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Abstract

Background Bowel and/or mesentery injuries represent the third most common injury among patients with blunt abdominal
trauma. Delayed diagnosis increases morbidity and mortality. The aim of our study was to evaluate the role of clinical signs along
with CT findings as predictors of early surgical repair.

Material and methods Between March 2014 and February 2017, charts and CT scans of consecutive patients treated for blunt
abdominal trauma in two different trauma centers were reread by two experienced radiologists. We included all adult patients who
underwent contrast-enhanced CT of the abdomen and pelvis with CT findings of blunt bowel and/or mesenteric injury (BBMI).
We divided CT findings into two groups: the first included three highly specific CT signs and the second included six less specific
CT signs indicated as “minor CT findings.” The presence of abdominal guarding and/or abdominal pain was considered as
“clinical signs.” Reference standards included surgically proven BBMI and clinical follow-up. Association was evaluated by the
chi-square test. A logistic regression model was used to estimate odds ratio (OR) and confidence intervals (CI).

Results Thirty-four (4.1%) out of 831 patients who sustained blunt abdominal trauma had BBMI at CT. Twenty-one out of thirty-
four patients (61.8%) underwent surgical repair; the remaining 13 were treated conservatively. Free fluid had a significant
statistical association with surgery (p = 0.0044). The presence of three or more minor CT findings was statistically associated
with surgery (OR =8.1; 95% CI, 1.2-53.7). Abdominal guarding along with bowel wall discontinuity and extraluminal air had
the highest positive predictive value (100 and 83.3%, respectively).

Conclusion In patients without solid organ injury (SOI), the presence of free fluid along with abdominal guarding and three or
more “minor CT findings” is a significant predictor of early surgical repair. The association of bowel wall discontinuity with
extraluminal air warrants exploratory laparotomy.

Keywords Blunt abdominal trauma - Small-bowel injury - Mesenteric injury - Acute abdomen - Computed tomography

Background which represents the third most common injury among pa-
tients who sustained blunt abdominal trauma. Severe compli-
Blunt bowel mesentery injuries (BBMI) are relatively rare.  cations and high mortality rates may result if the diagnosis is

Current literature reports an incidence of 1-5% of BBMI,  not performed promptly [1].
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CT is the gold standard in early evaluation of patients with
BBMI [2], because it is fast and noninvasive and able to show
both highly and less specific findings of BBMI. There are a
few highly specific CT findings of BBMI (discontinuity of
bowel wall, oral contrast leakage, extraluminal air, and active
bleeding) that may predict the need of immediate laparotomy
[3]. Conversely, less specific (minor) CT findings such as
intramural air, focal bowel wall thickening, abnormal bowel
wall enhancement, mesenteric fat stranding, and free fluid are
more common and suggestive of BBMI, but do not predict the
need for timely surgery. In such cases, therapeutic laparotomy
could be delayed and the clinical outcome significantly im-
paired. Optimal management of hemodynamically stable pa-
tients with minor CT findings of BBMI remains unclear.
Current literature supports the need for a reliable tool, which
might be useful for surgeons to make an objective and timely
decision for the management of hollow viscous and mesenter-
ic injuries [4, 5].

The purpose of this study was to evaluate the role of clin-
ical signs, such as abdominal pain and guarding, along with
CT findings as predictors of early surgical repair.

Patients and methods

This is a retrospective data collection at two major urban trau-
ma centers, using the institutions’ trauma registry. The insti-
tutional review board of both hospitals approved the study.
Informed patient consent was waived.

We included all consecutive adult blunt trauma patients
(age > 16 years) admitted to Ca Granda Maggiore Policlinico
Hospital, Milan, Italy, and Pope John XXIII Hospital,
Bergamo, Italy, between March 2014 and February 2017,
who underwent a focused abdomen and pelvis CT scan or in
a context of whole-body CT for trauma, with CT findings
suspicious for BBMI. All patients were administered a biphas-
ic power injection of a nonionic I'V contrast agent (Iopamiro®,
Bracco) through an antecubital vein of 1.3 mL/kg of patient
body weight at a 370 mg/mL iodine concentration and a flow
of2.5/3 mL/s followed by a saline chaser bolus of 50 mL. The
dual-phase CT abdomen and pelvis protocol included the ac-
quisition of an arterial and portal venous phase using a 128-
multi-detector CT (MDCT) scanner (Somatom Definition
Flash, Siemens Healthcare) and a 64-MDCT scanner
(LightSpeed General Electric, USA) No oral contrast agent
was administered.

The diagnosis of multiple traumas was made in cases with
an Injury Severity Score (ISS) greater than 16, cither
suspected by emergency physicians on the scene or by early
survey at the trauma bay. Exclusion criteria were as follows:
(1) hemodynamic instability, (2) no BBMI described either in
the electronic chart system or the radiology report, (3) associ-
ated solid organ injuries (SOI), (4) withholding CT scan for
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urgent laparotomy, (5) patients who were not assessable dur-
ing physical examination (e.g., intubated and unconscious pa-
tients), and (6) patients who underwent more than one CT scan
for follow-up purposes. Data collection included patient de-
mographics, injury mechanism, physiologic conditions at ad-
mission, health status before and after surgery, and clinical
course during critical care. Two board-certified consultant ra-
diologists (MCF, FS) with more than 10 years of experience in
CT relevant to the trauma setting independently reviewed all
archived digital CT scans in a blind fashion by using Synapse
(Fuyjifilm, Japan) or Carestream-Vue (USA) picture archiving
and communication system (PACS) workstations. In case of
discordance, consensus was obtained by a third board-
certified radiologist (AAL) with 18 years of experience in
emergency radiology. The presence of abdominal guarding
and/or abdominal pain, retrieved from the electronic chart sys-
tem, was considered as “clinical signs.” We divided CT signs
into two groups: the first included three highly specific BBMI
CT findings (bowel wall discontinuity, active bleeding, and
extraluminal air) and the second group included six less spe-
cific BBMI CT findings (intramural air, bowel wall thicken-
ing, abnormal bowel, wall enhancement, mesenteric
stranding, and free fluid), indicated as “minor CT findings”
(Tables 1 and 2). Reference standards comprised surgically
proven BBMI and clinical follow-up until day 30 after the
accident. Participants were followed up as outpatients con-
jointly by general practitioners and ambulatory surgeons.

Statistical analysis

We described the frequency of all variables according to the
presence or absence of surgical repair. Association was
assessed by the chi-square test. For multiple comparisons, a
new threshold for alpha according to the Sidék correction was
calculated [6]. Assuming m as the number of tests considered
and a familywise « of 0.05, each null hypothesis with a p
value lower than 1 — (1 — )" was rejected. For clinical signs
and CT findings, we calculated the sensitivity, specificity, and
Youden’s index as a function of surgery. Youden’s index [7]
(which is equal to sensitivity + specificity — 1) provides a val-
ue between 0 and 1 and represents the ability to predict sur-
gery. A Youden’s index next to 1 means very high sensitivity
and specificity, while a value close to 0 represents poor sen-
sitivity and specificity. The predictive values of each clinical
sign and CT findings were also evaluated.

Finally, a logistic regression model was used to estimate the
odds ratio. “Surgery YES/NO” was used as a dependent var-
iable, whereas as independent variables, we used “abdominal
pain” and “abdominal guarding,” which were grouped as fol-
lows: NO =neither of the two clinical signs; YES = at least
one clinical sign, “active bleeding,” “bowel wall discontinuity
and extraluminal air,” “and minor CT findings” (Table 2).
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Table 1 Frequency and percentages of the variables as a function of surgery
Variables Surgery Chi-square test,
p value
No (n=13) 38.2% Yes (n=21) 61.8%

Sex Males 13 (41.9%) 18 (58.1%)
Age <30 years old 1 9.1%) 10 (90.9%)

30-59 years old 10 (62.5%) 6 (37.5%)

> 60 years old 2 (28.6%) 5(71.4%)
Mechanism of injury Car 2 (13.3%) 13 (86.7%)

Motorbike 8 (66.7%) 4 (33.3%)

Other 3 (42.9%) 4 (57.1%)
Abdominal pain Yes 6 (33.3%) 12 (66.7%) 0.5327
Abdominal guarding Yes 0 (0.0%) 8 (100.0%) 0.0109
Major CT findings
Active bleeding Yes 3 (30.0%) 7 (70.0%) 0.5236
Bowel wall discontinuity Yes 0 (0.0%) 5 (100.0%) 0.0568
Extraluminal air Yes 2 (16.7%) 10 (83.3%) 0.0560
Minor CT findings
Intramural air Yes 1 (33.3%) 2 (66.7%) 0.8548
Bowel wall thickening Yes 4 (25.0%) 12 (75.0%) 0.1343
Abnormal bowel wall enhancement Yes 2 (18.2%) 9 (81.8%) 0.0961
Mesenteric stranding Yes 9 (36.0%) 16 (64.0%) 0.6549
Free fluid Yes 6 (24.0%) 19 (76.0%) 0.0044

Statistical analysis was performed using SAS statistical
package version 9.2 (SAS Institute, Cary, NC, USA, 2009).

Results

Thirty-four (4.1%) out of 831 patients (31 males, 3 females;
range 18-84 years, median age 41.3 years,) had CT findings
consistent with BBMI. Twenty-one out of 34 patients (61.8%)
underwent surgical repair. The remaining 13 patients were
treated conservatively with good outcome. Overall, 21/34

patients had surgically proven BBMI. There were no discor-
dant cases between the two readers who independently
reviewed all archived digital CT scans.

Table 1 shows the frequency of the different variables de-
pending on whether or not patients had surgery. The only
variable with a significant statistical association with surgery
was “minor CT findings” (>3 vs <3 ): OR=8.1 (95% CIL
1.2-53).

The most common mechanism of injury associated with
surgery was vehicle crash. The presence of “abdominal
guarding” symptom and “bowel wall discontinuity” sign at

Table 2 Youden’s index, sensitivity, specificity, and predictive values as a function of surgery
Variables Surgery Sensitivity (%)  Specificity (%)  Youden’s index
No(n=13) Yes(n=21)

Abdominal pain No 7 (43.7%) 9 (56.2%) 57.147 53.85 0.110
Yes 6 (33.3%) 12 (66.7%)

Abdominal guarding No 13 (50.0%) 13 (50.0%) 38.1 100.0 0.381
Yes 0 (0.0%) 8 (100.0%)

Active bleeding No 10 (41.7%) 14 (58.3%) 33.3 76.9 0.102
Yes 3 (30.0%) 7 (70.0%)

Bowel wall discontinuity and extraluminal air ~ No 11 (50.0%) 11 (50.0%) 47.6 84.6 0.322
Atleast1 2 (16.7%) 10 (83.3%)

Minor CT findings <3 11 (57.9%) 8 (42.1%) 61.9 84.6 0.465
>3 2 (13.3%) 13 (86.7%)

In italics are the positive predictive values
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CT was followed by surgical repair in all cases. Only two thirds
of the patients with “abdominal pain™ or “active bleeding” at
CT underwent surgical repair. The variable with the highest
Youden’s Index was “minor CT findings” (Table 2).

Free fluid (FF) had a significant statistical association with
surgery (p = 0.0044, Table 1). Abdominal guarding along with
bowel wall discontinuity, extraluminal air, and minor CT find-
ings had the highest positive predictive value (PPV), whereas
sensitivity values were relatively low (Table 2). Two patients
had minor active bleeding treated conservatively (Fig.1),
whereas in one patient, active bleeding was missed in the
original report. Ten patients (83%) with extraluminal air
underwent surgical repair, whereas two patients (17%) were
treated conservatively with positive outcome. There were no
false positive for BBMI resulting in negative exploratory
laparotomies.

Discussion

Delayed diagnosis of BBMI results in increased morbidity and
mortality, usually because of hemorrhage or peritonitis.
Physical examination alone may not be highly accurate to
diagnose BBMI. Abdominal pain and/or abdominal guarding
are important clinical signs but their presence does not neces-
sarily indicate the need for timely laparotomy. In addition,
these clinical signs might not be present in the initial clinical
assessment. Furthermore, if the patient had concomitant head
and/or spinal cord trauma, abdominal assessment may be dif-
ficult. Associated injuries, intoxication with alcohol, or other
substances as well as the administration of medications for
pain or agitation may significantly affect the reliability of
physical examination [8].

A substantial body of literature is based on the assumption
that physical examination alone is an insensitive predictor of
BBMI [9-11] and does not correlate clinically with bowel
injury in the setting of blunt trauma [12, 13]. A multi-
institutional study identified abdominal guarding more com-
monly in perforated than in non-perforated small-bowel injury
[8]. The authors found that all patients with abdominal pain
and/or guarding had BBMI requiring surgical repair. This out-
come did not differ significantly from our results. On the other
hand, 92% of the patients without abdominal pain were also
found to have BBMI during exploratory laparotomy. McNutt
MK et al. [4] demonstrated that abdominal guarding was pres-
ent in 72% of the patients and was considered as a significant
predictor of blunt hollow viscous injury. Conversely, 24% of
the patients with BBMI did not have abdominal guarding. The
use of clinical assessment as the sole predictor for surgery
produced negative laparotomy rates as high as 40% [14]. It
is interesting to note that CT findings along with clinical signs
did not produce any negative laparotomy result in our study,
supporting the high negative predictive value of CT [12].
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The use of CT or physical examination alone has been
shown to be suboptimal in the diagnosis of BBMI [12, 15].
Several articles in the literature described radiographic fea-
tures of BBMI, but only a few studies combined CT findings
and clinical signs to predict the need of surgical repair [4]. To
the best of our knowledge, this is one of the first studies
assessing the role of clinical signs along with CT findings in
blunt trauma patients suspected of having BBML. In our series,
free fluid (FF) had a significant statistical association with
surgery (p = 0.0044). This result is discordant if compared to
the current literature in which intra-peritoneal FF is considered
a concerning finding in the setting of blunt abdominal trauma,
with a sensitivity and specificity of 90-100% and 15-25%,
respectively [5, 16, 17]. However, high-attenuation fluid in the
absence of SOI may indicate hemoperitoneum and raise the
suspicion of BBMI.

Interestingly, in our sample, the significant statistical asso-
ciation of FF with surgery in the absence of SOI is supported
by the significant statistical association with surgery and as-
sociated “minor CT findings” in the same patient. In particu-
lar, when three or more of these findings are detected in a
patient without SOI, BBMI must be suspected.

Each remaining minor CT finding, studied individually,
had no significant statistical association with surgery.
However, some CT findings such as bowel wall thickening
and abnormal bowel wall enhancement (Fig. 2) were present
in a high percentage of patients who had surgically proven
BBMI (Table 1). Focal, isolated, and unequivocal bowel wall
thickening measuring up to 3—4 mm is an important indirect
sign of bowel contusion, whereas diffuse bowel wall thicken-
ing is atypical for contusion. When diffuse small-bowel wall
thickening of more than 10 mm is seen, it should be consid-
ered a sign of shock bowel, either with or without associated
hypoperfusion complex [18, 19]. Abnormal contrast wall en-
hancement from bowel injury is uncommon and may be seen
as a short segments of increased patchy and irregular enhance-
ment suggestive, but not diagnostic, of full-thickness injury
[20, 21]. Increased focal mucosal contrast enhancement of the
small-bowel wall can be seen in bowel ischemia, particularly
after reperfusion from an arterial injury [22]. Abnormally in-
creased contrast enhancement may also be seen in shock bow-
el, where local vascular damage from hypovolemic shock re-
sults in interstitial leakage of contrast material [23].

According to the current literature, our results demonstrat-
ed that all patients with abdominal guarding at clinical evalu-
ation and with bowel wall discontinuity at CT had surgically
proven BBMI (Table 1). Bowel wall discontinuity and abdom-
inal guarding had high specificity and low sensitivity, respec-
tively. In addition, bowel wall discontinuity was seen in only
5/34 of the patients. This small number of cases can be ex-
plained by the small size of the discontinuities and/or the lack
of oral contrast agent administration in our sample. Although
a debate about conservative treatment of active bleeding
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Fig. 1 A 48-year-old man after blunt abdominal trauma. Axial arterial (a)
and venous (b) contrast-enhanced CT scan showing a small spot of
contrast agent (arrows) along with mesentery stranding, increasing in

(Figs. 1-3) has recently emerged [24, 25], in our study, three
out of ten patients with active bleeding were treated conserva-
tively and had positive outcome. In regard to free air, our
results did not differ significantly from the current literature.
In spite of the high specificity, free air is not pathognomonic of
bowel perforation and can be seen in several iatrogenic and
non-iatrogenic conditions, such as Foley catheter placement in
patients with intra-peritoneal bladder rupture [5, 26-29]. In
our study, the association of bowel wall discontinuity with
extraluminal air showed high specificity and high positive
predictive value of BBMI and warranted exploratory laparot-
omy in all cases (Table 2).

the portal venous phase, in keeping with active bleeding. The patient
was treated conservatively with positive outcome

The limitation of our study is related to the small sample
size, which reflects the low incidence of BBMI among pa-
tients with blunt abdominal trauma. Second, data accuracy is
subject to documentation errors in the medical chart record
and trauma registry.

Third, one might argue that the surgeon (SM), who had
already reviewed medical chart records and CT images,
should not have been involved in the patients’ recruitment.
We accepted this possible methodological weakness for logis-
tic and practical reasons. Recall bias, which is unlikely be-
cause of the large volume of data randomly matched between
the two hospitals, may influence indices of sensitivity and

Fig.2 A 35-year-old man after blunt abdominal trauma due to motorbike
accident. a Axial contrast-enhanced CT scan shows wall thickening of the
distal ileum associated with abnormal small-bowel wall contrast
enhancement (arrowhead). There is also evidence of a high-attenuation
fluid collection in the right iliac fossa consistent with hemoperitoneum

(black arrow). b Coronal multi-planar reconstruction shows multiple air
bubbles in the right iliac fossa and epigastrium (white arrows), secondary
to small-bowel wall laceration. ¢ Axial contrast-enhanced CT scan shows
peri-aortic mediastinal hematoma and hemotorax as additional findings

@ Springer



466

Emerg Radiol (2018) 25:461-467

Fig. 3 A 46-year-old man with
blunt abdominal trauma due to car
accident. a, b Coronal multi-
planar reconstruction with
maximum intensity projection
(MIP) shows bifocal active
bleeding (arrows) and mesenteric
stranding (asterisk)

specificity but it is of minor importance as far as there were no
discordant cases between the two readers who independently
reviewed all archived digital CT scans.

Fourth, potential selection bias may influence indices of
sensitivity and specificity as well. Nonetheless, the large vol-
ume of patients randomly matched between the two hospitals
may minimize selection bias.

Finally, the design was still susceptible to partial verifica-
tion bias; since only positive clinical signs and CT findings or
later clinical symptoms led to surgical repair, there might be an
unknown prevalence of minor sub-clinical BBMI missed.

In conclusion, in patients without SOI, the presence of free
fluid along with abdominal guarding and three or more “minor
CT findings” is a significant predictor of early surgical repair.
The association of bowel wall discontinuity with extraluminal
air warrants exploratory laparotomy.
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