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Retroperitoneal organ injury caused by anterior penetrating
abdominal injury in children
Hayrettin Öztürk, Selcuk Otcu, Abdurrahman Onen and Ali İhsan Dokucu

Objective: To describe the retroperitoneal organ injury

pattern after anterior penetrating abdominal injury in

children.

Setting: The paediatric surgical department of a university

teaching hospital.

Patients and methods: All children presenting with firearm

and stab wounds to the anterior abdomen between January

1983 and April 2001.

Results: Forty-nine children (34%) with penetrating

anterior abdominal wounds had retroperitoneal organ

injury. The most injured organs were the descending colon

in 17 patients (35%), ascending colon in eight patients

(16%), and kidney in seven (14%). The most commonly

associated injured organ was the small bowel. Post-

operative septic complications were seen in 10 patients

(20%). The most common postoperative complication was

wound infection. When we compared patients with intra-

peritoneal organ injury with patients with retroperitoneal

injury, there was no difference in parameters such as age,

associated organ injury, morbidity and mortality between

both groups. The main causative factor of retroperitoneal

injuries was shotgun wounds, whereas it was stabbing in

intra-abdominal injuries (P<0.05). The number of injured

organs and the hospital stay is significantly greater in

retroperitoneal organ injuries, and the trauma scores such

as the Injury Severity Score (P<0.001) and the Penetrating

Abdominal Trauma Index (P<0.001) were found to be

significantly higher.

Conclusion: Retroperitoneal organ injury is commonly

associated with anterior penetrating abdominal trauma.

Even if there is no preoperative sign of retroperitoneal

organ injury, an exploratory laparotomy and a meticulous

retroperitoneal exploration should also be performed for

associated retroperitoneal organ injury. European Journal

of Emergency Medicine 10:164–168 �c 2003 Lippincott

Williams & Wilkins.
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Introduction
Penetrating trauma is much more common in the adult

population than in children. Penetrating trauma in the

adult population has been much more extensively

studied. Trends and patterns in injury have been

established so that there are clear guidelines for the

management of penetrating trauma in the adult popula-

tion [1].

Injuries of the retroperitoneal organs are relatively

uncommon on account of the organ size and position

[2]. Wounds of anterior penetrating abdominal trauma

pose a risk of injury to the retroperitoneal organs, which

may be missed on physical examination. Although rare in

children, retroperitoneal organ wounds occur frequently

in penetrating injuries of the anterior abdomen or back

and flank as a result of firearm or stab injuries [3,4]. The

literature on blunt paediatric trauma suggests that non-

operative management may be successful and indeed

preferable for a successful outcome in such cases [5].

There is still debate as to whether a non-operative

approach to the management of penetrating trauma in

the paediatric population is safe. In addition, the pattern

of injury and damage to the retroperitoneal organs has not

been established. The purpose of this paper is to present

our experience with penetrating abdominal trauma, with

particular reference to the selective non-operative

management of those with retroperitoneal organ damage

after penetrative trauma.

Materials and methods
All children presenting with penetrating abdominal

trauma between January 1983 and April 2001 were

eligible for study. These children were admitted to the

Paediatric Surgical Department of Dicle University

Medical School. From these, children with penetrating

anterior abdominal wounds were identified for further

study.

All patients were evaluated according to age, sex, trauma

mechanism (stab, gunshot, shotgun, explosive, e.g. land

mines, grenades, bombs), organ injuries, associated organ
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injuries, treatment modalities, morbidity and mortality

rate.

Both groups (retroperitoneal organ injury and peritoneal

organ injury) were compared with each other according to

several factors, including age, trauma mechanism (stab,

gunshot, shotgun, explosive, e.g. land mines, grenades,

bombs), associated organ injuries, the number of organs

injured, hospitalization time, Injury Severity Score (ISS),

Penetrating Abdominal Trauma Index (PATI), and

morbidity and mortality rates.

Preoperative resuscitation and treatment of all patients

with penetrating anterior abdominal trauma were similar:

intravenous fluids, anti-tetanus serum, tetanus toxoid and

prophylactic antibiotics were given. An intravenous

pyelogram was performed in clinically stable patients to

diagnose the possible retroperitoneal organ association

with the injury.

Data for each patient were also evaluated according to

two different trauma severity indices: ISS [6] and PATI

[7]. The separation of ISS between 15 or less for minor

trauma and 16 or more for major trauma had been

proposed as triage criteria [6]. The PATI score for each

patient was calculated as described by Moore et al. [7].
The trauma index score was calculated first for each

injured organ in a patient by multiplying the assigned risk

factor (1–5) by the severity of injury estimate (1–5). The

sum of the individual organ injuries comprised the final

PATI.

Statistical analysis

Data were entered and analysed on a personal computer

using SPSS version 10.0. Age, ISS, PATI, and length of

stay were compared by an analysis of variance using

Scheffe’s F procedure for post-hoc comparisons. Trauma

mechanism, associated organ injuries, the number of

organs injured, morbidity and mortality were compared by

chi-square test. A P value of less than 0.05 was considered

statistically significant.

Results
A total of 145 children with penetrating abdominal

trauma were identified. Of these, 87 had firearm trauma

and 58 were stabbed. Forty-nine of these had penetrating

abdominal trauma associated with retroperitoneal organ

damage (Figure 1). Thirty-nine patients (80%) were boys

and 10 (20%) were girls. The median age was 12±1.5

years (range 3–15 years, median±SEM). The hospitali-

zation time ranged from one to 60 days (8.5±2.2 days,

median±SEM).

The mean values in the trauma scoring systems for the

patients in our series were as follows: ISS 18.3±6.5

(range 10–35) and PATI 15.1±6.1 (range 6–31).

The causes of posterior abdominal organ injury are shown

in Table 1. The most common cause of injury was gunshot

wound (41%).

Retroperitoneal organ injuries were mostly diagnosed

during meticulous exploration of the region. One-shot

intravenous urogram (IVU) provided diagnostic informa-

tion in 11 patients with gunshot injury, and showed

ureteral wound in one stabbed patient in whom the

inferior caval vein was also wounded. Cystogram evalu-

ated bladder injuries in four patients. On the other hand,

we diagnosed three colonic, one pancreatic and two

duodenal injuries peroperatively.

The most injured organs were the descending colon in 17

patients (35%), ascending colon in eight patients (16%),

and kidney in seven (14%) (Table 2).

Fig. 1
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The diagram of patients with posterior abdominal organ injuries. ISS,
Injury Severity Score; PATI, Penetrating Abdominal Trauma Index.
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Only three patients (8%) (duodenum in one patient,

ascending colon in one and descending colon in one

patient) had one isolated injured organ, and the other 46

patients (92%) had additional abdominal or extra-

abdominal injuries.

The most commonly associated injured organs were the

small bowel in 25 patients, generally associated with

other abdominal injuries, followed by the liver in nine

patients, the stomach in four patients, diaphragm in three

patients and spleen in two patients (Table 3).

Simple closure was the most common surgical procedure.

The surgical approach to duodenal injuries was debride-

ment, primary repair, and drainage. In 25 patients with

digestive tract injuries, intestinal resection, anastomosis

or ostomy was required.

Postoperative septic complications were seen in 10

patients (20%). The most common postoperative com-

plication was wound infection (seven patients). In three

patients, operative treatment was required: anastomotic

fistula (one), wound dehiscence (one) and abdominal

abscess formation (one).

Table 4 shows a clinical comparison according to some

parameters in both groups of patients: the retroperitoneal

injury group and the intraperitoneal injury group. There

was no significant difference between these two groups

with regard to age, associated organ injury, morbidity and

mortality. The aetiological causative factors, however, in

the retroperitoneal injury group was shotgun injury

(P<0.05) and stabbing in intraperitoneal injury group.

The number of injured organs and the hospital stay was

significantly greater in retroperitoneal organ injuries, and

trauma scores such as the ISS (P<0.001) and PATI

(P<0.001) were found to be significantly higher.

One patient (2%) died as a result of a shotgun injury, from

septicemia and multi-organ failure on the first day of

admission.

Discussion
Injury to the retroperitoneum may occur after penetrating

abdominal injuries. The retroperitoneal organs are some-

what protected by the organs that lie within the

peritoneal cavity, and as such, injury to the retro-

peritoneal organs is often associated with injury to the

organs of the peritoneal cavity. Retroperitonel organ

injuries were frequently accompanied by anterior pene-

trating abdominal injuries in our study. Among our 134

patients, 49 had retroperitoneal organ injuries in addition

to intra-abdominal organ injuries. Injury to retroperitoneal

structures may be missed on physical examination [2].

Boyle et al. [8] suggested that, in stable patients, a

diagnostic peritoneal lavage should be performed as the

initial diagnostic study. When diagnostic peritoneal lavage

is negative, triple contrast computed tomography should

be performed to evaluate the remaining retroperitoneal

structures.

Recent works have suggested that the selective non-

operative management of anterior abdominal gunshot

wounds is safe, because of the incidence of ‘negative

Table 1. The mechanism of posterior abdominal organ injury
(n=49).

Mechanism of injury No. of patients %

Gunshot 20 41
Explosive 11 23
Shotgun 12 24
Stabbing 6 12

Table 2. Posterior abdominal organ injuries in patients with
penetrating anterior abdominal wounds (n=49).

Organ injured No. of patients %

Descending colon 17 35
Ascending colon 8 16
Kidney 7 14
Ureter 4 8
Bladder 4 8
Duodenum 3 8
Pancreas 3 8
Vena cava inferior 3 8

Table 3. Associated other organ injuries (n=49).

Organ injured No. of patients %

Small bowel 25 55
Liver 9 20
Stomach 4 9
Diaphragm 3 7
Spleen 2 5
Haemopneumothorax 1 2
Vertebra fractures 1 2

Table 4. A comparison of clinical parameters for retroperitoneal
and intraperitoneal organ injury groups caused by penetrating
anterior abdominal injury.

Retroperitoneal
(n= 49)

No retroperitoneal
(n= 61)

P value

Age (years) 12 ± 1.5 11 ± 2.1 ns
Trauma mechanism

Gunshot 20 (41%) 21 (34%) ns
Explosive 11 (23%) 17 (28%) ns
Shotgun 12 (24%) 5 (8%) 0.05
Stabbing 6 (12%) 19 (31%) 0.05

Associated organ injuries 13 (27%) 23 (38%) ns
No. of organs injured ( > 2) 17 (35%) 6 (10%) 0.0001
Length of stay (days) 8.5 ± 2.2 5 ± 1.3 0.05*

ISS 18.3 ± 6.5 13.2 ± 4.7 0.001*

PATI 15.5 ± 6.1 8.2 ± 3.8 0.001*

Morbidity 11 (13%) 12 (20%) ns
Mortality 0 (0%) 2 (3%) ns

ISS, Injury Severity Score; PATI, Penetrating Abdominal Trauma Index.
*Significant value (P< 0.05).
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laparotomy’, which ranged from 15 to 26% [9–12]. With a

change in the policy of mandatory exploration to selective

management, the total celiotomy rate decreased from 100

to 24% and the therapeutic celiotomy rate increased from

15 to 80%. Demetriades et al. [9] included 146 patients

with gunshot wounds of the abdomen in a prospective

study, and found that 41 patients (28%) had minimal or

equivocal abdominal signs and were observed with serial

clinical examinations. By using a policy of selective

conservatism, the incidence of negative or non-therapeu-

tic laparatomy was only 5%. The authors suggested that

abdominal gunshot wounds should be assessed and

managed exactly like knife wounds. However, most

trauma centres recommend a mandatory laparatomy

irrespective of the clinical signs [12–14].

The dissipation of high kinetic energy of firearms results

in unpredictable organ injury that may occur more

frequently in the paediatric population because of

concentrated vital organs in a small cross-sectional area

[15]. We observed one intra-abdominal organ injury in all

patients with firearm injuries, and 49% of these patients

also had retroperitoneal organ injuries. The colon was the

most common injured organ (51%) followed by the

urinary organs (30%). The vast majority of our patients

with retroperitoneal injury originated from shotgun injury.

The inspection of shotgun wounds gives more informa-

tion than that of high-velocity wounds, and is a key to

treatment and prognosis. Extensive multisystem damage

occurred when the pellets struck the abdomen as a result

of the wide pattern of injury. The surgical treatment of

other associated organ injuries may affect the overall

outcome, particularly the removal of the injured spleen

may predispose to post-injury infection [4]. Once the

decision is made to perform an exploratory laparotomy,

the surgeon must be prepared to inspect all of the

abdominal contents, for a missed injury is inexcusable.

During laparotomy for firearm injury, meticulous surgical

exposure of the retroperitoneal region should be

performed. More than two associated organ injuries were

seen, particularly in our retroperitoneally injured patients.

We agree with most trauma centres [4,16,17] as to the

necessity of mandatory laparotomy for each victim with

obvious peritoneal penetration by a firearm, irrespective

of clinical signs. Patients whose physical examination and

X-rays indicated peritoneal penetration by gunshot were

treated immediately by laparotomy.

Although rare in children, colon wounds occur frequently

in penetrating injuries of the anterior abdomen by gunshot

or stab injury. In our study, colonic injuries were most

frequently accompanied by anterior penetrating injuries.

The incidence of septic complications from colon injuries

has been reported to be from 17 to 60% [18–21]. Because

injuries to the colon are frequently associated with shock

and delay between injury and definitive operation, the

patient is subject to the immunosuppressive effects of

hypovolemia and bacterial peritonitis, which increase in

severity with delay. Boyle et al. [8] reported that after stab

wounds, any suggestion of pericolonic extravasation of

contrast or air, oedema, or haemorrhage must be inter-

preted as a positive study and should receive prompt

consideration for operative exploration.

In comparison with adults, a child’s kidney is relatively

much larger for its body size. The kidneys are also not as

well protected, with perirenal fat that is usually scant and

lower ribs that are incompletely ossified. Therefore,

children are particularly prone to injury. All penetrating

renal and haemodynamically unstable blunt renal trauma

patients who require immediate surgical exploration

should undergo a one-shot high-dose IVU before any

renal exploration [22]. A one-shot trauma IVU consists of

2ml/kg of body weight of standard non-ionic contrast

injected intravenously, followed by a single abdominal

radiograph 10min later. For a satisfactory study, a systolic

blood pressure above 90mmHg is needed. In order to

save time, the contrast can be injected at the time of the

initial resuscitation. Unstable patients who are emer-

gently taken to the operating room, should be stabilized

first and should undergo a one-shot IVU in the operating

room once they are stabilized. The major limitation of the

intravenous pyelogram is that it can seldom, in itself,

define the full extent of the injury [23]. An abnormal or

equivocal IVU warrants further exploration or radio-

graphic staging. For the haemodynamically stable patient,

further and more accurate staging can be achieved by a

computed tomographic scan [24,25]. For the unstable

patient with an abnormal IVU, surgical exploration is

warranted.

The separation of ISS at 15 or less and 16 or more for

minor and major trauma, respectively, was proposed as

triage criteria [7]. Moore et al. [7] had previously shown

the PATI score to be relatively accurate in identifying

patients at high risk of postoperative complications. The

evaluation of both groups of patients according to

the trauma scoring systems, ISS and PATI, showed that

the retroperitoneal injury group had significantly higher

values than those of the intraperitoneal injury group. We

also observed a longer hospital stay in retroperitoneally

injured patients, but, interestingly, we found no differ-

ence in the possible development of postoperative

complications between the two groups.

In conclusion, there is a high association of retro-

peritoneal organ injuries with penetrating injuries of the

anterior abdomen, especially those by firearms. A careful

exposure of the retroperitoneal region should be

performed in every patient requiring laparotomy, even if

there is no preoperative positive sign of the injury to the

retroperitoneum.
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