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Summary

Penetrating injuries of the abdomen which occur primarily from
gunshots and stabbing become increasingly prevalent in chil
dren. Dur purpose is to assess the presentation, management
and outcome of children with penetrating abdominal firearm
injuries (PAFI) and to evaluate the value of Injury Severity Score
(ISS) for predicting injury severity and eventual morbidity and
mortality in children with PAFI. Between 1985 and 1997,69 chil
dren ~ 15 years of age with PAFI were hospitalized at our insti
tution. Their hospital records were reviewed retrospectively. Df
the 69 children with PAFI, 53 were boys and 16 were girls. The
mean age was 9.6. The causes of PAFI were explosives (44%),
gunshot (39%) and shotgun injuries (17%). The most common
organ injured was the small bowel followed by colon and Iiver
respectively. Postoperative complications were seen in 12 chil
dren. The mean value of ISS was 16.8; 41 children had an ISS
value of:216. The value of ISS was significantly higher in chil
dren with complication than in those without complication.
The children with ISS value :216 were hospitalized significantly
longer than those with ~ 15 of ISS. Particularly shotgun injuries
were commonly associated with severe morbidity. ISS can be
useful for predicting the severity of injury and the occurrence
of morbidity.

• Key words: Penetrating abdominal injury - Firearm injury 
Injury severity score - Pediatric trauma

Resume

Les traumatismes penHrants de I'abdomen secondaires cl une
plaie par arme cl feu ou arme blanche deviennent plus fre
quents parmi les enfants. Le but du travail etait d'evaluer la
presentation, la prise en charge, et les resultats des patients
hospitalises pour les traumatismes penetrants d'armes cl feux
(TPAF) et de determiner une eventuelle relation entre l'lnjury
Severity Score (ISS) pour la prediction de Ja severite du trauma
tisme, et la morbidite et la mortalite possibles chez les enfants
avec TPAF. Entre 1985 et 1997, 69 patients avec TPAF de moins
de 15 ans ont ete operes dans notre etablissement. Les donnees
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des patients ont ete analysees retrospectivement. 11 y avait 53
garc;ons et 16 filles. L'age moyen etait de 9,6 ans. Les causes de
TPAF etaient des explosifs (44%), des balles (39%) ou des
plombs de chasse (17%). L'organe le plus frequemment atteint
etait le grele suivi du colon et du foie respectivement. Des
complications postoperatoires ont ete vues chez 12 enfants. La
valeur moyenne du ISS etait de 16,8; 41 enfants avaient un
score :216. Les enfants ayant un score superieur ou egal cl plus
que 16 ont ete hospitalises plus longtemps que les enfants
ayant un score inferieur cl 16 (p <0,05). Les enfants subissant
une complication avaient un score du ISS plus eleve que celui
des enfants sans complication (p <0,05). Les lesions dues cl des
plombs de chasse sont associees le plus souvent cl une impor
tante morbidite. Le ISS peut etre utilise pour la prediction de
severite d'un traumatisme penetrant de I'abdomen et I'even
tuelle occurrence de morbidite.

• Mots-e1es: Plaie penetrante de I'abdomen - Plaie par armes cl
feux - Injury Severity Score - Traumatisme pediatrique

Resumen

La prevalencia de las heridas penetrantes dei abdomen por ar
mas de fuego y blancas en niiios se esta incrementando. Nues
tro objetivo es revisar la presentacion, tratamiento y resultados
en niiios con heridas abdominales penetrantes por arma de fue
go (PAFI) y el valor dei score de gravedad de la lesion (ISS) para
predecir la eventual morbilidad y mortalidad en niiios. Entre
1985 y 1997, 69 niiios de menos de 15 aiios de edad con PAFI
fueron hospitaJizados en nuestra institucion. Revisamos retros
pectivamente las historias. Oe los 69 niiios con PAFI, 53 eran ni
iios y 16 niiias. La edad media fue de 9,6 aiios. Las causas dei
PAFI fueron explosivos (44%), disparos de bala (39%) y de esco
peta (17%). EI organa mas frecuentemente afectado fue el in
testino delgado seguido dei colon y dei higado respectivamen
te. Hubo complicaciones postoperatorias en 12 niiios. EI valor
medio de ISS fue 16.8. 41 niiios tuvieron un valor ISS igual 0

mayor de 16 y fue significativamente mayor en niiios con com
plicaciones que en aquellos que no las tuvieron. Los niiios con
valores de ISS superiores 0 iguales a 16 se hospitalizaron duran-
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te mas tiempo que los que tenian valores inferiores a esa cifra.
las heridas por escopeta se asociaron mas frecuentemente con
morbilidad severa. EI score ISS puede ser util para predecir la
gravedad de las lesiones y la morbilidad.

• Palabras c1ave: Heridas abdominales penetrantes - Heridas
por arma de fuego - Score de severidad de Ja lesi6n - Trauma
pediatrico

Zusammenfassung

Die Zahl der Kinder, die durch Schuss- und Stichwaffen verletzt
wurden, hat sich in letzter Zeit erhöht. Es war das Ziel der vor
liegenden Arbeit, den Schweregrad (VSE) solcher Verletzungen
sowie deren Morbidität und Mortalität zu untersuchen. Wir ha
ben die Krankenhausunterlagen von 69 Kindern mit abdominel
len Schusswaffenverletzungen, welche in dem Zeitraum von
1985 bis 1997 eingeliefert wurden, retrospektiv ausgewertet.
53 der Kinder waren männlich und 16 weiblich. Das durch
schnittliche Alter der Patienten betrug 9,6 Jahre. Ursachen der
Verletzungen waren Sprengstoffe (44%). Gewehrkugeln (39 %)
und Schrotflinten (17%). Die häufigste organische Verletzung
betraf den Dünndarm, gefolgt von Dickdarm und leber. Post
operative Komplikationen wurden bei 12 Kindern beobachtet.
Der durchschnittliche Schweregrad VSE betrug 16,8; bei 41 Kin
dern wurde ein Schweregrad von ~ 16 festgestellt. letztere
mußten signifikant länger im Krankenhaus bleiben als Kinder
mit einem Schweregrad von ~ 15. Patienten mit Komplikatio
nen wiesen einen höheren Schweregrad auf als solche ohne
Komplikationen. Insbesondere sind Schrotflintenverletzungen
häufig mit höherer Morbidität verbunden. Die Bestimmung des
Schweregrads abdominaler Verletzungen (VSE) ist eine nütz
liche Maßnahme, die es erlaubt, den zu erwartenden Verlauf
penetrierender Verletzungen vorauszusagen.

• Schlüsselwörter: Penetrierende Abdominalverletzung 
Schusswaffenverletzung - Schweregrad der Verletzung 
Pädiatrisches Trauma

Introduction

Trauma is one ofthe leading causes ofmorbidity and mortality
in the pediatric population. Ten per cent of trauma-related
deaths are due to abdominal injury, and most abdominal inju
ries result from blunt trauma (14). Penetrating abdominal
wounds make up about 10 per cent of all abdominal injuries
(14). However, during the last decades, penetrating injuries
have become increasingly prevalent in children particularly in
urban environments (9,10,16,23). Penetrating wounds occur
primarily from gunshots (GS) and stabbing (7,14). The inci
dence of GS wounds has inereased 2 to 3 times during the last
10 years while the incidence stab wounds have remained un
ehanged (14).

There is no recent study analyzing the specific experience of
firearm injuries exelusively to the abdomen in children. In our
region, southeastern Anatolia, penetrating firearm injuries are
seen very frequently among both children and adults. We have
treated a relatively large number of children with penetrating
abdominal firearm injuries (PAFI) in the last 12 years and ana
Iyzed them to present our experienee.

Materials and Methods

Diele University Medical School Hospital is one of the refer
ence trauma centers for the pediatric population in the South
eastern Turkey. Approximately 5 million children under the
age of 15 live in this region and the majority of severe pediatrie
trauma patients are referred to this center.

BetweenJanuary 1985 andJune 1997,69 eonsecutive ehildren
under 15 years of age with PAFI were admitted to the Pediatric
Surgical Department of Diele University Medical School. Pre
operative resuseitation and treatment of all patients with fire
arm injuries to the abdomen were similar; intravenous fluids,
anti-tetanus serum, tetanus toxoid and antibiotics were given.
Ampicillin, gentamicin and elindamycin were administered
during the period of 1985 -1995. However, the 3rd generation
of cephalosporins were usually used during the last 2 years be
cause of serious problems with resistance. Patients with ob
vious peritoneal penetration caused by firearms, based on the
results of physieal examination and x-ray, even without perito
neal symptoms, were treated immediately by laparotomy. In
travenous pyelography was performed in all stable patients
before laparotomy.

Rapid conservative operative techniques were used through
out the period of the review. Splenorrhaphy rather than sple
nectomy was performed when the condition of the patients
and the severity of the injury allowed. Hepatic injuries were
managed by reseetional debridement and primary repair or
deep horizontal mattress sutures in preference to segmental
hepatectomy. Drains were rarely inserted after splenorrhaphy
andjor primary repair of liver, whereas open Penrose or elosed
suetion drains for 1 - 2 days were used in a moderate number
of patients after primary repair for relatively severe splenic
andjor hepatic injuries or splenectomies. Pancreatic injuries
not involving the major duet were treated by debridement
and Penrose drainage for 7 - 10 days. Distal panereatectomy
was performed in the case of transeetions of the major pancre
atic duct to the left of the midline. Wounds of the gastrointes
tinal traet were elosed in two layers in the first 10 years of
study, whereas extramucosal one-Iayer repair was widely used
in the last 2 years. In the case of multiple perforations of the
small bowel providing that the perforations were elosely
grouped, resection and anastomosis technique was preferred
to repair. In cases of colonic injuries, primary repair was
widely performed. Protective colostomy was also performed
in the cases associated with severe rectal injuries even without
colonic injuries. The treatments of genitourinary injuries were
mainly conservative if the severity of injury allowed. Before
elosure of the abdomen, saline irrigation without antibiotics
was performed until the irrigation material remained elear.

Medical records ofthe patients were reviewed retrospectively.
Clinical data ineluded age, sex, weight, type of injury, associat
ed injuries, management, length of hospital stay (LOH), mor
bidity, and mortality. Children were grouped in 3 according to
the cause of injury: explosive (EXP), composed of land mines,
grenades. bombs, etc., gunshot (GS), and shotgun (SG) injury
group. An Injury Severity Score (ISS) was calculated for eaeh
victim. Children who died before admission were exeluded
from the study. The Student's t~test and Fisher's exact test
were used for statistical analysis. Statistical signifieance was
elaimed at the 5 %level (p < 0.05).
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lable 1 Distribution of patients with abdominal wounds by age
group and types of firearm (n =69)

Age Explosive Gunshot Shotgun Total
(yrs) wounds wounds wounds

M F M F M F

0-4 4 2 1 7

5-9 9 2 9 2 1 1 24

>10 11 4 8 6 8 1 38

Total 24 6 19 8 10 2 69

Dokucu AI et al

The causes ofPAFI were EXP injuries (30; 44%), es injuries (27;
39%) and sc injuries (12; 17%) (Table 1). Thirty-six (52%) had
isolated abdominal injuries and other 33 (48 %) children had
associated extra-abdominal organ injuries. There was no sig
nificant difference for LOH between patients with and without
extra-abdominal associated injuries. -

The most commonly injured organs were the small bowel,
generally associated with other abdominal injuries, followed
by colon, liver and stomach, respectively (Table 2). Only 23 pa
tients had one isolated injured organ, the remaining 46 pa
tients (66.6%) had more than one injured abdominal organ
(Table 3).

Bone fractures, especially in vertebrae and extremities were
seen most frequently in the line of extra-abdominal organ in
juries, followed by thoracic injuries (Table 4). No thoracotomy
was required among 12 patients with thoracic injury. All of
these were managed by means oftube thoracostomy alone.

Sixty-two children out of the group had, at least, a digestive
tract injury and they were widely treated by primary repair.
In 25 (40%) ofthese, intestinal resection and anastomosis were
required. In only 7 (10%) patients of the series, no digestive
tract injury was found. In 5 of them, diaphragmatic injury
was observed generally (4 over five) associated with solid or
gan injury.

Colon injury was seen in 31 patients, seven of which were
isolated. Repair of colonic wounds without colostomy was per
formed in 74 per cent of them. Colostomy procedure was nec
essary in 12 patients. The procedure was performed in 8 pa
tients because of colonic injury, in 3 other patients as protec
tive colostomy for severe rectal injury without any colonic
wound and in the last one as secondary colostomy for a vesi
co-rectal fistula seen as a postoperative complication.

labre 2 Abdominal injuries in the 69 patients with PAFf

Organ injured Isolated no. Associated' no. Total

Stomach 4 10 14

Duodenum 2 2

Jejunum 2 15 17

Ileum 5 17 22

Coecum 3 4 7

Colon 4 20 24

Rectum 3 5 8

Diaphragm 1 8 9

Liver 1 16 17

Bile ducts 2 2

Spleen 8 8

Pancreas 3 3

Kidney 5 5

Ureter 1 1

Bladder 6 6

Great vessels 3 3

Total 23 125 148

• with other abdominal injuries

lable 3 Number of abdominal organs injured per patient with regard
to the number of complications and deaths

No.of NO.of No.of No.
organs injured patients complications of deaths

1 23 4 1

2 27 4 0

3 11 3 0

4 5 1 0

5 1 0 0

6 1 0 0

7 1 0 1

Results

There were 53 boys (76%) and 16 girls (24%) involved in our
study with a male: female ratio of 3.16: 1. The mean age was
9±3yrs (range: 3 to 15yrs). Thirty-one children were under
the age of 10 induding 7 patients less than 5 years ofage (Table
1). The mean LOH ranged between 1 to 60 days (12 ± 10 days;
mean±SD).

lable 4 Associated other systemic injuries (n: 33)'

Type of injury

Orthopedic
Upper extremity fractures
Lower extremity fractures
Pelvic fractures
Vertebra fractures

lhoracic
Pneumothorax
Hemopneumothorax
Hemothorax

Urogenital
Urethra
Testis
Hymen-vagina

Vascular
Femoral vein
Brachial artery

Spinal cord

Orbital

• some patients with several associated injuries

No.

5
7
1
8

4
3
5

1

3
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Complication No. Mecical Surgical
therapy therapy

Intestinal fistula 3 2

Wound infection 6 6

Incisional hernia 2 2

Intestinal obstruction2 2 1

Acute renal failure 1

Septicemia 1

Recto-vesical fistula 1 o
1 some patients with several postoperative complications 8 9 10 13 14 16 17 18 19 20 21 24 25 26 35 37 47
2 due to adhesive bands ISS Value

Table 5 Postoperative abdominal complications and their therapies
(11= 12)'

Fig.l ISS and number of patient distribution.

Table 6 Risk factors and LOH für patients with and without postoper
ative complications

No complication Significance
n=57

With complication
n = 12

Mean age (yr) 11.64

Mean weight (kg) 42.12

Mean ISS value 17.92

Mean LOH 26.20

9.33

29.09

16.28

9.33

0.04

0.001

0.05

0.01

other 28 with a value of ISS S; 15 (p < 0.05). Patients with com
plications had a significantly higher value of ISS (17 ±3) than
that (16 ±6) without complication (p < 0.05).

The mortality rate for the series was 2,8 per cent. Two patients
died; one with SG injury from septicemia on the first day of ad
mission and the other with GS injury from transfusion-in
duced coagulopathies and multiple organ failure on the sec
ond postoperative day.

No patient undelWent a "negative" laparotomy after a firearm
wound in proximity to the abdomen. Non-therapeuticallapa
rotomy was performed in only 2 patients in whom isolated
limited solid organ injuries in the abdomen were found.

Postoperative complieations were seen in 12 (17%) patients
(Table 5), nine of these had a colonie injury. The distribution
of complieations by eause of injury was 6 for GS, 3 for SG and
3 for EXP group. The most common postoperative compliea
tion was wound infeet ion (6; 8.6%) which was seen espeeially
in patients with SG and GS injury. Hut there was no statistical
signifieanee for the distribution of complications by the eause

.of injury. However the relative risk of postoperative compliea
tions in patients with SG and GS injury was found to be 6times
higher in comparison with that ofpatients with EXP injury. No
complieation but one wound infection was seen in 31· patients
under the age of 10. Exeept colostomy closure proeedures (n:
11), only 5 (7.2 %) patients were relaparotomied for postopera
tive complications. Three of these re-operated ehildren were
wounded by SG. There was a signifieant difference for the
mean values of age, weight, ISS and LOH between patients
with postoperative eomplieations and without complications
(Table 6).

For LOH aecording to the eause of the firearm injury; patients
with SG injuries were hospitalized signifieantly longer (18 ± 16
days) than patients with EXP (9 ± 4 days) and GS (11 ± 11 days)
injuries (p < 0.001). No significant differenee for LOH was
found between GS and EXP injuries.

The mean value of ISS in the series ranged between 8 to 47
(16 ±7; mean ±SD). Fig. t shows the distribution of ISS values
by patients in the series. Forty-one (59%) ehildren with an ISS
value of ~ 16 were hospitalized signifieantly longer than the

Discussion

Several authors (9,10,23) reported on an apparent rise in the
frequency of penetrating injuries in children, especially by GS
(22) and other firearm weapons (10), in an urban environment
(1,9,10) for the last 10 to 15 years in the USo Moreover, several
series of firearm injury in children were also reported from
conflict areas (18,19). In the southeastern part ofTurkey, pen
etrating firearm injuries are common among both children and
adults. The settlements at the edge of frontiers (land mines),
wide possessions of weapons for protection andjor hunting,
conflicts between clans in rural areas, and other military activ
ities are the reason for wide "civiIian" firearm injuries in our
hospital's hinterland.

PAH represents 7 - 10 per cent of all penetrating firearm inju
ries (1,16). A male predominance, ranged from 75 to 100 per
cent, was widely reported by several authors (1,5,9,19,23).
We also observed also a similar male predominance with a rate
of 76 per cent. Only one postoperative complication (3.2 %) was
seen in 31 children under 10 years of age while other 11 post
operative complications (28.9%) occurred in 38 older children.
The reason for this low complication rate may be related to the
cause of injury in younger group. As seen in Table t, the causes
of injury in younger children were generally EXP or GS
wounds, which were associated with low morbidity rate in
comparison with SG injury, seen mostly in older children.

We agreewith most trauma centres (6,12,17) regarding the ne
cessity of mandatory laparotomy for each victim with obvious
peritoneal penetration by a firearm irrespective of clinical
signs. The policy of selective conservatism in firearm wounds
ofthe abdomen has been proposed inselected patients (4) be
cause of the incidence of "negative laparotomy" which ranged
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from 11 to 15 per cent (7,18,21). Dissipation of high kinetic en
ergy offirearms results in unpredictable organ injury that may
occur more frequently in the pediatric population because of
concentrated vital organs in a small cross-sectional area. In
our series, we observed digestive tract perforation in 62 (90%)
patients. The remaining 7 presented with other organ injuries
in which diaphragmatic rupture was seen in 5 cases. Gnly 2 pa
tients (2,8%) presented with abdominal solid organ injury,
which could be managed conservatively. This condition justi
fies the necessity of exploratory laparotomy for each victim
with PAFI.

The lower mortality rate (2.8%) obtained in our series is con
tradictory to many researchers in the literature. The overall
mortality rates of abdominal firearm injuries in adults series
of Feliciano et al (7) and Morris et al (18) were 11.7 per cent
and 13 per cent, respectively. This may be related to poor
transport conditions and inadequate education of the people
taking care of the patients for emergency in our area. Conse
quently, many patients with major trauma could not reach
our center alive. In contrast, the young age of the patients and
the highly experienced staff of our hospital mayaiso contrib
ute to the low mortality rate.

As mentioned above, we grouped our patients according to the
cause of injury. The EXP group with the patients wounded by
fragments of land mines or grenades, was the largest group in
which no deaths occurred and in which low complication rates
(10%) were observed. Fragments are the most common
wounding agent in war (18,19). These are relatively low-veloc
ity events that usually cause multiple superficial injuries re
quiring operative debridement. Entry wounds without exit
are common, even in small children with minimal subcutane
ous tissue, and low kinetic energy probably accounts for the
relatively severe abdominal injuries seen. Plain antero-posteri
or and lateral x-rays may be useful for identifying metallic
shrapnels in body cavities, especially for verification of the
peritoneal penetration.

The es group was the second largest group with a relatively
high complication rate (22%). es wounds usually cause multi
ple intestinal perforations. In addition, high-velocity missiles
have a characteristic effect, which may traumatize tissues over
a considerable area surrounding the missile tract. As a result,
visceral trauma may occur without direct traverse by the mis
sile. The child who died in this group presented with intra-ab
dominal multi-organ injuries. Gur relatively high postopera
tive complication rate may be the result offrequently associat
ed intra-abdominal lesions that would complicate the im
provement.

The inspecting the sc wounds gives more information than
the high-velocity wounds and is a key to treatment and prog
nosis. Extensive multisystem damage occurred when the pel
lets struck the abdomen as a result of the wide pattern of in
jury. Because the vital structures in children are concentrated
within a smaller cross-sectional area, more vital organs can be
injured. Gur sc group presented a relatively low postoperative
complication rate (25 %), which compared with eolladay's
adult series of 70 per cent (9). The complications after shotgun
injury may frequently need re-operation (2,9). Among our five
total re-operations, three were performed in children with SC
injury. A long hospitalization time should be anticipated for

Dokucu AI et al

children with SC injury. Gur mean LOH for SC injuries was 19
days and significantly longer than two other groups of the pa
tients. But it was comparable with Colladay's mean 22 days (9).

The small bowel, colon, liver, stornach and vascular structures
have been the most commonly injured organs in recent large
adult series of abdominal es injuries, quite similar to the Cur
rent pediatric series (2,7). Gur surgical approach to the repair
of intra-abdominal injuries followed established procedures
(6,20). The major area of controversy probably lies in the treat
ment of colonic injury by selective primary repair in 74 per
cent of the patients, rather than by colostomy. The policy of
mandatory colostomy for colonic injury has been challenged
particularly over the last 10 years, with some researchers
achieving 73.4 per cent (13) and 93.1 per cent (8) of primary
closure rates for colonic injuries. Therefore, a trend towards a
consensus for selective primary repair in civilian firearm inju
ries ofthe colon has developed in the last 10 years. Chappuis et
al (3) have proposed primary repair for all civilian colon trau
mas irrespective of previously identified risk factors. We prefer
colostomy procedure in some unfavorable circumstances, es
pecially in the following five situations: 1) colonic injury asso
ciated with other several intra-abdominal injuries; 2) ischemic
troubles of intestinal wall and mesentery; 3) delay of more
than 6 hours in presentation; 4) marked faecal contamination
with signs of peritoneal irritation; and 5) in relatively older
children (> lOyrs).

The separation oflSS at 15 or less and 16 or more for minor and
major trauma, respectively, was proposed as triage criteria
(15). In our series, more than half of the patients had a value
of ISS ~ 16 and they were hospitalized for a longer time than
other patients with a value of ISS ~ 15. Patients, in whom post
operative complications occurred, had a significantly higher
value of ISS than those without complication. Therefore, we
suggest that ISS is a useful trauma score for patients with PAH
for predicting the severity of injuries and the occurrence of
complications.
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