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ABSTRACT

Introduction: Computed tomography (CT) is the preferred imaging modality for assessing blunt abdominal trauma
and is the gold standard for detecting hollow viscus injuries. CT may occasionally miss significant injuries in such
settings. This systematic review examines the incidence of hollow viscus injury in blunt abdominal trauma and
evaluates the diagnostic accuracy of the initial trauma CT.

Method: A keyword search for PubMed, SCOPUS, Web of Science and Embase was undertaken. Key words “hollow
viscus injury” and “blunt abdominal trauma” were used. Inclusion criteria included blunt abdominal trauma, adult
population and English language. This search identified 1826 studies. After abstract screening and full text review, 15
studies met criteria to be included in this review.

Result: All studies were retrospective in design and were from trauma centers. A total of 20199 patients had CT scans
upon admissions following blunt trauma. The incidence of hollow viscus injury was found to be 14.45%
(n=2920/20199). Location of injuries included stomach 0.079% (n= 16/20199), duodenum 0.41% (n=84/20199),
Ileum/jejunum 1.65% (n=333/20199), large intestine 0.81% (n=164/20199) and unspecified bowel injuries 11.5%
(n=3049/20199). There were a total of 217/20199 (1.07%) injuries that were missed on the initial CT scan. Patients
with hollow viscus injury, but negative initial CT scans, were identified within 36 hours of presentation.

Conclusion: Although CT scan is a very effective and widely used method for identification of hollow viscus injury
in blunt trauma, it is not always definitive. Patients with hollow viscus injury that were missed on initial CT scans
were identified within 36 hours of presentation.
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INTRODUCTION

paracentesis, diagnostic peritoneal lavage, focused

abdominal sonogram for trauma, CT scans, and

Blunt bowel and mesenteric injuries (BBMI) account for laparoscopy.” CT scans have notably emerged as the

approximately 1.1% of all blunt injuries and 3-5% of
blunt abdominal trauma incidents, making them a
relatively rare but important subset of blunt trauma
cases.! The challenge lies in diagnosing BBMI promptly, While certain  radiological indicators like free

blunt abdominal trauma.*

preferred diagnostic method for assessing patients with

as delayed identification can lead to severe intra-
abdominal complications like abscesses, sepsis, and even
mortality following surgical intervention.> Presently,
diagnostic tools beyond physical examinations include

intraperitoneal air strongly imply bowel perforation, other
markers such as free intraperitoneal fluid or bowel wall
thickening may only suggest potential acute injury
without definitive confirmation.® Prior research studies
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have presented conflicting findings regarding the
sensitivity of CT scans in detecting bowel injuries, with
some reporting poor sensitivity, while others claim high
accuracy, particularly in distinguishing bowel injuries
requiring surgical intervention.® Authors performed a
systematic review to assess the published data on the
sensitivity of CT scan imaging for identifying BBMI
following blunt abdominal trauma.

The intent of this review is to identify what published
evidence shows is the role of CT scans in diagnosing
hollow viscus injury, thereby elucidating its role in this
setting. The primary outcome of the study was to evaluate
the sensitivity of initial CT scan to report hollow viscus
injury in the setting of blunt abdominal trauma. The
secondary outcome was to report missed injuries on an
initial CT scan or false negative results.

METHODS

Following the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines, we
completed a systematic review of the published scientific
literature designed to synthesize the data available
describing the utility of the CT scan for identifying
hollow viscus injury.’

A keyword search of PubMed, SCOPUS, Web of science
and Embase was undertaken. The key words “hollow
viscus injury”, “blunt abdominal trauma” and “bowel
injury” were used. Papers were searched for papers
published after 2003.

Inclusion criteria required blunt abdominal trauma,
hollow viscus injury, initial CT scan, adult population to
be the focus of the study and the study must have been
written in English. Exclusion criteria included pediatric
population, solid organ injury and case reports. Missed
injuries were defined as injuries or findings not reported
on initial CT scan and were found later, either with repeat
CT scan or during surgery. This search identified 1826
studies with 787 removed as duplicates, 863 studies were
irrelevant resulting in 171 studies for full text review.
Each abstract and title were screened by 2 reviewers (i.e.,

authors of this study) resulting in either agreement for
moving the study forward to full text review, excluding
the study, or resulting in disagreement between the
reviewers. Disagreements were adjudicated by all study
authors. Unanimous consensus determined the inclusion
or exclusion of the study. Full text screening excluded
156 studies based on exclusion criteria. This resulted in
15 studies being retained for data extraction (Figure 1).
Retrospective studies highlighting blunt abdominal
trauma and its imaging detection, primarily on CT scans,
were included in the systematic review.

Following data extraction, a study quality assessment was
conducted based on the criteria identified in the revised
Downs and Black checklist.® The revised checklist
includes ten items on reporting, three items on external
validity, thirteen items on internal validity, and one item
on power.

The power item was assessed using modified criteria
reported in previous studies and determined by whether
the study included a power analysis (0=not included,
1=included). The checklist yields a final numerical score
ranging from 0-28 for randomized controlled trials and
0-25 for non-randomized controlled trials. Quality was
evaluated using the previously described scoring ranges
of strong (21-28), moderate (14-20), limited (7-13), and
poor (<7).

RESULTS

All studies, as compiled in Table 1, were from trauma
centers and retrospective in design. These studies
encompassed 20199 patients who had abdominal CT
scans upon initial evaluation following blunt trauma.
Many patients did not receive CT imaging upon initial
evaluation for blunt trauma. Hollow viscus injury was
noted in 14.45% (n=2920). Genders of the patients were
males (n=424), female (n=186) and gender unknown
(n=2310). Injury locations were stomach 0.079% (n= 16),
duodenum 0.41% (n= 84), lleum/jejunum 1.65% (n=333),
large intestine 0.81% (n=164), and unspecified bowel
injuries 11.5% (n=2323). Hollow viscus injury was not
identified in 217 patients (217/20199=1.07%).

Table 1: Synopsis of data from studies included in this systematic review.

Total no. of

patients with

Total no. of patients
with hollow viscus

Injuries

noted/missed (it ifitics

Gender Sudy

CT scans injury on CT scan
Male: 49
9
1. Fakhry et al 203 72 69/3 Female: 23 Strong
2. Fakhry et al'® 3258 1615 1429/186 Unknown: 1615  Strong
3.  Firetoetalll 831 34 34/0 WENGS S Strong
Female: 3
Male: 41
12
4. Young et al 2000 94 93/1 Female:53 Moderate
5. Liaoetal® 6164 188 176/12 Male: 146 Moderate
Female: 42
6. Hefny et al' 419 21 19/2 Male: 18 Moderate
Continued.
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Total no. of Total no. of patients  Injuries

patients with  with hollow viscus noted/missed  Gender Quality of the
.. e study
CT scans injury on CT scan injuries
Female: 3
7. Chen et al"® 597 34 34/0 Unknown: 34 Limited
8.  Okishioetal® 73 73 73/0 Male: 47 Moderate
Female: 26
Male: 23
17
9. Polat et al 48 27 27/0 Female: 4 Strong
10. Bekker et al'® 1066 439 439/0 Unknown: 439 Strong
. Male: 38
19
11. Delaplain et al® 754 69 68/1 Female: 31 Strong
12. Gonser et al* 22179 156 152/4 Unknown:156 Strong
13.  Magu et al*! 32 32 28/4 LT 3,1 Moderate
Female: 1
14. Joseph et al?? 337 30 26/4 Unknown: 30 Moderate

Scaglione et

1518 36 36/0 Unknown: 36 Moderate

Studies from datzbases/registers {n = 1826)
Scopus (n=542)
Pubhed (n =614}
Embase {n = 445)
wieb of Science (n =123)
Expert Recommendation (n=1)

References from other sources (n=)
Citation s=arching (n =
Grey literaturs (n=

Identification

References removed [n = 787)
Duplicates identifizd manuzlly {n= 4}
Duplicates identified by Covidence [n= 783}
Marked as ineligible by sutomation tools (n=0]
other reasons (n=|

b
Studies screenad [n = 1033) | Studies excluded (n=863)
Studies sought for retrieval (m = 171} > Studies not retrieved (n=0)

-

c

£ v

H

3 Studies assessad for eligibility (n = 171) —] Studies excluded (n = 156)
weryold{n=17)
Wrong setting {n= 1)
Wrong outcomes {n = 5]
Wrong comgarator (n= 1)
wrong indication {n= 1]
incompleta study [n= 2}
duplicate article [n=4)
wWrong intersention (n= 2)
wirong stwdy design [n= 101)
Paadiatric population (n = 11}
Wrong patient population {n= 11}

h 4

Studies included in review (n = 15)

Included

Included studies ongoing (n=10)
Studies awaiting classification [n=10)

Figure 1: PRISMA flow diagram of literature search and selection.
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The types of injuries missed were commonly small
bowel, colon, and duodenal injuries. Patients with hollow
viscus injury, but negative initial CT scans were
identified within 8-36 hours of presentation. These
patients were identified either on a repeat CT scan or
peritonitis on delayed physical exams. The table presents
the total number of patients with hollow viscus injury, the
number of injuries noted versus missed injuries, gender

distribution, and the quality rating of each study. The
studies are categorized based on their respective patient
populations, with injuries reported as either noted or
missed, alongside the gender breakdown (male/female)
and the study's quality classification (Strong, Moderate,
or Limited).

Blunt Abdominal Trauma

CT Scan

Free Air, Moderate/Large
Amount Of Free Fluid,

Minor Findings: Bowel
Wall Thickening,
Trace Free Fluid without

Contrast Extravasation Hollow Viscus Injury Findings
Exploratory Observation for Discharge
Laparotomy 8-36 Hours Home

No Imaging or
Physical Exam

Figure 2: Intervention decision tree based on this systematic review.

DISCUSSION

With an occurrence rate of 1%-3% in patients
experiencing blunt abdominal trauma, bowel and
mesenteric injuries rank third in frequency, following
spleen and liver injuries.> Common findings reported on
initial CT scan following blunt abdominal trauma were
pneumoperitoneum, free fluid, bowel wall thickening,
mesenteric stranding, contrast extravasation,
retroperitoneal bleed & chance fracture in our systematic
review which are consistent with findings reported in
study conducted by Brofman et al.

Small bowel injuries account for approximately 70—-80%
of blunt bowel trauma injuries, with the jejunum and
ileum involved in about 80.9% and the duodenum in 10—
15%, as reported by Bonomi et al and Kaewlai et al.
Other affected organs include the colon (5-20%),
stomach (4.3%), and appendix (0.4%), in decreasing
order of frequency.*’ In the systematic review, we found
that the overall prevalence of small bowel injury was
69.8%, with jejunum/ileum involvement accounting for
55.7% and duodenal injuries accounting for 14.07%,
similar to the rates found in these studies.*?

However, the prevalence of colon involvement in our
review was 27.4%, which is considerably higher than the
rates reported in those studies. Intra-abdominal
complications, including sepsis, abscess, and even death,

can occur following surgical repair due to delayed
diagnosis. According to Thompson et al even eight hours
of delay may be associated with a higher risk of
morbidity in cases of blunt bowel injury.>* A delay of
more than 5 hours between admission and laparotomy
was found to be an independent risk factor for mortality
in a retrospective analysis of 195 patients with hollow
viscus & mesenteric injuries by Malinoski et al.?
According to the statistical analysis by Mingoli et al
delays in treatment longer than six hours and an increase
in WBC count during the initial ER evaluation are
strongly linked to postoperative morbidity.?

Among patients with blunt trauma, those who
experienced  postoperative  complications had a
significantly longer average treatment delay (22.5£3.6
hours) than those who did not (6.1£1.4 hours).
Additionally, the analysis showed that patients with
bowel injuries treated 24 hours after ER admission had a
100% chance of developing postoperative complications,
with treatment delays of 12 and 24 hours having positive
predictive values for postoperative morbidity of 73.5%
and 100%, respectively. This is in line with data that
indicates these patients require surgery in less than 24
hours, preferably in less than 8 hours.’

Given the high risk associated with false negatives,
patients with multiple suspicious findings of bowel or
mesenteric injury on CT should undergo urgent surgical
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exploration, especially when unexplained or nonspecific
findings are present.! Several of these studies indicate
that only performing CT scan is unreliable in diagnosing
BBMI, even though it is currently the best non-invasive
modality available for doing s0.?” According to Sharma et
al out of 23 patients, or 35% of the patients, did not
receive a BBMI diagnosis at first, Bhagvan et al reported
that in 588 patients with small bowel perforation, the
incidence of false-negative CT scans was 13%."%28

Wadhwa et al, reported that 62% of patients with stable
hemodynamic status (31 cases) underwent surgery based
on abdominal contrast-enhanced CT (CECT) findings.
Notably, in 10 patients (30%), hollow viscus injuries
(HVI) were not identified during the initial clinical and
radiological evaluations, including CT scans. Among
these undetected injuries, there were 2 cases of
mesenteric injury, 2 small bowel injuries, and 6 large
bowel injuries.?’ Previous studies have also reported that
bowel injuries are often overlooked in patients with blunt
abdominal trauma. These findings underscore the need
for a high level of clinical suspicion and thorough tertiary
surveys to ensure timely diagnosis and appropriate
treatment.?%3°

The algorithm outlined in this study (Figure 2) is
designed to guide the management of patients with blunt
abdominal trauma, specifically in relation to the detection
of hollow viscus injuries. It incorporates major and minor
CT findings to determine the appropriate clinical course
of action. The algorithm begins with the identification of
major CT findings, such (perforation, free air,
moderate/large amount of free fluid or bowel
discontinuity). When these major findings are present, the
algorithm recommends immediate surgical intervention,
guiding the patient directly to the operating room (OR)
for exploration.

In cases where minor CT findings are identified, such as
(subtle bowel wall thickening, minimal fluid collection),
the algorithm suggests a period of observation ranging
from 8 to 36 hours. During this observation period,
patients are closely monitored for any progression of
symptoms or changes in their clinical status, after which a
decision regarding surgery or discharge is made. For
patients with no significant findings on CT or physical
examination, the algorithm recommends discharge as
these individuals are deemed to have a low likelihood of
injury. Clinical and imaging findings that do not suggest
a major or minor injury are used to ensure that patients
are safely managed and do not require further
intervention. This structured decision-making approach
helps ensure that patients are appropriately triaged,
minimizing unnecessary surgical interventions while
promptly addressing those who require urgent care. The
algorithm was developed to improve consistency in
clinical decision-making and reduce diagnostic delays in
the management of blunt abdominal trauma.

The study has several limitations. First, all papers
identified were retrospective in design, and only patients
with  blunt abdominal trauma were included.
Additionally, studies involving solid organ injuries were
excluded, which reduced the number of studies
considered. Lastly, the accuracy of the data may be
affected by potential documentation errors in medical
records.

CONCLUSION

Although CT scan is highly effective and the most often
used method for identification of bowel injury in blunt
trauma, it is not always definitive. Careful observation
with clinical exam and repeat imaging are essential to
minimize missing a delayed presentation of viscus injury
in the trauma setting. Figure 2 summarizes our
recommended algorithm for assessment of hollow viscus
injury in blunt trauma.
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