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Background Trauma is gradually becoming a major cause

of disability and it can be of any form, physical or

emotional. For the surgeon the physical form is of major

interest, especially its causes and incidence, which can be

influenced by environmental or social factors.

Aim The aim of this work was to study the incidence,

etiology, principles of management and outcome of

children with penetrating abdominal injuries.

Materials and methods This was a 2-year prospective

study of 33 children aged 0–15 years with penetrating

abdominal injuries at the University of Maiduguri Teaching

Hospital in northeast Nigeria. Information obtained

included the following: the patient’s biodata, mechanism of

injury, time of presentation to the Accident and Emergency

Department after the injury, haemodynamic status at

presentation, presence or absence of abdominal organ

evisceration, presence or absence of associated injuries,

the timing of surgery, intraoperative findings, the type of

surgical procedure and outcome.

Results Thirty-three (31.4%) children [of whom 24 (i.e.

72.7%) were from the rural areas] of 105 children with

trauma-related injuries had penetrating abdominal injuries.

The male : female ratio was 3 : 1, and the mean age ± SD

was 2.30 ± 0.81 years. There were 15 (45.4%) children with

gunshot wounds, 11 (33.3%) with bomb blast wounds,

three (9.1%) with impalement injuries and two (6.1%) with

arrow injuries. Fourteen (42.4%) patients had abdominal

organ evisceration; of them, nine were as a result of

gunshot injuries. Routine exploratory laparotomy was

carried out in all 33 patients. Seven (21.2%) were operated

on with simultaneous resuscitation in the immediate

laparotomy group, and 26 (78.8%) underwent delayed

laparotomy. There was a negative laparotomy in four

(12.1%) patients, two of whom had only omental

evisceration with no other accompanying visceral injuries,

and two without evisceration. Three (9.1%) patients died

after developing enterocutaneous fistula, compartment

syndrome and sepsis.

Conclusion There were more cases of penetrating

abdominal injuries among boys and children from the rural

areas than in those from urban areas. Ann Pediatr Surg
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Introduction
In children, unintentional injury due to either road traffic

accidents, sports and occupational and recreational

activities are a frequent cause of abdominal trauma, and

often result in blunt abdominal injury [1,2]. Never-

theless, penetrating abdominal injury due to stab wound,

firearms, or impalement injuries can still occur, but often

as isolated cases [3,4]. Blunt abdominal trauma may be

the common type of abdominal trauma in children [5–7],

but in times of civil or communal conflicts and insurgency

this pattern can change as firearms and other forms of

missile injuries such as improvised explosive devices

(IED) may be rampant, to the extent that penetrating

abdominal injury become common [8]. This could

account for the relative increase in the incidence of

penetrating abdominal injuries recently seen in both

developed and developing countries [9,10], because of

the recent rise in communal conflicts and insurgent

attacks. This has obviously translated into increased

burden of firearm-related morbidity and mortality not

only in developing countries alone but across the

globe [11]. In 2009, firearms accounted for 89% of

hospital admissions in the USA among children less than

15 years of age and this figure has not remained

static [12]. Although in developing countries there is no

unified data on the incidence of firearm-related injuries,

it has been reported as one of the leading cause of

morbidity and mortality after malnutrition and commu-

nicable diseases in sub-Saharan Africa [13]; thus, it has

gradually joined the rank of conditions that threaten the

well-being of the child. As such, trauma has become the

disease of the 21st century and it is gradually taking its

place as the leading threat to the health of children in

Africa. There is, therefore, the need to consider this

threat in health budgeting and planning among the ranks

of others such as malnutrition and communicable diseases

in Africa [14]. This study aimed at determining the

incidence, etiology, principles of management and out-

come of penetrating abdominal injuries in children.

Materials and methods
A prospective observational study was carried out on 33

children aged between 0 and 15 years with penetrating

abdominal injuries at the University of Maiduguri

Teaching Hospital in northeast Nigeria, from June 2013

to June 2015. Children with penetrating abdominal

injuries, which had not breached the peritoneum, were

excluded from the study. After obtaining ethical approval
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from the hospital ethics and research committee. Data

collected from patients included either rural or urban

dwellers, cause of the penetrating abdominal injury

(gunshot, bomb blast/IED, arrow shot, stab wounds,

impalement injuries), and the presence or absence of

visceral evisceration. For those with evisceration the type

of the eviscerated organ and the assault device were

ascertained. The time that the patient’s presented to

the Accident and Emergency Department was noted as

follows: less than 6 h; 6–12 h, and more than 12 h after

injury. Those patients who presented less than 6 h are

classified as the immediate presentation group, whereas

those who presented between 6 and 12 h and those who

presented more than 12 h of injury are the delayed and

late presentation groups, respectively. In terms of their

haemodynamic status at presentation, patients who had

tachypnoea, pulse rate above 90 beats/min, pallor, dehy-

dration and abdominal distension with peritonitis were

considered haemodynamically unstable; patients without

dehydration and pallor, with respiratory rate less than

20 cycles/min, pulse rate less than 90 beats/min, absent

abdominal distension, and also without peritonitis were

considered haemodynamically stable. Patients who

were operated less than 6 h of presentation constituted

those who had immediate reaction time (immediate

laparotomy); those who were operated after stabilization

of hemodynamic status in more than 6 h of presentation

had delayed reaction time (delayed laparotomy). The

intraoperative findings determined the type of surgery

performed; however, the surgical procedure was categor-

ized into one-stage, two-stage, or three-stage procedures

based on intraoperative findings. If a definitive procedure

was performed at the first laparotomy it is attributed as

one-stage procedure. Two-stage procedures are attributed

to damage control or any form of enterostomy only at the

initial laparotomy (i.e. a second surgery will be required

to return the , a patient that will have anastomosis/closure

of a rectal perforation with a protective proximal diverting

stoma at the initial laparotomy, and subsequent revision

of the stoma later is qualified as three-stage procedure.

The outcome of the procedures was recorded.

Results
There were 33 (31.4%) children with penetrating

abdominal injuries of the 105 children with trauma-

related injuries admitted during the study period. Boys

were predominant, with a frequency of 75.8%. The male-

to-female ratio was 3 : 1; the mean ± SD for age was

2.30 ± 0.81 and peak age group was 5–10 years. The age

distribution is shown in Table 1.

Twenty-four (72.7%) children were from rural areas. Most

injuries were caused by gunshot in 15 (45.4%) children,

followed by IED in 11 (33.3%) children. Other causes of

penetrating abdominal injuries are shown in Table 2.

There were 14 (42.4%) children with evisceration of

abdominal organs and 19 (57.6%) without evisceration.

The eviscerated organs were the omentum with jejunum

in four, jejunum alone in two, ileum in two, stomach with

the omentum in two, the omentum only in three and the

stomach alone in one child. Gunshot injuries were a

common cause of evisceration (64.3%), followed by IED

(28.6%) (Table 2). As regards duration of presentation to

the Accident and Emergency Department, most of the

patients (19, 57.6%) presented less than 6 h of injury,

eight (24.2%) and six (18.2%) children presented

between 6 and 12 h and more than 12 h, respectively,

after the injuries had occurred. A child with evisceration

due to IED injuries presented after 6 days. Of those who

presented less than 6 h of injury, nine (47.4%) had

abdominal organ evisceration. Among the eight (24.2%)

patients who presented between 6 and 12 h of injury,

three (37.5%) were with eviscerations. Two children

(33.3%) out of the six (18.2%) patients who were

admitted more than 12 h and beyond had eviscerated

abdominal organs.

Concerning haemodynamic status, 21 (63.6%) haemodyna-

mically unstable patients were admitted; 12 (57.1%) of

them were with evisceration. Plane abdominal radiography

performed on 12 (36.4%) haemodynamically stable patients

showed pneumoperitoneum in 10 of them; a radioopaque

shadow, extending covering about one-third of the abdo-

men was observed in the other two on an oblique view.

Associated injuries in eight (24.2%) children included the

following: grade IV scrotal injury, two severe head injuries,

closed fracture of the mid-shaft of the left radial bone,

mangled left upper limb, open fracture of the right radial

and ulnar bones, closed segmental fracture of the right

femur, and open fracture of the tarsus of the left foot.

These associated injuries were all in children with missile

injuries.

Patients were resuscitated according to the advanced

trauma live support protocol. Seven (21.2%) patients

underwent exploratory laparotomy in less than 6 h of

presentation (immediate laparotomy); of them, three

patients underwent two-stage surgeries and four under-

went one-stage surgery. One patient in the immediate

laparotomy group died. Twenty-six (78.8%) children

underwent exploratory laparotomy when they presented

after more than 6 h of sustaining their injuries (delayed

laparotomy); of them, 22 underwent one-stage and four

Table 1 Frequency of age distribution of the study population

Age n (%)

< 12 months 2 (6.1)
1–4 years 5 (15.2)
5–10 years 15 (45.4)
11–15 years 11 (33.3)
Total 33
(100.0)

Table 2 Causes of penetrating abdominal injury with frequency of
abdominal organ evisceration

Cause of
abdominal injury

Total number of
patients [n (%)]

Number of patients with
organ evisceration [n (%)]

Gunshot 15 (45.4) 9 (64.3)
Bomb blast 11 (33.3) 4 (28.6)
Impalement 3 (9.1) 0 (0.0)
Knife stab injury 2 (6.1) 1 (7.1)
Arrow shot (Fig. 1) 2 (6.1) 0 (0.0)
Total 33 (100.0) 14 (100.0)
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patients underwent three-stage surgeries, among whom

there were two deaths. Intraoperative findings with their

surgical details are shown in Table 3.

In all laparotomies a supraumbilical transverse incision

was made separate from the point of injury.

In four (12.1%) patients, of whom two had omental

evisceration and two without evisceration, there were no

intraoperative findings suggestive of visceral injury; hence,

these were considered as negative laparotomies. In all

patients with evisceration, the eviscerated viscera were

copiously washed with warm normal saline before being

returned to the peritoneal cavity. In patients who had

avulsion of the anterior abdominal wall the peritoneum was

repaired immediately, whereas the wound tracts were

debrided and allowed to granulate for secondary closure.

Ten (30.3%) patients had complications; of them, six

(60.0%) were with evisceration and four (40.0%) were

without evisceration. The complications included the

following: paralytic ileus, superficial surgical site infec-

tion, burst abdomen, anastomotic dehiscence, pelvic

abscess and deep surgical site infections. Other complica-

tions are postoperative adhesive intestinal obstruction,

incisional hernia, postoperative jejunojeunal intussuscep-

tion and secondary hemorrhage.

Three (9.1%) patients died. The deaths were among

those patients who presented more than 12 h and beyond

after the injury. Death was due to high output

enterocutaneous fistula, compartment syndrome, and

sepsis, respectively (Fig. 1).

Discussion
In our environment and other developing countries,

penetrating abdominal injury, unlike in developed coun-

tries, commonly follows a gore by a bull, impalement, and

rarely a stab with sharp objects [15–17]. However,

nowadays there is an obvious noticeable increase in the

incidence of penetrating abdominal injuries from firearms

because of increased civil conflicts and rising insurgent

attacks [18]. This could account for why gunshot injury

alone was responsible for penetrating abdominal injury in

about 45.4% of our patients, who were predominantly

boys aged 5–10 years and in children from the rural areas.

A similar relationship was observed by Grossman

et al. [19] and others, citing that children from the rural

areas are likely to present with penetrating abdominal

injury [20,21]. Most probably, children, especially boys

are more adventurous and likely to explore the environ-

ment compared with their female counterpart and are

thus exposed to the risk for injury more.

Generally, with missile injury there is tissue damage,

which occurs because of unabated energy transfer to

adjacent tissues, and the magnitude of damage is directly

proportional to the kinetic energy of the missile and the

tissue density [22–24]. Cytokines are also released from

Table 3 Intraoperative findings, operations performed, and outcomes

Reaction time
(number of
patients) Intraoperative findings Operation performed

Number
of stages Outcome

Patients operated <6 h of presentation
2 Transverse colonic injury with significant fecal contamination Transverse colostomy Two

stages
Survived

1 Grade III liver injury (right lobe), rent on greater curvature of the
stomach, multiple transverse colon perforations

Liver debridement, repair of stomach rent, transverse
colostomy

Two
stages

Survived

1 Grade IV liver injury, multiple jejunal perforations,
hemoperitoneum

Liver debridement + hemostasis, jejunojejunal resection
and anastomosis

One
stages

Died

1 Grade IV splenic injury, perforation in the left diaphragm and on
the jejunum, hemoperitoneum, grade IV scrotal injury

Splenectomy, repair of diaphragmatic and jejunal
perforations, debridement of the scrotal injury

One
stages

Survived

1 Ileocecal perforations with hemofeculent peritoneal
contamination

Limited right hemicolectomy One
stages

Survived

1 Wide rent on greater curvature of the stomach, hemoperitoneum
mixed with gastric content

Repair of gastric rent One
stages

Survived

Patients operated >6 h of presentation
8 Multiple ileal perforations with minimal fecal contamination Ileoileal resection and anastomosis in 5, closure of the

perforations in 3
One

stages
Survived

4 Jejunal perforations, multiple in 1 with moderate hemoperitoneum Closure of the perforations in 3, resection, and
anastomosis in 1

One
stages

Survived

3 Stomach injuries, peritoneum contaminated with gastric content Repair One
stages

Survived

2 Grade IV rectal injuries with hemofeculent contamination Repair of rectal injuries + sigmoid colostomy Three
stages

Survived

2 Omental evisceration only with mild hemoperitoneum Return of the omentum after irrigation with warm saline
fluid

One
stages

Survived

2 Ileocecal perforations Limited right hemicolectomy One
stages

Survived

2 Breach in the peritoneum only with minimal hemoperitoneum Closure of the peritoneal opening One
stages

Survived

1 Rectal injury, avulsed left ureter, intraperitoneal bladder rupture Repair of the rectum with a proximal protective sigmoid
colostomy, left ureterostomy, closure of the ruptured
bladder

Three
stages

Died

1 Shattered third part of the duodenum with contused pancreas Duodenojejunstomy One
stages

Survived

1 Multiple jejunal perforations, grade IV anorectal injury, significant
hemoeritoneum

Resection and anastomosis of the jejunum, repair of
anorectal injury with a proximal diverting sigmoid
colostomy

Three
stages

Died
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the damaged tissues that can cause physiologic and

metabolic changes resulting in hemodynamic disturbance

in the whole body system [25,26]. Nevertheless, primary

or secondary injuries are the resultant physical effect of

such injury on the body. In some of our patients, the

secondary injury was caused by the scrap metal objects,

bolts nuts, screws, nails, and household tiles used in

fabricating the IED.

In terms of visceral evisceration, we observed that the

omentum was the organ that was eviscerated most often.

Probably because the omentum is the abdominal gatekeeper

and also a highly mobile viscerus it can easily eviscerate

when there is a breach of the peritoneum. There were more

patients with organ evisceration in missile injuries compared

with those with nonmissile-related penetrating abdominal

injuries as was seen in other studies [27].

Twenty-four percent of the patients had associated

injuries. They were all in those with the missile injuries.

Ogwang [28] observed that 87.5% of associated injuries

occurred in their cohort of 100 patients who came in with

missile injuries.

Rarely will penetrating abdominal trauma in the pediatric

age occur without an underlying associated visceral injury.

This is because organs such as the liver and spleen occupy a

large part of the intra-abdominal surface area, and, coupled

with the less protection given by the lower part of the rib

cage and the relatively less developed anterior abdominal

muscles, the risk for abdominal organ injury increases [29].

Therefore, knowledge of the mechanism of injury and the

type of weapon used is important in ascertaining the

magnitude of organ involvement.

Preoperative stabilization is important because irreversible

hemodynamic imbalance can easily lead to extensive

tissue damage if hypotension, hypothermia and metabolic

acidosis are unresolved immediately [30]. The intravenous

fluids should be at least warm to prevent hypothermia and

dextrose be added to the intravenous fluids. Resuscitation

should not completely overshadow the general concept of

a through clinical assessment; perhaps there may be more

than one organ injury, which may require a multidisciplin-

ary approach after stabilization [31].

Usually, minimal diagnostic evaluation is required in a

patient with penetrating abdominal injury, especially if

the patient is unstable [32]. Plain abdominal radiography

could be useful in those patients without abdominal

organ evisceration to diagnose possible bowel perforation,

which may reveal pneumoperitoneum. Furthermore,

when available, computerized tomography (CT) should

be used as it can delineate the tract of injury and the

state of adjacent structures better [33]. Some studies

have even used CT findings as the sole determinant for

surgery in patients with penetrating abdominal in-

jury [34]. However, CT may not be available in most

institutions in sub-Saharan Africa. When it is available it

may either be nonfunctional or be unaffordable, and,

when functional, its use may be hampered by lack of

power supply or trained operating personnel [35].

The definitive management of penetrating abdominal

injury, unlike in blunt abdominal trauma, is usually

straightforward; it should be routine emergency explora-

tory laparotomy except in situations in which there are

other severe associated injuries [36]. To avoid untoward

physiologic and metabolic changes with any delay in

intervention, we opted for routine emergency exploratory

laparotomy for all patients. With laparotomy there was

liberty to directly control hemorrhage, peritoneal con-

tamination, and can still continue resuscitation in the

form of damage control in some of the patients. Arguably,

patients with stable haemodynamic status could be

selected for nonoperative management of penetrating

abdominal trauma as advocated by Shaftan and collea-

gues [37–40]. Our challenge was lack of a dedicated

trauma team and readily available additional diagnostic

facilities (ultrasound scan, CT) with a committed

radiologist, and also our sample was small. The success

rate with routine exploratory laparotomy for penetrating

abdominal injury was 87.9% in our series. Granson

et al. [41] also had successful routine exploratory

laparotomy rate of 69% in a study of 100 patients.

Concerning the choice of definitive surgery, degree of

peritoneal contamination determined the choice. Patients

with minimal peritoneal contaminations and mainly those

with small bowel perforations underwent one-stage

surgery (i.e. closure of a single perforation, resection

and anastomosis in multiple perforations less than 5 cm

apart). Staged surgery was used in those patients with

significant peritoneal contamination, especially in pa-

tients with colonic and rectal injuries. Staging the surgical

operation reduced morbidity and mortality in most of

those patients with fecal peritoneal contamination.

The complication rate was 33.3%. Complications were

often seen in those patients with evisceration and colonic

injuries as compared with those without evisceration.

This was also observed by Demetriades et al. [42]; they

also noted that colonic injuries resulted in the develop-

ment of postoperative complications. All patients who

died had major injuries; in addition to having major

trauma there was also delay in presentation after injury,

which gave time for systemic exhaustion and sepsis to

develop. The delay in presentation could be attributed to

the fact that most of the injuries were sustained while

Fig. 1

One of the patients with penetrating abdominal injury due to arrow shot
in whom laparotomy was negative intraoperatively.
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fleeing the conflict area. Locating the patients and

transporting took some time. One of the patients was

found on sixth day with gunshot injury.

In conclusion, there is no denying the fact that the

incidence of firearm-related injuries is gradually rising

among children in developing countries. Thus, there is

the urgent need to develop a systematic approach aim at

indentifying the vulnerable, predisposing factors, and the

immediate intervention in areas of conflict. Finally, the

rights of children need to be recognized and protected by

warring parties.
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