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Abstract

Purpose: To determine the differential points of stran-
gulated ileus with and without irreversible ischaemic
changes, especially on preoperative computed tomogra-
phy (CT) images.
Methods: Seventy patients with strangulated ileus under-
went emergency operations between January 2009 and
July 2016 in our department. Of these patients, 57 met
the study requirements, including 30 patients who had
irreversible ischaemic changes (ischaemic group; n = 30)
and 27 patients who had reversible ischaemic changes
during laparotomy (non-ischaemic group; n = 27). We
compared the preoperative clinical and radiographic
factors between the ischaemic and non-ischaemic groups.
Results: Univariate analysis revealed that a mean CT
value of the intestine in an unenhanced image ‡16.5 HU
(p < 0.001), a mean CT value ratio of the intestine
(enhanced/unenhanced image) <1.5 (p < 0.001), pres-
ence of mesenteric fluid (p = 0.002) and presence of free
peritoneal fluid (p = 0.009) were associated with the
ischaemic group.
Conclusions: Calculation of the mean CT value of a
strangulated intestine may be a useful method for
predicting irreversible ischaemic changes in addition to
the presence of mesenteric fluid or free peritoneal fluid.
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Recently, multi-detector computed tomography
(MDCT) imaging has become a useful and essential
method for the diagnosis of strangulated ileus or acute
bowel ischaemia [1, 2].

If the strangulated intestines have irreversible ischaemic
changes, resection of the intestine is necessary [3]. Con-
versely, if the ischaemic change is reversible, an operation
may be performed to release the strangulation [3].
Regarding the surgical strategy, for patients with irre-
versible ischaemic changes, a conversion from laparo-
scopic surgery to laparotomy is frequently performed,
which results in an increased risk of morbidity compared
with the operations that do undergo this conversion [4]. To
develop a well-considered perioperative strategy, preoper-
ative differentiation of strangulated ileus with and without
irreversible ischaemia is essential for surgeons. However,
many cases of strangulated ileus with an irreversible
ischaemic change are first recognized during surgery. For
such cases, it is a challenge to distinguish and predict
irreversible ischaemic changes preoperatively. The aim of
this study is to determine the differential points of stran-
gulated ileus with and without irreversible ischaemic
changes, especially on preoperative MDCT images, and to
assess bowel wall enhancement in a quantitative manner
using the CT value of the strangulated intestine.

Methods

Study population

Seventy patients diagnosed with strangulated ileus
underwent emergency operation between January 2009
and July 2016 in our department. The inclusion criterion
for this retrospective study was decided by preoperative
CT findings as follows: patients with a finding of stran-
gulation including closed loop sign and whirl sign in their
preoperative CT images. The exclusion criteria were as
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follows: patients did not exhibit an apparent obstruction
site on the CT image; patients did not undergo an en-
hanced CT before the operation and patients who used
oral contrast agent before undergoing CT. In total, 57
patients met the study criteria and were included. Of these
patients, 30 patients exhibited an irreversible ischaemic
change at laparotomy (ischaemic group; n = 30), and 27
patients had a reversible ischaemic change at laparotomy
(non-ischaemic group; n = 27). Thirteen patients were
excluded from this study. We retrospectively reviewed and
compared the preoperative clinical and radiographic fac-
tors between the ischaemic and non-ischaemic groups.

Surgical strategy and surgical procedure
for strangulated ileus

At our institution, all patients with an acute abdomen
that suggests strangulated ileus undergo enhanced
MDCT unless the patient has a contraindication, such as
an allergy for contrast agents, or exhibits impaired renal
function. Patients diagnosed with a strangulated ileus
undergo an emergency operation as soon as possible
unless the patients are thought to be intolerant to oper-
ation. For patients with irreversible ischaemic changes,
we resect the strangulated intestine. Conversely, for pa-
tients without irreversible ischaemic changes, release of
the strangulation is performed. We initially perform
laparoscopic surgery before laparotomy for patients
diagnosed with strangulated ileus. Conversion to
laparotomy is considered when an irreversible ischaemic
change or massive adhesions are found. The presence of
irreversible ischaemic change is assessed when any of the
following findings are confirmed during the operation:
(1) an irreversible change of intestine color is found
several minutes after release of the strangulation, or (2)
an absence of peristalsis is observed several minutes after
release of the strangulation.

Pre- and perioperative findings

Preoperative information included gender, age, WBC
level, C-reactive protein (CRP) level, creatine kinase le-
vel, blood urea nitrogen (BUN) level, creatinine (Cre)
level, and radiographic findings of MDCT imaging. The
perioperative findings included operation time, time to
operation after performing CT, postoperative length of
hospital stay, and incidence rate of postoperative com-
plications. Complications were classified according to the
grading system proposed by Dindo et al. [5], and grade
III or further complications were considered significant.

Imaging diagnostic modality and radiographic
parameters

Among the 57 patients included in the study, all patients
were preoperatively examined by abdominal MDCT in

non-enhanced and enhanced phases using light speed
VCT (GE Healthcare, Tokyo, Japan). Nonionic contrast
medium (100 mL) was administered with a power injec-
tor at a rate of 1.0 mL/s. For the enhanced images of 54
patients, the scans were acquired 130 s after contrast
injection. The other three patients underwent dynamic
CT. In a dynamic CT, a nonionic contrast medium
(100 mL) was administered with a power injector at a
rate of 2.5 mL/s. Hence, the CT values of these three
patients were calculated in the portal phase and acquired
90 s after the contrast injection as the enhanced image.
Two experienced reviewers (A.K. and K.M.: A.K. is a
gastroenterological surgeon with 11 years of experience.
K.M. is a radiologist with 16 years of experience) ret-
rospectively reviewed the radiographic parameters to
determine the mean CT value of the strangulated intes-
tine on both unenhanced and enhanced images, the
presence of free peritoneal fluid around the strangulated
intestine, and the presence of mesenteric fluid corre-
sponding to the strangulated intestine. Measurements
were performed in consensus, and both readers were
blinded to the outcome at the time of performing mea-
surements. The mean CT value of a strangulated intes-
tine was calculated as the mean of region-of-interest
analysis, which was achieved by circling the expanded
intestine, including the fluid in the lumen, on the screen.
Circling of the intestine was performed elliptically on an
axial image of the CT image. The mean CT value ratio
was obtained by dividing the mean CT value of the en-
hanced image by that of the unenhanced image. In the
present study, inclusion criteria of the slice for measuring
CT value are summarized as follows: a slice in which the
strangulated intestine appeared in the short axis view
orthogonal to the long axis view as much as possible; a
slice in which the strangulated intestine was well ex-
panded in an elliptical shape with fluids without gases. If
more than two slices were found to match the criteria
above, we measured as many slices as possible among
them. Then, we selected the highest value of the unen-
hanced and enhanced images for analysis (Fig. 1A, B).

Statistical analysis of the surgical outcomes
and clinicoradiological factors

The clinical and radiographic factors of the ischaemic
and non-ischaemic groups were compared. Each cut-off
value was determined according to the median value or a
receiver operating characteristic curve for the estimated
probability of the ischaemic group, adjusting to a value
easy to use in practice. Pearson’s v2 test was used with
Yates’ correction to assess nominal variables, and con-
tinuous data were compared using the Mann–Whitney
U test. All statistical analyses were performed using the
Software Package for Social Sciences, version 11.5J for
Windows 1 software program (SPSS, Chicago, IL, USA).
A p value of <0.05 was considered significant.

A. Kohga et al.: CT value of the intestine is useful predictor for differentiate irreversible 2817



Results

Comparison of the clinical factors
between the patients in the ischaemic and non-
ischaemic groups

Clinical characteristics of the ischaemic and non-is-
chaemic groups are presented in Table 1. No significant
differences in the preoperative laboratory data, including
WBC, CRP, CPK, BUN, and Cre, were noted between
the groups. The time to operation after performing CT
was comparable between the groups. Operation time
(106 vs. 71 min; p = 0.040) and postoperative length of
hospital stay (16.5 vs. 11 days; p = 0.018) were signifi-
cantly longer in the ischaemic group compared with the
non-ischaemic group. The incident rate of postoperative

complications was increased in the ischaemic group
(20.0%) compared with the non-ischaemic group (3.7%),
but the result was not statistically significant.

Prediction of irreversible ischaemic change
in strangulated intestine

Univariate analysis revealed that a mean CT value of the
intestine in an unenhanced image of ‡16.5 HU
(p < 0.001), a mean CT value ratio of <1.5
(p < 0.001), presence of mesenteric fluid (p = 0.002)
and presence of free peritoneal fluid (p = 0.009) were
significantly associated with the ischaemic group (Ta-
ble 2). Patients with a mean CT value of ‡16.5 HU in an
unenhanced image of the intestine exhibited 93.3% sen-

Fig. 1. A The figure shows an example of a non-ischaemic
case; the mean CT value was 14.79 HU in the unenhanced
image and 28.22 HU in the enhanced image. The mean CT
values of the strangulated intestine were obtained by circling
the expanded intestine, including the fluid in the lumen, on an
axial image using region-of-interest analysis. When calculat-

ing the mean CT value of the intestine, we made sure to select
a part in which the expanded intestine was filled with fluid and
the intestine was viewed using a slice in the short axis. B The
figure shows an example of an ischaemic case; the mean CT
value was 32.79 HU in the unenhanced image and 35.74 HU
in the enhanced image.
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Table 1. Clinicoradiological characteristics of the patients

Ischemic group (n = 30) Non ischemic group (n = 27) p

Age mean 74.3 (±13.4) 72.2 (±12.5) 0.597
Gender male:female 12:18 12:15 0.939
CT value of intestine (enhanced) (HU) mean 28.74 (±8.87) 20.65 (±7.90) <0.001
CT value of intestine (plane) (HU) mean 24.55 (±7.45) 12.12 (±3.22) <0.001
CT value ratio mean 1.19 (±0.20) 1.73 (±0.59) <0.001
WBC (/lL) mean 11,660 (±5372) 9307 (±4193) 0.094
CRP (mg/dL) mean 1.70 (±3.32) 1.18 (±3.31) 0.688
CPK (IU/L) mean 186 (±378) 126 (±166) 0.543
BUN (mg/dL) mean 20.8 (±9.7) 20.9 (±9.6) 0.792
Cre (mg/dL) mean 0.87 (±0.44) 0.71 (±0.24) 0.405
Time to operation from CT (min) mean 258 (±243) 288 (±271) 0.486
Operation time (min) mean 108.4 (±29.4) 82.2 (±42.5) 0.040
Postoperative length of hospital stay (day) mean 26.7 (±24.9) 14.2 (±8.8) 0.018
Incidence rate of postoperative complicationa 6/30 1/27 0.140

Adhesive intestinal obstruction 2 0
Aspiration pneumonia 1 1
Respiratory failure 2 0
Sepsis 1 0

Previous history of laparotomy 25/30 22/27 >0.999
Cause of strangulation

Internal hernia due to hiatus or band 29 26
Abdominal incisional hernia 0 1
Broad ligament hernia 1 0

CT, computed tomography; WBC, white blood cell; CRP, C-reactive protein; BUN, blood urea nitrogen; Cre, creatinine
a Complications were classified according to the grading system of Dindo et al., and grade III or further complications were considered to be
significant

Table 2. The results of the univariate analyses of prognostic factors associated with ischemic change

Nos. Ischemic n = 30 Non ischemic n = 27 Univariate analysis p

Gender 0.939
Male 24 12 12
Female 33 18 15

Age 0.233
<74 28 12 16
‡74 29 18 11

CT value of intestine (plane) <0.001
<16.5 HU 28 2 26
‡16.5 HU 29 28 1

CT value ratio <0.001
<1.5 40 28 12
‡1.5 17 2 15

Mesenteric fluid 0.002
Present 32 23 9
Absent 25 7 18

Free peritoneal fluid 0.009
Present 40 26 14
Absent 17 4 13

WBC 0.313
<10,000/lL 33 15 18
‡10,000/lL 24 15 9

CRP >0.999
<0.3 mg/dL 35 18 17
‡0.3 mg/dL 22 12 10

CPK 0.526
<100 IU/L 31 15 16
‡100 IU/L 23 14 9

BUN >0.999
<30 mg/dL 50 26 24
‡30 mg/dL 7 4 3

Cre 0.153
<1.0 mg/dL 45 21 24
‡1.0 mg/dL 12 9 3

CT, computed tomography; WBC, white blood cell; CRP, C-reactive protein; BUN, blood urea nitrogen; Cre, creatinine
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sitivity, 96.3% specificity, and 94.7% accuracy for irre-
versible ischaemic changes, whereas patients with a mean
CT value ratio of <1.5 exhibited 93.3% sensitivity,
55.5% specificity, and 75.4% accuracy for irreversible
ischaemic changes. Of thirty patients in the ischaemic
group, 26 patients had both findings. In other four pa-
tients, two patients had one finding each. Thus, no pa-
tients lacked both findings in the ischaemic group.

The predictive accuracy of a mean CT value of the
intestine in an unenhanced image and a mean CT value
ratio for the ischaemic group could be evaluated by area
under the curve analysis, providing values of 0.975 and
0.827, respectively. The cut-off values of these factors
were 16.83 HU and 1.413, respectively, according to the
receiver operating characteristic curves (Fig. 2).

Discussion

Our findings in this study can be summarized as follows:
(1) a mean CT value of the intestine in an unenhanced
image of ‡16.5 HU, a mean CT value ratio of <1.5,
presence of mesenteric fluid and presence of free peri-
toneal fluid were significantly associated with the
ischaemic group. The cut-off values of a mean CT value
of the intestine in an unenhanced image and a mean CT
value ratio were 16.83 HU and 1.413, respectively. (2) In
patients with irreversible ischaemic changes, the opera-
tion time and postoperative length of hospital stay were
significantly increased in the ischaemic group compared
the nonischemic group.

A variety of CT signs, such as mesenteric fluid,
mesenteric venous congestion, free peritoneal fluid, and
reduced bowel enhancement, have been reported as
findings related to bowel strangulation [6–9]. In a recent

review, Millet et al. reported that a reduced enhanced
bowel wall is highly predictive of ischaemia [6]. Geffroy
et al. reported that elevation of bowel wall attenuation in
an unenhanced image is highly specific for ischaemia
with 56% sensitivity and 100% specificity [10]. However,
in these reports, the assessment criteria for reduced
enhancement of the bowel wall or elevation of bowel wall
attenuation were not quantitative. In practice, it seems
difficult to judge the presence of enhancement without a
quantitative measure, especially if bowel wall attenuation
is increased in an unenhanced image. In this study, we
assessed the degree of enhancement or bowel wall
attenuation by calculating a mean CT value of the
strangulated intestine by circling the expanded intestine,
including fluids in the lumen. This procedure might ob-
scure the relevance of bowel wall enhancement and
intraluminal attenuation. However, measurements of CT
values limited to the bowel wall are intricate and difficult
to obtain. In general, the bowel wall is fully dilated in the
strangulated loop. Therefore, we suggest selecting a slice
in which the intestine was well expanded as an elliptical
shape to maintain repeatability. Thus, we could perform
quantitative assessments in a reproducible and easy
fashion.

Our result demonstrated that simultaneous measure-
ment of CT values of the bowel wall and intraluminal is
useful for predicting irreversible ischaemic change. We
hypothesized that the elevated CT values in an unen-
hanced CT may represent hemorrhage, whereas the de-
creased CT ratio may be derived from decreased
enhancement in a haemorrhagic wall. Intraluminal
attenuation around the irreversible ischaemic bowel may
also cause a CT value to exhibit an increased association
with some form of hemorrhage [11]. In addition, in the

Fig. 2. The receiver operating characteristic curve for the estimated probability of irreversible ischaemic change.
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bowel with irreversible ischaemic change, the bowel wall
appears thicker on the CT image due to congestion and
hemorrhage, resulting in an increased CT value in the
unenhanced image. However, this phenomenon was not
validated in the present study.

To the best of our knowledge, quantitative findings
related to bowel wall attenuation have not been con-
cretely reported in the literature.

CT values are useful for distinguishing various clini-
cal states [11–15]. For example, the CT value of tumors
reflects tumor vascularity in intrahepatic cholangiocar-
cinoma [12]. A recent study suggested that CT values are
also useful for judging the severity of acute cholecystitis
[13]. Regarding the differentiation of intestinal ischaemic
changes, Miyaki et al. reported that the CT values of
fluid that accumulated in the expanded intestine were
significantly increased in patients with strangulated ileus
compared with patients with non-strangulated ileus [11].

Of note, a mean CT value ratio of <1.5, which
indicates a reduction of bowel wall enhancement, and a
mean CT value of the intestine in an unenhanced image
of ‡16.5 HU were associated with irreversible ischaemic
change. This finding suggests that calculating a mean CT
value of an unenhanced CT may also be a useful method
for predicting irreversible ischaemic changes for patients
with strangulated ileus, although enhanced CT image is
essential for diagnosing strangulation. In our study, a
mean CT value of the intestine in an unenhanced image
of ‡16.5 HU exhibited 93.3% sensitivity, 96.3% speci-
ficity, and 94.7% accuracy for irreversible ischaemic
change. This high specificity was comparable to a pre-
vious report [10].

One of the limitations of this study is its retrospective
nature and single-centre location. Additional external
validation is necessary to confirm that these findings are
applicable to other patient groups. Another limitation is
that some parts of the intestine are still alive in the
strangulated intestine, whereas other parts are not,
resulting in different CT values by location. Thus, in
some cases, it is difficult to determine the candidate loop
of the intestine to calculate the CT value. In the present
study, we resolved this problem by selecting the higher
CT value when the strangulated intestine exhibits varia-
tion in CT values by location.

In addition, two readers obtained CT value mea-
surements via a consensus read. It was desirable to per-
form measurement by several readers independently.
Finally, the majority of patients were subject to CT
scanning at 130 s after contrast injection, which was later
than the typical portal venous scan.

In conclusion, a mean CT value of the intestine in an
unenhanced image and a mean CT value ratio were
useful factors for predicting irreversible ischaemic chan-
ges in patients with a strangulated ileus in addition to the
presence of mesenteric fluid or free peritoneal fluid.
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