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Abstract

Background Computed tomography (CT) scanning is a

vital imaging technique in selecting patients for nonoper-

ative management of civilian penetrating abdominal

trauma. This has reduced the rate of nontherapeutic

laparotomies and associated complications. Battlefield

abdominal injuries conventionally mandate laparotomy,

and with the advent of field deployable CT scanners it is

unclear whether some ballistic injuries can be managed

conservatively.

Methods A retrospective 12 month cohort of patients

admitted to a forward surgical facility in Afghanistan who

sustained penetrating abdominal injury severe enough to

warrant laparotomy or CT scan were studied. Patient

details were retrieved from a prospectively maintained

operative log and CT logs. Case notes were then reviewed

and data pertaining to injury pattern, operative interven-

tion, and survival were collected.

Results A total of 133 patients were studied: 73 underwent

immediate laparotomy (Lap group) and 60 underwent CT

scanning (CT group). Of those undergoing CT scanning 17

underwent laparotomy and 43 were selected for nonopera-

tive management. There were 15 deaths in the Lap group

and none in the CT group. The median New Injury Severity

and Revised Trauma Score was 29 and 7.55 in the Lap

group and 9 and 7.8408 in the CT group, which is statisti-

cally significantly different (p \ 0.001). Five patients in the

CT-Lap group had nontherapeutic laparotomies and 1

patient failed nonoperative management.

Conclusions Computed tomography scanning can be

used in stable patients who have sustained penetrating

battlefield abdominal injury to exclude peritoneal breach

and identify solid abdominal organ injury that can be safely

managed nonoperatively.

Introduction

The conventional surgical doctrine for the management of

civilian penetrating abdominal trauma prior to the 1980s

was one of mandatory laparotomy [1]. This led to a sig-

nificant nontherapeutic laparotomy rate (37–40% [2, 3])

with a complication rate quoted as high as 41% in some

studies [4]. To reduce this rate, the concept of selective

nonoperative management (SNOM) has emerged, initially

with stab wounds [5], but more recently with ballistic

injury [6, 7]. The SNOM approach has largely been pos-

sible because of the use of computed tomography (CT)

scanning to characterize and grade injury pattern [8].

Mandatory laparotomy for penetrating injuries sustained

in conflict is currently considered standard management

[9]. However, as CT scanners have now become reliably

available in more forward, austere locations [10], surgeons

have an additional tool with which to evaluate stable

patients with such injuries.
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Computed tomography scanning has become a feature

of deployed medical services in recent years [10], but only

in recent engagements have there been sufficient patients

leading to useful clinical publications [11–13]. The bulk of

published experience pertains mainly to imaging of neu-

rological and neck trauma [11, 12]. There has been little

published material on the role of CT scanning in evaluating

stable patients with penetrating abdominal trauma in con-

flict. Crucially, prior to applying civilian lessons, it is

important to understand how conflict injuries differ from

low-velocity civilian trauma.

Injuries sustained in conflict are generally caused by a

spectrum of mechanisms ranging from low-energy pro-

jectiles such as secondary fragments to high-energy pro-

jectiles from assault weapons [9, 14]. Wounds vary from

minor fragmentation injuries with no or minor body cavity

breach to those high-energy transfer wounds destroying

and heavily contaminating tissues. Figure 1 illustrates a

fragmentation injury to the liver, and Fig. 2 shows no

peritoneal breach, whereas Fig. 3 illustrates a gunshot

wound to the liver. While a wound sustained in conflict

always requires debridement, careful selection of stable

patients whose abdominal cavity has not been violated or

have sustained a solid organ injury, will prevent nonther-

apeutic laparotomy.

The aim of the present study was to assess the role of CT

in the management of all types of penetrating abdominal

trauma in the conflict environment, and to determine if it

could help select patients for nonoperative management,

thereby avoiding nontherapeutic laparotomy.

Methods and patients

During the 12-month period October 2007 to September

2008, all data from patients who had sustained a pene-

trating wound to the abdomen (defined as a penetrating

injury between the xiphisternum and the pubic symphysis)

severe enough to warrant laparotomy or computed

tomography (CT) scanning of the chest, abdomen and

pelvis were retrieved from a prospectively maintained

operative and CT log. Patients displaying any hemody-

namic instability, evisceration, or peritonism underwent

urgent laparotomy (i.e., following resuscitation and plain

radiography). Any stable patient without peritonism

underwent a CT scan with intravenous contrast, during the

portal-venous phase. With approval of the local Calldicott

Guardian (senior clinician in charge of ensuring responsi-

ble use of confidential patient data) we retrospectively

reviewed the in-patient records of these patients.

All notes were studied and 60 data points pertaining

to the emergency department (ED), operating room, and

Fig. 1 Axial image of a fragmentation injury with a metallic

fragment lying in the liver associated with a hemoperitoneum

Fig. 2 Axial image identified a metallic fragment in the right flank

with no peritoneal breach

Fig. 3 Gunshot wound to the right upper quadrant successfully

managed nonoperatively. Image shows large hemoperitoneum with

liver laceration and active extravasation. Round not demonstrated

28 World J Surg (2011) 35:27–33

123



in-patient management were recorded and analyzed. We

were specifically interested in the anatomical site of inju-

ries, type and timing of operative intervention, physiolog-

ical parameters, and survival following surgery. These data

allowed us to calculate the Revised Trauma Score (RTS),

New Injury Severity Score (NISS), and the predicted per-

centage survival using Trauma Injury Severity Scoring

(TRISS) methodology. The NISS was specifically used

because it has been demonstrated to be more accurate in

military casualties [15]. It was calculated using Abbrevi-

ated Injury Score-90 criteria [16]. We statistically com-

pared the RTS, NISS, and TRISS of patients undergoing

immediate laparotomy to those undergoing CT scanning

using a two-sample t-test. A further comparison, using the

same methodology, was made between patients who

underwent laparotomy versus those managed conserva-

tively following CT scanning.

Results

During the study period, 1,631 patients were admitted to

the British Military Hospital in Helmand Province,

Afghanistan. Of the 615 patients admitted for treatment of

combat-related injuries, 133 had sustained penetrating

injury in the abdominal region.

Seventy-three patients underwent urgent laparotomy

following assessment by a consultant (attending) surgeon.

Sixty patients whose mean arterial pressure was greater

than 60 mmHg following resuscitation had unclear opera-

tive indications, and underwent CT scanning with intra-

venous contrast (Philips Brilliance, 6-slice CT scanner,

Koninklijke Philips Electronics NV, Netherlands) to clarify

their injury pattern. All scans were reported by a consultant

(attending) radiologist. These 133 patients represent our

study group and their demographic and admission physi-

ological data are shown in Table 1.

Trauma scores and injury pattern

The trauma scores and survival data are shown in

Table 2—precise injury pattern data were missing in 8

patients undergoing immediate laparotomy, reducing this

cohort to 65 patients. The RTS, NISS, and percentage

predicted survival (TRISS) illustrate that those patients

with immediate indications for operation had poorer

physiologyand had sustained greater injury. Thus they had

lower predicted survival than those going for CT scanning.

The RTS, NISS, and TRISS predicted survival is statisti-

cally significantly different (p \ 0.001). In total, 12%

(15/125) patients died, all of whom had undergone

immediate laparotomy—7 intraoperatively and 8 in inten-

sive care. Of those who died intraoperatively, 5 underwent

resuscitative thoracotomy followed by laparotomy and 2

underwent resuscitative laparotomy. Of the eight patients

who died in the ICU, 7 died from multi-organ failure and 1

from a penetrating head injury.

Of the 60 patients who underwent CT scanning, 20 had a

scan suggestive of a hollow organ injury and 17 subse-

quently underwent laparotomy. The remaining 43 patients

underwent conservative management. In a comparison of

the physiology-based RTS, the two groups are statistically

indistinct (p = 0.795). In contrast, those undergoing lapa-

rotomy have a statistically significantly higher NISS, which

is anatomically based (p \ 0.001). Table 3 details these

scores and statistics and Table 4 details the injury pattern

and operative interventions undergone by all groups.

Indication for laparotomy without CT scanning

Seventy-three patients underwent laparotomy following

initial assessment in the emergency department. Upon

review of the operation notes to identify indications, 41

relate to mechanism of injury (8 fragmentation, 33 gunshot

wounds), 13 eviscerations, 2 foreign bodies on plain film,

and 2 cases of frank hematuria.

Indications for laparotomy after CT scanning

Of the 17 patients who underwent laparotomy, 15 (88%)

were injured by fragmentation. There were five (29%)

nontherapeutic laparotomies, all for suspected hollow

organ injury. The CT scan identified intraperitoneal foreign

bodies plus free fluid. The managing surgeon elected to

Table 1 Demographic and admission physiological data

Laparotomy

group

Computed tomography

(CT) group

Number 73 60

Median age (years) 24 (1–70) 22 (0.5–51)

Gender

Male 66 (89%) 54 (90%)

Female 9 (11%) 6 (10%)

Mechanism of injury

Gunshot 42 (58%) 16 (27%)

Fragmentation 23 (31%) 44 (73%)

Unknown 8 (11%) 0

Mean arterial

pressure (mmHg)

81 (38–133) 93 (48–127)

pH 7.26 (6.58–7.38) 7.33 (6.84–7.62)

Base excess -7 (-30 to 1) -3.5 (-17 to 0)

Haemoglobin (g/dl) 11.4 (4.8–17) 12.9 (8.8–17.1)

Temperature (�C) 36.0 (28.6–39.1) 37.0 (35.2–38.2)

All figures are the median, with the percentage or range shown in

parentheses
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operate on the basis of those findings. The remaining

12 (71%) therapeutic laparotomies all involved repair of

hollow organs. Ten were due to fragmentation injury.

Nontherapeutic laparotomy and failure of conservative

management

There were 13 nontherapeutic laparotomies: 8 in the lap-

arotomy group and 5 in the CT –laparotomy group. Table 5

provides a summary of the indications for laparotomy in

patients who underwent a nontherapeutic operation. In our

short follow-up period, there were no complications from

nontherapeutic laparotomy in this study cohort.

In the group selected for conservative management, the

majority had solid organ injury (liver, spleen, kidney).

Three patients’ scans identified intraperitoneal foreign

bodies with free fluid suspicious of hollow organ injury,

and the managing surgeon elected to watch these with

serial examination. There were no laparotomies required in

these patients, and only one patient failed conservative

management. His injury was a gunshot wound to the right

upper quadrant. The patient sustained a grade III lung and

liver injury initially managed by intercostal chest drainage

only, as he was hemodynamically stable on admission. The

patients’ transfusion requirement continued to rise, and by

day 4 post-injury he was taken to the operating room for

liver packing. The chest injury was complicated by an

empyema requiring thoracotomy and decortication on day

14 of admission.

Overall, CT scanning in conjunction with the surgeon’s

opinion was 90% accurate in selecting patients for

operative or nonoperative management. In the selection of

patients for therapeutic operative management of battle-

field penetrating trauma, it had a positive predictive value

of 71%, negative predictive value of 98%, sensitivity of

92%, and specificity of 89%.

Discussion

A common weakness of studies from conflict zones, and

one that is shared by the present study, is their retrospective

nature and incomplete data. We report a series of 133

patients with penetrating abdominal trauma in a conflict

zone who were initially managed either by urgent lapa-

rotomy or by assessment by CT scan. An important con-

sideration to note is that, over the study period, eight

different consultant surgeons contributed to the manage-

ment of the cohort. Patients were managed in a non-pro-

tocol way and thus there are variations in clinical approach:

some surgeons adopted a more aggressive approach than

others. Data were incomplete in 8 patients (6%), all of

whom underwent immediate laparotomy. Additionally,

although we lack long-term follow-up, this does not affect

our measured outcome—injury pattern, mortality, and

initial operative interventions.

Patients undergoing CT scanning were most commonly

injured by secondary fragmentation from a blast (73%).

These injuries can appear clinically innocuous but may

have damaged vital structures that only become clinically

apparent hours to days post-injury [17]. In our group, CT

successfully excluded peritoneal breach in 29 patients

Table 2 Trauma scores and survival data of patients undergoing immediate operation and those undergoing CT scanning

Laparotomy CT—all Two-sample t-test

Number 65a 60

Revised Trauma Score (RTS) 7.55 (0–7.8408) 7.8408 (6.3756–7.8408) p \ 0.001

New Injury Severity Score (NISS) 29 (1–67) 9 (1–35) p \ 0.001

Predicted survival (TRISS) 92.85% (0.3–99.5) 99 (82–99.5) p \ 0.001

Deaths 15 (23%) 0

a Data on injury pattern in 8 patients was unknown, therefore analysis was undertaken on 65 patients. Values are medians plus range in

parenthesis

Table 3 RTS, NISS, and TRISS of patients undergoing laparotomy or conservative management post-CT

CT—laparaotomy CT—conservative Two-sample t-test

Number 17 43

RTS 7.8408 (6.3756–7.8408) 7.8408 (6.904–7.8408) p = 0.795

NISS 17 (1–35) 9 (1–25) p \ 0.001

TRISS 98.4 (82–99.5) 99 (97.3–99.5) p = 0.122

Values are medians plus range in parenthesis
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(no delayed laparotomy) and 14 patients were selected for

nonoperative management of solid organ injuries. It is

important to note that 3 of these patients had sustained

gunshot wounds to the right upper quadrant. While SNOM

of this type of injury is accepted in civilian practice, it has

not been reported successfully from a conflict environ-

ment [18]. One of the patients in the present series failed

conservative management related to a liver injury.

If the alternative was that any penetrating abdominal

injury mandated laparotomy, the use of CT scanning

assessment would have avoided nontherapeutic laparotomy

in 42 of 43 of our patients. However, we accept that if the

clinical judgement was that the wounds were superficial

and sustained in hemodynamically stable patients, this

number is likely to be lower. It was not possible to exclude

hollow-organ injury by CT in 17 patients, and subsequent

laparotomy confirmed hollow organ injury in 12; the

remaining 5 patients (29%) were treated with nonthera-

peutic laparotomies.

Civilian studies have clearly identified the safety and

effectiveness of SNOM in civilian penetrating injury.

A recent review of the evidence by the Eastern Association

for the Surgery of Trauma has formulated ‘‘Practice

Management Guidelines for Non-Operative Management

of Penetrating Abdominal Trauma’’ [19]. There was suffi-

cient grade II evidence (prospective or retrospective clin-

ical studies based on reliable data) for patients with

hemodynamic instability, peritonism, or those with an

unreliable examination (i.e., head injury) to undergo

emergent laparotomy. Patients outside this cohort should

be considered for triple-contrast (oral, rectal, and intrave-

nous) abdomino-pelvic CT scan or serial abdominal

examination. In terms of purely ballistic civilian experi-

ence, Velmahos et al. have recently reported successful

SNOM in 712 (38%) of 1,856 cases with a nontherapeutic

laparotomy rate of 14% [7].

Our study is different from most reported in that our

scanning protocol only used intravenous contrast, with

scanning during the portal venous phase. The reasons for

this are multifactorial: skill set, time, and clinical priorities.

Radiography staff deployed to the hospital were responsi-

ble for all imaging modalities, and thus a protocol was

devised that placed minimal demands on staff during busy

periods. The single contrast protocol places emphasis on

Table 4 Injury pattern data

Laparotomy CT—

laparotomy

CT—

conservative

Number 65a 17 43

Hemothorax 14 3 9

Diaphragm 11 1 0

Liver 24 1 7

Spleen 9 1 1

Kidney 13 0 2

Stomach 14 0 0

Duodenum 4 1 0

Pancreas 7 1 0

Small bowel 27 6 0

Colon 28 4 0

Rectum 4 1 0

Bladder 4 1 0

Pelvic fracture 3 1 0

Mesentery 5 1 1

Retroperitoneal hematoma 10 0 0

No peritoneal breach 7 5 29

Head injury 1 0 2

Spinal 1 0 1

Extra-abdominal vascular 1 1 1

Limb soft tissue 3 3 11

Amputations 4 1 0

Laparotomy

Therapeutic 57 12 0

Nontherapeutic 8 5 0

Late 0 0 1

Re-look 19 2 1

Thoracotomy

Resuscitative 5 0 0

Urgent 5 0 0

Late 2 0 2

a Incomplete data in 8 cases

Table 5 Indications for laparotomy in patients who underwent nontherapeutic procedures

Laparotomy CT—laparotomy group

2 9 blast, bilateral traumatic amputation (unstable) 4 9 fragment suspected bowel injury (stable)

1 9 junctional gunshot wound, required lobectomy (unstable) 1 9 gunshot wound to the flank, suspected colonic injury (stable)

1 9 flank gunshot wound, grade I splenic and renal injury (stable)

1 9 pelvic gunshot wound, track behind rectum (stable)

2 9 multiple fragmentation of torso (stable)

1 9 intraperitoneal fragment on plain radiography (stable)
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the identification of solid organ hemorrhage, the main early

threat to life from cavitating injuries [9, 14]. The use of

oral and rectal contrast adds a further time demand when

assessing multiple casualties delaying critical decision

making. Undoubtedly, this approach has reduced the

specificity of CT hollow organ injury detection, as our 5

(29%) nontherapeutic laparotomies demonstrate.

The only military publication to date that studies

abdominal injury and CT scanning exclusively examined

fragmentation injury. Beekley et al. analyzed 145 patients

injured by fragmentation injury over 6 months [13]. All

patients were hemodynamically stable (mean systolic BP

was 129 and pH was 7.33) and had undergone a CT

scan. Sixty patients underwent laparotomy following CT,

with a nontherapeutic rate of 25%. The study concluded

that CT (compared to physical examination and USS)

was effective and safe, with a sensitivity of 97.8%,

specificity of 84.8%, positive predictive value of 75%,

and negative predictive value of 98.8%. Our results

compare favorably, although the two studies are not

directly comparable as we included all types of pene-

trating battlefield trauma.

Computed tomography scanning is not the only modal-

ity with which to assess penetrating abdominal trauma.

There have been several prospective trials on Focused

Abdominal Sonography in Trauma (FAST) in penetrating

abdominal trauma [20, 21]. The FAST system has a low

sensitivity and rarely contributes to the management of

patients with penetrating trauma. It may be useful in certain

injury complexes such as thoracoabdominal injury where

opening the correct body cavity is a vital step in decision

making [22].

Within our cohort, we have identified 18 patients (2 that

underwent urgent laparotomy and 16 that underwent CT

scanning) that sustained gunshot wounds to the abdomen

and were hemodynamically stable on admission. Of the 2

patients that underwent immediate laparotomy both had

nontherapeutic procedures, which may have been avoided

by CT scanning assessment. Within the CT group 12 were

managed nonoperatively, with 2 therapeutic, 1 nonthera-

peutic, and 1 delayed laparotomy.

Gunshot wounds to the abdomen sustained in combat

are different from civilian wounds: they involved higher

energy transfer creating more extensive wounds with

greater bacterial contamination, often in combination with

extended pre-hospital timelines [14]. For gunshot wounds

of the abdomen sustained in conflict, operative intervention

will always be the mainstay of management, and we do not

advocate against that. However, we believe our evidence

supports the use of CT scanning to select those few stable

patients suitable for nonoperative management if tactically

appropriate.

Conclusions

We have demonstrated that CT scanning can be used in a

forward environment to safely assess penetrating abdominal

trauma and reduce nontherapeutic laparotomy rates. It can

be used to select for conservative management stable

patients with solid organ injury, injured by either gunshot

wound or fragmentation. Patients selected for operative

management by CT scanning mainly have hollow organ

injuries, although this can be difficult to interpret, leading to

some nontherapeutic procedures. Further work is needed to

improve the ability of medical personnel to exclude hollow

organ injury caused by battlefield penetrating trauma. There

should be a shift from mandatory laparotomy in stable

patients, and CT scanning should be performed in all such

patients to select those suitable for nonoperative manage-

ment, allowing for tactical constraints.
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