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Abstract

Large bowel perforation is an abdominal emergency
that results from a wide range of etiologies. Computed
tomography is the most reliable modality in detecting
the site of large bowel perforation. The diagnosis is
made by identifying direct CT findings such as extra-
luminal gas or contrast and discontinuity along the
bowel wall. Indirect CT findings can help support the
diagnosis, and include bowel wall thickening, pericolic
fat stranding, abnormal bowel wall enhancement, ab-
scess, and a feculent collection adjacent to the bowel.
Common etiologies that cause large bowel perforation
are colon cancer, foreign body aspiration, stercoral
colitis, diverticulitis, ischemia, inflammatory and infec-
tious colitides, and various iatrogenic causes. Recog-
nizing a large bowel perforation on CT can be difficult
at times, and there are various entities that may be
misinterpreted as a colonic perforation. The purpose of
this article is to outline the MDCT technique used for
evaluation of suspected colorectal perforation, discuss
relevant imaging findings, review common etiologies,
and point out potential pitfalls in making the diagnosis
of large bowel perforation.
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Acute large bowel perforation is an abdominal emer-
gency that requires urgent clinical attention and diag-
nosis. A wide range of etiologies can result in large
bowel perforation and localizing the site of perforation
can sometimes be challenging. The overall mortality
from large bowel perforation has been reported between
16.9% and 19.6%, emphasizing the importance of
making an accurate and timely diagnosis [1, 2]. Plain
radiography is commonly the initial imaging examina-

tion performed in the diagnostic workup for the acute
abdomen. Sensitivity for detection of extraluminal air
on plain radiography is only 50%–70%, and the site of
perforation is almost never elucidated [3, 4]. Multide-
tector CT (MDCT) predicts the site of perforation with
an accuracy of between 82% and 90% making it the
most reliable imaging modality for diagnosing large
bowel perforation [5].

This review will outline the MDCT technique used for
evaluation of suspected colorectal perforation, discuss
relevant imaging findings, review common etiologies, and
point out potential pitfalls in making the diagnosis of
large bowel perforation.

MDCT technique

MDCT is a rapid imaging modality that is commonly
used in the setting of suspected acute abdominal
pathology. Colonic perforation is often an unexpected
finding in patients presenting with unexplained abdomi-
nal pain. At our institution, the protocol for explained
abdominal pain is intravenous contrast in the portal
venous phase and a forty-five minute prep time with
water-soluble oral contrast, if no contraindications exist.
A longer oral contrast prep time of 3 h may be used in
cases where there is suspected colonic pathology, such as
in patients postoperative from bowel surgery. This en-
ables adequate time for contrast to opacify the colon in
most patients. In cases where high-grade bowel
obstruction is suspected, oral contrast is not utilized. In
addition, rectally administered contrast may be used in
cases in which there is suspicion for anastomotic leak.

The utility of oral contrast has recently been ques-
tioned, given the lack of evidence of any added benefit.
Some of the arguments against its use are that it increases
length of stay in the emergency department, carries the
risk of aspiration and leads to additional cost [6, 7]. A
meta-analysis studying the utilization of oral contrast in
cases of blunt abdominal trauma found no difference in
accuracy of diagnosis with or without oral contrast [7].
In cases of alimentary perforation, either traumatic orCorrespondence to: Kunal Kothari; email: kkothari2@northwell.edu
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nontraumatic, extraluminal contrast has not been re-
ported to be a frequent CT finding [8]. However, extra-
luminal contrast is a direct and specific sign of
perforation and can help elucidate the site of perforation.
Therefore, its utilization should be at the discretion of
the institution, until further research has been performed
that compares the risk versus benefit for the nontrau-
matic acute abdomen in diagnosis of perforation.

MDCT direct and indirect findings

Direct findings of bowel perforation include extraluminal
gas, discontinuity of the bowel wall, and extraluminal
contrast. Extraluminal gas has a high specificity for
gastrointestinal perforation and the location of extralu-
minal gas can elucidate the site of perforation; specifi-
cally free intraperitoneal gas located only in the
supramesocolic and inframesocolic compartments de-
fines 100% of large bowel perforations [9]. Additionally,
extraluminal gas exclusively in the pelvis is most often
related to colonic and less frequently to distal small bo-
wel perforation. In contrast, extraluminal gas found
exclusively around the liver and stomach was found to be
specific for an upper GI (stomach or duodenum) perfo-
ration [9]. The amount of pneumoperitoneum varies
depending on the cause and site of obstruction, as well as
the acuity of the pathology. In a chronic process, the
perforation is often walled off and localized, and the
amount of extraluminal gas and/or fluid may be rela-
tively small and difficult to detect. Other findings that
can help localize the site of perforation, listed in order of
most to least sensitive, include concentrated bubbles of
extraluminal gas in proximity to the perforation site,
bowel wall thickening and a mural defect [10].

Colonic perforation may result in pneumoretroperi-
toneum if the site of perforation is in a retroperitoneal
segment of colon, including the ascending and descend-
ing colon, and rectum. Additionally, most sigmoid
diverticula arise from the extraperitoneal surface of the
colon; therefore retroperitoneal or extraperitoneal gas
may be a manifestation of sigmoid diverticulitis (Fig. 1).

A ‘‘cleft sign’’ or defect in the bowel wall is another
direct and specific sign of large bowel perforation. This
finding is observed less frequently than extraluminal gas
on CT, as it is seen in less than 50% of patients with
perforation (Fig. 2) [11]. The detection of free extralu-
minal contrast can also be a direct sign of bowel perfo-
ration, though the sensitivity of extravasation of oral
contrast material is low, varying between 19% and 42%
[9].

Indirect findings of large bowel perforation include
bowel wall thickening, pericolic fat stranding, abnormal
bowel wall enhancement, abscess, and an inflammatory
mass adjacent to bowel [12]. Indirect findings are ex-
tremely useful as they may help in detecting a large bowel
perforation site. CT identification of the perforation site

increases from 34% to 97% for ascending-to-sigmoid
colonic perforations and from 40% to 80% for rectal
perforations, when direct CT findings are combined with
indirect CT findings [13].

In contrast to a free perforation, diagnosing a con-
tained or localized perforation can be more challenging.
In such cases, pneumoperitoneum is often absent and the
diagnosis must be made by recognizing extraluminal
bowel contents. The finding of a ‘‘dirty mass’’ secondary
to fecal spillage has been described as a specific finding of
large bowel perforation [14], when located in close

Fig. 1. Large amount of retroperitoneal gas secondary to
free sigmoid perforation. Sagittal CT image demonstrates a
large amount of retroperitoneal gas (white arrows) which was
secondary to perforated sigmoid diverticulitis.

Fig. 2. Perforated neutropenic colitis. Coronal CT image
demonstrates a ‘‘cleft sign’’ or discontinuity in the descending
colonic wall (white arrowhead).
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proximity to a loop of colon or rectum (Fig. 3A–B). In
one study, the sizes of these masses varied from 1 to 6 cm
[14].

It can be difficult differentiating extraluminal stool
from a normal loop of colon. If a large bowel perforation
is not promptly diagnosed, there can be dire conse-
quences for the patient, with rapid development of
peritonitis and sepsis (Fig. 4). The usage of wide win-
dows and reformats in the sagittal and coronal planes
may help. In addition, the radiologist should trace the
bowel from the rectum to the cecum, making note of any
gas containing structure that cannot be connected with
adjacent bowel. In cases of nonopacified large bowel,
repeat CT imaging with oral contrast may be helpful in
excluding a perforation. Water-soluble contrast enema
or CT with rectal contrast administration can be used as
problem solving tools in confirming colonic perforation
in equivocal cases.

There are various mechanisms and pathways for gas
to be introduced into the peritoneal cavity other than a
breach of the gastrointestinal tract which can lead to
false positive cases of large bowel perforation. Examples
include recent abdominal surgery and other intraperi-
toneal instrumentation, barotrauma, bladder perfora-
tion, penetrating trauma, and via the female genital tract.
In addition, gas in the retroperitoneal or extraperitoneal
spaces could also be mistaken for pneumoperitoneum
due to the close proximity of these spaces to each other.
In particular, gas in the anterior prevesical space (space
of Retzius) can be mistaken for pneumoperitoneum, as it
is located immediately anterior to the anterior peritoneal
lining. Therefore, the radiologist should be aware of any
recent procedure or pathologic process involving the
abdominal wall, retroperitoneum, extraperitoneal pelvis
or groins, which could potentially introduce gas, so as
not to mistakenly diagnose a perforated viscus. Some
examples include extraperitoneal bladder perforation
after cystoscopy, inguinal hernia repair, and Fournier’s
gangrene.

Etiologies of large bowel perforation

Neoplasm

Perforation secondary to colonic adenocarcinoma is the
cause of 1.2%–10% of large bowel perforations, and the
cecum and sigmoid colon are the most common sites of
perforating colon carcinoma [12]. There are two mech-
anisms by which a colon cancer can perforate. The first
mechanism is by direct necrosis at the site of the tumor.
In cases of tumor necrosis leading to perforation, the
amount of extraluminal air is usually small (Fig. 5A–C)
[3]. The second mechanism is by ‘‘blowout’’ proximal to
the tumor. ‘‘Blowout’’ is defined as a closed-loop

Fig. 3. Perforated sigmoid colon secondary to colon cancer
with adjacent ‘‘dirty masses.’’ A Axial CT image demonstrates
marked mural thickening of the sigmoid colon (white arrow),

consistent with colon cancer. B Coronal CT image showing
two large extraluminal gas and fluid collections (black arrows)
in close proximity to the sigmoid, secondary to perforation.

Fig. 4. Feculent peritonitis secondary to perforated diverti-
culitis. Axial CT image through the pelvis demonstrates a
mottled collection of extraluminal gas and stool (‘‘dirty mass’’),
which was mistaken for a loop of sigmoid colon. Note the
collection (white arrow) and the adjacent sigmoid colon (white
arrowhead).
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obstruction in which the colon cancer causes increased
colonic pressure between a competent ileocecal valve and
the cancer, leading to a perforation [12]. In cases of
blowout, the perforation can be at the site of the tumor
or proximal to it (Fig. 6A–B). Frequently the site of
perforation is the cecum because of its larger diameter
and resultant higher intraluminal pressure as it becomes
distended. It is important for the radiologist to ascertain
that no signs of perforation exist more proximal to an
obstructing colon cancer. Colonic wall thickening prox-
imal to an obstructing colon cancer has been reported to
be present in 10% of cases and is associated with ische-
mia or edema in a viable colon (Fig. 7A–B) [15].

While the large majority of neoplastic large bowel
obstruction is due to primary colonic adenocarcinoma,
serosal metastases and extrinsic compression or invasion

from an extracolonic neoplasm can also cause large bo-
wel obstruction, and potentially lead to perforation.

Foreign body ingestion

The most common foreign bodies that lead to perfora-
tion are toothpicks and dietary foreign bodies such as
fish bones or bone fragments [16]. Sites of perforation are
found in intestinal segments with acute angulation such
as the ileocecal and rectosigmoid regions [17]. The pas-
sage of large amounts of extraluminal gas is limited by
the fact that a foreign body produces a gradual erosion
of the intestinal wall [18, 19], allowing time for the
inflammatory reaction to be walled off (Fig. 8A–B).
Therefore, diffuse pneumoperitoneum is rare in the set-
ting of perforation secondary to foreign body ingestion.

Fig. 5. Perforated ascending colon cancer secondary to
necrosis. A Coronal CT image demonstrates focal, short
segment colonic bowel wall thickening at the hepatic flexure
(black arrowheads), consistent with colon cancer. B Coronal

CT image shows a small amount of extraluminal gas (white
arrowhead) immediately posterior to the colon cancer. C Axial
CT image redemonstrates adjacent extraluminal gas (white
arrowhead).

Fig. 6. Perforated
ascending colon secondary
to a distal colon cancer.
A Coronal CT image
demonstrates a stenosing
annular colon cancer in the
distal ascending colon
(white arrow). B Axial CT
image demonstrates
perforation with extraluminal
stool and gas (white
arrowhead) in the ascending
colon proximal to this mass
secondary to ‘‘blowout’’.
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The most direct assessment for foreign body perforation
on CT is identification of the foreign object in close
proximity to extraluminal gas. Other findings include
localized wall thickening, fat stranding and abscess. With
acquisition of sufficiently thin axial sections and coronal
and sagittal reformatted images, most foreign objects
should be visible on CT. Oral contrast can hinder
detection of a foreign object, and if there is prospective
suspicion for an ingested foreign object, CT should be
performed without the use of positive oral contrast.
Unfortunately, in the case of an accidental dietary
ingestion, the patient will often not remember the inci-
dent and there can often be lag time of weeks to months
between ingestion and development of symptoms [19].

Stercoral colitis

In stercoral colitis, fecal impaction causes increased
intraluminal and colonic wall pressure which can lead to
ischemic pressure necrosis, ulcer formation, and poten-
tially perforation [20]. The most common locations for
stercoral ulceration include the anterior rectum proximal
to the peritoneal reflection, the antimesenteric border of

the rectosigmoid junction and the apex of the sigmoid
colon [20]. Ulcers resulting from stercoral colitis are
typically located on the antimesenteric border of the in-
testine, which is less vascularized than the mesenteric

Fig. 7. Perforated sigmoid colon secondary to an obstruct-
ing colon cancer. A Coronal CT image demonstrates mass
like thickening of the sigmoid colon (white arrow) with dilata-
tion of the colon proximally and extraluminal gas (white

arrowheads) indicating perforation. B Axial CT image depicts
marked dilatation of the colon with extraluminal gas (white
arrowhead) and circumferential bowel wall thickening involv-
ing the right colon secondary to ischemia (white arrow).

Fig. 8. Perforated fish
bone. A Axial CT image
demonstrates a fish bone
(white arrow) perforating the
sigmoid colon. B
Postoperative image shows
a fish bone piercing through
the wall of the sigmoid
colon.

Fig. 9. Perforated stercoral colitis. Axial CT image shows a
fecaloma (white arrow), bowel wall thickening, surrounding fat
stranding and extraluminal gas (white arrowhead) consistent
with stercoral perforation. Stercoral colitis with multiple per-
foration sites (other perforation sites seen on CT are not
shown) was at found at surgery.
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border and more sensitive to mechanical constraint [21].
Infrequent sites of involvement include the transverse
colon and cecum. Only a minority of patients with fecal
impaction will develop stercoral colitis. In uncomplicated
fecal impaction the colon should remain thin-walled.
Typical findings of stercoral colitis on CT include wall
thickening and pericolic fat stranding, with extraluminal
gas or an abscess present in the setting of perforation
(Fig. 9) [20]. Stercoral perforation can lead to the rapid
development of peritonitis, sepsis, and potentially death,
due to intraperitoneal fecal spillage.

Ischemic colitis

Ischemic colitis is almost always due to nonocclusive
disease (low flow state), rather than vascular occlusion.
The segments commonly affected are the left colon, and
the anastomotic plexus between the inferior mesenteric
artery and the hypogastric vascular supply at the rec-
tosigmoid junction [22]. While it is a commonly held
belief that the splenic flexure is the most frequent site of
colonic ischemia, a recent study found no significant
increase in ischemia at the splenic flexure relative to
other colonic segments, and there is no data in the lit-
erature showing the splenic flexure to be at greater risk
[23]. The ischemic process initially involves the mucosal
layer of the bowel wall. In most cases, ischemic injury
will remain isolated to the mucosa and is a reversible,
self-limiting process. However in a minority of cases, the
ischemia will be transmural, causing necrosis of the
muscular layer, with the potential for perforation and
severe sepsis [22].

The most common CT findings of ischemic colitis are
bowel wall thickening and pericolic fat stranding. Pneu-
matosis intestinalis and portomesenteric gas were present
less than 10% of the time in one series, with pneumatosis
intestinalis associated with more severe cases (Fig. 10A–
B) [23]. It is important to recognize that colonic pneu-
matosis intestinalis can represent a benign finding. Be-

nign pneumatosis intestinalis has been reported in a
variety of conditions, including pulmonary disease, sys-
temic diseases, certain medications and organ trans-
plantation [24]. In order to help differentiate between
benign and clinically worrisome pneumatosis intestinalis,
the radiologist can survey for additional findings to help
support a diagnosis. CT findings visualized in conjunc-
tion with pneumatosis intestinalis including bowel wall
thickening, mesenteric stranding, ascites, bowel dilata-
tion and portomesenteric gas correlate significantly with
clinically worrisome cases. Additionally correlation with
clinical history, physical examination and laboratory test
results are necessary in making a diagnosis. [25].

Pneumatosis cystoides intestinalis is a benign etiology
characterized by the presence of gaseous cysts containing
nitrogen, hydrogen and carbon dioxide in the intestinal
wall, which are submucosal and subserosal in location
[26]. Patients are almost always asymptomatic. Occa-
sionally the cysts can rupture and result in pneu-
moperitoneum, mimicking a frank bowel perforation
(Fig. 11). Recognition of the cystic shape of these gas
collections, in contrast to the linear intramural gas col-
lections characteristic of ischemic bowel, can help make
the diagnosis.

Diverticulitis

Diverticulitis is suspected clinically when there is a triad
of left lower abdominal pain, fever and leukocytosis. The
manifestations of acute diverticulitis on CT can vary
widely, ranging from pericolic fat stranding and wall
thickening to abscess, fistula formation, free perforation
and feculent peritonitis [27]. Cases of perforated diver-
ticulitis can occur at any site in the colon, including the
proximal colon, although it most commonly involves the
sigmoid colon. Extraluminal gas usually concentrates in
close proximity to the involved colon [5]. Peritonitis and
free perforation have been shown to occur more often in
patients with no prior history of diverticulitis (Fig. 12),

Fig. 10. Perforated
ischemic colitis. A Axial CT
image demonstrates wall
thickening of the distal
transverse and proximal
descending colon (white
arrows), and a small amount
of adjacent free fluid (black
arrowhead). B Axial CT
image shows pneumatosis
of involved bowel loops and
localized extraluminal gas
(white arrowhead).
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while patients with a history of diverticulitis tend to
present with pericolic abscess or phlegmon [28]. In a
large study, patients with a first episode of sigmoid
diverticulitis had a greater incidence of free perforation
than those with recurrent sigmoid diverticulitis (25.3%
vs. 7.9%). Additionally, patients with a first episode re-
quired emergency colectomy more often, whereas initial
conservative therapy was more common in those with
recurrent sigmoid diverticulitis [29].

Due to the proximity of the small bowel mesentery to
the sigmoid colon, CT findings of severe sigmoid diver-

ticulitis may occasionally show predominant involve-
ment of the small bowel, with small bowel wall
thickening, mesenteric fat stranding and interloop fluid
and gas collections. The appendix and mesoappendix can
be involved in a similar fashion if the sigmoid colon
loops into the right abdomen. Such findings can be
mistaken for a small bowel or appendiceal perforation.
Awareness of this association, and the presence of
diverticular disease with wall thickening of the sigmoid,
should alert the radiologist to the correct diagnosis.

Inflammatory bowel disease (IBD)

Large bowel perforation in cases of IBD are rare. Free
perforation in Crohn’s disease occurs in about 3% of
patients, and can occur during a bout of toxic colitis, or
an acute exacerbation of chronic disease, especially when
there is a distal obstruction. Sealed off perforations are
more common, with CT findings of phlegmon and ab-
scess near the involved colonic segment [10]. Character-
istic CT findings of Crohn’s disease, including skip
lesions, mesenteric/mesocolic fat proliferation, engorged
vasa recta, intramural fat, and fistula formation, may
help in making the diagnosis of Crohn’s colitis. Free
perforation in ulcerative colitis occurs in about 2% of
patients and is often associated with toxic megacolon
[30]. Toxic megacolon involves total or segmental
nonobstructive colonic distension of at least 6 cm with
inflammation of the colonic wall and associated systemic
toxicity [31]. The condition is primarily associated with
inflammatory bowel disease, however toxic megacolon
can also be a complication of infectious and ischemic
colitis, especially C. difficile colitis. Plain radiography
has traditionally been used to assess for colonic dilata-
tion in patients with suspected toxic megacolon. Dilata-
tion is usually most severe in the ascending and
transverse colon. CT can provide more detailed findings
regarding the distribution of colonic involvement and
degree of wall thickening, including abnormal haustral
pattern, segmental colonic wall thinning and nodular
pseudopolyps (Fig. 13) [31]. Colonic diameter of greater
than 7.7 cm on CT is indicative of the development of
toxic megacolon [32]. CT can also be used to detect
complications such as perforation, abscess formation
and thrombophlebitis.

Infection

Infectious colitis has varied clinical manifestations,
depending on the afflicting pathogen. The differential
diagnosis for infectious colitis primarily involving the
right colon includes salmonella, Yersinia, tuberculosis
and amebiasis. Diseases with a propensity for the left
colon include schistosomiasis, shigellosis, herpes, gon-
orrhea, syphilis and lymphogranuloma venereum. Dif-
fuse colonic involvement can be caused by

Fig. 12. Perforated diverticulitis in a 31 year old male with
no significant past medical history. Axial CT image demon-
strates a large amount of extraluminal gas and fluid (white
arrow) adjacent to the sigmoid colon, secondary to free
diverticular perforation.

Fig. 11. Pneumatosis cystoides intestinalis. Axial CT image
of the abdomen and pelvis demonstrate numerous intramural
air-filled cysts in the transverse colon (white arrow) and
adjacent extraluminal air secondary to cyst rupture. Note the
lack of wall thickening, ascites or fat stranding. The patient
was asymptomatic.
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cytomegalovirus and E. coli [33]. Characteristic CT fea-
tures of infectious colitis include bowel wall thickening
and pericolic fat stranding.

C. difficile is the leading enteric infection found in
hospitalized patients in the United States with an esti-
mated 3 million new cases of diarrhea and colitis annu-
ally [34]. Pseudomembranous colitis is the most severe
form of C. difficile colitis, affecting between 0.1% and
10.1% of patients receiving penicillin or cephalosporins.
Complications can include fulminant colitis and colonic
perforation. If the pathogen is not controlled by the
appropriate antibiotic therapy, transmural necrosis and
perforation can occur. One study found fifty perfect of
scanned hospitalized patients with C. difficile colitis to
have positive CT findings. Most patients had segmental
involvement, with the rectum and sigmoid colon most

affected. In addition, positive scans were associated with
leukocytosis, abdominal pain and diarrhea [35].

Neutropenic colitis occurs in the immunocompro-
mised population, commonly in cancer patients receiving
chemotherapy. Neutropenic colitis may be multifactorial
in etiology with infection, chemotherapy, intramural
hemorrhage, ischemia and altered immune function all
having putative roles. Although it most commonly oc-
curs in the right colon, it can manifest anywhere in the
small or large bowel with CT findings of nonspecific wall
thickening, edema and pericolic fat stranding. Trans-
mural necrosis and perforation may occur in severe cases
(Fig. 2) [36].

Abscesses can cause pneumoperitoneum and mimic a
perforation when ruptured. Clostridium septicum is an
anaerobic gram-positive bacillus that superinfects hep-
atic colon adenocarcinoma metastases which can rupture
and be confused with a perforated colon cancer
(Fig. 14A–C). C. septicum sepsis is often fulminant with
reported mortality rates of approximately 60% [37] and
may present as gas gangrene, myonecrosis, sepsis or liver
abscesses [38]. C. septicum liver abscesses are rare in the
absence of underlying liver disease [39]. In cases of me-
tastatic superinfection, the metastases outgrow its blood
supply and provide an anaerobic environment ideal for
bacterial growth [40]. Liver abscesses from C. septicum
can contain gas and rupture can occur.

Nonneoplastic obstructive causes

Nonneoplastic etiologies of large bowel obstruction
leading to perforation are less common. The two most
common nonneoplastic etiologies of large bowel
obstruction include volvulus (Fig. 15A–B) and divertic-
ulitis, which are estimated to be the cause of large bowel
obstruction in an estimated 10%–15% and 10% of cases,
respectively [41]. Uncommon etiologies include
endometriosis, hernia, fecal impaction, intussusception
and inflammatory bowel disease. Regardless of the cause

Fig. 14. Clostridium septicums superinfection of a colonic
neoplasm with liver abscesses and free air. A Axial CT image
demonstrates an enlarged liver with several collections of
intrahepatic gas (black arrowheads), B Axial CT image
demonstrates subtle liver masses (white arrow) which are

more conspicuous at different window/level settings (not
shown), intrahepatic (black arrowheads) and extraluminal gas
(black arrow) that has broken through the hepatic capsule,
C Axial CT image demonstrates a distal colonic mass (white
arrowhead).

Fig. 13. Perforated toxic megacolon. Axial CT image
demonstrates segmental colonic wall thinning, colonic dis-
tension, abnormal haustral pattern and nodular pseudopolyps
(white arrowhead). Note the extraluminal gas indicating per-
foration (white arrow).
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of obstruction, persistent dilatation of the large bowel
can lead to ischemia, necrosis and perforation. The role
of CT in the setting of large bowel obstruction is to de-
fine the etiology and location of the obstruction and to
assess the colon for signs of ischemia including wall
thickening, pneumatosis, decreased or absent mural
enhancement and perforation.

Ogilvie’s syndrome

Acute colonic pseudo-obstruction, also known as Ogil-
vie’s syndrome, is a rare cause of perforation and occurs
mainly in patients with severe illness or that are post-
operative. The condition is characterized by massive
colonic distension without mechanical obstruction, and
perforation occurs in 1%–3% of patients [42, 43].The risk
of perforation increases up to 23% when the cecal
diameter is greater than 14 cm. [43, 44]. No cases of
perforation were reported in a study including four
hundred patients when the cecal diameter was less than
12 cm. [43]. In cases of perforation, the mortality rate is
high and has been reported to be between 50% and 71%
[45]. Typical CT findings include marked diffuse dilata-
tion of the colon and rectum, without a transition point
to collapsed bowel. If prior abdominal radiographs or
CT scans are available, they may show similar findings,
as this is often a chronic condition, however careful
comparison must be made, as the dilatation can acutely
worsen, putting the patient at risk for perforation.

Iatrogenic causes

Bevacizumab

Over the past decade, vascular endothelial growth factor
(VEGF) receptor monoclonal antibodies have become
routine in the treatment of various cancers. Bevacizumab
is a widely used agent which has been linked to gas-
trointestinal perforation with a black-box warning issued

by the US Food and Drug Administration, recom-
mending that the drug be permanently discontinued in
patients with gastrointestinal perforation. In a meta-
analysis of 17 randomized-controlled trials, patients that
were treated with bevacizumab had a significantly in-
creased risk of gastrointestinal perforation compared
with patients treated with control medication, with a
relative risk of 2.14. This relative risk jumped to 3.10
when only patients with colorectal cancer were included
in the analysis. Overall, the incidence of gastrointestinal
perforation with bevacizumab was 0.9% with a mortality
of 21.7% [46]. Perforation may occur at a surgical
anastomosis, at sites of tumor in/on the bowel wall
(Fig. 16) or in otherwise normal segments. Perforation

Fig. 15. Perforated
sigmoid volvulus. A Coronal
CT image demonstrates a
whirl sign (white arrow), and
cecal pneumatosis (white
arrowhead), B CT axial
image demonstrates
extraluminal gas indicative
of perforation (white
arrowhead).

Fig. 16. Rectal perforation secondary to Bevacizumab.
Discontinuity of the rectal wall is indicative of perforation
(white arrowhead). Note extensive free intraperitoneal fluid
(black arrow), and abnormal enhancement of the peritoneum
and pelvic small bowel secondary to peritonitis.
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may also occur in association with enteritis/colitis [47].
Additionally, there have been reported association of
gastrointestinal perforation with vascular endothelial
growth factor tyrosine-kinase inhibitors (VEGFTKI),
however a meta-analysis did not show an increased risk
of gastrointestinal perforation with VEGFTKIs com-
pared to control medications [48].

Colonoscopy

The most serious complication of colonoscopy is perfo-
ration, which has a morbidity rate as high as 43% and
mortality rates as high as 25% [49]. In the setting of a
diagnostic colonoscopy, the rectosigmoid is the most
common site of perforation followed by the cecum,
whereas in therapeutic colonoscopy it commonly occurs
at the site of the excised polyp (Fig. 17) [50]. The overall
incidence of perforation secondary to colonoscopy is
very low, with one study reporting a 0.08% incidence of
perforation in nearly 80,000 colonoscopies [49].

In cases of perforation secondary to colonoscopy, the
radiologist can expect to find retroperitoneal gas in the
anterior pararenal space when the perforation involves the
posteriorwall of the sigmoid, ascendingordescending colon
[50]. In the case of an anterior wall sigmoid perforation, free
extraluminal air near the lesion and in the intraperitoneal
spaces may be present [50]. Rectal perforation results in gas
in the extraperitoneal pelvic spaces, possibly extending
higher and producing bilateral pneumoretroperitoneum if
the amount of extraluminal gas is large [3]. Perforations
contained within the extraperitoneal or retroperitoneal
spaces usually result in minimal symptoms.

CT colonography

Perforation can also be a consequence, albeit rare, from
CT colonography. Patients with active bowel inflamma-

tion, colon-containing hernia, history of recent colonic
biopsy or at an advanced age may be at increased risk of
perforation from CT colonography [51, 52]. A large
meta-analysis delineated a higher perforation rate in
symptomatic versus asymptomatic patients (0.08% vs.
0.02%) with a pooled perforation rate of 0.04%. In terms
of location of the perforation, the sigmoid colon was the
most common site, involved in 40.7% of perforations,
followed by the rectum in 22.2% (Fig. 18) and the cecum
in 14.8% perforations [53].

Anastomotic leak

Anastomotic leak is a common complication in the
immediate postoperative period, and can have devastat-
ing consequences, leading to peritonitis, sepsis, and death
in as many as 50% of patients if not diagnosed in a timely
manner and treated properly. Symptoms most com-
monly manifest in post-op days 5–7. Low anterior
resections carry the highest risk for anastomotic leak
[54].

Extravasation of enteric contrast is specific for leak
(Fig. 19A–B). At our institution, oral contrast with ex-
tended prep time is used to assess integrity of a proximal
anastomosis, for example after right hemicolectomy or
ileocolic resection. Rectally administered contrast is used
to evaluate a left colonic or colorectal anastomosis. A
small bore flexible catheter is used to intubate the rec-
tum. In cases of a low colorectal or coloanal anasto-
mosis, the balloon is not inflated, to avoid possible
disruption of the anastomosis. In addition to extralu-
minal contrast extravasation, findings indicative of
anastomotic leak include loculated gas and fluid collec-
tions and a disproportionate amount of extraluminal gas
in the surgical bed [54].

There are numerous other causes of colorectal per-
foration due to iatrogenic injury, including instruments
used during laparoscopic or robotic surgery, electro-
cautery, or other unintentional mural penetration. Per-

Fig. 17. Post-polypectomy perforation. Axial CT image
demonstrates colonoscopy-placed surgical clips within the
right colon (white arrowhead) with adjacent pericolonic fat
stranding and droplets extraluminal gas indicating perforation.

Fig. 18. CT Colonography perforation. Axial CT image
demonstrates free perforation of the rectal wall (white arrows)
secondary to insufflation of the rectal balloon.
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cutaneous and endoscopic procedures such as feeding
tube insertion, abscess drainages, paracentesis, and
colonoscopic stent placement all carry a risk of bowel
injury [10].

Conclusion

Large bowel perforation is an acute abdominal emer-
gency, requiring rapid diagnosis for proper treatment.
CT findings can often, but not always, localize the per-
foration to the involved segment of the gastrointestinal
tract. Familiarity with the various etiologies of colorectal
perforation and their associated CT findings can help the
radiologist formulate an accurate differential diagnosis.
Providing a specific diagnosis for the cause of large bowel
perforation may not always be possible on CT. Many of
the above described etiologies may show nonspecific
findings of wall thickening and fat stranding. In partic-
ular, ischemic, inflammatory and infectious etiologies
can all frequently show findings of nonspecific colitis.
For example, diverticulitis and ischemic colitis frequently
involve the left colon and may look similar. In most
cases, they can be distinguished by length of involve-
ment, presence of diverticulosis, and degree of fat
stranding, but there can be overlap in these findings. In
cases without specific findings, the distribution of colonic
involvement and comparison with prior studies, if
available, can sometimes help in narrowing the diagno-
sis. Additionally, correlation with medical history,
physical exam findings, comorbidities, and laboratory
values is essential for accurate diagnosis.
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