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Abstract

Gastrointestinal tract (GI) perforations can occur due to various causes such as trauma, iatrogenic factor, infectious condi-
tion, peptic ulcer, inflammatory disease, or a neoplasm. Because GI perforations represent an emergency and life-threatening
condition, prompt diagnosis and surgical treatment are required in most cases. However, according to the underlying causes of
GI perforations, additional treatment strategies may be needed. Adjuvant chemotherapy or immunotherapy may be required
in various GI neoplasms such as adenocarcinoma, lymphoma or gastrointestinal stromal tumor. Inflammatory bowel dis-
ease is a chronic disease repeating cycle of intermittent, thus appropriate medical treatment and periodic follow-up are also
required. Moreover, vascular intervention may have a role in some cases of mesenteric ischemia associated with mesenteric
artery occlusion. Recently, computed tomography (CT) has been the first choice for patients with suspected GI perforations,
because CT plays an important role in the accurate assessment of the perforation site, the pathology causing the perforation
and the ensuing complications. This review will illustrate characteristic CT findings that differentiate underlying pathologies
causing GI perforations to help clinicians decision-making regarding an optimal treatment plan.
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Introduction

Gastrointestinal tract (GI) perforations can occur second-
ary to various conditions, including traumatic and iatro-
genic causes, peptic ulcers, neoplasms, or inflammation
[1, 2]. Most perforations are life-threatening and require
prompt diagnosis and surgical treatment. Presently, various
therapeutic options, including conservative therapy, endo-
scopic and laparoscopic procedures, as well as conventional
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laparotomy are available to manage this condition. To treat
GI perforations following surgery, additional medical ther-
apy may be required in a few cases to treat the underlying
disease that caused the perforation. Accurate determination
of the site and cause of GI perforations is important to plan
optimal treatment for non-traumatic GI perforations [3].
Computed tomography (CT) plays an important role in the
accurate assessment of the perforation site, the pathology
causing the perforation and the ensuing complications [4].
This article focuses on characteristic CT findings that dif-
ferentiate underlying pathologies causing GI perforations
(except traumatic and iatrogenic GI perforation) to facilitate
decision-making regarding an optimal treatment plan.

CT technique

Our abdominal CT protocol for evaluating acute abdomen
should include the entire abdomen from the diaphragm to
the pelvic floor. Intravenous contrast material is necessary
unless contraindications exist. After precontrat CT scan,
150 ml of contrast material is administered at a flow rate of
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3—4 ml/s using a mechanical injector. Contrast-enhanced CT
scan is performed at a fixed delay of 75 s. The arterial phase
CT is optional for evaluating arterial GI bleeding.
Although extraluminal leakage of the oral contrast is a
specific sign of GI perforations, oral contrast material is
not administrated due to safety issue such as aspiration and
subsequent complication [1, 2]. Contiguous axial images
less than 5-mm thickness are obtained, and multi-planar
reconstruction may be applied when necessary. In addition
to routine abdomen window setting, lung window setting is
recommended for detecting extraluminal air.

General CT findings of Gl perforation

Direct and indirect CT findings are useful to identify and
localize a GI perforation. Direct signs include the following:
(a) discontinuity of the GI wall, (b) the presence of extra-
luminal air and, (c) extraluminal leakage of oral contrast
(Fig. 1) [4-6]. Direct visualization of a GI wall defect is a
pathognomonic finding; however, it is observed in <50%
of patients with GI perforation. Multi-planar reformation
images may be helpful in equivocal cases (Fig. 1). The pres-
ence of extraluminal air is highly specific for the diagnosis
of GI perforations, and CT is highly sensitive in detecting
even small quantities of free air. CT performed using lung
window settings can detect even a small amount of free air

Fig.1 A 57-year-old man

with gastric ulcer perforation.
a CT scan with lung window
setting shows tiny free air
bubbles (arrows) around the
liver. b Up-right chest x-ray
shows no free air under the
right hemidiaphragm. C Axial
contrast-enhanced CT scan
shows a focal ulceration (arrow)
with perigastric fat stranding in
the anterior wall of the gastric
antrum. d Coronal-reformatted
CT image shows a focal defect
(arrow) in the gastric ulcer
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(Fig. 1). The quantity and location of free air help in local-
izing the site of perforation. Concentrated free air in close
proximity to the bowel indicates the site of perforation [3].
Indirect signs include segmental wall thickening, abnormal
bowel enhancement, perivisceral fat stranding, inflammatory
changes (abscess or an inflammatory mass related to the
bowel), or a fluid collection in the surrounding organs [2].

CT findings based on causes of Gl
perforation

Neoplastic conditions
Adenocarcinoma

Gastric adenocarcinoma is the most common type of pri-
mary gastric malignancy. However, perforation is rarely
observed with this malignancy with a reported incidence
rate of 0.4-6% [7]. Perforation of gastric cancer frequently
occurs at the tumor site secondary to tumor necrosis and
ischemia and is usually observed in elderly patients with
advanced-stage disease. However, it may occur in patients
with early gastric cancer with deep ulcerated lesions. CT
evaluation can indicate underlying gastric cancer based on
the following findings: focal or diffuse gastric wall thick-
ening with inhomogeneous enhancement, perigastric soft
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tissue extension, or invasion of surrounding organs (Fig. 2).
Metastatic lymphadenopathy or distant metastasis provides
additional clues to diagnose cancer [8]. However, the pre-
operative assessment of the exact tumor extent is difficult
owing to secondary inflammatory changes and peritonitis
in patients with perforated cancer.

Perforation in patients with colorectal adenocarcinoma
is uncommon, with a reported incidence ranging from
1.2-10% [9]. Such a perforation can occur at the tumor
site or at some distance from the tumor, the latter being
referred to as diastatic perforation. Perforation at the tumor
site occurs most frequently in right-sided colon cancers
secondary to tumor necrosis [10]. Diastatic perforation of
the cecum commonly occurs in left-sided colon cancers,
which undergo complete stenosis with consequent upwards
colon distension [10]. A competent ileocecal valve plays
a role in diastatic perforation (Fig. 3). Colon cancer may

cause obstructive colitis which refers to ulcero-inflamma-
tory and necrotizing condition in the colon proximal to
stenosing lesions, and the ischemic segment of obstructive
colitis can be complicated with bowel perforation [11]. CT
findings of underlying colon cancer include focal colonic
wall thickening or mass lesion with luminal narrowing
(Fig. 3). The clinical manifestations of a perforation are
determined by tumor location in that right-sided colonic
perforations commonly present as free perforations with
peritonitis, whereas left-sided colonic perforations com-
monly present as localized abscess formation rather than
free perforation [12]. Identification of irregular focal wall
thickening of the adjacent colonic segments is important
to differentiate cancer-induced colonic perforation from
that caused by various benign conditions. However, severe
pericolic inflammation with a large abscess or peritoneal
spillage may impede accurate diagnosis because these

Fig.2 A 45-year-old man with perforated gastric adenocarcinoma.
a Contrast-enhanced CT scan shows a large amount of pneumop-
eritoneum (asterisks) around the liver. b Contrast-enhanced CT scan
shows a focal wall defect (arrow) and extraluminal air bubbles. Irreg-
ular thickening with the enhancement of the gastric wall (arrowheads)

suggests underlying gastric cancer. ¢ The resected specimen of the
subtotal gastrectomy shows a relatively well-defined ulcerative mass
(arrowheads) located in the antrum of the stomach. The perforated
mucosa (arrow) is noted in the center of an ulcerative gastric cancer

Fig.3 A 78 year-old man with diastatic perforation of the cecum due
to ascending colon adenocarcinoma. a Axial contract-enhanced CT
scan shows irregular focal wall thickening with enhancement (arrow)
in the ascending colon. Extraluminal gas bubbles (arrowheads) are

visualized in the intraperitoneal cavity. b Coronal-reformatted con-
trast-enhanced CT scan shows a focal wall defect (arrowhead) in the
cecum proximal to the tumor. A competent ileocecal valve (arrow) is
visualized
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situations can overlap various conditions with colonic
perforation [13].

Although perforated GI adenocarcinoma is associated
with a high morbidity and mortality rate, the long-term out-
come is not worse compared to that associated with non-per-
forated cancer. Notably, the tumor stage is more important in
determining the long-term survival rate [9, 14].

Lymphoma

GI perforation is a potentially life-threatening complication
of lymphoma affecting the GI tract. It commonly occurs in
patients with T-cell lymphoma, post-transplant lymphopro-
liferative disease, and patients undergoing chemo and radio-
therapy. Non-Hodkin’s lymphoma of B-cell origin is most
common type of GI lymphoma, the prevalence of perforation
is higher in patients with T-cell lymphoma (approximately
50%) than in patients with B-cell lymphoma (<30%) [15].
The small intestine is the most common site of perforation
(59%) in lymphoma, followed by the large intestine (22%),
and the stomach (16%) [16].

A previous study has reported that the incidence of per-
foration in patients with GI lymphoma was 9% and that in
approximately 50% of cases the perforation occurred at the
initial presentation of lymphoma, and in the remaining cases
it occurred after the initiation of chemotherapy (within the
first 4 weeks of treatment) [16]. The mechanism of perfora-
tion in GI lymphoma could include the following processes:
[1] lymphoma itself injures the intestinal microvasculature
resulting in ischemia or [2] treatment-related complications
such as neutropenic colits, infectious colitis, radiation enteri-
tis or colonic pseudo-obstruction may cause perforation [16].

Typical CT findings of underlying GI lymphoma include
a circumferentially homogeneous thickened segment with
aneurysmal dilatation of the lumen, multifocal bowel

involvement, lymphadenopathy, and/or hepatosplenomegaly
(Fig. 4). However, bowel wall thickening caused by T-cell
lymphoma is not as severe as that caused by B-cell lym-
phoma. Moreover, because the small bowel is a preferential
site of involvement, CT signs of perforation are subtle; the
detection of focal wall defects may be limited, and only a
small amount of extraluminal air or a localized fluid collec-
tion without air is detected (Fig. 5) [16].

Gastrointestinal stromal tumors

Gastrointestinal stromal tumor (GIST) is the most common
mesenchymal tumor of the GI tract and accounts for 2.5%
of all GI tumors. Spontaneous rupture of GISTs can cause
a GI perforation, although it is rare [17]. Larger tumors are
more vulnerable to rupture because of intratumoral necrosis.
Moreover, exophytic morphology, internal cystic necrosis,
and a rapid growth rate are other risk factors associated with
ruptured GISTs [8]. On CT imaging, ruptured GISTs appear
heterogeneous lesions with irregular margins, and internal
heterogeneous areas with a lamellated or whorled pattern,
reflecting necrosis or hemorrhage (Fig. 6). An air-fluid level
may be associated with these lesions secondary to the for-
mation of a fistula between an adjacent bowel loop and the
primary tumor (Fig. 6). However, pneumoperitoneum does
not commonly occur following GIST rupture because cap-
sular perforation of GISTs usually causes massive bleed-
ing resulting in hemoperitoneum. Ascites is an uncommon
presentation of non-ruptured GISTs, even in patients with
advanced peritoneal dissemination. Therefore, GIST rupture
should be suspected in cases of ascites or hemoperitoneum
accompanying these tumors [8, 18]. GIST rupture increases
the risk of tumor recurrence secondary to peritoneal seed-
ing; thus, adjuvant treatment with tyrosine kinase inhibitors
should be considered in such cases [19].

Fig.4 A 57-year-old woman with perforated diffuse large B-cell lym-
phoma in the small bowel. a, b Contrast-enhanced CT scans show
segmental hypoattenuated wall thickening (arrows) with a focal wall
defect (arrowhead) and dilated bowel lumen. Homogeneous enlarged
lymphadenopathy is observed in the small bowel mesentery (white
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asterisks) and left paraaortic area (black asterisk). ¢ The resected
specimen of the jejunal segmental resection shows the perforated
mucosa (arrow) in the erythematous elevated lesion (lymphoma) of
the jejunum
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Fig.5 A 63-year-old man with perforated enteropathy-type peripheral
T-cell lymphoma in the small bowel. a Upper gastrointestinal series
image shows contrast leakage (arrow) at the proximal jejunum. b, ¢

Fig.6 A 59-year-old man with
ruptured ileal GIST. Axial (a)
and coronal-reformatted (b)
contrast-enhanced CT scans
show a heterogeneous necrotic
ileal mass (arrows) with
exophytic growth. Intratumoral
gas (asterisk), disruption of

the tumor wall (arrowhead),
and peritumoral inflammatory
stranding suggest tumor rupture.
The mass was confirmed as a
high risk of malignant potential
GIST

Metastasis

GI metastasis can cause serious complications, such as per-
foration, obstruction, intussusception, and hemorrhage. Per-
foration of GI metastasis is an emergency and is associated
with a high mortality risk and poor prognosis. The mecha-
nism of perforation of GI metastases is attributed to spon-
taneous tumor necrosis, chemotherapy-induced necrosis, or
increased luminal pressure secondary to bowel obstruction
[20].

Common primary tumors that cause perforation of GI
metastases include lung, colon, uterine, ovarian, and breast
cancers, as well as melanoma [21]. Lung cancer metasta-
ses show a greater tendency to undergo necrosis than that
observed with other malignant metastases. The small bowel
is commonly involved and the jejunum is more commonly
affected by the perforation than the ileum. CT findings of GI
metastases are nonspecific such as an intraluminal polypoid
mass or wall thickening with variable enhancement (Fig. 7).
However, most cases of GI perforations show features of
wall thickening. Only a small quantity of free air is observed
in the vicinity of the perforated bowel because the small
bowel is the preferred site of perforation [22].

Contrast-enhanced CT scans do not show a wall defect or extralunmi-
nal free air. Mild wall thickening (arrows) with luminal dilatation is
visualized in the proximal jejunum

Appendiceal mucinous neoplasm

An appendiceal mucinous neoplasm is usually larger
and ruptures more easily than a non-neoplastic mucocele
because it is associated with continued mucin production
and neoplastic excretion. The tumor penetrates the appendi-
ceal wall and causes localized sealing-off of the appendix,
or it may progress to diffuse intraperitoneal mucious ascites
(referred to pseudomyxoma peritonei) over months or even
years. Pseudomyxoma peritonei causes intestinal obstruction
and is often fatal [23].

Accurate preoperative diagnosis of mucinous cystic
neoplasms is important for appropriate surgical treatment.
The typical CT findings of an appendiceal mucocele are
a thin-walled cystic dilated appendix (> 1.3 cm) occa-
sionally showing mural calcification (Fig. 8). A focal
wall defect with localized or diffuse extra-appendiceal
low-attenuation mucinous fluid indicates a perforation
(Fig. 8). Scalloping of the visceral surface of the liver
or spleen is the characteristic feature of pseudomyxoma
peritonei [8]. Patients with a mucinous adenocarcinoma
show a high risk of perforation and poorer prognosis than
patients with low-grade appendiceal mucinous neoplasm
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Fig.7 A 37-year-old man who underwent total gastrectomy for gas-
tric cancer, with perforated metastatic colon cancer. Axial (a, b) and
coronal-reformatted (c¢) contrast-enhanced CT scans show focal wall
thickening with enhancement (arrows) and stricture in the transverse
colon. Adjacent abscess formation (arrowheads in b, ¢) with minimal

Fig.8 A 64-year-old woman
with perforated appendiceal
mucinous neoplasm. Axial (a)
and coronal-reformatted (b)
contrast-enhanced CT scans
show a dilated appendix (aster-
isks) with rim calcification. An
appendiceal wall defect (arrow)
and localized fluid collection
(arrowheads) are observed and
represent pseudomyxoma peri-
tonei. The mass was confirmed
as an appendiceal mucinous
adenocarcinoma

because cellular mucin spreading beyond the right lower
quadrant occurs more aggressively in the former. CT evi-
dence of enhancing wall nodularity or irregularity raises
the suspicion of mucinous adenocarcinoma [24].

Advanced stage and high-grade lesions, spread of
mucus beyond the right lower quadrant, and cellular
extra-appendiceal mucin are significant prognostic factors
in these cases. Perforation and spillage of cellular mucin
even when localized to the right lower quadrant is associ-
ated with a greater risk of recurrence than that observed
with extra-appendiceal acellular mucin. Appendectomy or
cecectomy is preferred in patients of perforated low-grade
appendiceal mucinous neoplasm with extra-appendiceal
acellular mucin, whereas laparotomy may be required to
confirm peritoneal dissemination in cases with cellular
mucin spread. Patients with peritoneal deposits should
undergo additional surgical debulking and intraperitoneal
chemotherapy [23, 25].
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quantity of extraluminal air is visualized, suggesting sealed-off perfo-
ration of metastatic colon cancer, although the wall defect is not defi-
nitely visualized on CT. Metastaic adenocacinoma of the transverse
colon was confirmed by colonosopic biopsy

Non-neoplastic conditions

Peptic ulcer disease

Peptic ulcer disease is a major cause of non-traumatic gas-
troduodenal perforation. The lifetime prevalence of perfora-
tion in patients with peptic ulcer disease is approximately
5%. Perforated peptic ulcer (PPU) often presents with an
acute abdomen with a high mortality rate ranging from
13-20%. Risk factors associated with PPU include older
age, multiple comorbidities, and the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) or steroid [26].

PPU is commonly identified in the gastric antrum and
the duodenal bulb, whereas traumatic perforations occur
in the 2nd or the 3rd portion of the duodenum. Charac-
teristic CT findings of PPU include ulceration of the gas-
troduodenal wall with preserved normal gastric wall strati-
fication (Fig. 9). Strong enhancement of the ulcer, marked
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Fig.9 A 45-year-old man with gastric ulcer perforation. a CT scan
with lung window setting shows a large amount of pneumoperito-
neum (asterisk) in the perihepatic space and the lesser sac. The falci-
form ligament is well visualized (the falciform ligament sign, arrow).

periulceral wall thickening, and loss normal wall stratifica-
tion are findings that favor the presence of a malignant ulcer.
Pneumoperitoneum is the most sensitive finding, and can
be extensive in the intra-abdominal cavity (Fig. 9). Air bub-
bles in contact with the stomach or duodenum is a specific
finding in patients with PPU. Perigastric or periduodenal
fluid, and adjacent fat stranding are sensitive, but less spe-
cific findings [27].

Although clinically stable patients with sealed-off perfo-
ration are occasionally managed conservatively, PPU is pri-
marily managed surgically. However, outcomes in patients
surgically may be unfavorable, regardless of the repair per-
formed [26].

Inflammatory bowel disease

Crohn’s disease (CD) is a common inflammatory condition
affecting the small bowel. Free perforation occurs in 1-3% of

b Coronal-reformatted contrast-enhanced CT scan shows outpouch-
ing focal ulceration (arrow) in the lesser curvature of the gastric
antrum, indicating a benign ulcer

all cases of CD as an initial manifestation of this condition
or during the course of the disease (Fig. 10). Although the
mechanism of free perforation is debatable, it can be caused
by upstream bowel dilatation complicated by stenosis with
increased intraluminal pressure. Exacerbation of toxic coli-
tis also contributes to ischemia-induced bowel perforation,
and bowel resection is warranted in such cases [28]. CD is
a chronic condition that often follows a relapsing—remitting
course; therefore, the perforation is usually sealed-off by the
surrounding omentum and other viscera. Thus, sinus tract,
fistula, and sealed-off perforations are more common than
acute free perforation. This condition is not an emergency
and can be treated with elective surgery [27, 29]. Mural
thickening with the target sign, comb sign (prominent vasa
recta), and fibrofatty proliferation are CT features that sug-
gest underlying CD (Fig. 10). Mesenteric or intra-abdominal
abscess or phlegmon, or a fistulous tract or extraluminal air
in close to the involved bowel loops raises perforation [27].

Fig. 10 A 23-year-old man with Crohn’s disease with free perfora-
tion. a Contrast-enhanced CT scan shows a wall defect (arrow) in the
small bowel and multiple extraluminal air bubbles (arrowheads). On
contrast-enhanced CT scans, wall thickening in the ileocolic valve

(arrow in b), diffuse wall thickening with enhancement (arrows in ¢)
in the ileum, and prominent vasa recta (asterisk in ¢) suggest active
inflammatory Crohn’s disease
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Free perforation associated with ulcerative colitis (UC)
is a rare complication that occurs in approximately 2% of all
cases. Unlike CD, UC primarily affects the mucosal layer of
the colon and rectum. Thus, free perforation in patients with
UC is associated with toxic megacolon during the course
of a severe fulminating disease that is caused by extensive
inflammation beyond the mucosal layer, with consequently
impaired colonic motility and dilatation [29]. The radiologi-
cal hallmark of active UC is the presence of colonic mural
thickening and enhancement. A distended colon with an
abnormal haustral pattern and segmental colonic parietal
thinning is pathognomonic of toxic megacolon and emer-
gency colectomy is warranted to treat the perforation [30].

Appendicitis

Appendiceal perforation is a complication of acute appendi-
citis that occurs in 18-35% of patients presenting with this
condition [31]. Simple appendectomy can effectively treat
non-perforated appendicitis and is associated with a shorter
hospital stay than a laparoscopic appendectomy, which is
more difficult in cases with perforation. Moreover, conver-
sion to open appendectomy is needed in a few cases. Thus,
the treatment strategy usually involves initial nonsurgical
management with the administration of antibiotics or percu-
taneous drainage, followed by interval appendectomy. Thus,
prompt identification of appendiceal perforation is impor-
tant considering the surgical implications and complications.
However, differentiation of a nonperforated from perforated
appendicitis is not simple, because perforated appendicitis
can be a localized process without a typical clinical presen-
tation. Moreover, the amount of extraluminal air is usually
small or absent in perforated appendicitis [2].

Recently, CT is being considered as the imaging modality
of choice to accurately diagnose acute appendicitis to avoid
the complications associated with perforations, as well as to
identify the early signs of inflammation and impending per-
foration that warrant prompt surgical intervention [32]. CT
findings including the presence of extraluminal air, extralu-
minal appendicolith, abscess, phlegmon and a focal defect
in the enhancing appendiceal wall are useful to improve the
diagnostic accuracy of CT in cases of perforated appendicitis
(Fig. 11) [33].

Diverticulitis

Diverticular perforation can complicate diverticulitis.
Perforated diverticulitis warrants aggressive therapy and/
or operative management. Diverticular perforation ranges
from mild phelgmonous change, abscess formation, micro-
perforation with peritonitis, rarely to free perforation with
fecal peritonitis. Perforated diverticulitis may occur at any
colonic site; however, sigmoid colon is the most common
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Fig. 11 A 56-year-old woman with perforated appendicitis. Coronal-
reformatted contrast-enhanced CT scan shows a focal wall defect
(arrowhead) in the tip of the appendix, an appendicolith (arrow), and
periappendiceal abscess (asterisk)

affected [27]. Typical CT features of perforated diverticuli-
tis include a thickened bowel wall, inflamed diverticulum,
disproportionate pericolic fat stranding, pericolic abscess or
small quantities of extraluminal air (Fig. 12) [34]. Pneumo-
peritoneum does not commonly occur in patients with per-
forated diverticulitis [35]. Notably, specific CT criteria are
required to differentiate diverticulitis from colon cancer. CT
findings that typically suggest diverticulitis are the presence
of inflamed diverticula, a stenotic bowel segment measur-
ing > 10 cm in length, sloping transition zones, colonic wall
thickness < 1 cm, and the absence of enlarged pericolonic
lymph nodes. Nevertheless, this diagnosis remains difficult
[36].

Ischemic

Diffuse or localized vascular insufficiency of the GI wall
secondary to multiple causes leads to ischemia and infarc-
tion, with consequent perforation. This condition may occur
secondary to direct vascular occlusion, strangulated bowel
obstruction, hypoperfusion associated with nonocclusive
vascular disease, and/or various vasculitides. CT findings
of Gl ischemia vary and are determined by the etiology, the
severity of bowel ischemia (superficial mucosal ischemia
vs. transmural necrosis/infarction), and the presence and
degree of intramural hemorrhage, edema, and/or superin-
fection [37]. Common CT findings of GI ischemia leading
to perforation include a thin-wall bowel, hypoenhancement
or lack of bowel enhancement, localized mesenteric edema,
gas through the mesenteric vein into portal vein, and/or
pneumatosis intestinalis (Fig. 13). Evaluation of arteries and
veins from diseased bowel helps in determining the etiol-
ogy of bowel ischemia (embolic, thrombotic, or dissection-
induced) (Fig. 13). In general, usually, intestinal ischemia
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with perforation is treated surgically, although additional
treatment varies based on the cause of ischemia [38].

Sterocoral

Sterocoral perforation is rare and refers to localized
mucosal ulceration and ischemic necrosis of the bowel
wall caused by a stercoraceous mass. Most (77%) often
involves the sigmoid colon or the rectum. Risk factors
include conditions leading to longstanding constipation

Fig. 12 A 63-year-old man
with perforated diverticulitis

in the ascending colon. a, b
Contrast-enhanced CT scans
show an inflamed diverticulum
(arrows) in the ascending colon
and extraluinal gas (arrowhead
in b) adjacent to the diverticu-
lum. Disproportionate pericolic
fat stranding is also noted
(asterisks)

Fig. 13 An 80-year-old man
with superior mesenteric artery
(SMA) thrombosis and pneu-
moperitoneum. a CT scan with
lung window settings shows
subdiaphragmatic air bubbles
(arrowheads). b Contrast-
enhanced CT scan shows

SMA thrombosis (arrow) and
a lack of bowel enhancement
in the thin-walled small bowel
(arrowhead) with accompanying
ascites

Fig. 14 An 87-year-old woman
with stercoral perforation. a, b
Contrast-enhanced CT scans
show a focal wall defect (arrow)
in the rectum of fecal impaction
(asterisks), rectal wall thicken-
ing with enhancement, and
extraluminal gas (arrowhead) in
the perirectal space

as drugs (narcotics, NSAIDs, analgesia, and methadone),
scleroderma and obstructing colonic lesions (neoplasm
or stricture), old age, and chronically bedridden state.
CT findings of stercoral perforation include pericolic
fat stranding in the segment of the bowel showing fecal
impaction, focal colonic wall thickening secondary to
ischemia- and ulceration-induced edema, extraluminal
air bubbles, or abscess formation (Fig. 14). Treatment is
resection of the affected bowel, colostomy and creation of
Hartmann’s pouch [31, 39].
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Fig. 15 An 86-year-old man
with pneumatosis intestinalis. a
CT scan with lung window set-
ting shows pneumoperitoneum
(arrows) in the perihepatic
space. b CT scan with lung
window setting shows linear
intramural air bubbles (arrow-
heads) in the small bowel and
air in the small bowel mesentery
(arrows)

\_/

Table 1 CT findings of underlying causes in GI perforation

Underlying disease Common sites CT appearances
Adenocarcinoma Stomach, colon Irregular wall thickening with enhancement, metastatic lymphadenopathy or metastasis
Lymphoma Small bowel Homogenous-attenuated wall thickening with aneurysmal luminal dilatation, lymph
node enlargement, and hepatosplenomegaly
GIST Stomach, small bowel Large, exophytic, necrotic submucosal mass
Ascites or hemoperitoneum raises suspicion of rupture
Metastasis Jejunum Focal wall thickening, coexistence of primary malignancy
Mucocele Appendix Cystic dilated appendix with mural calcification, low-attenuated fluid with scalloping

of the liver or spleen (pseudomyxoma peritonei)

Peptic ulcer Stomach, duodenum

Crohn’s disease Small bowel

Acute appendicitis Appendix
Diverticulitis Sigmoid colon
Ischemia Small bowel, colon

Stercoral colitis Sigmoid, rectum

Focal ulceration of the bowel wall, preserved normal gastric wall stratification
Multifocal wall thickening with target sign, comb sign, sinus tract, fistula or abscess
Appendix wall thickening, periappendiceal inflammation, and appendicolith
Inflamed diverticulum, disproportionate fat stranding around the diverticulum
Mural thickening or thin-walled bowel, decreased bowel enhancement

Fecal impaction with thickened bowel

Mimicker: balanced pnemoperitoneum

Pneumatosis intestinalis is defined as the presence of gas
within the GI wall. Pneumatosis intestinalis may be ido-
pathic or might be associated with various disorders. Air
dissection from subserosal cysts may cause intraperitoneal
free air. Free intraperitoneal air causes tamponade of sub-
serosal cysts, thus maintaining a balance between intacystic
air and pneumoperitoneum (therefore referred to as balanced
pneumoperitoneum) (Fig. 15). This condition should not be
used as the sole indication to perform laparotomy. Approxi-
mately 50% of cases of balanced pneumoperitoneum can be
successfully managed non-operatively. Emergency surgery
may be essential, particularly in patients with signs of stran-
gulated bowel obstruction or ischemia [40].

Conclusion
CT shows high diagnostic performance in detecting and

localizing GI perforation by demonstrating direct signs of
perforation such as discontinuity of the bowel wall or the
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presence of extraluminal free air and indirect signs such
as the presence of phlegmon, abscess, peritoneal fluid,
or extraluminal foreign body. Additionally, CT facilitates
accurate assessment of underlying causes of GI perforation
by identifying typical imaging features of various GI dis-
eases (Table 1). Clinicians need to be familiar with specific
CT findings associated with various conditions causing GI
perforation and their correlation with relevant clinical set-
ting to ensure prompt accurate diagnosis and treatment in
an attempt to reduce mortality and morbidity rates in these
patients.
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