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Background: Selective non-operative management (SNOM) has been well accepted in abdominal gunshot wound (AGW)
patients. Since there is no uniform consensus regarding the criteria for SNOM, outcomes varied among institutions.

Objective: To examine the outcomes of SNOM in AGW patients at our institution and to identify the predictor for therapeutic
laparotomy.

Material and Method: 4 retrospective study was performed on AGW patients between January 2004 and December 2014.
Laparotomy was done in patients with 1) shock and/or peritonitis, 2) gastrointestinal (GI) bleeding, and 3) suspected
peritoneal penetration (PP), with an exception of isolated right upper quadrant/right thoracoabdominal (RUQ/RTA) gunshot
wound. SNOM was attempted in 1) patients with no PP (tangential AGW), and 2) stable patients with RUQ/RTA gunshot
wound. Outcomes in terms of mortality and non-therapeutic laparotomy rate were analyzed. Stepwise logistic regression
of the emergency department parameters was performed to identify predictors for therapeutic laparotomy.

Results: Eighty AGW patients were included in the present study. Forty-seven patients underwent immediate operation
(32 shock/peritonitis, one rectal bleeding, and 14 PP), 46 had a therapeutic laparotomy. SNOM was attempted in 28 tangential
AGW patients (all successful), four stable RUQ/RTA gunshot wound patients (one failure due to continued bleeding), and
one patient with delayed presentation (successful). Overall, a successful SNOM was carried out in 32 patients (40%), the
non-therapeutic laparotomy rate was 2%, and the mortality rate was 8%. The only predictor for therapeutic laparotomy
identified in the present study was a positive focused assessment with sonography for trauma (FAST) result (odds ratio 51.2,
95% CI 6.3 to 414.9, p<0.001).

Conclusion: SNOM can be performed safely in patients with tangential AGW and stable isolated RUQ/RTA gunshot wound
patients. FAST may be helpful in predicting a therapeutic laparotomy in AGW patients.
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Unlike abdominal stab wound, patients with
abdominal gunshot wound (AGW) have a higher chance
of having significant injuries requiring laparotomy
(86 to 88%)"?. Hence, mandatory laparotomy for
AGW was proposed as a standard treatment!-?.
However, recent studies have shown that a significant
proportion of the AGW patients could be safely
managed non-operatively (20 to 46%)'%. Furthermore,
negative laparotomy for trauma causes an increase in
morbidity, mortality, length of hospital stays, and cost of
treatment"'?. Therefore, the management of AGW
patients has been shifted to selective non-operative
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management (SNOM). The presence of shock and
peritonitis have been well accepted as an exclusion
criterion for SNOM®'%. However, the significance of
the location of the AGW in SNOM remains controversial
since some studies suggested that SNOM should be
reserved only for an isolated right upper quadrant/right
thoracoabdominal (RUQ/RTA) gunshot wound®31,
while other investigators advocated that SNOM
could be performed safely regardless of the site of the
wounds®!%. Moreover, there is still little information
regarding the predictor for therapeutic laparotomy in
AGW patients”'. In the present study, the authors
examined the outcomes of SNOM of AGW patients in
our institution where SNOM was reserved for tangential
AGW and stable RUQ/RTA gunshot wound patients.
Additionally, we evaluated emergency department
(ED) parameters to identify predictors for therapeutic
laparotomy.
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Material and Method

The authors conducted a retrospective study
on patients with AGW at King Chulalongkorn Memorial
Hospital, a 1,400-bed university hospital and a level 1
trauma center in Bangkok, Thailand, between January
and December 2014. The study was approved by our
Institutional Review Board. AGW was defined as any
gunshot wound that appeared between the nipple line
and inguinal skin creases anteriorly, and between tips
of scapulae and gluteal folds posteriorly. Patients with
1) shock (systolic blood pressure less than 90 mmHg
not responding to an initial fluid resuscitation),
2) generalized peritonitis, and 3) gastrointestinal (GI)
bleeding were taken immediately to the operating room
for exploratory laparotomy. Stable AGW patients
(without shock, peritonitis, and GI bleeding) were
evaluated for the presence of peritoneal penetration
(PP) using clinical examination and/or plain X-ray.
Computed tomography (CT) was done selectively in
stable patients with questionable PP and an isolated
RUQ/RTA gunshot wound. Stable patients with AGW
in other location besides RUQ/RTA who had a positive
PP would also undergo exploratory laparotomy.
SNOM was performed in stable patients with 1) no PP
(tangential AGW), and 2) RUQ/RTA gunshot wound
with isolated solid organ injury demonstrated by CT.
SNOM protocol in the authors’ institution comprised
1) close monitoring of vital signs, 2) serial hematocrit
obtained every four hours, and 3) serial abdominal
examination performed by the same physician every
four hours.

Data collection included demographic data,
ED parameters (vital signs, trauma scores, and
hematocrit), focused assessment with sonography
for trauma (FAST) results, details of AGW, types of
management, and outcomes in terms of blood
component transfusions, complications, ventilator
days, length of stay, non-therapeutic laparotomy rate,
and mortality. Statistical analysis was performed by
the Window SPSS program version 17.0 with the
statistical significance set at p-value less than 0.05.
Univariable analysis was done with the Chi-squared
test for comparison of categorical variables, and
the Student’s t-test for comparison of continuous
variables. The non-parametric (Mann-Whitney U) test
was used for comparison of variables that were clearly
non-normally distributed (i.e., blood transfusion,
ventilator days, and length of stay). Multivariable
analysis for the mutually independent predictor for
therapeutic laparotomy was done by a stepwise
logistic regression.
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Fig.1  Management of abdominal gunshot wound patients
(CT: computed tomography, SNOM: selective
non-operative management, RUQ/RTA: right
upper quadrant/right thoracoabdominal).

Results

There were 80 AGW patients included in
the present study (74 males and six females, with the
mean age of 27 years). Handgun was the most common
weapon responsible (85%), followed by shotgun (15%).
The management of AGW patients were summarized
in Fig. 1. Twenty-two patients with shock, 10 patients
with generalized peritonitis, and one patient with rectal
bleeding were immediately taken to the operating
room for exploratory laparotomy, all had therapeutic
laparotomy. The other 47 stable patients were evaluated
for PP using physical examination and/or plain X-ray.
CT was selectively used to determine PP in 22 patients
with questionable PP and four patients with isolated
RUQ/RTA gunshot wound. SNOM was carried out
in 28 patients with tangential AGW (all successful)
and four RUQ/RTA gunshot wound patients (three
successful). In addition, a stable left lower quadrant
AGW patient, transferred to our institution three days
after the gunshot, underwent a successful SNOM albeit
PP demonstrated by CT since the patient remained
stable with no peritoneal signs. The remaining 14 stable
patients with AGW in other location besides RUQ/RTA
who had positive PP underwent laparotomy; only one
had non-therapeutic laparotomy (a small colonic
serosal tear). The demographic data and ED parameters
were shown in Table 1. The FAST results were available
in 72 patients, eight unknown results were in the
immediate laparotomy group. The distribution of
organ injuries is shown in Table 2. The most common
injured abdominal organ was Gl tract (49%), followed
by liver (19%), and abdominal vessels (16%).
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Of the 33 patients that underwent SNOM, laparotomy 24 hours later due to ongoing hemorrhage.
32 had a successful SNOM while one patient with ~ Four patients had spinal cord injury, one was operated
RTA gunshot wound and right kidney injury required  on because of shock while the other three with tangential

Table 1. Demographic data and emergency department (ED) parameters

Total (80) Immediate laparotomy (47) SNOM (33) p-value
Sex, n (%) 1
Male 74 (93) 43 (91) 31 (94)
Female 6(7) 4(9) 2 (6)
Age, mean (SD) 27.0 (9.7) 28.0 (10.4) 25.0(8.3) 0.101
BMI, mean (SD) 23.5(4.1) 23.0(3.9) 25.0 (4.6) 0.146
Mechanism, n (%) 0.324
Gunshot 68 (85) 42 (89) 26 (79)
Shotgun 12 (15) 5(11) 7(21)
Location, n (%)
Anterior 35 (44) 23 (49) 12 (36) 0.374
Posterior 22 (27) 7(15) 15 (46) 0.005%*
Combined 11 (14) 10 (21) 1(3) 0.036*
Thoracoabdomen 12 (15) 7 (15) 5(15) 0.324
Positive FAST, n (%) 25(31) 24 (51) 1(3) <0.001*
Unknown result 8 (10) 8(17) 0
ED parameters, mean (SD)
SBP 115.0 (37.3) 106.0 (40.7) 130.0 (19.4) 0.003*
PR 101.0 (27.6) 107.0 (31.7) 93.0 (17.9) 0.027%*
GCS 14.0 (3.1) 13.0 (3.6) 15.0 (0) 0.010*
ISS 14.0 (10.9) 19.0 (10.2) 6.0 (5.8) <0.001%*
RTS 7.34 (1.45) 6.99 (1.82) 7.84 (0) 0.009*
TRISS 93.4 (17.7) 89.5(22.4) 99.1 (4.8) 0.016*
Hematocrit 36.5(9.4) 33.7(10.8) 40.2(5.4) 0.002*

SNOM = selective non-operative management; BMI = body mass index; FAST = focused assessment with sonography for trauma;
SBP = systolic blood pressure; PR = pulse rate; GCS = Glasgow Coma Scale; ISS = Injury Severity Score; RTS = Revised Trauma Score;
TRISS = Trauma and Injury Severity Score; SD = standard deviation

* To highlight the significant values (p<0.05)

Table 2. Distribution of organ injuries

Total (80) Immediate laparotomy (47) SNOM (33) p-value

Head and neck, n (%) 5(6) 24) 309 0.670
Chest, n (%)

Heart 1(1) 1(2) 0 1

Lungs 6(8) 6(13) 0 0.071
Abdomen, n (%)

Intraabdominal organ injuries 51(64) 47 (100) 4(12) <0.001%*

Liver 15(19) 12 (26) 309

Spleen 2(3) 2(4) 0

Kidney 6(8) 5(11) 1(3)

Diaphragm 9 (11) 9(19) 0

Pancreas 1(1) 1(2) 0

GI tract 39 (49) 39 (83) 0

Vascular 13 (16) 13 (28) 0

Bladder 3(4) 3(6) 0

Uterus 1(1) 1(2) 0
Spinal cord, n (%) 4(5) 1(2) 309 0.376
Extremity and pelvis, n (%) 12 (15) 511 7(21) 0.324

SNOM = selective non-operative management; GI tract = gastrointestinal tract
* To highlight the significant values (»<0.05)
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AGW underwent successful SNOM (Table 2). Overall,
a successful SNOM could be carried out in 40% of all
AGW patients, and successful SNOM rate was 97%
in the patients that underwent SNOM.

Of the 47 patients undergoing immediate
laparotomy, 11 patients needed abdominal packing with
temporary abdominal closure (damage control
surgery), all subsequently received abdominal closure
(seven delayed fascial closures and four planned
ventral hernias) and survived. Seven patients required
concurrent thoracotomy (massive intrathoracic bleeding
in six and ED thoracotomy in one). The non-therapeutic
laparotomy rate was 2% (one of 47 patients undergoing
immediate laparotomy). Six patients in the immediate
laparotomy group died from exsanguinations (one
intrathoracic bleeding and five intraabdominal

Table 3. Outcomes of abdominal gunshot wound patients

bleeding), resulting in the mortality rate of 8%. The
outcomes of AGW patients are shown in Table 3.
The univariable analysis of the ED parameters
showed that patients who had therapeutic laparotomy
had more anterior AGWs, more positive FAST results
(for hemoperitoneum), lower systolic blood pressure,
lower GCS, lower Revised Trauma Score (RTS),
and lower hematocrit level than those who did not
have therapeutic laparotomy (Table 4). Nevertheless,
the multivariable analysis demonstrated that the
only mutually independent predictor for therapeutic
laparotomy was a positive FAST result (p<0.001,
OR 51.2, Table 5). There were 15 patients who had false
negative FAST results (false negative 31.9%), all were
in the immediate laparotomy group. The only patient
with a false positive FAST result was a 36-year-old

Total (80) Immediate laparotomy (47)  SNOM (33)  p-value

Blood transfusion, median (IQR)

PRC 0(0to 6) 4(0to12) 0 (0) <0.001*

FFP 0(0to4) 0(0to12) 0(0) <0.001%*

Platelets 0(0) 0 (0 to 10) 0(0) <0.001*
Complications, n (%)

Wound infection 6 (8) 6(13) 0 0.076

Intraabdominal collection 5(6) 5(11) 0 0.128

Pneumonia/pleural effusion 3(4) 3(6) 0 0.395

Renal failure 1(1) 1(2) 0 1
Ventilator days, median (IQR) 0(0) 0(0to3) 0(0) <0.001*
LOS, median (IQR) 8 (4 to 18) 11 (8 to 26) 4(31t08) <0.001*
Mortality, n (%) 6(8) 6 (13) 0 0.076

Exsanguination from abdominal vascular injury 5(6) 5(11) 0

Exsanguination from thoracic injury 1 (D) 1(2) 0

SNOM = selective non-operative management; PRC = packed red blood cells; FFP = fresh frozen plasma; LOS = length of stay;

IQR = inter-quartile range
* To highlight the significant values (p<0.05)

Table 4. Univariable analysis of factors associated with therapeutic laparotomy

Factors Therapeutic laparotomy (47) Other (33) p-value
BMI, mean (SD) 23.1(3.9) 24.7 (4.6) 0.200
Bullet holes >2 25 17 1
Anterior wound presence 39 18 0.012*
Positive FAST result 23 1 <0.001*
SBP, mean (SD) 104.0 (43.0) 130.0 (19.3) 0.002*
PR, mean (SD) 106.0 (31.0) 95.0 (19.5) 0.082
GCS, mean (SD) 13.5 (4.0) 15.0 (0) 0.041*
RTS, mean (SD) 6.99 (1.8) 7.84 (0) 0.009*
Hematocrit, mean (SD) 33.7(10.8) 40.1 (5.4) 0.003*

BMI = body mass index; FAST = focused assessment with sonography for trauma; SBP = systolic blood pressure; PR = pulse rate;
GCS = Glasgow Coma Scale; RTS = Revised Trauma Score; SD = standard deviation

* To highlight the significant values (»<0.05)
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Table 5. Mutually independent predictor for therapeutic

laparotomy
Step Variable Adjusted OR (95% CI)  p-value
1 Positive FAST 51.2 (6.3 to 414.9) <0.001

Stepwise regression: variables considered for the model were
positive focused assessment with sonography for trauma (FAST)
result, systolic blood pressure (p = 0.671), Glasgow Coma Scale
(p =0.324), Revised Trauma Score (p = 0.299), hematocrit level
(p = 0.385), and presence of anterior wound (p = 0.105). The
non-significant p-values represent the p-value if each variable was
added in turn to the model shown.

Table 6. Accuracy of focused assessment with sonography
for trauma (FAST) as a predictor for therapeutic

laparotomy
Value 95% CI
Sensitivity 61.5% 44.6 to 76.6
Specificity 97.0% 84.2t0 99.9
Positive predictive value 96.0% 77.8t0 99.8
False positive 4.0% 0.2t022.3
Negative predictive value 68.1% 52.7 to 80.5
False negative 31.9% 19.5 to 48.5

CI = confidence interval

male patient with a RTA gunshot wound who had an
isolated liver injury with hemoperitoneum demonstrated
on CT. He underwent a successful SNOM (false positive
4%). The accuracy of FAST as a predictor for therapeutic
laparotomy is summarized in Table 6.

Discussion

SNOM has been proven to be a safe and
effective method in managing AGW patients since it
could be done safely in 20 to 46% of the patients®1?,
and it has been shown to decrease a non-necessary
laparotomy rate from 12 to 14%"? to 3 to 9%1%17.
The presence of shock, peritonitis, GI bleeding, and
conditions precluding reliable abdominal examination
were generally accepted as indications for immediate
laparotomy®'*!". Nonetheless, a controversy remained
regarding SNOM in stable AGW patients without
aforementioned indications for immediate laparotomy.
Many investigators suggested that SNOM could be
attempted in all stable AGW patients irrespective of
the location of AGWs®'%, while some investigators
reserved SNOM for stable RUQ/RTA gunshot wound
patients!'>'¥. The authors believe that the rational
approach in stable AGW patients is to firstly determine
the presence of PP since tangential AGW patients could
be safely managed non-operatively regardless of the
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wound locations as seen in 28 patients (35%) in the
present study.

Several studies have shown that CT could
accurately help identify PP, solid organ injury, hollow
viscus injury, and the need for laparotomy in AGW
patients®!*1820_Some recent studies used CT routinely
asapart of initial evaluation in stable AGW patients®!°2,
while some investigators used CT selectively in stable
AGW patients with RUQ/RTA trajectory or questionable
PPU9 as performed in the present study.

Only few studies have mentioned predictors
for therapeutic laparotomy in AGW patients besides
the presence of shock, peritonitis, and GI bleeding.
Velmahos et al” performed SNOM in 1,856 AGW
patients and demonstrated that anterior AGWs required
significantly higher immediate laparotomy than
posterior AGWs (66% vs. 32%, p<0.001). Zafar et al*®
reviewed the North American national trauma database
on 12,707 AGW patients and 13,030 abdominal stab
wound patients and identified factors predicting
SNOM failure including the need for blood transfusion
and the higher injury severity score. In the present
study, we tried to identify the predictors for therapeutic
laparotomy that could be easily obtained at the ED by
analyzing multiple parameters (Table 4). However, only
a positive FAST result was the mutually independent
predictor for therapeutic laparotomy. FAST for
penetrating abdominal trauma has been shown to
have low sensitivity (24 to 46%) but high specificity
(94%)?122 which corresponds well with the present
study (Table 6). This means that a positive FAST result
suggests that the patient is likely to need laparotomy,
while a negative FAST result could not accurately rule
out the need for laparotomy. To our knowledge, the
present study is the first to identify a positive FAST
result as a predictor for therapeutic laparotomy in
AGW patients.

There are some limitations of the present
study that deserve to be mentioned. Firstly, the present
study is a retrospective descriptive study performed in
a low volume center (80 AGW patients in 11 years) to
test our SNOM protocol; this made the comparison of
our outcomes to the studies from high volume centers
using different SNOM criteria difficult. Secondly, we
did not use CT routinely to identify PP in the stable
AGW patients as 45% of the stable patients were
evaluated for PP clinically. This may have made us
underestimate the PP rate. Finally, we had eight patients
with unknown FAST result; this decreased the reliability
of our analysis in both the predictors for therapeutic
laparotomy and the accuracy of FAST.
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Conclusion

SNOM of AGW could be performed safely
in selected group of stable patients including patients
with tangential AGW, and patients with isolated
RUQ/RTA gunshot wound. Laparotomy in patients
with shock, peritonitis, GI bleeding, and PP other than
RUQ/RTA is still a safe approach carrying a low non-
therapeutic laparotomy rate. A positive FAST result
may be helpful in predicting therapeutic laparotomy
in AGW patients.

What is already known in this topic?

SNOM has been well accepted in AGW
patients. However, there is no uniform consensus
regarding the criteria for SNOM and there is limited
data about the predictor for therapeutic laparotomy
besides the presence of shock, peritonitis, and GI
bleeding.

What this study adds?

The present study demonstrated that SNOM
of AGW could be performed safely in selected group
of stable patients including patients with tangential
AGW, and patients with isolated RUQ/RTA gunshot
wound. A positive FAST result was the only mutually
independent predictor for therapeutic laparotomy
identified in the present study and it may be helpful in
predicting therapeutic laparotomy in AGW patients.
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