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ABSTRACT

Background: Bowel and mesenteric injuries have high morbidity and mortality rates in the trauma group due to
non-specific symptoms and are often obscured in the context of multiple traumas, contributing to an increased
risk of peritonitis and sepsis. The purpose of this research was to assess the diagnostic accuracy of 16-slice
multidetector computed tomography (MDCT) findings in the diagnosis of bowel and mesenteric injuries
accompanied by the association of these findings with the treatment strategy.

Methods: A retrospective study was performed on 86 blunt-abdominal-trauma patients, hospitalized at the
emergency department of our institution from June 2018 to July 2019 (75 men and 11 women aged 4-76 years old
with a median age of 40.88), who had 16-slice MDCT diagnosis of blunt bowel and mesenteric injuries and were
treated by nonsurgical and surgical treatment. Ethical clearance was taken from the institute ethics committee
with waiver of consent.

Results: The specificity of bowel-wall rupture, active extravasation, and reduced bowel-wall enhancement were
100%, 98.15%, and 100%, respectively. Pneumoperitoneum had the highest sensitivity of 83.33%. Bowel-wall
rupture, Janus signs, pneumoperitoneum, and mesenteric stranding were significantly correlated with surgical
results. The existence of these results improved the likelihood of 7-, 6-, 29- and 3-fold surgical treatment,
respectively. Inter-observer consensus was very strong for bowel-wall rupture, active extravasation, bowel
hematoma, and pneumoperitoneum.

Conclusion: Bowel-wall rupture was the definite sign of bowel injury and its connection with surgical treatment
was important. Pneumoperitoneum was not a specific indication of blunt bowel injury; but when this is detected,
emergency intervention should be suggested.
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Nevertheless, the role of this modality has still been
mismatched in the diagnosis of bowel and mesenteric injuries
in previous reports (1,5,6). Additionally, the application of

INTRODUCTION

Blunt bowel and mesenteric injuries account for 1% of
emergency trauma injuries and 1%-5% of blunt abdominal
trauma, of which over 50% of cases are small bowel injuries
(1,2). Bowel and mesenteric injuries have high morbidity and
mortality rates in the trauma group due to non-specific
symptoms and are often blurred in the context of multiple
traumas, contributing to an increased risk of peritonitis and
sepsis (3).

Multidetector computed tomography (MDCT) imaging
technology has grown rapidly in recentyears, and is considered
the gold standard in the diagnosis of blunt abdominal injuries,
particularly solid organ injuries. Concerning bowel and
mesenteric injuries, bowel-wall rupture, pneumoperitoneum,
active extravasation, mesenteric stranding, and mesenteric
hematoma are popular findings from MDCT scans (4).

MDCT results in certain conditions in separating surgery from
conservative therapy is also problematic (5). Our aim was to
determine the diagnostic accuracy of 16-slice MDCT results in
the diagnosis of bowel and mesenteric injuries, as well as the
connection between these findings and treatment results.

METHODS

Study Population

The medical records and imaging studies of 86 patients (75
men and 11 women aged 4-76 years old with a median age of
40.88 years), who were radiologically diagnosed with blunt
bowel and mesenteric injuries using 16-slice MDCT scan and
managed at our hospital during the period from June 2018 to

Copyright © 2020 by Author/s and Licensed by Modestum Ltd., UK. This is an open access article distributed under the Creative Commons Attribution License which permits
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Figure 1. Bowel wall rupture in 21-year-old man. Axial 16-slice MDCT with contrast enhancement image shows the discontinuation
of right colic flexure (arrow) and free- air and stranding surrounding. Laparotomy shows the hepatic colic flexure rupture and

seromuscular tear of right colon.

Figure 2. Reduced bowel wall enhancement in 27-year-old man. Axial 16-slice MDCT with contrast enhancement image shows
decreased enhancement of the wall of small intestines (arrow) compared with those of adjacent bowel wall. Laparotomy shows

large mesenteric tear leading to devascularization of jejunum.

July 2019, were retrospectively reviewed. The medical records
included the site, type, and cause of injury, in addition to the
associated injuries and treatment results. Ethical clearance
was taken from the institute ethics committee with waiver of
consent.

MDCT Technique

All studies were obtained on a 16-slice MDCT (Optima 2019,
GE Healthcare System, Milwaukee, WI, USA) from the
diaphragm to pubic symphysis with 350 mAs and 120 kVp.
Patients were supine. A multiphase 16-slice MDCT scan,
including plain, arterial, and portal phases, was conducted by
the same technique at 5 mm slice thickness, and reconstructed
in the axial, coronal, and sagittal planes at 0.625 mm section
thickness. An intravenous contrast agent (lobitridol, Xenetix
350, Guerbet, Villepint, France) was administrated in a dose of
1.5 mL/kg and at a rate of 3-5 mL/s using a power injector. The
arterial and portal phases were initiated at 25-30s and 60-70s
delay, respectively. An excretory phase (3-5 min) was
performed in case blunt renal-collecting-system injury was
suspected. No oral contrast was used in any case.

Image Analysis

Two radiologists (with 8 and 15 years of experience in
abdominal-trauma imaging) retrospectively and
independently read all examinations on a PACS workstation
(Carestream PACS; Carestream Health, Eemnes, Netherlands)
before surgical treatment. Any disagreement between them
was resolved by consensus.

Each reader was asked to detect mesenteric and bowel
signs that referred to blunt bowel and mesenteric injuries.
Pneumoperitoneum was defined as free air within the
peritoneal cavity and outside of the bowel (Figure 1). Reduced
bowel-wall enhancement was confirmed when compared with
that of the adjacent bowel wall (Figure 2). Janus sign was
defined as a focal of increased-enhancement bowel loop
adjacent to a focal decreased-enhancement one (6).

Bowel-wall thickening was defined as bowel-lumen
thickness on the axial image over 10 mm for the stomach, over
3 mm for the small bowel, and over 5 mm for the cecum and
colon (Figure 3) (7). Active extravasation was confirmed as the
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Figure 3. Bowel wall thickening in 37-year-old man. Axial (a) and coronal (b) 16-slice MDCT with contrast enhancement images
show the bowel wall thickening (arrow), heterogenous enhancement of jejunum in left hypochondriac region, and adjacent
mesenteric stranding (asterisk). Laparotomy shows three sites of jejunum’s perforation, mesenteric tear without active bleeding
and contusion in some jejunum loops.

Figure 4. Active extravasation in a 53-year-old man. Axial 16-slice MDCT images at arterial (a), venous (b) phase, show the active
extravasation appearing in the arterial phase and expanded in the venous phase (arrow) of pancreaticoduodenal artery.
Laparotomy shows the mesenteric tear, active bleeding from anterosuperior pancreaticoduodenal artery and jejunum contusion.

Figure 5. Mesenteric hematoma in 35-year-old man. Axial 16-slice MDCT with contrast enhancement image shows a focal
hyperintensity fluid collection of mesenteries next to pancreatic tail (arrow). The patient was undergone conservative treatment.

appearance of extravasation in the arterial phase that  without enhancement after injection (Figure 5). Mesenteric
extended into the venous phase (Figure 4) (8). stranding was considered if mesenteric fat had the density of

Mesenteric hematoma was defined as mesenteric fluid  Soft tissue.

collection with hyperdensity extending from 50 to 70 HU



4/6 Duy Hung et al. / ELECTRON J GEN MED, 2020;17(5):em242

Table 1. Main study-population characteristics

Characteristics Parameters N
(percentage)
Accident types Traffic accider\t 68 (79.1%)
(n=86) Work-related accident 13(15.1%)
Other causes 5 (5.8%)
Spleen 14 (16.3%)
. . Liver 24 (27.9%)
Assoaa.te‘d a‘bdommal Kidney 13 (15.1%)
l(:J:r;; Pancreas 13(15.1%)
Bladder 6 (7.0%)
Other abdominal organs 9 (10.5%)
Perforation 56 (82.4%)
Injury types Devascularization 10 (14.7%)
(n=68) Seromuscular tear 24 (35.3%)
Mesenteric injury 18 (26.5%)
Stomach 5 (7.4%)
Duodenum 8(11.8%)
Jejunum 29 (41.2%)
Injury sites lleum 15 (22.1%)
(n=68) Cecum 1(1.5%)
Appendix 1(1.5%)
Colon 13(19.1%)
Mesentery 18 (26.5%)

Statistical Analysis

SPSS version 22 was used to analyze data (IBM corp.,
Newyork, USA). Range and categorical variables were
described as numbers and percentages. Diagnostic accuracy of
each MDCT finding for the diagnosis of blunt bowel and
mesenteric injuries was determined by sensitivity (Se),
specificity (Sp), negative predictive value (NPV), positive
predictive value (PPV), and accuracy (ACC). In this case,
laparotomy findings were considered as a gold standard.

The association between MDCT findings and treatment
strategy, including conservative treatment and laparotomy,
was quantified by odds ratio (OR) and 95% confidence interval
(Cl) OR. The level of statistical significance was set at p < 0.05.
Inter-observer agreement for MDCT findings was defined with
kappa coefficient (k) statistics and measured as follows: k = 0-
0.2, poor agreement; k = 0.21-0.4, fair agreement; k = 0.41-0.6,
moderate agreement; k = 0.61-0.8, good agreement; and k =
0.81-1, very good agreement.

RESULTS

Study Population

The main characteristics of the study population are shown
in Table 1. The rate of traffic accidents related to motorcycle
crashes was highest, at 79.1%. All patients had associated
injuries besides bowel and mesenteric injuries. Of the 68
patients who underwent laparotomy, 62 had findings of bowel
and mesenteric injuries. In detail, 67 patients were operated on
in the first 24 h after trauma. It is noted that one patient was
initially diagnosed with bowel-wall contusion on a 16-slice
MDCT scan and was treated conservatively. After 48 h of
trauma, this patient was treated surgically due to an increase
of clinical symptoms with a final diagnosis of jejunal rupture in
the second MDCT scan. For the patient with bowel and
mesenteric injuries confirmed with laparotomy, 34 cases had 1
site of injury, and 28 cases had 2 sites of injury.

Table 2. Diagnostic accuracy of computed tomography (16-
slice MDCT) findings

16-slice MDCT findings

Se% Sp% PPV% NPV% ACC%

Bowel-wall rupture 28.57 100 100 23.07 41.18
Active extravasation 28.57 98.15 80 84.13 83.82
Janus sign 38.33 87.50 95.83 15.91 50.00
Bowel-wall thickening 70.00 62.50 93.33 21.74 69.12
Reduced bowel-wall enhancement 15.00 100 100 13.56 25.00
Pneumoperitoneum 83.33 75.00 96.15 37.50 82.35
Mesenteric hematoma 17.46 80.00 91.67 7.14 22.06
Mesenteric stranding 75.81 50.00 94.00 16.67 73.53

Se: sensitivity; Sp: Specificity; PPV: positive predictive value; NPV:
negative predictive value; ACC: accuracy

Table 3. Association between 16-slice MDCT findings and
treatment results

16-slice MDCT findings pvalue OR  95%CI K
Bowel-wall rupture 0.03* 7.34 1.004-58.82 0.839
Active extravasation 0.57 1.59 0.168-14.92 0.883
Janus sign 0.008* 6.49 1.39-30.30 0.582
Bowel-wall thickening 0.317 1.78 0.68-4.65 0.851
Reduced bowel-wall enhancement 0.27 6.41 0.47-32.26 0.675
Pneumoperitoneum <0.001* 29.41 7.46-111.11 1.000
Mesenteric hematoma 0.548 0.65 0.21-2.00 0.629
Mesenteric stranding 0.03* 290 1.07-7.87 0.614
* Statistically significant; OR: Odds ratio; Cl: confidence interval; k:

Kappa coefficient

Diagnostic Accuracy of MDCT Findings

Diagnostic accuracy of MDCT findings in the diagnosis of
blunt bowel and mesenteric injuries is shown in Table 2.
Bowel-wall rupture, active extravasation, and reduced bowel
enhancement were the findings that had low sensitivity but
high specificity of 100%, 98.15%, and 100%, respectively.
Pneumoperitoneum had the highest sensitivity of 83.33% and
specificity  of  75%.  Active extravasation and
pneumoperitoneum were findings with the highest accuracy of
83.82% and 82.35% respectively. Free fluid was observed in all
cases.

Association between 16-slice MDCT Findings and
Treatment Results

The association between 16-slice MDCT findings and
treatment results is shown in Table 3. Findings of bowel-wall
rupture (p = 0.03), Janus sign (p = 0.008), pneumoperitoneum
(p <0.001), and mesenteric stranding (p = 0.03) on CT scan had
significant correlation with surgical treatment. The presence of
these findings increased the possibility of implementing
surgical treatment 7-, 6-, 29-, and 3-fold, respectively. Inter-
observer agreement was very good for bowel-wall rupture,
active extravasation, and pneumoperitoneum findings; good
for reduced bowel-wall enhancement, mesenteric hematoma,
and mesenteric stranding findings; and moderate for Janus
sign findings.

DISCUSSION

Due to the overlapping presence of other viscus trauma or
subtle imaging characteristics, bowel and mesenteric injuries
pose diagnostic challenges for physicians and radiologists.
Unfortunately, due to delayed diagnosis, complications such
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as hemorrhage or peritonitis contribute to a high risk of
morbidity and mortality (9-11). MDCT performance recorded in
several previous studies was reasonably efficient, with
sensitivity ranging from 69% to 95% and specificity ranging
from 94% to 100% in the identification of bowel and mesenteric
lesions (4,12,13). Our results showed that male patients were
overwhelming with a rate of 87.21%, and most accidents were
triggered by traffic accidents. The same rates were reported by
Atri et al. (7), and Elton et al. (12). Blunt bowel and mesenteric
injuries are often present and can be misdiagnosed in multiple
simultaneous accidents (2). The study of Nance et al. showed
that the incidence of hollow-organ injury is proportionately
raised with the number of injured solid organs (14). In the
present study, in addition to bowel and mesenteric injuries, all
patients had associated injuries. Alternation between fixed and
flexible parts of the small intestine is prone to shearing power,
which renders this system a frequent site of bowel injury (15).
Our study showed that the jejunum was the most common site
of bowel injuries, followed by the ileum, with a rate of 41.2%
and 22.1%, respectively.

Bowel-wall rupture was considered as a direct finding of
blunt bowel injury, and active extravasation suggested that an
active bleeding condition has high specificity of 100% and
98.15% and low sensitivity of 28.57% and 28.57%, respectively.
Our result was comparable to those reported in the previous
studies, which confirmed that these characteristics are not
highly sensitive (7,8,11). Since bowel-wall rupture frequently
occurs at the antimesenteric side of bowel loops, it could be
misdiagnosed on a MDCT scan if its size is small (16). Similarly,
a small vessel tear could be occulted by mesenteric hematoma
(8). Nonetheless, a finding of active extravasation should be
taken into consideration as an indication for simultaneous
surgery (4,5). Reduced bowel-wall enhancement may
represent an ischemic bowel due to the rupture of supplied
arteries or arterial occlusions (12). In our study, this feature had
a sensitivity of 15%, which was lower than that reported by
Faget et al. (8), and higher than the result reported by Atri et al.
(7); it also had specificity of 100%, which was in line with
findings that reported by these authors.

In our 10 patients with surgically proven ischemic bowels,
one patient had pneumatosis portalis and one patient had
active extravasation on MDCT scan in addition to reduced
bowel-wall enhancement. Pneumoperitoneum was, according
to previous studies, a highly specific indication for intestinal
perforation but it could contribute to a false-positive diagnosis
of bowel perforation (4,11,17). In our study, this finding had a
sensitivity and specificity of 83.33% and 75%, respectively.
There were three cases that showed no bowel perforation on
laparotomy in spite of presented pneumoperitoneum in the
MDCT scan. This disagreement may be because those patients
also had intraperitoneal bladder rupture, and free air may have
originated from the Foley catheter insertion procedure. Free
intraperitoneal air can also be induced by pneumothorax,
diaphragm disruption or mechanical ventilation (18).

Bowel-wall thickening, mesenteric hematoma, mesenteric
stranding, and free fluid are indirect findings of blunt bowel
and mesenteric injuries. The sensitivity and specificity of these
findings were differently described in previous studies (5,7,8).
Mirvis et al. stated that free fluid and bowel-wall thickening
were unspecific findings that might be present in cases of
hypovolemic shock in the setting of the trauma, particularly
associated with liver or splenic injuries (19). Our study showed
that free fluid was present in all cases, and the specificity of

bowel-wall thickening was 62.5%. The study of Steenburg et al.
suggested that bowel-wall thickening, mesenteric stranding,
and free fluid were findings of mesenteric contusion or
seromuscular, tear and could be treated conservatively (11).
Nevertheless, four patients in our study that showed bowel-
wall thickening and mesenteric stranding on MDCT scan had
bowel perforation on laparotomy. Hence, these features may
be suggestive signs of peritonitis that is essential to indicate
surgical treatment.

Bowel-wall rupture and pneumoperitoneum findings on
MDCT scan had significant correlation with surgical treatment,
with an OR of 7.34 (95% Cl 1.004-58.82) and 29.41 (95% CI 7.46-
111.11), respectively. Faget et al. stated that these two findings
were enough to confirm the presence of surgical intervention,
with an OR of 128.9 (95% CI 9.5-999.9) and 140.5 (95% Cl 9.3-
999.9), respectively (8). Furthermore, in our study, inter-
observer agreement of these two findings was very good (k =
0.839 and 1.00, respectively), which is similar to a report done
by LeBedis et al (20). Our study also manifested that two other
MDCT findings that have significant correlation with surgical
treatment were Janus signs and mesenteric stranding. The rate
of surgical intervention would be raised 6- and 3-fold,
respectively, with the presence of these findings. The study of
Cho et al. reported that 75% of patients with bowel transection
showed a Janus sign near the site; therefore, it might be
considered as a specific sign of bowel injury (6). With regards to
mesenteric stranding, several studies showed that this feature
was high sensitive but low specific to mesenteric injury (1,4).
Steenburg et al. did not find statistically significant difference
in mesenteric-stranding size for the surgical versus
conservative treatment of bowel injury (11). Nonetheless, the
combination of active extravasation and mesenteric-stranding
findings was predictive of surgical intervention, as reported by
Faget et al. (8).

There are some limitations in this clinical study. First this
study had small sample size and was performed at single
center. In addition, we did not assess the correlation between
the quantitative surgical parameters and MDCT findings.
Moreover, we lacked the comparison with a healthy group. In
this study, we only focused on the bowel and mesentery injury
without deeply investigating other associated injuries. Thus,
further studies should be performed to validate our findings.

CONCLUSIONS

Our study showed that the most significant MDCT results
for the treatment and prognosis of blunt bowel and mesenteric
injuries are bowel-wall rupture and pneumoperitoneum.
Bowel-wall rupture was the definitive symptom of bowel injury
and had considerable association with surgical treatment,
while pneumoperitoneum was an unspecific indication of
blunt bowel injury; however, urgent intervention would be
required when this is detected. Certain MDCT results serve a
persuasive function and should be paired with clinical tests in
order to make them viable.

Ethical Approval and Declaration of Patient Consent

Institutional review board of Viet Duc Hospital approved
this retrospective study. Informed consent of patients was
waived.
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