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Abstract

Purpose Blunt bowel and/or mesenteric injury requiring surgery presents a diagnostic challenge. Although computed
tomography (CT) imaging is standard following blunt trauma, findings can be nonspecific. Most studies have focused on
the diagnostic value of CT findings in identifying significant bowel and/or mesenteric injury (sSBMI). Some studies have
described scoring systems to assist with diagnosis. Little attention, has been given to radiologist interpretation of CT scans.
This study compared the discriminative ability of scoring systems (BIPS and RAPTOR) with radiologist interpretation in
identifying sBMI.

Methods We conducted a retrospective chart review of trauma patients with suspected sSBMI. CT images were reviewed in a
blinded fashion to calculate BIPS and RAPTOR scores. Sensitivity and specificity were compared between BIPS, RAPTOR,
and the admission CT report with respect to identifying sBMI.

Results One hundred sixty-two patients were identified, 72 (44%) underwent laparotomy and 43 (26.5%) had sBMI. Sen-
sitivity and specificity were: BIPS 49% and 87%, AUC 0.75 (0.67-0.81), P < 0.001; RAPTOR 46% and 82%, AUC 0.72
(0.64-0.79), P < 0.001; radiologist impression 81% and 71%, AUC 0.82(0.75-0.87), P < 0.001. The discriminative ability
of the radiologist impression was higher than RAPTOR (P = 0.04) but not BIPS (P = 0.13). There was not a difference
between RAPTOR vs. BIPS (P = 0.55).

Conclusion Radiologist interpretation of the admission CT scan was discriminative of SBMI. Although surgical vigilance,
including evaluation of the CT images and patient, remains fundamental to early diagnosis, the radiologist’s impression of
the CT scan can be used in clinical practice to simplify the approach to patients with abdominal trauma.
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Introduction

Bowel and/or mesenteric injury requiring operation following
blunt trauma presents a diagnostic challenge because it occurs
infrequently and can present latently [1-4]. Computed tomog-
raphy (CT) imaging of the abdomen/pelvis is commonly used
to identify significant blunt bowel and/or mesenteric injury
(i.e., those injuries requiring operative repair), but findings
are often nonspecific and many patients with imaging find-
ings that are coded as bowel and/or mesenteric injuries do not
require intervention (i.e., insignificant bowel and/or mesen-
teric injury). The presence of particular CT findings including
bowel discontinuity, extraluminal air, and mesenteric contrast
extravasation are associated with significant bowel and/or mes-
enteric injury and require operative repair. Often, however, CT
findings are less specific, leaving the surgeon with a diagnostic
dilemma: to proceed with a possibly unnecessary intervention
or to observe the patient, with the risk of delaying [5] a neces-
sary intervention.

Prior studies have focused on the predictive value of spe-
cific CT findings, such as free intraperitoneal fluid, with
respect to significant bowel and/or mesenteric injury [6-9].
Other groups have developed scoring systems to assist clini-
cal decision-making [10-12]. One such scoring system is the
radiographic predictors of therapeutic intervention (RAPTOR)
score, which utilizes seven CT findings to generate an 8-point
score (a score of 3 or more suggests significant bowel and/or
mesenteric injury) [10]. The Bowel Injury Prediction Score
(BIPS) utilizes CT, laboratory, and physical exam findings to
generate a predictive score between 0 and 3 with a score of 2 or
greater associated with significant injury [11]. A shared char-
acteristic of these prior predictive studies is that they are gener-
ally agnostic to the fact that the CT scan has been interpreted
by a radiologist and an overall impression of the imaging is
typically included in the study report. To our knowledge, no
study has determined the predictive ability of the radiologist
interpretation of the CT scan in determining the presence of
significant bowel and/or mesenteric injury. The purpose of
this study was to compare the discriminative ability of two
of the described scoring systems (BIPS and RAPTOR) with
radiologist interpretation with respect to the identification of
significant bowel and/or mesenteric injury. We hypothesized
that the radiologist’s interpretation of the CT scan would pre-
dict significant bowel and/or mesenteric injury as equally well
as BIPS and/or RAPTOR.

Methods

This retrospective study received approval from our institu-
tion’s Internal Review Board. Adult patients admitted to our
level 1 trauma center between June 2014 and September
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2021 with blunt bowel and/or mesenteric injuries based on
AIS-2005 discharge injury codes were included. Patients
must have obtained a CT scan of the abdomen/pelvis at the
time of admission (GE Lightspeed CT, Milwaukee, WI). CT
scans were all obtained with intravenous contrast, scanned in
the venous phase as well as 3-min delayed images through
the kidneys and bladder. No oral contrast was given. Injury
coding was performed by certified trauma registrars who
used the medical record of each patient to determine injury
codes. Bowel and mesenteric injuries specifically were
coded from CT scan reports, along with operative reports
for those patients who underwent laparotomy. Patients who
expired during hospitalization without undergoing laparot-
omy were excluded from the analysis.

Significant bowel and/or mesenteric injury (sBMI) was
confirmed if operative findings included a bleeding mesen-
teric injury requiring ligation and/or bowel injury requiring
repair or resection. The radiologist’s impression of the admis-
sion CT abdomen/pelvis scan was reviewed for each patient
and given a score from 0 to 2 according to the likelihood
of sBMI (0 signifying no or unlikely SBMI, 1 signifying
possible sBMI, 2 signifying high likelihood of sBMI). The
reviewer for sSBMI was a medical student, mentored by the
senior surgeon on the study. The student reviewed the radi-
ologist’s conclusions for each scan and identified terminology
that assessed the probability of bowel injury. The words “no
evidence of”” were used for all scans classified as no evidence
of bowel injury. Terms such as “consistent with” or “concern-
ing for” were used for scans classified as “high likelihood”
and scans with diagnostic descriptions with terms such as
“cannot rule out” and “possible” were classified as possible
bowel injury. The senior author audited the student’s scoring
of the initial 15 scans reviewed and then adjudicated on any
interpretation the student requested assistance. The patients
who did not undergo laparotomy during hospitalization or
underwent laparotomy that was nontherapeutic, meaning
exploratory and without repair, were considered to have had
insignificant bowel and/or mesenteric injury.

One attending level radiologist and one senior resident
radiologist reviewed CT images for each patient. Admis-
sion CT scans were reviewed to assign a RAPTOR score as
described by Filiberto et al. and the CT interpretation com-
ponent of the BIPS score as described by McNutt et al. [10,
11]. The radiologists were blinded to the original CT scan
report and the hospital course of the patient. The additional
components of the BIPS score (leukocyte count, presence or
absence of abdominal tenderness) were determined by medi-
cal record review. The grading criteria for the three scales
are shown in Table 1. RAPTOR scores range from 0 to 7,
BIPS scores range from O to 3, and radiologist interpreta-
tions ranged from O to 2, all with higher scores indicating
increasing injury severity.
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The Injury Severity Score (ISS) was categorized into
three groups as standardly reported, <9, 9-15, and 16+.
The length of stay was a continuous variable with medians
reported due to non-normality. BIPS, RAPTOR, and radi-
ologist impressions were considered both continuously and
as a dichotomized variable. The cohort was described using
counts with percentages, means with standard deviations,
or medians with interquartile ranges as appropriate. 2 X 2
comparisons were made using Pearson chi-square tests or
Fisher’s exact test given an expected cell count <5. Receiver
operating characteristic (ROC) curves were used to compare
the 3 measures as predictors of SBMI. The area under the
curve (AUC) was calculated for each measure and the dif-
ference in AUCs was compared using the z-statistic. There
were no missing data. Statistical analyses were performed
using SPSS version 27 (IBM Corp, Armonk, NY, USA).

Results
A total of 262 trauma patients admitted between June 2014

and September 2021 with bowel and/or mesenteric injuries
were identified in our institution’s trauma registry which

Table 1 Scoring

consisted of 12,336 patients admitted to or consulted by our
trauma service. Exclusions included one pediatric patient, 92
patients who lacked an admission abdominal CT scan, and
seven patients who expired in hospital without laparotomy,
leaving a total of 162 patients in our cohort. These seven
patients all underwent palliative care for severe traumatic
brain injury.

The 162 patients in our cohort were on average 40.9 +
17.6 years of age, the majority male (69.1%) and White
(54.9%) (Table 2). The most common mechanism of injury
was motor vehicle crash (81.5%) with 65.4% of patients hav-
ing an ISS of 16 or greater. Overall median length of stay
was 7 (4 — 13) days. Seventy-two patients underwent lapa-
rotomy and 43 (59.7%) had sBMI, leaving 29 (40.3%) who
underwent non-therapeutic surgery. The average length of
stay for these patients was 9.5(5.0 — 15.5) days. 90 patients
did not undergo laparotomy and had a median length of stay
of 5.5(3.0 — 12.0) days.

Each BIPS and RAPTOR scoring feature is listed in
Table 3 with the corresponding count and percentage present
with and without sBMI. The presence of two of the three
BIPS criteria (abdominal tenderness and CT grade > 3) was
more prevalent in the group with sSBMI (60.5% vs 34.5%, P

RAPTOR Feature

Multifocal hematoma

Acute arterial extravasation
Bowel wall hematoma
Devascularization,
Fecalization
Pneumoperitoneum

Fat pad injury

Total possible RAPTOR score
Feature

White blood cell count of >17 g/l
Abdominal tenderness

CT grade 4 or 5

Total possible BIPS score

BIPS

BIPS: CT Grade Feature

Points

A = mm m m m

Points
1
1
1
3
Grade

Isolated mesenteric contusion without associated BWT or adjacent interloop fluid collection 1

Mesenteric hematoma < 5 cm without associated BWT or adjacent interloop fluid collection
Mesenteric hematoma > 5 cm without associated BWT or adjacent interloop fluid collection
Mesenteric contusion or hematoma (any size) with associated bowel wall thickening or adjacent

interloop fluid collection

B W

Active vascular or oral contrast extravasation, bowel transection, or pneumoperitoneum 5

Radiologist determination Likelihood of bowel injury
No evidence
Possible

High likelihood

Score
0
1
2

Abbreviations: BIPS Bowel Injury Prediction Score, BWT bowel wall thickening, CT computed tomography, RAPTOR radiographic predictors of

therapeutic intervention
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Table 2 Patient and injury characteristics

Cohort (n = 162)

Age
Sex, male
Race
American Indian/Alaska Native
Asian
Black
Other
White
Ethnicity, Hispanic
Mechanism of injury
Fall
MVA
Other
Pedacyclist
Struck by or against
Injury Severity Score
<9
9-15
16+
Intensive care unit admission
Hospital disposition
Left against medical advice
Skilled nursing facility
Expired
Home
Intermediate or long-term care
Psychiatric
Rehabilitation

409 +17.6
112 (69.1%)

6 (3.7%)
3 (1.9%)
7 (4.3%)
57 (35.2%)
89 (54.9%)
62 (38.3%)

15 (9.3%)
132 (81.5%)
5(3.1%)

2 (1.2%)

8 (4.9%)

21 (13.0%)
35 (21.6%)
106 (65.4%)
140 (86.4%)

3(1.9%)
49 (30.2%)
14 (8.6%)
75 (46.3%)
5(3.1%)

1 (0.6%)
15 (9.3%)

=.003 and 65.1% vs 18.5%, P < .001). WBC > 17 g/l did
not discriminate between patients with or without SBMI (P
= 0.670). Five of the 7 RAPTOR criteria (multifocal hema-
toma, acute arterial extravasation, bowel wall hematoma,
pneumoperitoneum, and fat pad injury) were more prevalent
in sBMI groups (Table 3).

The distribution of BIPS, RAPTOR, and radiologist
impression scores is shown in Table 4. Seventy-five percent
of scores were either O or 1 for all three scales. 3.7%, 1.2%,
and 14.2% of cases were categorized as the most severe score
by BIPS, RAPTOR, and radiologist impression. As shown
in Table 4, radiologist impression was no or unlikely sSBMI
on 99 of the 162 scans. However, 7 (7.1%) of these patients
had sBMI as confirmed by laparotomy. Sixteen (40%) of
the 40 scans determined by radiologists to have a possible
sBMI were confirmed by laparotomy, and 20 (87%) of the
high-likelihood cases had sBMI confirmed by laparotomy.

Figure 1 demonstrates a patient with a suspected high
likelihood of injury via radiology impression (score = 2)
and BIPS (BIPS CT Grade = 5), but a low likelihood on
RAPTOR (score = 1). This patient had a confirmed small
bowel injury. Figure 2 demonstrates a mesenteric contusion
with active bleeding and had a BIPS score of 5 and a RAP-
TOR score of 2 and a radiologist impression score of 0. This
patient did not have a confirmed bowel injury. Examples of
radiologic findings of patients with confirmed bowel injuries
are shown in Fig. 3.

Sensitivity and specificity with the area under the curve
are shown in Fig. 4. BIPS and RAPTOR were highly specific
(86.6% and 82.4%) but not sensitive (48.8% and 46.5%) with
AUCs of 0.75 and 0.72 (Fig. 4, left). Radiologist impression
exceeded the sensitivity of the others at 81.4% with only
a slight drop in specificity (71.4%) and the overall highest

Table 3 Comparison of BIPS and RAPTOR score features with bowel and/or mesenteric injury

Insignificant bowel or mesenteric

injury (n = 119)

Significant bowel or mesenteric  OR (95% CI) p-value
injury (n = 43)

Predicting blunt bowel injury
BIPS criteria

WBC > 17 24 (20.2%)
Abdominal tenderness 41 (34.5%)
CT Grade 4 or 5 22 (18.5%)
RAPTOR criteria
Multifocal hematoma 6 (5.0%)
Acute arterial extravasation 7 (5.9%)
Bowel wall hematoma 6 (5.0%)
Bowel devascularization 0
Fecalization 22 (18.5%)
Pneumoperitoneum 0
Fatpad injury 43 (36.1%)

10 (23.3%) 1.2(0.5-2.8) 0.670
26 (60.5%) 2.9 (1.4-6.0) 0.003
28 (65.1%) 8.2(3.8-17.9) <0.001
14 (32.6%) 9.1(3.2-25.7) <0.001
11(25.6%) 5.5(2.0-15.3) 0.001
8 (18.6%) 43(14-13.3) 0.011
1 (2.3%) - 0.265
10 (23.3%) 1.3 (0.6-3.1) 0.501
7 (16.3%) - <0.001
24 (55.8%) 22(1.1-45) 0.025

Abbreviations: BIPS Bowel Injury Prediction Score, CT computed tomography, OR odds ratio, RAPTOR radiographic predictors of therapeutic

intervention, WBC white blood cells
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Table 4 Distribution of BIPS, RAPTOR, and radiologist impression

Score BIPS RAPTOR Radiologist impression
0 54 (33.3%) 64 (39.5%) 99 (61.1%)

1 71 (43.8%) 57 (35.2%) 40 (24.7%)

2 31 (19.1%) 26 (16.0%) 23 (14.2%)

3 6 (3.7%) 11 (6.8%) N/A

4 N/A 2 (1.2%) N/A

5+ N/A 2 (1.2%) N/A

Abbreviations: BIPS Bowel Injury Prediction Score, RAPTOR radio-
graphic predictors of therapeutic intervention

AUC of 0.82. There was not a significant difference between
BIPS and RAPTOR AUC:s (P = 0.55). Radiologist impres-
sion was the superior discriminator of sSBMI when compared
to RAPTOR (P = 0.04) but not BIPS (P = 0.13).

Thus far, the AUCs presented are based on the continu-
ous score of BIPS, RAPTOR, and radiologist impression.
The creators of the BIPS and RAPTOR scores determined
that threshold scores of 2 and 3 for BIPS and RAPTOR
respectively most accurately predict SBMI. In this study,
25% (40/162) of radiologist impressions were categorized as
possible sBMI, and 40% of these were found to have sBMI.
Thus, we grouped the possible sSBMI and high likelihood
sBMI cases together and repeated our analysis using the
dichotomous scale (i.e., score of zero vs. > 1). Thresholds
of > 3 for RAPTOR and >2 for BIPS were used for this
analysis. As expected, the AUCs for each measure dropped;
however, radiologist impression remained associated with
the highest AUC (0.76) followed by BIPS (0.68) and then
RAPTOR (0.64) (Fig. 4, right).

Discussion

Many studies have investigated the association between spe-
cific CT findings and confirmed sBMI at laparotomy, such
as free fluid or free air [7-9]. To assist further in the diag-
nosis of sSBMI, rubrics that account for multiple CT findings
by utilizing scoring systems have been proposed, including
the RAPTOR score that was evaluated in the current study.
Other groups have included laboratory and physical exam
findings in scoring systems that attempt to further improve
the accuracy of diagnosis, including the BIPS score that was
also evaluated in the current study. In this study, we evalu-
ated the radiologist interpretation of the initial CT scans per-
formed in the setting of blunt trauma, and we identified that
the radiologist’s impression has relatively highly sensitive
and reasonably specificity for detecting SBMI as determined
by the patient’s subsequent hospital course.

Accurate and rapid determination of sBMI is one of the
more difficult diagnostic challenges faced by the trauma

Fig.1 Sagittal CT in lung window demonstrates a large amount
of free air (red arrow). There were no other signs of bowel injury
according to the RAPTOR grading; however, the patient was con-
firmed to have an injury of the distal ileum. This was graded as a 2
given the large volume of free air

surgeon. Delayed diagnosis of sSBMI carries with it a real
risk of morbidity and mortality [13, 14], but operative evalu-
ation for every incidental abdominal CT finding would result
in an unacceptable rate of nontherapeutic laparotomy. It is
not surprising then that there are many studies that have
evaluated the relative predictive value of specific CT find-
ings or have proposed scoring systems that account for con-
stellations of CT findings or the combination of imaging
results with clinical and laboratory findings. However, prior

@ Springer



198

Emergency Radiology (2024) 31:193-201

Fig.2 (Left) Coronal CT of the abdomen demonstrates a small mesenteric contusion (red arrow). (Right) Axial CT shows the mesenteric contu-
sion with a small focus of active extravasation (yellow arrow). This patient had no bowel injury upon exploratory laparotomy

e\
\

-
y

Fig.3 (Left) Coronal CT of the abdomen showing a collection of

free air and fluid adjacent to a small bowel loop (red arrow). (Center)
Coronal CT of the abdomen in a different patient showing bowel wall

thickening with interloop fluid collection (white circle). (Right) Coro-
nal CT of the abdomen in a different patient showing a devascular-
ized bowel (yellow arrow)

@ Springer
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Continuous Scoring Model Dichotomous Scoring Model
100
80
. 60
£ 2
3 2
3 3
20 - BIPS 20 — BIPS
= RAPTOR — RAPTOR
— Radiologist — Radiologist
O ] ] 1 ] ] = 1 1 1 1 I
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity
Model Sensitivity Specificity AUC (95% CI) Model Sensitivity Specificity AUC (95% CI)
BIPS 488 86.6 0.75(0.67 - 0.81) BIPS 488 86.6 0.68(0.60-0.75
RAPTOR 46.5 824 0.72(0.64-0.79) RAPTOR 30.2 98.3 0.64(0.56 - 0.72)
Radiologist 814 714 0.82(0.75-0.87) Radiologist 814 714 0.76(0.69 - 0.83)
Impression Impression

Fig.4 Receiver operating characteristic curves for BIPS, RAPTOR,
and radiologist impression in predicting blunt bowel and/or mesen-
teric injury. Abbreviations: AUC, area under the curve; BIPS, Bowel

studies have not directly assessed the likelihood of sBMI
based on the radiologist’s overall impression of the CT scan.

After stratifying our radiologists’ interpretations into
no likelihood (zero points), possible sSBMI (1 point), or
high likelihood of sBMI (2 points), we determined that the
AUC for the associated receiver operating characteristic
curve was 0.82 which is relatively high. Nonetheless, this
observation must be interpreted in the context of clinical
decision-making. A high likelihood of sSBMI was associated
with operative corroboration 87% of the time, so it would
be reasonable to perform exploratory laparotomy (or lapa-
roscopy) in this setting. Conversely, no likelihood of sBMI
was falsely negative only 7.1% of the time, so it would be
reasonable to expect that the need for operative exploration
in these patients will be unlikely. For those patients with a
CT interpretation that is not definitive (i.e., possible SBMI),
clinical decision-making remains difficult. In this study, 40%
of these patients were proven to have sBML. It is our opin-
ion that for such patients, the surgeon should lean toward
operative exploration by either laparotomy or laparoscopy,
accepting a higher rate of nontherapeutic laparotomy at the
expense of not delaying therapy for sSBMI.

Although the radiologist interpretation of the CT scan
slightly outperformed both scoring systems, the utility of both
the BIPS and RAPTOR scores (or similar scoring systems
like them) should not be entirely discounted. These scoring

Injury Prediction Score; CI, confidence interval; CT, computed
tomography; RAPTOR, radiographic predictors of therapeutic inter-
vention

systems may still be helpful for trauma surgeons when review-
ing imaging prior to making a definitive decision about surgi-
cal exploration. This guidance may be less relevant for some
radiologists. Perhaps those radiologists with less experience
with blunt trauma may find that scoring systems can aide in
crafting an impression of the CT findings. The radiologists
who participated in the development of the RAPTOR score,
in fact, use the RAPTOR score in clinical practice [10] and
we encourage providers to collaborate more closely with their
radiology team Nonetheless, we are of the opinion that surgical
judgment combined with radiologist overall impression of the
scan precludes the need for a scoring system. Future research
should be aimed at refining BIPS and RAPTOR scores.

This study has some limitations that are worthy of high-
lighting. This study involved patients with blunt abdominal
trauma managed at a single regional trauma center. The radi-
ologists who interpreted the associated CT scans are a single
full-time academic practice group committed to our level 1
trauma center and have a considerable experience with the
interpretation of scans performed for trauma. Trauma scans
were routinely performed with trauma-specific protocols and
were completed with the same CT technology over the course
of the study. It is unlikely that these results would be repro-
ducible from a group of radiologists who have a more limited
or inconsistent experience with reading trauma CT scans. In
addition, the confirmation of sSBMI required that a patient
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underwent operation. The 90 patients who did not undergo
an operation were observed for a median stay of 5.5 days.
These patients had CT findings that represented bowel and/
or mesenteric injury and were coded as such by the trauma
registrars, but they never underwent laparotomy during their
hospital stay. It is indeed possible that some of these patients
may have had latent SBMI and required laparotomy following
hospital discharge. We believe that this is an unlikely scenario
as it is our perception that most patients either return to our
center for complications or are transferred back to our center
for continuity of care, and most latent bowel injuries present
prior to 5 days of observation. Seven patients expired prior to
surgery and could not be included in the analysis. Although
this represents less than 5% of the sample, it is possible that
results could be different given the inclusion of these patients.
Lastly, this was a retrospective study and relied on the medi-
cal record to retrospectively determine components of the
BIPS score and to determine sBMI from the operative report
in the medical record. Ultimately, a high degree of suspicion
for sBMI regardless of CT findings is warranted if clinical
findings and mechanism of injury are consistent with possible
bowel injury. As reported in this and prior studies, a “negative”
CT scan cannot be entirely relied upon to rule out sSBMI [15].

Conclusion

This study is, to our knowledge, the first to evaluate the pre-
dictive utility of the radiologist impression of admission CT
scan of the abdomen and pelvis in the setting of blunt abdom-
inal trauma. We identified that the radiologist’s impression
correlated well with sSBMI, performed as well as two scor-
ing rubrics (BIPS and RAPTOR), and may be used to direct
treatment. Although surgical vigilance, including both sur-
geon evaluation of the CT images and close evaluation of the
patient, remains fundamental to early diagnosis, the radiolo-
gist’s impression of the CT scan can be essential and perhaps
helps simplify the approach to patients with possible sSBMI.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will

@ Springer

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Joseph DK, Kunac A, Kinler RL, Staff I, Butler KL (2013)
Diagnosing blunt hollow viscus injury: is computed tomogra-
phy the answer? Am J Surg 205(4):414-418. https://doi.org/10.
1016/j.amjsurg.2012.12.003

2. Watts DD, Fakhry SM, Group EM-IHVIR (2003) Incidence of hollow
viscus injury in blunt trauma: an analysis from 275,557 trauma admis-
sions from the East multi-institutional trial. J Trauma 54(2):289-294.
https://doi.org/10.1097/01.TA.0000046261.06976.6A

3. Killeen KL, Shanmuganathan K, Poletti PA, Cooper C, Mirvis
SE (2001) Helical computed tomography of bowel and mesen-
teric injuries. J Trauma 51(1):26-36. https://doi.org/10.1097/
00005373-200107000-00005

4. Butela ST, Federle MP, Chang PJ, Thaete FL, Peterson MS,
Dorvault CJ et al (2001) Performance of CT in detection of
bowel injury. AJR Am J Roentgenol 176(1):129-135. https://
doi.org/10.2214/ajr.176.1.1760129

5. Zingg T, Agri F, Bourgeat M, Yersin B, Romain B, Schmidt
S et al (2018) Avoiding delayed diagnosis of significant blunt
bowel and mesenteric injuries: can a scoring tool make the dif-
ference? A 7-year retrospective cohort study. Injury 49(1):33—
41. https://doi.org/10.1016/j.injury.2017.09.004

6. Cinquantini F, Tugnoli G, Piccinini A, Coniglio C, Mannone S,
Biscardi A et al (2017) Educational review of predictive value
and findings of computed tomography scan in diagnosing bowel
and mesenteric injuries after blunt trauma: correlation with
trauma surgery findings in 163 patients. Can Assoc Radiol J
68(3):276-285. https://doi.org/10.1016/j.carj.2016.07.003

7. Gonser-Hafertepen LN, Davis JW, Bilello JF, Ballow SL, Sue
LP, Cagle KM et al (2014) Isolated free fluid on abdominal
computed tomography in blunt trauma: watch and wait or oper-
ate? J Am Coll Surg 219(4):599-605. https://doi.org/10.1016/j.
jamcollsurg.2014.04.020

8. Marek AP, Deisler RF, Sutherland JB, Punjabi G, Portillo A, Krook
J et al (2014) CT scan-detected pneumoperitoneum: an unreli-
able predictor of intra-abdominal injury in blunt trauma. Injury
45(1):116-121. https://doi.org/10.1016/j.injury.2013.08.017

9. Malhotra AK, Fabian TC, Katsis SB, Gavant ML, Croce MA
(2000) Blunt bowel and mesenteric injuries: the role of screen-
ing computed tomography. J Trauma 48(6):991-998; discussion
998-1000. https://doi.org/10.1097/00005373-200006000-00001

10. Filiberto DM, Afzal MO, Sharpe JP, Seger C, Shankar S, Croce
MA et al (2021) Radiographic predictors of therapeutic opera-
tive intervention after blunt abdominal trauma: the RAPTOR
score. Eur J Trauma Emerg Surg 47(6):1813—-1817. https://doi.
org/10.1007/s00068-020-01371-8

11. McNutt MK, Chinapuvvula NR, Beckmann NM, Camp EA,
Pommerening MJ, Laney RW et al (2015) Early surgical
intervention for blunt bowel injury: the Bowel Injury Predic-
tion Score (BIPS). J Trauma Acute Care Surg 78(1):105-111.
https://doi.org/10.1097/TA.0000000000000471

12. Faget C, Taourel P, Charbit J, Ruyer A, Alili C, Molinari N et al
(2015) Value of CT to predict surgically important bowel and/or
mesenteric injury in blunt trauma: performance of a preliminary
scoring system. Eur Radiol 25(12):3620-3628. https://doi.org/
10.1007/s00330-015-3771-7

13. Fakhry SM, Brownstein M, Watts DD, Baker CC, Oller D
(2000) Relatively short diagnostic delays (<8 hours) produce
morbidity and mortality in blunt small bowel injury: an analysis


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.amjsurg.2012.12.003
https://doi.org/10.1016/j.amjsurg.2012.12.003
https://doi.org/10.1097/01.TA.0000046261.06976.6A
https://doi.org/10.1097/00005373-200107000-00005
https://doi.org/10.1097/00005373-200107000-00005
https://doi.org/10.2214/ajr.176.1.1760129
https://doi.org/10.2214/ajr.176.1.1760129
https://doi.org/10.1016/j.injury.2017.09.004
https://doi.org/10.1016/j.carj.2016.07.003
https://doi.org/10.1016/j.jamcollsurg.2014.04.020
https://doi.org/10.1016/j.jamcollsurg.2014.04.020
https://doi.org/10.1016/j.injury.2013.08.017
https://doi.org/10.1097/00005373-200006000-00001
https://doi.org/10.1007/s00068-020-01371-8
https://doi.org/10.1007/s00068-020-01371-8
https://doi.org/10.1097/TA.0000000000000471
https://doi.org/10.1007/s00330-015-3771-7
https://doi.org/10.1007/s00330-015-3771-7

Emergency Radiology (2024) 31:193-201

201

14.

15.

of time to operative intervention in 198 patients from a multi-
center experience. J Trauma 48(3):408—-414; discussion 414-
405. https://doi.org/10.1097/00005373-200003000-00007
Malinoski DJ, Patel MS, Yakar DO, Green D, Qureshi F, Inaba
K et al (2010) A diagnostic delay of 5 hours increases the risk
of death after blunt hollow viscus injury. J Trauma 69(1):84-87.
https://doi.org/10.1097/TA.0b013e3181db37{5

Fakhry SM, Watts DD, Luchette FA, Group EM-IHVIR (2003)
Current diagnostic approaches lack sensitivity in the diagnosis
of perforated blunt small bowel injury: analysis from 275,557

trauma admissions from the EAST multi-institutional HVI trial.
J Trauma 54(2):295-306. https://doi.org/10.1097/01.TA.00000
46256.80836.AA

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1097/00005373-200003000-00007
https://doi.org/10.1097/TA.0b013e3181db37f5
https://doi.org/10.1097/01.TA.0000046256.80836.AA
https://doi.org/10.1097/01.TA.0000046256.80836.AA

	Abdominal computed tomography scoring systems and experienced radiologists in the radiological diagnosis of small bowel and mesenteric injury
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References


