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Abstract

Gastrointestinal tract perforation is an emergent condi-
tion that requires prompt surgery. Diagnosis largely de-
pends on imaging examinations, and correct diagnosis of
the presence, level, and cause of perforation is essential
for appropriate management and surgical planning.
Plain radiography remains the first imaging study and
may be followed by intraluminal contrast examination;
however, the high clinical efficacy of computed tomo-
graphic examination in this field has been well recog-
nized. The advent of spiral and multidetector-row
computed tomographic scanners has enabled examina-
tion of the entire abdomen in a single breath-hold by
using thin-slice sections that allow precise assessment of
pathology in the alimentary tract. Extraluminal air that
is too small to be detected by conventional radiography
can be demonstrated by computed tomography. Indirect
findings of bowel perforation such as phlegmon, abscess,
peritoneal fluid, or an extraluminal foreign body can also
be demonstrated. Gastrointestinal mural pathology and
associated adjacent inflammation are precisely assessed
with thin-section images and multiplanar reformations
that aid in the assessment of the site and cause of per-
foration.
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Gastrointestinal (GI) tract perforation is an emergent
condition that usually requires prompt surgery. It can
result from different spontaneous, traumatic, or iatro-

genic causes and has variable clinical presentations,
particularly in the early clinical course. Diagnosis lar-
gely depends on imaging examinations, and correct
diagnosis of the presence, level, and cause of perfora-
tion is important for appropriate patient management
and surgical planning. The diagnosis of GI tract per-
foration is generally based on identification of extralu-
minal leakage and consequent inflammatory reaction
around the perforated site. Plain radiography remains
the first imaging study and may be followed by luminal
contrast examination; however, the high clinical efficacy
of computed tomographic (CT) examination in this field
has been well recognized [1–19]. The advent of spiral
and multidetector-row CT scanners has enabled exam-
ination of the entire abdomen in a single breath-hold by
using thin-slice that allow precise assessment of
pathology in the alimentary tract [2]. In this article, the
characteristic CT findings indicating the presence, sites,
and causes of perforation are described, and CT
appearances of GI tract perforation at various levels are
demonstrated.

Plain radiography and contrast
examination

Plain radiography has been the first modality of choice in
patients with suspected GI tract perforation. The hall-
mark of alimentary tract perforation on plain films is the
presence of air outside the gut lumen. The extraluminal
air may be in the free peritoneal cavity, retroperitoneal
spaces, mesentery, or ligaments of organs. Pneumomed-
iastinum and/or subcutaneous emphysema may also be
seen. In addition to upright and supine abdominal
radiographic images, upright chest films and/or left lat-
eral decubitus abdominal films should be included for theCorrespondence to: A. Furukawa; email: akira@belle.shiga-med.ac.jp
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assessment of GI tract perforation [20]. However, ex-
traluminal air may not be demonstrable if the perfora-
tion is very small, self-sealed, or well contained by
adjacent organs. The reported sensitivity in the detection
of extraluminal air on plain radiography is 50% to 70%
[1, 21–23]. When perforation of the gut is not demon-
strable by plain radiography and a more precise assess-
ment regarding the specific site and cause of perforation
is needed, a contrast examination may be indicated
(Figs. 1, 2). Water-soluble iodinated contrast material is
administrated orally or transrectally depending on the
suspected site of perforation. Although initial use of
barium in patients with a known or suspected perfora-
tion is contraindicated, it may be used when the water-
soluble iodinated contrast material fails to demonstrate
extraluminal leakage [23, 24].

Computed tomography

CT is an easy and very sensitive imaging modality in
diagnosing GI tract perforation. It can display intra- and
extraperitoneal air that is too small to be demonstrated
on plain radiography [3–5, 23]. In addition to the pres-
ence, site, and cause of perforation and associated
complications such as phlegmon, abscess and peritonitis
can be demonstrated in most cases. The entire abdomen
including the level above the diaphragm to the bottom of
the pelvis should be scanned by using 1- to 2.5-mm col-

limation when a multidetector row CT scanner is used.
Contiguous axial images 5 to 7 mm thick are obtained
and thinner sections or multiplanar reconstruction may
be applied when necessary. Oral or rectal contrast
administration before the examination is recommended,
although extraluminal leakage of contrast is not a fre-
quent CT finding in patients with alimentary tract per-
foration [1]. Use of intravenous contrast injection (300 to
370 mg I/mL; 100 to 150 mL at a rate of 2 to 3 mL/s) is
necessary and will aid in the assessment of the site and
cause of perforation (Fig. 3). Diagnosis of alimentary
tract perforation is based on direct findings of extralu-
minal air or luminal contrast material and discontinua-
tion of the GI wall and on indirect findings of abscess
and an inflammatory mass or phlegmon related to the
bowel with or without associated an enterolith or foreign
body (Figs. 3–10) [1, 5, 6]. To enhance sensitivity to de-
tect extraluminal air, CT images should also be assessed
in the wide window setting that distinguishes air from fat
densities (Fig. 11) [1, 25]. Particular attention should be
paid to the anterior peritoneal surfaces of the liver and
midabdomen and among the peritoneal folds so as not to
overlook a small amount of extraluminal air (Figs. 12,
13) [1, 25]. The site of perforation can be assessed by CT
findings of (a) discontinuation of the GI wall, (b) the site
of luminal contrast medium leakage, (c) the level of bo-

Fig. 1. Contrast enema study in a patient with spontaneous
sigmoid colonic perforation. Extravasation of luminal contrast
medium is demonstrated.

Fig. 2. Barium enema study in a patent with Crohn disease.
Extravasation of barium demonstrates sinus tracts in the
descending colon.
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wel obstruction, and (d) abrupt GI wall thickening with
or without an associated phlegmon, inflammatory mass,
or abscess (Figs. 3–10, 14, 15) [5]. The site of perforation
can also be assessed by the amount and location of ex-
traluminal air on CT images. A large amount of intra-
peritoneal air usually indicates gastroduodenal
perforation, except for bowel perforation which is caused
by obstruction or an endoscopic procedure. Air in the
lesser sac is commonly due to posterior perforation of the
stomach (Fig. 16) or duodenum [20, 26] or, less com-

monly, from rupture of the lower esophagus [27, 28] or
transverse colon [20]. Free air confined in the intrahe-
patic fissure of the ligamentum teres can be seen in the
perforation of the duodenal bulb (Fig. 17) or stomach
[29, 30]. Air trapped in the mesenteric folds is found in
perforation of the colon and small bowel but is seldom
seen in gastric perforation. A pneumoretroperitoneum is
caused by perforation of any site where the alimentary

Fig. 4. Contrast-enhanced abdominal CT image of a patient
with a perforated gastric peptic ulcer. Discontinuation of the
gastric wall on the lesser curvature (arrowhead) indicates the
perforated gastric ulcer.

Fig. 5. Contrast-enhanced abdominal CT image of a patient
with perforated gastric peptic ulcer disease. Discontinuation
of the gastric wall is caused by a deep ulcer (arrowhead)
associated with surrounding mural thickening.

Fig. 3. Unenhanced (Left) and contrast-enhanced (Right)
abdominal CT images of a patient with a perforated gastric
ulcer. A large quantity of peritoneal fluid and free air anterior
to the liver surface are demonstrated. A small amount of air in

the intrahepatic fissure for the ligamentum teres can also be
seen (arrowheads). A deep ulcer is clearly demonstrated on
the greater curvature of the stomach on contrast-enhanced
CT (arrow).
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tract is extraperitoneal; normally these sites are the
duodenum (descending and horizontal segments),
ascending and descending colon, and rectum (Figs. 6, 9)
[20]. Perforation of the sigmoid diverticula also causes a
pneumoretroperitoneum because three-fourths of the
diverticulum is located in the extraperitoneum (Figs. 18,

19) [31–33]. Gas in the retroperitoneum dose not spread
freely as in the peritoneal space. Specifically, when the
amount is small, it tends to remain regional with respect
to the boundaries of the retroperitoneal compartment in
which it arises [20, 34, 35]. In general, extraperitoneal gas
that originates in the pelvis commonly spreads bilaterally
into the anterior and/or posterior pararenal spaces,
whereas gas that originates above the pelvic brim tends
to remain unilateral and does not cross the midline.
Therefore, gas in the right anterior pararenal space
indicates duodenal or ascending colon perforations,
whereas gas in the left anterior pararenal space indicates
descending or sigmoid colon perforations. Bilateral

Fig. 6. Contrast-enhanced pelvic CT image of a patient with
iatrogenic rectal perforation. Discontinuation of the rectal wall
is identified on the left side (arrowhead). Inflammatory change
in the perirectal fat tissue and a small amount of ascites are
displayed.

Fig. 7. Contrast-enhanced pelvic CT image of ileal perfo-
ration in a patient with Crohn disease. An abscess in the right
abdominal wall indicates perforation (arrowhead).

Fig. 8. Unenhanced pelvic CT image of an ileal perforation
caused by a blunt abdominal trauma. Air bubbles and hazy
density in the fat issue are observed around the perforated
ileal loop (arrowhead).

Fig. 9. Duodenal perforation caused by migration of a
metallic biliary stent. Migration of the stent and pneumoret-
roperitoneum in the anterior and posterior pararenal spaces
are visible.
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pneumoretroperitoneum is caused by rectal perforation
[31]. Although air in the peritoneal space can reach the
retroperitoneum and vice versa [34], intraperitoneal and
extraperitoneal air should suggest an extraperitoneal
structure as the source [31]. It should be noted that
pneumoperitoneum and pneumoretroperitoneum occur
without GI tract perforation [20, 35]. Pneumoperitone-

um may be seen as a consequence of gastric distention,
diverticulosis, pneumatosis cystoides intestinalis, or
scleroderma. Intraperitoneal air may also arise from the
thorax or female genital tract [36–38]. Pneumoretro-
peritoneum can be caused by air from pneumomediasti-
num.

Level and cause of perforation

Gastroduodenal perforations

Peptic ulcers are the main cause of gastroduodenal per-
foration, followed by necrotic or ulcerated malignancies.
Recently, however, the number has been decreasing be-
cause of improvements in procedures for earlier diag-

Fig. 11. Small amounts of air at the anterior abdominal
surface and in the retroperitoneum (arrowheads). The pres-
ence of air is more confidently identified on a CT image with a
wide window setting than with a conventional window setting.

Fig. 12. Contrast-enhanced CT image in a patient with
duodenal perforation. An air bubble is seen at the anterior
peritoneal surface of the liver (arrowhead).

Fig. 13. Contrast-enhanced CT image of an ileal perforation
in a patient with Crohn disease. An air bubble is seen adjacent
to the perforated ileal loop (arrowhead).

Fig. 10. Ileal perforation caused by a fish bone. Ileal wall
thickening, an abscess in the abdominal wall adjacent to it,
and a fish bone (arrowhead) in the abscess are demon-
strated.
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nosis and patient management. Conversely, iatrogenic
and traumatic injuries have increased as causes of gas-
troduodenal perforation [23]. The most common and
consistent CT findings of gastroduodenal perforation are
extraluminal air and leakage of luminal contrast. Ex-
traluminal air is usually large in amount and it is fre-
quently seen around the liver and stomach [7]. Air in the
lesser sac and the intrahepatic fissure of the ligamentum
teres is characteristic of gastroduodenal perforation as
mentioned previously (Figs. 16, 17) [20, 26, 29, 30]. Sites

of perforation are frequently assessed by CT findings of
ulceration or focal interruption of the gastroduodenal
wall and abrupt wall thickening associated with adjacent
increased fat density (Figs. 3–5, 14, 15). Gastroduodenal
perforation from traumatic injuries occurs predomi-
nantly in the descending and horizontal segments of the
duodenum, mostly by blunt trauma in children and by
penetrating trauma in adults, and cause pneumoretro-
peritoneum in the anterior pararenal space [8]. CT is
helpful in distinguishing a duodenal hematoma from a
perforation [9, 10].

Fig. 14. Contrast-enhanced CT image in a patient with
gastric perforation. Prominent wall thickening is seen at the
pyloric antrum (arrow).

Fig. 15. Contrast-enhanced CT image in a patient with
duodenal perforation. Mural thickening of the duodenal bulb
and adjacent air bubbles are visible (arrow).

Fig. 16. Contrast-enhanced CT image in a patient with
gastric perforation. Air in the lesser sac is visible (arrow).
Large amounts of ascites and free air in the anterior perito-
neal surface of the liver are demonstrated.

Fig. 17. Contrast-enhanced CT image of duodenal bulb
perforation. Air in the intrahepatic fissure for the ligamentum
teres is visible (arrows). Peritoneal fluid and free air in the
anterior peritoneal surface of the liver are demonstrated.
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Small bowel perforations

The incidence of small bowel perforation is low but can
develop from a variety of causes including ischemic or
bacterial enteritis, Crohn disease (Figs. 7, 13), divertic-
ulitis, ingested foreign bodies (Fig. 10), bowel obstruc-
tion, volvulus, and intussusception [23, 39]. Abdominal
trauma (Fig. 8), iatrogenic injury, and postoperative
perforation or anastomotic leakage also can cause small
bowel perforation [23]. In contrast to gastroduodenal
perforation, the amount of extraluminal air in small

bowel perforation is small or absent in most cases, and
extraluminal air is detected in only approximately 50% of
cases even with CT examination [11]. A small amount of
gas trapped in the mesenteric folds and indirect findings
indicating a perforation should be carefully evaluated

Fig. 18. CT images of perforated sigmoid colonic diverticulitis (Left cephalad to Right). Prominent mural thickening of the
sigmoid colon and hazy density of the surrounding fat tissue are observed. Extraluminal air adjacent to the sigoid colon
(pneumoretroperitoneum) is seen (arrow).

Fig. 19. CT image at the level of the left kidney in a patient
with a rupture of the sigmoid colon. Pneumoretroperitoneum
is observed in the anterior pararenal space.

Fig. 20. CT image of acute appendicitis without perforation.
The dilated appendix is associated with an appendicolith and
surrounding inflammatory change.
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with CT [11]. When CT findings are nondiagnostic and
obvious clinical signs of perforation are absent, close
monitoring with repeated CT examination may be indi-
cated. Postoperative perforation or anastomotic leakage
usually occurs within the first week after surgery. Be-
cause extraluminal air in this period is present in every
patient, it cannot be a hallmark of the presence of
intestinal perforation or leakage. Perforation or leakage
should be suspected with persistent or progressively
increasing free air and must be confirmed by contrast
examination with water-soluble iodinated contrast
material [11, 23, 40].

Appendiceal perforations

CT has been established as the imaging study of choice
for the diagnosis of acute appendicitis, with sensitivities
and specificities ranging from 94% to 98% based on
findings of a thickened appendix with some degree of
adjacent inflammation (Fig. 20) [12–17]. Surgery is
indicated for most patients with acute appendicitis, but it
tends to be avoided once perforation has occurred
because of the relatively high rates (12% to 30%) of
perioperative complications [12, 17, 41]. Therefore, dis-
tinguishing nonperforated from perforated appendicitis
is clinically important but not always simple because
rupture of the appendix can be a localized process and
may not show typical clinical presentation. In addition,
the amount of extraluminal air is usually small or absent,
usually no more than 1 or 2 mL, in perforated appen-
dicitis because acute appendicitis is typically initiated by
luminal obstruction [20]. High performance of CT

diagnosis for perforated appendicitis has recently been
reported with combined findings of extraluminal air,
extraluminal appendicolith, abscess, phlegmon, and a
defect in enhancing the appendiceal wall with a sensi-

Fig. 21. Contrast-enhanced CT image of a perforated appendicitis in (Left) axial and (Right) coronal sections. An inflammatory
mass is displayed adjacent to the cecum (arrows). The proximal site of the appendix is not identifiable.

Fig. 22. Contrast-enhanced CT image of perforated acute
appendicitis. Phlegmon associated with gas bubbles is dem-
onstrated at the periappendiceal region. The appendix itself is
not visible.
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tivity of 94.9% and a specificity of 94.5% (Figs. 21–23)
[12, 17]. CT should be indicated for patients with known
or suspected acute appendicitis to assess severity and
exclude other conditions.

Large bowel perforations

Malignant neoplasm (Fig. 24), diverticulitis (Fig. 18),
and spontaneous perforation (Fig. 25) are major causes
of large bowel perforation, followed by trauma, ische-
mia, and different inflammatory lesions and iatrogenic
causes [18, 19, 23]. Perforations from malignant neo-
plasm, spontaneous perforation, diverticulitis, blunt
trauma, and ischemia tend to occur in the left colon,
whereas those from inflammatory lesions and penetrat-
ing trauma are frequently observed in the right colon [23,
42]. The cecum is predisposed to perforate when the in-
traluminal pressure of the colon is increased, as in cases
of bowel obstruction and toxic megacolon. The rectum
and sigmoid colon are the predominant sites of iatro-
genic injuries [23]. Perforations of the large bowel may
occur in intraperitoneal or retroperitoneal spaces,
depending on the portion that perforates. A large
amount of free air is seen when perforation complicates
bowel obstruction or an endoscopic procedure [23, 43].
In cases of perforated diverticulitis, the amount of ex-
traluminal air is usually small and perforation usually
occurs into the retroperitoneal space because most div-

erticula of the colon are located in the retroperitoneum
between the taenia mesocolica and libera and between
the taenia mesocolica and omentalis [31–33]. The amount
of extraluminal air is usually small in cases of perforated
colorectal neoplasm without bowel obstruction. Barium
or water-soluble contrast enema may be indicated when
extraluminal air is not visible on plain radiography;
however, the sensitivity of contrast enema study is not
always high and it should be used prudently in cases

Fig. 23. Contrast-enhanced CT image of perforated
appendicitis. A large abscess containing gas bubbles is ob-
served at the periappendiceal region. The appendix itself is
not identified.

Fig. 24. Contrast-enhanced CT image of sigmoid colon
perforation caused by cancer. Mural thickening at the sigmoid
colon indicates the presence of cancer (arrow). Extraluminal
air (arrowhead) and increased fat density in the pelvis are
visible.

Fig. 25. Contrast-enhanced CT image of spontaneous per-
foration of the sigmoid colon (the same patient as shown in
Fig. 1). Perforated extraluminal feces display a unique
appearance of a mass with mottled radiolucence in the pelvis
(arrowheads).
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where the bowel wall is already weak and friable due to
inflammatory, ischemic, or neoplastic changes [23]. The
presence of an underlying colonic lesion and associated
extraluminal air and surrounding phlegmon and/or ab-
scess should be carefully examined with CT (Fig. 24)
[44]. In cases of spontaneous perforation of the colon,
which is occasionally seen at the sigmoid colon, perfo-
rated extraluminal feces demonstrate a unique appear-
ance of a mass with mottled radiolucence in the pelvis
(Fig. 25) [18, 44].

Conclusion

Correct diagnosis of the presence, level, and cause of
perforation is essential for appropriate management and
surgical planning in patients with GI perforation. CT
has high performance in diagnosing the presence of
perforation by demonstrating extraluminal air too small
to be detected by conventional radiography. Indirect
findings of bowel perforation such as phlegmon, abscess,
peritoneal fluid, or extraluminal foreign body can also be
demonstrated. With a spiral or multidetector row CT
scanner, GI mural pathology and adjacent inflammation
are precisely assessed with thin-section images and mul-
tiplanar reformations that aid in the assessment of the
site and cause of perforation.
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