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Small bowel obstruction (SBO) is a common clinical syndrome for
which effective treatment depends on a rapid and accurate diagnosis.
Despite advances in imaging and a better understanding of small bowel
pathophysiology, SBO is often diagnosed late or misdiagnosed, result-
ing in significant morbidity and mortality. A comprehensive approach
that includes clinical findings, patient history, and triage examinations
such as plain abdominal radiography will help the clinician develop an
individualized treatment plan. When an SBO is accompanied by signs of
strangulation, emergent surgical treatment is advised. If surgery cannot
be performed immediately or if a partial obstruction is suspected, then
a more detailed radiologic work-up is needed. The imaging techniques
used subsequently vary according to the initial findings. If a low-grade
partial obstruction is suspected, volume-challenge enteral examinations
such as enteroclysis and computed tomographic (CT) enteroclysis are
preferred. If a complete or high-grade obstruction is suspected, cross-
sectional studies such as ultrasonography or multidetector CT are used
to exclude strangulation. An algorithmic approach to imaging is pro-
posed for the management of SBO to achieve accurate diagnosis of the
obstruction; determine its severity, site, and cause; and assess the pres-
ence of strangulation. Radiologists have a pivotal role in clinical decision
making in cases of SBO by providing answers to specific questions that
significantly affect management.
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Abbreviation: SBO = small bowel obstruction

RadioGraphics 2009; 29:423-439 « Published online 10.1148/rg.292085514 + Content Code: @

'"From the Department of Radiology, Unidade Local de Saude de Matosinhos, EPE, Senhora da Hora, Rua Dr. Eduardo Torres, 4464-513 Matosin-
hos, Portugal (A.C.S.); the Department of Radiology, Hospital de Sao Jodo, Porto, Portugal (M.P.); and the Department of Radiology, Hospital de
Séo Teotonio, Viseu, Portugal (L.S.G.). Presented as an education exhibit at the 2007 RSNA Annual Meeting. Received February 19, 2008; revision
requested April 1 and received June 2; accepted July 8. All authors have no financial relationships to disclose. Address correspondence to A.C.S.
(e-mail: catarina.silva. hph@gmail.com).

©RSNA, 2009



RadioGraphics

Teaching
Point

424 March-April 2009

Introduction
Small bowel obstruction (SBO) is a common
clinical condition that occurs secondary to me-
chanical or functional obstruction of the small
bowel, preventing normal transit of its contents.
It is a frequent cause of hospitalization and surgi-
cal consultation, representing 20% of all surgical
admissions for acute abdominal pain (1,2).

The radiologic investigation of patients with
SBO and the indications for and timing of surgi-
cal intervention have changed over the past two
decades (3). The old paradigm of the general sur-
geon when confronted with a possible SBO was
to “never let the sun set or rise on an obstructed
bowel.” This approach reflected the clinical and
radiologic limitations of the preoperative recogni-
tion of strangulation (4).

Nowadays, owing to the increased application of
advanced modalities of abdominal imaging in the
clinical context of SBO, combined with the
widespread assumption that most of these con-
ditions resolve spontaneously with nonsurgical
treatment, namely nasointestinal decompression
(5), imaging has become the primary focus in the
treatment of patients with SBO. Therefore, radi-
ology 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?

Plain abdominal radiography continues to be
the initial examination in these patients due to its
wide availability and relatively low cost. However,
radiographs are diagnostic in only 50%-60%
of cases and have high sensitivity only for high-
grade obstructions. Nevertheless, the results of
this modality should serve as a basis for triage for
further imaging work-up and assist in the thera-
peutic decision (7-9).

Sonography is not commonly used for the eval-
uation of SBO mainly because most of the time
the bowel loops are filled with gas, producing non-
diagnostic sonograms, and because adhesions, the
most common cause of mechanical SBO, are not
detected with this technique (10). However, when
the obstructed bowel segments are dilated and
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filled with fluid, not only can the level of obstruc-
tion be recognized but the cause of the obstruction
can also be demonstrated by using the fluid-filled
bowel as a sonic window (3,10).

Contrast material-enhanced studies, particu-
larly volume-challenge enteral examinations like
enteroclysis, were once advocated as the defini-
tive study in patients with clinical uncertainty
about the diagnosis of SBO, since these studies
correctly demonstrate the presence of obstruction
in 100% of cases, the level (proximal vs distal) of
obstruction in 89% of cases, and the cause of the
obstruction in 86% of surgically treated patients
(11). Nowadays, this technique and computed
tomographic (CT) enteroclysis are used mainly
in patients with clinically suspected low-grade
SBO owing to the ability of these techniques to
challenge the distensibility of the bowel wall and
exaggerate the effects of mild or subclinical ob-
structions (12,13). However, CT enteroclysis can
also be used in high-grade obstructions whenever
relevant management questions are not answered
with conventional CT.

Standard CT emerged two decades ago as the
preeminent imaging modality for preoperative
evaluation of SBO, with sensitivity of 90%-96%,
specificity of 96%, and accuracy of 95%. How-
ever, these results appear to apply mostly to cases
of high-grade obstruction, with low-grade
obstruction being a relative “blind spot” for stan-
dard CT. Newer multidetector CT scanners with
multiplanar reformation capability are signifi-
cantly more effective in evaluation of SBO and
correlation of the obstruction with pathologic
tissue damage. Therefore, owing to the capabil-
ity of CT for early demonstration of strangula-
tion, 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).

In this article, we propose an algorithmic and
schematic approach for imaging work-up and
evaluation of patients with SBO, based on a re-
view of the literature and the current approach
to this entity. We also describe and illustrate the
“what to look for” imaging findings of the differ-
ent modalities used to diagnose SBO and char-
acterize its severity, site, cause, and simple versus
complicated nature.
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Patient with acute abdominal pain, distention, nausea, vomiting and constipation
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- MDCT: start at the end!
1. Confirm the diagnosis - Surgical

Surgical Cross sectional - Small-bowel follow-through or
management imaging - Enteroclysis/CT enteroclysis
- Sonography* Management

- Conservative

2. Characterize the severity of the obstruction
3. Identify the transition point

4. Identify the cause of the obstruction

5. Look for complications

*Useful primarily when CT is unavailable

Figure 1. Algorithm for imaging work-up of patients suspected to

have SBO. MDCT = multidetector CT.

Imaging Work-up:

Algorithmic Approach
The dilemma that surgeons and radiologists face
when confronted with a possible SBO on the ba-
sis of the patient’s symptoms and signs is not the
use of one imaging technique over another, but
rather the decision which examination to use first
to confirm the SBO and help determine the best
therapeutic approach. A schematic approach is
shown in Figure 1. When a patient presents to the
emergency department with crampy abdominal
pain, abdominal distention, nausea, and vomit-
ing, one of the first diagnostic hypotheses is SBO.

Conventional abdominal radiography is the pre-
ferred initial radiologic examination (7). Results
of this technique are diagnostic in 50%-60% of
cases; equivocal in about 20%-30%; and normal,
nonspecific, or misleading in 10%—-20% (6). If
the findings on plain radiographs are those of an
unequivocal SBO pattern and a high-grade partial
or complete SBO is suspected, immediate surgical
evaluation should be performed (3,6,7).

However, if surgery is not imminently planned
or other treatment options are being considered,
assessment of the severity and cause of the ob-
struction with cross-sectional studies becomes a
priority. CT and multidetector CT are the pre-

ferred additional imaging modalities, since they
have a sensitivity of 82%-100% for high-grade
and complete SBO and their results can poten-
tially modify the treatment approach from surgi-
cal to conservative. In settings in which CT is
unavailable, sonography can sometimes serve as a
useful substitute (3,10).

Conversely, if the initial radiographic find-
ings are interpreted as normal, equivocal, or
suggestive of a low-grade partial SBO, an exami-
nation that challenges the distensibility of the
small bowel such as small bowel follow-through
study, enteroclysis, or CT enteroclysis is recom-
mended, as these usually exaggerate the effects
of mild obstructions (7,12-14,19). Neverthe-
less, we emphasize that a bowel obstruction is
a dynamic and ever-changing process. It can
rapidly evolve into a catastrophic condition with
ischemia or resolve by itself. Therefore, in those
cases where surgical treatment is not immediate
or advocated, it is necessary to maintain close
communication between the surgeon and ra-
diologist in order to guarantee the appropriate
imaging and clinical follow-up (20).
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Figure 2. High-grade SBO. Plain abdominal radio-
graph shows multiple air-fluid levels (arrows), some
with a width of more than 2.5 cm. In addition, there
is a differential vertical height of more than 2 cm be-
tween corresponding air-fluid levels in the same bowel
loop (circled area). There is also distention of the
small bowel diameter to more than 2.5 cm and a small
bowel—colon diameter ratio of greater than 0.5.

Findings at Plain
Abdominal Radiography

Despite the low diagnostic accuracy and speci-
ficity of abdominal radiography, recognition of
an unequivocal SBO pattern in the appropriate
clinical context has significant value and greatly
contributes to the initial diagnostic and thera-
peutic decision making.

The key radiographic signs that allow distinc-
tion between a high-grade SBO and a low-grade
obstruction are the presence of small bowel dis-
tention, with maximal dilated loops averaging 36
mm in diameter and exceeding 50% of the caliber
of the largest visible colon loop as well as a 2.5
times increase in the number of distended loops
in the abdomen compared with the normal num-
ber. Other findings that are most significant and
predictive of high-grade SBO, according to expe-
rienced gastrointestinal radiologists (7), are the
presence of more than two air-fluid levels, air-fluid
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Figure 3. Ileal obstruction secondary to Crohn dis-
ease. Sonogram of the ileum shows a dilated fluid-filled
bowel loop with a caliber of more than 3 cm (dotted
line). The absence of valvulae conniventes allows the
obstruction to be localized to the ileum. There is a
thickened bowel wall with a stratified echo pattern (ar-
rows) and ascites (A4).

Figure 4. CT criteria for SBO. Axial CT scan shows
a disparity in caliber between distended proximal small
bowel loops (diameter >3 cm) (dotted line) and col-
lapsed distal small bowel loops (arrows).

levels wider than 2.5 cm, and air-fluid levels dif-
fering more than 2 cm in height from one another
within the same small bowel loop (Fig 2) (7,9).

Findings at Sonography
In the United States, sonography is not com-
monly the first choice for the initial work-up of
patients with SBO. However, it is frequently used
in many other countries where the availability
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Figure 5. Simple complete SBO secondary to in-
tussusception. Axial CT scan shows distended small
bowel loops with intraluminal positive contrast mate-
rial (arrows) proximal to an intussusception with a
targetlike appearance (x). Completely collapsed bowel
loops without intraluminal contrast material (arrow-
head) are seen beyond the intussusception.

of CT is limited and expertise in sonography is
high. Despite being an operator-dependent tech-
nique and having inherent limitations in the eval-
uation of gas-containing structures, abdominal
sonography can be quite valuable in certain situ-
ations, with high sensitivity in demonstrating the
presence of SBO, its level, and in some instances
the cause and severity of the obstruction.

At sonography, bowel obstruction is consid-
ered to be present when the lumen of the fluid-
filled small bowel loops is dilated to more than
3 cm, the length of the segment is more than 10
cm, and peristalsis of the dilated segment is in-
creased, as shown by the to-and-fro or whirling
motion of the bowel contents (10,21,22). The
level of the obstruction is determined by means
of the location of the bowel loops and the pattern
of the valvulae conniventes.

As with other cross-sectional imaging tech-
niques, the cause of the SBO may be deter-
mined by examining the area of transition from
the dilated to normal bowel. Causes of SBO like
bezoars, intussusception, Crohn disease, and
tumors can be depicted with this method (Fig
3). Obstruction associated with external hernias
is ideal for sonographic detection in that dilated
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loops of intestine may be traced to a portion of
the gut with normal caliber but abnormal posi-
tion (22).

The severity of the obstruction can also be as-
sessed. The presence of free fluid between dilated
small bowel loops, aperistalsis, and wall thicken-
ing (>3 mm) in a fluid-filled distended bowel
segment suggests bowel infarction (10,22).

Findings at Multidetector CT
Multidetector CT plays a primary role in the
evaluation of patients with acute SBO for several
reasons. It is a fast examination, it usually does not
require oral contrast material because the retained
intraluminal fluid serves as a natural negative
contrast agent, and it allows assessment of extra-
mural areas that would not be visible at contrast-
enhanced studies. Finally, results of multidetector
CT can provide answers to specific questions that
have a major effect on the clinical treatment of
the patient. These questions include the following
(13,14,18): Is the small bowel obstructed? What is
the grade of severity of the obstruction? Where is
the transition point? What is the cause of the ob-
struction? Are there any associated complications?

Is the Small Bowel Obstructed?
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).

When CT findings are equivocal for the pres-
ence of obstruction after positive oral contrast ma-
terial has been given, it is often helpful to perform
delayed scanning to assess the passage of contrast
material (23). Although there is no evidence in the
literature that this technique can be used to distin-
guish complete from incomplete obstruction, one
can deduce that the same criteria used in contrast-
enhanced studies like enteroclysis and small bowel
follow-through study could be applied to CT.
Therefore, a complete obstruction is considered
to be present when there is no passage of contrast
medium beyond the point of obstruction on de-
layed scans obtained at 3-24 hours (Fig 5).
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Figure 6. Low-grade partial SBO. Axial CT scan
shows distended jejunal loops (arrows) proximal to an
intussusception (%) filled with intraluminal positive oral
contrast material. There is sufficient flow of contrast
material through the intussusception to fill distal small
bowel loops (arrowheads).

A low-grade partial SBO is considered pres-
ent when there is sufficient flow of contrast
material through the point of obstruction (Fig
6). High-grade partial SBO is diagnosed when
there is some stasis and delay in the passage of
the contrast medium, so that diluted oral con-
trast material appears in the distended proximal
bowel and minimal contrast material appears in
the collapsed distal loops. As mentioned, these
criteria are the same as the ones used in stan-
dard contrast-enhanced studies to diagnose and
characterize SBO (24).

How Severe Is the Obstruction?
The presence of high-grade versus incomplete
obstruction can be determined by the degree of
distal collapse, proximal bowel dilatation, and the
presence of the “small bowel feces” sign in cases
where no positive oral contrast material has been
given, although this last factor is controversial.

In a high-grade obstruction, there is a 50%
difference in caliber between the proximal di-
lated bowel and the distal collapsed bowel (25).
Also, a high-grade obstruction that has been
present for several days leads to complete evacu-
ation of the contents of the bowel segments
distal to the obstruction point (26), highlighting
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Figure 7. Small bowel feces sign in a patient with
high-grade SBO secondary to postoperative adhesions.
Axial CT scan shows gas bubbles mixed with par-
ticulate matter (%), a finding that represents the small
bowel feces sign. Note the collapsed bowel loops (ar-
row) distal to the obstruction point.

Figure 8. Identification of the transition point in an
SBO secondary to postoperative adhesions. Axial CT
scan shows dilated small bowel loops (§). There is an
abrupt change in caliber (arrow) between the proximal
dilated bowel loops and collapsed distal bowel loops
(C). The change in caliber was due to adhesions.

the discrepancy in caliber between the proximal
and distal small bowel loops.

The small bowel feces sign is present when in-
traluminal particulate material is identified in the
dilated small bowel (Fig 7). Its prevalence is low
(7%-8%), and it is described by some authors as
being more likely to occur in moderate and high-
grade obstruction (27). However, this is a con-
troversial point, as other authors have found that
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INTRINSIC CAUSES

EXTRINSIC CAUSES

- Inflammatory diseases (Crohn’s,
tuberculosis, eosinophilic gastroenteritis)
- Neoplasias (Primary - GIST,
adenocarcinoma, lymphoma; Secondary)

- Adhesions

- Endometriosis
- Hematomas

- Hernias (external, internal)

- Vascular lesions (radiation enteropathy,
ischemia)

- Hematoma (trauma, anticoagulants, blood
dyscrasias)

- Intussusception

\i
INTRALUMINAL CAUSES

- Gallstones
- Bezoars
- Foreign bodies

Figure 9. Causes of SBO. GIST = gastrointestinal stromal tumor.

this sign is associated predominantly with low-
grade subacute obstruction. For this reason, it
cannot be used as a reliable sign for assessing the
severity of obstruction, but rather only to identify
the transition point (28).

When positive oral contrast material is given,
passage of the contrast material through the tran-
sition point into the collapsed distal bowel indi-
cates an incomplete bowel obstruction.

Where Is the Transition Point?
The transition point is determined by identifying
a caliber change between the dilated proximal
and collapsed distal small bowel loops (Fig 8).
Several methods can be used to improve detec-
tion of the transition point. One of these relates
to the method of acquisition. By acquiring thin-
section CT data with near-isotropic voxels, as
currently available with multidetector CT scan-
ners, multiplanar and three-dimensional capabili-
ties can be exploited.

Another technique is based on the method of
reading the examination results. Although scroll-
ing through CT data in a cine mode at a work-
station or picture archiving and communication
system allows one to track the course of the small
bowel more easily than by simply relying on static
images, the adoption of a schematic approach
is advised to rapidly and efficiently identify the
transition point. 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 posi-
tion should be confirmed by using an antegrade
approach, starting at the stomach (23). Finally,

always look for the presence of the small bowel
feces sign because, when present, it is usually pres-
ent at the transition point.

What Is the Cause

of the Obstruction?
Before searching for causes of SBO, it is man-
datory to definitively exclude obstruction of
the large bowel because causes, symptoms, and
treatment differ. Afterward, the use of a system-
atic approach based on the surgical and clinical
history of the patient and epidemiologic data
will assist in determination of the cause of the
obstruction (Fig 9).

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 ad-
jacent 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.

The etiology of SBO has shifted over the
past five decades from predominantly hernias
to adhesions, Crohn disease, and malignancy as
the top three causes of SBO in Western society.
Hernias still represent the predominant cause in
some developing countries. Crohn disease has
been recognized as a leading cause in the sur-
gery literature (29).
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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).

radiographics.rsnajnls.org
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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).

8 ,;%
‘p »’

.
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).

433
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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

radiographics.rsnajnls.org

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).

Page 429

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.





