infection

If present, 
associated with 
bowel ischemia or 
superimposed 
infection

Pneumatosis Nonspecific in 
absence of other 
bowel wall 
abnormalities

Nonspecific in 
absence of other 
bowel wall 
abnormalities

Nonspecific in 
absence of other 
bowel wall 
abnormalities

Nonspecific in 
absence of other 
bowel wall 
abnormalities

AMI acute mesenteric ischemic, CMI chronic mesenteric ischemia, EAMI arterial embolus mesen-
teric ischemia, TAMI arterial thrombosis mesenteric ischemia, VAMI venous thrombosis mesen-
teric ischemia, NOMI nonocclusive mesenteric ischemia, DVT deep venous thrombus, PE 
pulmonary embolus
↑ mild increase, ↑↑ moderate increase, ↑↑↑ moderate-severe increase, ↓ mild decrease, — no change
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11.6	 �Mesenteric Arteries

EAMI accounts for 60% of cases of mesenteric ischemia, most often secondary to 
an embolus occluding the proximal SMA (Figs. 11.1, 11.2 and 11.3) [32]. Emboli 
have a predilection for the SMA due to its large caliber, narrow angulation with 
the aorta, and high flow rates [43] compared to the celiac and IMA. An embolus 

a

c d

b

Fig. 11.1  A 77-year-old female with atrial fibrillation presented with acute abdominal pain. (a) 
Sagittal CT shows abrupt occlusion of the SMA 2 cm from its origin (arrowhead). (b) Axial CT 
identifies total occlusion of the proximal SMA (arrow) and infarction of the right kidney (arrow-
head). (c) Coronal CT demonstrates diffuse small bowel dilation. There is evidence of thinning of 
the small bowel wall, hypoenhancement and pneumatosis (arrowhead), portomesenteric gas (white 
arrow), and intrahepatic portal venous gas (black arrow) consistent with ischemia. (d) Intraoperative 
image demonstrating multifocal regions of ischemia of the jejunum correlating to the region of 
pneumatosis identified on preoperative CT
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can be identified on CT as centrally located hypodense filling defect within a 
mesenteric vessel, usually the SMA, best visualized on arterial phase imaging. 
The presence of infarction of other organs (e.g., the spleen and kidney) raises the 
suspicion of embolic etiology. TAMI has a predilection for the ostium of mesen-
teric vessels. In contrast to an embolus, the thrombus is usually eccentric, located 
within the first 2 cm of the origin of the SMA, occurring on the background of 
calcified atherosclerosis plaque [32]. An aortic dissection [44] or malignant tumor 
encasement of mesenteric vessels is a less common cause of AMI.

a b

c

Fig. 11.2  A 42-year-old male with Ehlers-Danlos presented with an acute aortic dissection. (a) 
Sagittal CT demonstrates a type B aortic dissection (black arrowhead) extending to involve the 
SMA ostium with secondary SMA thrombosis (white arrowhead). (b) Axial CT shows near-
occlusive thrombus at the origin of the SMA (arrow) and infarction of the right upper pole of the 
kidney (arrowhead). Dilated loop of jejunum within the right flank suggestive of ischemia or 
infarction
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11.7	 �Mesenteric Veins

VAMI accounts for 10% of AMI (Figs. 11.4 and 11.5). It may arise in secondary to 
venous thrombosis from a local inflammatory process (e.g., pancreatitis, diverticu-
litis, intra-abdominal abscess, neoplasm) or hypercoagulable states. VAMI can also 
arise in the setting of mechanical bowel obstruction, such as a volvulus, intussus-
ception, or closed-loop bowel obstruction. A venous thrombus is identified as a 
low-attenuation filling defect on portovenous phase and is seen in up to 90% of 

a b

c d

Fig. 11.3  A 56-year-old male, with prior SMA stenting, presents with acute abdominal pain. (a 
and b) Axial and sagittal CT demonstrates total occlusion of the SMA stent with thrombus. (c) 
SMA angiography via catheter (arrow) shows absence of flow in the stent and SMA (arrowhead). 
(d) Catheter-delivered tissue plasminogen activator (tPA) and repetitive aspiration thrombectomy 
successfully removed thrombus with significant improved flow within the SMA (arrow)
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cases of venous bowel ischemia [45]. Venous thrombosis causes venous congestion 
manifested by mesenteric veins [46].

11.8	 �Bowel Dilation

Focal dilation of the bowel in the setting of AMI (Fig. 11.1) demonstrates a moder-
ate sensitivity and specificity of 65% and 78%, respectively [47]. Interruption of 
normal peristalsis in AMI is a reflex to mesenteric ischemia, with resultant focal 

a

c

b

Fig. 11.4  A 55-year-old male with acute abdominal pain and bilious vomiting. (a) Coronal CT 
shows a strangulated small bowel internal hernia. Focally dilated loops of small bowel (asterisk) 
in the right flank are consistent with a closed loop bowel obstruction. Bowel wall thickening and 
adjacent mesenteric edema is noted (arrow). (b) Non-contrast axial CT demonstrates increased 
density of the bowel wall (arrow) and mesentery (arrowhead) suspicious for hemorrhagic infarc-
tion. (c) Intraoperative image of the resected small bowel, demonstrating diffuse small bowel 
ischemia
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distention of bowel from the pooling of intraluminal secretions from aperistaltic 
segments of bowel [34]. The presence of bowel dilation is associated with transmu-
ral ischemia or infarction [48].

11.9	 �Bowel Wall Thickness

In AMI, the bowel wall can be thickened, thinned, or normal in caliber. While 
bowel wall thickening is not specific for AMI, it is the most frequently observed 
CT finding in non-arterial AMI due to mural edema and/or hemorrhagic of the 
ischemic bowel wall [34]. Normal bowel wall thickness is 3–5 mm. A thickened 
bowel wall is typically 6–8 mm but can measure up to 1.5 cm in the setting of 
VAMI [32]. In contrast, thinning of the bowel wall is observed in EAMI and 
TAMI.  It is classically described as a “paper-thin” bowel wall secondary to a 
reduction or absence of arterial inflow. The distribution of bowel wall thicken-
ing or thinning provide clues to the arterial or venous distribution that is 
involved. For example, in acute SMA or SMV occlusion, the small bowel, right 
colon, and proximal transverse colon may be thinned or thickened, respectively 
[25]. In NOMI, due to diffuse vessel hypoperfusion, bowel wall thickening may 
be diffuse involving multiple vascular territories. Cautious interpretation of 
bowel wall thickening is required, as firstly it is not a consistent CT finding in 
mesenteric ischemia. Secondly, the degree of thickening does not correlate with 
severity [25] and must be interpreted relative to the degree of bowel distention 
[49, 50].

a b

Fig. 11.5  A 52-year-old male with subacute abdominal pain and diarrhea. (a) Coronal CT shows 
a nonocclusive thrombus within the distal portal and proximal superior mesenteric veins (arrow). 
There is secondary focal bowel wall thickening, hyperenhancement, and dilation of a loop of ileum 
(arrowhead). (b) Sagittal CT shows further focal small bowel wall thickening, mucosal hyperen-
hancment (asterisk) with adjacent mesenteric fat stranding (arrowhead)
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11.10	 �Bowel Wall Attenuation

Increased bowel wall attenuation on unenhanced CT images is a specific sign 
for bowel ischemia as a result of submucosal hemorrhage [6, 51]. In cases of 
intramural hemorrhage, misinterpretation of the high density of the bowel wall 
as the physiological enhancement on contrast-enhanced CT can be avoided by 
comparing the degree of bowel wall enhancement on the initial non-contrast 
study. If only biphasic imaging is acquired, comparing a suspected region of 
AMI to a loop of normally enhancing bowel can act as the internal control [6]. 
In contrast, decreased bowel wall attenuation is secondary to bowel wall edema, 
often identified in mesenteric arterial occlusion after reperfusion, VAMI, and 
cases of bowel strangulation. The stratified enhancement pattern of the bowel 
wall is known as the “target sign” and is described in AMI subtypes: inner 
mucosal and outer serosal hyperdense layers interposed by a layer of submuco-
sal hypodensity (Fig.  11.6). The hyperdense inner and outer layers correlate 
with hyperemia or hyperperfusion and the hypodense middle submucosal layer 
reflects submucosal edema.

S 
SM 

M 

S 

M 
SM

L 
L 

a

b c

Fig. 11.6  A 50-year-old male with prolonged severe hypotension and abdominal pain. (a) Axial 
CT shows a stratified enhancement pattern of the jejunum (arrowhead) consistent with the “target 
sign.” Jejunal mucosal hyperenhancment and bowel wall thickening (arrow) consistent with hyper-
emia. (b and c) Axial CT shows the “target sign”: enhancing inner mucosal (M) and enhancing 
outer serosal (S) layers due to hyperemia. A middle layer of submucosal (SM) hypodensity is 
secondary to edema and/or inflammation (L: lumen)
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11.11	 �Bowel Wall Enhancement

In AMI, bowel wall enhancement may be absent, decreased, or increased. Focal 
wall hypoenhancement (Fig. 11.1) pooled from two studies [37, 40] demonstrates a 
high specificity of 97% and poor specificity of 42% on biphasic imaging [47]. 
Nonetheless, bowel wall enhancement should be interpreted with caution, espe-
cially in cases of AMI with reperfusion [46] where increased mural enhancement, 
paradoxically, can be seen in hyperperfusion (e.g., reperfusion post-EAMI, TAMI, 
or NOMI) or hyperemia in VAMI [6]. Restoration of mesenteric arterial blood flow 
(via surgical or embolectomy or spontaneous means) results in bowel wall thicken-
ing, a hyperdense inner mucosal and outer serosal layer known as the “target sign” 
(Fig. 11.6) [6]. This bowel wall enhancement pattern confers good prognostic value, 
felt to represent bowel wall viability [6, 52].

11.12	 �Mesentery

Ascites or mesenteric stranding is an uncommon finding in EAMI or TAMI. When 
present, it is often associated with severe disease [53] with bowel ischemia or infarc-
tion frequently observed [6]. In contrast, mesenteric inflammation and ascites are 
present in the majority of patients with VAMI and thus not a sensitive indicator of 
disease severity [48]. Mesenteric inflammatory fat stranding and edema seen in 
VAMI are due to engorgement of the draining mesenteric veins. This causes an 
elevation in the bowel wall hydrostatic pressure with resultant leakage of extravas-
cular fluid into the bowel wall, mesentery, and peritoneal cavity [45] (Fig. 11.4). 
This impaired venous drainage may result in arterial sufficiency from increased 
intravascular/interstitial pressure in the bowel wall ultimately leading to bowel isch-
emia [48, 54].

11.13	 �Pneumatosis Intestinalis and Portomesenteric Gas

Pneumatosis intestinalis (PI) and portomesenteric gas are the presence of air dissect-
ing between the layers of the bowel wall and air within the portovenous system, 
respectively (Figs. 11.7 and 11.8). The presence of PI or portomesenteric gas is up to 
100% specific for bowel ischemia, particularly when associated with key imaging 
findings such as abnormal bowel wall enhancement [47]. In AMI, PI develops at a 
late stage [55, 56] when the friable layers of the bowel wall can be dissected by air 
particles. PI is suspicious for transmural infarction, particularly when associated 
with portomesenteric gas [25]. The presence of PI and portomesenteric gas, in the 
absence of other concomitant bowel findings such as abnormal bowel wall thicken-
ing or enhancement, should be interpreted in the correct clinical context. A broad 
spectrum of nonischemic and benign causes of PI have been well described [57] 
including inflammatory bowel disease, iatrogenic abdominal distention, asthma, 
chronic obstructive pulmonary disease, and connective tissue disorders.
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�Conclusion
Prompt and accurate diagnosis of mesenteric ischemia is required to optimize 
survival. The broad spectrum of clinical symptoms and radiological findings can 
make the early diagnosis of mesenteric ischemia challenging. An understanding 
of multiphase imaging protocols, characteristic radiological findings, and poten-
tial limitations of CT plays a pivotal role in establishing the diagnosis and early 
initiation of appropriate management.

a b

Fig. 11.8  Outpatient staging CT abdomen in a 42-year-old male, currently on biological therapy 
for leukemia. No abdominal pain. (a and b) Axial and coronal CT shows focal pneumatosis (white 
and black arrows) within the large bowel at the hepatic flexure. This bowel segment demonstrates 
normal wall thickness and enhancement. No portovenous gas or mesenteric vessel abnormality, 
findings consistent with benign pneumatosis

a b

Fig. 11.7  A 65-year-old female with acute severe abdominal pain. (a) Coronal CT shows focal 
dilation of the duodenum with marked hypoenhancement and pneumatosis (arrows) and intrahe-
patic portovenous gas (arrowhead) consistent with a closed looped small bowel obstruction. (b) 
Axial CT shows portomeseteric gas in the SMA (arrow)

G. Sugrue and M. Sugrue



119

References

	 1.	Cokkinis AJ. Observations on the mesenteric circulation. J Anat. 1930;64:200.
	 2.	Ozden N, Gurses B. Mesenteric ischemia in the elderly. Clin Geriatr Med. 2007;23:871–87.
	 3.	Costa A, Chidambaram V, Lee J, et  al. Multidetector computed tomography of mesenteric 

ischaemia. Insights Imaging. 2014;5:657–66.
	 4.	Oldenburg W, Lau L, Rodenberg T, et  al. Acute mesenteric ischemia. Arch Intern Med. 

2004;164:1054.
	 5.	Segatto E, Mortelé K, Ji H, et al. Acute small bowel ischemia: CT imaging findings. Semin 

Ultrasound CT MR. 2003;24:364–76.
	 6.	Schieda N, Fasih N, Shabana W. Triphasic CT in the diagnosis of acute mesenteric ischaemia. 

Eur Radiol. 2013;23:1891–900.
	 7.	McLeod R, Lindsay T, O’Malley M. For members of the evidence based reviews in surgery 

group. Canadian Association of General Surgeons and American College of surgeons evidence 
based reviews in surgery. 15: biphasic computed tomography with mesenteric evaluation of 
acute mesenteric ischemia. Can J Surg. 2005;48:491–3.

	 8.	Barmase M, Kang M, Wig J, et al. Role of multidetector CT angiography in the evaluation of 
suspected mesenteric ischemia. Eur J Radiol. 2011;80:e582–7.

	 9.	Yikilmaz A, Karahan O, Senol S, et al. Value of multislice computed tomography in the diag-
nosis of acute mesenteric ischemia. Eur J Radiol. 2011;80:297–302.

	10.	Stamatakos M, Stefanaki C, Mastrokalos D, et al. Mesenteric ischemia: still a deadly puzzle 
for the medical community. Tohoku J Exp Med. 2008;216:197–204.

	11.	Acosta SBjörck M.  Modern treatment of acute mesenteric ischaemia. Br J  Surg. 
2013;101:e100–8.

	12.	Berland T, Oldenburg W. Acute mesenteric ischemia. Curr Gastroenterol Rep. 2008;10:341–6.
	13.	Block T. Acute occlusion of the superior mesenteric artery. 1st ed. Uppsala: Acta Universitatis 

Upsaliensis; 2010.
	14.	Vokurka J, Olejnik J, Jedlicka V, et al. Acute mesenteric ischemia. Hepato-Gastroenterology. 

2007;55:1349–52.
	15.	Alvi AR, Khan S, Niazi SK, et al. Acute mesenteric venous thrombosis: improved outcome 

with early diagnosis and prompt anticoagulation therapy. Int J Surg. 2009;7:210–3.
	16.	Golino A, Crawford EM, Gathe JC, et al. Recurrent small bowel infarction associated with 

antithrombin deficiency. Am J Gastroenterol. 1997;92:323–5.
	17.	Cangemi JR, Picco MF.  Intestinal ischemia in the elderly. Gastroenterol Clin N Am. 

2009;38:527–40.
	18.	Dewitte A, Biais M, Coquin J, et al. Diagnosis and management of acute mesenteric ischemia. 

Ann Fr Anesth Reanim. 2011;30:410–20.
	19.	Trompeter M, Brazda T, Remy C, et al. Non-occlusive mesenteric ischemia: etiology, diagno-

sis, and interventional therapy. Eur Radiol. 2001;12:1179–87.
	20.	Dorudi S, Lamont PM. Intestinal ischaemia in the unconscious intensive care unit patient. Ann 

R Coll Surg Engl. 1992;74:356–9.
	21.	Bockel JV, Geelkerken RH, Wasser MN. Chronic splanchnic ischaemia. Best Pract Res Clin 

Gastroenterol. 2001;15:99–119.
	22.	Cognet FCA, Salem DB, Dranssart M, et al. Chronic mesenteric ischemia: imaging and percu-

taneous treatment. Radiographics. 2002;22:863–879.7.
	23.	Feldman M, Friedman L, Sleisenger M.  Sleisenger & Fordtran’s gastrointestinal and liver 

disease. 1st ed. Philadelphia: Saunders; 2002. p. 2321–40.
	24.	Sreenarasimhaiah J.  Chronic mesenteric ischemia. Best Pract Res Clin Gastroenterol. 

2005;19:283–95.
	25.	Levy AD. Mesenteric Ischemia. Radiol Clin N Am. 2007;45:593–9.

11  Computed Tomography Evaluation of Small Bowel Ischemia



120

	26.	Oliva IB, Davarpanah AH, Rybicki FJ, et al. ACR appropriateness criteria® imaging of mes-
enteric ischemia. Abdom Imaging. 2013;38:714–9.

	27.	Menke J. Diagnostic accuracy of multidetector CT in acute mesenteric ischemia: systematic 
review and meta-analysis. Radiology. 2010;256:93–101.

	28.	Cudnik MT, Darbha S, Jones J, et al. The diagnosis of acute mesenteric ischemia: a systematic 
review and meta-analysis. Acad Emerg Med. 2013;20:1087–100.

	29.	Lehtimäki TT, Kärkkäinen JM, Saari P, et al. Detecting acute mesenteric ischemia in CT of 
the acute abdomen is dependent on clinical suspicion: review of 95 consecutive patients. Eur 
J Radiol. 2015;84:2444–53.

	30.	Wadman M, Block T, Ekberg O, et al. Impact of MDCT with intravenous contrast on the survival 
in patients with acute superior mesenteric artery occlusion. Emerg Radiol. 2009;17:171–8.

	31.	Geffroy Y, Boulay-Coletta I, Jullès M-C, et  al. Increased unenhanced bowel-wall attenua-
tion at multidetector CT is highly specific of ischemia complicating small-bowel obstruction. 
Radiology. 2014;270:159–67.

	32.	Horton KM, Fishman EK. Multidetector CT angiography in the diagnosis of mesenteric isch-
emia. Radiol Clin N Am. 2007;45:275–88.

	33.	Furukawa A, Kanasaki S, Kono N, et al. CT diagnosis of acute mesenteric ischemia from vari-
ous causes. Am J Roentgenol. 2009;192:408–16.

	34.	Wasnik A, Kaza RK, Al-Hawary MM, et al. Multidetector CT imaging in mesenteric isch-
emia—pearls and pitfalls. Emerg Radiol. 2010;18:145–56.

	35.	Lee SS, Park SH.  Computed tomography evaluation of gastrointestinal bleeding and acute 
mesenteric ischemia. Radiol Clin N Am. 2013;51:29–43.

	36.	Robinson JW, Mirkovitch V, Winistorfer B, Saegesser F. Response of the intestinal mucosa to 
ischaemia. Gut. 1981;22:512–27.

	37.	Aschoff A, Stuber G, Becker B, et al. Evaluation of acute mesenteric ischemia: accuracy of 
biphasic mesenteric multi-detector CT angiography. Abdom Imaging. 2008;34:345–57.

	38.	Jang KM, Min K, Kim MJ, et al. Diagnostic performance of CT in the detection of intesti-
nal ischemia associated with small-bowel obstruction using maximal attenuation of region of 
interest. Am J Roentgenol. 2010;194:957–63.

	39.	Chuong AM, Corno L, Beaussier H, et al. Assessment of bowel wall enhancement for the diag-
nosis of intestinal ischemia in patients with small bowel obstruction: value of adding unen-
hanced CT to contrast-enhanced CT. Radiology. 2016;280:98–107.

	40.	Kirkpatrick IDC, Kroeker MA, Greenberg HM. Biphasic CT with mesenteric CT angiography 
in the evaluation of acute mesenteric ischemia: initial experience. Radiology. 2003;229:91–8.

	41.	Darras KE, Mclaughlin PD, Kang H, et al. Virtual monoenergetic reconstruction of contrast-
enhanced dual energy CT at 70keV maximizes mural enhancement in acute small bowel 
obstruction. Eur J Radiol. 2016;85:950–6.

	42.	Potretzke TA, Brace CL, Lubner MG, et  al. Early small-bowel ischemia: dual-energy 
CT improves conspicuity compared with conventional CT in a swine model. Radiology. 
2015;275:119–26.

	43.	Gore R, Thakrar K, Mehta U, et al. Imaging in intestinal ischemic disorders. Clin Gastroenterol 
Hepatol. 2008;6:849–58.

	44.	Jung SC, Lee W, Park E-A, et al. Spontaneous dissection of the splanchnic arteries: CT find-
ings, treatment, and outcome. Am J Roentgenol. 2013;200:219–25.

	45.	Bradbury M, Kavanagh P, Bechtold R, et  al. Mesenteric venous thrombosis: diagnosis and 
noninvasive imaging. Radiographics. 2002;22:527–41.

	46.	Duran R, Denys AL, Letovanec I, et al. Multidetector CT features of mesenteric vein thrombo-
sis. Radiographics. 2012;32:1503–22.

	47.	Wallace AB, Raptis CA, Mellnick VM.  Imaging of bowel ischemia. Curr Radiol Rep. 
2016;4:29.

	48.	Lee SS, Ha HK, Park SH, et al. Usefulness of computed tomography in differentiating trans-
mural infarction from nontransmural ischemia of the small intestine in patients with acute 
mesenteric venous thrombosis. J Comput Assist Tomogr. 2008;32:730–7.

G. Sugrue and M. Sugrue



121

	49.	Macari M, Megibow AJ, Balthazar EJ. A pattern approach to the abnormal small bowel: obser-
vations at MDCT and CT enterography. Am J Roentgenol. 2007;188:1344–55.

	50.	Wittenberg J, Harisinghani MG, Jhaveri K, et al. Algorithmic approach to CT diagnosis of the 
abnormal bowel wall. Radiographics. 2002;22:1093–107.

	51.	Tseng C-Y, Chiu Y-H, Chuang J-L, et al. How to differentiate spontaneous intramural intestinal 
hemorrhage from acute mesenteric ischemia. Am J Emerg Med. 2013;31:1586–90.

	52.	Taourel PG, Deneuville M, Pradel JA, et  al. Acute mesenteric ischemia: diagnosis with 
contrast-enhanced CT. Radiology. 1996;199:632–6.

	53.	Chou CK. CT manifestations of bowel ischemia. Am J Roentgenol. 2002;178:87–91.
	54.	Patel A, Kaleya RN, Sammartano RJ. Pathophysiology of mesenteric ischemia. Surg Clin N 

Am. 1992;72:31–41.
	55.	Ho LM, Paulson EK, Thompson WM. Pneumatosis intestinalis in the adult: benign to life-

threatening causes. Am J Roentgenol. 2007;188:1604–13.
	56.	Morris MS, Gee AC, Cho SD, et al. Management and outcome of pneumatosis intestinalis. Am 

J Surg. 2008;195:679–83.
	57.	Peter SDS. The spectrum of pneumatosis intestinalis. Arch Surg. 2003;138:68.

11  Computed Tomography Evaluation of Small Bowel Ischemia



123© Springer International Publishing AG, part of Springer Nature 2018
F. Catena et al. (eds.), CT Scan in Abdominal Emergency Surgery, Hot Topics  
in Acute Care Surgery and Trauma, https://doi.org/10.1007/978-3-319-48347-4_12

L. Lomaglio • G. Montori
Unit of General and Emergency Surgery, Papa Giovanni XXIII Hospital,  
P.zza OMS 1, Bergamo 24128, Italy 

A. Pecorelli • S. Sironi 
Department of Radiology, Papa Giovanni XXIII Hospital, Milano-Bicocca University, 
Bergamo, Italy 

M. Sartelli 
Department of Surgery, Macerata Hospital, Macerata, Italy

F. Coccolini, M.D. (*)  • L. Ansaloni
General, Emergency and Trauma Surgery Department, Bufalini Hospital, Cesena, Italy
e-mail: federico.coccolini@gmail.com

12The Role of Computed Tomography 
in the Acute Presentation of Colorectal 
Cancer

Laura Lomaglio, Giulia Montori, Anna Pecorelli, 
Sandro Sironi, Massimo Sartelli, Luca Ansaloni, 
and Federico Coccolini

12.1	 �Introduction

Colorectal cancer (CRC) is the third most common malignancy in both men and 
women and also the third cause of cancer death among both male and female onco-
logic patients (8% of all cancer-related deaths in both categories) [1].

The symptoms and signs of CRC depend on the location of tumor and whether it 
has progressed or metastasized elsewhere in the body. Screening programs are not 
being systematically conducted yet, and this is surely one of the causes that can 
explain the number of emergency presentations of CRC [2]. Over 15% of patients 
will present at the emergency department (ED) with acute colonic perforation or 
obstruction as primary signs of the disease. Colonic hemorrhage causing hemor-
rhagic shock is a less frequent presentation for CRC. If one of these presentations 
occurs, prognosis is poorer as compared to the patients presenting under elective 
admissions, with a postoperative mortality rate of 8.2% after an emergency operation 
[3]. This could be explained by the fact that these patients have more advanced 
tumors, are older, and have more comorbidities. Right-sided lesions are seen more 
often in elder patients than in younger ones. Finally, rectal tumors present rarely as 
surgical emergencies [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-48347-4_12&domain=pdf
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12.2	 �Value of Computed Tomography

Abdominopelvic contrast CT provides the most accurate information especially 
in the diagnostic setting. Modern multidetector CT (MDCT) provides superb 
anatomic details of the bowel, detecting both primary and secondary signs of 
acute presentation of CRC. This is the reason why CT scan should be performed 
promptly to avoid any delay in the management of these complex patients 
[3–6].

It demonstrates the tumor as thickening of the colonic wall, evidence of locore-
gional extension into adjacent organs (Fig. 12.1) and/or regional lymph nodes (e.g., 
involvement of mesentery and small bowel, with concomitant small bowel obstruc-
tion), and distant spread to the liver and peritoneum, allowing the staging of the 
tumor according to TNM system (Figs. 12.2 and 12.3).

Ideally, CT should be performed with intravenous contrast medium (ICM) injec-
tion to optimize the imaging of the intestinal wall, the mesenteries, lymph nodes, 
liver, and peritoneum. However, the incremental benefit of ICM injection must be 

Fig. 12.1  Advanced rectal cancer: infiltration of the serosa and mesorectum (a), of the posterior 
wall of the bladder (b), of both the obturator right muscles and the medial wall of the cotyloid fossa 
(c). Massive dilatation of colon is present, with classical air-fluid levels (d). Contrast enhancement 
of the neoplastic mass allows the determination of its limits
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weighed against an increased risk of renal failure related to renal function and 
obstruction-related dehydration [6, 7]. CT also shows the consequences of obstruc-
tion, including the diameter of cecal distention and pneumatosis of the colonic wall, 
which may be signs of impending perforation (Fig. 12.4).

In the last decade, the progression of technology has brought to the development 
of more sophisticated CT devices, with the implementation of multidetector modal-
ity. Multidetector CT (MDCT) is replacing conventional radiology as first-line diag-
nostic modality in many cases. Volume data of the abdomen are acquired with a 
helical technique during a single breath hold, usually with a collimation of 5 mm 
[5]. MDCT scanners enable better spatial resolution through thinner collimation. 
The use of both water-soluble oral or rectal contrast (as leakage of barium causes 
peritonitis) and ICM added important value to the exam, unless contraindications 
exist (Fig. 12.5) [5]. Even if oral contrast is not used, however, the diagnosis of 
colon perforation can still nearly always be made in the presence of specific CT 
features [5]. Modern software also enables multiplanar reconstructions (MPR): 
axial, sagittal, coronal, and curved multiplanar reformatted images are created at a 
workstation from the acquired volume data. MPR may help identify the site, level, 
and cause of obstruction when axial findings are indeterminate [8, 9]. Multiplanar 
images are also useful for staging the tumor and providing information about local 
or distant metastases.

Fig. 12.2  Multiplanar reconstruction 
of a CT scan with the use of intravenous 
contrast shows multiple hepatic lesions 
which causes compression of the vena 
(white arrow). The compression 
determined intravenous thrombus
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Fig. 12.3  CT scout with diffuse ileal occlusion in peritoneal carcinomatosis (a). Advanced right 
colic cancer (b, c: white arrows). Peritoneal carcinomatosis from right colic cancer (d, e: white 
arrow)
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CT scans showed high diagnostic accuracy with values of sensitivity and speci-
ficity above 90% in some studies, being particularly useful not only in detecting the 
site and the cause of obstruction but also in the evaluation of the severity of the 
obstruction and its complications. Moreover, in acute conditions, CT can easily 
image obese patients with gaseous distension of the intestine. CT remains the stan-
dard for the diagnosis of peritoneal carcinomatosis (PC); however, its sensitivity is 
moderate (23–76%) (Fig. 12.3) [10]. ICM with multiplanar reconstructions (espe-
cially in the coronal plan) are fundamental to distinguish PC from small bowel 
loops [10].

One potential limitation of MDCT could be the differential diagnosis between 
acute diverticulitis and colorectal cancer, particularly when the parietal thickening 
is not circumferential [9]. In other studies, detection of the perforation site by 
MDCT is generally possible in 80–85% of cases when MPR is applied to improve 
the image definition, but diagnosis relies more on indirect radiologic signs (regional 
parietal thickening with some contiguous fluid collection and air bubbles in the 
perivisceral adipose tissue) rather than direct visualization of the intestinal wall 
break [11, 12].

a b

Fig. 12.4  Stenosing adenocarcinoma of the rectum: the distension of cecum was showed by the 
white arrows (a, b)
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Fig. 12.5  CT scan after administration of enteroclysis contrast: the neoplastic wall thickening 
determines the stop of the contrast immediately proximal to the stenosis localized at the splenic 
flessure (white arrows, a–c)

L. Lomaglio et al.
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12.3	 �CT Findings in Colonic Obstruction from CRC

CRC causes approximately 50% of symptoms of large bowel obstruction. Colonic dis-
tention is more likely in the setting of a closed loop or in patients with a competent 
ileocecal valve (Fig. 12.6) [4]. In contrast, an incompetent ileocecal valve allows for 
colonic decompression into the small bowel (Fig. 12.7). Intestinal obstruction of the 

a c

b

Fig. 12.6  Multiplanar reconstructions of a CT scan with the use of intravenous medium contrast 
showing a sigmoid colorectal cancer: substantial colonic distention (a: the white arrow indicates 
the small bowel lumen), caused by a stenosing lesion (b, c: white arrow), in the setting of compe-
tent ileocecal valve. Wall thickening with contrast enhancement at cancer site is evident in all 
planes
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Fig. 12.7  Massive occlusion with bowel dilatation caused by rectal cancer a–c (a and b: the white 
arrow indicates the small bowel lumen). In the coronal reconstruction, at the lower margin of the 
right hepatic lobe, a metastasis is clearly detectable (c)

colon represents an emergency condition when at the late stage of disease (Fig. 12.8). 
The main problem of the diagnostic imaging method in evaluating intestinal occlusions 
is to determine the degree of colonic/cecum distention, its viability, and perfusion. 
These are all crucial information in order to choose a more indicated timing of the 
surgical intervention [4]. In patients with large intestine obstruction due to CRC, it is 
important to pay attention to the imaging findings. As an example, cecal pneumatosis 
does not always indicate transmural infarction, given it may be related to a viable bowel 
if not associated to other findings of ischemia [13]. In the setting of an incomplete or 
partial obstruction, a CT enteroclysis is particularly helpful to evaluate the grade and 
the severity of the obstruction (Fig. 12.4) [8]. However, some authors suggest that it is 
contraindicated in patients with acute and complete or high-grade bowel obstruction, in 
patients with strangulation or suspected perforation and in patients with markedly 
reduction of the intestinal peristalsis [8].

L. Lomaglio et al.
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12.4	 �CT Findings in Colonic Perforation from CRC

Perforated CRC is a rare condition estimated in the literature from 1.2 to 9% [5]. The 
site of perforation may be at the primary site of pathology (i.e., stricture at tumor site) 
or at the cecum, which becomes distended secondary to distal obstruction. On contrast 
CT scans, both the perforation and the colonic tumor can be observed. Extraluminal 
air or bubbles and/or enteric contrast (in case of CT with water-soluble contrast) are, 
indeed, considered specific signs of gastrointestinal perforation in an intact abdomen 
(Fig. 12.9). CT is the most reliable modality for detecting even a small amount of free 
air (sensitivity near to 100% in gastrointestinal perforation), seen more clearly at a 
lung window setting [5, 11, 14, 15]. The location of the pneumoperitoneum can help 
to localize the site of the perforation: frequently, a significant amount of free air in the 
upper abdomen and the pelvis can be related with both low and upper gastrointestinal 
perforations, while extraluminal gas bubbles seen only at the pelvis are most often 
related to colonic perforation [5, 11, 14]. In a study conducted by Yeung et al. [16], the 
CT-falciform ligament sign, scattered pockets of air, bowel wall thickening, and fat 
stranding are the statistically significant CT features for differentiating the proximal 
and distal gastrointestinal (GI) perforation (P < 0.05).

Fig. 12.8  Stenosing adenocarcinoma of the proximal right colon (a–c: white arrows): the disten-
sion of cecum and the wall contrast enhancement at the lesion site, along with MPR, allow exact 
localization of the tumor
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Fig. 12.9  Left colonic perforation: 
extended pneumo peritoneum (single white 
arrow) and retropneumoperitoneum 
(double white arrows)

Additional CT signs that may indicate the site of the perforation include interrup-
tion or lack of bowel wall enhancement on an enhanced scan and focal thickening 
of the bowel wall (>5 mm) adjacent to extraluminal gas bubbles, with localized 
mesenteric fatty infiltration [5, 11, 14].

12.5	 �CT Findings in Colonic Hemorrhage from CRC

Intestinal hemorrhage is another diagnostic problem in emergency evaluation of the 
colon for acute disease, although rare. A history of bright red blood per rectum vs. 
melanotic stools can aid in differentiating a left-sided source of bleeding from a 
right-sided one. Colonic hemorrhage when presenting as a colonic emergency from 
CRC, may require investigation with nuclear scanning or angiography to detect the 
source of bleeding after resuscitation. CT scan with intravenous medium contrast 
(IMC) is considered a safe, convenient, and accurate diagnostic tool for rapid local-
ization of the source of lower GI bleeding. Positive CT may allow directed thera-
peutic angiography in addition to allow the staging of the tumor [17].

L. Lomaglio et al.
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12.6	 �Computed Tomographic Colonography

Computed tomographic colonography (CTC) is considered as the radiological exami-
nation of choice for the diagnosis of CRC in elective settings (Fig. 12.10). It is particu-
larly useful in the diagnostic process when colonoscopy is incomplete, contraindicated, 
or not possible (e.g., CRC that presents with an occlusive mass preventing colono-
scopic examination beyond the level of the occlusion) and represents an acceptable 
and equally sensitive alternative for patients with symptoms suggestive of CRC [18, 
19]. Allowing endoluminal three-dimensional views, CTC can also be used to assess 
strictures before planning interventions, both surgical and endoscopic.

Complete preoperative evaluation of the entire colon is important because 
identification of synchronous cancers, which are present in 1–7% of CRC patients 
[20, 21], may determine the extent of surgical resection. CTC is known to be a safe 
procedure, particularly when it is performed using the low-pressure carbon dioxide 
insufflation, with reported rates of overall procedure-related colonic perforations 
ranging between 0.009 and 0.06% [22–24]. However, data are largely taken from 
screening CTC practices or from patients who did not have colonic obstruction. 
There is no conclusive evidence about the risk of CTC-related colonic perforation for 
patients with an emergent occlusive cancer, since this condition is generally regarded 
as one risk factors for colonic perforation following CTC [24–26]. Other acute 
abdominal conditions (e.g., diverticulitis or active inflammatory bowel disease) are 
absolute contraindications to CTC.

A further advantage of CTC is that it can serve as a “one-stop-shop” examination 
for the proximal colonic evaluation, as well as for overall pretreatment cancer staging 
of the abdomen and pelvis when performed with ICM enhancement [19, 27]. Contrast-
enhanced CTC is essentially the same imaging method as the routine contrast-
enhanced abdominopelvic CT, except for the use of gaseous colonic distention in the 
former. Therefore, the two methods are expected to be similarly effective and accurate 
for tumor staging, although published data on the accuracy of contrast-enhanced CTC 
for general TNM staging of colorectal cancers are limited. According to several pub-
lished studies, the accuracy of contrast-enhanced CTC for tumor staging is 83–95% 
for T-staging, 80–85% for N-staging, and 100% for M-staging [28, 29].
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�Conclusions
Patients affected by CRC can present acutely in a setting of occlusion, perfora-
tion, and lower gastrointestinal hemorrhage, which can all be life-threatening con-
ditions. Traditional radiology (e.g., ultrasonography, X-ray radiographies) is not 
sufficient for a complete clinical assessment, causing an unnecessary delay in the 
diagnostic process. MDCT is the most accurate diagnostic tool in the evaluation 
of patients with acute presentation of CRC. It allows identification of the tumor 
site and of potential local and distant complications, in addition to its TNM stag-
ing. In order to optimize the imaging of the intestinal wall, the mesenteries, lymph 
nodes, liver, and peritoneum, CT should be performed with ICM injection, if no 
absolute contraindications are present. CTC can be a valid diagnostic tool when 
patients are stable and perforation is not suspected and should be performed cau-
tiously in the case of occlusion, since it increases the risk of perforation.

a b

c

d

Fig. 12.10  Computed tomographic colonography (CTC): gaseous colonic distention permits the 
detection of marked stenosis already at the scout scan (a). The tumor is located in the proximal 
transverse colon, as well demonstrated from coronal and axial reconstructions (b, c: white arrow) 
that permit the exact measurement of the wall thickening. The 3D reconstruction shows the stric-
ture and permits to exclude other tumor localizations in the colon (d, white arrow)
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13Adhesive Small Bowel Obstruction 
(ASBO): Role of CT Scan in Guiding 
Choice and Timing for Treatment Options

Hariscine Keng Abongwa, Paolo Bresciani, 
Antonio Tarasconi, Gennaro Perrone, and Fausto Catena

13.1	 �Introduction

Bowel obstruction also called “ileus” (of Greek origin meaning to tighten or twist) 
is defined as the arrest or the prevention of progression of intestinal contents in both 
the small and large intestines. Mechanical bowel obstruction comprises about 15% 
of all emergency admissions for abdominal pain. The most important risk factor for 
ASBO is the type of surgery and extent of peritoneal damage. Open surgery and 
major abdominal surgery entailing extensive dissections have a higher risk for 
ASBO. The lower incidence of adhesions expected after laparoscopic surgery likely 
translates into long-term benefits in terms of reduced ASBO. Abdominal adhesions, 
which can begin forming within a few hours after an operation, represent the most 
common cause of intestinal obstruction being responsible for 70–80% of small 
bowel obstruction (SBO) and typically occur in patients with a history of abdominal 
surgery or inflammatory bowel disease.
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13.2	 �Classifications

There are various classifications aimed at reaching a precise etiological defini-
tion, clinical stratification, and treatment options of bowel obstruction 
(Table 13.1). Depending on the anatomical location of the bowel obstruction, it 
is divided into small bowel obstruction (SBO) when the halt in transit involves 
the small bowel and large bowel obstruction (LBO) when the arrest of transit 
involves the large intestine. When the obstacle to progression is physical, it is 
termed mechanical bowel obstruction, also called mechanical ileus, while when 
it is due to the paralysis of the intestinal smooth muscle or to neural or humoral 
or metabolic causes that block peristalsis, it is termed functional bowel obstruc-
tion, also known as functional or dynamic or paralytic or adynamic ileus. There 
can also be cases with a joint mechanical and functional obstacles accounting for 
the bowel obstruction.

Close to 70% of mechanical bowel obstructions involve the small intestine. 
The mechanisms responsible for bowel obstruction include (1) obstruction, 
(2) stenosis, (3) angulation, (4) Ab-extrinsic compression, and (5) strangulation. 
It should be noted that the obstruction mechanisms of adhesion-related SBO can 
give rise to a clinical presentation varying from simple (angulation) to strangu-
lated (volvulus, strangulation) obstruction. The most frequent causes of mechani-
cal SBO in the order of incidence are represented by bowel obstructions due to 
postoperative adhesions (65%), external hernias (17%), tumors (8%), and bowel 
obstruction secondary to outcomes (adhesions, edema) of inflammatory processes 
(6%) like Crohn’s disease, diverticulitis, pelvic inflammatory disease, and appen-
dicitis. ASBO can therefore be classified according to its etiology in adhesional 
vs. non-adhesional.

Table 13.1  Classification of ASBO

Etiogenesis –  Post-abdominopelvic surgery (85–90%)
–  Post-inflammatory or infectious (10–15%)
– � Post-abdominopelvic radiation therapy 

(10–5%)
–  Congenital (rare)

Etiology –  Intramural
–  Extrinsic

Time to onset from surgery –  Early (<30 days after surgery)
–  Late (>30 days after surgery)

Speed of onset –  Acute
–  Subacute
–  Chronic

Location or level –  Proximal
–  Distal

Degree or grade of obstruction –  Partial (low grade)
–  Complete (high grade)

Loop vascularization –  Simple
–  Strangulated

Progression or number of adhesive bands –  Open loop
–  Closed loop
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The most frequent cause of ASBO in order of frequency are post-abdominopelvic 
surgery (extramural origin) in 85–90% of cases, with the highest risk of the dis-
ease associated with operations on the large bowel and gynecological procedures, 
and followed by those originating from the outcomes of inflammatory or infec-
tious bowel processes (intramural origin) in 10–15% of cases, those secondary to 
post radiation therapy (circa 5%) and those of the congenital origin (rare). The 
causes of mechanical SBO are divided into extramural when the occlusion is due 
to a pathology that determines angulation or extrinsic compression (e.g., postop-
erative adhesions), intramural when it is due to a disease of the intestinal wall 
(e.g., Adhesions secondary to IBD), and intraluminal when it is due to obstruction 
of lumen. ASBO is therefore a mechanical obstruction of the small bowel of extra-
mural and intramural origin. ASBO is also classified according to the time of 
onset from surgery in Early vs. Late (for onset < or >30 days after surgery, respec-
tively) and according to the speed of onset in acute vs subacute vs chronic. In 
function of the grade or completeness of obstruction, we talk of complete (or 
high-grade) bowel obstruction when there is a complete and sustained halt in the 
transit and partial (or low-grade) bowel obstruction in case of partial and/or peri-
odic obstruction of the intestine that occurs with subacute and/or recurrent occlu-
sive episodes.

A further classification of ileum, especially mechanical ileum like ASBO, con-
siders simple bowel obstruction when the obstruction involves only the intestinal 
wall and strangulated or ischemic bowel obstruction when obstruction involves 
both the bowel wall and the mesenteric blood vessels with impaired vascularization 
of the obstructed bowel loop.

Topographically ASBO, like the SBO, is divided into proximal and distal ASBO 
with respect to Treitz ligament and in function of the incontinency or continency of 
the obstructed loop, into open-loop and closed-loop ASBO, respectively, when the 
bowel is obstructed at one or two adjacent locations. It should be worth noting that 
LBO is divided into proximal and distal occlusion of the colon with respect to the 
splenic flexure and into open-loop and closed-loop LBO, respectively, in relation to 
the incontinency or continency of the ileocecal valve.

13.3	 �Pathophysiology

Bowel obstruction causes distention of the gut through the accumulation of both gas 
and fluid. The gas that accumulates proximal to the obstruction is primarily swal-
lowed air (reflected by its high nitrogen content of 70–80%), and the contribution of 
bacterial gas is thought to be small. The fluid and gas cause increased intraluminal 
pressure and distention of the bowel that also affect the motility of the intestine: ini-
tially causing increased peristalsis and then leading to decreased peristalsis and 
relaxation. This decrease in motility and stasis caused by the obstruction itself pro-
mote bacterial overgrowth, markedly increasing the normally low levels of both 
gram-negative enteric and anaerobic organisms found in the small intestine. 
Obstruction leads to increased permeability of the intestinal mucosal barrier, hence 
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an increase in the translocation of bacteria and endotoxins to both mesenteric lymph 
nodes and possibly the systemic circulation, which may be responsible for some of 
the systemic septic consequences of bowel obstruction. With continued bowel 
obstruction, if the intraluminal pressure continues to rise, perfusion of the bowel wall 
may be impaired, which promotes the development of ischemia, necrosis, and perfo-
ration. This most commonly occurs in closed-loop obstruction in which both the 
afferent and efferent limbs of an obstructed segment of bowel are occluded. The 
intraluminal pressure rises rapidly, impairing first the venous drainage and then the 
arterial supply to the bowel wall. Ischemia and gangrene of the bowel permit the 
escape of enteric organisms and their toxins into the portal and systemic circulation, 
adding to the clinical picture of sepsis. Dissection of air into the wall results in pneu-
matosis, which may precede frank perforation. Ischemia and bacterial overgrowth 
also play a role in GI tract perforation and the systemic effects seen with strangulat-
ing obstruction. A simple obstruction implies that the lumen is partially or com-
pletely occluded but that blood flow is preserved. A simple obstruction can therefore 
be complete (i.e., no fluid or gas passes beyond the site of obstruction) or incomplete 
(i.e., some fluid and gas does pass beyond the site of obstruction). Strangulation or 
strangulated obstruction means that blood flow is compromised, leading to bowel 
wall edema, intestinal ischemia, and, if left untreated, necrosis, and perforation. In 
open loop obstruction, intestinal flow is blocked distally, but the proximal loops are 
open and can be decompressed by vomiting or nasogastric intubation. In closed-loop 
obstruction, both flow into and flow out of the closed-loop are blocked, resulting in 
progressive accumulation of fluid and gas within the isolated loop, placing it at risk 
for ischemia, volvulus, and perforation.

13.4	 �Diagnosis

The clinical diagnosis of bowel obstruction can be challenging because results of 
physical examination, clinical presentation, and laboratory values are often nonspe-
cific and nondiagnostic.

The role of the radiologist is to answer several key questions: Is obstruction pres-
ent? What is the level of the obstruction? What is the cause of the obstruction? What 
is the severity of the obstruction? Is the obstruction simple or closed loop? Is stran-
gulation, ischemia, or perforation present?

13.4.1	 �Patient History

Previous abdominopelvic surgery and inflammatory bowel disease in the patient’s 
medical history are fundamental to guide diagnosis. Tumors with a predilection for 
peritoneal spread such as ovarian carcinoma should be excluded as their CT find-
ings are similar to those of ASBO. Patients with fever upon admission should gener-
ate suspects of inflammatory etiology or the presence of peritonitis.
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13.4.2	 �Symptoms and Signs

The symptoms depend on the speed of onset, degree, level, cause, and severity of 
the obstruction, evolution or not to shock, and the general conditions of the patient. 
The symptoms can be classified into:

Abdominal symptoms
	1.	 Constipation: It is the pathognomonic symptom. In complete occlusion of the 

small bowel, constipation without passing feces and especially gas is total. In 
incomplete obstruction, bowel function can be opened with semisolid stools and 
intervals of constipation. In the initial phase of the mechanical obstruction of the 
small bowel, the gut can be open to feces and gas due to the normal progression 
of residual stool in the gastrointestinal tract distal to the obstruction site.

	2.	 Abdominal pain: The pain frequently originates in a point of the abdomen and 
ends at a different venue, since it follows the peristaltic movement and gets extin-
guished at the occlusion site. The interval between the painful periods is charac-
terized by a dull epi-mesogastric pain. In the early stage, the pain is hyperperistaltic 
(cramps), is intermittent, and is usually poorly localized and of a variable inten-
sity (more attenuated in LBO than that in SBO). LBO at a more distal level has a 
longer period of quiescence of pain. In proximal obstruction of the small intestine 
(pylorus, duodenum), the pain is intermittent and located in the epigastric region. 
In cases of a distal SBO, the pain is initially intermittent and crampy, and then it 
becomes severe and frequent (poussè) with crises every 1–3 min and then fade 
and eventually disappear (free interval of about 10 min) or remain constant and 
widespread. In case of strangulated ASBO, the pain will be intense, persistent, 
non-morphine responsive, and localized with abdominal tenderness. These later 
findings (non-morphine responsiveness and abdominal tenderness) should orien-
tate physicians to suspect ischemia.

	3.	 Meteoric abdominal distension: The distension may be diffused or circum-
scribed. It is a more obvious symptom colonic obstruction, with the possibility 
of breathing impairment. Usually it is more prominent in the distal SBO, and it 
is absent or not significant in proximal SBO.

	4.	 Vomiting: Initially vomiting results from the neurovegetative reflex of pain, and 
then later on, it becomes secondary to antiperistaltic reflux caused by the intralumi-
nal sequestration and stasis of fluid and intestinal contents in the loop proximal to 
the obstruction site. Vomiting in cases of proximal obstruction is precocious, irre-
pressible, constant, continuous, biliary, and abundant. In the distal SBO, it will be 
late, less frequent with progressive change of the characteristics in alimentary, bili-
ary, intestinal, and fecaloid vomiting.

Systemic symptoms
	1.	 Systemic symptoms are related to dehydration (tachycardia, hypotension, oligu-

ria), SBO complicated by ischemia (fever, tachycardia, suffering facies), or the 
evolution to sepsis (cloudy sensorium). Fever in SBO patients may be suggestive 
for inflammatory etiology of simple SBO or suggest the onset of strangulation.
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13.4.3	 �Physical Examination

Physical examination of patient with SBO should include:

	1.	 Inspection: It should be aimed at finding scars of previous surgery scars, signs of 
abdominal distension in the initial stage of the bowel obstruction (iliac, umbili-
cal or epigastric bulges) or in the late stage (Schlange’s sign) and signs of dehy-
dration (especially for proximal SBO).

	2.	 Palpation: It is very important as it allows you to exclude vascular suffering that 
characterizes the strangulated SBO.  The presence of a marked tenderness on 
deep and/or superficial palpation and/or positivity of the Blumberg sign is indic-
ative of peritoneal suffering, and so it may be suggestive of intestinal obstruction 
with strangulation or perforation.

	3.	 Percussion: Percussion detects a tympanic sound in meteoric districts and a dull 
sound in areas of liquid distention. Areas of air-fluid levels will determine a tym-
panic sound with high metallic tones.

	4.	 Auscultation: In the early stages of mechanical obstruction of the small bowel, 
auscultation reveals hyperistalsis with ticks/metallic timbres and occasional bor-
borygmi synchronous with peristaltic waves that evoke abdominal pain. In the 
late phase (after 48 h) or in case of peritonitis, auscultation detects a hypoperi-
staltic due to the inhibition of motory activity resulting from the bowel disten-
tion. Also, the peristaltic sound is heard at increasing intervals, alternating with 
periods of silence. The absence of peristaltic sound even after compression or 
stimulation of the abdominal wall with the finger may express a change in the 
vascularization status leading to strangulation.

	5.	 Digital rectal examination: In patients with suspected SBO, digital rectal exami-
nation can reveal the presence of blood in feces in patients with strangulated 
ASBO.

13.4.4	 �Laboratory Findings

Laboratory findings in ASBO patients (WBC, PCR, lactate, PCT, electrolytes, BUN/
creatinine, hyperamylasemia) should be aimed at excluding inflammatory processes 
with peritonitis (leukocytosis, increased PCR level), signs of ischemia (leukocytosis, 
hyperlactatemia, hyperamylasemia), and/or signs of sepsis and shock (increased 
PCT level).

13.4.5	 �Imaging in ASBO Patients

The upright plain abdominal radiograph is traditionally the first radiology study in 
the workup of acute abdominal pain and suspected bowel obstruction. After an 
accurate patient history, evaluation of clinical signs and symptoms, physical exami-
nation, and the evaluation of laboratory findings (WBC, PCR, lactate, electrolytes, 
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BUN/creatinine), the first step of the diagnostic workup for ASBO is supine and 
erect plain abdominal X-ray. Surgical guidelines recommend plain radiographs as 
part of this initial assessment, as these can confirm the diagnosis of ASBO and iden-
tify some complications such as perforation.

Because adhesive bands are typically not visible on computerized tomography 
(CT) scan, the diagnosis of adhesions is often one of the exclusions. The presence 
on CT scan of kinking or tethering of the bowel at the transition zone (bird beak 
sign) without any other identifiable cause of small bowel obstruction or without 
a history of a tumor with a predilection for peritoneal spread such as ovarian 
carcinoma, particularly in a patient with a history of surgery or with a known 
history of inflammatory bowel disease, is highly suggestive of an adhesion. 
Appropriate treatment of patients with ASBO depends on prompt diagnosis of the 
obstruction and accurate identification of those patients who require surgical 
management. Initial assessment focuses on identifying those patients with signs 
and symptoms consistent with peritonitis or ischemic bowel. Delays in surgery 
can result in increased morbidity and mortality. An appropriate use of abdominal 
CT can aid timely triage to surgical management. CT is therefore particularly 
useful in those patients who do not demonstrate clear symptoms of peritonitis or 
ischemia at presentation, especially if they have equivocal or negative findings on 
plain radiographs.

13.4.6	 �Radiological Signs of ASBO

The main imaging findings in ASBO patients include upright plain abdominal 
radiograph and computed tomography. Plain abdominal radiographs have only a 
moderate sensitivity of between 48% and 80% of diagnosing SBO and are poor at 
suggesting the diagnosis of open versus closed-loop, ischemic, or strangulated 
obstruction.

CT can accurately predict the etiology of obstruction in 70–90% of patients and 
can always suggest superimposed ischemia or perforation. CT is most valuable 
when there are systemic signs suggesting infection, bowel infarction, or an associ-
ated palpable mass. CT signs of SBO (small bowel obstruction) include:

	1.	 Dilated/distended air-filled or fluid-filled small bowel greater than 2.5–3 cm seen 
proximal to collapsed loops (Fig. 13.1).

	2.	 Air-fliud levels greater than 2.5 cm or at disparate levels within the same loop 
that transverse the entire lumen of the obstructed bowel loops (Fig.  13.2) or 
trapped air bubbles between folds at the top of a fluid-filled bowel loop known as 
the string of pearls sign (Fig. 13.3). Care should be made to differentiate LBO 
with an incompetent ileocecal valve as this type of obstruction can simulate a 
SBO (Fig. 13.4).

	3.	 Gastric distention (Fig. 13.5).
	4.	 Small bowel dilated out of proportion to colon (Fig. 13.6a, b).
	5.	 Paucity of colorectal gas (Fig. 13.6c, d).
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Fig. 13.1  Dilated air-filled (arrow) or fluid-filled (double arrow) small bowel

Fig. 13.2  Air-fluid levels (arrow)

Fig. 13.3  String of pearls 
sign (rectangle)
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The CT diagnosis of adhesions is accurate in 70–95% of patients. CT findings 
in ASBO patients can be divided in signs of simple and signs of strangulated or 
complicated ASBO.  CT findings could also permit a further classification of 
strangulated ASBO in those with signs of reversible or signs of irreversible isch-
emia. This later classification is of primary importance in determining the timing 
for surgery.

13.4.6.1	 �CT Signs of Simple ASBO
	1.	 Bird beak sign: This is the most important radiographic sign/finding in the diag-

nosis of ASBO. Because adhesions are not usually seen on CT, the CT diagnosis 
of adhesions is a diagnosis of exclusion, by identifying where there is an abrupt 
transition from dilated to non-dilated small bowel (the obstruction site) and asso-
ciating this finding to the exclusion of any apparent cause of SBO. The bird beak 
sign is the fusiform tapering of the transition site marking the abrupt transition 
from dilated to non-dilated small bowel at the obstruction site without any apparent 
cause of SBO (Fig. 13.7).

Fig. 13.4  Fluid-filled dilated small bowel 
(triple arrow) simulating SBO in a case of 
LBO (double arrow) with an incompetent 
ileocecal valve (single arrow)

Fig. 13.5  Significant 
gastric distension (arrow)
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Fig. 13.6  (a and b) Small bowel dilated out of proportion to colon (the arrows indicate the col-
lapsed colonic lumen). (c and d) Paucity of colorectal gas (the arrows point out the lack or scarcity 
of gas inside the colonic lumen)

Fig. 13.7  The bird beak sign—abrupt transition from dilated to non-dilated small bowel at the 
obstruction site (circles) without apparent cause
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	2.	 Small bowel feces sign: A finding often in close proximity to the point of 
obstruction or the transition zone is the small bowel feces sign. This sign refers 
to the presence of particulate material admixed with air in the small bowel. 
This situation reflects the stasis of contents in the small bowel, resulting in 
increased resorption of fluid in bowel contents as well as possible gases 
released from bacterial overgrowth. Although the small bowel feces sign can 
be seen in patients without SBO, this finding is highly specific for obstruction 
when seen in combination with dilated bowel and distal decompressed loops 
(Fig. 13.8).

	3.	 Smooth-thick transverse valvulae conniventes: The presence of smooth-
thick transverse valvulae conniventes (also known as Kerckring folds or 
plicae circulares or circular folds) implies edema with possible ischemia 
(Fig. 13.9).

13.4.6.2	 �CT Signs of Strangulated ASBO
	 1.	 Gasless abdomen (CT scout) or fluid-filled abdomen: This can be seen in the 

setting of high-grade bowel obstruction and ischemia in which the gut is com-
pletely filled with fluid (Fig. 13.10). Fluid-filled loops may not be visible, lead-
ing to a false-negative diagnosis.

	 2.	 Circumferential mural thickening >3 mm (Fig. 13.11).

Fig. 13.8  Small bowel 
feces sign (arrow)

Fig. 13.9  Smooth-thick transverse valvulae 
conniventes (also known as Kerckring folds 
or plicae circulares) (arrow)
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	 3.	 Target or halo sign: This sign indicates the presence of submucosal edema 
(Fig. 13.12).

	 4.	 Mural pneumatosis: It indicates breakdown in the mucosal integrity of the 
mural wall and is strongly suggestive of ischemia (Fig. 13.13). However, CT 
findings of pneumatosis do not always predict irreversible ischemia at surgery.

	 5.	 Portomesenteric gas: If present together with mural pneumatosis, it has a much 
greater likelihood of predicting irreversible transmural necrosis (Fig. 13.14).

	 6.	 Free intraperitoneal gas or extraluminal perivisceral air bubbles: It has a much 
greater likelihood of predicting both irreversible transmural necrosis and perfo-
ration (Fig. 13.15).

	 7.	 Hyperenhanced wall (indicates initial ischemia), decreased or focal loss of mural 
enhancement marking impaired arterial flow (highly specific for ischemia), 
delayed or prolonged or persistent mural enhancement as sign of impaired 
venous outflow (indicates ischemia but is not specific for ischemia) (Fig. 13.16).

	 8.	 Mesenteric fluid, mesenteric congestion, and free fluid: The presence of two or more 
signs, on unenhanced CT scan, is highly specific (>94%) for ischemia (Fig. 13.17).

Fig. 13.10  Gasless abdomen or fluid-
filled abdomen

Fig. 13.11  Circumferential mural 
thickening (arrow)
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Fig. 13.12  Target or halo sign 
(submucosal edema) (arrow)

Fig. 13.13  Mural 
pneumatosis (rectangle)

Fig. 13.14  Portomesenteric gas 
(circle)

Fig. 13.15  Free intraperitoneal 
gas (arrow)
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	 9.	 Mural hemorrhage or haziness on unenhanced CT scan (Fig. 13.18).
	10.	 Whirl sign: The rotation of the bowel, vessels, and mesenteric fat at the site of 

obstruction in a closed-loop obstruction is known as the whirl sign (Fig. 13.19).

Fig. 13.16  Hyperenhanced walls (arrow)

Fig. 13.17  Mesenteric fluid (square), 
mesenteric congestion (circle), and free 
fluid (arrow)

Fig. 13.18  Mural hemorrhage or haziness 
on non-contrast CT scan (arrow)

Fig. 13.19  The arrows highlight the 
progressive torsion of the mesenteric blood 
vessels, which constitute the whirl sign
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13.4.7	 �Clinical Presentations at Risk of Transmural Necrosis 
at Surgery: Closed-Loop ASBO

Closed-loop obstructions with (strangulated) or without (simple) ischemia are at 
high risk of transmural necrosis. Ischemia can arise from torsion of the vascular 
pedicle as is the case of closed-loop ASBO associated with volvulus or form com-
pression of a single tight adhesive band. CT findings of closed-loop ASBO include:

	1.	 C-shaped (Fig. 13.20), U-shaped (Fig. 13.21), or coffee bean (Fig. 13.22) con-
figuration of the bowel loop with converging toward the site of torsion

	2.	 Beak (Fig. 13.7) or whirl (Fig. 13.19) sign at the site of obstruction
	3.	 Radial configuration of bowel loops when vertically oriented (Fig. 13.23)
	4.	 Convergence of mesenteric vessels to a single point (Fig. 13.24)
	5.	 Close proximity of afferent and efferent limbs, often at the site of mesenteric 

convergence (Fig. 13.22)

13.4.7.1	 �Simple Closed-Loop ASBO
A closed-loop obstruction is present when the bowel is obstructed at two adjacent 
locations, which can be the case with hernias and adhesions. Because of the two 
adjacent foci of obstruction, the patient is at risk of torsion at the narrow pedicle. 
The finding of a closed-loop obstruction, even without other evidence of ischemia, 
is associated with a high risk of transmural necrosis at surgery. In a closed-loop 
obstruction associated with volvulus, the rotation of the bowel, vessels, and mesen-
teric fat at the site of obstruction is known as the whirl sign (Fig. 13.19). The whirl 
sign has not been shown to be sensitive or specific for SBO. In patients with clinical 
and radiologic findings consistent with an ASBO, however, the presence of a whirl 
sign is associated with a markedly increased need for surgical intervention. In addi-
tion, the identification of the combination of multiple transition points, the whirl 
sign, and a relatively posterior site of obstruction in patients with an ASBO has a 

Fig. 13.20  C-shaped configuration of 
bowel loop (arrow) indicating closed-loop 
obstruction
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Fig. 13.22  Coffee bean 
configuration of bowel 
loop (circle) and proximity 
of afferent and efferent 
limbs (arrows)

Fig. 13.21  Inverted U-shaped configuration of bowel loop (circle) indicating a closed-loop 
obstruction

H.K. Abongwa et al.



153

specificity of 100% for small bowel volvulus. Simple closed-loop ASBO is caused 
by single adhesive bands. The trapped loop or loops become progressively dilated 
and fluid-filled. The vessels feeding the trapped intestine may be compressed by the 
band resulting in strangulation. Both dilatation and the risk of strangulation of the 
trapped loops depend on the stage and degree of compression.

13.4.7.2	 �Strangulated Closed-Loop ASBO
Ischemia in SBO can arise from two mechanisms. The first is increasing intraluminal 
fluid resulting in increased pressure within the bowel wall or tight adhesive bands. 
CT signs of ischemia warrant immediate surgical intervention. In early ischemia, 
the bowel wall will often hyperenhance, an indication of vasodilation in an attempt 
to preserve perfusion. As the vascular supply becomes further compromised, the 
bowel wall will exhibit decreased or absent enhancement, which is a highly specific 
sign of ischemia. Delayed or prolonged enhancement of the bowel can also indicate 
ischemia. Although wall thickening can indicate ischemia, this finding can be present 
because of edema from impaired venous outflow caused by the obstruction and is not 
specific for ischemia in isolation. In addition, wall thickening may not be present 
when ischemia has progressed to transmural infarction, as infarcted bowel loses its 
tone and the wall can become extremely thin. Pneumatosis can be an important indi-
cator of bowel ischemia and can suggest an increased risk of transmural infarction 
when present in combination with portal venous gas.

Although mesenteric fluid and free fluid are present in higher frequencies in 
SBOs complicated by ischemia than in uncomplicated obstructions, overall, the 
presence of any one of these findings is not specific for the diagnosis of ischemia. 

Fig. 13.23  Radial configuration of bowel 
loop (circle) when vertically oriented, 
indicating a closed-loop obstruction

Fig. 13.24  Convergence of mesenteric 
vessels to a single point (circle), indicating 
a closed-loop obstruction
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Although one study found that the specificity of mesenteric fluid, mesenteric con-
gestion, and free fluid for ischemia was 90, 79, and 76%, respectively, the speci-
ficity for ischemia increased to 94% when two or more of these findings were 
present. With a strangulated obstruction, there is a continuum from bowel wall 
edema, to mild, to moderate ischemia, to transmural infarction, and, finally, to 
perforation. CT has a sensitivity of approximately 80–90% in the diagnosis of 
strangulation in patients with closed-loop obstruction. CT may reveal circumfer-
ential bowel wall thickening of low, normal, or high attenuation. Following intra-
venous contrast material administration, the obstructed segment of bowel may be 
normal or have increased thickness and may show normal enhancement, delayed 
enhancement, diminished enhancement, or no enhancement. On unenhanced CT 
scans, high-attenuation bowel wall thickening implies hemorrhage with ischemia 
(Fig. 13.18). Diminished or lack of contrast enhancement is very suspicious for 
vascular compromise. A mural stratification pattern with low attenuation of the 
submucosa, reflecting submucosal edema (Fig. 13.12), may indicate a spectrum of 
pathology ranging from bowel wall edema to full thickness infarction. Pneumatosis 
(Fig. 13.13) in the wall of the closed loop indicates a rent in the mucosa and stran-
gulation. Sloughed mucosa or debris in lumen may have the appearance of feces. 
If the closed loop is twisted, its mesentery also will appear twisted or whirled 
(Fig. 13.19). Fluid in the leaves of the small bowel mesentery is suggestive but not 
specific for ischemia, because intraperitoneal fluid can occur in simple SBOs. 
However, strangulation is implied by haziness of the mesenteric fat and large 
mesenteric vessels, findings reflecting mesenteric edema, and venous engorge-
ment, respectively, related to compression or twisting of mesenteric vessels. 
Volvulus is implied by twisting of the folds at the point of obstruction. Smooth, 
thick valvulae conniventes in a partially closed loop imply edema with possible 
ischemia (Fig. 13.9).

13.5	 �Treatment

The management of ASBO is controversial because surgery can induce new adhe-
sions, whereas conservative treatment does not remove the cause of the obstruction. 
Delay in surgical treatment may cause a substantial increase of morbidity and mor-
tality. However repeated laparotomy and adhesiolysis may worsen the process of 
adhesion formation and their severity. Furthermore, the introduction and widespread 
of laparoscopy has raised the question of selection of appropriate patients with ASBO 
good candidate for laparoscopic approach. On the other hand, several adjuncts for 
improving the success rate of nonoperative management (NOM) and clarifying indi-
cations and timing for surgery are currently available, such as hyperosmolar water-
soluble contrast medium. The 2013 revised and updated guideline of the WSES 
Working Group on diagnosis and management of ASBO puts to light evidence-based 
algorithms and focuses on indications and safety of conservative treatment, timing of 
surgery, and indications for laparoscopy.
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13.6	 �Conservative Management (NOM)

13.6.1	 �Indications for NOM

Patients without signs of strangulation or signs of peritonitis or history of persis-
tent vomiting or combination of CT scan signs (free fluid, mesenteric edema, lack 
of feces signs, devascularized bowel) and those with partial ASBO can be man-
aged safely with NOM (nonoperative management). Conservative treatment 
involves nasogastric intubation, intravenous fluid administration, and clinical 
observation. These patients are good candidates for water-soluble contrast medium 
(WSCM) with both diagnostic and therapeutic purposes. In these patients, the 
radiologic appearance of WSCM in the colon within 24  h from administration 
predicts resolution. WSCM such as gastrografin may be administered on the dos-
age of 50–150 mL either orally or via NGT (nasogastric tube) both immediately 
at admission upon confirmation of a low output of the NGT or after failed conser-
vative treatment for 48 h. The use of WSCM is safe and reduces need for surgery, 
time to resolution, and hospital stay. Tachycardia, fever, focal tenderness, 
increased white blood cell counts, and elevated lactate levels can indicate intesti-
nal ischemia, but these indicators are not very specific. When intestinal ischemia 
is unlikely, a conservative approach can be followed for 24–48 h. NOM, in the 
absence of signs of strangulation or peritonitis, can be prolonged up to 72 h. After 
72 h of NOM without resolution, surgery is recommended. Patients treated non-
operatively have shorter hospital stay, but higher recurrence rate and shorter time 
to re-admission, although the risk of new surgically treated episodes of ASBO is 
unchanged. Risk factors for recurrences are age < 40 years and matted adhesions. 
It should be noted that WSCM does not decrease recurrence rates or recurrences 
needing surgery.

13.7	 �Surgical Management

According to the WSES evidence-based guidelines on diagnosis and management 
of ASBO, patients who had surgery within the 6 weeks before the episode of small 
bowel obstruction and patients with signs of strangulation or peritonitis (fever, 
tachycardia and leukocytosis, metabolic acidosis, and continuous pain or pain not 
responsive to morphine-like drugs) are not candidate for conservative treatment +/− 
WSCM administration (Level of Evidence 1a GoR A).

Open surgery is often used for ASBO patients with signs of strangulation or 
peritonitis as well as after failed conservative management for 72  h. In highly 
selected group of patients, the laparoscopic approach can be attempted using an 
open access technique. Access in left upper quadrant or left flank is the safest, and 
only completely obstructing adhesions should be identified and lysed with cold 
scissors. Laparoscopic lysis of adhesions should be attempted preferably in case of 
first episode of ASBO and/or anticipated single band adhesion (e.g., SBO after 
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appendectomy or hysterectomy). A low threshold for open conversion should be 
maintained if extensive adhesions are found.

a) Indications for Emergent Surgery: Strangulated ASBO.
Strangulation of the bowel requires immediate surgery, but intestinal ischemia can 

be difficult to determine clinically. Free intraperitoneal fluid, mesenteric edema, lack 
of the “small bowel feces sign” at CT, and history of persistent vomiting, severe 
abdominal pain (VAS > 4), abdominal guarding, raised WBC, and devascularized 
bowel at CT predict the need for emergent laparotomy at the time of admission.

b) Indications for Early (Urgent) Surgery: Non-strangulated ASBO with 
High Risk of Failing NOM.

Early surgery should be indicated in non-strangulated ASBO patients with a 
high risk of failing NOM. The ability to identify patients who will fail conserva-
tive management despite the absence of an acute abdomen at presentation may 
result in better outcomes for these patients. To this end, multivariate predictive 
models combining imaging findings, laboratory results, and clinical findings have 
been developed to identify those patients requiring surgery earlier in their presen-
tation. In consideration of the high accuracy of CT in diagnosing ASBO, CT find-
ings can guide clinical decision-making for treatment choice. Mortality associated 
with ischemic SBO is approximately 8% if surgery is performed within 36 h of 
presentation. If surgery is delayed more than 36 h, however, mortality increases to 
25%. However, in those patients who ultimately require surgery after failing 
decompression, there is increased mortality and prolonged hospital stay in com-
parison with those undergoing more prompt surgical intervention, and CT may 
help to more appropriately risk stratify these patients. Small bowel feces have 
been found to be inversely related to ischemia and failure of conservative manage-
ment. Because this sign indicates ongoing fluid resorption, the presence of small 
bowel feces likely reflects preserved function and perfusion of the small bowel. 
This relationship is further supported by findings that patients with longer seg-
ments of bowel with small bowel feces (>10 cm) are less likely to fail conserva-
tive management than are patients with shorter segments of small bowel feces. In 
a study by Schwenter and colleagues, the clinical factors of pain, guarding, leuko-
cytosis, and elevated C-reactive protein were combined with reduced wall 
enhancement and greater than 500 mL of free fluid on CT into a scoring system. 
The presence of three factors yielded specificity of 91% and sensitivity of 68% for 
surgical resection of ischemic bowel within 24 h in comparison with successful 
conservative management. With four factors present, the specificity was 100%. 
Zielinski and colleagues found that patients with SBO who presented with lack of 
flatus for at least 24 h, mesenteric edema, and lack of small bowel feces had an 
86% chance of undergoing surgical exploration during their admission. There is a 
growing body of literature investigating the ability of CT to accurately identify 
those patients without clear indications for urgent surgery who will likely fail 
conservative management and may benefit from earlier intervention. In one study 
of adhesion-related SBO, an anterior parietal adhesion, the presence of a small 
bowel feces sign, and the lack of a bird beak sign were associated with successful 
nonsurgical treatment, whereas two bird beak signs or more, a whirl sign, a 
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C-shaped or U-shaped appearance of the bowel loop, and a high degree of obstruc-
tion were associated with nonsurgical treatment failure.

Some of the findings under investigation include small bowel feces, mesenteric 
edema, mesenteric fluid, and free fluid. Models that incorporate both clinical and 
imaging findings may allow for further risk stratification of patients without signs of 
ischemia who will ultimately fail conservative management. The ability to identify 
these patients earlier in their course shows promise in significantly decreasing the 
morbidity and mortality associated with acute ASBO. According to the WSES evi-
dence-based guidelines on diagnosis and management of ASBO, complete ASBO 
(no evidence of air within the large bowel) and increased serum creatine phospho-
kinase predict NOM failure (Level of vidence 2b GoR C).

c) Indications for Delayed Surgery: Non-strangulated and Non-peritonitic 
ASBO Without Risk of Failing NOM, with Draining Volume of NGT on Day 
3 > 500 ml.

Usually NOM, in the absence of signs of strangulation or peritonitis, can be pro-
longed up to 72  h of ASBO.  In conservatively treated patients with ASBO, the 
drainage volume through the long tube on day 3 (cutoff value, 500 mL) is the indi-
cator for surgery. After 3 days without resolution, WSCA study (for NGT output in 
24 h <500 ml) or surgery (for NGT output in 24 h >500 mL) is recommended. If 
ileus persists more than 3 days and the drainage volume on day 3 is >500 mL, sur-
gery for ASBO is recommended. If the drainage volume on day 3 is <500 mL in the 
absence of signs suggestive of complications, close monitoring with an observation 
period even longer than 10 days before proceeding to surgical intervention appears 
to be safe. However at any time, if onset of fever and leukocytosis greater than 
15,000/mm3 (predictors of intestinal complications) are observed, then NOM should 
be discontinued and surgery is recommended. The patient nonresponders to the long 
tube and conservative treatment within 72 h have a considerable risk of recurrent 
ASBO. Risk factors for recurrences are age <40 years, matted adhesion (Level of 
Evidence 1b GoR A), and postoperative surgical complications. Gastrografin use 
does not affect the recurrence rates or recurrences needing surgery when compared 
to traditionally conservatively treated patients.

13.8	 �Prevention of Adhesion After Adhesiolysis

There is no unanimous consensus to guide the need or not to prevent peritoneal 
adhesions after adhesiolysis. Hyaluronic acid-carboxycellulose (HA) membrane 
and icodextrin are known to decrease the incidence of adhesions. Icodextrin may 
reduce the risk of re-obstruction, while HA cannot reduce the need of surgery. 
Adhesions quantification and scoring may be useful for achieving standardized 
assessment of adhesions severity and for further research in diagnosis and treatment 
of ASBO. Among the different adhesions scoring systems which have been pro-
posed mainly by gynecologists, the more complete and easy to use one is the PAI 
score proposed by Coccolini et al. (Fig. 13.25). This classification is based on the 
macroscopic appearance of adhesions and their extent to the different regions of the 
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abdomen. Using specific scoring criteria, clinicians can assign a peritoneal adhesion 
index (PAI) ranging from 0 to 30, thereby giving a precise description of the intra-
abdominal condition. In fact, specific attention should be paid to uniformity of mea-
surement. A regimented classification system for adhesions should be used in an 
effort to standardize their definition and subsequent analysis. In this way, different 
surgeons in different treatment centers can more effectively evaluate patients and 
compare their conditions to past evaluations using a universal classification system. 
Adhesion quantification scores like the intraoperative PAI score proposed by 
Coccolini et al. could represent a useful tool in guiding decision-making as to the 
use or not of adhesion prevention agents after adhesiolysis.
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14Colonic Volvulus

Julia Miladore Ng, Haley Chang, and Oreste M. Romeo

14.1	 �History

This condition with its acute and recurring presentations has been described for 
thousands of years, as have the rudimentary therapies used. The first recording of 
volvulus dates to ancient Egypt, where it was noted on the Ebers Papyrus (ca. 1550 
BC) the description of its natural course to be either spontaneous reduction or “rot-
ting” of the intestines. In addition, some rudimentary techniques were described for 
the manipulation of the abdomen to stimulate its resolution. Hippocrates (about 400 
BC) later noted in his “diseases” and “affections” that certain bowel obstructions, 
possibly caused by sigmoid volvulus, could be resolved and decompressed with the 
use of a long suppository ten digits long or ∼22 cm, injecting a large quantity of air 
into the intestines via the anus. To date, the modern proctoscopic decompression 
requires similar instrument length. It was later in the nineteenth century that this 
intervention was reexplored as a potential technique in clinical use.

It was in this period that the first report appeared in the Western literature by von 
Rokitansky who described it as one possible etiology of intestinal strangulation (2). 
It wasn’t until Gay’s publication of transanal volvulus reduction on the cadaver of a 
patient with sigmoid volvulus that therapeutic options started being reviewed more 
in detail (1). In 1883, Atherton described surgical laparotomy with lysis of adhe-
sions for treatment of volvulus. Eventually, three main surgical approaches came to 
be employed in the treatment of volvulus: (1) detorsion and plication of the mesen-
tery, (2) colonic resection and primary anastomosis, and later (3) the Hartmann 
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procedure. Surgical management came to eventually become the main therapeutic 
option into the mid-twentieth century.

The use of laparotomy as the only modality available in the face of volvulus was 
challenged by Brusgaard in 1947. He described sigmoidoscopy as a mean to decom-
pression and placement of a rectal tube for patients without peritonitis. Successful 
decompression with a rigid proctoscope in 91 patients with sigmoid volvulus was 
reported by this author, with a mortality rate of only 14%. Recurrence however 
remained a common event. After successful nonoperative decompression, high pro-
pensity for recurrence is well recognized, remaining in some series as high as 90%, 
with an attendant mortality of up to 40%.

In time, a more frequent use of this approach found favor for early reduction of 
sigmoid volvulus, especially when considering the extensive comorbidities most of 
these patients have at presentation along with baseline frailty and consequently poor 
tolerance of anesthesia. With better technologies, detorsion with a rigid proctoscope 
and eventually with flexible sigmoidoscopy continues to gain favor as early modali-
ties in decompression. Many authors have reported success in conservative early 
approaches to decompress volvulus not only in the sigmoid colon but also in other 
anatomic locations advocating its use in patients unable to tolerate laparotomy. 
Because of high rates of recurrence, endoscopic decompression is most often con-
sidered as a temporizing measure.

14.2	 �Introduction

The term colonic volvulus comes from the Latin term “volvere” meaning “to 
twist,” which occurs when the colon twists axially on its mesentery. Worldwide 
colonic volvulus is the third leading cause of large bowel obstruction. Populations 
most affected reside in the “volvulus belt” of Africa, the Middle East, India, and 
Russia. In these regions, the average age is younger than Western countries, 
ranging from 40 to 50 years and in patient populations generally in better health. 
In the United States, colonic volvulus accounts for 10–15% of all colon obstruc-
tions. It accounts for 1–3% of all bowel obstruction presentations, ranking 
behind cancer and diverticulitis. It occurs when a mobile portion of the colon 
twists around a fixed base, causing obstruction of a segment of colon at the point 
of maximal torsion. In effect, it results in a closed-loop obstruction. In a study 
of 546 cases of colonic volvulus, it is most often found in the sigmoid (60.9%), 
followed by the cecum (34.5%), the transverse colon (3.6%), and splenic flexure 
(1%). It is most often seen in the elderly, in patients with neuropsychiatric dis-
orders, and those in nursing care facilities. Predisposing factors include previ-
ous episodes of volvulus, previous abdominal operations, institutionalization, 
megacolon, and chronic constipation with sigmoid volvulus as the leading cause 
of acute colonic obstruction. Colonic volvulus can resolve spontaneously, but 
more commonly, it can cause obstruction that can progress to strangulation, 
ischemia, and perforation.
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14.3	 �Overview

Sigmoid volvulus represents 50–90% of colonic volvulus cases. Predisposition to 
sigmoid volvulus occurs secondary to redundant colon on a narrow mesenteric 
attachment. A high-fiber diet and chronic constipation can also contribute to an 
overloaded sigmoid colon resulting in counterclockwise torsion of the colon. 
Elderly institutionalized patients and those with underlying colonic motility issues 
also are at higher risk for developing sigmoid volvulus. Overall sigmoid volvulus 
has an equal sex distribution.

Cecal volvulus also occurs in debilitated patients although less prevalent than 
sigmoid volvulus occurring 15–40% of all cases of colonic volvulus. In order for 
cecal volvulus to occur, there must be a portion of cecum that is freely mobile and 
a fixed point to torse upon. The Jackson veil is an abnormal membrane that contains 
blood vessels from the renal and lumbar arteries that crosses over the right colon 
creating a fixed point at the inferior edge upon which the cecum can twist. The 
cecum can torse in an organo-axial fashion or mesenterico-axial fashion. Organo-
axial torsion occurs when the terminal ileum and cecum twist clockwise. 
Mesenterico-axial torsion also known as cecal bascule occurs when a malfixed 
cecum flips anteriorly of the right colon. Vascular compromise occurs when the 
cecum becomes significantly distended. Ischemia does not occur initially as there is 
no twisting of the mesentery to immediately occlude blood supply. In as many as 

Fig. 14.1  CT image of colonic volvulus. The patient in the image went on to operative manage-
ment. Courtesy Bronson Methodist Hospital, Kalamazoo, Michigan. Department of Radiology

14  Colonic Volvulus



164

Fig. 14.1  (continued)
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Fig. 14.1  (continued)
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50% of patients, intermittent symptoms due to a floppy cecum prior to presentation 
will be elicited upon history review.

14.4	 �Presentation

The presentation of sigmoid and cecal volvulus can be very similar. Patients can 
present with abdominal pain, distention, nausea, vomiting, obstipation, or constipa-
tion. These symptoms may occur acutely or chronically. In more severe cases, 
patients can present with peritonitis or hemodynamic instability. In cecal bascule, 
patients may have a chronic history of intermittent pain or obstructive symptoms.

14.5	 �Diagnosis

The diagnosis of sigmoid volvulus can be made on abdominal x-ray. These films 
will demonstrate a “coffee bean” appearance with convexity to the patient’s right. A 
gastrografin enema will demonstrate a “bird’s beak” sign at the site of narrowing.

Diagnosis of cecal volvulus can also be made with abdominal plain films. A kid-
ney bean-shaped air-filled structure in the LUQ will be seen. CT scan will demon-
strate the “whirl” sign which is a spiraled loop of cecum with engorged mesenteric 
vessels (Fig. 14.1).

14.6	 �Treatment

If a patient is stable with no signs of peritonitis or hemodynamic instability, then 
sigmoid volvulus can initially be treated with decompression by a rigid procto-
scope, flexible sigmoidoscope, or colonoscope. There is a 75% success rate of 
decompression with endoscopic means. A rectal tube is placed to maintain decom-
pression. Although the success rate is high, the recurrence of the volvulus is also 
high with the recurrence rate being 60–75%. For this reason, endoscopic decom-
pression should be followed by definitive surgery. Along the course of treatment, if 
there is any clinical evidence of peritonitis, then immediate surgery should be per-
formed. There are two main surgical options in the treatment of sigmoid volvulus. 
The first is sigmoid resection with primary anastomosis. This is utilized when upon 
exploration the patient has viable bowel with no contamination regardless of suc-
cessful endoscopic decompression. If endoscopic decompression is successful, then 
bowel prep prior to surgery is preferred. If there is any evidence of ischemia or 
contamination upon operation then sigmoidectomy with end colostomy or 
Hartmann’s procedure should be performed. A Mikulicz operation has also been 
reported where the volvulus is exposed through a lateral oblique incision and a 
double barrel colostomy is created. This is mentioned for historical importance as it 
is not routinely used today.
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Cecal volvulus is not amenable to endoscopic decompression, so surgical inter-
vention is the treatment of choice. These patients usually undergo a right hemico-
lectomy with ileorectal anastomosis. If the patient is extremely debilitated, then 
cecostomy is performed. Cecostomy has a low recurrence rate of 1–3% but high 
wound infection rate. Cecopexy alone is not recommended as the recurrence rate is 
high as 15–20%.

14.7	 �Complications

The main complications after treatment of sigmoid and cecal volvulus are surgical 
wound infections; anastomotic complications with leak, fistula, or abscess; and 
recurrence.

14.8	 �Outcomes

In emergent surgery for sigmoid volvulus, the mortality rate ranges from 17 to 
40%. If decompression is successful, the mortality rate drops to 0–6% with surgi-
cal intervention. The overall mortality rate is 9.4% but is 50% if there is colonic 
perforation. Overall, the incidence of sigmoid volvulus is small, so any outcome 
measures are based on small sample sizes. Since the recurrence rate of sigmoid 
volvulus is high and there is greater mortality associated with emergent surgery, 
the recommendation would be for decompression followed by semi-elective sur-
gery. The long-term rates of constipation are higher in patients undergoing pri-
mary anastomosis versus Hartmann’s procedure, but neither operations result in 
recurrence of the volvulus.

Cecal volvulus has an overall mortality of 6.7%. This mortality increases to 35% 
with ischemic bowel. The mortality for surgical intervention is 12%. Given the rarity 
of cecal volvulus, many long-term outcomes have not been studied or identified.

Transverse colon volvulus can also occur but is rare, less than 3% of all cases of 
colonic volvulus. It is due to abnormal fixation of the colon and presents with simi-
lar symptoms as sigmoid and cecal volvulus. Diagnosis is made on contrast enema 
where contrast travels more proximally than the sigmoid colon. This requires surgi-
cal exploration with segmental colectomy, extended right hemicolectomy, or ileos-
tomy with mucus fistula.
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15Computerized Tomography 
in the Diagnosis and Treatment  
of Acute Pancreatitis

Itamar Ashkenazi and Yoram Kluger

Acute pancreatitis is encountered commonly in the surgical emergency department 
[1]. Epidemiological studies from several countries indicate that the incidence of 
acute pancreatitis is rising [2, 3]. The most common etiologies of pancreatitis are 
gallstones and alcoholism [4, 5]. Other etiologies include hypertriglyceridemia, 
mumps virus, hypercalcemia, drugs, and post-endoscopic retrograde cholangiopan-
creatography (ERCP). Tumor of the pancreas should be ruled out in any patient 
older than 45–50 years suffering from a first bout of acute pancreatitis of obscure 
etiology [5]. Acute pancreatitis can be temporally subdivided into a clinical early 
phase (within 1 week of onset) and a clinical late phase (>1 week after onset) [6]. 
The topic of diagnosis corresponds to the clinical early phase, while the role of CT 
in the follow-up and in management of complications corresponds to the clinical 
late phase.

15.1	 �The Role of CT in the Diagnosis of Acute Pancreatitis

Following the revision of the Atlanta classification in 2012, the International 
Association of Pancreatology and the American Pancreatic Association updated 
their guidelines concerning management of acute pancreatitis (Scheme 15.1) [7, 8]. 
According to these guidelines, the definition of acute pancreatitis is based on the 
fulfillment of two out of three criteria: clinical (upper abdominal pain), laboratory 
(serum amylase or lipase over three times the upper limit of normal), and imaging 
(CT or magnetic resonance imaging or ultrasonography). As such, imaging studies, 
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such as CT, are not required for the diagnosis of acute pancreatitis in patients in 
whom the first two criteria can be confirmed. These guidelines call into question the 
role of CT in the acute phase of the disease, as will be elaborated below.

Most patients who present with acute pancreatitis suffer from a relatively mild 
disease, manifested pathologically as acute interstitial edematous pancreatitis [7]. 
These patients recover without any major morbidity. For this group of patients, CT 
does not change or contribute much to management if the diagnosis is supported by 
clinical and laboratory criteria. Contrast-induced nephrotoxicity may impose a real 
risk in any patient who presents to the emergency department with a decrease in 
effective blood volume secondary to an acute inflammatory process. In such cir-
cumstance, ultrasound should be performed to establish the possibility of gallstone 
disease as a probable cause of acute pancreatitis.

Up to 40% of patients with pancreatitis present with a moderate to severe form 
of acute disease [7, 9]. Of them, about one quarter progress to severe necrotizing 
pancreatitis [6]. Necrosis develops in either the pancreatic tissue or the peripancre-
atic fat or in both pancreatic tissue and peripancreatic fat in 5%, 20%, and 75–80% 
of patients, respectively [10, 11]. Pancreatic and peripancreatic necrosis develops 
within hours of the onset of acute pancreatitis and becomes established after 72 h [6, 
7, 10]. Therefore, current guidelines advocate performing contrast-enhanced CT 
only 72 h after the onset of pain, in order to better evaluate the extent of necrosis [7, 
8, 12]. Length of hospitalization, development of complications, and mortality risk 
are directly related to the extent of the necrosis detected on CT [13].

The main concern in postponing CT for 72  h from the onset of the attack is 
delaying diagnosis of some pathologies that may mimic clinical presentation and 
initial laboratory of acute pancreatitis and are best treated early with surgery. 
Patients presenting at the emergency department with moderate or severe acute pan-
creatitis may present signs of established systemic inflammatory response syndrome 
(SIRS) and even organ failure [7]. Examination of the impact of blood urea nitrogen 
on survival in 1043 patients admitted for acute pancreatitis in three university hos-
pitals revealed abnormal levels on presentation in 311 (29.8%) [14]. When clinical 
and laboratory criteria of acute pancreatitis are present, the physician must consider 
the differential diagnoses, especially in patients who present with hemodynamic 
instability or SIRS or with evidence of acute organ failure. Differential diagnoses 

Acute Pancreatitis

Acute Peripancreatic
Fluid Collection
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Acute Necrotic
Collection
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Pseudocyst
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Over 4 weeks
Following disease onset

Secondary fluid collection Secondary necrosis

Scheme 
15.1  Classification of 
collections according to 
the revised Atlanta Criteria
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include intestinal perforation and mesenteric ischemia. Rare cases of ruptured ecto-
pic pregnancy and incarcerated diaphragmatic hernia mimicking acute pancreatitis 
have been described [15, 16]. Contrast-enhanced CT may be necessary to differenti-
ate these from acute pancreatitis [4, 8]. Occasionally, ascending cholangitis may be 
difficult to differentiate from acute pancreatitis. If the adequately resuscitated 
patient deteriorates during the first 24  h, CT may be necessary to differentiate 
between acute pancreatitis and nonresponsive ascending cholangitis in need of an 
urgent ERCP [17]. Data in the literature concerning the actual proportion of patients 
presenting to the emergency department for which contrast-enhanced CT can be 
avoided is not available. A retrospective case note audit of all patients admitted with 
a confirmed diagnosis of acute pancreatitis in Western Sydney revealed that 31% 
underwent CT earlier than 72 h with the purpose of confirming the diagnosis [18].

Since Ranson et  al. introduced criteria for early identification of severe acute 
pancreatitis in 1974, severity scoring has become part of the diagnostic process in 
this disease [19]. Other scores have been developed. Most of these are based on 
clinical data [20–22]. In 1990, Balthazar et al. published criteria based on CT imag-
ing findings (Tables 15.1 and 15.2) [13]. The severity of acute pancreatitis was rec-
ognized as related to the presence and degree of pancreatic necrosis. Accordingly, if 
contrast-enhanced CT demonstrates the absence of necrosis of the pancreatic gland, 
mortality and complication rates are 0% and 6%, respectively. However, in patients 
with pancreatic necrosis, mortality and complication rates reach 23% and 82%, 
respectively. In that publication, severity of pancreatic necrosis was categorized as 
involving up to 30% of the gland, over 30% and up to 50% of the gland, and greater 
than 50% of the gland. The presence and degree of pancreatic necrosis form the 
basis of the CT severity index score (CTSI) and the modified CTSI score (Tables 
15.1 and 15.2) [23, 24].

Table 15.1  Computed tomography severity index (CTSI) is a classifying system used to define 
the severity of acute pancreatitis

Balthazar 
grade Appearance on CT

CT grade 
points

Grade A Normal CT 0
Grade B Focal or diffuse enlargement of the pancreas 1
Grade C Pancreatic gland abnormalities and peripancreatic inflammation 2
Grade D Fluid collection in a single location 3
Grade E Two or more fluid collections and/or gas bubbles in or adjacent 

to pancreas
4

CTSI has a maximum of ten points. It is the sum of the Balthazar grade points and pancreatic 
necrosis grade points

Table 15.2  Necrosis score Necrosis percentage Points
No necrosis 0
0–30 2
30–50 4
Over 50 6
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Despite the recommendation by a number of guidelines to delay CT for 72 h 
from the onset of the attack [7, 8, 12], many patients with severe disease on presen-
tation undergo contrast-enhanced CT soon after admission, in order to rule out the 
differential diagnoses, as detailed above. A second contrast-enhanced CT a few 
days later, with the sole purpose of evaluating the extent of necrosis, is better 
avoided. Of those who were not evaluated with contrast-enhanced CT upon admis-
sion, some improve with time and resuscitation. CT scan for these patients is unnec-
essary. This leaves a minority of patients who are candidates for contrast-enhanced 
CT once 72 h have passed from the onset of the disease. Even for these patients, it 
is uncertain if contrast-enhanced CT is needed. Current guidelines advocate assess-
ing patients using the SIRS criteria upon admission and follow-up [8]. SIRS is 
defined by the presence of two or more of the following four criteria: hypothermia 
(<36 °C) or hyperthermia (>38 °C), increased heart rate (>90/min), tachypnea (>20/
min), and leukopenia (<4  ×  109/L), leukocytosis (>12  ×  109/L), or 10% bands. 
Follow-up of these criteria is simple and has been shown to be a reliable marker of 
severe pancreatitis [25]. If SIRS persists beyond 48 h (i.e., persistent SIRS), patients 
are at increased risk for multiple organ failure and death from acute pancreatitis 
[26]. In practical terms, if acute pancreatitis is deemed severe by persistent SIRS, 
and the patient does not deteriorate, then contrast-enhanced CT is best postponed to 
evaluate possible complications, as described in the next section.

One last comment concerns the potential of contrast-enhanced CT to exacerbate 
the severity of acute pancreatitis. This negative potential of intravenous contrast 
medium on the severity of acute necrotizing pancreatitis was described mainly in 
animal models. Foitzik et al. described how intravenous contrast material decreases 
oxygen saturation of hemoglobin and decreases pancreatic microcirculation in a rat 
model of acute necrotizing pancreatitis [27]. These authors postulated that intrave-
nous contrast material may convert borderline ischemia to irreversible necrosis, 
which explains the increased necrosis score and mortality seen in exposed rats [28]. 
Data from human subjects is observational. Some of the older studies supported the 
animal studies and showed mainly that the duration of disease in those undergoing 
contrast-enhanced CT is longer, regardless of the initial severity score [29]. Duration 
of illness was determined from the date of onset of pain to the date of resolution of 
pain and the resumption of oral nutrition. Nevertheless, a negative impact of CT 
images on clinical decision-making concerning resumption of oral nutrition cannot 
be ruled out. Other human studies do not support the negative impact of contrast on 
acute pancreatitis. Sharma et al. compared 114 patients who underwent early CT 
(within 5 days) to 79 patients who underwent late CT (6–14 days) [30]. No differ-
ences were found in the need for percutaneous drainage, need for surgery, persistent 
organ failure, and mortality. Uhl et  al. compared 264 patients with moderate to 
severe pancreatitis who underwent contrast-enhanced CT within 96 h of onset of 
symptoms, to 38 patients with similar characteristics who did not undergo CT [31]. 
No differences were found in complication rate and length of hospital stay. If 
contrast-enhanced CT is deemed necessary, it should not be considered contraindi-
cated in the evaluation of patients in whom the differential diagnosis includes acute 
severe pancreatitis.
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To summarize this section, contrast-enhanced CT is valuable in differentiating 
acute pancreatitis from other diagnoses in patients for whom the diagnosis is uncer-
tain. The best time to evaluate pancreatic necrosis is beyond 72 h from the onset of 
the attack. However, CT may not be beneficial or necessary in patients who show 
improvement or who are stable.

15.2	 �The Role of CT in the Treatment of Complications 
During the Acute Attack

In patients with severe or moderate acute pancreatitis, the main complications 
observed in the clinical early phase (within 1 week of onset) are single or multiple 
organ failures resulting from hypovolemia and excessive leukocyte activation and 
consequent inflammatory mediator release [32]. Exacerbation of pre-existing 
comorbidities, such as congestive heart failure, chronic liver disease, and chronic 
lung disease, has an additive effect [6]. Organ failure at this stage is treated by sup-
portive care, most commonly, in an intensive care setting. Beyond its role in estab-
lishing the diagnosis, CT scan has no real role in the treatment at this stage.

Complications that become clinically manifested at the clinical late phase 
(>1  week after onset) result from necrosis and fluid collections (Fig.  15.1) [6]. 
Necrosis may be either sterile or secondarily infected (Fig.  15.2). The original 

Fig. 15.1  Contrast-
enhanced CT scan of the 
abdomen showing lack of 
tissue enhancement of the 
body and tail of the 
pancreas (a) with 
peripancreatic fluid 
collection (b)

Fig. 15.2  CT scan 
showing air bubbles 
(arrow) in peripancreatic 
fluid collection with 
percutaneous drain in place
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Atlanta Symposium classified pancreatic fluid collections as either acute (<4 weeks) 
or chronic (>4 weeks), with chronic collections further subdivided into pancreatic 
necrosis, whether sterile or infected, acute pseudocyst (Fig. 15.3), and pancreatic 
abscess [33, 34]. The revised Atlanta criteria further classify acute and chronic col-
lections into those containing fluid alone versus those arising from necrosis and/or 
containing solid components [7, 35]. Acute collections are divided into acute peri-
pancreatic fluid collections (APFC) and acute necrotic collections (ANC). APFC is 
described as a homogenous collection with fluid density that develops adjacent to 
the pancreas. It is confined by a normal peripancreatic fascial plane with no defin-
able wall encapsulating the collection (Fig. 15.4). APFC that develops in patients 
with edematous pancreatitis commonly resolves spontaneously [36]. ANC is a col-
lection containing variable amounts of both fluid and necrosis (Fig. 15.5). Since 
necrosis develops either in the pancreatic parenchyma or the peripancreatic fat, the 
collection is either intrapancreatic or extrapancreatic. The content of the collection 
is heterogenous. Again, no definable wall is identifiable. The chronic fluid collec-
tions are divided into pancreatic pseudocysts and walled-off pancreatic necrosis 
(WOPN). Pancreatic pseudocysts and WOPN evolve from their respective acute 
counterparts [37]. Pancreatic pseudocysts are chronic encapsulated collections of 

Fig. 15.3  CT scan 
showing a well-formed 
pseudocyst that evolved 
from necrotizing 
pancreatitis. The stomach 
is displaced anteriorly. The 
arrow points at the 
pseudocyst filled with thick 
liquid

Fig. 15.4  Homogenous 
collection with fluid 
density that develops 
adjacent to the pancreas. It 
is confined by a normal 
peripancreatic fascial plane 
with no definable wall 
encapsulating the 
collection (arrow)
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fluid with well-defined inflammatory walls and are identified adjacent to the pan-
creas 4 or more weeks after the onset of acute pancreatitis. WOPN are chronic col-
lections of variable amounts of necrotic tissue and fluid that are completely 
encapsulated with a well-defined wall. APFC are the most common fluid collection, 
compromising three fourths of the collections observed, followed by ANC, pancre-
atic pseudocysts, and WOPN [9].

With improved management of organ failure, secondary infection has become 
the most common cause of morbidity and mortality in patients suffering from acute 
pancreatitis [38–42]. Secondary infection develops in patients with evidence of 
necrosis and/or collections, typically 8–20 days following the onset of pancreatitis 
[43]. In patients with pancreatic necrosis, the extent of necrosis is predictive of the 
development of septic complications [40]. While only 22% of patients with <30% 
pancreatic necrosis were shown to develop infection, infection developed in 32% 
and 48% of patients with 30–50% and >50% pancreatic necrosis, respectively. 
Secondary infection of collections is more common in patients with ANC or 
WOPN [6].

Patients with infection commonly present with persistent SIRS [8, 26]. This 
occurs when there is no sign of clinical improvement following 1 week of inten-
sive treatment. Fever, hyperglycemia, and leukocytosis are common [43]. CT is 
performed with the aim of identifying areas of necrosis and fluid collections 

Fig. 15.5  Peripancreatic 
collection containing 
variable amounts of both 
fluid (a) and necrosis (b)

Fig. 15.6  The tail of the 
pancreas is hypodense. 
Peripancreatic fluid 
collection as well as 
thickening of the Gerota’s 
fascia is consistent with 
CTSI of 5
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(Figs. 15.6, 15.7, 15.8, and 15.9). CT may also demonstrate the presence of gas 
within the collection, which suggests secondary infection. Nonetheless, the 
absence of gas does not rule out infection since only a minority of infected collec-
tions contains gas [6].

Under CT guidance, aspiration is performed [44]. The aspirate is submitted for 
both gram stain and culture. Infection is most commonly due to gram-negative rods 
(E. coli, Klebsiella pneumoniae, and Pseudomonas Aeruginosa) followed by 
Enterococci, Streptococcus, and Bacteroides [43, 45]. If the aspirate is sterile, the 
patient is best treated with intensive medical care [46, 47]. If the patient’s situation 

Fig. 15.7  Balthazar score 
c with 50% necrosis of the 
pancreas corresponding to 
CTSI of 6

Fig. 15.8  Balthazar score 
d (localized fluid 
collection) with necrosis of 
the body of the pancreas 
(50%) corresponding to 
CTSI of 7
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does not improve, CT, and if needed, diagnostic aspiration, is repeated after 
5–7 days. Some authors have claimed that aspiration may be diagnostic of infection 
in over 90%, but the actual figure may be much lower [48].

Aggressive surgical treatment of symptomatic or infected necrosis and/or collec-
tions has been largely replaced by a step-up approach [49]. This consists of percu-
taneous drainage followed, if necessary, by minimally invasive approaches to 
necrosectomy [49, 50]. Compared to surgical necrosectomy, this has been shown to 
reduce the need of surgery and to decrease morbidity, without increasing mortality.

The first stage in the step-up approach is percutaneous drainage of the infected 
necrosis and/or collection. This is most commonly performed, CT guided, through 
either the peritoneal or the retroperitoneal approach. CT is the preferred modality to 
insert the draining catheter, as it enables identification of nearby bowel or other 
critical structures throughout the procedure [6]. Additional catheters are inserted if 
needed, as indicated by repeated CT assessment. The main limitation of this 
approach is the difficulty in effectively draining infected collections that contain 
necrotic tissue through relatively small bore catheters. For this reason, the typical 
range of catheters that are currently used to drain is 12F–30F [6]. With this approach, 
CT-guided drainage is the only intervention needed in 35–84% of patients [35, 49]. 
The remaining patients need additional interventions such as endoscopic necrosec-
tomy and/or surgical necrosectomy to control their symptoms [51].

15.3	 �The Role of CT in the Follow-Up of Patients 
Following an Attack of Acute Pancreatitis

In 54–57% of patients who undergo routine imaging following an attack of acute 
pancreatitis, the presence of pseudocysts is demonstrated [52]. Most of them are 
asymptomatic, and resolution is spontaneous without any adverse events. Persistent 

Fig. 15.9  Balthazar score 
d (localized fluid 
collection) with necrosis of 
the body of the pancreas 
(>50%) corresponding to 
CTSI of 10
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pseudocysts may be manifested by continuous high levels of serum amylase. 
Common symptoms are abdominal pain, nausea, and weight loss. Observation is 
well accepted as the primary management strategy for all patients with pseudocysts, 
provided that the symptoms are mild, the pseudocysts do not enlarge, and there are 
no secondary complications.

The diagnosis of a pseudocyst is made with CT or US. CT scan is more useful in 
defining the precise location and relation of the pseudocyst to adjacent structures. 
This information is crucial for patients for whom endoscopic drainage is 
considered.

Many complications secondary to pseudocysts have been described; some of 
them are rare [52]. CT has a role in evaluating suspected complications. Infection is 
the most common of these, occurring in as many as 10% of patients with persistent 
pseudocysts. Such patients typically present with abdominal pain and fever. CT 
scan may demonstrate gas bubbles within the pseudocyst. Otherwise, CT-guided 
needle aspiration sent for gram stain and culture may confirm the infection. Infected 
pseudocysts must be drained immediately. Hemorrhage into the pseudocyst may 
result from erosion of blood vessels lining the cyst wall. Bleeding leads to rapid 
enlargement of the pseudocyst. Patients will generally complain of sudden pain and 
may present with signs of shock. In the case of intra-pseudocyst bleeding, CT shows 
a significant increase in the density of the pseudocyst (from 0–25 to 50–100 
Hounsfield units) [52]. Angiography is essential to confirm the site of the bleeding 
and to attempt embolization.

Pancreatic pseudocysts are single and unilocular in nearly 90% of patients [52]. 
In such cases, drainage procedures enable resolution of the pseudocyst. Several 
drainage procedures have been described including CT-guided needle aspiration, 
CT-guided continuous catheter drainage, endoscopic drainage, and surgical drain-
age [35, 52–55]. Failure rates reported for CT-guided needle aspiration and 
CT-guided continuous catheter drainage are 54% and 16%, respectively [52]. 
Failure is considered if a pseudocyst cannot be completely evacuated, if recurrence 
cannot be managed successfully by repeat percutaneous techniques, and if a patient 
is eventually treated with surgery. Recurrence rates are 63% for CT-guided needle 
aspiration and 7% for CT-guided continuous catheter drainage [52]. While compli-
cations of CT-guided needle aspiration are minimal, 18% of patients who undergo 
CT-guided continuous catheter drainage develop a complication, most commonly 
a secondary infection of the non-infected pseudocyst [52]. Other serious complica-
tions include hemorrhage and the formation of enterocutaneous fistula. If the pan-
creatic duct is partially blocked or stenosed, there is a real possibility that following 
continuous drainage, a pancreaticocutaneous fistula will form [56]. Akshintala 
et al. compared 40 patients who underwent percutaneous drainage (either CT or 
US guided) with 41 who underwent endoscopic drainage; all had symptomatic 
pseudocysts [55]. Completion rates for the intended index procedures and the pro-
portions of patients in need of a different technique because of pseudocyst persis-
tence were similar in the two groups. Nevertheless, endoscopic drainage proved to 
be the preferred modality since patients who underwent this procedure needed 
fewer reinterventions, fewer follow-up abdominal imaging studies, and shorter 
length of hospital stay. Figure  15.10 depicts a patient in whom a pseudocyst 
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evolved after acute pancreatitis. This was managed by repeated attempts at endo-
scopic gastro-cystostomy drainage but eventually because of retained pseudocyst 
underwent surgical drainage. 

As stated in the introduction, tumors of the pancreas should be ruled out in 
patients who have a first attack of acute pancreatitis at age older than 45–50 years 
and for whom no risk factors for acute pancreatitis are found [5]. Both adenocarci-
noma and neuroendocrine tumors have been reported in patients with acute pancre-
atitis [57–59]. Tumors are identifiable on CT done during the index hospitalization 
and on CT done during follow-up. Though uncommon, tumors of the pancreas 
should be considered as a possible cause of acute pancreatitis, especially in patients 
in whom other etiologies have been ruled out. Since most of these patients undergo 
endoscopic ultrasound as part of their evaluation, the need for mandatory follow-up 
CT in these patients should be further investigated.
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16.1	 �Introduction

An aneurysm is a section of artery which is dilated in comparison to its original 
vessel diameter. By definition this is generally accepted as dilatation by at least one 
and a half times the normal vessel diameter. Therefore aneurysms are defined by the 
artery affected rather than by absolute diameters. Aneurysms can be classified as 
either true or false. True aneurysms are those which are bound by all three layers of 
the artery (intima, media, and adventitia), whereas false aneurysms, also known as 
pseudoaneurysms, are bound only by adventitia. As an aneurysm enlarges, the risk 
of rupture increases, but for any given size, pseudoaneurysms have a relatively 
higher rupture risk when compared to true aneurysms of the same size.

Aneurysms occur in multiple locations in the abdomen including aorta, iliac, and 
visceral arteries; however, the infrarenal aorta is the most common location.

16.2	 �Abdominal Aortic Aneurysm

The abdominal aorta is the most common site of aneurysm development, and 
approximately 90% of aortic aneurysms are found below the renal arteries. The 
normal infrarenal aorta measures around 2 cm in diameter [1]. Therefore aneurys-
mal dilatation of the infrarenal aorta (AAA) is generally accepted once the maxi-
mum aortic diameter reaches 3  cm. Fusiform aneurysms are far more common 
(around 80%) than saccular aneurysms and develop in the setting of atherosclerosis. 
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They are therefore associated with the usual risk factors of smoking, male sex, 
increasing age, hypertension, and hypercholesterolemia all of which have been 
shown to be associated with an increased risk of developing an AAA [2, 3]. A posi-
tive family history also increases the risk of developing AAA in first-degree rela-
tives. Saccular aneurysms are more likely to have an infectious or inflammatory 
cause but may develop in the setting of a penetrating ulcer.

16.2.1	 �AAA Rupture

We know from Laplace’s law that wall tension is directly proportional to radius. 
Therefore, the risk of rupture of an AAA obviously increases with increasing aortic 
diameter. The generally accepted threshold to treat an AAA (endovascular or open 
surgery) is set at 5.5 cm [4]. This diameter is set from observational data relating to 
rupture risk at various aortic diameters. A report by the Joint Council of the American 
Association of Vascular Surgery and Society for Vascular Surgery reported the fol-
lowing yearly rupture rates for AAA [5].

AAA diameter (cm) Rupture risk (%/year)
<4 0
4–5 0.5–5
5–6 3–15
6–7 10–20
7–8 20–40
>8 30–50

There is however substantial variation in reported rupture risk of untreated 
AAAs, with newer data suggesting much lower rates of rupture. A recent study 
reports a yearly incidence of rupture in patients with an AAA of <7 cm as <5%, with 
significantly increased rates for AAAs ≥7 cm at >35% [6].

As we know a positive family history for AAA increases the risk in other first-
degree relatives, but it may also increase the rupture risk [7]. Serial preoperative 
screening in patients with a known AAA is needed to assess growth rate and plan 
appropriate treatment once the 5.5 cm threshold is achieved.

The larger an aneurysm, the faster the rate of growth (also explained by Laplace’s 
law). An AAA of less than 4.0 cm will on average expand by only 1–4 mm each 
year, whereas an AAA measuring 4.0–6.0 cm will show an average annual expan-
sion of 4–6  mm each year. Therefore larger aneurysms require more frequent 
screening. If an AAA demonstrates an expansion rate above these levels, then early 
treatment (before the 5.5 cm threshold) may be warranted [8].

A ruptured abdominal aortic aneurysm is one of the most lethal surgical emergen-
cies with an overall mortality rate of up to 90% [9–11]. Thirty-day mortality rates for 
patients with a ruptured AAA who have undergone operative repair are between 40 
and 50% [12, 13]. Introduction of endovascular repair for RAAA has shown to lower 
30-day mortality rates [14]. Classic symptoms accompanying a ruptured AAA are 
abdominal and/or back pain, hypotension, and a palpable, pulsatile abdominal mass. 
However, only 50% of patients will present with this classic triad of symptoms. 
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Patients presenting to the hospital with abdominal and/or back pain, with a pulsatile 
abdominal mass, require urgent triaging to determine if they require emergency sur-
gery or transfer to computed tomography (CT) for assessment of the aorta to confirm 
AAA and plan treatment.

16.2.2	 �AAA Treatment

Ruptured or symptomatic aortic aneurysms are treated with either endovascular or 
open surgical repair. An endovascular approach, via the common femoral arteries, is 
at present the preferred method of treatment but can only be used if the aneurysm 
meets certain morphological requirements. The stent graft needs adequate sealing to 
successfully exclude the aneurysm. These sealing zones are located at the infrarenal 
neck of the aneurysm and common iliac arteries. The majority of stent grafts used 
for AAA repair require an infrarenal neck diameter of ≤32 mm, a proximal neck 
length of ≥10 mm, and a proximal angulation between aorta and aneurysm of no 
more than 60°. The use of stent grafts outside of their instructions for the use 

Fig. 16.1  Arterial phase coronal (a, b, and c) images of a ruptured aortic aneurysm. Image a depicts 
the aneurysmal dilatation of the aorta (arrow) starting directly below the right renal artery (star). 
Image (b, d, and e): Retroperitoneal hematoma (arrow) associated with the RAAA (star), with ante-
rior displacement of the right kidney (plus). Image (c): The patient was also noted to have a left com-
mon iliac artery aneurysm (arrow), measuring 4–5 cm in diameter. The patient was successfully 
treated operatively, during which the left common iliac artery aneurysm was also surgically repaired
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increases the risk of complications. Patients who do not fit criteria for endovascular 
treatment will need to be treated surgically. Figure 16.1 demonstrates a patient with 
an RAAA unsuitable for endovascular repair as the dilatation of the aorta starts 
directly below the right renal artery. Figure 16.2 depicts an aortic aneurysm which 
is suitable for endovascular repair. An unstable patient with an RAAA may however 
benefit from urgent operative repair, as this procedure can be performed more 
quickly by experienced surgeons.

Successful surgical repair is facilitated by early recognition of the diagnosis, min-
imal fluid resuscitation, and rapid transfer to the operating room. The availability of 
an experienced team both in the operating room and in the ICU also increases the 
chances of a successful outcome. Simple clamp and suture techniques, designed to 
minimize operating times, are preferred, and non-ruptured components of aneurysm 
disease (such as iliac artery aneurysms) can be left for later endovascular treatment.

16.2.3	 �CT Imaging Technique in Acute Aortic Disease

Modern CT scanners, above 64 slice, are quick and readily available and produce 
images with high spatial and contrast resolution and rapid image availably for 
prompt interpretation. It is therefore the first-choice imaging modality used in iden-
tifying and assessing any stable patient suspected of having a RAAA or impending 
rupture of an aortic aneurysm. The CT scan gives an overview of the anatomy of the 
aorta and side branches in multiplanar views (axial, sagittal, and coronal) and the 
location of rupture/impending rupture and if positive allows planning for an acute 
endovascular repair if appropriate. In many cases it will also provide the reason for 
the patient’s symptoms when these are not related to the aorta.

Using contrast with higher concentration of iodine (≥350 mg iodine / mL) has 
shown to produce better arterial enhancement of abdominal aorta branches; however, 
300 mg iodine/mL is also acceptable [15]. Generally, between 80 and 140 mL of 

Fig. 16.2  Reformatted arterial phase 
coronal CT showing an aortic aneurysm 
with suitable morphology for endovascular 
repair: There is a long narrow proximal 
infrarenal neck, and the common iliac 
arteries are not dilated
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contrast will be administered at an infusion rate of at least 4–5 mL/s. Differences in 
body size and cardiac output may require adjusting the protocol to suit each patient. 
Usually, contrast administration is followed by a 30 mL saline flush for better visual-
ization of the arteries. Bolus triggering with a region of interest (ROI) placed in the 
descending thoracic aorta will generally be set at 100–150 Hounsfield units (HU) but 
will vary depending on the type of scanner. Oral contrast is not needed in cases of 
suspected acute aortic disease and can in fact detract from image quality in this 
setting.

In patients suspected of having acute aortic pathology, an unenhanced CT of the 
abdomen and pelvis should be performed first. This may, in addition to the arterial 
phase, help in diagnosing an intramural hematoma and will, in most cases, display 
sequelae of an RAAA (retroperitoneal hemorrhage, Fig. 16.1). The unenhanced CT 
can demonstrate anatomic features of the aorta which may allow for exclusion of an 
endovascular option or suggest possible inclusion in this treatment pathway. In 
cases in which an AAA can be excluded, the precontrast scan may also demonstrate 
an alternative diagnosis.

In the setting of an unstable patient with a ruptured AAA, in which use of an 
endovascular option can be ruled out on the unenhanced CT, no subsequent contrast-
enhanced imaging will be needed. This saves precious time to commence operative 
repair and avoids unnecessary use of potentially harmful intravascular contrast.

The unenhanced phase is followed by an arterial phase, obtained around 35–40 s 
after contrast injection or 15–20 s after bolus tracking, which will in most cases 
demonstrate adequate enhancement of the aorta and side branches. A portal-venous 
phase is then often performed at around 75–80 s postinjection or 40–60 s post bolus 
tracking. Large, ruptured aneurysms may not show contrast extravasation (hemor-
rhage) on an early arterial phase. In these cases, and nearly all cases of RAAA, a late 
arterial and/or portal venous phase will demonstrate the hemorrhage.

There are a range of CT findings that point to either aortic rupture or impending 
rupture. If any of these are present, as discussed below, urgent treatment is required 
whether it be surgical or endovascular. If there are no CT features present, but the 
patient has a tender AAA, the patient should generally be treated as semi-acute on 
the next available elective list.

16.2.4	 �CT Signs in Aortic Rupture

The CT signs of frank rupture relate to changes resulting from loss of wall integrity 
and passage of blood into the surrounding soft tissues.

16.2.4.1	 �Retroperitoneal Hematoma
The aorta, along with other organs, is located in the retroperitoneal space. Abdominal 
aortic ruptures most often involve the posterolateral wall, and subsequently hemor-
rhage into the retroperitoneal space is very common. Retroperitoneal hematoma 
(Fig. 16.1) is the most frequently seen sign in RAAA and is essentially an extension 
of periaortic hematoma, the two differing only in volume and extent of hematoma 
[16]. Subsequently those patients with retroperitoneal hematoma tend to demon-
strate more signs of hemodynamic instability.

16  AAA and Visceral Aneurysms
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16.2.4.2	 �Intraperitoneal Hematoma
Intraperitoneal hematoma (Fig. 16.3), mostly in anterior or anterolateral wall rup-
tures, is less common but does occur [17]. These patients often do not reach hospi-
tal, and if they do are generally very unstable due to the large potential space of the 
peritoneal cavity. They are often too unstable to allow for CT examination and diag-
nosis and proceed directly to the operating room based on clinical suspicion of the 
diagnosis.

16.2.4.3	 �Extravasation of IV Contrast
This is the most specific CT finding in aortic rupture, and when seen aortic rupture 
is unquestionably present. On CT, extravasation of contrast is shown as intraluminal 
contrast extending past the boundaries of the aortic wall into the periaortic areas of 
hemorrhage (Fig. 16.4). As stated above, sometimes this may only be seen on the 
delayed venous phases if the loss of integrity is small.

16.2.5	 �CT Signs Impending Aortic Rupture

In some cases patients present before frank rupture has occurred. These patients are 
generally more stable and most often proceed to CT where they may show one of 
the following signs.

16.2.5.1	 �Periaortic Stranding
Periaortic stranding (Fig. 16.5) refers to an area of edema or hematoma immediately 
adjacent to the aorta and is frequently seen in impending aortic aneurysm rupture. 
Periaortic hematoma is associated with a high risk of frank rupture [18].

Fig. 16.3  Coronal and axial CT images depicting a ruptured abdominal aortic aneurysm (arrows). 
Blood is seen extending into the right and left paracolic gutters (RG, LG) and along the perihepatic 
space (PH) demonstrating intraperitoneal and retroperitoneal hemorrhage
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16.2.5.2	 �Hyperattenuating Crescent Sign
The hyperattenuating crescent sign (Fig. 16.6) is seen on an unenhanced CT as 
curvilinear-shaped area of high-density material representing fresh hemorrhage 
within mural thrombus or the aneurysm wall [19]. The infiltration of intraluminal 
blood into the mural thrombus or aortic wall weakens the wall of the aorta, caus-
ing instability, and represents an early sign of aortic rupture [19]. In the arterial 
and venous phase, contrast may be seen invaginating or fissuring mural 
thrombus.

16.2.5.3	 �Focal Discontinuity of Intimal Calcification or  
Focal Wall Bulge

Focal discontinuity of intimal calcification or aneurysm wall bulging (Fig. 16.7) is 
another sign of impending rupture and is more often seen in unstable or ruptured 
aneurysms [18]. This sign is often seen concomitant to the tangential calcium sign 
along with periaortic hematoma.

16.2.5.4	 �Tangential Calcium
This sign is largely comparable to focal intimal calcium discontinuity but has the 
additional feature of calcium pointing away from the aneurysm (Fig. 16.7). It is seen 
immediately adjacent to the point of focal wall integrity loss.

Fig. 16.4  Arterial phase axial CT images demonstrating active contrast extravasation (arrows) 
from the aneurysm lumen (L) extending into the retroperitoneal space (R)

Fig. 16.5  Axial enhanced image of a patient 
with abdominal pain shows periaortic 
stranding (arrows) before any retroperitoneal 
hemorrhage can be seen
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16.2.5.5	 �Draped Aorta
Posterior bulging or outpouching of the aorta is a particular form of focal bulging. 
It follows the contour of the adjacent vertebral body and signals aortic wall insuffi-
ciency and contained rupture (Fig. 16.8) [20]. The normal convex shape of the aorta 
is thereby lost as is the normal fat plane between the aorta and vertebral body.

Comparison with previous CT images must always be done when available as 
significant interval changes may help in diagnosing acute aortic disease in symp-
tomatic patients.

16.2.5.6	 �Thrombus Fissuration
Thrombus fissuration is seen on an enhanced CT as linear contrast (blood) infiltra-
tions from aneurysm lumen into mural thrombus (Figs. 16.8 and 16.9). This may 
increase tension of the aneurysm wall and thus indicate impending rupture.

Fig. 16.6  Unenhanced axial CT image of 
a patient presenting with abdominal pain, 
demonstrating a crescent-shaped 
intramural hematoma (H). The crescent is 
of higher attenuation (brighter) than the 
aortic lumen (L)

Fig. 16.7  Image (a): Unenhanced axial CT image showing an intact circumferential calcified wall 
of the aortic aneurysm in an asymptomatic patient. Image (b): Unenhanced axial CT image in the 
same patient presenting with back pain 4 years later, showing growth of the aortic aneurysm. There 
is a new focal gap in the calcified aneurysm wall (arrow) as well as periaortic infiltration near the 
rupture site (arrowhead)
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16.3	 �Visceral Artery Aneurysms

Aneurysms of visceral vessels are less common than the aorta, however are now 
more frequently detected with increased use of imaging. The incidence of visceral 
aneurysms has been estimated at 0.01–0.2% but is a highly significant finding due 
to a high mortality rate after rupture [21, 22]. As with the abdominal aorta, aneu-
rysms can be either true or false. The underlying cause of true aneurysm formation 
is varied and can be congenital (e.g., Ehlers-Danlos syndrome), inflammatory (vas-
culitis), infectious, or atherosclerotic. Pseudoaneurysms tend to have either a trau-
matic or inflammatory/infectious etiology.

The general consensus is to treat asymptomatic true aneurysms that are ≥2 cm in 
diameter. This is in comparison to pseudoaneurysms and symptomatic true aneu-
rysms which, regardless of size, require emergency treatment. Treatment options for 
visceral artery aneurysms are either open surgical repair or via an endovascular 
approach. Both options have the eventual goal of excluding the aneurysm from cir-
culation and thus preventing further growth and eventual rupture. Surgical options 
often result in loss of the end organ or a substantial part of it. Endovascular options 
include the use of embolization material (e.g., Histoacryl or coils) and stent grafts 
with the goal of preserving the end-organ blood supply and its function.

Fig. 16.8  Arterial phase CT image depicting 
loss of the normal convex shape of the aorta 
as well as loss of the normal fat plane 
between aneurysm and vertebral body (arrow 
heads). Thrombus fissuration is also seen 
(arrow)

Fig. 16.9  Arterial phase CT image 
depicting blood dissecting into the mural 
thrombus from the aortic lumen (arrows). 
The patient underwent successful emergent 
AAA repair before complete rupture 
occurred
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Strict follow-up and early treatment are necessary to prevent potential life-
threatening rupture.

16.3.1	 �CT Imaging Technique in Acute Visceral Artery Aneurysms

As previously mentioned, modern CT scanners are quick and readily available and 
produce images with high spatial and contrast resolution with rapid image availably 
for prompt interpretation which is essential in emergency settings. The CT imaging 
technique used is the same as for acute aortic disease.

In the paragraphs below, the most common locations of visceral artery aneu-
rysms and pseudoaneurysms will be analyzed in order of decreasing frequency of 
occurrence.

16.3.2	 �Splenic Artery Aneurysms

With an estimated prevalence of around 0.1%, splenic artery aneurysms (SAA) are 
the most common abdominal visceral artery aneurysm [23]. SAA account for 
between 60 and 80% of all abdominal visceral artery aneurysms. Possible correla-
tion between splenic aneurysm formation and pregnancy has been proposed, as 
women are affected four times as much as men, with a higher frequency seen in 
multiparous women [24]. This might suggest a relationship between hemodynamic 
and hormonal changes in pregnancy and SAA formation. Systemic hypertension, 
fibromuscular dysplasia, atherosclerosis, portal hypertension, and α-1 antitrypsin 
deficiency are other associated findings in SAA.  Incidence of SAA rupture is 
reported to be between 3 and 10% [24]. Pseudoaneurysms, more often seen in men, 
are seen in trauma or infection and need urgent treatment regardless of size. A 
patient with a symptomatic SAA will generally present with pain in the left upper 
quadrant along with other signs and symptoms relating to rupture and hemoperito-
neum. An example of a symptomatic splenic artery aneurysm, treated by stent-
assisted coil embolization, is shown in Figs. 16.10 and 16.11.

16.3.3	 �Hepatic Artery Aneurysms

True hepatic artery aneurysms (HAA) are mostly located in the extrahepatic arteries 
and account for 12–20% of nontraumatic visceral artery aneurysms. They are pre-
dominantly seen in males [25, 26]. Hepatic artery pseudoaneurysms, traditionally 
seen in blunt or penetrating traumatic injury, have increased in incidence more 
recently, likely due to an increase in hepatic intervention due to procedures such as 
liver transplantation and transhepatic or laparoscopic hepatic procedures. 
Symptomatic patients may present with abdominal pain, hematemesis, hemobilia, 
or obstructive jaundice, although only a minority of patients will present with symp-
toms [26–28]. Again, strict follow-up is warranted as high mortality rate of 40% has 
been reported in ruptured HAA [26].
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16.3.4	 �Renal Artery Aneurysms

Renal artery aneurysms (RAA) are uncommon and found in around 0.09% of the 
population [29]. True renal artery aneurysms are most often saccular, right sided and 
asymptomatic and are therefore generally an incidental finding. They have reported 
associations with hypertension in 73–80%, fibromuscular dysplasia in 34%, and 
atherosclerosis in 25% [29, 30]. Renal artery pseudoaneurysms are most often seen 
in trauma or after renal intervention and as previously mentioned warrant treatment 
irrespective of size. Repair of a RAA has been shown to reduce hypertension and is 
also advised in women of childbearing age as pregnancy is thought to be associated 
with increased RAA rupture rate [29–31]. RAA complications include renal artery 
thrombosis and rupture. The true risk of rupture, which is life-threatening, is not 
known, but logically rupture requires acute treatment. Currently endovascular treat-
ment is preferred, using stent grafts or embolization coils (Figs. 16.12 and 16.13).

16.3.5	 �Celiac Artery and Superior Mesenteric Artery Aneurysms

Celiac artery (CA) and superior mesenteric artery (SMA) aneurysms are far less 
common than hepatic and splenic artery aneurysms. Reported rupture mortality 

Fig. 16.10  Sagittal, coronal, and axial images of a splenic artery aneurysm (arrows)
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rates vary greatly between 35 and 80% for CA aneurysms and 37.5% for SMA aneu-
rysms [32, 33]. The majority of CA aneurysms are asymptomatic and seen in athero-
sclerosis. Not infrequent causes of CA aneurysms are primary celiac artery 
dissection, extension of an aortic dissection into the celiac artery and in median 
arcuate ligament compression [34, 35]. On the contrary, the majority of SMA aneu-
rysms are symptomatic, presenting with abdominal pain. They are more often 
mycotic aneurysms but also seen in atherosclerosis or as a sequelae of dissection 
[36, 37]. SMA aneurysms are also associated with the potentially life-threatening 
complication of bowel ischemia due to thrombosis or thromboembolic 
phenomenon.

16.3.6	 �Pancreaticoduodenal Arcade and Gastroduodenal Artery 
Aneurysms

Pancreaticoduodenal arcade (PDA) and gastroduodenal artery (GDA) pseudoaneu-
rysms are more common than true aneurysms, have a higher risk of rupture, and are 
often caused by inflammation associated with pancreatitis. PDA and GDA 

Fig. 16.11  Angiographic images showing the treatment of the splenic artery aneurysm. The 
symptomatic splenic artery aneurysm (arrow) as shown in Fig.  16.9 was treated using stent-
assisted coil embolization. The stent is placed in the splenic artery, across the aneurysm (arrow 
heads), and coils (star) were placed into the aneurysm sac through the struts of the stent. The 
splenic artery remains patent after embolization (curved arrow)
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aneurysms combined account for around 3.5% of all visceral aneurysms. A reported 
35% of GDA aneurysms and 62% PDA aneurysms present with rupture, with a 
mortality rate of 21% [38]. Pain followed by gastrointestinal hemorrhage and hypo-
tension is the most frequently encountered symptoms [38]. PDA aneurysms more 
often bleed into the retroperitoneum due to their deeper retroperitoneal location 
compared to GDA, making surgical repair, with possible partial pancreatic resec-
tion, challenging. PDA and GDA aneurysms are therefore preferentially treated by 
an endovascular approach [38]. Possible correlation with a celiac artery stenosis or 
occlusion has been reported and is an important finding as this may impede 

Fig. 16.12  Axial and coronal CT images of a renal artery aneurysm (arrow)

Fig. 16.13  Angiographic images showing the treatment of the renal artery aneurysm. The symp-
tomatic patient with a renal artery aneurysm originating from the lower pole artery (arrow) was 
successfully treated by stent (arrow head)-assisted coil embolization (star)
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endovascular treatment of the aneurysm or determine adjunctive treatment such that 
end-organ perfusion to the liver, spleen, and pancreas is not compromised.

16.4	 �Summary

Aortic and visceral artery aneurysms are an infrequent but potentially lethal cause 
of acute abdominal pain. Early recognition with a combination of clinical examina-
tion and radiological investigation allows the best treatment options to be chosen 
and employed in a timely manner. Hemostatic, limited volume fluid resuscitation 
and effective post intervention care play a large role in producing a successful out-
come, but selection of an appropriate intervention for the underlying pathology is 
the key factor.
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17Pelvic Inflammatory Disease

Goran Augustin and Maja Prutki

17.1	 �General Considerations

Pelvic inflammatory disease (PID) represents a clinical continuum of an infection of 
upper female genital tract not associated with surgery or pregnancy. Ascending 
infection from the endocervix causes endometritis, salpingitis, oophoritis, pyosal-
pinx, tubo-ovarian abscess, and pelvic abscesses. PID is one of the most serious 
complications of sexually transmitted diseases most commonly caused by Neisseria 
gonorrhoeae or Chlamydia trachomatis, although 30–40% are polymicrobial [1].

In 2001 more than 750,000 cases of PID occurred in the United States [2]. Over 
the past two decades, the rates and severity of pelvic inflammatory disease have 
declined in North America and Western Europe [3–5].

Risk factors include young age, multiple sex partners (without using condoms), 
douching, the use of an intrauterine device (especially during the first month after 
insertion), and prior episode of PID.

The most common presenting symptom is bilateral, lower abdominal pain that 
may be associated with fever, vaginal discharge, uterine bleeding, dyspareunia, dys-
uria, adnexal or cervical tenderness, nausea, vomiting, and other vague constitu-
tional symptoms. PID frequently causes tubal damage, scarring, and occlusion, 
which can result in long-term complications. Patients who have had PID have 
increased risk of subsequent episodes of PID, ectopic pregnancy, and infertility due 
to Fallopian tube occlusion [1]. It is of great importance to diagnose PID and treat 
it properly due to the severity of these long-term sequelae. For uncomplicated cases, 
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antibiotic therapy is sufficient, but in case of abscess, percutaneous or open drainage 
is required.

The role of imaging in PID is to estimate disease severity, to evaluate complica-
tions and help in potential treatment planning. Computed tomography (CT) is often 
the first imaging study because of (1) nonspecific symptoms of PID and (2) advan-
tage over US in the detection of involvement of adjacent structures. CT allows com-
plete visualization of the gastrointestinal and urinary tract, and it is not hampered by 
the presence of bowel gas [6].

In early or uncomplicated PID, CT findings may be normal. Subtle CT findings 
in early PID may be pelvic free fluid or mild pelvic edema. Small amounts of pelvic 
free fluid are a common finding throughout the menstrual cycle and are best seen in 
the cul-de-sac [7]. Only larger amounts of pelvic free fluid may be an important 
adjunct finding (Fig. 17.1) [8]. As the infection progresses, pyosalpinx develops, 
and in later stages, tubo-ovarian and pelvic abscess may evolve. In addition, other 
pelvic and abdominal structures may be involved.

17.2	 �CT Findings in Early PID

In early PID, the CT findings often are mild pelvic edema, mild salpingitis, mild 
oophoritis, and endometritis. Mild pelvic edema causes haziness of the pelvic fat, 
obscuration of the pelvic fascial planes, and thickening of the uterosacral liga-
ments. Pelvic fat haziness is identified as increased attenuation and stranding of the 
pelvic fat in comparison to the retroperitoneal fat (Fig. 17.2). Patients may also 
have a mild salpingitis with inflammatory thickening and contrast enhancement of 
the Fallopian tubes but without tubal dilatation (Fig. 17.3) [9]. Tubal thickening 
refers to a notable tubal structure with an axial diameter of more than 5 mm. Mild 
oophoritis is presented with enlarged (short axis diameter > 3 cm) and abnormal 
enhancing ovaries that may demonstrate a polycystic appearance (Fig.  17.4). 
Endometritis is defined as abnormal endometrial enhancement of more than the 
surrounding inner myometrium with fluid in cavity or free fluid in pelvis (Fig. 17.5). 

Fig. 17.1  Unenhanced CT scans showing small amounts of pelvic free fluid in cul-de-sac (arrow) 
representing normal finding (a) and larger amounts of pelvic free fluid (arrow) as an important 
finding of early PID in patient with right-sided acute oophoritis (b)
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Fig. 17.2  Early PID in 23-year-old girl. 
Contrast-enhanced CT scan demonstrates 
mild pelvic edema that results in 
haziness of the pelvic fat (arrow)

Fig. 17.3  Contrast-enhanced CT of 
19-year-old women with early PID shows 
left-sided salpingitis with enhancing, 
thickened Fallopian tube (arrow) without 
significant dilatation of Fallopian tubes

Fig. 17.4  Unenhanced CT scan of 
35-year-old women with early PID 
demonstrates oophoritis with enlarged right 
ovary with a polycystic appearance (arrow)

Fig. 17.5  Transverse (a) and sagittal reconstructed (b) contrast-enhanced CT scans of 34-year-
old women with early PID showing abnormal endometrial enhancement (arrow) and simple fluid 
due to endometritis (arrowhead)
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Similarly, cervicitis is shown as enlarged cervix with abnormally enhancing endo-
cervical canal (Fig. 17.6) [6].

Any other gastrointestinal, genitourinary, or gynecological conditions in addition 
to PID could cause pelvic peritonitis and pelvic fat edema. Especially, the finding of 
the lowest specificity and accuracy for all of the CT findings for pelvic peritonitis 
was right pelvic fat stranding [10]. Periappendiceal inflammation can progress to 
the right pelvic fat. Therefore, it is suggested that a CT finding of mid or left pelvic 
fat stranding is an important finding of pelvic peritonitis from PID.

17.3	 �CT Findings in Advanced PID

Pyosalpinx, tubo-ovarian, and pelvic abscesses may occur throughout the progres-
sion of the infectious process. The rupture of such mass might result in severe peri-
tonitis with potential risk for death [11]. Pyosalpinx is characteristically seen as 
greater degree of wall thickening and enhancement of Fallopian tubes that are filled 
with complex fluid (Fig. 17.7). To differentiate pyosalpinx from hydrosalpinx, intra-
venous contrast must be applied since in hydrosalpinx, contrast enhancement of 
tubal wall is absent. Tubo-ovarian and pelvic abscesses on CT examination are 
shown as thick-walled, complex fluid collection(s) that may contain internal septa, 
a fluid-debris level, or gas (Fig. 17.8) [12–14]. Although the presence of gas in PID 
is not frequently present, it represents a quite specific finding (Fig. 17.9) [11].

17.4	 �Involvement of Adjacent Structures in PID

Other pelvic and even abdominal organs may also be involved in addition to the 
female reproductive tract in PID, such as small (Fig. 17.10) or large bowels, ureters, 
and vessels. Adynamic ileus, as dilatation of pelvic small bowel loops seen on CT, 
is a result of adjacent inflammation. Mechanical obstruction may be caused by 
inflamed, enlarged, and tethered pelvic structures. In addition, megaureter and/or 
hydronephrosis may result from functional or mechanical obstruction. PID may 
also induce thrombophlebitis of pelvic vessels and may cause ovarian vein throm-
bosis [6]. Fitz-Hugh-Curtis syndrome is inflammation of the right upper abdominal 
quadrant. In this syndrome, inflammation of peritoneal surfaces and the right liver 

Fig. 17.6  43-year-old women with early 
PID. Contrast-enhanced CT shows 
enlarged cervix with abnormal internal 
enhancement findings consistent with 
cervicitis (arrow)
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Fig. 17.7  Contrast-enhanced CT in 43-year-
old women with advanced PID demonstrates 
pyosalpinx with dilated, thick-walled, 
enhancing Fallopian tubes containing fluid 
(arrow)

Fig. 17.8  Advanced PID in 49-year-old 
women with left-sided tubo-ovarian abscess. 
Contrast-enhanced CT scans demonstrate 
enlarged ovary with abnormal enhancement 
and periovarian pelvic edema (arrow)

Fig. 17.9  Advanced PID in 21-year-old 
women. Non-contrast CT shows tubo-
ovarian abscess on the left side (arrowhead) 
and multiple areas of extraluminal air 
(arrows)

Fig. 17.10  Involvement of adjacent structures 
in advanced PID in the same patient as in 
Fig. 17.9. CT scan demonstrates small bowel 
wall thickening (arrows) due to PID in the 
patient with tubo-ovarian abscess
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lobe is a consequence of direct spread of bacterial infection extending up right para-
colic gutter or through the lymphatic system (Fig. 17.11). Hepatic capsular enhance-
ment (late arterial phase) is found to be specific finding of PID.  It represents 
perihepatitis with periportal and subcapsular perfusion abnormalities and gallblad-
der wall thickening [15].

17.5	 �Differential Diagnosis of PID

The differential diagnosis of PID includes appendicitis (Fig. 17.12), urinary tract 
infection, endometriosis, ovarian torsion (Fig.  17.13), Fallopian tube torsion 
(twisted and/or dilated with tapered ends, the so-called beak sign, and the walls of 
the Fallopian tube may be thickened and enhancing), interstitial cystitis, and, less 
commonly, adnexal tumors (Fig. 17.14).

Although free fluid in the cul-de-sac is also known as an important ancillary find-
ing for PID, this finding was identified in 68.3% of the non-PID cases, such as acute 
appendicitis, ovarian cyst rupture, ileocolitis, gastroenteritis, endometriosis, ectopic 
pregnancy, and ovarian cyst torsion [10].

Fig. 17.11  Fitz-Hugh-Curtis syndrome in 21-year-old patient with advanced PID. (a) Non-
contrast CT demonstrating inflammatory stranding and fluid in the perihepatic region (arrow); (b) 
pericholecystic inflammatory changes and gallbladder wall thickening (arrow); (c) fluid along the 
right paracolic gutter (arrow)
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Fig. 17.12  Differential diagnosis of 
PID. Contrast-enhanced CT scan shows 
a gas-containing collection (arrows) on 
the right side consistent with large 
abscess due to acute appendicitis

Fig. 17.13  Differential diagnosis of 
PID. Unenhanced CT scan in 18-year-old 
women demonstrates the right ovarian 
torsion with enlarged ovary, abnormally 
positioned posterior to uterus with polycystic 
appearance due to early oophoritis (arrow). 
Pelvic fat inflammation is also evident and 
obscures the normal pelvic fascial planes 
(arrowhead)

Fig. 17.14  Differential diagnosis of PID. (a) Unenhanced CT scan (axial), (b) coronal recon-
struction, (c) axial reconstruction in 34-year-old women shows right ovary torsion (arrowhead), 
twisted pedicle (asterix), and dermoid cyst (arrows)
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�Conclusion
PID is a common condition among women and one of the main causes of acute 
abdominal pain. CT imaging spectrum in PID may vary from normal or subtle 
findings in early PID, and as the disease progresses, changes may progress to 
tubo-ovarian or pelvic abscess. CT is important imaging modality for establish-
ment of timely diagnosis and treatment of PID [6].
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