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1.1  Trauma Part

Pierre-Alexandre Poletti

1.1.1  Role of Imaging to Assess Blunt 
Abdominal Polytrauma (BAT) Patients

1.1.1.1  Primary Survey
In a patient admitted with a potential abdominal trauma, a 
normal clinical examination has been shown insufficient per 
se to rule out a major intra-abdominal injury [1]. An imaging 
method should therefore be systematically obtained. Based 
on the ATLS recommendations [2], a FAST (focused assess-
ment with sonography for trauma) is immediately performed, 
in addition to pelvic X-Ray, for the initial triage of trauma 
patients. Six regions are classically examined at FAST: right 
upper quadrant, hepatorenal fossa (Morison’s pouch), left 
upper quadrant (subphrenic space), splenorenal recess, pel-
vis (Douglas recess), and pericardium.

Depiction of a large amount of free intraperitoneal fluid 
in a hemodynamically unstable patient will mandate imme-
diate laparotomy, or CT examination in a stable patient. In a 
hemodynamically stable patient, a normal FAST examina-
tion along with a normal clinical examination are not suf-
ficient to rule out a significant intra-abdominal injury [3]. 
Indeed, in addition to the well-known limitation of the clini-
cal abdominal examination up to 34% of abdominal injury 
could be present without associated free fluid, 17% of them 
would eventually require surgery or angiography embo-
lization [4]. Furthermore, FAST examination can miss a 
major retroperitoneal bleeding. In isolated minor abdomi-
nal trauma, there is no unanimously accepted criteria for 
systematically performing or not CT in the absence of free 
intraperitoneal fluid at FAST. It has been suggested that the 
addition of normal bedside imaging (chest and pelvis X-ray, 
FAST) normal blood tests and a normal clinical examination 
could be sufficient to safely discharge an alert patient with-
out further observation or investigation [3]. However, only a 
minority of patients (<20%) with suspicion of blunt abdomi-
nal trauma fulfill these criteria. All other should undergo fur-
ther investigations.
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Learning Objectives
• To review the role and limitations of the various 

imaging modalities in the management of blunt 
abdominal trauma patients.

• To review the imaging findings associated with 
blunt abdominal trauma.

• To discuss the role of imaging in the grading sys-
tems used for the management of blunt abdominal 
trauma patients.

Key Points
• Absence of free intraperitoneal fluid at FAST exam-

ination does not rule out a major traumatic visceral 
injury.

• Abdominal CT protocols must include both arterial 
and porto-venous phases; they should be completed 
by delayed series if vascular or urinary tract injuries 
are seen on initial series.

• Splenic post-traumatic pseudoaneurysms mandate 
angiographic embolization; they may develop 
24–72 h after trauma.
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1.1.1.2  Secondary Survey
Abdominal CT imaging in a hemodynamically stable patient 
is usually obtained in the frame of a total body CT protocol 
(secondary survey). In spite of the fact that there is no con-
sensus regarding an optimal CT protocol for polytrauma 
patients, most authors agree that unenhanced abdominal CT 
images are not recommended, and that arterial and portal 
venous phase should be systematically obtained for a better 
depiction of vascular lesions, using either two acquisitions 
[5] or one single acquisition with a split contrast bolus. 
Delayed series should systematically be obtained in case of 
suspicion of active bleeding on the initial series.

Imaging of Common Abdominal Traumatic Injuries
Intraperitoneal Fluid
Hemoperitoneum is the commonest CT sign to suggest an 
intra-abdominal organ injury. Rarely, hemoperitoneum can 
be associated to retroperitoneal organ traumatic lesions, clas-
sically kidney injuries (or pancreatic tail injuries) by fluid 
spreading through the splenorenal ligament. In the absence 
of active bleeding, hemoperitoneum has a density between 
20 and 40 HU.  At the direct contact of the lesion, clotted 
blood achieves a higher density (50–70 HU) which is referred 
to as the “sentinel clot sign.” This sign if often useful to iden-
tify the actual site of injury [6]. Free fluid without evident 
organ injury may be present at CT in 1–5% of trauma patients 
and does not always herald need for surgery.

Organ Injuries
In a consecutive series of trauma patients with positive CT 
for at least one intra-abdominal injury [7] the following 
organ were involved, by order of frequency: spleen (37%), 
liver (32%), urinary tract (15%), bowel and mesentery 
(11%), pancreas (3%), diaphragm (<1%).

Spleen Injuries
Spleen is the most frequently encountered organ injury in 
blunt abdominal trauma patients. Most splenic injuries can 
be treated conservatively, in the absence of absolute clini-
cal indication for surgery at admission. However, delayed 
failure of nonsurgical treatment (bleeding) has been for-
merly reported in 10–31% of cases [8] and may occur up to 
10 days (or even later) after trauma. A major improvement 
in the non-operative management of blunt splenic trauma 
patients was achieved when two major observations were 
reported in the scientific literature. Firstly, an association 
was established between the presence of intrasplenic vascu-
lar injuries at CT and an increased risk of delayed bleeding 
[9]. Secondly, the angiographic embolization of these vas-
cular injuries has been associated with a significant drop in 
the rate of unsuccessful non-operative management (from 
13% to 6%) [10]. Based on these observations, the classi-
cal AAST-1994 surgical splenic injury scale classification, 

only based on morphological criteria, was completed by a 
CT-based classification initially proposed by Stuart Mirvis 
[11] and slightly reshuffled in 2018 [12]. This classifica-
tion takes into account vascular lesions (pseudoaneurysms, 
arteriovenous fistula or active bleedings) confined within 
the spleen (Fig. 1.1) and those extending beyond the spleen 
(active bleeding). Vascular splenic lesions appear at CT as 
focal blush of contrast with an attenuation close to arteries 
and greater than that of the spleen parenchyma. Delayed CT 
images must be systematically obtained in the presence of a 
vascular lesion to differentiate those that vanishes (pseudoa-
neurysms and arteriovenous fistula) from those which stay 
and expand (active bleeding).

Whether a systematic follow-up imaging patients should 
be performed in hemodynamically stable blunt splenic 
trauma patients remains a yet unsolved question. It has been 
reported that a majority of traumatic splenic pseudoaneuryms 
(38%–74%) would only be detected on control CT performed 
within 24–72 h after admission [13]. For practical reasons, 
most of the trauma associations do not recommend a system-
atic delayed CT in hemodynamically stable splenic trauma 
patients. With a reported 75% sensitivity and 100% specificity 
for detection of delayed splenic pseudoaneurysms (in skilled 
hands), bedside contrast enhanced sonographic examination 
has been advocated as a good option in this setting [14].

Liver Injuries
The AAST liver injury classification, as well as its adaptation 
for CT proposed by Stuart Mirvis in 1989, were based on the 
anatomic disruption of the liver, including the length and 
depth of the lacerations, as well as the size of the subcapsular 
hematoma.

Most of liver injuries, including high AAST grade lesions 
(III–V), can be managed non-operatively in hemodynami-

Fig. 1.1 AAST Grade IV splenic injury. A 41-year-old man admitted 
after a motor vehicle collision. Axial contrast enhanced CT image, arte-
rial phase, shows a blush of contrast media (arrow) within a splenic 
hypodense laceration, consistent with an arterial pseudoaneurysm
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cally stable patients. In 2018, the AAST-based liver grading 
system has been updated in a new organ injury scaling (OIS). 
The major change of the 2018 OIS is the inclusion of vascu-
lar lesions, confined in the liver parenchyma or freely bleed-
ing into the peritoneum, to define severity. Such lesions are 
seen in about 20% of blunt liver trauma patients.

The most common ominous CT signs to be considered 
predictive of failure of non-operative management are the 
presence of an extracapsular bleeding into the peritoneal 
cavity, the extension of the laceration into the major hepatic 
veins or vena cava, and the presence of an important hemo-
peritoneum [15, 16]. Systematic routine follow-up CT is not 
recommended in blunt liver trauma patients; repeated imag-
ing should only be guided by a patient’s clinical status. Bile 
duct injuries (biloma, biliary fistula, bile leak) have been 
reported as a complication in 2–8% of blunt liver trauma 
patients. MRI with biliary specific contrast agent may be 
used to identify the involvement of a main bile duct which 
could mandate surgical management. CT or ultrasound fol-
low- up examination can be recommended in case of clini-
cal suspicion of liver abscess that complicate liver trauma in 
about 4% of cases.

Urinary Tract Injuries
Urinary tract injuries are usually, but not always, associated 
with a gross hematuria. CT examination is the reference 
standard for the evaluation of the urinary tract. Arterial 
phases are important to demonstrate vascular kidney injuries 
while portal venous phases will better show parenchymal 
damage and differentiate an active bleeding from a pseudoa-
neurysm. The AAST classification for renal injuries has been 
slightly revised in 2018. Grade I to III renal injuries, the vast 
majority (75–98%) of renal traumatic lesions, do not involve 
the collecting system and are managed non-operatively. Any 
vascular injuries, including active bleeding, confined within 
the Gerota fascia are still considered grade III.  Grade IV 
injuries extend into the collecting system or involve segmen-
tal renal vein or artery injuries (active bleeding or thrombo-
sis) (Fig. 1.2). Grade 5 injuries refer to avulsion of the main 
renal artery or vein, a devascularized kidney with active 
bleeding or an extended maceration with loss of identifiable 
parenchyma. Surgical treatment or angiographic therapeutic 
management may be indicated in grade IV and V injuries. 
Any attempt of reperfusion of a devascularized kidney 
should be performed within 5 h after trauma to avoid irre-
versible ischemic damages.

Ureteral injury is exceedingly rare in blunt trauma and CT 
signs may be very subtle, such as mild periureteral fluid or 
fat stranding. A 3–20 min delayed excretory phase series are 
required to make the definitive diagnosis of partial or com-
plete ureteral tear.

Bladder injuries are associated with pelvic fractures in 
90% of cases, while about 2–11% of pelvic fracture have 

bladder rupture. Thus, a CT cystography should complete 
the initial CT series in the presence of a pelvic rim fracture, 
ideally by instilling at least 250 mL of diluted contrast media 
into the bladder. This technique has been reported 95% sen-
sitive and 99% specific to detect a bladder rupture. It should 
not be performed if the patient requires angiography since the 
extravasated contrast material can obscure the sites of bleed-
ing. Extravasation of vesical contrast material in the extra-
peritoneal tissues, including the prevesical space of Retzius, 
is characteristic of extraperitoneal bladder rupture [17]. This 
is the most frequent type (80%) of bladder rupture in adult 
patients, which can be treated by transurethral or suprapubic 
bladder catheterization. Spreading of contrast media into the 
peritoneal recesses is the hallmark of intraperitoneal bladder 
rupture, which account for about 20% of cases [17]. They 
require surgical repair to avoid peritonitis (Fig. 1.3). Rarely, 
both intra- and extraperitoneal bladder ruptures may coexist.

Bowel and Mesenteric Injuries
CT signs of bowel and mesenteric injuries may be subtle and 
often require a meticulous analysis for not being overlooked. 
Delay in assessing the diagnosis of these conditions is asso-
ciated with a high morbidity due to peritonitis, sepsis, hem-
orrhage, or bowel ischemia. Most traumatic bowel injuries 
involve the small bowel, especially the proximal jejunum 
and the distal ileum. The transverse colon is the most fre-
quent site of large bowel traumatic injuries. Some CT signs 
of bowel injuries are usually very specific but few sensitive 
to assess the diagnosis of bowel rupture: discontinuity of the 
bowel wall (rare), intra- or retroperitoneal air without other 
reason to explain this air, segmental absence of enhancement 
(devascularization). Some nonspecific signs, such as seg-
mental bowel thickening or free intraperitoneal fluid, unex-
plained by a solid organ injury, should alert for a potential 
bowel perforation.

However, an extended diffuse small bowel circumferen-
tial hyper-enhanced wall thickening is more suggestive of a 
shock bowel syndrome (hypoperfusion complex), especially 
in the presence of a flat vena cava, enhanced adrenal grands, 
and delayed nephrograms. A diffuse small bowel wall thick-
ening (without hyperenhancement), along with a dilated 
vena cava, is classically observed after a vigorous resuscita-
tion (volume overload). An update of the AAST-bowel and 
mesentery classification, including the recent advances in 
CT imaging has been recently released [18].

If a bowel injury is clinically suspected in the absence of 
clear CT signs of bowel rupture, a follow-up CT can be per-
formed 4–6 h later, after admission of i.v. and oral contrast to 
look for an extravasation of intra-intestinal contrast material.

CT signs suggestive of mesenteric injuries consist in an 
active extravasation of contrast media from mesenteric ves-
sels (Fig. 1.4), a mesenteric hematoma adjacent to a bowel 
wall thickening (devascularization), an abrupt termination (or 

1 Emergency Radiology of the Abdomen and Pelvis



4

a b

c

Fig. 1.2 Left renal artery injury (AAST Grade IV). 39 year-old man, 
admitted after a fall. Contrast enhanced CT, arterial phase (a), shows a 
thrombus occluding the renal artery (arrow) associated with an extended 

hypoperfusion of the renal cortex (arrowheads). Angiography coronal 
image (b) shows the site of the occlusion and the reperfusion (c) after 
stent placement (arrows)

a vascular beading) of mesenteric vessels, or in the presence 
of a high density fan-shaped interloop fluid. The two former 
signs are usually associated with the need for surgery [19].

Diaphragmatic Injuries
Diaphragmatic injuries are quite rare and can often be over-
looked at admission CT, especially on the right side, where 
the sensitivity of CT has been reported as low as 50% (vs 
78% on the left). Right-sided diaphragmatic injuries are asso-
ciated with a worst outcome than the left-sided ones since 

they are usually encountered at higher trauma forces and 
associated with major liver laceration. CT signs of diaphragm 
rupture classically include a disruption of the diaphragm and 
the herniation of abdominal content into the chest, usually the 
liver on the right side and various intraperitoneal structures on 
the left (stomach, bowel, fat, spleen), associated with a car-
diomediastinal shift on the contralateral side (Fig.  1.5). A 
direct contact of these structures on the posterior chest wall is 
referred to as “the dependent viscera sign.” Since many non-
traumatic situations may mimic a diaphragmatic injury, such 
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Fig. 1.3 Extraperitoneal and intraperitoneal bladder rupture. (a) Axial 
CT-cystographic image obtained after retrograde instillation of 250 mL 
of contrast media inside the bladder (b) through the urinary catheter, in 
a patient with pelvic fracture (not shown). Contrast media is spilling 
along the extraperitoneal lateral borders of the bladder (arrows). b) 

Delayed coronal image reformation obtained 10 min after completion 
of a contrast-enhanced abdominal CT in another patient shows a leak of 
contrast media from the dome of the bladder (arrow) spreading into the 
intraperitoneal spaces (stars)

Fig. 1.4 AAST Grade V mesenteric injury. A 43-year-old man admit-
ted after a motor vehicle collision. Contrast enhanced axial CT image 
(arterial phase) shows a hematoma in the mesenteric root with extrava-
sation of contrast media from an actively bleeding mesenteric artery 
(arrow)

as a gastric distention, a phrenic nerve paresis, and a congeni-
tal hernia, identification of a constricted area of the ascended 
structure (“collar sign”) will be helpful to assert the diagnosis 
of a diaphragmatic rupture [20].

Pancreatic Injuries
Due to its protected location in the retroperitoneal space, the 
pancreas is relatively rarely injured in blunt abdominal trauma. 
Abdominal CT is the standard diagnostic tool to assess pan-
creatic injury but is often falsely negative at admission. A pro-
gressive elevation of serum amylase and lipase should alert 
towards a potential pancreatic injury that could have been 
missed at initial CT and justify a repeat evaluation by CT, 
24–48 h after trauma. The 5 grades AAST-pancreatic injury 
scale is based on the extent of the injury and on the presence 
and location of a duct injury (Grade III to IV). The involve-
ment of the pancreatic duct is important to be assessed by 
imaging because of its implication on the patients’ manage-
ment (Fig. 1.6). A distal duct injury (Grade III, to the left of the 
superior mesenteric artery), when partial, may still be treated 
by drainage while a proximal duct injury usually requires sur-
gery [21]. Unless CT shows a completely transected pancreas, 
the integrity of the main pancreatic duct can often not be well 
demonstrated by this method and must be further investigated 
by magnetic resonance cholangiopancreatography (MRCP), 
usually with secretin. Endoscopic retrograde cholangiopan-
creatography (ERCP) still remains the reference standard 
diagnostic tool to confirm a pancreatic duct injury; it has been 
recently recommended for stent placement therapy that might 
reduce the need for surgical resection [22].

1 Emergency Radiology of the Abdomen and Pelvis
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Fig. 1.5 Left hemidiaphragm rupture with organs herniation. A 
29-year-old man admitted after a severe motor vehicle collision. Axial 
contrast-enhanced CT image (a) shows a discontinuity and thickening 
of the left hemidiaphragm (arrow) with a posterior displacement of the 

spleen (star), abutting the thoracic wall (dependent visceral sign). 
Coronal reformation image (b) shows the herniation of the stomach (S), 
the large bowel (B), and the spleen (SP), through a large diaphragmatic 
rent (arrows)

a b

Fig. 1.6 AAST Grade IV pancreatic injury. A 22-year-old man admit-
ted after a motor bike accident. Contrast-enhanced CT axial image (a) 
shows a non-enhancing area through the pancreatic neck (arrowheads). 
MRI-cholangiopancreatogram (MRCP) coronal oblique image (b), per-

formed a couple of days later, shows a complete transection of the main 
pancreatic duct (arrows), with extravasation of the pancreatic juice 
(star)

V. M. Mellnick and P.-A. Poletti
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CT is also useful for depiction of post-traumatic compli-
cations, especially those associated with undetected pancre-
atic duct injuries that may be suggested by pseudocysts, duct 
dilatations, or signs of chronic pancreatitis.

1.2  Non-Traumatic Abdominal Pain

Vincent Mellnick

1.2.1  Modalities

Ultrasound is a useful first line test for right upper quadrant 
and flank pain as well as for evaluating potential gynecologic 
sources of abdominal pain. However, it is operator- dependent 
and may not be available at all centers at all hours of the day.

CT is truly the workhorse modality in the emergency 
department. Typically, intravenous contrast is indicated, 
unless clinical suspicion is high for renal colic or if there 
is a compelling contra-indication to contrast. While often 
a single, portal venous phase of contrast enhancement is 
obtained, arterial and venous phases may be acquired if gas-
trointestinal bleeding or bowel ischemia is suspected clini-
cally. A pre- contrast scan or virtual non-enhanced series may 
be helpful in this setting as well.

MRI is often precluded in the evaluation of abdominal 
pain due to the acuity of emergency care, concerns regarding 
exam length, and potential for limited availability. However, 
it may play a role in stable patients, including pregnant 
patients and those with known inflammatory bowel disease.

1.2.2  Right Upper Quadrant

1.2.2.1  Acute Cholecystitis
When a patient presents with right upper quadrant pain, gall-
bladder pathology—specifically gallstones and/or cholecys-
titis—are often the first diagnosis considered by both 
clinicians and radiologists. This diagnosis can be made on 
multiple modalities, including CT and MRI, but frequently 
ultrasound is employed as a first line test. Findings of acute 
cholecystitis include a distended gallbladder, typically with 
associated sludge and/or stones, surrounding inflammation, 
and a sonographic Murphy’s sign.

The diagnosis of acute cholecystitis may be more difficult 
in patients with superimposed chronic cholecystitis, in which 
case the gallbladder may be contracted rather than distended. 
Gangrenous cholecystitis may present with intramural gas 
and potentially a lack of Murphy’s sign. As it may lead to 
perforation, an early diagnosis is important and is suggested 
by the presence of mucosal defects or frank wall discontinu-
ity (Fig. 1.7). Xanthogranulomatous variant of cholecystitis 
can be difficult to differentiate from gallbladder cancer but is 
suggested by the presence of lipid-containing spaces in the 
thickened gallbladder wall [23].

1.2.2.2  Duodenal Ulcers
The most frequent site of peptic ulcer disease is the duodenal 
bulb, which may project into the hepatic hilum near the gall-
bladder. Given this proximity, inflammation of the duode-
num may be mistaken for acute cholecystitis or cholangitis. 

Key Points
• Chronic cholecystitis, xanthogranulomatous chole-

cystitis, and gangrenous cholecystitis may create a 
diagnostic challenge for interpreting radiologists, 
demanding knowledge of these entities.

• CT allows for localization of a transition point 
when the small or large bowel is obstructed. 
Adhesions and malignancy are the most common 
cause of obstruction of the small and large bowel, 
respectively.

• Small bowel ischemia and ischemic colitis are differ-
ent diseases on the same spectrum and have often dis-
parate causes, imaging appearance, and prognosis.

Learning Objectives
• Identify the most common conditions to cause 

abdominal pain and their imaging appearance, 
grouped by quadrant.

• Recognize acute conditions of the small and large 
bowel, including obstruction and ischemia.

• Diagnose gynecologic conditions that may present 
with acute abdominal or pelvic pain.

Take-Home Messages
• Knowledge of CT trauma grading systems plays a 

key role in the management of blunt abdominal 
trauma patients.

• Depiction of vascular injuries on CT is important 
for the therapeutic and clinical follow-up of abdom-
inal trauma patients.

• While still limited in the current imaging armamen-
tarium of the emergency radiologist, ultrasound 
with contrast agents and MRI have a looming role 
in the follow-up imaging and monitoring of blunt 
abdominal trauma patients.

1 Emergency Radiology of the Abdomen and Pelvis
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Fig. 1.7 Gangrenous cholecystitis. A 82-year-old man with 2-week 
history of right upper quadrant pain. Ultrasound images show layering 
sludge and stones with subtle echogenic reflectors (a, arrows) repre-

senting intramural gas. There is also a contour abnormality of the gall-
bladder fundus with mucosal discontinuity (b, arrows), consistent with 
a walled off perforation

The imaging findings of a peptic ulcer include duodenal wall 
thickening and adjacent fat stranding with a mucosal defect 
and outpouching [24]. When the duodenal bulb perforates, 
free retroperitoneal or intraperitoneal air and paraduodenal 
fluid may be seen. Chronically, duodenal ulcers may cause 
strictures and gastric outlet obstruction.

Notably, when peptic ulcers occur distal to the duodenal 
bulb (post-bulbar), consideration should be given to the pos-
sibility of Zollinger-Ellison syndrome, caused by a gastrin- 
secreting tumor [25]. Crohn disease involving the duodenum 
may also cause post-bulbar duodenal ulcers. Importantly, 
perforation of the post-bulbar duodenum typically presents 
with retroperitoneal gas and/or fluid collections in contrast 
to the intraperitoneal duodenal bulb.

One diagnosis that may mimic duodenal ulcers is that 
of groove pancreatitis (“cystic degeneration of the duode-
num.”) Thought to occur due to inflammation of intramu-
ral pancreatic rests, groove pancreatitis typically manifests 
with inflammation and cysts along the medial wall of the 
duodenum near its interface with the pancreas [26]. Chronic 
groove pancreatitis may result in strictures of the duodenum 
and/or distal common bile duct.

1.2.3  Left Upper Quadrant

1.2.3.1  Acute Pancreatitis
Acute pancreatitis is frequently considered in the patient pre-
senting with left upper quadrant pain. CT is often the initial 
imaging modality to assess for complications of pancreatitis, 
including intrapancreatic and peripancreatic necrosis as well 
as fluid collections. Particularly when evaluating for paren-
chymal necrosis and vascular complications, intravenous 

contrast is useful. MRI may aid in characterizing ductal anat-
omy and detecting obstructing masses. Potential pitfalls in 
the diagnosis of acute pancreatitis include atypical cases 
such as from autoimmune inflammation. These patients pres-
ent with less severe inflammation, a smooth “sausage” 
appearance to the pancreas, elevated IgG4 levels, and poten-
tially other autoimmune findings such as nephritis [27]. 
Ultimately in both typical and autoimmune pancreatitis, 
imaging follow-up may prove useful in evaluating for an 
underlying neoplasm.

1.2.3.2  Gastritis
The stomach can become inflamed due to a variety of insults. 
Common examples include nonsteroidal anti-inflammatory 
medications, Helicobacter pylori infection, and alcohol. 
Imaging findings include mucosal hyperemia, submucosal 
edema, and perigastric fat stranding. When determining 
abnormal thickening of the gastric wall, care must be taken 
to account for gastric distention. A collapsed stomach may 
appear to be abnormally thick, particularly the gastric antrum 
which has a more muscular wall and is more peristaltic than 
other portions of the stomach. Similar to the duodenum, 
inflammation may be accompanied by ulcers, manifesting a 
focal outpouching, potentially with signs of perforation and/
or bleeding (Fig. 1.8).

1.2.4  Right Lower Quadrant Pain

1.2.4.1  Acute Appendicitis
Acute appendicitis is the most common cause of a surgical 
emergency in the right lower quadrant. Imaging has substan-
tially decreased negative appendectomy rates and is per-

V. M. Mellnick and P.-A. Poletti
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formed with CT in many settings. However, ultrasound and/
or MRI may be used in young or pregnant patients to avoid 
exposure to ionizing radiation. Findings on all three modali-
ties include a dilated, fluid-filled appendix more than 6 mm 
in diameter with surrounding inflammation. In addition to 
providing a diagnosis of acute appendicitis, imaging can also 
stratify patients into non-operative management and identify 
complications. For instance, gangrenous appendicitis may 
present with decreased mucosal enhancement, intramural 
gas, and/or perforation. While most cases of appendicitis are 
caused by obstructing appendicoliths, appendicitis may 
occasionally be caused by tumors of the appendix or cecal 
base [28].

1.2.4.2  Cecal Inflammation
Right-sided diverticula are more common in young patients 
and, when inflamed, may clinically mimic acute appendici-
tis. Cecal diverticulitis may also be confused for appendicitis 
on imaging as well, manifesting with a blind-ending struc-
ture with inflammation arising from the base of the cecum 
[29]. However, careful localization of a normal, typically 
longer appendix separate from the more rounded diverticu-
lum is key to making this diagnosis and guiding the patient 
to what is often non-operative treatment. Other causes of pri-
mary cecal inflammation includes epiploic appendagitis. 
Although more often seen in the left colon, an inflamed oval, 
fat-containing mass along the surface of the cecum should 
suggest this diagnosis. In neutropenic patients, focal colitis 
(“neutropenic colitis” or “typhlitis”) can also present with 
localized inflammation in the right lower quadrant (Fig. 1.9). 
The clinical context and nondilated appendix may are impor-
tant clues to this diagnosis.

1.2.4.3  Terminal Ileitis
The terminal ileum may become inflamed and clinically 
present similarly to acute appendicitis, often in the setting of 
Crohn disease. In this case, the inflammation usually mani-
fests with asymmetric, nodular wall thickening with sur-
rounding fat-stranding, potentially complicated by 
obstruction and/or penetrating disease. MRI may demon-
strate increased T2 signal and diffusion restriction of the 
bowel wall in the acute phase. In addition to inflammatory 
bowel disease, the ileum may be inflamed due to infection, 
classically described with tuberculosis, Salmonella, and 
Yersinia species.

The terminal ileum may also become inflamed due to 
diverticulitis. This may occur due to acquired diverticula or 
Meckel diverticula, either of which may be a source of acute 
abdominal pain (Fig. 1.10). The key to this diagnosis is iden-
tifying a focal outpouching from the terminal ileum sepa-
rate from the appendix surrounded by inflammation. Meckel 
diverticula may also present with intussusception, gastroin-
testinal bleeding, and volvulus of the small bowel [30].

1.2.5  Left Lower Quadrant Pain

1.2.5.1  Sigmoid Diverticulitis
Descending and/or sigmoid colon diverticulitis is one of 
most common causes of left lower quadrant abdominal pain. 
It manifests on imaging with an inflamed, rounded outpouch-
ing extending from the colon and may be complicated by 
bowel perforation and subsequent abscess formation. 
Chronically, fistulae may form from the colon to the adjacent 
bladder or other structures. Sometimes acute diverticulitis 

a b

Fig. 1.8 Gastric ulcer. A 56-year-old man with epigastric pain and 
hematemesis. Axial (a) and coronal (b) CT images show a large outpouch-
ing from the posterior lesser curvature with surrounding wall thickening, 

consistent with a peptic ulcer. Note the high attenuation material in the 
ulcer crater (arrows). This active bleeding was confirmed endoscopically
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Fig. 1.10 Meckel diverticulitis. 28-year-old man with suspected 
appendicitis. Coronal CT image shows a thickened, inflamed terminal 
ileum, centered around a blind-ending structure in the right lower quad-
rant (arrows). This is separate from the normal appendix (dotted arrows) 
and was found to be a Meckel diverticulitis at surgery

a b

Fig. 1.9 Neutropenic colitis. A 32-year-old woman with leukemia and 
neutropenia after bone marrow transplant. Axial CT Images demon-
strate wall thickening isolated to the proximal colon (a, b, arrows), a 

typical distribu tion for neutropenic colitis. The patient was managed 
conservatively with antibiotics

can appear mass-like and may be difficult to differentiate 
from malignancy. In such cases, the presence of lymphade-
nopathy is a feature more commonly seen in adenocarci-
noma, whereas the presence of diverticula in the affected 
segment more strongly suggests diverticulitis [31]. 
Chronically, sigmoid diverticulitis results in muscular hyper-
trophy and potentially stenosis of the lumen.

1.2.5.2  Epiploic Appendagitis
Epiploic appendages are small pouches of peritoneal fat aris-
ing from subserosa of the colon, largest in size in the sigmoid 
region. They can be seen on CT primarily when they are sur-
rounded by fluid, or when they become inflamed and/or 
infarcted after getting torsed resulting in epiploic appendagi-
tis. The most common CT finding is small round or oval fat 
attenuation lesion abutting the colonic wall with surrounding 
inflammation. A central area of high attenuation is com-
monly seen representing a centrally thrombosed vessel.

1.2.5.3  Pelvic Pain: Endometriosis
Endometriosis is an important cause of infertility and chronic 
pelvic pain. In addition to the ovaries, endometrial implants can 
involve the sigmoid colon, rectum, and cul-de-sac and there-
fore cause left lower quadrant and pelvic pain. These implants 
can be complicated by bleeding, inflammation, and eventually 
fibrosis and adhesions [32]. The classic sonographic appear-
ance of an endometrioma is a homogenous, hypoechoic lesion 
with thin walls and posterior acoustic enhancement demon-
strating low-level internal echoes and no internal blood flow. 
MRI is very useful in detecting small implants. Endometriomas 
appear T1 hyperintense with corresponding low signal on 
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T2-weighted imaging, referred to as “T2 shading.” However, 
CT may simply demonstrate inflammation surrounding a mass 
or ill-defined area of bowel wall thickening.

1.2.5.4  Ovarian Torsion
Ovarian torsion typically occurs in younger patients, com-
monly—although not necessarily—in the setting of an 
underlying mass. Imaging signs of a torsed ovary include 
ovarian enlargement, peripheralized follicles, a twisted ovar-
ian vascular pedicle, deviation of the uterus towards the side 
of the torsion and surrounding inflammation. Ultrasound 
may show reduced or absent Doppler signal within a torsed 
ovary [33]. However, incomplete or intermittent torsion may 
result in a false-negative Doppler exam.

1.2.6  Diffuse Abdominal Pain

1.2.6.1  Small Bowel Obstruction
Small bowel obstruction (SBO) is a common cause of hospi-
tal admissions for abdominal pain. There are numerous 
causes of SBO, with adhesions representing the majority of 
cases. Other causes include inflammatory bowel disease, 
internal and external hernias, tumors, intussusception, volvu-
lus, and foreign bodies. The classic symptoms for SBO 
include diffuse abdominal pain, abdominal distention, and 
vomiting. However, such symptoms and laboratory findings 
have limited sensitivity and specificity for diagnosing SBO.

Although radiography and fluoroscopic exams may play a 
role in the diagnosis of SBO, CT has become the mainstay of 
imaging when this clinical situation is suspected. This allows 
for identification of dilated (>3 cm) small bowel leading to a 
transition point for the obstruction and potentially an underly-
ing cause. Depending on the severity of the obstruction, there 
may be abrupt decompression after the transition point. In addi-
tion, CT allows for identification of patients with complications 
or who are at risk for them. One such example is patients with 
closed loop obstruction, in which both the inlet and outlet of 
an obstructed bowel segment are compressed, often by a single 
source, like an adhesion or hernia neck [34] (Fig. 1.11).

Ischemia complicating small bowel obstruction may 
manifest with nonspecific findings including bowel wall 
and mesenteric edema. Decreased bowel wall enhancement 
and intramural hemorrhage are more specific findings for 
ischemia in the setting of SBO.  Extraluminal gas and/or 
well- defined fluid collections can be seen with perforation 
complicating SBO [35].

1.2.6.2  Colonic Obstruction
In contrast to SBO, colonic tumors are the most common 
cause of large bowel obstruction [36] (Fig. 1.12). Obstructing 
colon cancers are more common on the left than on the right, 
likely due to the progressively narrower lumen distally. 

Although most commonly seen with primary colonic adeno-
carcinoma, direct invasion from another primary tumor or 
extrinsic metastatic involvement of the colon may also result 
in intestinal obstruction. On CT, obstructing colon tumors 
result a mass with soft tissue attenuation in the submucosa as 
well as other evidence of malignancy, including lymphade-
nopathy and metastases.

After malignancy, colonic volvulus is the second most 
common cause of colonic obstruction. This most commonly 

Fig. 1.11 Closed loop small bowel obstruction. A 43-year-old woman 
with abdominal pain and vomiting. Axial CT demonstrates clustered, 
dilated loops of small bowel in the right upper quadrant. The inlet and 
outlet of the obstruction occur at the same point (arrows), a configura-
tion concerning for closed-loop obstruction. An adhesion was the 
underlying cause

Fig. 1.12 Large bowel obstruction due to colon cancer. A 60-year-old 
man with abdominal distention. Axial CT shows a soft tissue mass at 
the splenic flexure (arrows) causing marked dilatation of the transverse 
colon. The patient underwent colonic stent placement, confirming an 
obstructing adenocarcinoma. Note metastases in the inferior right liver
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occurs in the cecum and sigmoid colon. Cecal volvulus 
results from increased mobility and twisting of the proxi-
mal ascending colon. In addition to twisting of the proximal 
colon, cecal obstruction can also result from anterior folding 
of the cecum relative to the ascending colon, the so-called 
cecal bascule.

Closed loop obstruction of the sigmoid classically occurs 
in elderly patients, and often those who are chronically debil-
itated and constipated. The most common site of colonic vol-
vulus, sigmoid volvulus may be a chronic process of twisting 
and untwisting, resulting in an indolent presentation. Similar 
to cecal volvulus, CT may demonstrate the colonic closed 
loop obstruction with a twist or “whirl” sign in the sigmoid 
mesentery. As in volvulus of any segment of the bowel, 
prompt decompression—either endoscopic or surgical—is 
the mainstay of treatment [37].

1.2.6.3  Acute Mesenteric Ischemia
Acute mesenteric ischemia (AMI) is a rare but deadly dis-
ease process. The surgical literature states that arterial throm-
boembolic causes are most common, followed by 
nonocclusive and venous causes. However, the incidence of 
nonocclusive ischemia is likely underestimated. Clinical 
symptoms of AMI are nonspecific. Classically, the patient 
presents with sudden onset of severe abdominal pain out of 
proportion to the clinical exam. Elevated lactate and d-dimer 
levels can be seen but are nonspecific for AMI.

CT angiography with IV contrast is the recommended 
test of choice in adults with suspected acute mesenteric isch-
emia. However, many patients will be imaged with routine 
portal venous phase imaging because the diagnosis was not 
suspected clinically. MR angiography has high sensitivity 
and specificity for diagnosing AMI but is typically not used 
in the emergency setting due to availability and length of 
exam. Therefore, it is best reserved for patients with iodin-
ated contrast allergies.

Classic and specific imaging findings for occlusive AMI 
include a filling defect in the mesenteric arteries, with 
associated hypoenhancing or non-enhancing bowel wall 
(Fig. 1.13). Gas within the small bowel—pneumatosis intes-
tinalis—may be seen with other conditions but may be an 
ominous sign of bowel infarction. Other, more nonspecific, 
findings include mesenteric congestion, ascites, and bowel 
wall thickening. These findings are more commonly seen 
with venous ischemia and/or reperfusion [38].

In contrast to small bowel ischemia, ischemic colitis is 
often caused by relatively mild episodes of hypotension. It 
is commonly self-limited but can manifest with full-thick-
ness necrosis and peritonitis. While classically described in 

a

b

Fig. 1.13 Embolic small bowel ischemia. A 48 year-old woman with 
abdominal pain, elevated lactate. Axial CT shows a filling defect in the 
left ventricle (a, arrows). This has caused an embolism to the superior 
mesenteric artery (coronal CT b, arrows), resulting in small bowel isch-
emia. Note the hypoenhancing small bowel in the left upper quadrant 
(b, dotted arrows)
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anatomic “water-shed” areas between major vascular beds, 
ischemic colitis can affect any portion of the colon. On imag-
ing, ischemic colitis usually presents with wall thickening in 
more mild cases [39]. More severe cases can present with 
hypoenhancement, ileus, and pneumatosis.

1.2.7  Concluding Remarks

Imaging is a mainstay in the emergency department, both in 
trauma and non-trauma settings. CT is often the workhorse 
modality in both situations, but ultrasound and MRI are 
useful in select clinical presentations and patient popula-
tions. Emergency and general radiologists should have 
familiarity with CT signs of hollow viscous and solid organ 
injuries and grade them to help guide clinical management. 
Likewise, radiologists should know common conditions—
and their mimics—that occur in each quadrant of the abdo-
men as well as conditions that can appear in multiple 
locations.
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Take-Home Messages
• While cholecystitis is a common reason for right 

upper quadrant pain, consider alternative causes of 
inflammation in this location, including peptic 
ulcers and cholangitis.

• Cecal diverticulitis and inflammation of the termi-
nal ileum may mimic acute appendicitis, both clini-
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• Bowel ischemia may have a variety of appearances, 
depending on the cause, severity, and chronicity.
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