





RadioGraphics

430 March-April 2009

Figure 10. SBO secondary to the acute presenta-
tion of Crohn disease. Axial CT scan shows a dilated
small bowel loop with a diameter of more than 2.5 cm
(S) proximal to the thickened terminal ileum (arrow).
Circle = transition point.

Intrinsic Causes of SBO

Crohn Disease.—SBO in Crohn disease can be
a manifestation of three clinical situations that
can occur in this disease. It can result from the
acute presentation of the disease. This is charac-
terized by bowel luminal narrowing secondary to
the transmural acute inflammatory process (Fig
10). It can be a manifestation of long-standing
disease, which usually results in cicatricial steno-
sis of affected segments (Fig 11). Finally, it can
be secondary to adhesions, incisional hernias,
exacerbation of the inflammatory condition, or
postoperative strictures in patients who have un-
dergone previous intestinal surgery (18,30-33).

Distinguishing between these conditions is es-
sential for proper patient treatment.

Neoplasia.—Primary neoplastic causes of SBO
are rare. Intrinsic small bowel neoplasms consti-
tute less than 2% of gastrointestinal malignancies.
When a small bowel adenocarcinoma manifests as
SBO, it is usually at an advanced state and shows
pronounced, asymmetric, and irregular mural
thickening at the transition point (Fig 12) (18,30).
Small bowel involvement by metastatic cancer
is more common than involvement by primary
neoplasms. It is more frequent in the form of peri-
toneal carcinomatosis, which is suggested when
extrinsic serosal disease involving the small bowel
wall is seen in association with a transition point.
However, SBO caused by isolated metastases to
the bowel seems to be an extremely rare event and
poses a significant diagnostic challenge (34).
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Figure 11. SBO due to the stenotic phase of Crohn
disease. (a) Axial CT scan shows fluid-filled dilated
small bowel loops with intraluminal positive contrast
material of different dilutions (x). At the terminal
ileum, a transition point with a thickened bowel wall
and mural stratification (arrowheads) and perienteric
hypervascularity are identified. (b) Photograph of the
gross specimen shows the narrowed lumen of the in-
volved segment (arrowheads) and a dilated bowel loop
proximally (x); this bowel loop corresponds to one of
the bowel loops seen on the CT image (x in a).

Figure 12. SBO secondary to adenocarcinoma. Axial
CT scan shows asymmetric and irregular mural thick-
ening of an ileal loop (arrow), which causes dilatation
of the proximal small bowel (S).
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Figure 13. SBO secondary to adenocarcinoma of the cecum with ileocecal valve involvement. (a) Axial CT
scan shows dilatation of small bowel loops (S) and the cecum (x) proximal to a stenotic cancer of the cecum (ar-
row) that involves the terminal ileum. (b) Photograph of the gross specimen shows involvement of the ileocecal
valve (arrow) by the neoplasm (dotted line). 77 = terminal ileum.

Malignancies that involve the cecum and colon
can also result in SBO when there is involvement
of the ileocecal valve (Fig 13).

Intussusception.—Intussusception is a rela-
tively rare condition in adults, accounting for
less than 5% of SBOs (35). Only lead-point
intussusceptions secondary to neoplasms, adhe-

Figure 14. SBO caused by intussusception and
an adhesive band. (a, b) Axial CT scans show the
intussusceptum (arrow in a) invaginating into the
intussuscipiens (* in a) secondary to a submucosal
tumor (7 in b). The intussuscipiens is dilated be-
cause of an adhesion (arrowhead in b). (¢) Photo-
graph of the gross specimen shows the submucosal
tumor as a large polypoid mass (arrow).

sions, or foreign bodies are associated with SBO.
Transient intussusceptions are not associated
with this condition.

At CT, the presence of a bowel-within-bowel
configuration with or without mesenteric fat and
mesenteric vessels is pathognomonic for intus-
susception. A leading mass as the cause of the
intussusception can be identified, but this finding
should be carefully interpreted and differentiated
from the soft-tissue pseudotumor that represents
the intussusception itself (Fig 14) (35-39).
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Figure 15. SBO secondary to radiation enteropathy. Axial CT scans show markedly distended small bowel
loops (S in a) secondary to narrowing of the lumen from mural thickening and fibrous strictures (arrows).

Figure 16. SBO secondary to a spontaneous bowel
hematoma in an overcoagulated patient. Axial non-
enhanced CT scan shows circumferential hyperat-

tenuating mural thickening of the ileum with luminal
narrowing (arrows), which causes proximal small

bowel distention ().

Radiation Enteritis.—Radiation enteritis
causes obstruction in the late phase 1 year after

radiation therapy, usually to the pelvis. Therefore,

the ileal loops are the most affected. Radiation
enteritis causes SBO primarily by producing
adhesive and fibrotic changes in the mesentery.
There are also changes produced within the
bowel, such as luminal narrowing and dysmotil-
ity induced by radiation serositis (40). CT shows
narrowing of the lumen secondary to mural
thickening, an angular bowel wall due to adhe-
sions, and retraction of the mesentery (Fig 15).
There may also be abnormal enhancement of the
thickened bowel wall caught in the line of the ra-
diation field (37—40).

Hematomas.—Intramural small bowel hema-
toma may occur secondary to anticoagulant
therapy, iatrogenic intervention, or trauma. The
development of SBO is usually due to luminal
narrowing.

If this condition is suspected, nonenhanced CT
should be performed, as it will show a spontane-
ously hyperattenuating clot. CT also demonstrates
circumferential, homogeneous, regular, and spon-
taneously hyperattenuating wall thickening with
moderate mesenteric infiltration (Fig 16) (41).

Vascular Causes.—OQOcclusion or stenosis of

the mesenteric arterial or venous vascular supply
to the bowel usually produces bowel ischemia,
which subsequently causes wall thickening, re-
sulting in SBO. CT shows thrombosis or occlu-
sion of the mesenteric vessels and also thickening
of the bowel wall in the affected loops with non-
circumferential or asymmetric wall enhancement.
In advanced cases, a bowel infarct may be pre-
sent, which manifests at CT as pneumatosis and
air in the portal venous system (Figs 17-19) (42).
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Figures 17,18. (17) SBO secondary to thrombosis of the superior mesenteric vein. (a) Coronal CT scan
shows thrombosis of the superior mesenteric vein (arrow) in association with circumferential wall thicken-
ing of ileal loops (*) due to submucosal edema. S = dilated small bowel loop. (b) Photograph of the gross
specimen shows an infarcted small bowel loop that has hemorrhagic mucosa with thickened valvulae.
(18) SBO due to intestinal ischemia secondary to arterial occlusion. Coronal maximum intensity projection
(a) and axial (b) CT scans show an endoluminal defect of the superior mesenteric artery (arrow) due to
thrombosis. S in b = proximal dilated small bowel loops.

a. b.

Figure 19. Ischemic small bowel secondary to superior mesenteric artery thrombosis. Axial CT scans show
thrombosis of the superior mesenteric artery (arrowhead in a) and pneumatosis intestinalis with air in the vasa
recta of the mesentery (arrows in b).
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Extrinsic Causes of SBO

Adhesions.—Adhesions are the main cause of
SBO, ranging from 50%-80% of all cases. Almost
all of them are postoperative, with a minority be-
ing secondary to peritonitis (36-39,43).

The diagnosis of SBO due to adhesions is
primarily one of exclusion because adhesive
bands are not seen at conventional CT; only an
abrupt change in the caliber of the bowel is seen
without any associated mass lesion, significant
inflammation, or bowel wall thickening at the
transition point. This finding combined with
a history of abdominal surgery and associated
kinking and tethering of the adjacent nonob-
structed bowel usually suggests the diagnosis
(Fig 20) (36-39,43).

Hernias.—Hernias are considered by some au-
thors to be the second most common cause of
SBO, responsible for 10% of cases. In developing
countries, they are still considered the foremost
cause; however, this scenario is changing (29).

Hernias are classified according to the ana-
tomic location of the orifice through which the
bowel protrudes. They are broadly classified as
external or internal. An external hernia results
from a defect in the abdominal and pelvic wall at
sites of congenital weakness or previous surgery
(Fig 21).The less common internal hernia occurs
when there is protrusion of the viscera through
the peritoneum or mesentery and into a compart-
ment within the abdominal cavity.

Diagnosis of an internal hernia is almost always
radiologic, whereas external hernias in most cases
are obvious at clinical examination. Reformatted
images are sometimes helpful in assessing the size
of the hernial defect, depicting adverse features,
and demonstrating hernial anatomy (38,44).

Endometriosis.—Endometriosis affects about
5% of women of reproductive age. However,
the exact prevalence of bowel endometriosis is
unknown.

Endometrial implants are typically located
on the antimesenteric edge of the bowel, and
their appearance is variable. The typical appear-
ance of intestinal endometriosis is a solid nodule
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Figure 20. SBO secondary to adhesions after ab-
dominal surgery. Axial CT scan shows an abrupt
change in bowel caliber at the transition zone (arrow).
Otherwise, the involved bowel wall and lumen and the
adjacent organs have a normal appearance, which al-
lows exclusion of other possible causes.

Figure 21. SBO secondary to an inguinal hernia.
Axial CT scan shows small bowel dilatation (§) due
to an incarcerated inguinal hernia (H). The transition
point (arrow) is lateral to the inferior epigastric artery
(arrowhead).

with positive enhancement contiguous with or
penetrating the thickened bowel wall. When the
endometriotic lesion infiltrates the submucosa,
it typically appears as a hypoattenuating layer
between the muscularis and the mucosa (Fig
22) (36-39,45).
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Figure 22. SBO secondary to intestinal endometrio-
sis. (a) Coronal CT scan shows distended fluid-filled
small bowel loops (§).The transition point appears as
circumferential mural thickening with a hypoattenuat-
ing outer layer (arrow). (b) Photograph of the gross
specimen shows the stricture due to fibrosis secondary
to endometriotic implants (arrows).

Intraluminal Causes of SBO

Gallstone Ileus.—Gallstone ileus is a rare com-
plication of recurrent cholecystitis, caused by
migration of a large gallstone through a biliary-
intestinal fistula with subsequent impaction

in the small bowel. CT findings are pathogno-

Figure 23. Gallstone ileus. (a) Axial CT scan shows
pneumobilia (arrow) and the gallbladder (gb) adjacent
to the gastric antrum. (b) CT scan shows an impacted
gallstone () in the distal jejunum with proximal bowel
dilatation ().

monic, corresponding to the radiographic triad
of pneumobilia, ectopic gallstone, and SBO (Fig
23) (46).

Bezoar.—SBO secondary to a bezoar is rare,
but the number of cases has increased owing
to the high frequency of gastric outlet surgery.
Such surgery prevents adequate digestion of
vegetable fibers, which become impacted, caus-
ing obstruction. At CT, a bezoar appears as an
intraluminal mass with an ovoid shape and a
mottled gas pattern (47).
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Figure 25. SBO secondary to a foreign body. Axial

CT scan shows distended small bowel loops (S) sec-

ondary to excessive tunneling at the insertion site of a
jejunostomy tube (arrow). Collapsed bowel loops (C)
are evident distal to the foreign body.

Figure 24. SBO in a patient with distal intestinal
obstruction syndrome. Axial CT scan shows markedly
dilated small bowel loops with feculent contents (S).
Arrows = colon.

Figure 26. Closed-loop SBOs secondary to postoperative adhesions. (a) Axial CT scan shows a radial dis-
tribution of small bowel loops with a U-shaped configuration (dotted line) and stretched mesenteric vessels
converging toward the site of torsion. (b) Oblique coronal CT scan shows incarcerated small bowel with a C-
shaped configuration (dotted line).

Figure 27. Closed-loop SBO in a patient
with intestinal torsion. Axial CT scan shows
a whirl sign (arrow) produced by mesenteric
vessels and collapsed bowel loops. The transi-
tion point is at the site of the torsion.
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Figure 28. Strangulated SBO due to adhesions. (a) Axial CT scan shows gas in the intrahepatic portal veins
(arrow). (b) Axial CT scan shows dilated small bowel loops (§) proximal to infarcted bowel segments, which
demonstrate pneumatosis (arrows).

Distal Intestinal Obstruction Syndrome.—
Distal intestinal obstruction syndrome is a cause
of SBO that usually occurs in older children and
adults with cystic fibrosis. The obstruction is sec-
ondary to impaction of thick stool, which is prob-
ably related to inadequately controlled intestinal
absorption secondary to pancreatic insufficiency.
Because this condition responds to medical treat-
ment, it is important to recognize it. At CT, the
findings consist of SBO with feculent filling de-
fects in the small bowel (Fig 24) (30,48).

Other Intraluminal Causes.—Intestinal ob-
struction caused by a foreign body usually occurs
in children or in emotionally disturbed or mentally
disabled patients. With increasing use of endo-
scopic capsules to evaluate inaccessible portions of
the bowel, capsule retention in patients with small
bowel luminal narrowing is a problem. At CT, the
findings consist of SBO with evidence of a foreign
body at the transition point (Fig 25) (49).

Is the SBO

Simple or Complicated?
On the basis of the pathophysiology of the ob-
structive process in the small bowel, SBO can
be divided into two types: simple obstructions
and closed-loop obstructions. Simple obstruc-
tion of the bowel is considered when the bowel
is occluded at one or several points along its
course. The proximal part of the bowel is variably
distended, depending on the severity and dura-
tion of the process. Closed-loop obstructions are
diagnosed when a bowel loop of variable length is
occluded at two adjacent points along its course.
The occlusion can be partial or complete.

At CT, the findings of a closed-loop obstruction
depend on the length, degree of distention, and
orientation of the closed loop in the abdomen. Ax-
ial scans reveal a characteristic fixed radial distri-
bution of several dilated, usually fluid-filled bowel
loops with stretched and prominent mesenteric
vessels converging toward the point of torsion. The
configuration can be U-shaped or C-shaped, de-
pending on the orientation of the closed loop (Fig
26). Because of the presence of constrictions of
two adjacent bowel segments and the intervening
mesentery, a narrow pedicle can be formed, lead-
ing to torsion of the loops and producing a small
bowel volvulus. At CT, a “beak sign” is seen at
the site of the torsion as a fusiform tapering, and
occasionally a “whirl sign” can be seen, reflecting
rotation of the bowel loops around the fixed point
of obstruction (Fig 27) (50).

Strangulation is defined as a closed-loop ob-
struction associated with intestinal ischemia.
This condition is seen in approximately 10% of
patients with SBO, mainly when there is a delay
in establishing the correct diagnosis and subse-
quent surgical treatment. It is associated with a
high mortality rate. CT has a detection rate in
this condition of 63%-100%. Findings indicative
of strangulation include thickening and increased
attenuation of the affected bowel wall, a halo or
“target sign,” pneumatosis intestinalis, and gas
in the portal vein (Fig 28), but these findings are
not specific for strangulation. A specific finding is
lack of wall enhancement; asymmetric enhance-
ment or even delayed enhancement may also be
found. Localized fluid and hemorrhage in the
mesentery can also be seen (13,31,50).
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Conclusions
Management issues are nowadays at the core of
imaging in SBO. Historically, acute SBO was
surgically treated relatively early owing to the dif-
ficulty of confidently excluding—on clinical and
imaging grounds—complicated SBO, which is as-
sociated with high mortality rates.

Today, with increased evidence that some
obstructions resolve with conservative manage-
ment and that the latest modalities of abdominal
imaging allow confident diagnosis or exclusion
of small bowel ischemia, early surgery is now
performed more and more selectively. In this
context, the role of the radiologist as a consultant
to the surgeon is a critical one. Therefore, a full
understanding of which imaging modalities to
use, when to use them, and what imaging find-
ings to look for to allow an individualized treat-
ment approach to each patient is of paramount
importance.
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Page 424

Therefore, radiology assumes considerable relevance in assisting the therapeutic decision of the
surgeon in cases of SBO by addressing the following questions (6): Is the small bowel obstructed?
How severe is the obstruction, where is it located, and what is its cause? Is strangulation present?

Page 424

Therefore, owing to the capability of CT for early demonstration of strangulation, CT is now
considered the best modality for determining which patients would benefit from conservative
management and close follow-up and which patients would benefit from immediate surgical
intervention (14-19).

Page 427
CT criteria for SBO are the presence of dilated small bowel loops (diameter >2.5 cm from outer wall
to outer wall) proximally to normal-caliber or collapsed loops distally (Fig 4) (16).

Page 429

This approach should begin in a retrograde fashion by starting at the rectum and proceeding
proximally toward the cecum, ileum, and jejunum. If the transition point is located proximally
(jejunum or duodenum), the position should be confirmed by using an antegrade approach, starting
at the stomach (23).
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A rule of thumb never to forget is that the answer is almost always in the transition point. Most
intrinsic bowel lesions are seen at the transition point and manifest as localized mural thickening.
Most extrinsic causes are seen adjacent to the transition point and usually have associated
extraintestinal manifestations. Most intraluminal causes manifest as endoluminal “foreign objects”
with imaging characteristics different from those of the remaining enteric content.





