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Abstract

Background/aims Intestinal ischaemia (II) is the most critical factor to determine in patients with adhesive small
bowel obstruction (ASBO) because intestinal ischaemia could be reversible. The aim of this study was to create a
clinicoradiological score to predict II in patients with ASBO.

Methods We conducted a retrospective study including 124 patients with ASBO. Logistic regression analysis was
used to identify predictive factors of II. We assigned points for the score according to the regression coefficient. The
area under the curve (AUC) was determined using receiver operating characteristic curves.

Results Six independent predictive factors of II were identified: age, pain duration, body temperature, WBC, reduced
wall enhancement and segmental mesenteric fluid at CT scan. According to the regression, coefficient points were
assigned to each of the variables associated with II. The estimated rates of II were calculated for the total scores
ranging from 0 to 24. The AUC of this clinicoradiological score was 0.92. A cut-off score of 6 was used for the low-
probability group (the risk of II was 1.13%). A score ranging from 7 to 15 defined intermediate-probability group (the
risk of II was 44%). A score >16 defined high-probability group (100% of patients in this group had II).
Conclusions We performed a score to predict the risk of intestinal II with a good accuracy (the AUC of our score
exceeded 0.90). This score is reliable and reproducible, so it can help surgeon to prioritize patients with II for surgery

because ischaemia could be reversible, avoiding thus intestinal necrosis.

Introduction

Adhesions are frequent complications of abdominal sur-
gery and are the most frequent aetiology of small bowel
obstruction (SBO) (60-70%) [1]. There is a dilemma in the
management of patients with adhesive small bowel
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obstruction (ASBO): delay in surgery may result in
intestinal ischaemia (II) and necrosis, but unnecessary
laparotomy may result in new adhesion formation [2, 3].

The accurate and early recognition of the presence II in
patients with ASBO is important, to plan an early
exploratory laparotomy as ischaemia could be reversible
[4], but delayed diagnosis and intervention can result in
higher incidence of bowel resections and postoperative
morbidity and mortality. The decision of emergent surgery
in patients with ASBO is not well standardized and is based
on surgeon’s judgement [5]. The aim of this study was to
devise clinicoradiological score for predicting the risk of II
in patients with ASBO.
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Methods
Patients

Two hundred and eight consecutive cases of small bowel
obstruction (SBO) were collected from January 2008 to
December 2017 by using the database from the Department
of Surgery at Mohamed Tahar Maamouri Hospital. This
study was carried out in compliance with the Declaration of
Helsinki and the current ethical guidelines and was approved
by the institutional research and ethics board of our hospital.
The medical records, including data for symptoms and signs,
laboratory tests and imaging examinations, were reviewed.

Inclusion criteria included patients older than 16 years
old, with medical history of previous laparotomy, with
ASBO confirmed by morphological examination and/or by
surgery.

Exclusion criteria included patients younger than
16 years old (20 patients), patients with Crohn’s disease
(20 patients), ulcerative colitis (2 patients), intestinal
obstruction secondary to colon cancer (10 patients), small
bowel carcinoma (6 patients), gastrointestinal stromal
tumours (2 patients), abdominal tuberculosis (7 patients)
and internal hernia (9 patients). Patients with thromboin-
testinal ischaemia were also excluded. Patients operated
1 month or less before the current episode were excluded
because the obstruction may be the result of adhesive and/
or inflammatory phenomena (11 patients). There were no
restrictions on the type of first surgery and no upper age
limit.

Finally, 124 patients met the inclusion criteria and were
enrolled in the study.

Data collection

All clinical and biological data were collected during
admission and included age, sex, past history of surgery,
duration of symptoms before admission, vomiting, body
temperature, heart and respiratory rates, peritoneal irrita-
tion signs and white blood cell count (WBC). Radiological
data included the presence of a transition zone, free peri-
toneal fluid, bowel wall enhancement after intravenous
contrast of dilated intestine, maximum thickness of bowel
wall, maximum diameter of the distended intestine, the
presence of segmental mesenteric fluid and the presence of
faeces sign.

Treatment and subgroup definitions

Based on clinical judgement, patients with suspected sim-
ple obstruction did not undergo emergent laparotomy and
had medical treatment. Patients with suspected compli-
cated ASBO underwent urgent laparotomy.

There were three clinical outcome categories: patients
with ASBO and successful conservative treatment until
discharge, patients who underwent operation but had no
evidence of II and patients who underwent urgent laparo-
tomy with evidence of II.

Finally, 101 patients with no II (patients successfully
managed without surgical intervention, and patients with-
out evidence of II at laparotomy) were compared to 23
patients complicated by II.

Statistical analysis

All statistical analyses were carried out using the IBM
SPSS Statistics software program, version 22.0 (SPSS Inc.,
Chicago, Illinois, USA). Continuous variables were pre-
sented as the median and range. Categorical variables were
presented as numbers and percentages. Univariate analysis
was performed with the Student t test for continuous
variables and with the Chi-square test for categorical
variables. Logistic regression analysis was used to identify
independent predictive factors of II by calculation of odds
ratios and its 95% CI. A p < 0.05 was considered statis-
tically significant. Significant continuous variables were
transformed into categorical variables using receiver
operating characteristic (ROC) curves. The optimal cut-off
point with the highest sum of sensitivity and specificity was
chosen for each variable.

Score derivation

A score was calculated for each patient according to the
regression coefficient of variables identified in multivariate
analysis. A ROC curve was drawn to assess the ability of
the score to predict II. The resulting statistical information
was presented using forest plots. The optimal cut-off points
of the factors were evaluated using ROC curves.

Finally, patients were divided into three groups: (1) a
low-probability group with a low risk of II (<5%); (2) a
high-probability group with high risk of II(>90%); (3) an
intermediate-probability group.

Results
Characteristics of study population

Between January 2008 and December 2017, 124 patients
with ASBO were admitted to our department. Of these 124
patients, there were 80 males (64.5%) and 44 females
(35.5%) with ages ranging from 20 to 87 years old, with a
median age of 52 years (45-75 years).

59.6% of patients were operated by midline laparotomy,
24% by McBurney’s incision, 8% by Pfannenstiel incision,
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5.2% by right subcostal incision, 1.6% by left subcostal
incision and 1.6% by laparoscopy. The average duration
from the first surgical intervention to the ASBO episode
was 7.5 years (6 months—15 years). The average pain
duration before admission was 52 h (2-96 h).

Thirty-five patients (28.22%) were successfully man-
aged conservatively. FEighty-nine patients (72.78%)
required surgery.

Among operated patients, sixty-six patients had no
evidence of II and underwent lysis of adhesions.

Twenty-three patients were complicated by II. Among
these patients, 15 patients (with irreversible II) had bowel
resection, while eight patients were successfully managed
conservatively without intestinal resection because the II
was reversible after lysis of adhesions and irrigation of the
ischaemic loop with warm saline solution, the ischaemic
bowel improved in colour and peristalsis.

In summary, 101 patients with no II (patients success-
fully managed without surgical intervention (35 patients),
and patients undergoing laparotomy without evidence of I
(66 patients)) were compared to 23 patients complicated by
IL

Univariate analysis

Univariate analysis identified a number of parameters
present at a higher frequency in patients with II (Table 1).

Table 1 Predictive factors of intestinal ischaemia

On univariate analysis, II was significantly associated
with age, hypertension, duration from the first surgical
intervention, pain duration before admission, respiratory
rate, body temperature, peritoneal signs and WBC.

Multiple CT scan findings were significantly more
common in patients with II, including ascites, thick-walled
small bowel, segmental mesenteric fluid and reduced wall
enhancement.

Significant continuous variables were transformed into
categorical variables using receiver operating characteristic
(ROC) curves. The optimal cut-off point with the highest
sum of sensitivity and specificity was chosen for each
variable (the cut-off point was 67.5 years for age, 72 h for
pain duration before admission, 37.8 °C for body temper-
ature, 10,000/mrn3 for WBC, one year for the duration
from the first surgical intervention, 20/min for the respi-
ratory rate).

Multivariate analysis

Six independent predictive factors significantly associated
with II were identified in multivariate analysis (Table 1):

e Age > 67.5 years: OR = 9.20, Clos ¢, [1.06-35.33].

e Pain duration before admission > 72 h: OR = 4.00,
Clos ¢, [0.99-18.52].
Body temperature > 37.8 °C: OR = 2.13,
[1.28-29.31].

e WBC (x10°/L) > 10: OR = 2.75, Clys 4 [1.24-11.65].

CI95 %o

Intestinal ischaemia No intestinal ischaemia P P OR

(%) (%) univariate multivariate
Age > 67.5 years 78.2 21.8 0.015 0.011 9.20
Male gender 74 62.4 Ns - -
Diabetes 13 16.5 Ns - -
Hypertension 434 6.6 0.002 Ns
Cardiac disease 4.3 2.4 Ns - -
Medline incision 66 479 Ns - -
McBurney’s incision 26 14.8 Ns - -
Duration from the first surgical 47.4 18 0.017 Ns -

intervention < 1 year

Duration of symptoms > 72 h 30.4 7.4 0.033 0.02 4.00
Respiratory rate > 20/min 31 15.3 0.021 Ns -
Temperature > 37.8 °C 39 3 0.001 0.003 2.13
Peritoneal signs 52.1 2 0.001 Ns -
WBC (x10°/L) > 10 73.9 14.8 0.015 0.01 2.75
Ascites (CT scan) 43 13.5 0.03 Ns -
Thick-walled small bowel (CT scan) 78 33 0.019 Ns -
Segmental mesenteric fluid (CT scan) 65.5 27.7 0.002 0.005 2.08
Reduced wall enhancement (CT scan) 60 16 <1073 0.001 5.57

OR, odds ratio; WBC, white blood count
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e Reduced wall enhancement: OR =5.57, Clos ¢
[3.78-16.34].

e Segmental mesenteric fluid: OR =2.08, Clys 4
[1.35-12.31].

Elaboration of a clinicoradiological score
for prediction of II

According to the regression, coefficient points were
assigned to each of the 6 variables:

Age > 67.5 years: 9 points.

Pain duration before admission > 72 h: 4 points.
Body temperature > 37.8 °C: 2 points.

WBC (x10°/L) > 10: 2 points.

Reduced wall enhancement: 5 points.

Segmental mesenteric fluid: 2 points.

The estimated rates of II were calculated for the total
scores ranging from 0 to 24.

ROC curve was generated to assess the predictive ability
of this clinicoradiological score for prediction of II
(Fig. 1).

The optimal cut-off point with was for the score of 7.
Sensitivity at the cut-off point was 95.7%, specificity was
86.1%, and the AUC at the cut-off point was 0.92 (Clys ¢,
[0.85-0.98]).

The positive predictive value (PPV) of this score was
60%, and the negative predictive value (NPV) was 97.7%.

ROC Curve

1,0

0,84
g 0,64
2
E
(0]
c
[
AP

0,24

00 T T T T

00 02 04 06 08 1.0
1 - Specificity

Fig. 1 Forest plot of our score for predicting intestinal ischaemia

N ® No ischaemia

o Ischaemia

Fig. 2 Distribution of intestinal ischaemia according to probability
group

Probability categories (low-, intermediate-, or high-
probability) were then divided using cut-offs to create the
low or high incidence of II in each category (Fig. 2):

e A cut-off score of 6 was used for the low-probability
group (only one/88 patients with a score < 6 had II);
PPV in this group was 1.13%; and NPV was 53.8%.

e A score ranging from 7 to 15 defined intermediate-
probability group (11/25 patients in this group had II);
PPV in this group was 44%; and NPV was 87.87%.

e A score > 16 defined high-probability group (11/11
patients in this group had II); PPV in this group was
100%; and NPV was 89.39%.

Discussion

In the current study, six independent predictive factors of 11
in patients with ASBO were identified: age, pain duration
before admission, body temperature, WBC, reduced wall
enhancement and segmental mesenteric fluid at CT scan. A
predictive score of II was established based on these
independent predictive factors.

Adhesions are frequent complications of abdominal
surgery and are the most frequent aetiology of SBO
(60-70%) [6, 7]. There is a dilemma in the management of
patients with ASBO: delay in surgery may result in
intestinal ischaemia (II) and necrosis, but unnecessary
laparotomy may result in new adhesions formation, but Il
can be difficult to determine clinically [1]. In fact, physical
examination for detection of strangulation had low sensi-
tivity (48%) [8, 9].

To the best of our knowledge, only two previous studies
tried to establish clinicoradiological scores to predict the
risk of strangulated small bowel obstructions [5, 10].
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There were two major methodological differences
between these studies and our study.

First, concerning the inclusion criteria, the previous
studies focused on all patients with small bowel obstruction
regardless the aetiology, whereas we included only patients
with ASBO, in the current study.

Second, the primary endpoint was the need of bowel
resection for the study of Schwenter et al. [5], the presence
of bowel strangulation for the study of Huang et al. [10]
and the presence of II for our study.

We think that II is the most critical factor to determine
in patients with ASBO. II requires prompt recognition and
early intervention to avoid resections, because II could be
reversible.

As, reported by Di Saverio et al. [4], the assessment of
reversibility/irreversibility of the ischaemia could be
determined when five criteria are taken into consideration:

Reversibility of the discoloration of the bowel wall;
The presence or not of pallid areas in the bowel wall;
The presence or not of peristalsis;

The presence or not of pulsation in mesenteric vessels;
The presence or not of microcirculation on the bowel
wall.

If the ischaemic bowel improved in colour and peri-
stalsis, after lysis of adhesions and irrigation of the
ischaemic loop with warm saline solution, ischaemia could
be considered reversible and conservation of the bowel
could be attempted (eight cases in our study). As reported
by Duron et al. [11], a more accurate assessment of
intestine viability might be suggested through the use of a
fluorescein test and a Doppler examination.

Our study showed that age, pain duration before
admission, body temperature, WBC, reduced wall
enhancement and segmental mesenteric fluid at CT scan
significantly associated with occurrence of II in ASBO.

The six predictive factors were determined by logistic
regression analysis, which was used to identify indepen-
dent predictive factors of II by calculation of odds ratios
and its 95% CI. In the current study, age had the strongest
independent association with II. This finding was consis-
tent with previous investigations [12-15].

Like our study, several previous publications found a
significant correlation between II (and/or strangulation and/
or bowel resection) on the one hand, and pain duration
before admission [5, 15], body temperature [10, 16], and
WBC [1, 5, 16-18] on the other hand.

Recently, some studies highlighted the value of other
inflammatory indicators for the prediction of II in ASBO,
such as C-reactive protein (CRP) [9], and procalcitonin
[19].
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The value of plain X-rays was recently discussed and
judged limited [9] as plain X-ray does not detect the early
signs of peritonitis or strangulation [9].

Recently, CT scan has made remarkable progress and
has become a valuable imaging modality for determining
the risk of strangulation in patients with SBO [20-22].
Zalcman et al. [23] estimated a sensitivity for contrast CT
scanning of 96% and an NPV of 99% for II in the presence
of SBO. As reported in our study, Sheedy et al. [24] found
that reduced wall bowel enhancement was the most specific
sign for II. Hayakawa et al. [25] added two other signs
suggesting ischaemia: localized mesenteric fluid accumu-
lation and localized pneumatosis.

In this reports, we tried to generate a simple clinicora-
diological score to predict II in patients with ASBO. The
AUC of this clinicoradiological score was 0.92 (the AUC
exceeded 0.90, indicating the good accuracy of the score).
Our score is most useful in the high- and low-probability
groups. The intermediate-probability group requires more
careful interpretation.

Limitations

This study has some limitations: first, this is a retrospective
study, such as incomplete or missing data acquired from
chart reviews. For instance, some inflammatory biomarkers
were not frequently used in our department such as CRP,
procalcitonin, erythrocyte sedimentation and neutrophil-to-
lymphocyte ratio. Second, it is a mono-centric work, so it
requires further validation. Further large volume multi-
centric studies are needed.

Conclusions

Six independent predictive factors of II in patients with
ASBO were identified: age, pain duration before admis-
sion, body temperature, WBC, reduced wall enhancement
and segmental mesenteric fluid at CT scan. Our prediction
model can help in evaluating the risk of II in patients with
ASBO, and thus, this would help the busy surgeon in pri-
oritizing patients with II for an emergent laparotomy to
avoid intestinal necrosis and to decrease the need of
intestinal resections. Further large volume multicentric
studies are needed.
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