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Abstract
Background: It is critical to accurately identify patients with abdominal injury who truly need to undergo laparotomy during the war
in timely fashion. The diagnostic utility of computed tomography (CT) for evaluating abdominal injury in the military setting remains
uncertain.

Methods: PubMed, EMBASE, and Cochrane Library databases were searched. Meta-analyses were performed by using a
random-effect model. We pooled the area under the summary receiver operating characteristic curves with standard errors, the Q
indexes with standard errors, the sensitivities with 95% confidence intervals (CIs), the specificities with 95%CIs, the positive likelihood
ratios with 95% CIs, the negative likelihood ratios with 95% CIs, and the diagnostic odds ratios with 95% CIs. The heterogeneity
among studies were evaluated by the I2 and P value.

Results: Overall, 5 retrospective studies were included. The area under the summary receiver operating characteristic curve was
0.9761±0.0215 and the Q index was 0.9302±0.0378. The pooled sensitivity was 0.97 (95% CI=0.92–0.99) without a significant
heterogeneity among studies (I2=0%, P= .4538). The pooled specificity was 0.95 (95% CI=0.93–0.97) with a significant
heterogeneity among studies (I2=90.6%, P< .0001). The pooled positive likelihood ratio was 10.71 (95% CI: 2.91–39.43) with a
significant heterogeneity among studies (I2=89.2%, P< .0001). The pooled negative likelihood ratio was 0.07 (95% CI=0.02–0.27)
with a significant heterogeneity among studies (I2=57.5%, P= .0516). The pooled diagnostic odds ratio was 177.48 (95% CI=
18.09–1741.31) with a significant heterogeneity among studies (I2=75.9%, P= .0023).

Conclusion:Diagnostic accuracy of CT for abdominal injury is excellent in the military setting. Further work should explore how to
shrink CT equipment for a wider use in wartime.

Abbreviations: AUSROC = area under the summary receiver operating characteristic curve, CI = confidence interval, CT =
computed tomography, DOR= diagnostic odds ratio, FAST= focused assessment with sonography in trauma, QUADAS-2= quality
assessment of diagnostic accuracy studies-2, SE = standard error, SNOM = selective nonoperative management.
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1. Introduction

Generally, laparotomy is the first-line treatment option for
controlling bleeding and infections in patients with abdominal
penetrating wounds.[1,2] However, a proportion of laparoto-
mies are unnecessary and/or inappropriate. The rate of
nontherapeutic laparotomy is 27% to 40% in patients who
underwent laparotomy.[3–5] Additionally, the incidence of
complications related to laparotomy is 22% to 41%, which
will prolong the hospital stay and increase the medical
burden.[6,7] Therefore, in the military setting, it is important
to identify patients with abdominal injury who truly need to
undergo laparotomy.
Physical examinations, mainly including vital signs, hemody-

namics, and abdominal tenderness and rebound,[8] are performed
to initially screen these patients. However, the diagnostic
accuracy of injury based on physical examinations alone is
poor. Additionally, focused assessment with sonography in
trauma (FAST) seems to be a convenient non-invasive tool for
evaluating injury in the battle front, but its diagnostic sensitivity
is unsatisfactory.[9] During the past 2 decades, computed
tomography (CT) has been widely recognized an auxiliary
approach for evaluating abdominal injury in the military
setting.[10] Herein, we performed a systematic review and
meta-analysis to explore the diagnostic performance of CT for
evaluating abdominal injury in the military setting.
2. Methods

The current study was performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statements.[11] Because it was a systematic review and
meta-analysis of published data, its ethical approval was not
necessary.
2.1. Registration

The current study was registered in the PROSPERO and the
registered number was CRD42019138248.
2.2. Literature search

PubMed, EMBASE, and Cochrane Library databases were
searched and the last search date was August 28, 2021. Search
items as follows: ((Computed tomography) OR (CT)) AND
((Combat) OR (War) OR (Military)) AND ((Injury) OR
(Trauma)). There was no language limitation.
2.3. Selection criteria

Included studies should explore the diagnostic accuracy of CT for
abdominal injury in the military setting. Exclusion criteria are as
follows: duplicates; guidelines, reviews, or meta-analyses; case
reports, comments, or letters; experimental or animal studies;
studies unrelated to military setting; studies unrelated to CT;
studies unrelated to abdominal injury; and relevant data cannot
be extracted.

2.4. Outcomes

The major outcome of this study should be the diagnostic
performance of CT for evaluating abdominal injury in the
military setting.
2

2.5. Data extraction

The following information were extracted from the included
studies: first author; year of publication; country; study design;
sample size; inclusion and exclusion criteria; source of patients;
CT machines; period of enrollment; characteristics of injured
casualties; reference standard for injury; true-positive value;
false-positive value; false-negative value; and true-negative value.
Disagreement was resolved by a consensus among researchers.
2.6. Study quality assessment

Study quality was assessed by using the quality assessment of
diagnostic accuracy studies-2 tool (QUADAS-2).[12] The QUA-
DAS-2 includes 4 domains: patient selection, index test, reference
standard, and flow and timing. For the first 3 domains, both risk
of bias and applicability concerns are evaluated. For the last
domain, only the risk of bias is evaluated. The risk of bias is rated
as “low risk,” “high risk,” and “unclear risk.” The applicability
concern is rated as “low applicability,” “high applicability,” and
“unclear applicability.” Studies with more “low risk” and “high
applicability” are of high quality.
2.7. Statistical analysis

In a diagnostic accuracy meta-analysis, the diagnostic threshold
effect was firstly evaluated by the Spearman correlation
coefficient and P value. The Spearman correlation coefficient,[13]

reflecting the linear correlation of thresholds among these
included studies, ranges from �1 to +1. The magnitude of this
coefficient indicates the extent to which thresholds are scattered.
If a coefficient was closer to�1 or +1, the scatter would be less. A
coefficient of +1 or�1 indicates a perfect correlation among these
thresholds in included studies; and a coefficient of 0 indicates no
correlation among these thresholds in included studies. If the
diagnostic threshold effect was not statistically significant
(P> .05), the area under the summary receiver operating
characteristic curves (AUSROCs) with standard errors (SEs),
Q indexes with SEs, sensitivities with 95% confidence intervals
(CIs), specificities with 95% CIs, positive likelihood ratios with
95%CIs, negative likelihood ratios with 95%CIs, and diagnostic
odds ratios (DORs) with 95% CIs would be calculated. If the
diagnostic threshold effect was statistically significant (P< .05),
only AUSROCs with SEs and Q indexes with SEs would be
calculated, avoiding the inaccuracy of statistical results. An
AUSROC of >0.9, 0.7 to 0.9, and 0.5 to 0.7 refers to a high,
moderate, and low diagnostic accuracy, respectively. The Q
index, which is the true positive rate of a diagnostic test, ranges
from 0 to 1. If the Q index was higher, a diagnostic test would
have a better diagnostic performance. A higher sensitivity
suggests that a diagnostic test has a better performance of
screening a disease, and a higher specificity suggests that a
diagnostic test has a better performance of identifying a disease.
For example, if a diagnostic test had a sensitivity of 0.80 and a
specificity of 0.90, the possibility of a true disease would be 80%
in a patient with a positive diagnostic result, and the possibility of
no disease would be 90% in a patient with a negative diagnostic
result. DOR reflects the association between a positive diagnostic
test and a true disease. A DOR of >1 suggests that a patient with
a true disease could have a higher rate of a positive diagnostic test;
a DOR of =1 suggests that a positive diagnostic test could not be
employed for the diagnosis of a true disease; and a DOR of <1



Figure 1. Flow chart of study selection.
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suggests that a patient with a true disease could have a higher rate
of a negative diagnostic test. The heterogeneity among studies
was evaluated using the chi-squared test and the inconsistency
index I2. P< .1 and/or I2>50% were considered as statistically
significant heterogeneity. All statistical analyses were performed
byMeta-Disc software version 1.4,[14] which has been developed
by the Unit of Clinical Biostatistics team of the Ramón y Cajal
Hospital in Madrid, Spain.
3. Results

3.1. Study selection

Overall, 4871 papers were identified. Finally, 5 studies were
included[15–19] (Fig. 1). The characteristics of included studies
were summarized in the Table 1. They were published between
2001 and 2015 and the sample size ranged from 13 to 403.
Among them, 3, 1, and 1 study was performed in UK, USA, and
Czech Republic, respectively. The inclusion and exclusion criteria
of each included study were summarized in the Table S1,
Supplemental Digital Content, http://links.lww.com/MD/G517.
The outcomes reported by each included study were summarized
in the Table S2, Supplemental Digital Content, http://links.lww.
com/MD/G518.
3

3.2. Study quality

The quality of included studies was summarized in the Table S3,
Supplemental Digital Content, http://links.lww.com/MD/G519.
In the domain of patient selection, 4 studies[16–19] had low risk of
bias and high applicability concerns; in the domain of
index test, 4 studies[16–19] had low risk of bias and high
applicability concerns; in the domain of reference standard, all of
5 studies[15–19] had low risk of bias and high applicability
concerns; and in the domain of flow and timing, 3 studies[16,17,19]

had low risk of bias.

3.3. Systematic review

In 2001, Charvát et al[15] performed a retrospective study to
explore the diagnostic accuracy of CT in 23 patients suspected
with abdominal injury in a military hospital. Nineteen patients
(82.61%, 19/23) had positive CT findings, but 2 of them
(10.51%, 2/19) underwent non-therapeutic laparotomy andwere
finally confirmed false positive. Four patients (17.39%, 4/23) had
negative CT findings, but 2 of them (50.00%, 2/4) were finally
diagnosed with liver injury by laparotomy and were confirmed
false negative.

http://links.lww.com/MD/G517
http://links.lww.com/MD/G518
http://links.lww.com/MD/G518
http://links.lww.com/MD/G519
http://www.md-journal.com
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In 2008, Beekley et al[16] performed a retrospective study to
explore the diagnostic performance of physical examination,
FAST, and CT in hemodynamically stable patients with
penetrating wounds to the back, flank, lower chest, abdomen,
and pelvis in a combat support hospital. In this study, 145
patients were included, of whom 139 had physical examination
findings, 114 had FAST findings, and all had CT findings. Sixty
patients (41.38%, 60/145) had positive CT findings, but 15 of
them (25.00%, 15/60) performed non-therapeutic laparotomy
and were finally confirmed false positive. Eighty-five patients
(58.62%, 85/145) had negative CT findings, but 1 of them
(1.18%, 1/85) was finally diagnosed with biliary-pleural-
bronchial-cutaneous fistula by laparotomy and was confirmed
false negative. Overall, there were 77 injuries in 45 patients who
underwent therapeutic laparotomy. Among them, 55 (71.43%,
55/77), 70 (90.91%, 70/77), and 4 (5.19%, 4/77) injuries were
missed by physical examination, FAST, and CT, respectively.
In 2010, Smith et al[17] performed a retrospective study to

explore the diagnostic performance of CT for abdominal injury
during a 7-week period of Operation HERRICK 9. Thirteen
patients underwent CT to evaluate abdominal injury. Among
them, 12 patients (92.31%, 12/13) had negative CT findings and
avoided laparotomy, and the remaining patient (7.69%, 1/13)
was suspected with a diagnosis of thoraco-abdominal injury on
CT and was confirmed by laparotomy.
In 2011, Morrison et al[18] performed a retrospective study to

explore the diagnostic accuracy of CT in the management of
penetrating abdominal injury in the conflict environment. In this
study, 143 patients were included, of whom 73 underwent
immediate laparotomy and 60 underwent CT to further evaluate
the necessity of laparotomy. Seventeen (28.33%, 17/60) patients
had positive CT findings, but 5 of them (29.41%, 5/17)
performed non-therapeutic laparotomy and were finally con-
firmed false positive. Forty-three (71.67%, 43/60) patients had
negative CT findings, but 1 of them (2.33%, 1/43) was finally
diagnosed with gunshot wound in the right upper abdomen and
was confirmed false negative.
In 2015, Smith et al[19] performed a retrospective study to

explore the role of CT in the assessment of battlefield abdominal
injury. In this study, 403 patients underwent abdominal CT.
Sixty-eight patients (16.87%, 68/403) had positive CT findings,
but 3 of them (4.41%, 3/68) performed non-therapeutic
laparotomy and were finally confirmed false positive. Three
hundred and thirty-five patients (83.13%, 335/403) had negative
CT findings, but only 1 of them (0.30%, 1/335) was finally
diagnosed with rectal injury by laparotomy and was confirmed
false negative.
3.4. Meta-analyses

The diagnostic threshold effect was not statistically significant
(Spearman correlation coefficient=–0.300, P= .624) among the
5 included studies.[15–19] The AUSROCwas 0.9761±0.0215 and
the Q index was 0.9302±0.0378 (Fig. 2). The pooled sensitivity
was 0.97 (95% CI: 0.92–0.99) and the heterogeneity was not
significant among studies (I2=0%, P= .4538) (Fig. 3). The
pooled specificity was 0.95 (95% CI: 0.93–0.97) and the
heterogeneity was significant among studies (I2=90.6%, P
< .0001) (Fig. 3). The pooled positive likelihood ratio was 10.71
(95% CI: 2.91–39.43) and the heterogeneity was significant
among studies (I2=89.2%, P< .0001) (Fig. 4). The pooled
negative likelihood ratio was 0.07 (95% CI: 0.02–0.27) and the



Figure 2. AUSROC of CT for the diagnostic performance of abdominal injury in military setting. AUSROC=area under the summary receiver operating
characteristic curve, CT=computed tomography.
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heterogeneity was significant among studies (I2=57.5%, P
= .0516) (Fig. 4). The pooled DOR was 177.48 (95% CI: 18.09–
1741.31) and the heterogeneity was significant among studies
(I2=75.9%, P= .0023) (Fig. 5).

4. Discussion

To our knowledge, this study should be the first meta-analysis to
explore the role of CT in diagnosing abdominal injury in the
military setting. CT had an excellent diagnostic accuracy
(AUSROC was 0.9761, sensitivity was 0.97, and specificity
was 0.95) among patients with abdominal injury in the military
setting. It should be acknowledged that a meta-analysis by Baron
et al[20] in 2018 had been performed to explore the diagnostic
5

accuracy of CT for abdominal injury in patients with abdominal
stab wounds. Notably, the major population of the Baron study
was significantly different from that of our study. In details, the
Baron study focused on the civilians admitted to the non-war
hospitals; by contrast, our study mainly included the soldiers or
injured patients in military setting. Severity, nature, and
management of abdominal injury are often different between
civilian and military settings. The civilians may have less severe
injuries and can receive more timely and comprehensive
assessment and treatment of abdominal injuries. By comparison,
the soldiers in military setting may have more severe and complex
injuries and poor access to diagnostic approaches.
Except for laparotomy, patients with abdominal injury often

undergo selective nonoperative management (SNOM), which

http://www.md-journal.com


Figure 3. Sensitivity and specificity of CT for the diagnostic performance of abdominal injury in military setting. CT=computed tomography.
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was firstly proposed by Dr. Shaftan in 1960[21] and has been
gradually accepted for management of abdominal injury in
civilians since then.[22] In 2014, a large scale study performed in
USA, including 1273 soldiers with military injury, showed that
only 95 patients underwent SNOM and the incidence of
nontherapeutic laparotomy was 32% during the past decade.[23]

Nontherapeutic laparotomy not only led to a great waste of
medical resources during the war, but also significantly increased
the risk of surgical complications. Notably, the operating room in
military setting should be limited to the patients who urgently
need a therapeutic laparotomy. Accurate and rapid assessment of
such candidates is still challenging. Physical examination, FAST,
and CT are the mainstay diagnostic approaches to identify the
patients who should undergo laparotomy. Physical examination
has been widely used to make a judgement to undergo
laparotomy, but often unreliabile.[16,24] FAST is characterized
as light weight, small size, portability, easy operation, and non-
radiation.[25] The role of FAST in the diagnosis of abdominal
injury in the military setting is important.[9,26] In some cases,
FAST may be sufficient to decide SNOM.[27] However, the 2010
guideline regarding SNOM for penetrating abdominal injury
recommended that CT should be considered as an important
supplementary diagnostic tool to facilitate initial management
decisions in SNOM, but FAST should not be considered for the
6

decision of selecting patients for initial nonoperative manage-
ment.[28]

Principles and indications of FAST and CT for diagnosis of
injury are potentially different. FAST is effective for the diagnosis
of injury developing in the abdominal solid organs, such as liver,
kidney, and pancreas, but less accurate for hollow organs, such as
stomach, small intestine, and large intestine. Stassen et al[29]

revealed that FAST had a poor sensitivity of diagnosis of
intestinal injury. Therefore, if a patient with penetrating
abdominal injury had a positive FAST finding, he or she would
undergo laparotomy immediately; otherwise, an additional
diagnostic tool would be considered to rule out occult
injury.[16,30] By comparison, CT has an excellent diagnostic
accuracy of abdominal injury.[16,19] However, it has a large
volume, and cannot be flexibly transferred and conventionally
applied in the front line. Considering that abdominal injury
sustained in military setting is often attributed to higher energy
transfer, leading to more extensive wounds, greater risk of
bacterial contamination, and prolonged pre-hospital time,[31] CT
seems to be inappropriate for rapid screening for these soldiers
who need laparotomy. Regardless, it should be reasonable that
patients with unstable hemodynamics should undergo laparoto-
my immediately; patients with stable hemodynamics should
undergo physical examination and FAST as preliminary



Figure 4. Positive and negative likelihood ratios of CT for the diagnostic performance of abdominal injury in military setting. CT=computed tomography.
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screening tools for abdominal injuries; patients with blast injury,
multiple injuries, and suspected gastrointestinal tract injuries
should undergo CT scans to reduce a missed diagnosis.[32]

The current meta-analysis had several limitations. First, there
was a small number of included studies. But it is often difficult to
conduct the studies regarding injury in themilitary setting. Second,
all injured causalities in the military setting were included. Except
for the soldiers, the civilians developing injury in war times should
Figure 5. DOR of CT for the diagnostic performance of abdominal injury in m
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also be actively managed. Third, the type of abdominal injury was
not specified. In the Charvát study,[15] themajor type of injurywas
blunt liver and spleen injuries; in the Beekley study,[16] the major
type of injury was penetrating injuries caused by combat
fragmentation; in the Smith study,[17] the major type of injury
was injuries caused by high velocity gunshot wound, blast, and
stab; in the Morrison study,[18] the major type of injury was
penetrating injuries caused by gunshot and fragmentation; and in
ilitary setting. CT=computed tomography, DOR=diagnostic odds ratio.

http://www.md-journal.com
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the Smith study,[19] the type of injury included all abdominal
injuries. Fourth, the major data could be extracted from the
abstract of the Charvát study, but not its full text.[15]

In conclusion, CT has an excellent diagnostic performance of
abdominal injury in military setting, but may be limited due to its
large volume. In the future, how to shrink the CT equipment for
its wide use during the war needs to be resolved.
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