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Abstract
Purpose Penetrating abdominal trauma was traditionally managed by mandatory exploration, which led to high rates of 
non-therapeutic surgery and prolonged hospital stay. Diagnostic laparoscopy (DL) is a less-invasive alternative; however, 
it requires general anaesthesia and carries a potential risk of iatrogenic injuries. Contrast-enhanced computed tomography 
(CECT)-guided selective non-operative management (SNOM) may avoid surgery altogether, but there is apprehension of 
missed injury. Randomised trials comparing these two modalities are lacking. This study is aimed at comparing outcomes 
of these two management approaches.
Methods Hemodynamically stable patients with penetrating trauma to anterior abdominal wall were randomised in 1:1 ratio 
to DL or CECT-based management. Primary outcome was length of hospital stay (LOS). Secondary outcomes were rate of 
non-therapeutic surgery, complications, and length of intensive care unit (ICU) stay.
Results There were 52 patients in DL group and 54 patients in CECT group. Mean LOS was comparable (3 vs 3.5 days; 
p = 0.423). Rate of non-therapeutic surgery was significantly lower in CECT group (65.4 vs 17.4%, p = 0.0001). Rate of 
complications and length of ICU stay were similar. Selective non-operative management based on CECT findings was suc-
cessful in 93.8% of patients; 2 patients had delayed surgery.
Conclusion In patients with penetrating trauma to anterior abdominal wall, DL and CECT-based management led to com-
parable hospital stay. Significant reduction in non-therapeutic surgery could be achieved using a CECT-based approach.
Trial registration Clinical trials registry-India (CTRI/2019/04/018721, REF/2019/01/023400).

Keywords Penetrating injury · Abdominal trauma · Non-operative management · Anterior abdominal stab wounds · 
Diagnostic laparoscopy

Introduction

Management of penetrating abdominal trauma has evolved 
from mandatory exploratory laparotomy to ‘selective con-
servatism’ [1–4]. The basic principle of selective non-
operative management (SNOM) is that examinable stable 
patients can be managed with serial clinical examination, 
thus, reducing the rate of non-therapeutic surgery.

However, SNOM with serial clinical examination alone 
may lead to delay in detection of serious injuries warrant-
ing surgery in up to 20% of patients, thereby increasing 
the risk of morbidity [5]. SNOM with SCE alone may also 
not be feasible in understaffed centres or centres with less 
experience of such protocol [6]. To increase the accuracy of 
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SNOM, screening tests like contrast-enhanced computerised 
tomography (CECT) torso and diagnostic laparoscopy (DL) 
have been added in the management algorithms of penetrat-
ing abdominal trauma over the last two decades [7, 8].

Diagnostic laparoscopy allows thorough inspection of the 
peritoneal cavity, and is associated with lesser pain, wound 
infection, pulmonary complications, and shorter hospital 
stay than exploratory laparotomy [9, 10]. However, require-
ment of general anaesthesia, operating room availability and 
higher cost of treatment are limiting factors [11].

The widespread availability of CECT, speed and ease of 
performance, improved quality of images and lower cost 
compared to DL have led to more frequent use of this modal-
ity in management of penetrating abdominal trauma recently 
[7]. Use of CECT abdomen has increased the accuracy of 
detecting injuries requiring intervention [12]. In 2009, the 
Eastern Association for the Surgery of Trauma (EAST) sug-
gested that CECT should be strongly considered to facilitate 
initial management decisions in PAT [8]. However, its sen-
sitivity for detection of hollow viscus and diaphragmatic 
injuries is low, for which, DL is considered more reliable [7].

The Western Trauma Association guidelines, 2018 recog-
nised the need for randomised controlled trials to establish 
the role of SNOM, DL and exploratory laparotomy in pen-
etrating abdominal injury [7]. The aim of this randomised 
controlled trial (RCT) was to define the role of CECT and 
DL in the management of low velocity penetrating injury to 
the anterior abdominal wall.

Methods

The study is reported as per the CONSORT guidelines.

Study design

The study was designed as a two-armed, parallel RCT. The 
primary researcher (SK) enrolled participants and assigned 
them to either of two groups in 1:1 ratio.

CECT group—Patients undergoing CECT torso.
DL group—Patients undergoing DL.

Study settings and participants

The trial was conducted at a level I trauma centre, after 
clearance from the Institute Ethics Committee (Ref. No. 
IECPG-82/28.02.2019). The study was registered in the 
Clinical Trials Registry-India (CTRI/2019/04/018721, 
REF/2019/01/023400).

All acutely injured patients presenting to the emergency 
department between May 2019 and February 2021 were 
assessed during secondary survey for eligibility in the trial. 
Hemodynamically stable patients aged 16–65 years with 

low velocity penetrating injury to the anterior abdominal 
wall, who presented within 24 h of injury, were included. 
Anterior abdominal wall was defined as the region bounded 
bilaterally by the mid-axillary lines, superiorly by the fifth 
intercostal spaces at the level of the nipples, and inferiorly 
by the inguinal ligaments.

Exclusion criteria included hemodynamically unstable 
patients with pulse rate more than 120/min, blood pressure 
less than 90/60 mm Hg, presence of peritonitis, eviscera-
tion of bowel and/ or omentum, impalement, concomitant 
head injury, penetrating injuries of posterior abdominal wall, 
coagulation disorders, pregnancy, and any other concomitant 
injury requiring surgery.

Informed written consent was taken prior to inclusion in 
the study. For patients aged less than 18 years, consent of 
legal guardian was taken. Demographic and clinical data 
were recorded in a pre-structured pro forma.

Interventions

DL group

All patients in this group underwent DL after completion of 
secondary survey. The technique of DL has been previously 
described [13]. The penetrating injury wound was not used 
for port placement. Hemo-peritoneum, if any, was noted, and 
was graded as mild (< 500 mL), moderate (500–1000 mL) 
and gross (> 1000 mL). Further management was decided 
based on intraoperative findings. Surgery was considered as 
‘non-therapeutic’, if intraoperative findings did not require 
any surgical intervention, and as ‘therapeutic’, when intra-
operative findings warranted a surgical procedure. Patients 
with mild to moderate hemo-peritoneum with no active 
bleeding were categorised as ‘non-therapeutic surgery’. 
Reasons for conversion from DL to laparotomy were noted. 
Stable patients were allowed oral diet after 6 h and were 
discharged in case of uneventful recovery after 24–48 h of 
admission. Patients were advised to report to the emergency 
department if any danger sign (abdominal pain, distension, 
fever, discharge from wound, or vomiting) was present. Oth-
erwise, they were advised to follow up in outpatient depart-
ment after 7 days.

CECT group

After initial evaluation, the patients underwent CECT torso 
(abdomen and chest). Use of oral and rectal contrast were 
decided on a case-to-case basis. In focussed assessment with 
sonography in trauma (FAST) negative patients, CECT was 
acquired as a single venous phase at 55–60 s after admin-
istration of 75–80 mL intravenous iohexol at the rate of 
3–4 mL/s. In FAST positive patients, arterial phase was also 
acquired at 25–35 s.
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Management algorithm as depicted in Fig. 1 was fol-
lowed. Based on clinical status and CECT findings, patients 
underwent DL or exploratory laparotomy, which was con-
sidered as ‘early surgery’, or SNOM. The final decision 
regarding management was taken by the attending con-
sultant. Patients selected for SNOM were monitored with 
4-hourly clinical examination. All patients were kept nil by 
mouth initially. Non-operative intervention (NOI), such as 
angio-embolisation and image-guided procedures, were per-
formed when indicated; procedure done and any complica-
tions thereof, were noted. Stable patients were allowed oral 
diet at the discretion of the attending consultant but not ear-
lier than 6 h. Patients were discharged in case of uneventful 
recovery after 24–48 h of admission. Patients were advised 
to report to the emergency department if any danger sign 
(abdominal pain, distension, fever, discharge from wound, or 
vomiting) was present. Otherwise, they were advised to fol-
low up in the outpatient department after 7 days. Deviation 
from the expected course, if any, was noted. Patients who 
developed signs of peritonitis or haemodynamic instability 

during NOM were managed by DL or exploratory laparot-
omy, at the discretion of the attending consultant, which 
was considered as ‘delayed surgery’. Surgery was recorded 
as ‘non-therapeutic’ or ‘therapeutic’, as in the DL group.

In both groups, patients were managed round-the-clock 
by trauma surgery residents with at least three years of 
surgical training. Decision of discharge was taken by the 
attending consultant. Criteria for discharge included haemo-
dynamic stability, tolerance of oral diet, pain manageable 
with oral analgesics and absence of peritonitis on abdominal 
examination. All patients were followed up physically in the 
outpatient department or by telephonic interview at or after 
30 days post discharge.

Local wound exploration was not done in any group.

Outcomes

Primary outcome was length of hospital stay (LOS), defined 
as number of days from admission to time of discharge. Sec-
ondary outcomes included rate of non-therapeutic surgery, 

Fig. 1  Flow chart showing 
management protocol. CECT 
contrast-enhanced computed 
tomography, OR operation 
room, SCE serial clinical 
examination, DL diagnostic 
laparoscopy, EL exploratory 
laparotomy
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length of Incentive Care Unit (ICU) stay, rate of complica-
tions, in-hospital mortality, time to oral feeding (liquid and 
solid), time to first defecation, and 30-day readmission rate.

Sample size

Sample size was calculated based on a study by Matsevych 
et al. [14], in which LOS in patients undergoing DL was 
3.1 days, compared to 2 days in patients undergoing NOM. 
To detect a difference in LOS of 1.1 days (assuming a com-
mon standard deviation of 2 days) in two-sided t test with 
5% α error and 80% power, 53 patients were required in 
each group.

Randomisation

Randomisation was done by a statistician who was not 
involved in the trial. Random sequence generation was done 
with a computer-generated list of random numbers obtained 
from a Microsoft Excel spreadsheet to ensure a 1:1 alloca-
tion ratio. Block randomisation was performed with block 
sizes of 6 and 4 with the same spreadsheet. Allocation con-
cealment was achieved with sequentially numbered, sealed, 
opaque envelopes. No blinding was applied.

Statistical analysis

Intention to treat analysis was performed. Quantitative vari-
ables were summarised as mean ± standard deviation (SD) 
and qualitative variables as proportion (%). Comparison 
of quantitative variables was carried out using Student’s t 
test or Wilcoxon’s rank sum test, as appropriate. Chi-square 
test and Fisher’s exact test were used to compare qualitative 
variables between the two study groups. All analyses were 
performed using  Stata® version 15.1; p value less than 0.05 
was considered statistically significant.

Results

A total of 186 patients with anterior abdominal wall stab 
wounds presented to the emergency department during the 
study period. Of these, 76 patients did not fulfil the inclusion 
criteria and two patients refused to participate in the trial 
(Fig. 2). Two patients who had tested positive for coronavi-
rus disease 2019 (COVID-19), could not be randomised as 
the hospital policy during the pandemic period did not allow 
laparoscopy in COVID-19 patients. Thus, 106 patients were 
randomised.

Fifty-four patients were randomised to CECT and 52 to 
DL. One patient allocated to DL group withdrew consent 
for surgery after randomisation and underwent CECT. This 

patient was included in DL group for intention to treat analy-
sis (Fig. 2).

Demographic variables and pattern and severity of injury 
were comparable in the two groups (Table 1). Mean number 
of penetrating injuries per patient was 1.4 ± 1.1. Twenty-
eight (26.4%) patients had more than one wound. Fifteen 
patients (14.2%) sustained thoraco-abdominal injuries, of 
which, 11 (10.4%) had left-sided and 4 (3.8%) had right-
sided wounds.

Selective non‑operative management (SNOM)

The various injuries detected on CECT are enumerated in 
Table 2. Out of 54 patients in the CECT group, peritoneal 
breach was identified in CT scan in 28 (51.8%) patients. 
Of these, 21 (38.9%) patients underwent early surgery and 
7 were selected for NOM (three had solid organ injury—
one had mild free fluid in pelvis without any other appar-
ent injury, and two had only peritoneal breach). Twenty six 
(48.1%) patients, who had no peritoneal breach on CT scan, 
were selected for non-operative management (NOM). Thus, 
overall, 33 (61.1%) patients were selected for NOM. SNOM 
was successful in 31 (93.9%) patients and unsuccessful in 2 
patients (6.1%) with peritoneal breach.

Surgical management

In the CECT group, 21 (38.9%) patients were planned for 
early surgery. Six patients were managed laparoscopically 
(of which, 5 were therapeutic) whilst 15 patients had lapa-
rotomy, of which, 12 were therapeutic. Two patients (3.7%) 
underwent delayed surgery; one after 7 h due to develop-
ment of signs of peritonitis, and another after 14 h due to an 
expanding rectus muscle hematoma. The median time taken 
from admission to the operating room was 6 h (IQR 1–14).

In DL group, 51 patients underwent DL and one patient, 
who refused consent for DL after randomisation, had CECT 
and subsequently underwent EL, based on CECT findings. 
In DL, 21 patients appeared to have injuries that needed 
further operative management, which was completed lapa-
roscopically in 2 patients. Nineteen patients were converted 
to laparotomy; however, after open exploration, only 16 
patients were found to have injuries that needed interven-
tion. Median time from admission to operating room was 
4 h (IQR 0.5–18).

Intraoperatively, peritoneal breach was present in all 23 
patients undergoing surgery in CECT group, and in 37 of 52 
(71.2%) patients in DL group.

Length of hospital stay

Mean LOS was 3 ± 2.3 days in DL group and 3.5 ± 4.1 days 
in CECT group. The difference in length of hospital stay 
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between the two groups was not significant (p = 0.423), 
with effect size—0.51 and 95% confidence interval of 43.4 
to 18.3. Median LOS was 2.5 days (IQR 1–4) in DL group 
and 3 days (IQR 1–4) in CECT group. However, the dif-
ference did not achieve statistical significance (p = 0.985). 
Median LOS in the subset of CECT group patients who 
underwent SNOM was 24  h (IQR 24–48). Stratified 

analysis showed that presence of chest drain did not have 
an influence on LOS (p = 0.751).

Secondary outcomes

As per intention to treat analysis, rate of non-therapeutic sur-
gery was 7.4% (4/54) in the CECT group and 65.4% (34/52) 

Fig. 2  CONSORT flow diagram
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in the DL group; the difference was statistically significant 
(p = 0.0001). If only the patients undergoing surgery in the 
CECT group are considered, rate of non-therapeutic surgery 
was 17.5% (4/23); the difference was still statistically sig-
nificant (p = 0.0001).

Non-therapeutic laparoscopic surgery was done in 30 
patients in the DL group and in one in the CECT group. 
Non-therapeutic laparotomy was done in 4 patients in DL 

group and 3 in CECT group. Indication for laparotomy in the 
4 patients in the DL group was peritoneal breach with hemo-
peritoneum. In the CECT group, the indications were trans-
verse meso-colon hematoma (n = 1), pneumoperitoneum 
(n = 1) and suspected omental injury (n = 1). One patient 
in CECT group underwent non-therapeutic DL in view of 
pneumoperitoneum.

Seven (6.6%) patients required ICU care, of which, 
5 patients were in ICU for less than 24 h. Four of these 
patients were from DL group and one from CECT group. 
Median length of ICU stay was not significantly different 
between the two groups (p = 0.234).

Nine (17.3%) patients in DL group and 7 (13%) in CECT 
group developed complications during the course of hospital 
stay. The difference was not significant (p = 0.532) (Table 3). 
Major complications (higher than Clavien–Dindo grade II 
or major anaesthetic complications) occurred in 5 patients 
in CECT and 2 patients in DL group. All complications 
occurred in patients undergoing surgery.

There was one mortality in the entire cohort (0.9%). This 
patient was randomised to CECT group and underwent early 
surgery following diagnosis of duodenal and jejunal injury.

Two patients in the DL group and three in the CECT 
group needed readmission; the difference in readmission rate 
was not significant (p = 0.509). All readmissions occurred in 
patients who had undergone surgery (Table 4). None of the 
readmissions were due to missed injury.

Patients were started on liquid diet after 1.2 ± 0.9 days 
in DL and 1 ± 1.2 days in CECT group; the difference was 

Table 1  Comparison of baseline 
demographics and injury 
characteristics

DL diagnostic laparoscopy, CECT contrast-enhanced computed tomography, SD standard deviation, BMI 
body mass index, ISS injury severity score, NISS new injury severity score, MAP mean arterial pressure, 
FAST focussed assessment with sonography in trauma

DL group (n = 52) CECT group (n = 54)

Male, n (%)
Female, n (%)

49 (94.2)
3 (5.8)

53 (98.1)
1 (1.9)

Age in years (Mean ± SD) 27.3 ± 9.1 28.9 ± 9.4
BMI in kg/m2 (Mean ± SD) 23.3 ± 3.3 23.1 ± 3.6
Injury duration in hours (Mean ± SD) 2.7 ± 2.9 2.2 ± 1.7
ISS (Mean ± SD) 4 ± 3.3 4.4 ± 4.5
NISS (Mean ± SD) 5.6 ± 5.1 6.6 ± 7.1
Pneumo ± hemothorax, n (%) 3 (5.8) 5 (9.2)
Pulse per minute (Mean ± SD) 91.9 ± 12.5 90.3 ± 12.1
SBP in mm Hg (Mean ± SD) 120 ± 11.2 124.8 ± 12
MAP in mm Hg (Mean ± SD) 93.7 ± 7.5 91 ± 8.1
FAST positive, n (%) 13 (25) 11 (20.4)
Number of wounds per patient (Mean ± SD) 1.3 ± 1.3 1.5 ± 0.8
Area of wound (Mean ± SD) 3.2 ± 2.8 3.4 ± 3.2
Associated injuries, n (%)
Head and neck
Upper chest
Extremity

15 (28.8)
5
2
8

21 (38.9)
5
1
15

Table 2  CECT findings

DL diagnostic laparoscopy, CECT contrast-enhanced computed 
tomography

CECT finding n (%)

Peritoneal breach 28 (51.8)
Intra-abdominal injury 23 (42.6)
Pneumoperitoneum Specks of air 7 (13)

Gross 2 (3.7)
Hollow viscus injury Bowel wall discontinuity 3 (5.6)

Bowel wall thickening 2 (3.7)
Non-enhancing bowel wall 1 (1.8)

Hemo-peritoneum Mild 12 (24.1)
Moderate 4 (7.4)
Gross 1 (1.8)

Mesenteric injury Stranding 7 (13)
Contrast extravasation 1 (1.8)

Diaphragmatic injury 4 (7.4)
Thoracic injury 11 (20.4)
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Table 3  Comparison of 
outcomes between two groups

DL diagnostic laparoscopy, CECT contrast-enhanced computed tomography, SD standard deviation, ICU 
intensive care unit, IQR interquartile range, PRBC packed red blood cells, SSSI superficial surgical-site 
infection, DSSI deep surgical-site infection, ARDS acute respiratory distress syndrome

Outcomes DL group (n = 52) CECT group (n = 54) p value

Length of hospital stay in days (Mean ± SD) 3 ± 2.3 3.5 ± 4.1 0.423
Median length of hospital stay in days (IQR) 3 (1–4) 3.5 (1–3) 0.985
Time to operating room in hours (Mean ± SD) 5.4 ± 4.5 5.5 ± 3.2 0.383
Non-therapeutic surgery, n/N (%) 34/52 (65.4) 4/23 (17.4) 0.0001
Need for ICU stay, n (%) 5 (9.6) 2 (3.7) 0.364
Patients requiring ICU stay > 24 h, n (%) 1 (1.9) 1 (1.8) 0.491
Length of ICU stay in hours (Mean ± SD) 3 ± 10.6 7.1 ± 49 0.234
Mortality, n (%) 0 1 (1.8) 0.509
Readmission, n (%) 2 (3.8) 3 (5.7) 0.509
Reoperation, n (%) 1 (1.9) 1 (1.8) 0.547
Need for PRBC transfusion, n (%) 8 (15.4) 8 (14.8) 0.935
Days to nasogastric tube removal (Mean ± SD) 0.7 ± 0.8 0.4 ± 0.8 0.094
Number of days to start liquid diet (Mean ± SD) 1.2 ± 0.9 1 ± 1.2 0.464
Number of days to start solid diet (Mean ± SD) 1.8 ± 1.1 1.4 ± 1.2 0.017
Number of days to first stool (Mean ± SD) 2.1 ± 1.1 1.8 ± 1.2 0.033
Overall complications, n (%) 8 (15.3) 7 (13) 0.937
Clavien–Dindo grade I–II complications, n (%) 6 (11.5) 2 (3.7) 0.157
Clavien–Dindo grade III–V complications, n (%) 2 (3.8) 5 (9.3) 0.438
Surgical complications, n SSSI 4

0
2
0

1
1
2
1

DSSI
Paralytic ileus
Pseudocyst

Respiratory complications, n Pleural effusion 0
1
1
0

1
0
0
1

Laryngospasm
Bronchospasm
ARDS

Table 4  Details of readmission

DL diagnostic laparoscopy, CECT contrast-enhanced computed tomography, LOS length of hospital stay, SAIO subacute intestinal obstruction, 
DSSI deep surgical-site infection

Variable Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Group CECT DL DL CECT CECT
Injury Grade III pancreatic 

injury, stomach
Multiple jejunal perfo-

rations
Rectus muscle injury 

with bleeding
Perforation of splenic 

flexure of colon 
and retroperitoneal 
hematoma

Diaphragmatic injury

Management Primary repair of 
stomach, pancreatic 
drainage

Resection and anasto-
mosis of jejunum

Haemostasis and 
repair

Primary repair of 
colon

Repair of diaphragm 
rent

LOS (days) 16 5 1 5 3
Days post discharge 5 20 7 9 8
Complication Pseudocyst SAIO DSSI Intra-abdominal 

abscess
Pleural effusion

Clavien–Dindo grad-
ing

III B II I III A III A

Management Endoscopic cystogas-
trostomy

Non-operative Drainage of abscess USG guided pigtail 
drainage

Refused treatment
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not significant (p = 0.464). However, time to initiation of 
solid diet was significantly longer in DL group (1.8 ± 1.1 vs 
1.4 ± 1.2 days, p = 0.017).

Discussion

Multiple studies over the last few decades have demonstrated 
unacceptably high rates of non-therapeutic laparotomy due 
to mandatory exploration, hence it is no longer considered 
the gold standard treatment [2, 4]. No single clear alternative 
treatment has taken its place. WTA/EAST guidelines pro-
vided a review of various treatment modalities, and acknowl-
edge need for further studies to establish clarity, thus leaving 
the final decision to discretion of the treating surgeon [7, 8].

No difference in LOS was found in patients undergoing 
CECT or DL-guided management. In a retrospective study, 
Van Heut et al. found that use of CT scan helped to reduce 
the LOS of patients undergoing NOM from 3.2 to 1.8 days. 
They found the mean LOS of patients who underwent suc-
cessful SNOM to be 1.5 days [15]. In our study, all patients 
randomised to CECT were observed for 24 h as per the study 
protocol, including patients who had only subcutaneous 
wound as demonstrated by CECT. On the contrary, patients 
who had non-therapeutic surgery in DL group were dis-
charged after observation for 12–24 h. This might have led to 
a higher mean LOS in the CECT group of 0.5 days; however, 
the difference was not statistically significant. Sumislawski 
et al. suggested that patients with no peritoneal breach on 
DL can be discharged home from postoperative recovery 
room as early as 6 h [11]. However, patients undergoing DL 
in this study were not discharged at 6 h because of the usual 
practice of overnight observation in our institute. Similar 
delay in discharge after DL was also reported by Matsevych 
et al. in a study comparing DL with SNOM [14].

The most important finding of this study was a 58% 
reduction in the rate of non-therapeutic surgery in patients 
undergoing CECT-guided management. Although DL is 
less invasive than exploratory laparotomy, CECT can avoid 
surgery altogether, and thus, can potentially reduce any sur-
gery- or anaesthesia-related morbidity. In principle, DL is 
a screening test. However, it is a surgical procedure requir-
ing general anaesthesia, and patients consider it as a major 
procedure and are often reluctant to give consent. Thus, a 
policy of routine CECT rather than routine DL in stable 
patients of penetrating abdominal trauma is more likely to 
be successful in terms of patient compliance. In addition to 
greater patient comfort, this practice will take a load off the 
resource-constrained hospitals in low middle-income coun-
tries. The cost of DL is also higher than that of NOM [10].

Multiple studies have established the accuracy of CECT 
in identifying peritoneal breach and intraabdominal injury 
in penetrating abdominal trauma [12, 16]. Addition of 

tractography was found to have high specificity and sensi-
tivity, but negative predictive value remained low [17, 18]. 
Thorisdottir et al. reported that CT could identify hollow 
viscus injury in 76% patients. Sensitivity was reported as 
58% for stab wounds. No difference in sensitivity with use of 
gastrointestinal contrast was found [19]. In our study CECT 
found peritoneal breach in 51% of patients.

Two patients had non-therapeutic surgery based on specks 
of pneumoperitoneum on CECT. These were later attributed 
to the stab wound tract. In patients with intact peritoneum, 
presence of any intraperitoneal air is considered pathologi-
cal and would mandate a surgical exploration. However, 
in penetrating injury, there is a possibility that air may be 
introduced through the wound tract. Therefore, presence of 
minimal amount of intraperitoneal air may not be because of 
bowel injury. Kong et al. did not find intraabdominal injury 
in a third of patients who demonstrated pneumoperitoneum 
on erect chest X-ray [20]. However, attributing pneumop-
eritoneum to air entering through stab tract carries the risk 
of missing an injury, as was the case with one patient in 
our study. Further research is warranted to decide the best 
management for these patients—serial clinical examination 
or DL.

In this study, we did not perform local wound exploration 
in any patient, as this practice may not be useful in puncture 
wounds and has been found to be associated with high rates 
of non-therapeutic surgery. Moreover, it may be painful as 
local anaesthesia is often not adequate, and is particularly 
difficult in obese patients [21].

The postoperative course of patients in the DL and CECT 
groups was not markedly differently in terms of LOS and 
complications, but the latter had earlier return of bowel 
function and were started on solid diet significantly earlier 
compared to DL group. This could be because patients not 
requiring surgery in CECT group had no postoperative ileus. 
The rate of complications in our study was within the range 
reported in the literature [1, 22, 23].

In this study, complications in both groups occurred only 
in patients undergoing surgery. Two patients in DL group 
who had had a non-therapeutic surgery developed anaes-
thesia-related complications. Although these numbers are 
too small for any meaningful comparison, these complica-
tions could have been entirely avoided if CECT was used 
as a screening tool. Although none of the patients undergo-
ing DL in this study had iatrogenic injury, it is a potential 
risk, which can be obviated by replacing DL by CECT as 
a screening tool. Laparoscopic surgery requires consider-
able skill and its results may not be uniformly reproducible 
[24]. There are also reports indicating missed injuries, as 
laparoscopic bowel walk is a demanding procedure. In a sys-
tematic review, O’Malley et al. reported 83 missed injuries 
in a cohort of 2569 patients undergoing DL for penetrating 
abdominal trauma [24].
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There is no recommendation regarding the use of anti-
biotics in patients undergoing NOM following penetrating 
injury. In the CECT group, 29 patients who underwent 
SNOM received a single dose of prophylactic antibiotic, 
whilst 3 patients received more than one dose. None of 
these patients developed any wound-related complications. 
Thus, a single dose of prophylactic antibiotic may be con-
sidered adequate for patients undergoing SNOM.

To the best of our knowledge, this is the largest ran-
domised controlled trial comparing DL and CECT in stable 
patients with penetrating abdominal trauma. However, it is 
not without limitations. Once screening with either CECT 
or DL was done, further management was as per the discre-
tion of the treating surgeon. This might have led to some 
variability in patient management, but these variabilities are 
always present in clinical practice, and this flexibility in the 
study protocol ensures more generalisability of our study. 
Mandatory observation for 24 h was done in all patients who 
underwent CECT, which could have affected the primary 
outcome. Lack of long-term follow up may limit identifica-
tion of sequelae, such as wound-site or port-site hernias. 
Blinding of patients was not possible in this study for obvi-
ous reasons. Incidence of missed injuries might have been a 
more relevant primary outcome but the sample size in that 
case would have been too high for a single centre study. A 
multicentre study with missed injury as primary outcome 
is required to assess the generalisability of CECT-based 
SNOM of patients with penetrating abdominal trauma.

Conclusion

Length of hospital stay was similar in patients with pen-
etrating injury to the anterior abdominal wall who under-
went CECT or DL-based management. Rate of non-ther-
apeutic surgery was significantly lower in patients having 
CECT-based management. Use of CECT as a screening 
tool did not lead to any unacceptable increase in missed 
injuries. CECT-based management of patients with pen-
etrating abdominal trauma may be adopted in centres with 
round-the-clock radiology and trauma surgery services.
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