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Abstract

Gastro-duodenal obstruction encompasses a spectrum of
benign and malignant disease. Historically, chronic
peptic ulcer disease was the main cause of gastro-duo-
denal obstruction, whereas now malignant cause with
gastric carcinomas for gastric obstruction and pancreatic
tumors for duodenal obstruction predominate. This pa-
per reviews the role of CT in diagnosing gastro-duodenal
obstruction, its level, its cause by identifying intralumi-
nal, parietal, or extrinsic process, and the presence of
complication.
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Acute bowel obstruction may be of mechanical origin
and result in preventing normal transit of digested
intestinal content. The most common sites of obstruction
are the small and large bowels, but 1-2% of cases involve
gastro-duodenal obstruction. Bowel obstruction ac-
counts for around 25% of patients admitted to surgery
for acute abdominal conditions and about 5-7% of all
emergency department visits for abdominal pain. Con-
trary to small and large bowel obstruction in which the
role of CT has been extensively discussed in the literature
[1, 2], little has been published on CT findings regarding
gastro-duodenal obstruction [3, 4]. The goal of this re-
view is to discuss the contribution of MDCT in the
diagnosis of acute gastro-duodenal obstruction on the
basis of key CT findings. CT may be of value at different
steps in the diagnosis of gastro-duodenal obstruction, to:

— confirm a mechanical obstruction and differentiate it
from gastroparesia

— determine the level of obstruction

— determine the cause of obstruction

— look for ischemic findings
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Technical considerations for CT
imaging in suspicion of gastro-
duodenal obstruction

In the absence of contraindications to iodinated con-
trast material, CT for suspicion of gastro-duodenal
obstruction is performed with intravenous opacification
at the portal phase. Although it has been recently
shown [5] that unenhanced CT could give additional
arguments for ischemia complicating small bowel
obstruction by showing spontaneous hyperdensity of
the bowel wall [5], this potential advantage has not been
investigated in gastro-duodenal obstruction. We do not
recommend oral contrast in the investigation of bowel
obstruction since it may be an issue in a patient who
presents nausea and vomiting, or in the elderly with a
risk of inhalation.

Positive diagnosis of gastro-
duodenal obstruction

Nausea and vomiting are the cardinal symptoms of
gastro-duodenal obstruction, also referred to as gastric
outlet obstruction. Patients with this condition may not
present with epigastric abdominal pain but, when pre-
sent, this symptom is generally related to an underlying
cause.

Plain abdominal X-rays often highlight a dilated gas-
filled stomach without any signs of gas distal to the
duodenum. These findings may, however, also be noted
in patients presenting with gastroparesis, or so-called
delayed gastric emptying, whereby food remains in the
stomach for an exceptionally long time. Gastroparesis
may be associated with several illnesses, such as diabetes,
post-viral syndrome, smooth muscle disorders such as
amyloidosis and scleroderma, nervous system diseases,
or metabolic disorders, or be the result of stomach or
vagus nerve surgery, or medication intake, particularly
anticholinergics and narcotics. CT imaging can differ-
entiate gastro-duodenal obstruction from gastroparesia
when focusing on a lesion at the junction between a di-
lated and collapsed bowel. By contrast, the identification


http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-015-0497-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-015-0497-6&amp;domain=pdf

3266

Table 1. Causes of gastro-duodenal obstruction

I. Millet et al.: CT of gastro-duodenal obstruction

Intraluminal causes Intrinsic lesions

Intraluminal causes

Stone Parietal lesions
Bezoar
Foreign body

Intussusception

Adenocarcinoma
Carcinoid tumor
Lymphoma (rare)
Bilio-pancreatic cancer

Peptic ulcer disease

Inflammatory conditions
Eosinophilic gastroenteritis
Crohn disease

Hematoma

Complication of surgery (bariatric surgery)

Adult hypertrophic pyloric stenosis
Volvulus

Tumors infiltrating the stomach or the duodenum wall

Pancreatitis

Annular pancreas

Superior mesenteric artery syndrome

Compression by a gallbladder or a pancreatic cancer

of a transition zone without any visible lesion does not
enable us to rule out or affirm a gastroparesis. Docu-
mented delay in gastric emptying is required for the
diagnosis of gastroparesis. Scintigraphic gastric empty-
ing of solids is the standard for the evaluation of gastric
emptying and the diagnosis of gastroparesis. The most
reliable method and parameter for the diagnosis of gas-
troparesis is gastric retention of solids at 4 h measured by
scintigraphy [6, 7].

Diagnosis of the level of obstruction

Gastric outlet obstruction involves complete or incom-
plete obstruction of the distal stomach, pylorus, or
proximal duodenum [4], preventing the passage of gastric
contents into the duodenum, whereas more distal duo-
denal obstructions reach the second, third, or fourth
duodenum. Determining the exact transition zone in
gastro-duodenal obstruction is essential for diagnosing
the obstruction cause, some of which are linked to
specific locations. For instance, volvulus affects the distal
stomach, peptic ulcer disease stenosis the pylorus or the
proximal duodenum, annular pancreas the second duo-
denum, and superior mesenteric artery syndrome
(SMAS) the third duodenum. Conversely, malignant or
inflammatory causes of gastro-duodenal obstruction
may affect any part of the stomach or duodenum.

Diagnosis of the cause of obstruction

Malignant lesions and peptic ulcer disease are the pri-
mary causes of gastro-duodenal obstruction. However,
advances in effective peptic ulcer therapy have reduced
the incidence of this disease, which was formerly
responsible for most gastro-duodenal obstruction cases.
Malignancy has thus become the primary cause [3, 4, §].
In a setting of gastro-duodenal obstruction in patients
over 50 years old, a malignant cause must be systemati-
cally sought.

As is the case for small and large bowel obstruction
[4], systematic evaluation of CT data must also be per-

formed by looking for one of the three major gastro-
duodenal obstruction categories: intraluminal, intrinsic,
extrinsic, including primary volvulus (Table 1).

Intraluminal causes of gastro-duodenal
obstruction

The intraluminal cause of gastro-duodenal obstruction
may be a stone, bezoar or, exceptionally, a foreign body
or intussuscepted segment of the bowel.

Impaction of a gallstone in the duodenum or stomach
via a bilio-enteric fistula may cause gastric outlet
obstruction, i.e., Bouveret’s syndrome. CT may show the
presence of a bilio-enteric fistula, pneumobilia, and one
or several occluding gallstones in the stomach or duo-
denum [9]. Although such stones are often readily visible
on CT, there may be some discrepancy between the
diameter of the duodenum and the apparent size of the
stone on CT. It is essential to identify air pockets in
target areas within the duodenal lumen, as well as the
soft tissues surrounding the stone calcifications, or the
fat within stones so as to enhance the stone size assess-
ment and to determine the extent to which stones are
responsible for the examined duodenal obstruction [9,
10]. Besides Bouveret’s syndrome, a fistula between the
gallbladder and the duodenum may lead to a gastro-
duodenal obstruction by reactional inflammatory
stenosis of the duodenum (Fig. 1).

Bezoars may consist of partially digested hair (called
trichobezoars), fiber from fruits (particularly persim-
mons), or vegetables (called phytobezoars), and even
hardened blocks of drugs (such as antacids—called
pharmacobezoars). They are more common in the
stomach, and the small bowel. In a retrospective study of
34 cases of bezoars, only 2 were located in the duodenum
[11], and half of this patient group had previously
undergone gastric surgery, with gastro-jejunal anasto-
mosis constituting a risk of bezoar obstruction. How-
ever, duodenal location is at the risk of gastro-duodenal
obstruction. CT may show a focal ovoid or round
intraluminal mass with regular margins and heteroge-
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Fig. 1. Duodenal obstruction in a 56-year-old man due to
inflammatory stenosis of the duodenum complicating a fistula
between the gallbladder and the duodenum. Axial CT image
A shows air in the inferior part of the gallbladder (arrow) and
the fistula (double arrows) between the gallbladder and the
duodenum. Coronal image B shows air in the bile ducts. Axial
and coronal CT images show dilatation of the stomach and
thickening of the wall of the second portion of the duodenum
(arrowhead).

nous internal structures with a mottled gas pattern and
fatty-content areas.

Foreign bodies are objects swallowed by children or
adults, especially mentally challenged adults. These
indigestible objects are generally small and pass through
the digestive system until they are excreted with stool.
However, larger objects may get stuck in the stomach or
duodenum and be responsible for a gastro-duodenal
obstruction.

Foreign bodies are sometimes swallowed purposely,
as when smugglers swallow packets filled with illegal
drugs to get through customs. Bowel obstruction may
be due to clustering of such packets. In diagnostic
imaging of drug trafficking, plain abdominal film (PAF)
is the first line investigation. If PAF is normal and drug
packing is still suspected, an unenhanced abdomen CT
must be performed and it constitutes a fast and accu-
rate modality for the detection of ingested drug-filled
packets. Bowel obstruction due to drug-packet ingestion

obstruction due to duodenoduodenal

Fig. 2. Duodenal
intussusception in a 75-year-old woman. Axial image A shows
stomach dilatation and duodenoduodenal intussusception.
Axial image at a lower level B show the end of the gastros-
tomy tube, which constituted the lead point responsible for
intussusception.

should be carefully considered and promptly treated
because of the potentially lethal consequences of
transmucosal absorption of the drugs contained in the
packets.

Duodenoduodenal intussusception is the most uncom-
mon location of intussusception, probably since masses
are seldom detected in the duodenum and this condition
is usually due to tumoral lead point, which is more
commonly benign (Brunner’s gland hamartoma, papil-
lary adenoma, hyperplastic polyp, carcinoid, duodenal
duplication cyst, tubulovillous adenoma) than malig-
nant. In some cases, the lead point may be non-tumoral,
e.g., a gastrostomy tube poorly positioned in the duo-
denum (Fig. 2). Although uncommon, this condition has
been well described in the literature [12] and can be
evaluated fluoroscopically. CT can readily highlight a
collapsed intussusceptum lying within the opacified lu-
men of the distal intussuscipiens and detect a tumor at
the leading point of the intussusceptum. However in
some cases, the cause of the intussusception may be
difficult to differentiate from the soft-tissue pseudotumor
that represents the intussusception itself.
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Fig. 3. Antropyloric obstruction due to antropyloric cancer in
an 80-year-old man. Axial A and coronal B images show short
and irregular thickening of the pyloric wall extending for 2 cm
and measuring more than 1 cm thickness.

Intrinsic causes of gastro-duodenal obstruction

The intrinsic causes of gastro-duodenal obstruction in-
clude parietal causes of obstruction among which cancer
predominates, and volvulus.

Parietal causes

Malignant gastric outlet obstructions primarily occur in
the antropyloric area. Advanced gastric neoplasia is the
main cause, while metastatic cancer or adjacent malig-
nancies (bile duct cancer, gallbladder cancer) are less
common causes [8]. Obstruction may be due to gastric
neoplasias, including adenocarcinomas and to a lesser
extent carcinoid tumors, whereas lymphomas [13] or
gastro-intestinal stromal tumors are seldom responsible
for tumoral obstructions [14]. Advanced gastric adeno-
carcinomas can also be involved in obstruction. These

I. Millet et al.: CT of gastro-duodenal obstruction
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Fig. 4. Duodenal compression (arrow) due to a large cystic
tumor of the head of the pancreas in a 78-year-old woman. A
serous cystadenoma was confirmed at surgery.

are highlighted on CT as large, segmental, or diffuse
areas of wall thickening with irregular lobulation
(Fig. 3), often with ulceration. Otherwise they may pre-
sent as large, polypoid fungating lesions [15].

In contrast to malignant obstructions of the stomach,
malignant obstructions of the duodenum are mainly lo-
cated at the level of the first and second duodenum and
mostly due to invasion of the duodenum by a pancreatic
cancer, which constitutes the most common cause of
malignant gastro-duodenal obstruction. The mechanism
of digestive obstruction in pancreatic cancer as well as in
gallbladder cancer is twofold: a tumoral invasion of the
digestive wall or an extrinsic compression of the digestive
lumen. Duodenal obstructions encountered in advanced
stages of pancreatic cancer are seldom present at the time
of diagnosis, as shown in a study where it was encoun-
tered in only 3/76 consecutive patients with pancreatic
cancer at the time of diagnosis [16]. Duodenal invasion is
not an unresectability criterion, but it is sometimes
associated with unresectability criteria such as vascular
invasion or liver metastasis, which may be clearly shown
by CT.

Exceptionally, some benign tumors may be respon-
sible for bowel obstruction due to compression by the
tumor, this rare complication being mainly related to the
tumor size (Fig. 4). In peritoneal carcinomatosis, gastric
and duodenal invasion may be associated. Gastro-duo-
denal obstruction was detected in 11 patients (2.5%)
screened in a study on gastro-duodenal obstruction
imaging features in a series of 438 patients with ovarian
cancer. Otherwise 5 cases showed predominant gastric
body involvement and 6 presented with gastric outlet and
duodenum involvement (Fig. 5) [17].

Contrary to cancer, for which invasion of the duo-
denal wall is generally the obstruction mechanism, the
extent of severe pancreatitis may lead to gastro-duodenal
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Fig. 5. Duodenal obstruction due to duodenal metastasis in
a 56-year-old woman with a stage-4 ovary cancer compli-
cated by peritoneal carcinomatosis. Axial A and coronal B
images show thickening of the third portion of the duodenum
wall due to serous metastasis from an ovarian cancer. Note
also peritoneal carcinomatosis in the greater omentum.

obstruction by two different mechanisms: direct damage
of the duodenal wall by an inflammatory or a fibrotic
reaction or compression by pseudocysts. The mechanism
of obstruction may thus be parietal or extrinsic. CT may
highlight inflammatory thickening of the wall of the
second duodenum associated with signs of acute pan-
creatitis, which must be highly localized. Paraduodenal
pancreatitis is a specific type of focal pancreatitis focused
within the pancreaticoduodenal groove and, on CT or
MR images combines thickening, infiltration, and cystic
structures in the duodenal wall. Although classical,
duodenal stenosis with gastro-duodenal obstruction is
quite uncommon in clinical practice.

Like acute pancreatitis, cholecystitis can cause
inflammatory thickening of the duodenal wall and be
responsible for obstruction.
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Patients with duodenal obstruction in a chronic
pancreatitis setting often have associated pancreatic and
biliary duct dilatation. The incidence of obstruction is
reported to be about 1% in patients with chronic pan-
creatitis [18]. The increased risk of pancreatic cancer in
patients with chronic pancreatitis ranged from 14.4 to
26.7-fold in a 10-year follow-up study [19], and differ-
ential diagnosis between cancer and pseudotumoral
forms of chronic pancreatitis, which account for about
20% of chronic pancreatitis cases, is very difficult. Hence,
cancer should be suspected when there is a change in the
clinical symptomatology and detected signs of gastro-
duodenal obstruction in patients with chronic pancre-
atitis (Fig. 6).

Gastro-duodenal obstruction secondary to peptic ul-
cer disease has shown a significant decline in incidence
since the discovery of Helicobacter pylori and proton
pump inhibitors, and this disorder accounts for
approximately 2% of ulcer-related complications [20]. In
80% of cases, the obstruction is due to a duodenal ulcer,
with outlet obstruction due to a gastric ulcer being very
uncommon. Differential diagnosis between obstruction
related to peptic ulcer disease and gastroparesis may be
complicated when the stenosis is short and thus hard to
identify on CT. In some cases, CT reveals a direct ulcer
finding with a focal defect in the duodenal wall
enhancement (Fig. 7).

Gastric outlet obstruction is seldom caused by gas-
tritis despite the high prevalence of this disease. Thick-
ened gastric folds and wall thickening with soft-tissue
attenuation may be noted on CT. Gastro-duodenal
obstruction is regularly caused by eosinophilic gas-
troenteritis, often with gastric, duodenal, and esophageal
involvement [21]. The site of obstruction is often the
second or third duodenum, with duodenal wall thicken-
ing.

Severe gastritis may be due to corrosive substance
ingestion, causing fibrous scarring and leading to antral
narrowing and in turn gastric outlet obstruction.

Duodenal Crohn’s disease is rare, with an estimated
incidence of 1% to 2% among Crohn’s disease patients.
When present, about 60% of patients have continuous
disease that involves the antrum, pylorus, and proximal
duodenum [22].

Intramural hematomas essentially affect the second
and third part of the duodenum. Predisposing factors
include blunt trauma, anticoagulant therapy, Henoch—
Schonlein purpura, and blood dyscrasias. These entities
usually occur during childhood in a traumatic context,
such as bike falls with direct abdominal trauma on
handlebars or child abuse (by epigastric direct blow). CT
spontancously shows hyperdense wall thickening of the
second and third part of the duodenum responsible for a
gastric dilatation (Fig. 8). Intramural hematomas are
usually managed conservatively although a surgical
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Fig. 6. Duodenal obstruction in a 52-year-old man with
known chronic pancreatitis. Axial A and sagittal B images
show findings of chronic pancreatitis with parietal infiltration of

intervention may be needed in the case of an associated
perforation or ischemia.

With the advent of surgery for morbid obesity, post-
operative stenosis has become one of the most common
causes of gastric obstruction. The reported incidence of
obstruction is as high as 4% [23]. Obstruction may occur
at several locations and be due to several mechanisms,
depending on the type of surgical procedure. In gastric
bypass, potential sites of obstruction include gastroje-
junostomy or jejunojejunostomy sites, the mesocolic
window and behind the Roux limb (Peterson’s space). In
an early post-operative setting, obstruction could result
from iatrogenic stenosis secondary to overzealous
suturing, but is often due to severe but spontancously
resolving edema. In the late post-operative setting,
obstruction may result from internal hernias, adhesions
or, in cases of a gastro-duodenal obstruction, may be the
consequence of stricture located at the gastro-jejunal
anastomosis. The stenosis is better diagnosed by contrast
fluoroscopy study than by CT [24]. In sleeve gastrec-
tomy, stenosis is quite uncommon and occurs at the
distal part of the gastric tube. In adjustable gastric
banding, obstruction may result from a too tight band or
from a distal band slippage with the band surrounding
the lower gastric fundus body or even antrum. Abdom-
inal plain film, scout of CT image or coronal reformat-
ting may show an abnormal position of the band which is
located more inferiorly than usual and has a transverse
orientation [25] (Fig. 9).

Volvulus

Volvulus seldom occurs in the stomach. Acute gastric
volvulus is typically noted in an acute clinical setting, in

I. Millet et al.: CT of gastro-duodenal obstruction

the first and second duodenal wall (arrow). Pancreaticoduo-
denectomy revealed a cancer of the head of the pancreas
with tumoral extension to the duodenal wall.

patients presenting with sudden intense epigastric pain
and vomiting, followed by retching without the ability to
vomit, and the inability to pass a nasogastric tube in the
stomach. Three categories of volvulus are defined
according to their axes of rotation. In the organoaxial
form, the stomach rotates along its long axis and is often
associated with paraesophageal and diaphragmatic her-
nia. In the mesenteroaxial form, the stomach rotates
along its short axis, with subsequent displacement of the
antrum at or above the gastroesophageal junction [26].
The third and most uncommon form of gastric volvulus
associates rotation in both the organoaxial and mesen-
teroaxial planes. A recent study [27] has shown that an
antropyloric transition point without any abnormality at
the transition zone with the location of the antrum at the
same level or higher than the fundus (Fig. 10) had a high
sensitivity for diagnosing gastric volvulus and that the
presence of both findings had 100% sensitivity and
specificity for this diagnosis.

Extrinsic causes of gastro-duodenal obstruction

Annular pancreas—an uncommon congenital abnor-
mality—is usually asymptomatic, but may cause pan-
creatitis or duodenal obstruction. Clinical findings of
gastro-duodenal obstruction were found to be present in
21% of the 42 patients with annular pancreas included in
a retrospective study [28]. An incomplete or complete
annular pancreas may be associated with gastric outlet
obstruction. When pancreatic tissue is found postero-
lateral to the second duodenum, it has high sensitivity
and specificity for the diagnosis of annular pancreas,
whereas the presence of pancreatic tissue anterolateral to
the duodenum is significantly less specific. A complete
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Fig. 7. Duodenal obstruction in a 67-year-old man with post-
ulcer stenosis of the duodenum. Axial A and coronal B ima-
ges show thickening of the duodenal wall with focal defect
enhancement of the inner part of the second portion of the
duodenum wall (arrow) due to an ulcer.

ring of pancreatic tissue surrounding the second part of
the duodenum diagnoses a complete annular pancreas,
whereas a crocodile jaw appearance of pancreatic tissue
anterior and posterior to the duodenum is highly sug-
gestive of incomplete annular pancreas [29]. MRI is
superior to CT in showing the annular duct or identify-
ing associated pancreatic abnormalities such as pancreas
divisum [28].

SMAS involves superior mesenteric artery compres-
sion of the third duodenum. It is responsible for subacute
or recurrent forms of obstruction, with a typical relief of
obstruction in a prone, knee—chest, or left lateral decu-
bitus position. CT shows dilatation of the stomach and
of the first and second duodenum, with a decrease in the
superior mesenteric artery—aorta distance and angle [29].

Fig. 8. Duodenal obstruction due post-traumatic hematoma
of the second portion of the duodenum in a 20-year-old man.
Coronal images before (A) and after (B) intravenous contrast
show dilatation of the stomach and spontaneous hyperdense
thickening of the duodenal wall. The duodenal lumen (arrow)
is better seen after contrast.

An aortomesenteric distance <8 mm and an angle <22°
would be suggestive of this disorder. However, caution is
needed when using these measurements as diagnostic cut-
off because the superior mesenteric artery is often
anterolateral relative to the aorta, and 3D reconstruc-
tions provide more accurate assessment than sagittal
reformatting. The presence of a Nutcracker phenomenon
consecutive to compression of the left renal vein is an
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Fig. 9. Band slippage with stomal dilatation in a 35-year-old
woman with dysphagia after laparoscopic adjustable gastric
banding. Coronal image shows dilatation of the gastric pouch
with horizontalization of the gastric band with a 90° angle
between the profile of the gastric band and the vertical axis.

Fig. 10. Organoaxial gastric volvulus in a 75-year-old wo-
man. Coronal slice at the arterial phase on the thorax (A) and
at the portal phase on the abdomen B show a parae-
sophageal hernia, the fundus (star) at a lower level than the
antrum and the antropyloric transition zone (arrow) at the distal
part of the antrum without any mass or bowel thickening.

I. Millet et al.: CT of gastro-duodenal obstruction

ancillary finding for diagnosing SMAS. Moreover, flu-
oroscopic upper gastro-intestinal imaging may provide
additional arguments by showing that the obstruction of
the duodenum is relieved by a change in position, espe-
cially in left lateral decubitus. Ultimately, it should be
kept in mind that CT can be suggestive of the disorder
but, even when CT findings are present it must be
interpreted in the context of the patient’s symptoms,
given the rarity of the disorder [30].

Diagnosis of complication

Gastro-duodenal obstruction complications generally
depend on the cause of the obstruction rather than being
associated with stomach dilatation. In gastric volvulus,
there is a high risk of gastric ischemia and perforation
along with peritonitis or mediastinitis if patients diag-
nosed with this disorder are not operated promptly. In
cases of gastric dilatation, gastric or portal pneumatosis
may be identified but it is not specific to ischemia. These
findings may be noted in patients presenting with gas-
troparesis due to gastric dilatation, but the symptoms
generally resolve when a nasogastric tube is inserted in
the stomach [4]. By contrast, the presence of fat strand-
ing or of fluid in contact with the stomach constitutes
arguments for ischemia in the setting of gastric pneu-
matosis.
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