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Abstract

Purpose: The aim of this study was to investigate the
diagnostic performance of contrast-enhanced CT
(CECT) findings for bowel ischemia and necrosis in
closed-loop small-bowel obstruction (CL-SBO). Materi-
als and Methods: Thirty-five patients with CL-SBO
confirmed by laparotomy (n = 34) or multiplanar
reconstruction of thin slice CT images (n = 1) were in-
cluded. Based on the surgical and clinical findings, these
patients were classified into three groups: necrosis group
(n = 16), ischemia without necrosis group (n = 11), and
no-ischemia group (n = 8). Two blinded radiologists
retrospectively reviewed CECT including multiplanar
reconstruction images and evaluated 12 CT findings. The
sensitivity and specificity of each finding were compared
among the three groups, and logistic regression analysis
was performed. Results: High attenuation of the bowel
wall, intraperitoneal air, reduced enhancement of the
mesenteric arteries, and small-bowel feces signs showed
high specificities of 100%, 100%, 89%, and 89% but low
sensitivities of 31%, 25%, 44%, and 31%, respectively, for
the prediction of bowel necrosis in CL-SBO. According
to multivariate logistic regression analysis, reduced bo-
wel-wall enhancement, reduced enhancement of the
mesenteric veins, and a lack of engorgement of the
mesenteric veins were significant for predicting bowel
ischemia or necrosis (P < 0.05). Conclusions: Reduced
enhancements of bowel wall and mesenteric veins were
good indicators of bowel ischemia or necrosis. On the
contrary, engorgement of the mesenteric veins was a
predictor of a viable bowel.
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Small-bowel obstruction (SBO) is responsible for approxi-
mately 15% of cases of acute abdominal pain [1]. In par-
ticular, SBO with strangulation or bowel ischemia has a
high mortality rate if the correct diagnosis and subsequent
laparotomy are delayed [2–4]. However, the imaging diag-
nosis of bowel ischemia remains a considerable challenge
[5–10]. Although CT may help determine whether imme-
diate surgery is needed [11–15], CT findings are not exactly
equivalent to the surgical findings [16]. A different detection
rate of bowel ischemia in SBO using CT (63–100%) [5–10]
and the various CT signs suggestive of ischemia has been
described previously [6, 7, 11, 12, 17–22]. It is difficult to
precisely predict bowel ischemia or necrosis by solely diag-
nosable finding for bowel ischemia.

Closed-loop small-bowel obstruction (CL-SBO) is the
most common cause of bowel ischemia (59–84%) [5, 7, 12]
and is considered a surgical emergency. Various axial CT
signs are suggestive of CL-SBO, such as a U- or C-shaped
configuration of the bowel loop, a radial distribution of
mesenteric vessels converging toward the torsion site, a
fusiform tapering of the loops (beak signs), andwhirl signs
[2, 17]. In addition, commonly usedmultidetector-rowCT
(MDCT) can be used for easy detection of a closed loop by
tracing the thin sectional imaging [23]. MDCT with
intravenous contrast enhancement facilitates the estima-
tion of vascular compromise and ischemia [24, 25].

The aim of this study was to investigate the diagnostic
performance of the contrast-enhanced CT (CECT) find-
ings for bowel ischemia and necrosis in CL-SBO to
predict the need for bowel resection or the feasibility of
conservative treatment, including late adhesiolysis.
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Materials and methods

Patients

Informed consent was waived by the institutional review
board for this retrospective study. Our study was com-
pliant with the Health Insurance Portability and
Accountability Act. We reviewed 336 consecutive pa-
tients with clinical episodes and CT findings of acute
SBO between November 2006 and October 2010. Fifty-
one of these patients presenting with CL-SBO on MDCT
scans or at laparotomy were included in the study. Six-
teen patients were excluded because of one of the fol-
lowing reasons: CECT scans were unavailable (n = 14),
a closed loop of the small bowel was too short to eval-
uate on CT images (n = 1), or sudden clinical deterio-
ration was observed between the CT scan and
laparotomy during conservative management which
indicated a remarkable change of the bowel condition
(n = 1).

Therefore, 35 patients (19 females and 16 males, age
range 34–90 years, mean 66.5 years) with CL-SBO con-
firmed by laparotomy (n = 34) or multiplanar recon-
struction (MPR) of thin slice CT images (n = 1) were
included in the study. CL-SBO on MDCT was confirmed
by two radiologists by tracing the dilated closed loop
(single and isolated segment of small bowel) and proxi-
mal loop and the collapsed distal loop on thin sectional
imaging. The causes of CL-SBO were postoperative
adhesions (n = 32) or internal hernias (n = 3). Of the 34
patients who underwent laparotomy, 32 patients (94%)
were operated on within 1–34 h (median 4.3 h) after the
CT scan. Two patients who had presented with no clin-
ical change until the surgery were operated on more than
2 days after the CT scan.

Surgical findings

In 34 patients who underwent laparotomy, the small
bowel viability was evaluated by inspection during sur-
gery (color and peristalsis of the bowel wall and pulsa-
tion of the mesenteric arteries) and by histological
examination of the surgical specimen. Based on the
surgical and histological findings, patients were classified
into three groups (Table 1): 16 patients with evidence of
bowel necrosis requiring small bowel resection (necrosis
group), 11 patients with impaired bowel circulation
requiring simple adhesiolysis without the need for bowel
resection (ischemia group), and 8 patients without im-
paired bowel circulation (n = 7) or who was managed
conservatively (n = 1) (no-ischemia group).

CT technique

CT examinations were performed with 64-slice MDCT
systems (Aquilion 64, Toshiba Medical Systems, Tokyo,

Japan) (n = 26) or 4-slice MDCT systems (Somatom
Plus 4 Volume Zoom, Siemens Medical Systems, Erlan-
gen, Germany) (n = 9). CT scans were obtained from
the diaphragm to the symphysis pubis, with a tube po-
tential of 120 kV and an automatically adjusted tube
current (200–300 mAs) for each CT system. After pre-
contrast CT scans were obtained, 2 or 3 phase contrast-
enhanced scans were performed using 100–150 mL
intravenous contrast material (iohexol, Omnipaque 300;
Daiichi Sankyo, Tokyo, Japan, or iopamidol, Oiparomin
300; Fuji Pharma, Tokyo, Japan) at an injection rate of
3–4 mL/s. Image acquisition delay times were fixed at 40
and 80 s after the bolus injection of intravenous contrast
material in order to simplify the scanning procedure. In
three cases, additional 180 s delayed images were ob-
tained. No oral or rectal contrast material was admin-
istered to any patient.

Image review

Throughout this study, CT images were reviewed inde-
pendently by two experienced radiologists (KN and HI)
who were blinded to the clinical data and pathohisto-
logical results. All images were interpreted on a picture
archiving and communication system (PACS) viewer. In
all cases, MPR images orthogonal to the axis of the
closed loop and other optional imaging planes were
made by reviewers’ own operation on an imaging
workstation (Aquarius, TeraRecon, Tokyo, Japan) from
the source 1-mm-thick axial sections.

Twelve CT findings that have been reported to be
valuable for the diagnosis of bowel ischemia associated
with SBO [2, 5, 6, 9, 11, 12] were evaluated: (1) bowel-
wall thickening, considered as thicker than 2 mm in a
distended loop, however, partly subjective evaluation due
to the difficulty of accurately measuring the thickness of
the wall; (2) target (halo) signs which indicate submu-
cosal edema; (3) high attenuation of the bowel wall,
compared with the attenuation of adjacent bowel-wall
segments on the precontrast CT scan; (4) reduced bowel-
wall contrast enhancement, subjectively evaluated by
comparing with other bowel-wall segments 40 and 80 s
after the contrast material injection; (5) mesenteric ede-
ma, defined as hazy fluid attenuation in the mesentery of
the closed loop; (6) whirl signs, a swirl of mesenteric fat
attenuation and vessels with adjacent rotated bowel
loops; (7) reduced enhancement of the mesenteric arter-
ies; (8) veins, evaluated by tracing arteries and veins on
optional MPR obtained 40 and 80 s after the contrast
material injection; (9) engorgement of the mesenteric
veins, defined as dilatation of mesenteric veins around
the site of obstruction compared with those distant from
the obstruction site; (10) small bowel feces signs, defined
as the presence of gas bubbles and debris within the lu-
men of the closed loop; (11) a large amount of ascites;
and (12) intestinal pneumatosis or intraperitoneal air.
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Statistical analysis

The frequency of each CT finding was calculated.
Interobserver agreement was assessed using j statistics
with the following scale: fair agreement, 0.21–0.40;
moderate agreement, 0.41–0.60; substantial agreement,
0.61–0.80; and almost perfect agreement, 0.81–1.0 [26].
Discordant findings between the two reviewers were re-
solved in conference.

Because bowel ischemia and necrosis were thought to
be sequential entities dependent on the degree and
duration of circulatory impairment of the bowel, several
CT findings suggesting bowel necrosis were expected to
overlap with those suggesting bowel ischemia. Hence, the
sensitivity and specificity of each CT finding for bowel
necrosis and for bowel ischemia or necrosis were calcu-
lated. The Mann–Whitney U test was used for group
comparisons.

Logistic regression analysis was performed to assess
which CT finding was an independent predictor of bowel
ischemia or necrosis in CL-SBO. CT findings with a P
value < 0.2 in the univariate analysis were incorporated
into the multivariate analysis.

All statistical analyses were performed using Stat-
Mate IV software (Atoms, Tokyo, Japan). Statistically
significant differences were defined as having P values
less than 0.05.

Results

Interobserver agreement and diagnostic value
of CT findings (Table 2)

In 11CTfindings, the j values showed substantial to almost
perfect agreement. The frequency of reduced bowel-wall
enhancement (13 of 16, 81%) and reduced enhancement of
the mesenteric veins (14 of 16, 88%) were significantly
higher, and engorgement of the mesenteric veins (1 of 16,
6%) were significantly lower in the necrosis group than the
no-ischemia group (P < 0.005). Reduced enhancement of
themesenteric veins was observed in 14 of 16 patients (88%)
in the necrosis group, which was significantly higher than
the ischemia group (5 of 11, 46%, P < 0.05). High atten-
uation of the bowel wall, intestinal pneumatosis, or intra-
peritoneal air, reduced enhancement of the mesenteric
arteries, and small bowel feces signs showed high specifici-
ties of 100% (19 of 19), 100% (19 of 19), 89% (17 of 19), and
89% (17 of 19) but low sensitivities of 31% (5 of 16), 25% (4
of 16), 44% (7 of 16), and 31% (5 of 16), respectively, for the
prediction of bowel necrosis in CL-SBO.

Logistic regression analysis (Table 3)

Reduced bowel-wall enhancement, whirl signs, reduced
enhancement of the mesenteric veins, engorgement of the

Table 1. Characteristics of the 35 patients with closed-loop small-bowel obstruction

Characteristic Necrosis group Ischemia (without necrosis) group No-ischemia group

No. of patients 16 11 8
No. of female patientsa 7 (44) 7 (64) 5 (63)
Age (y)b 68.3 ± 12 68.1 ± 16 60.6 ± 13
Interval between CT and laparotomy (h)c 1–22 (4.1) 1–34 (6.0) 2–351 (7.8)

a Numbers in parentheses are percentages
b Data are means ± standard deviations
c Data are ranges with medians in parentheses

Table 2. Interobserver agreement and diagnostic value of CT findings for the detection of bowel ischemia and necrosis

CT finding j Value Sensitivity (%) Specificity (%)

Ischemia or necrosis For necrosis only Ischemia or necrosis For necrosis only

High attenuation of the bowel wall 0.68 5/27 (19) 5/16 (31) 8/8 (100) 19/19 (100)
Intestinal pneumatosis, intraperitoneal air 0.84 4/27 (15) 4/16 (25) 8/8 (100) 19/19 (100)
Small bowel feces signs 0.91 5/27 (19) 5/16 (31) 6/8 (75) 17/19 (89)
Reduced bowel-wall enhancement 0.83 18/27 (67) 13/16 (81) 8/8 (100) 14/19 (74)
Reduced enhancement of the mesenteric artery 0.75 9/27 (33) 7/16 (44) 8/8 (100) 17/19 (89)
Reduced enhancement of the mesenteric vein 0.83 19/27 (70) 14/16 (88) 7/8 (88) 13/19 (68)
Engorgement of the mesenteric vein 0.79 5/27 (19) 1/16 (6) 2/8 (25) 9/19 (47)
Bowel-wall thickening 0.65 13/27 (48) 7/16 (44) 6/8 (75) 11/19 (58)
Target signs 0.80 11/27 (41) 5/16 (31) 6/8 (75) 11/19 (58)
Mesenteric edema 0.53 26/27 (96) 15/16 (94) 1/8 (13) 1/19 (5)
Whirl signs 0.84 2/27 (7) 0 6/8 (75) 15/19 (79)
A large amount of ascites 0.66 16/27 (59) 8/16 (50) 6/8 (75) 9/19 (47)
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mesenteric veins, and a large amount of ascites showed a
P value < 0.2 for the prediction of bowel ischemia or
necrosis according to the univariate analysis. Therefore,
these factors were incorporated into the multivariate ana-
lysis. For the prediction of bowel necrosis, the following
factors were incorporated into the multivariate analysis:
reduced bowel-wall enhancement, reduced enhancement of
the mesenteric arteries, reduced enhancement of the mes-
enteric veins, engorgement of the mesenteric veins, and
small bowel feces signs.

Multicollinearity due to high correlations was present
among reduced bowel-wall enhancement, reduced
enhancement of the mesenteric veins, and engorgement
of the mesenteric veins. Hence, 3 patterns of analyses
that incorporated one of the 3 findings separately were
performed to exclude the multicollinearity effect.

According to the multivariate analysis, reduced
enhancement of the mesenteric veins and a lack of
engorgement of the mesenteric veins were significant for
predicting bowel ischemia or necrosis (P < 0.05). Re-
duced bowel-wall enhancement and reduced enhance-
ment of the mesenteric veins were significant factors for
predicting bowel necrosis (P < 0.05).

Discussion

CL-SBO is a form of mechanical obstruction in which
two or more points along the course of the bowel are
obstructed at a single constrictive lesion [5, 17] and rep-
resents the most common cause of strangulation due to
circulatory impairment caused by involvement of the
mesentery [2, 4, 5, 17]. Fifty-nine to eighty-four percent of
CL-SBO cases had bowel ischemia or necrosis [5, 7, 12,
19]; however, closed loops may occasionally resolve with
conservative therapy [11]. The bowel with irreversible
ischemia (necrosis) needs to be resected, and bowel with

reversible ischemia may be preserved by alternate ad-
hesiolysis. As our results showed, CL-SBO without
ischemia [22% (8 of 35) of the cases in this study] can be
managed with conservative therapy with close monitoring
or with waiting surgery. If CT can differentiate closed-
loop bowel with irreversible ischemia from that with mild
ischemia or without ischemia, the patients with CL-SBO
will be triaged appropriately to an urgent laparotomy or
conservative treatment, including waiting for surgery.

High-resolution imaging using MDCT has enabled
easy detection of the closed-loop configuration, namely
the dilated closed loop and proximal loop and the col-
lapsed distal loop, by tracing the thin sectional imaging
[7]. MPR facilitates tracing the tortuous small intestine
and swirling or converging vessels in affected mesentery.
Even using MDCT, the diagnosis of ischemia is often
difficult, because ischemia cannot be predicted only by
the configuration of the obstructed bowel. A meta-ana-
lysis by Mallo et al. of 15 separate studies found CT to be
83% sensitive (range, 63–100%) and 92% specific (range,
61–100%) for selecting patients with ischemic bowel in
the setting of SBO [13, 18]. There have been various CT
findings reported to be helpful for diagnosing bowel
ischemia [2, 5, 8, 11, 12, 14, 27, 28]; however, some of the
markers are debatable, and there has been no solely
diagnosable finding. Furthermore, only a few reports
refer to the difference in CT findings between bowel
ischemia and necrosis [3, 5, 19].

On the precontrast CT, high attenuation of the bowel
wall, hemorrhagic changes in the mesentery, intestinal
pneumatosis, small bowel feces sign [12, 21, 29], and
portal venous gas are reported to indicate severe ische-
mia and infarction [5, 11]. In our study, however, logistic
regression analysis showed that these signs in the CL-
SBO were not a valuable predictor for bowel ischemia
and necrosis. Although high attenuation of the bowel

Table 3. Logistic regression analysis for the diagnosis of bowel ischemia and necrosis

CT Finding Univariate Multivariate

Ischemia or
necrosis

For necrosis
only

Ischemia or necrosis For necrosis only

P value P value P value Odds ratioa P value Odds ratioa

High attenuation of the bowel wall 0.430 0.202 – – – –
Intestinal pneumatosis, intraperitoneal air 0.485 0.262 – – – –
Small bowel feces signs 0.688 0.143 – – 0.277 3.217 (0.392, 26.417)
Reduced bowel-wall enhancementb 0.066 0.003 0.075 68.106 (0.655, 7080.186) 0.032 8.034 (1.191, 54.196)
Reduced enhancement of the

mesenteric artery
0.265 0.036 – – 0.433 2.267 (0.294, 17.504)

Reduced enhancement of the
mesenteric veinb

0.014 0.003 0.022 15.950 (1.496, 170.045) 0.028 9.261 (1.266, 67.752)

Engorgement of the mesenteric veinb 0.007 0.013 0.014 0.037 (0.003, 0.518) 0.053 0.101 (0.010, 1.026)
Bowel-wall thickening 0.256 0.922 – – – –
Target signs 0.424 0.509 – – – –
Mesenteric edema 0.374 0.900 – – – –
Whirl signs 0.194 0.304 0.560 0.443 (0.029, 6.866) – –
A large amount of ascites 0.104 0.877 0.114 5.187 (0.673, 39.996) – –

a Data in parentheses are 95% CIs
b To avoid multicollinearity, these three parameters were entered in separate analyses
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wall, which indicates hemorrhagic changes in the wall,
showed high specificity for bowel necrosis (Figs. 1, 2),
the subtle increase of the wall attenuation was difficult to
detect subjectively (a j value of 0.68).

On contrast-enhanced CT, reduced bowel-wall
enhancement (Figs. 1, 2) has been reported to be the only
direct sign of vascular impairment of the small bowel and
to be the most reliable sign of bowel ischemia in many
studies [11, 12, 14, 18, 22, 24]. This finding was significant
predictor for bowel necrosis (P < 0.05) in our multi-
variate analysis, but presented a sensitivity of 67% (18 of
27) for bowel ischemia or necrosis. It is sometimes diffi-
cult to recognize abnormal contrast enhancement of bo-
wel wall by only single-phase images, especially in
patients with poor circulation. We believe that two-phase

contrast acquisitions, for example, 40 and 80 s delay in
the study, are desirable to evaluate the decreased bowel-
wall enhancement. However, further study is required to
choose the adequate time to evaluate the bowel-wall
enhancement. Additionally, we paid particular attention
to the findings of the mesenteric arteries and veins in the
closed loop (Figs. 1, 2, 3). To the best of our knowledge,
no report in the literature has referred contrast
enhancement of the mesenteric vessels in the affected
mesentery of a closed loop. By precise tracing of the
mesenteric vessels with MPR images of optional imaging
planes, contrast enhancement of the affected vessels could
be evaluated with sufficient interobserver correspondence
(j value 0.75–0.83). On early-phase contrast-enhanced
images which are obtained 40 s after the injection of

Fig. 1. A 58-year-old woman with CL-SBO caused by
adhesive bands secondary to a prior laparotomy. A The
precontrast CT scan shows a high-attenuated bowel wall of
the closed loop (arrows) in contrast to a low-attenuated wall of
the proximal loop (arrowheads). B The contrast-enhanced CT
scan reveals decreased enhancement of the wall of the

closed loop (arrow) and well-enhanced proximal loop
(arrowhead). C, D On the axial contrast-enhanced image
(80 s delay) (C) and oblique coronal MPR image (D), both the
mesenteric arteries and veins in the closed loop are not de-
picted (arrows). The surgical laparotomy revealed CL-SBO
with bowel necrosis.
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contrast material, mesenteric arterial enhancement was
stronger than venous enhancement in normal mesenter-
ies. On delayed-phase contrast-enhanced images obtained
80 s after the injection, the degree of arterial enhancement
was equivalent to venous enhancement. Hence, the eval-
uation of both early- and delayed-phase images was
desirable to differentiate mesenteric arteries from veins,
especially because tracing the mesenteric vessels near the
obstructive site was often difficult only using single-phase
images. In both the necrosis group and ischemia or
necrosis groups, reduced enhancement of the mesenteric
veins showed higher sensitivities (88% and 70%, respec-

tively) than the reduced enhancement of the mesenteric
arteries (44% and 33%, respectively). This finding may
represent that the venous return of the bowel loop is in-
volved earlier than the cessation of the arterial influx.

Some authors reported that engorgement of the
mesenteric veins was found in bowel ischemia [11, 15];
however, this finding was demonstrated in the no-ische-
mia group, ischemia without necrosis group, and necro-
sis group in decreasing order of frequency in the present
study. This result implies that this finding appears in
early stages of CL-SBO with mild impairment of venous
return and a viable bowel.

Fig. 2. An 80-year-old woman with CL-SBO caused by
adhesive bands. A The precontrast CT scan shows a high-
attenuated bowel wall of the closed loop (arrows). A small
bowel feces sign (arrowheads) is demonstrated in the bowel
loop. B, C The axial contrast-enhanced image (B) and oblique
coronal MPR image (C) obtained 40 s after the injection of
contrast material reveal decreased enhancement of the

affected bowel wall (arrowheads) in contrast to normally
enhanced other bowel loops (curved arrows). Although the
mesenteric arteries (arrows) in the closed loop are
enhanced, the veins are not depicted, in contrast to those in
other mesenteries (open arrow). Transmural hemorrhagic
necrosis was confirmed in the surgically resected bowel
segment.

Fig. 3. A 60-year-old man with CL-SBO caused by adhesive
bands. A The contrast-enhanced CT scan obtained 80 s after
the injection of contrast material demonstrates a well-en-
hanced bowel wall and engorged mesenteric veins (arrow-
heads) near the obstruction site (arrow). B The mesenteric

arteries (arrowheads) and veins (arrows) are well-enhanced
and clearly recognized on contrast-enhanced images ob-
tained 80 s after the injection. The surgical laparotomy re-
vealed CL-SBO without bowel ischemia.
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Pathologically, in CL-SBO, venous return from the
involved bowel is initially impaired while arterial influx
continues [11, 30]. Increased venous and capillary pres-
sure in the bowel wall and mesentery leads to edema,
engorgement of the veins, rupture of the small vessels,
and intramural and mesenteric hemorrhage. Arterial
insufficiency usually follows aggravating the anoxia and
further contributing to the rapid development of ische-
mia [2, 11, 30]. CT findings would theoretically reflect
these pathological changes. Multicollinearity was present
among reduced bowel-wall enhancement, reduced
enhancement of the mesenteric veins, and the lack of the
engorgement of the mesenteric veins due to high corre-
lations between each finding. In other words, evaluation
of these three findings combined may be useful to in-
crease the diagnostic accuracy of the findings.

This study had several limitations. First, two patients
without any finding of ischemia were diagnosed as no
ischemia by laparotomy more than 2 days after CT. This
inclusion makes precise correlation difficult, because CT
findings might have changed during the intervals. Sec-
ond, the patients who underwent only unenhanced CT
scans were excluded from the study. When bowel
necrosis is evident on an unenhanced CT, an immediate
laparotomy is strongly suggested without CECT in a
clinical setting. Some cases showing evident intestinal
pneumatosis or high attenuation of the bowel wall may
have been excluded from the study. Hence, the sensitiv-
ities of these findings may be underestimated.

In conclusion, reduced enhancements of the bowel
wall and mesenteric vessels were reliable findings to de-
tect bowel ischemia. On the contrary, engorgement of the
mesenteric veins was a predictor of a viable bowel. We
should pay attention to the findings of affected mesen-
teric arteries and veins in the closed loop.
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