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ABSTRACT

BACKGROUND: Non-operative management (NOM) is a standard treatment method for solid organ injuries worldwide. There
is no consensus on the management of gunshot wounds (GSW) because of the higher frequency of hollow viscus injuries (HVI) and
the unpredictable depth of tissue damage produced by kinetic energy transfer during retardation of the bullet. Here we aimed to re-
evaluate indications for surgery and NOM based on our pediatric patients with abdominal GSW.

METHODS: We performed a retrospective analysis of patients evaluated and treated for abdominal GSW at University of Dicle
between January 2010 and October 2016. Patients with hemodynamic instability, signs of peritonitis on serial abdominal examination,
and free air in the abdomen underwent laparotomy; these were included in group | (n=17). Patients managed non-operatively were
included in group Il (n=13).

RESULTS: Our statistical analysis showed significantly lower Hb levels and systolic blood pressure levels (p<0.001) and higher pulse
rate, higher mean injury severity score, and longer length of stay at intensive care unit in patients in group | than in those in group
Il (p<0.001). We further detected colon perforation (n=10) and small bowel perforation (n=7) in patients in group [; liver laceration
(n=4), splenic injury (n=1I), and renal injury (n=3) but no solid organ injury or HVI (n=5) were detected in patients in group II.
CONCLUSION: The major drawback of NOM is the difficulty in diagnosing HVI in abdominal GSVV, which may delay treatment. We

suggest that patients with solid organ damage who are hemodynamically stable and exhibit no signs of peritonitis upon serial abdominal
exam may be treated with NOM.
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INTRODUCTION

The incidence of penetrating trauma due to firearms has sig-
nificantly increased worldwide.!"? Injuries due to firearms are
the second leading cause of pediatric trauma deaths in the
United States.®! Although non-operative management (NOM)
is a standard treatment method for solid organ injuries after
blunt trauma, there is no consensus on its utility in managing
penetrating gunshot wounds (GSW). Laparotomy is gener-
ally preferred among surgeons in cases of GSW because of

the possibility of organ damage resulting from unpredictable
kinetic energy transfer during passage and retardation of the
bullet, which results in a higher frequency of hollow viscus in-
juries (HVI) and more difficulty in accurately diagnosing HVI,
and thus there is a greater potential for treatment delays
more than blunt trauma.**! In the present study, we aimed to
re-evaluate indications for surgery in pediatric patients with
GSW and to determine the effectiveness of non-operative
treatment of solid organ damage after exclusion of HVI, using
NOM criteria.
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MATERIALS AND METHODS

We performed a retrospective analysis of patients evaluated
and treated for GSW at Dicle University Emergency Depart-
ment between January 2010 and October 2016. The study
was approved by the Dicle University Ethics Committee.
Patients included in the study were aged <|7 years with ab-
dominal GSWV, where the bullet track was directly intra-ab-
dominal and/or where the bullet track was observed to be
adjacent to the intra-abdominal area, but high-density fluid
was noted in the pelvis. Patients with head and extremity in-
juries were excluded from the study. After initial evaluation at
the emergency department, all patients underwent computed
tomography (CT). CT images were interpreted by a radiol-
ogy specialist according to the following criteria for abdom-
inal evaluation: 1) free air in the abdomen and/or retroperi-
toneum, 2) free fluid in the pelvis without solid organ injury,
3) bullet track injuries, 4) intraperitoneal contamination, and
5) bowel wall thickening. Immediate laparotomy was planned
for all patients who fit at least two of the above criteria with
ongoing hemodynamic instability and peritonitis (Fig. |, 2).
The patients were divided into two groups. Patients with
hemodynamic instability, signs of peritonitis on serial abdomi-
nal examination, and free air in the abdomen were included in
group | and underwent emergent laparotomy. Stable patients
without the above-mentioned signs were included in group
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Il and managed non-operatively (Fig. 3). Patients were ana-
lyzed by age, sex, hemoglobin (Hb) levels at admission, blood
pressure, pulse rate, cause of injury, mean injury severity
score (ISS), length of stay in the intensive care unit (ICU), and
mortality and morbidity criteria. Data were statistically ana-
lyzed using Statistical Package for the Social Sciences (SPSS)
(Windows 10.0, SPSS Inc., Chicago, IL) to determine signifi-
cant factors affecting NOM. For comparisons of incidences
for univariate analyses, Chi-square or Fisher’s exact test were
used, whereas the independent t-test or Mann—Whitney U
test was used to compare the values. p-value < 0.05 was con-
sidered to be statistically significant.

RESULTS

We studied medical records of 302 patients who were initially
admitted to the emergency department with GSW. After
retrospective analysis, 30 patients (10.1%) were included in
our study based on their relevance to our criteria. The mean
age of our patients was 10.4+3.8 (4—16) years. Twenty-three
(76.6%) were males and 7 (23.3%) were females. Seventeen
(56.6%) of the 30 patients were operable and included in
group | (Table 1). Thirteen (43.3%) patients were managed
by NOM and included in group Il. The mean time from ad-
mission to surgery was 6.4+12.5 (1—48) h. Colon perforation
was found in 10 (58.8%) of the 17 patients in group | and seg-
mental resection was performed. Seven (70%) of these 10 pa-
tients also underwent colostomy for intraperitoneal contam-
ination or other problems. Two of these seven patients who
had undergone colostomy also underwent splenectomy and
nephrectomy because of grade 4-5 lacerations of the spleen
and kidney. Colon perforations were primarily repaired in
three (30%) of these 10 patients.

Diagnostic laparoscopy was planned 48 h after injury for one
patient in the NOM group Il. This patient was included in
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Figure 3. Flow diagram of the characteristics of the patients.
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Table I. Image and examination findings of cases of group |

Group | (n=17) n %

The computerized tomography images criteria

for evaluation

Free air in the abdomen and/or retroperitoneum || 64.7
Free fluid in the pelvis without solid organ injury 10 588
Bullet track injuries 13 764
Intraperitoneal contamination 12705
Bowel wall thickening 9 529
Serial abdominal examination
Hemodynamic instability 10 588
Peritonitis 17 100

group | after developing signs of peritonitis (Fig. 4a, b). A mi-
croperforation was detected in the ileum during laparoscopy.
This patient underwent laparotomy, and the microperfo-
ration was primarily repaired after exclusion of additional
pathologies. Small bowel perforation was found in 7 (41.2%)
of 17 patients in group | and were primarily repaired. None of
the cases required ileostomy.

In addition to the pathologies observed mentioned above, we
also detected small bowel evisceration (n=2), bladder perfo-
ration (n=3), femoral vessel injury (n=2), vaginal injury (n=1),
and eye injury (n=2). Postoperative sepsis with multiple organ
failure developed in one patient. During further exploration
in this patient, anastomotic leaks were detected, which were
repaired primarily, and the colostomy was revised. Another pa-
tient exhibiting multiple organ failure required massive transfu-
sion and then died (mean transfusion requirement was 8 units).

The 13 hemodynamically stable patients in group Il did
not show any signs of HVI during radiological imaging and

=

Figure 4. (a, b) A 7-year-old female with ileal microperforation.

were managed non-operatively. Liver laceration (grade I-lII),
splenic injury (grade Il), and renal injury (grade II-lll) was de-
tected in four (30.7%), one (7.6%), and three (23%) patients,
respectively. No solid organ injury or HVI was found in the
remaining five (38.4%) patients. In the five patients where no
solid organ injury was found, the bullet track was adjacent to
the intra-abdominal area and there was high-density fluid in
the pelvis, similar to that observed in the patient in whom
an ileum perforation was discovered 48 h later. Because pa-
tients in group Il were hemodynamically stable, no morbidity
or mortality was observed.

Statistical analysis demonstrated significantly lower Hb levels
and systolic blood pressure levels in patients in group | than
in those in group Il (p'=0.01 and p"=0.00, respectively). How-
ever, the pulse rate, mean ISS, and length of ICU stay were
significantly higher in patients in group | than in those in group
Il (p=0.00, p’=0.00, and p‘=0.00, respectively). Differences
between the two groups with respect to the need for blood
transfusions and the length of follow-up were not statistically
significant (p=0.88 and p=0.11, respectively) (Table 2).

DISCUSSION

Many studies have demonstrated that NOM is safe for pa-
tients with solid organ injuries caused by blunt abdominal

Table 2. Demographic data of all patients with gunshot wounds

Patient age (year), (Mean+SD)

Gender (Male/Female)
Hemoglobin, (Mean+SD)

Systolic blood pressure (mmHg), (Mean+SD)
Pulse rate (min), (Mean+SD)

Injury Severity Score, (MeanxSD)
Hospitalization period at ICU (days), (Mean+SD)
Hospitalization period (days), (Mean£SD)

Blood transfusion (IU), (Mean+SD)

Mortality, n (%)

NOM: Nonoperative management; SD: Standard deviation.
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Group | Group Il p

(Surgery, n=17) (NOM, n=13)
I'1.1£3.7 (range 4-16) 9.6%3.9 (range 4-16) =0.297
12/5 1172 =0.510
8.7£1.3 (range 6.43—12.1) I1£1.7 (range 8.6—13.8) '=0.01
83.8+7.8 (range 70-95) 105+6.9 (range 90-115) =0.00
126+17.6 (range 95-148) 96+9.9 (range 78-110) "=.000
19 (range 5-38) 5.6 (range 2—17) “=0.00
5.6%1.8 (range 2-8) 2.3+0.9 day (range |-4) =0.00
3.74£2.3 (range 0-10) 2.742.5 (range 1-10) =088
1.8£1.4 (0-4) 0.5£0.7 (0-2) =011

1 (5.8) 0
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trauma.l®”l Until recently, emergency laparotomy was the
standard treatment for abdominal GSW.F! However, there
are an increasing number of studies demonstrating the im-
portance of NOM of GSW.Bl Retrospective and prospective
studies in adults report that the success rate of NOM in cases
of anterior abdominal GSW is 30%.°! Moreover, a previous
study conducted at our center demonstrated that 10 of 30
(33.3%) patients with penetrating abdominal injuries including
GSW were successfully treated with NOM.!

The success rate of NOM in patients with GSW depends on
which solid organ was damaged.'” Renz et al.'l reported
successful NOM in |3 patients with liver injury due to GSW.
Similarly, Demetriades et al.l'Z used NOM in || patients (7%
of the liver injuries in the study) with liver injury caused by
GSW. Another study by Demetriades et al.’! reported that
28.4% of penetrating liver injuries, 3.5% of splenic injuries,
and 14.9% of renal injuries were managed non-operatively.
Furthermore, Bozdag et al.l'¥! published their 10 case series
with thoracoabdominal GSW which were managed non-op-
eratively, of which five were grade I-Il liver injury. Despite
many studies demonstrating successful NOM of GSW in
adults, few studies have been conducted among pediatric pa-
tients. In their multi-centric study, Dicker et al.l'¥! operated
on 106 (80%) of 132 patients aged <19 years with penetrating
liver injury (100 GSW and 32 stab wounds) because of the
increased incidence of further organ damage alongside liver
injury. On the other hand, the success rate of NOM was as
high as 95% for kidneys which is a retroperitoneal organ with
a rich blood supply.l'™ In a previous study from our institu-
tion, the success rate of NOM was 89%, even in high-grade
renal traumas.['" There are few studies on the safety of NOM
in the case of splenic injury. In a study with 225 patients with
penetrating splenic injury, only 24 (10.6%) of them could
be managed non-operatively.!'] In another study conducted
by Boyik et al.,l'® only 3 (7.5%) of 40 patients treated with
NOM had splenic injuries. The most likely reason for the
higher rate of operative management in splenic injury is the
higher incidence of co-HVI and diaphragmatic perforation.!'”!
In our study, we were only able to successfully use NOM in
one of the three patients with splenic injury; the other two
patients underwent splenectomy.

In addition, in our study, the incidence of HVI was consid-
erably higher wit GSW than with blunt and stab trauma.
Because GSW entail high kinetic energy which causes more
extensive damage that cannot be predicted by imaging modal-
ities, surgeons tend to manage them operatively.?”! Although
CT is a commonly used and reliable imaging technique for
diagnosing solid organ damage after penetrating injuries, its
reliability in diagnosing HVIs is not determined.?"?2 For this
reason, it is imperative to monitor hemodynamic parameters
and perform serial abdominal examinations during follow-up
of patients treated with NOM. If a patient develops symp-
toms of peritonitis or unexplained abdominal symptoms,
diagnostic laparoscopy should be performed. In the liter-
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ature, studies encouraging the use of NOM of penetrating
abdominal trauma reported that patients undergoing surgery
following delayed diagnosis of HVI did not develop any se-
rious complications, even after an interval of 24-56 h from
the time of injury to surgery.?>*! A multi-institutional study
which supported NOM investigated blunt intestinal trauma in
children aged <I5 years. In this study, 214 patients with HVI
were divided into four groups according to the time elapsed
from the time of injury to surgery (<6, 612, 12-24, and >24
h). Data did not demonstrate any significant difference in the
development of complications or the length of stay at the
hospital among the patient groups.**!

The success rate of NOM is higher for liver and renal in-
juries than for splenic injuries. Therefore, minimally invasive
techniques, such as laparoscopic vascular embolization or
splenography, may be preferentially performed over NOM in
patients with splenic injury.!

Despite diagnostic difficulties, using diagnostic CT to facili-
tate the decision to operate in cases of GSW is quite safe in
patients with hemodynamic instability and signs of peritonitis
upon serial abdomen examination. GSW causes surrounding
organ damage by dispersing kinetic energy throughout the
track of the bullet. In cases where the decision is made to
perform NOM, following up closely with serial abdominal ex-
aminations is extremely important if the bullet track does
not pass intra-abdominally. In our study, one patient who was
managed non-operatively exhibited peritonitis upon serial
abdominal examination and required surgery. Even though
the bullet track was extraperitoneal, the patient exhibited
small bowel perforation. Therefore, monitoring even patients
with extraperitoneal bullet tracks for signs of HVI is very im-
portant. During the follow-up of patients undergoing NOM,
adequate observation, serial abdominal examinations and
diagnostic laparoscopy are preferable methods for selecting
patients who are surgical candidates, avoiding the repeated
exposure to ionizing radiation entailed in repeat CT.

Conclusion

NOM is becoming an accepted noninvasive treatment modality
for abdominal GSVV in the pediatric population, and its popular-
ity is increasing worldwide. The major drawback is the difficulty
in diagnosing HVI in abdominal GSVWV, which usually delays the
treatment. Patients with solid organ damage, who are hemody-
namically stable, who exhibit no signs of peritonitis upon serial
abdominal exam, and have no radiologic signs of HVI on CT
may be treated with NOM. Nevertheless, more multi-centric
prospective research studies are needed in this area.

Acknowledgments

The writers wish to thank Eda Bozdemir and Mariah Ozkir
for their assistance in language editing of this paper.

Conflict of interest: None declared.

Ulus Travma Acil Cerrahi Derg, January 2018, Vol. 24, No. |



Arslan et al. Operative and non-operative management of children with abdominal gunshot injuries

REFERENCES 14. Dicker RA, Sartorelli KH, McBrids W], Vane DW. Penetrating hepatic

trauma in children: operating room or not? ] Pediatr Surg 1996;31:1189-91.

1. Bodalal Z, Mansor S. Gunshot injuries in Benghazi-Libya in 2011: the 15. Nance ML, Lutz N, Carr MC, Canning DA, Stafford PW. Blunt renal
Libyan conflict and beyond. Surgeon 2013;11:258-63. [CrossRef] injuries in children can be managed nonoperatively: outcome in a consec-

2. Tasigiorgos S, Economopoulos KP, Winfield RD, Sakran JV. Firearm in- utive series of patients. ] Trauma 2004;57:474-8. [CrossRef ]
jury in the United States: An overview of an evolving public health prob- 16. Okur MH, Arslan S, Aydogdu B, Arslan MS, Goya C, Zeytun H, et al.
lem. ] Am Coll Surg 2015;221:1005-14. [CrossRef] Management of high-grade renal injury in children. Eur ] Trauma Emerg

3. Veenstra M, Patel V, Donoghue L, Langenburg S. Trends in pediatric Surg 2017;43:99-104. [CrossRef]
firearm-related injuries over the past 10 years at an urban pediatric hospi- 17. Berg RJ, Inaba K, Okoye O, Pasley J, Teixeira PG, Esparza M, et al.
tal. ] Pediatr Surg 2015;50:1184-7. [CrossRef] The contemporary management of penetrating splenic injury. Injury

4, Cigdem MK, Onen A, Siga M, Otcu S. Selective nonoperative man- 2014;45:1394-400. [CrossRef]
agement of penetrating abdominal injuries in children. J Trauma 18. Boyiik A, Giimiis M, Onder A, Kapan M, Aliosmanoglu I, Tagkesen F, et
2009;67:1284-6. [CrossRef] al. Splenic injuries: factors affecting the outcome of non-operative man-

5. Demetriades D, Hadjizacharia P, Constantinou C, Brown C, Inaba K, agement. Eur ] Trauma Emerg Surg 2012;38:269—-74. [CrossRef ]

Rhee P, et al. Selective nonoperative management of penetrating abdomi- 19. Okur MH, Uygun I, Arslan MS, Aydogdu B, Turkoglu A, Goya C, et al.
nal solid organ injuries. Ann Surg 2006;244:620—8. [CrossRef ] Traumatic diaphragmatic rupture in children. ] Pediatr Surg 2014;49:420-3.

6. Stylianos S. Outcomes from pediatric solid organ injury: role of stan- 20. Dokucu AL Otcu S, Oztiirk H, Onen A, Ozer M, Biikte Y, et al. Char-
dardized care guidelines. Curr Opin Pediatr 2005;17:402—6. [CrossRef | acteristics of penetrating abdominal firearm injuries in children. Eur J

7. Arslan S, Guzel M, Turan C, Doganay S, Kopru M. Management and Pediatr Surg 2000;10:242—7. [CrossRef ]
treatment of splenic trauma in children. Ann Ital Chir 2015;86:30—4. 21. Mohamed G, Reyes HM, Fantus R, Ramilo J, Radhakrishnan J. Com-

8. Singh N, Hardcastle TC. Selective non operative management of gunshot puted tomography in the assessment of pediatric abdominal trauma.
wounds to the abdomen: a collective review. Int Emerg Nurs 2015;23:22-31. Arch Surg 1986;121:703—7. [CrossRef

9. Demetriades D, Velmahos G, Cornwell E 3trd, Berne TV, Cober S, 22. Sivit CJ, Eichelberger MR, Taylor GA. CT in children with rupture of
Bhasin PS, et al. Selective nonoperative management of gunshot wounds the bowel caused by blunt trauma: diagnostic efficacy and comparison
of the anterior abdomen. Arch Surg 1997;132:178-83. [CrossRef | with hypoperfusion complex. AJR Am J Roentgenol 1994;163:1195-8.

10. DuBose J, Inaba K, Teixeira PG, Pepe A, Dunham MB, McKenney M. 23. Bensard DD, Beaver BL, Besner GE, Cooney DR. Small bowel injury in
Selective non-operative management of solid organ injury following ab- children after blunt abdominal trauma: is diagnostic delay important? J
dominal gunshot wounds. Injury 2007;38:1084—-90. [CrossRef ] Trauma 1996;41:476—83. [CrossRef]

11. RenzBM, Feliciano DV. Gunshot wounds to the liver. A prospective study 24. Niederee MJ, Byrnes MC, Helmer SD, Smith RS. Delay in diagnosis of
of selective nonoperative management. ] Med Assoc Ga 1995;84:275-7. hollow viscus injuries: effect on outcome. Am Surg 2003;69:293-8.

12. Demetriades D, Gomez H, Chahwan S, Charalambides K, Velmahos G, 25, Letton RW, Worrell V; APSA Committee on Trauma Blunt Intestinal
Murray J, et al. Gunshot injuries to the liver: the role of selective nonop- Injury Study Group. Delay in diagnosis and treatment of blunt intestinal
erative management. ] Am Coll Surg 1999;188:343—8. [CrossRef] injury does not adversely affect prognosis in the pediatric trauma patient.

13. Bozdag Z, Turkoglu A, Gumus M, Gumus H, Boyuk A, Kuzu H, et al. J Pediatr Surg 2010;45:161-5. [CrossRef]

Non-Operative Management of Thoracoabdominal Gunshot Injury: 26. Davoodi P, Budde C, Minshall CT. Laparoscopic repair of penetrating

Thirteen Unusual Cases. ] Curr Surg 2015;4;199-203. [CrossRef]

ORIJINAL CALISMA - OZET

Batin atesli silah yaralanmasi olan ¢ocuklarda cerrahi ve cerrahi olmayan yaklagimimiz
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AMAC: Solid organ yaralanmalarinda, bitiin diinyada standart tedavi yontemi “nonoperative management”dir (NOM). Kursun, trakt boyunca
yaydig! yiiksek enerjiden dolayr olusturmus oldugu doku hasarinin derinligi Sngériilememekte ve ici bos ogan (IBO) yaralanma siklig yiiksek oldu-
gundan atesli silah yaralanmasi (ASY) ile ilgili bir konsensts bulunmamaktadir. Bu galismada, karin bélgesinde ASY olan hastalarin cerrahi ve NOM
kriterlerini ortaya koymay amagladik.

GEREC VE YONTEM: Ocak 2010-Nisan 2016 tarihleri arasinda karninda ASY olan hastalar geriye déniik olarak analiz edildi. Hemodinamik insta-
bilitesi olan, seri karin muayenelerinde peritonit bulgusu devam eden, karinda serbest havasi olan grup | (n=17) operasyona alindi. NOM ile tedavi
edilen olgular ise grup 2 (n=13) idi.

BULGULAR: Grup | ile grup 2'yi karsilastirdigimizda; grup |'de hemoglobin (Hb) seviyesi ve sistolik kan basinci istatistiksel olarak dustk iken
(p<0.001), yogun bakimda kalis stiresi ve ortalama yaralanma siddet skoru (ISS) ise istatistiksel olarak ylksek idi (p<0.001). Ayrica Grup |'deki
olgularin 10’unda kolon perforasyonu, yedisinde ise ince bagirsak perforasyonu saptadik. Grup 2'deki olgularimizin dordiinde karaciger yaralanmasi,
birinde dalak, liglinde ise renal yaralanma var iken, besinde ise parankimatoz organ yaralanmasi ve IBO saptamadik.

TARTISMA: Karinda ASY’lerindeki problem IBO yaralanmasi tanisindaki zorluklara bagli olarak tedavinin gecikmesidir. Hemodinamik olarak stabil
ve seri karin muayenelerinde peritonit bulgusu olmayan parankimatoz organ yaralanmalari NOM olarak tedavi edilebilinir.

Anahtar sézcikler: Atesli silah yaralanmasi; gocuklar; igi bos organ yaralanmasi; non-operatif takip.
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