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Abstract

Gastrointestinal tract perforation is an emergent
condition that requires prompt surgery. Diagnosis
largely depends on imaging examinations, and
correct diagnosis of the presence, level, and cause
of perforation is essential for appropriate manage-
ment and surgical planning. Although plain radi-
ography classically remains the first imaging
modality, the high clinical efficacy of computed
tomographic examination in this field has been
well recognized. CT semiology is based on direct
findings, including the identification of the bowel
wall interruption, and indirect findings, including a
pneumoperitoneum, a peridigestive infiltration,
and a bowel wall thickening. These findings have
different patterns according to the cause and the
site of the bowel perforation. This chapter
deals with the CT findings, CT pitfalls, and CT
impact in the diagnosis and management of bowel
perforation.

1 Introduction

Gastrointestinal (GI) tract perforations are a common
cause of acute abdominal pain syndrome. They
account for 1–3% of cases acute abdomen syndrome.
Diagnosing intestinal perforation is a surgical
emergency.

As for suspicion of obstruction and colic pain,
suspected perforation remains one of the indications
for abdominal plain film (APF). Nevertheless, the
development of computed tomography (CT) in
clinical management of acute abdominal pain along
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with the setting up of an accurate and efficient semi-
ology allowed improved diagnosis of GI tract per-
forations with respect to the presence, localization
site, and cause.

Early diagnosis of GI tract perforation together
with identification of the site and cause improves the
prognosis of GI tract perforation and has a great
impact on the therapeutic choice, including the type
of surgery and the means of access.

2 Pathology

2.1 Definition of a Bowel Perforation

GI perforations are discontinuities of the GI wall
which allow intestine lumen and peritoneal cavity or
subperitoneal or retroperitoneal spaces to commu-
nicate.

The peritoneal irritation may be caused by a
purulent fluid, as well as by an aseptic fluid (at least at
the beginning of the evolution), in particular in the
case of perforation of a gastroduodenal ulcer. Peri-
tonitis may be generalized or localized. When the
fluid bathes the entire peritoneal cavity, it is a gen-
eralized peritonitis. When only part of the abdominal
cavity is involved, it is a localized peritonitis. Some
localized peritonitis clinically manifest themselves as
plastic peritonitis, also called plastron, due to an
inflammatory reaction of the surroundings organs
(epiploic fat in particular). On palpation, the plastron
makes up a resisting mass, a ‘‘boardlike’’ abdominal
wall.

2.2 Causes of GI Tract Perforations

GI tract perforations can affect any segment of the
digestive tract, and complicate every digestive dis-
ease, whether tumoral, inflammatory, ischemic,
postradiation, or ulcerous. Nevertheless, in order of
frequency, perforations are most often the complica-
tion of a gastroduodenal ulcer or a sigmoid
diverticulitis.

2.2.1 Esophageal Perforation
Spontaneous perforations—not caused by a trauma
(mostly from iatrogenic or endoscopic causes)—of
the esophagus are commonly known as Boerhaave

syndrome. It differs from Mallory–Weiss syndrome,
in which lesions, often linear, occur within the
mucosa and the submucosa, and are characterized by
an upper hemorrhage (Rubesin and Levine 2003).
Similarly to Mallory–Weiss syndrome, it is postulated
to result from a sudden rise in intraluminal esophageal
pressure, commonly associated with vomiting (typi-
cally with alcoholism), which can induce a dilatation
of the lower esophagus, up to 5 times its normal
diameter. Perforation typically occurs at the weakest
point in the esophagus, at the left posterolateral wall
of the lower third of the esophagus (Korn et al. 2007).
Mediatinitis frequently is seen late in the course of
illness. The contiguous pleura is often ruptured.

2.2.2 Gastroduodenal Perforation
Perforations of a gastroduodenal ulcer represent the
leading cause of GI tract perforations. As an example,
in the largest series assessing multidetector CT in GI
perforations, more than half of the perforations were
related to a gastroduodenal ulcer (Imuta et al. 2007).
On the anatomopathologic plan, chronic ulcer is a
round or oval-shaped loss of deep substance, with
sharp margins, covered with a fake yellowish mem-
brane, amputating the muscularis, which becomes
sclerous. Depending on the depth of the parietal
lesion, true ulcer must be distinguished from abrasion,
erosion, and ulceration. Perforations complicate
2–10% of peptic ulcers (Ramakrishinan and Salinas
2007; Behrman 2005). They more frequently affect
the first part of the duodenum and its anterior face,
and more rarely the gastric antrum and the lesser
curvature. The prevalence of perforations is the same
for both gastric and duodenal ulcers. However, duo-
denal ulcers are 3 times more frequent than gastric
ulcers. The causes of perforations are dependent on
multiple factors, and are commonly associated with
Helicobacter pylori infections. Intake of nonsteroidal
anti-inflammatory drugs is found in about half of
cases of perforated ulcers. Cocaine was shown as an
important causative factor in perforated juxtapyloric
ulcers in a series of patients from an urban hospital
(Feliciano et al. 1999). Other rarer causes are asso-
ciated with an increased prevalence of digestive ulcer,
such as Zollinger–Ellison syndrome, in which ulcers
are more likely jejunum ulcers, and Crohn disease.

Gastric tumor perforations are rarer than ulcer per-
forations and can be associated with adenocarcinoma,
leiomyosarcoma, or lymphoma. The perforation is
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seldom the reason for the discovery of the gastric
tumor. Gastric penetrations associated with a lym-
phoma are often due to a lymphoma of the mucosa-
associated lymphoid tissue type. The perforation may
either be related to the evolution of the disease itself
or secondary to chemotherapy.

Gastric perforation may complicate gastric volvu-
lus (Fig. 1), which is a disease with a high rate of
perforation.

At the duodenal level, except from ulcer and tumor
perforations, duodenal diverticulum is a typical but
rare cause of digestive perforation. The most frequent
duodenal diverticula are juxtapapillary diverticula
created by herniation of the mucosa or submucosa
through the muscularis mucosae at a weak spot
known as the duodenal window. Perforation of those
diverticula is a rare complication, and is most com-
monly of a retroperitoneal site.

2.2.3 Small Bowel Perforations
Perforations of the small bowel are rare, besides
those related to ischemic causes. Perforations of
ischemic origin occur either in a context of
mechanical obstruction as a complication of ische-
mic digestive strangulation or in a context of primary
ischemia as a severity factor, most frequently asso-
ciated with arterial ischemia or low-debit ischemia,
rather than venous ischemia. Other causes are rare
and account for one case per year and for every
350,000 inhabitants (Kimchi et al. 2002). They
include Crohn disease, tumor, infection (tuberculosis,
opportunist infection), and jejunal or Meckel diver-
ticulitis. The pathophysiological changes, the
frequency, and the site of the perforation differ
according to the cause.

Small bowel perforation complicating mechanical
occlusion Obstruction is due to a band or internal or
external hernia. Strangulation complicates a mecha-
nism of incarceration with a severe proximal disten-
sion which induces a venous stasis, followed by an
arterial stasis, with pneumatosis and/or perforation.

Small bowel perforation complicating primary small
bowel ischemia This is a major complication of
digestive ischemia.

Crohn disease Besides ischemia, this is a leading
cause of small bowel perforation. Nevertheless, per-
forations represent a rare complication of Crohn dis-
ease, with an incidence of 1%. Other Crohn disease
perforating complications exist, such as loop–loop
bowel fistula and vesicular fistula.

Tuberculosis Abdominal tuberculosis can affect any
organ, although it is often secondary to pulmonary
tuberculosis. The ileocecal region is the most fre-
quently affected area in digestive tuberculosis
(Ha et al. 1999). Perforations observed in digestive
tuberculosis are rare, accounting for 1–10% of all
cases.

Lymphoma Roughly all lymphomas affecting the
digestive wall are non-Hodgkin lymphomas, mostly
of B type. The small bowel is, besides the stomach,
the mots common lymphoma digestive affection.
Lymphoma represents the most frequent cause of
small bowel tumor perforation. Such perforations are
more frequent in digestive affections associated with a
B-type lymphoma and can be chemotherapy-induced
(Ghai et al. 2007). Lymphomatous affections can be
either secondary, with digestive localizations associ-
ated with splenic or hepatic lymph nodes, or primary,

Fig. 1 Gastric volvulus.
Axial (a) and coronal
(b) views show a distended
stomach with a hyperdense
content, a thickened
gastric wall, and a
pneumoperitoneum
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with digestive tract localization only. Other malignant
small bowel tumors may be perforated and so may be
revealed by acute abdomen. Otherwise, in a patient
with a known small bowel tumor, chemotherapy may
favor perforation (Fig. 2).

Small bowel diverticulitis The small bowel divertic-
ulum can be either of a jejunal site, typically localized
on the mesenteric border of the intestine, or of an ileal
site, associated with a congenital Meckel diverticu-
lum. Jejunal diverticula are acquired, mostly occur-
ring between the sixth and the seventh decade of life.
They do not have muscular lining. Up to 10% of
patients presenting with jejunal diverticulitis will
have a small bowel perforation (Park et al. 2005) and
hemorrhage; perforations being the most fre-
quent complications. Complications secondary to
Meckel diverticulitis are rare, occurring in 2% of
patients presenting with Meckel diverticulum (Park
et al. 2005) (Fig. 3). Meckel diverticulum is a con-
genital abnormality, occurring in 1–3% of the
population.

Jejunal ulcer Jejunal ulcers can complicate Zollin-
ger–Ellison syndrome. Zollinger–Ellison syndrome is
characterized by hypersecretion of gastrin produced
by either pancreatic or duodenal endocrine tumors.

It is associated with ulcerations and jejunal ulcers
which can be perforated.

Vasculitis (aka angiitis) Numerous vasculitides can
lead to intestinal perforation, which typically occur
during attacks of the disease, and exceptionally are
the only manifestations. An anatomoclinical mis-
match often exists, and lack of abdominal contracture
is sometimes seen, especially in corticoid-treated
patients. Small bowel involvement predominates at
the ileal level, and perforations are often multiple.
Vasculitides are defined by an inflammation associ-
ated with necrosis of the vascular wall. They are
classified by anatomical and histological criteria, as
well as by the caliber of the affected blood vessels,
and the presence or absence of vascular granuloma
and parietal necrosis (Pagnoux et al. 2003). Vascu-
litides mainly leading to intestinal perforation include
polyarteritis nodulosa, Wegener syndrome, Churg–
Strauss syndrome, Behçet syndrome, and rheumatoid-
arthritis-associated vasculitides, with polyarteritis
nodulosa and Behçet syndrome being the most fre-
quent. In Behçet syndrome, digestive involvement
occurs in 10–50% of patients with relatively ubiqui-
tous localization, predominating in the terminal ileus
and cecum. Predominant lesions are generally large

Fig. 2 Small bowel tumor perforation under chemotherapy.
Axial (a) and coronal (b) views show a thickening of the bowel
wall involving a large part of the small bowel because of
peritonitis but which is more pronounced at the site of the

tumor (arrow). Close to the tumor there is nonluminal fluid and
air, which show the site of the perforation. A malignant tumor
of the small bowel treated by chemotherapy was known in this
patient
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and deep ulcers. Ulcers mostly affect the ileocecal
region, being more diffuse and less deep at the colic
level (Chung et al. 2001).

Foreign body The most frequent sites of intestinal
perforation due to a foreign body are the esophagus
and the ileal, ileocecal, and rectosigmoid regions. As
little as 1% of ingested foreign bodies is responsible
for an intestinal perforation, even though this com-
plication is systematically looked for. Fish bones are
the leading cause of intestinal perforation due to a
foreign body.

2.2.4 Appendiceal Perforation
Appendiceal perforations complicate about 25% of
cases of acute appendicitis and represent the natural
evolution pattern of ulcerated appendicitis.

2.2.5 Colic Perforation

Sigmoid diverticulitis Colic diverticulosis is a con-
dition commonly occurring in developed countries. It
affects up to two thirds of the population beyond
65 years, and can lead to clinical symptoms in about a
quarter of patients. Nevertheless, among affected
patients, only a few will develop a diverticular per-
foration. It is considered that as few as 10% of
patients hospitalized for a sigmoid diverticulitis will
require surgery due to a generalized peritonitis by
perforation. Peritonitis in the context of acute diver-
ticulitis is mostly localized peritonitis which corre-
sponds to a poorly limited pelvic abscess, with a risk
of secondary rupture leading to a two-step generalized

peritonitis. Generalized peritonitis is most often the
consequence of a ruptured diverticular abscess in the
peritoneum. Depending on whether or not there is a
communication between the initial abscess and the
colic lumen, peritonitis will be stercoral or purulent
(Loiseau et al. 2005).

More rarely, diverticular peritonitis can occur
without a preliminary abscess, during perforation of
the colic wall from vascular origin (Tagliacozzo and
Tocchi 1997).

Lastly, a pseudotumoral sigmoiditis can lead to a
mechanical obstruction of the colon complicated with
a diastatic perforation of the cecum. This phenome-
non more often complicates colon obstructions from
neoplasic origin.

Tumoral colic perforation Colic tumors can cause
perforations following two mechanisms:
1. By a direct perforation from tumoral origin
2. By a diastatic perforation of the cecum, upstream

from a tumor, most often sigmoid, complicated
with a mechanical obstruction
In a retrospective study including 1,650 patients

with a colorectal adenocarcinoma, a 3% prevalence of
perforations was shown (Chen and Sheen-Chen
2000). An association with a colic mechanical
obstruction was shown in all 48 cases of perforation.
In 35 of the cases, the perforation was located at the
tumor site, whereas it was proximal in the remaining
13 cases. As a comparison, a mechanical obstruction
existed in 10% of patients. According to other
authors, the incidence of colic perforations would be
higher in colon cancer patients treated with an anti-
angiogenic such as Avastin� (Saif et al. 2007;

Fig. 3 Perforated Meckel diverticulum. The axial slice
(a) shows extraluminal fluid and air within the mesentery
suggestive of a small bowel perforation. On a slightly lower
slice (b), distended Meckel diverticula with a very enhanced
wall are individualized (arrow). On a pelvic slice (c), the
appendix is well seen (double arrows) with abnormally

enhanced wall because of reaction to peritonitis. Sagittal
reformatting (d) shows both the Meckel diverticula (arrow)
and the appendix (double arrows), both having abnormally
enhanced walls. Surgery confirmed the perforation of a Meckel
diverticulum
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Heinzerling and Huerta 2006). Such antiangiogenic
treatment could even explain the rise of colic perfo-
ration complicating a neoplasia with no mechanical
obstruction.

Other causes of colic perforation Many inflamma-
tory colitises (often of right development) or
ischemic colitises can cause a colic perforation. The
cecum is predisposed to perforation as the intralu-
minal pressure increases, such as in colic mechan-
ical obstruction as discussed above, or in idiopathic
cecal distension. Stercoral colitis can lead to highly
serious stercoral peritonitis. Stercoral peritonitis
mostly affects elderly as well as laid-up patients.
The perforation is typically located on the anti-
mesenteric border of the intestine, which is less
vascularized than the mesenteric border and more
sensitive to mechanical constraint (Facy et al. 2007).
Stercoral peritonitis is typically located in the sig-
moid colon or upper rectum as a fecaloma more
frequently develops in the distal colon. The diagnosis
is made upon the presence of colic distension by
fecal material and the presence of intraperitoneal
material. The prognosis of stercoral peritonitis is
very severe.

2.2.6 Rectal Perforation
Rectal perforations are mostly related to a foreign
body, or from iatrogenic origin complicating a sur-
gical or endoscopic gesture. They can also occur
following a cleansing enema or maneuver to extract
fecaloma with the constitution of a stercoral perito-
nitis (Fig. 4).

3 Clinical Findings

3.1 Peritoneal Syndrome

The onset is most often characterized by a syndrome
of acute abdominal pain, sometimes ‘‘stab’’-like. Pain,
initially localized, quickly becomes generalized and
increased during early and abundant vomiting epi-
sodes. Transit modifications (subocclusion) occur
later.

General signs depend on the cause of the perfo-
ration and time elapsed from the perforation. They are
typically dependent on the time of onset, and include
fever, tachycardia, dyspnea, and oliguria. Septic

shock with multiple organ failure can occur, espe-
cially with elderly and immunosuppressed patients.
Patients may present with a grayish complexion, and
hollow eyes (peritoneal face).

On examination, the pathognomonic sign is the
contracture of the abdominal wall. In a lean and fit
patient, muscles are visible, and the abdomen stops
moving with respiration. The contracture is sponta-
neous, permanent, painful, and invincible. It is typi-
cally generalized to the entire abdomen, sometimes
predominant at the site of the causative lesion. It must
be appreciated on the basis of the musculature and the
age of the subject. It can therefore be very discrete,
even absent in elderly patients. It can be masked by
analgesic treatment such as morphine. Pelvic touch is
very painful, because of the peritoneal irritation.

Fig. 4 Iatrogenic perforation located at the junction between
the sigmoid colon and the rectum. The upper axial slice
(a) shows a free pneumoperitoneum, and the lower axial slice
(b) shows stool outside the colic tract. At surgery, the
perforation complicating a cleansing enema was located at
the junction between the sigmoid colon and the rectum
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3.2 Clinical Presentation According
to the Cause

Several clinical and anamnestic signs can indicate the
site of intestinal perforation. Ulcerous perforations
affect men more than women, with the same
incidence with regard to age, whereas small bowel
perforation, appendiceal perforation, and colic per-
forations mostly affect the elderly.

In esophageal perforations, pain is localized to the
thorax base or the epigastrium. Vomiting, cervical
subcutaneous emphysema, and respiratory distress are
late presentations. Two signs with a strong orientation
value are the rise of pain in a context of violent
vomiting and the patient’s background, including
ulcer history, neurologic history, and alcohol intake.

In gastroduodenal ulcer perforations, the site of
pain—epigastric at first, which can radiate to the iliac
fossa or to the shoulders—the epidemiologic con-
text—intake of drugs with gastric wall toxicity, such
as anti-inflammatory drugs, which are responsible for
about half of ulcer perforations (Ramakrishinan and
Salinas 2007), a great stress (recent surgery), and a
young age orientate one toward diagnosis. In the case
of frequent ulcerous attacks, adherences with neigh-
boring organs can form around the first duodenum
(liver, gallbladder, and colon). In this case, the per-
foration does not manifest itself with acute-general-
ized peritonitis symptoms but rather as acute pain
localized in the right upper quadrant.

In small bowel perforations, the peritoneal syn-
drome is in general less obvious, the rise of the pain is
less sudden, a fever is found in half of cases, and
symptoms of obstruction can lead to a mechanical
obstruction of the small bowel, in a context of
infection.

Appendiceal perforations complicate from 18 to
35% of cases of appendicitis, appendicitis being the
most frequent cause of abdominal emergency in a
surgery department. Differentiating between appen-
dicitis and complicated appendicitis with perforation
is challenging when the clinical features are com-
patible with appendicitis. Flamant’s criteria (Flamant
1995), used to postpone an eventual hospitalization
(namely, lack of defense, lack of fever beyond 38�C,
and lack of hyperleucocytosis), typically allow a
perforated appendicitis to be excluded.

Colic perforations are in general complications of
diverticular sigmoiditis and colic tumors. They thus

occur in the elderly, with less sudden clinical pre-
sentation and symptoms of abdominal infection in
case of a diverticulitis, or episodes of subocclusion
with altered general state in case of a colon cancer.

4 CT Findings

4.1 Direct Findings

Direct visualization of a localized rupture of the
digestive tract wall and of a communication between
the intestinal content (air or liquid) and the peri-
intestinal atmosphere is pathognomonic of the site of
intestinal perforation (Fig. 5). It is a CT finding whose
visualization can be favored by using fine sections
and multiplanar reconstructions.

4.2 Indirect Findings

4.2.1 Pneumoperitoneum
A pneumoperitoneum is the cardinal sign of digestive
perforation (Cho and Baker 1994). On CT, the
pneumoperitoneum is easily visible as large windows
and fine slices are used (Rubesin and Levine 2003;
Grassi et al. 2004). The presence and the amount of
free air in the peritoneum depend on the anatomical
site and extension of the perforation, on preexisting
intestinal distension, and moreover, on the time
elapsed from the perforation to the scan. The site of a
pneumoperitoneum, whether localized or not local-
ized, points toward a perforation of the adjacent
bowel, particularly when extraluminal free air is in
little abundance (Kim et al. 2009).

4.2.2 Fatty Infiltration
A localized fatty infiltration adjacent to an intestinal
segment points, with a less valuable diagnostic value
than for the pneumoperitoneum, toward the perfora-
tion of this particular intestinal segment.

4.2.3 Intestinal Wall Thickening
A localized thickening of the intestinal wall in acute
abdomen syndrome with a pneumoperitoneum orien-
tates one toward the cause (by analyzing the thick-
ening features) and the site of the perforation.
Inversely, an extended thickening of the intestinal
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wall has a poor diagnostic value and can simply be
the consequence of peritonitis (Fig. 5).

4.3 CT Findings According to the Cause

4.3.1 Esophageal Perforation
CT is used to look for indirect signs: a mediastinal
posterior collection of liquid revealing a mediastinitis,
a posterior pneumomediastin that can diffuse to the
retroperitoneum, parietal signs as a localized thick-
ening of the esophageal wall. Exceptionally, it will
identify parietal wall discontinuity, as a direct sign of
the perforation.

4.3.2 Gastroduodenal Perforation
Identification of a rupture in the intestinal wall, most
commonly in the duodenal bulb or prepyloric region,
is a direct sign of a perforated gastroduodenal ulcer
(Fig. 6).

Indirect CT findings of an ulcer perforation typi-
cally are the presence of an abundant pneumoperito-
neum, free air around the falciform ligament,
perigastroduodenal fatty infiltration, interduodeno-
pancreatic fluid, and gastroduodenal thickening (Chen
et al. 2001; Ongolo-Zogo et al. 1999).

Considering the predominant bulbar localization of
duodenal ulcer, the perforation is intraperitoneal. A
retroperitoneal localization, which is visualized by
imaging as leaking of extraintestinal gas, in the right
anterior pararenal space indicates a duodenal perfo-
ration beyond the bulbar segment, often related to a
duodenal diverticulum or a perforation from GI
endoscopy (Yagan et al. 2009).

The perforation is not always related to an ulcer. It
can originate from a tumor. Such a diagnosis must be
suspected in patients with an important irregular
thickening of the gastric wall.

The perforation can be limited to the gastric wall,
but can be extended to the colic wall with formation
of a gastrocolic fistula. This event is rare. It can be
found in tumoral gastric perforations, in Crohn dis-
eases with gastric and colic involvement, and

Fig. 5 Small bowel thickening consecutive to a gastroduode-
nal ulcer perforation. The upper axial slice (a) shows a free
pneumoperitoneum and peritoneal fluid, whereas the duodenal
discontinuity (arrow) is well seen on the slice in (b). Note the
thickening of the small bowel wall seen on the axial view
(b) and coronal reformatting (c)

b
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exceptionally in certain ulcers affecting patients
treated with nonsteroidal anti-inflammatory drugs
(Ramakrishinan and Salinas 2007).

As described above, perforations of a duodenal
diverticulum are mostly retroperitoneal. In a small
series including eight cases, both a retroperitoneum
and retroperitoneal fatty infiltration were found in all
cases, with an associated pneumoperitoneum in three
of the cases (Fig. 7). A second or third duodenum
localized diverticulum was identified in seven of the
cases (Ames et al. 2009).

4.3.3 Small Bowel Perforation
CT findings of small bowel perforation are findings of
air bubbles within the mesentery fluid collection with
a pneumoperitoneum (Kimchi et al. 2002), localized
fatty infiltration in the mesentery, or a localized.
Thickening of the small bowel wall often exists, with
little prognostic value with respect to the site, as the
thickening could result from peritonitis, hence indi-
cating either a colic or a gastroduodenal perforation.

Small bowel perforation complicating a bowel
obstruction CT (Catel et al. 2003) will show signs of
mechanical obstruction, signs of incarceration and
strangulation with a localized edema, a venous con-
gestion, or and mostly, an intestinal wall thinning or
an intestinal pneumatosis revealing an infarcted
intestine.

Acute ischemia of the mesentery CT will show pari-
etal findings with a localized or not localized defect

enhancement of the intestine wall revealing parietal
distress, and vascular signs, thrombus, most often
proximal, in the superior mesenteric artery, or
embolus sited on arterial bifurcation.

Crohn disease CT shows a thickening of the intes-
tinal wall, a marked fatty infiltration (sclerolipoma-
tosis), and an increased parietal vascularization.
Perforation in a Crohn disease setting complicates an
evolved Crohn disease, with common fistula and
abscess formation (Furukawa et al. 2004) (Fig. 8).

Digestive lymphoma In addition to a small bowel
parietal thickening, criteria favoring a lymphoma are
findings of an ectatic digestive lumen, of adeno-
megaly, or the extent of thickening. However, in
type T lymphoma, moderate thickening and missing
lymph nodes can make a differential diagnosis with
inflammatory involvement difficult (Byun et al. 2003).

Small bowel diverticulitis CT will show signs of
complicated jejunal diverticulitis, or signs of Meckel
diverticulitis, by individualizing thickened diverticula
with peridiverticular fatty infiltration, and the pres-
ence of small pneumoperitoneum bubbles more often
localized around the diverticulum than free, and close
to the anterior parietal peritoneum (Hibben et al.
1995). A Meckel diverticulum containing air, liquid,
or fecal material is sometimes visualized. The diver-
ticulum wall can be thickened (Fig. 3) or with no
enhancement, and even interrupted, revealing a per-
forated diverticulum.

Digestive tuberculosis Tuberculous perforations affect
the terminal ileus, with a thickened ileocecal valvule
and a thickened ileal and cecal wall. A small bowel
obstruction is often associated, as a consequence of
the stenosis of the terminal ileus. Enlarged lymph
nodes with a hypodense center may be seen. The main
differential diagnoses are Crohn disease and ileocecal
lymphoma.

Jejunal ulcer In jejunal ulcer perforations occurring
in the setting of Zollinger–Elisson syndrome, scan
findings include a localized defect of the digestive
wall, sited at a proximal jejunal loop, with associated
extraluminal air bubbles, and with a localized infil-
tration of fat close to the pathologic loop, as seen in
gastroduodenal ulcer perforations.

Foreign body In addition to indirect signs of perfo-
ration, such as localized extradigestive collection,

Fig. 6 Perforation due to an antropyloric ulcer. The discon-
tinuity of the anterior wall of the gastric wall is well identified
(arrow) on these 3-mm axial reconstructions
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fatty infiltration, and thickening of the involved
digestive wall, direct visualization of a foreign body,
either calcified or metallic, through the digestive
wall allows a diagnosis to be made with certainty
(Goh et al. 2006) (Fig. 9).

Vascularitis In polyarteritis nodulosa, the scan will
show digestive wall thickening related to ischemia,
imaging of thrombosis of the portal venous system,
and signs of hepatic, splenic, or renal infarction. It
will also detect signs of pancreatitis, or cholecystis.
In Behcet syndrome, ulcers are reliably displayed
by digestive opacification. On CT, digestive wall
thickening is important, sometimes being circum-
ferential and mass-shaped, and sometimes being
voluminous, which can be mistaken for digestive

tumors (Pagnoux et al. 2003). As compared with
Crohn disease, ulcerations are wider and deeper,
and peridigestive inflammatory infiltration is less
important, with little or no sclerolipomatosis.

4.3.4 Appendiceal Perforation
Semiology, which allows complicated and uncom-
plicated appendicitis to be distinguished, is based on
the presence of abscesses, phlegmon, extraluminal air,
extraappendiceal stercolith, and a defect in enhance-
ment of the appendiceal wall and ileus. All such signs
are in favor of a perforated appendicitis. A free
pneumoperitoneum is very rare in appendiceal per-
forations (Fig. 10).

Fig. 8 Small bowel perforation complicating a Crohn disease.
The lower axial slice (a) and the coronal view (c) show Crohn
disease findings with wall thickening of the terminal ileum,

target sign on the distal ileum, and sclerolipomatosis. The
upper axial slice (b) shows an abscess (star) located in front of
the right psoas muscle

Fig. 7 Perforation of a duodenal diverticulum. Axial (a) and
coronal (b) views show the diverticulum (star) adjacent and
posterior to the second part of the duodenum on the axial slice.

There is a rounded collection with air and fluid along the lateral
surface of the diverticulum. Note also the presence of both a
retropneumoperitoneum and a pneumoperitoneum
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4.3.5 Colic Perforation
CT is now the reference standard for evaluating
complications of colic diverticular disease (Loiseau
et al. 2005; Zins et al. 2007). It individualizes signs of
diverticulitis, with thickening of the colic wall com-
monly involving the sigmoid, perisigmoid fatty infil-
tration, and diverticula. It shows signs of perforation,
such as extraluminal air, localized in the mesosigmoid
region, or at a distance in the pelvis, or as a free
subdiapharagmatic pneumoperitoneum which may be
very limited (Fig. 11) because the perforation is
closed by the adjacent inflamed mesosigmoid. It
shows pericolic or pelvic abscesses, further evaluating
their size, as well as extradigestive materials,
revealing a stercoral peritonitis.

CT findings (Lorhmann et al. 2005) correlate well
with surgical findings; hence, complications can be
graded according to the Hinchey grading system
(Hinchey et al. 1978).
• Stage I, in which there is a phlegmon or a pericolic

abcess
• Stage II, in which either the phlegmon or the per-

icolic abscess is voluminous, or there are pelvic or
retroperitoneal or abdominal abscesses at a distance

• Stage III, with a purulent generalized peritonitis
• Stage IV, with a stercoral peritonitis

The diagnosis of tumoral colic perforation has to
be proposed when extraluminal air is adjacent to the
thickened colic wall, revealing a tumor. Common
findings are major peritumoral fatty infiltration and
small amounts of extraluminal air. In contrast, in
cecal diastatic perforations, with accompanying CT
signs of large bowel obstruction and a distended

colon, the pneumoperitoneum is often highly abun-
dant. A cecal parietal pneumatosis is sometimes
associated with such an abundant pneumoperitoneum,
pointing toward the site and mechanism of perfora-
tion, although not specific to cecal transmural distress
in the setting of colic mechanical obstruction (Taourel
et al. 2004).

In stercoral perforations, diagnosis is made upon a
coexisting free peritoneum and a very important colic
distension by materials. The colon wall is distended
and sometimes thickened, and pericolic fat is infil-
trated (Heffernan et al. 2005).

In perforation complicating an ischemic colitis, CT
frequently shows a lack of enhancement of the bowel
wall (Fig. 12)

4.3.6 Rectal Perforation
On CT, extraluminal air in the perirectal fat is the
most frequent finding. Additional findings include
presacral fluid, extraluminal feces, and rectal wall
thickening (Zissin et al. 2008).

5 CT Pitfalls

The main potential error in diagnosing a pneumo-
peritoneum by CT is confusion between intraluminal
and extraluminal air, and more particularly, doubt
between intraperitoneal and preperitoneal air in the
case of a small anterior pneumoperitoneum, the latter
diagnosing issue especially arising in abdomen
trauma.

Even when optimum imaging examination (CT
with fine sections and a wide window) is used, a
pneumoperitoneum may not be present in a true
digestive perforation (false negative) (Grassi et al.
2004). In contrast, a pneumoperitoneum may be
present in the absence of a digestive perforation (false
positive).

A false negative can be related to digestive per-
foration without pneumoperitoneum formation. This
has been well demonstrated in a study (Grassi et al.
2004) using a series of gastroduodenal perforations. A
pneumoperitoneum could not be found by CT in some
cases, but was detected in a few of the cases by
delayed scans (beyond 6 h). Nevertheless, a free
pneumoperitoneum can be delayed as well. A local-
ized pneumoperitoneum adjacent to the perforation is
found in roughly all nontraumatic perforations of

Fig. 9 Foreign body going through the small bowel wall. The
foreign body is clearly seen and was related to a rabbit bone
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nonappendiceal origin (Imuta et al. 2007) involving
intraperitoneal segments of bowel.

Excluding a pseudopneumoperitoneum notably
related to preperitoneal air, with air confined to the
inner layer of the abdominal wall and external to
the parietal peritoneum, a false positive correspond to
the presence of a documented pneumoperitoneum,
with no digestive perforation. A false positive can
originate from the thorax, digestive organs, or gyne-
cologic organs (Table 1) (Catel et al. 2003). Finally, a
retropneumoperitoneum can be related to a diffuse
pneumomediastinum.

For the diagnosis of the perforation’s cause, in a
patient with a pneumoperitoneum, the identification
of a thickening of the bowel wall pointing toward the
site of the perforation may be misleading: a thicken-
ing of the bowel may be the consequence of the
peritonitis due to the perforation of another part of the
GI tract. This specifically involves the small bowel
with thickening of the small bowel wall, which may
make differential diagnosis between small and large

bowel perforation difficult (Fig. 13). In the same way,
the site of the pneumoperitoneum does not point
toward the site of the perforation when the pneumo-
peritoneum is abundant, and this may correspond to a
gastroduodenal or a colic perforation (Fig. 14).

6 CT Accuracy

CT is very accurate for pneumoperitoneum identifi-
cation, even if it is poorly abundant or localized.
Reading requires the use of wide windows. A 1-mm
section can be useful for identification of a small
pneumoperitoneum. CT is likely to very accurately
diagnose a pneumoperitoneum, as long as it exists.

Classic indirect CT signs pointing toward an ulcer
perforation are the presence of an abundant pneu-
moperitoneum, air located around the round ligament,
outlining of the falciform ligament, infiltration of
perigastroduodenal fat, and the finding of a gastro-
duodenal thickening. In a retrospective study

Fig. 11 Perforation of sigmoid diverticulitis. The upper axial
slice (a) shows a free pneumoperitoneum, whereas the lower
slice (b) and coronal reformatting (c) show a thickening of the

sigmoid wall with fat stranding. Note also the presence of air
bubbles outside the bowel

Fig. 10 Peritonitis consecutive to an appendiceal perforation.
The upper axial slice (a) shows a free pneumoperitoneum. The
lower axial slice (b) shows a collection in the right lower

quadrant with dilatation of the appendix (arrow) and important
enhancement of the appendix wall, which is thickened. The
coronal view (c) shows the appendicitis in its length
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(Ghekiere et al. 2007a) including 81 digestive perfo-
rations, about half of which related to a gastroduo-
denal perforation, we demonstrated the lack of
specificity of indirect signs. The presence of air
around the ligamentum teres or visualization of the
falciform ligament outlined by some air could be
related to a perforation from any other origin when
the pneumoperitoneum is abundant. A reactive gas-
troduodenal thickening could also indicate peritonitis
from another cause. In our series, the best indirect
sign of a gastroduodenal perforation was the presence
of fluid localized between the duodenum and the head
of the pancreas. This sign had a positive predictive
value greater than 90% for diagnosing a perforated
ulcer. In contrast, the presence of an abundant pneu-
moperitoneum or a pneumoperitoneum outlining the
falciform ligament and also a pneumoperitoneum

within the lesser sac had a positive predictive value
ranging from 40 to 52% for the diagnosis of a gas-
troduodenal ulcer perforation. More recently, a Kor-
ean study has confirmed that evaluation of the site of
the pneumoperitoneum, and more specifically the
presence of periportal free air around the round or
falciform ligament were only ancillary findings in the
diagnosis of a gastroduodenal perforation (Choi et al.
2009). In contrast, a pneumoperitoneum only local-
ized within the mesentery points toward a small
bowel perforation, whereas a free pneumoperitoneum
localized within the submesocolic space points
toward a colic perforation.

Direct visualization of the site of perforation is a
major advantage of multidetector CT, owing to thin
sections (Fig. 15) and multiplanar reconstructions. In
a study by Chen et al. (2001), analyzing ulcer

Table 1 Causes of pneumoperitoneum without bowel
perforation

Pseudopneumoperitoneum on abdominal plain film

Lucency under the diaphragm

Fatty area under the diaphragm (more common in obese
patients or in patients with corticoid)

Nonperitoneal gas

Properitoneal gas

Gas within lung trapped under a lung collapse

Air within the bowel

Chilaiditi syndrome

Stomach closed to the diaphragm

Emphysematous cholecystitis or pyelonephritis

True pneumoperitoneum

Thoracic causes

Diffusion of pneumothorax or pneumomediastinum

Abdominal causes

Abdominal surgery

Perioneal dialysis

Endoscopy: pneumoperitoneum is due to the diffusion of
intraluminal air

Gastroparesy

Pneumatosis cystoides intestinalis

Female genital tract causes

Hysterectomy

Sexual intercourse or cunnilingus

Pelvic examination

Athletic activities such as waterskiing

Fig. 12 Ischemic colitis complicated by perforation. The
upper axial slice (a) shows a collection in the peritoneum with
the peritoneal membrane, which is enhanced. The descending
colon is thickened without enhancement of its posterior wall
(arrow). The lower axial slice (b) shows some air bubbles
within the collection located in the Douglas pouch. Note also
the enhanced peritoneum
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perforations, discontinuity of the digestive wall was
never visualized, as CT was performed using centi-
meter sections. In another study, performed using 3-
mm sections, discontinuity of the digestive wall was
visualized in 60% of patients with a perforated ulcer
(Ongolo-Zogo et al. 1999). In a retrospective series of
15 perforated gastroduodenal ulcers, Cazejust et al.
(2007) directly individualized the parietal rupture in
eight cases by using a 16-detector CT scanner and
millimeter sections.

In our experience (Ghekiere et al. 2007b), in a
retrospective study including 40 patients with non-
traumatic digestive perforations from various sites
and causes, the utility of thin sections and

reconstruction significantly allowed direct identifica-
tion of the route of perforation. Identification was
possible in 5–20% of the cases, depending on the
readers, using 5-mm sections in the axial plane, in
28–48% of the cases using both 1- and 5-mm sections,
and in 43–53% of the cases using both thin slices and
sagittal coronal and axial planes. Coronal plane sec-
tions proved useful in detecting perforations of both
the superior and the inferior wall of the antrum and
the bulb or first part of the duodenum. In a study by
Hainaux et al. (2006) including 85 patients with
various causes of both trauma and nontrauma perfo-
rations, the route of perforation was visualized in 29
cases out of 85 (34.1%), using a four-detector CT

Fig. 13 Sigmoid perforation with reactive thickening of the
small bowel. Axial slices (a) show thickening of the small
bowel wall, peritoneal fluid, and some extraluminal air

bubbles. On the coronal reformatting (b), sigmoid diverticula
are well identified with some slight thickening of the sigmoid
wall. Surgery showed perforated sigmoid diverticulitis

Fig. 14 Big pneumoperito-
neum without any value for
the perforation localization.
The axial view (a) and sagittal
reformatting (b) show a big
pneumoperitoneum in a
patient hospitalized in an
intensive care unit. There is
no argument for a gastric
versus a colic perforation.
At surgery, there was a tear in
the lesser curvature of the
stomach complicating cardiac
massagea
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scanner and 2.5-mm sections. These authors also
illustrated the potential utility of multiplanar refor-
matting for identifying the parietal rupture.

CT semiology in diagnosing appendiceal perfo-
ration has been validated by three retrospective
studies following the same method. The results are
summarized in Table 2. All three studies found
specific signs of appendicitis, although with a rel-
atively low sensitivity, especially for one specific
case of extra-appendiceal stercolith. A localized
defect in enhanced appendiceal wall was reported
as the most sensitive sign of appendicitis (Bixby
et al. 2006). However, thin sections, which are
more sensitive to artifacts related to surrounding
bone structures or digestive peristaltic movement,
could be responsible for a false positive, owing to
visualization of a localized digestive wall defect,
with no true perforation. Findings of peritoneal
fluid, either free or localized, are not a specific sign
of appendiceal perforation.

7 CT Impact

The advantages in identifying the site of perforation
in patients presenting with digestive perforation
deserve to be discussed, as it can be advocated that a
peritonitis from digestive perforation may require,
whatever its site, emergency surgery. Nevertheless,
the type of surgery depends on the site and cause of
perforation.

In patients with gastroduodenal ulcer perfora-
tion, laparoscopy is an interesting choice, as shown
in a number of randomized studies comparing

laparoscopic with laparotomic repair of perforated
ulcer (Lau et al. 1996; Druart et al. 1997; Siu et al.
2002). A laparoscopic intervention is often recom-
mended in gastroduodenal ulcer perforations of the
anterior or lateral site, whereas perforations of the
posterior face of the stomach or duodenum could be
better managed by regular open abdomen surgery
owing to difficult access to the posterior wall of the
antropylorobulbar region in peritoneoscopy (Mabrut
et al. 2007).

Unlike gastroduodenal ulcer perforations, small
bowel perforations are best treated by laparotomy.

For colic perforation, perforations from tumor will
be repaired by open abdomen surgery. In contrast,
management of perforations from sigmoid diverticu-
litis depends on the evolution of the disease, as well
as on the surgery team practice. The French Society
of Gastroenterology and Surgery has given recom-
mendations for management of diverticulitis based on
the morphologic assessment of complications by
means of a CT scan and Hinchey classification:
– Hinchey grading stage I (phlegmon or colic

abscess): After medical treatment and/or CT-gui-
ded drainage, resection and anastomosis is the
recommended surgical procedure, eventually asso-
ciated with a protective colostomy. A laparoscopic
procedure may be used.

– Hinchey grading stage II: CT-guided drainage and
sampling for further microbiology analysis is rec-
ommended for abscesses greater than 5 cm. In the
case of efficient drainage, primary resection fol-
lowed by anastomosis is recommended. In the
case of a failed drainage or if drainage is not
possible, surgical treatment with anastomosis,

Fig. 15 Impact of slice
thickness on the identification
of a perforated
gastrointestinal ulcer. The
antral lumen and the defect
in the antral wall are better
seen on the 1-mm-thick slice
(b) than on the 5-mm-thick
slice (a)
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associated or not associated with protective colos-
tomy is recommended.

– Hinchey grading stage III (generalized purulent
peritonitis): A sigmoid resection is recommended.
Depending on both the local and the general state
of the patient, either resection and anastomosis
(associated or not associated with protective
ostomy) or the Hartmann procedure will be chosen.

– Hinchey grading stage IV (stercoral peritonitis):
The Hartmann procedure is the reference
intervention.
A dedicated CT assessment of a complicated div-

erticulitis not only allows for a modified emergency
management, but is also required for later manage-
ment, as a prophylactic surgery is recommended in
the case of a diverticulitis attack with serious signs on
the CT scan (namely, abscess or extraluminal leaking
of air or contrast liquid).

Similarly, preoperative diagnosis of appendiceal
perforation is valuable as it can affect the prog-
nosis of appendicitis, as well as the therapeutic

management. Preoperative findings of a localized
appendiceal perforation with peritonitis is a reason
for switching from an appendectomy by celioscopy
to a laparotomic procedure (Liu et al. 2002). Fur-
thermore, medical therapy with intravenous antibi-
otics combined or not combined with percutaneous
drainage may not only limit the extent of surgery,
but may also allow, at least, one-step surgery to be
undertaken. Finally, medical treatment of uncom-
plicated appendicitis represents a therapeutic option
likely to develop in the future. Indeed a recent
analysis of the disconnect between the incidence of
nonperforated and perforated appendicitis with a
decrease of nonperforated appendicitis and an
increase of perforated appendicitis has some impli-
cations for pathophysiology and potentially for
management of an appendicitis. This may advocate
individualization of two different conditions, a per-
forated appendicitis not necessarily evolving from an
appendicitis that has not been surgically treated
(Livingston et al. 2007).

Table 2 Accuracy of
computed tomography for the
diagnosis of perforation in
appendicitis

Horrow et al.
(2003)

Bixby et al.
(2006)

Tsuboi et al.
(2008)

Number of patients 94 244 102

Appendiceal perforation
(%)

41.4 25.4 39.2

Slice thickness (mm) 5–10 3.2 2–3

Ileus

Sensitivity (%) 53

Specificity (%) 93

Extraintestinal gas

Sensitivity (%) 36 35 22.5

Specificity (%) 100 98 100

Abscess

Sensitivity (%) 36 34 37.5

Specificity (%) 100 99 100

Localized defect of enhancement

Sensitivity (%) 64 64 95

Specificity (%) 100 80 96.8

Extraluminal appendicoloth

Sensitivity (%) 20 32.5

Specificity (%) 100 100

Phlegmon

Sensitivity (%) 46.5 40

Specificity (%) 94 95
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8 Diagnosis Strategy

In a patient with a suspected digestive perforation, the
diagnostic strategy relies on the wide use of CT,
which is the reference examination in management of
acute abdomen. APF is only valuable when it shows a
pneumoperitoneum. However, a digestive perforation
can definitively not be excluded upon normal APF
radiography. In practice, three clinical situations can
be individualized:
1. There is no orientation element in the anamnesis.
2. An anamnestic context exists, allowing the diag-

nosis to be orientated.
3. Acute abdomen symptoms arise either early after

surgery or after a coloscopy.

8.1 No Orientation Element
in the Anamnesis

This is the most frequent clinical situation. The
patient has no particular history, or the history is
either unknown or not reported at the time of exam-
ination. Before abdominal symptomatology highly
evoking a digestive perforation, APF radiography will
confirm a pneumoperitoneum. Nevertheless, in most
cases, a CT scan will be performed to identify the site
and cause of the digestive perforation.

8.2 Diagnosis Oriented by Anamnestic
Context

An anamnestic context exists, which can be a known
bowel or colon disease, or intake of GI-toxic drugs
such as anti-inflammatory drugs (corticoids, acetyl-
salicylic acid). When a gastroduodenal ulcer perfo-
ration is suspected because of an acute gastric pain
combined with anti-inflammatory drug intake, APF
detection of a pneunoperitoneum will suffice for fur-
ther therapeutic management. In the case of a nega-
tive APF finding, endoscopy or a CT scan seeking a
complicated digestive disease or differential diagno-
ses will be discussed.

Besides a clinical context of perforated ulcer,
associated with an APF finding of a pneumoperito-
neum, CT will be used to assess the known disease,
for instance, Crohn disease, and its complications.

8.3 Postoperative or Postendoscopy
Situations

In postoperative follow-up of abdominal surgery,
abdominal pain may indicate a complication from
surgery such as fistula formation. The presence of a
pneumoperitoneum questions its origin: a residual
postoperative pneumoperitoneum or a pneumoperi-
toneum revealing either an anastomotic fistula in the
case of intestinal anastomosis or an iatrogenic per-
foration of the GI tract. The extent of the pneumo-
peritoneum and the presence or absence of localized
inflammatory signs can orientate the diagnosis toward
either a residual postoperative pneumoperitoneum or
a GI tract perforation. Postoperative pneumoperito-
neums are very frequent, with CT detection of a
postoperative pneumoperitoneum reported in up to
44–87% of patients after abdominal surgery (Gayer
et al. 2000; Earls et al. 1993). They are typically
poorly abundant, less than 10 ml in most patients,
with lean patients and men presenting with a more
abundant pneumoperitoneum. However, they can be
larger in case of surgical drainage (Gayer et al. 2000).
The abundance of such a postoperative pneumoperi-
toneum decreases with time.

In clinical practice, if postoperative perforation is
suspected for a patient presenting with a pneumo-
peritoneum, the diagnosis and therapeutic manage-
ment will depend on the type of surgery and the risk
of GI tract lesions, with the existence or no existence
of intestinal anastomosis that may form a fistula, on
the extent of the pneumoperitoneum related to the
time since surgery and to a possible drainage, and
finally on the presence of localized inflammatory
signs, orienting the diagnosis toward GI tract lesions.
In doubtful cases and if the patient’s clinical condition
allows it, CT may be repeated within 8–12 h, with an
increase or a decrease of the pneumoperitoneum
being strong arguments in favor or not in favor of a
postoperative perforation.

In postcolonoscopy follow-up, GI tract perforation
is a very rare complication (Anderson et al. 2000;
Tulchinsky et al. 2006), complicating 0.005–0.002%
of diagnostic colonoscopies and 0.2–0.4% of colo-
noscopies with polypectomy. Nevertheless, the
development of mucosectomy has increased the risk
of perforation. The mechanisms of perforations from
colonoscopy are various and include hyperpressure
either from the endoscope or from excessive
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insufflations, and lesions from parietal electrocoagu-
lation due to polypectomy. Perforations generally
affect abnormal, inflammatory, and/or stenosed colon.
The diagnosis of postendoscopy colic perforation will
be made by the presence of a pneumoperitoneum. The
therapeutic management, whether surgical or not, will
depend on both the presence of peritoneal signs and
colic preparation. Indications for surgical treatment
include poor colic preparation, a blunt parietal rupture
on colonoscopy or CT signs of peritonitis, or the
presence of an obstruction downstream of the perfo-
ration, and, obviously, deterioration of clinical fea-
tures when conservative treatment was chosen. Of
note, such a pneumoperitoneum revealing a macro-
scopic perforation is only of value when there are
acute symptoms after colonoscopy. Indeed, according
to a few authors, a pneumoperitoneum can be related
to up to 1% of colonoscopies. Although this per-
centage is likely to be overestimated (Pearl et al.
2006), a true benign pneumoperitoneum may form
after colonoscopy, either from transparietal diffusion
or from a microperforation favored by forced mobi-
lization of the intestine and air insufflations, requiring
no surgical treatment.
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