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GASTROINTESTINAL

Value of multidetector CT in decision making
regarding surgery in patients with small-bowel
obstruction due to adhesion

Abstract The aim of this study was to
evaluate the value of use of multi-
detector CT (MDCT) to predict the
need for subsequent surgery in pa-
tients with small-bowel obstruction
(SBO) due to adhesion. During a 3-
year period, 128 patients with an SBO
due to adhesion were enrolled in this
prospective study. Initially, all patients
were treated conservatively. Surgery
was performed in patients who devel-
oped signs of strangulation or did not
improve, despite a conservative treat-
ment for at least 5 days. Of the 128
patients, 37 patients eventually un-
derwent surgery. Two radiologists
interpreted MDCT findings regarded
as predictive indicators for subsequent
surgery in consensus. The findings
included degree of SBO, presence of
transition zone, and an abnormal vas-
cular course. These findings were
statistically compared between the
group operated on and the group not
operated on. A higher degree of SBO,
an abnormal vascular course, and the

Introduction

presence of transition zone were more
frequently seen in the group of pa-
tients operated on (p<0.001). Sensi-
tivities, specificities, positive and
negative predictive values, and risks
for the use of MDCT to predict the
need for surgery were 100%, 46.1%,
43%, 100%, and 1.9 (1.5<95% con-
fidence interval (CI)<2.2) for a high-
grade obstruction; 100%, 23%,
34.5%, 100%, and 1.3 (1.2<95% CI<
1.5) for the presence of a transition
zone; and 70.2%, 90.1%, 74.2%,
88.1%, and 7.1 (3.7<95% CI<13.7)
for the presence of an abnormal course
of the mesenteric vessels, respectively.
The presence of a high degree of SBO
and an abnormal vascular course
around transition zone are useful
indicators on MDCT to predict the
need for surgery in patients with an
SBO due to adhesion.

Keywords CT - Abdomen - Small
intestine - Intestinal obstruction

Small-bowel obstruction (SBO) is a common surgical
condition accounting for as many as 12-16% of surgical
admissions annually [1-6]. Recently, it has been generally
accepted that patients with an SBO should be aggressively
resuscitated during a 12- to 24-h period, except when the
patient is in frank septic shock [2, 3, 5]. However, there has
been a debate on the role of early surgery versus a trial of
nonoperative management in patients with an SBO [2, 3, 5,

7-9]. It is difficult to select the proper time for surgery
based only on clinical symptoms that do not accurately
predict strangulation for patients with an SBO who have
equivocal clinical findings [2, 3, 5, 8, 10]. A decision to
undergo surgery for an SBO may shorten hospitalization
and promote better recovery.

In general, patients with an SBO who have definite
clinical and radiological findings of strangulation or
perforation usually undergo surgery without hesitation [2,
3,5, 10, 11]. However, in patients with equivocal findings,
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a prediction of the need for subsequent surgery is essential
to make a treatment plan and to prevent a delay.

The purpose of this study was to prospectively evaluate
the role of the use of multidetector computed tomography
(MDCT) to predict the need for subsequent surgery in
patients with an SBO due to adhesion.

Materials and methods
Patients

During a 3-year period from March 2005 to March 2008,
136 patients were enrolled in the prospective study.
Patients who satisfied all of the following conditions, as
seen on MDCT, were enrolled: (1) an SBO was present, (2)
the SBO was due to adhesion, which was suggested by the
absence of a distinct cause of such as a tumor or hernia, (3)
absence of mesenteric torsion showing a so-called whirl
sign, because an operation would be considered to
represent a source of selection bias, (4) the absence of
strangulation or perforation of small bowel. Eight patients
dropped out of the study and did not undergo follow-up.
Finally, 128 patients were candidates for the analysis. The
patients were aged from 12 to 90 years (mean age
55.5 years) and consisted of 55 women and 73 men.
Initially, all patients were treated conservatively.

MDCT imaging protocol

CT examinations were performed using a 16-MDCT
machine (SOMATOM Sensation, Siemens Medical Solu-
tions, Forchheim, Germany) for 118 patients and a 64-
MDCT machine (SOMATOM Sensation 64, Siemens
Medical Solutions) for ten. MDCT images were obtained
from the diaphragm to the symphysis pubis during a single
breath-hold with a detector configuration of 1.5 mmx 16 and
a table speed of 24 mm per gantry rotation for 16-MDCT, a
detector configuration of 0.6 mmx32 with a Z-flying spot
system and a table speed of 38.4 mm per gantry rotation for
64-MDCT, a pitch of 1, a reconstruction thickness of 5 mm,
120 kVp and variable tube current (90—140 mA s) for both
MDCT machines. No oral contrast agent was administered.
Single-phase contrast-enhanced images were obtained at 90
or 100 s after the injection of 120 mL of contrast material
(Iohexol, Omnipaque 300, Nycomed; lopromid, Ultravist
300, Schering) at a rate of 3 mL/s.

Image analysis

Two radiologists interpreted the MDCT findings regarded
as predictive indicators for subsequent surgery in con-

sensus. The findings included the degree of obstruction
(complete, incomplete high, incomplete low), the presence
of the transition zone, and the presence of an abnormal
course of the mesenteric vessels around the transition zone.
The findings were defined as follows.

1. Degrees of obstruction

a. Complete obstruction was defined as a discrepancy
of the luminal diameter between the proximal and
distal small bowel adjacent to the transitional zone
of more than three times with collapse of the distal
small bowel and colon.

b. Incomplete high-grade obstruction was defined as a
discrepancy of the luminal diameter between the
proximal and distal small bowel adjacent to the
transitional zone of more than three times with a
small amount of passage of air or fluid into the distal
small bowel. There was no or little passage of air or
fluid into the ascending colon.

c. Incomplete low-grade obstruction was defined as a
discrepancy of the luminal diameter between the
proximal and distal small bowel adjacent to the
transitional zone of less than three times with
the passage of air or fluid into the distal small
bowel and the ascending colon [12, 13]. The use of
discrepancy of more or less than three times was our
own criterion.

2. Presence of the transition zone
The transition zone was defined as the point of change
in the calibre of the intestinal lumen from a distended
segment proximal to the site of the obstruction to a
segment that was decreased in calibre or collapsed
distal to the obstruction [4, 6, 12, 13]. The presence of
transition zone was recorded as “yes” or “no”.

3. Presence of mesenteric vessels with an abnormal
course
The mesenteric vascular course was considered
unusual if there were vessels converging to one area
around the transition zone. We separately recorded a
“mesenteric torsion” that was seen with a so-called
whirl sign, i.e., where both mesenteric vessels and
bowel loops are twisted together and the bowel loops in
the whirl show luminal narrowing with a “beak”
appearance. Patients with this type of mesenteric
torsion were not enrolled in this study as its detection
might increase the chance of subsequent surgery
representing a source of bias [2, 4-6, 11, 14-17].
Strangulation was considered when the MDCT images
showed poor or no contrast enhancement of the bowel
wall. In this study, patients with strangulation were not
enrolled to minimize selection bias, as radiological
strangulation for an SBO is already generally accepted
as a sufficient criterion for the patient to be a surgical
candidate [1, 2, 4-7, 11, 13, 15, 16, 18].
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Clinical indications for surgery

In this study, the clinical indications for surgery were
decided by the following indications.

1. Appearance of clinical and radiological findings of
bowel perforation demonstrated during conservative
treatment.

2. Development of classic signs of strangulation, includ-
ing one or more of the following: localized tenderness,
fever (>38.5°C), tachycardia (>100 beats/min), or
leukocytosis (>10,000 WBC/uL) during conservative
treatment.

3. Absence of symptomatic improvement or aggravation
of obstructive symptoms despite conservative treat-
ment for at least 5 days [2, 3, 5, 19].

Statistical analysis

Each finding was compared statistically between the group
of patients that underwent surgery (operated on) and the
group of patients that did not undergo surgery (not operated
on). MDCT criteria for determining the need for subse-
quent surgery in patients with an SBO were complete or
incomplete high-grade obstruction, the presence of the
transition zone, or an abnormal course of vascular
structures. Sensitivities, specificities, positive predictive
values (PPVs), negative predictive values (NPVs), and
risks for the MDCT criteria for the need for surgery in
patients with an SBO were calculated.

The x* or Fisher’s exact test was used to determine
whether each variable differed significantly between the
groups operated on and not operated on. Statistically
significant differences were defined as having p values less
than 0.05 and all statistical analyses were performed by
using SPSS software (SPSS for Windows, version 12.0,
SPSS, Chicago, IL USA).

Results

Thirty-seven of the 128 patients underwent surgery. The
interval between the onset of symptoms and surgery was 0—
22 days (mean time 5.5 days). No patients developed a
bowel perforation during conservative treatment. Twenty-
six patients underwent surgery due to a sudden onset of
continuous abdominal pain and leukocytosis during con-
servative treatment for less than 5 days. Eleven of the 37
patients had aggravated symptoms despite conservative
treatment for more than 5 days. None of the patients who
underwent surgery underwent follow-up CT before sur-
gery. Segmental resection of the small bowel was
performed for 16 of the 37 patients and adhesiolysis was
performed for 21 patients. Pathological examination of the
surgical specimens demonstrated the presence of a trans-

mural infarct in 10 of the 16 patients who underwent
segmental resection of the small bowel. Microperforation
was demonstrated in six of the ten patients. There was no
evidence of bowel perforation or strangulation as seen on
MDCT for these patients. However, there were high
degrees of SBO (complete and incomplete high grade) and
an abnormal course of the mesenteric vessels on MDCT for
all of the patients.

In the group of patients operated on (n=37), 22 patients
had a complete and 15 had an incomplete high-grade SBO
as depicted on MDCT (Figs. 1 and 2). In the group of
patients not operated on (n=91), six patients had a
complete SBO (Fig. 3), 43 patients had an incomplete

Fig. 1 A 65-year-old man with small bowel-obstruction. a,b
Contiguous axial MDCT images show the complete degree of
obstruction with the transition zone (black arrows) and an abnormal
course of mesenteric vessels (white arrows). The patient underwent
surgery on the fifth day of admission because of leukocytosis and
progressing abdominal pain despite the conservative treatment.
Double arrows luminal diameter, C colon
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«4Fig. 2 A 46-year-old woman with small-bowel obstruction. a—d
Contiguous axial MDCT images show the incomplete high-grade
obstruction. Small amount of fluid passed into the distal bowel
(arrowheads). An abnormal course of mesenteric vessels (black
arrows) is present around the transition zone (white arrows). The
patient did not improve on conservative treatment and underwent
small-bowel resection. Double arrows luminal diameter

high-grade SBO, and 42 patients had an incomplete low-
grade SBO. The presence of the transition zone as seen on
MDCT was determined for all of the patients in the group
operated on, but for only 46 patients in the group not
operated on. An abnormal course of the mesenteric vessels
was present in 26 patients as seen on MDCT in the group of
patients operated on and nine patients in the group not
operated on (Table 1). A high-grade obstruction, the
presence of the transition zone, and an abnormal course of
the mesenteric vessels were more common in the group of

Fig. 3 A 43-year-old woman with small-bowel obstruction. a,b
Contiguous axial MDCT images show complete degree of obstruc-
tion. There is no passage into the small bowel (black arrow) distal to
the transition zone (white arrows). An abnormal course of
mesenteric vessels is not present around the transition zone.
Thickening of bowel wall adjacent to the transition zone (arrow-
heads) and peritoneal effusion (dots) are also present. The patient
was treated conservatively and improved clinically. Follow-up
abdominal radiograph (not shown) demonstrated improvement of
the small-bowel obstruction. Double arrows luminal diameter
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Table 1 Comparison of MDCT criteria between groups operated on
and not operated on

No. of patients in No. of patients in p value
group operated  group not operated

on (n=37) on (n=91)
Degree of obstruction
Incomplete low 0 42 <0.001
Incomplete high 15 43
Complete 22 6
Transition zone
Presence 37 70 <0.001
Absence 0 21
Abnormal vascular course
Presence 26 9 <0.001
Absence 11 82

No. number

patients operated on than in the group not operated on,
which was statistically significant (»p<0.001).

The sensitivities, specificities, PPVs, NPVs, and risks of
MDCT for predicting the need for subsequent surgery in
patients with an SBO were 100%, 46.1%, 43%, 100%, and
1.9 (1.5<595% confidence interval (CI)<2.2) for a high-
grade obstruction; 100%, 23%, 34.5%, 100%, and 1.3
(1.2<95% CI<1.5) for the presence of the transition zone ;
and 70.2%, 90.1%, 74.2%, 88.1%, and 7.1 (3.7<95% CI<
13.7) for the presence of an abnormal course of the
mesenteric vessels, respectively (Table 2).

Discussion

Juggling early surgery and nonoperative management is
challenging in the management of SBO due to adhesion. A
number of large, retrospective series have reported success
with nonoperative management in patients without signs of
strangulation, followed by surgery carried out only in
selected patients [2, 3, 5, 8, 10, 19]. However, predictors to
clinically discern which patients have early reversible
ischemia and clinical indicators of impending strangulation
have been found to be inconsistent and unreliable [3, 5, 9,
10, 20]. Therefore, there should be a role of the use of CT in
the prediction for the need of subsequent surgery in patients

with equivocal symptoms of strangulation. Recent ad-
vances in CT technology have allowed CT to have a
primary role in the evaluation of an SBO [1-5, 11, 13, 19,
20]. The use of MDCT is highly sensitive to diagnose an
SBO and provides valuable information for an SBO
including the cause, site, degree, and presence of strangu-
lation [1-4, 6, 13, 21]. However, there has been no reported
evaluation of the clinical value of the information acquired
with the use of MDCT for decision making regarding
surgery in patients with an SBO. Furthermore, most
radiological studies have analyzed CT features without
correlating the clinical symptoms and signs. In the present
study, we attempted to evaluate the role of MDCT in
predicting the need for subsequent operation and also its
correlation with the clinical background in a prospective
manner. In general, patients with complete obstruction are
prone to require surgery. In operative series, the substantial
risk of strangulation in complete obstruction has been
consistently reported as between 20 and 40%, which
suggests the need for early surgery [3, 5, 21]. However,
patients with incomplete obstruction may be treated with a
conservative method, initially under clinical supervision [2,
3, 10]. Our results also showed that a higher degree of SBO
was more common in the group of patients operated on,
which suggests that a higher degree of obstruction can be
an indicator of the need for subsequent surgery in patients
with an SBO. However, Mallo et al. have indicated in a
review that although the accuracy of CT was good for a
complete or high-grade SBO, the diagnostic performance
for a complete SBO was problematic because of the lack of
a “gold standard” [22]. In the present study, we defined the
discrepancy of the luminal diameter between the proximal
and distal bowel adjacent to the transition zone as being
more than three times in complete and incomplete high-
grade SBO to obtain interobserver agreement and a higher
diagnostic accuracy.

For the transitional zone, the sensitivity of predicting the
need for subsequent surgery was 100%. However, the
specificity was low (23%) as MDCT can depict more
anatomic details and transition zone, even for a low-grade
SBO.

In this study, an abnormal course of mesenteric vessels
was suggested as an indicator of the need for subsequent
surgery. An unusual course of mesenteric vessels is
different from mesenteric torsion in terms of the absence
of whirling bowel loops, which may be an earlier step of

Table 2 Diagnostic performance of MDCT criteria for decision making regarding surgery in patients with small-bowel obstruction

Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Risk p value
Degree of obstruction (>incomplete high) 100 46.1 43 100 1.9 (1.5<CI<2.2)  <0.001
Transition zone 100 23 345 100 1.3 (1.2<CI<1.5) <0.001
Abnormal vascular course 70.2 90.1 74.2 88.1 7.1 (3.7<CI<13.7)  <0.001

PPV positive predictive value, NPV negative predictive value, CI 95% confidence interval
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vascular change for an SBO than mesenteric torsion or
bowel strangulation, and can be correlated with early
pathophysiology of compromised arterial influx. However,
an unusual mesenteric vascular course may be a nonspe-
cific finding, so it should be considered as suspicious when
seen on CT of patients with an SBO.

Patients who have been demonstrated to have a trans-
mural infarct or microperforation showed no evidence of
strangulation or perforation as seen on MDCT. The lack of
a CT finding might be due to the aggravation of vascular
compromise during the time interval between imaging and
surgery.

This study focused on degrees of SBO, presence of the
transition zone, and an abnormal vascular course as
predictors of subsequent operation in patients with SBO.
Other findings such as peritoneal effusion or bowel wall
thickening which may be possible predictors of operation
in SBO were not considered in this analysis.

This study has several limitations. First, the clinical
conditions of the patients could not be controlled regularly
according to the consensual protocol of treatment, which
might have an effect on the decision making regarding
surgery. Second, the patients in the operated group did not
undergo follow-up CT at that time of deciding to undergo
surgery and the decision totally depended on the clinical
status and the findings on plain radiographs, which might

give subjectivity to the decision making regarding surgery.
However, there were some problems with performing
follow-up CT examinations, such as increasing exposure to
radiation and additional medical expenses. Third, as
mentioned above there is no current consensus of a gold
standard for the degree of obstruction. Fourth, this study
included a relatively small number of patients in the group
operated on. Fifth, it was not possible to discuss patients in
the group not operated on. Finally, this study did not
include reconstructed images where the findings of SBO
may be better evident.

Conclusion

A higher grade of SBO and the presence of the transition
zone as seen on MDCT were highly sensitive for the
prediction of the need for subsequent surgery in patients with
an SBO. However, the presence of the transition zone was
not specific. The presence of converging mesenteric vessels
around the transition zone was highly specific for the
prediction of the need for surgery. Therefore, a high degree of
obstruction and the presence of the mesenteric vessels
showing an abnormal course around transition zone may be
used as useful findings on MDCT to predict the need for
subsequent surgery in patients with an SBO due to adhesion.
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