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Abstract

Introduction Diagnostic laparoscopy (DL) is an increasingly used modality when approaching penetrating abdominal trauma
(PAT). Trauma surgeons can utilize this minimally invasive technique to quickly assess for injury in hemodynamically stable
patients. DL with a confirmed injury can be repaired through therapeutic laparoscopy (TL) or conversion to exploratory lapa-
rotomy (EL). This study analyzes the use of laparoscopy as a first-line therapy for hemodynamically stable patients with PAT.
Methods Data were reviewed of patients presenting with PAT between December 2006 and September 2016. A retrospective
analysis was conducted to analyze demographics, baseline presentations, treatment protocols and outcomes.

Results A total of 56 patients with PAT were initially treated with laparoscopy. Injuries included stab wounds (n=48) and
gunshot wounds (n = 8). Patients were divided into three groups: DL, DL to TL, and DL to EL. Ten patients (17.9%) required
conversion to laparotomy (DL to EL). Of the 46 patients who did not require conversion, 33 patients (71.7%) underwent DL,
while 13 patients (28.3%) required TL (DL to TL). There were no differences in postoperative complication rates between
the groups (p =0.565). The mean lengths of hospital stay for DL, DL to TL, and DL to EL were 3.1, 2.7, and 8.1 days,
respectively (p=0.038). No missed injuries or mortalities occurred in any of the groups.

Conclusion Laparoscopy can be utilized for hemodynamically stable patients with PAT. DL can be converted to TL in the
hands of a skilled laparoscopist. In this study, we analyze the use of DL over a 10-year period in patients who presented to
our level 1 trauma center with PAT. We also provide a comprehensive review of literature to create clear definitions, and to
clarify a systematic stepwise approach of how to effectively perform DL and TL. This study adds to the body of literature
supporting the role of laparoscopy in PAT, and advances the discussion regarding management.

Keywords Penetrating abdominal trauma - Diagnostic laparoscopy - Therapeutic laparoscopy - Exploratory laparotomy -
Trauma

The evaluation and management of penetrating abdominal
trauma (PAT) has greatly improved over the past several
decades. Exploratory laparotomy (EL) has been traditionally
viewed as the gold standard for evaluating PAT. However,
as laparoscopy has become the standard of care in other
surgical fields, its utility in trauma has been increasingly
investigated.

In the 1960s, Shaftan first challenged the idea of man-
dated laparotomies for abdominal trauma with his term of
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‘selective conservatism,” as half of his patients with PAT did
not require operative repair [1]. In recent review, surgical
exploration in the setting of PAT has been associated with
non-therapeutic laparotomy rates of up to 61% [2]. When
approaching patients with PAT, laparoscopy has therefore
been explored as a means of screening, diagnosis, and ther-
apy. Laparoscopy in trauma was initially criticized due to the
increased risk of missed injuries, particularly hollow viscus
injuries. As both laparoscopic experience and surgical tech-
nology have advanced, missed injury rates have decreased
from 13% to as low as 0.12%, a rate which does not differ
from its open counterpart [3-5]. In a recent meta-analysis,
the use of laparoscopy in trauma has led to an avoidance of
non-therapeutic laparotomy in 45.6% of patients [2]. This
prevents patients from being exposed to the unnecessary
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33.3% morbidity rate and 5% mortality rate associated with
non-therapeutic laparotomy [2, 6-8].

In addition to being accurate in screening peritoneal vio-
lation and diagnosing intra-abdominal injury, laparoscopy
in trauma has proven to be efficacious in conversion to thera-
peutic laparoscopy (TL) [4, 5, 7, 9-13]. A clear definition of
TL has not been well established in current literature. Cer-
tain studies reference what they consider to be a therapeutic
maneuver, while other studies omit this information. We
agree to define TL as cited by Koto et al. as “laparoscopic
management of intra-abdominal injuries (more than obser-
vation or hemostatic agent application).” [5] Furthermore,
certain studies describe therapeutic procedures as being per-
formed fully laparoscopically (fully TL—FTL), while others
utilize an laparoscopic assisted approach (LAA) [3, 9, 10,
14, 15]. The fully laparoscopic intervention is performed
completely intracorporeally, whereas the LAA employs a
therapeutic maneuver that is performed extracorporeally. As
such, we recommend future studies utilize the above defini-
tion of TL and clarify the distinction between FTL and LAA.

In this study, we aim to analyze the safety and efficacy of
diagnostic laparoscopy (DL) utilized over a 10-year period
in patients who presented to our Level 1 trauma center with
PAT. We also provide a comprehensive review of literature
to create clear definitions, and to clarify a systematic step-
wise approach of how to effectively perform DL and TL.

Materials and methods

This is a retrospective study of patients who presented to an
inner city level 1 trauma center. Data were reviewed from
all adult patients who presented between December 2006
and September 2016 with PAT. This project was submitted
to the Institutional Review Board, and upon evaluation was
granted exemption, as this was a retrospective chart review.

Our chart review included 333 patients with PAT. Cases
of patients who were hemodynamically unstable, patients
under 12 years of age, patients with organ evisceration on
presentation, or patients who underwent immediate lapa-
rotomy were excluded. Fifty-six patients met criteria and
underwent initial laparoscopic evaluation.

Patients in this study were divided into three groups: DL,
DL with conversion to TL (DL to TL), or DL with conver-
sion to EL (DL to EL). DL was defined as a non-therapeutic
procedure wherein no injuries were identified or the identi-
fied injuries did not require repair. TL was defined as lapa-
roscopic repair of intra-abdominal injury, more than simple
evacuation of blood clot, mobilization of viscera, or applica-
tion of hemostatic agent.

Analysis was performed to interpret patient demograph-
ics, baseline presentations, treatment protocols and out-
comes which included postoperative complications, missed

injuries, need for return to the operating room (OR), mortal-
ity rates, and length of hospital stay (LOS).

Demographics and baseline characteristics were summa-
rized descriptively by mean and by percentage calculations
for categorical variables. The Kruskal-Wallis test and Fis-
cher’s exact test were used for comparisons. P values < 0.05
were considered statistically significant.

Results

A total of 56 patients with PAT underwent initial laparo-
scopic evaluation in the OR (Fig. 1). The mean age of our
patient population was 40 years (range 16-66 years). The
mean body mass index (BMI) was 26.7 (range 17-38).
The mean Glascow Coma Score (GCS) upon presentation
was 14.6 (range 8—15). All of the patients included in this
study were hemodynamically stable upon initial evalu-
ation (Table 1). Stab wounds to the abdomen accounted
for 48 patients (85.7%). Gunshot wounds to the abdomen
accounted for the remaining eight patients (14.3%) (Table 2).

Out of the 56 patients, 10 patients (17.9%) required con-
version to laparotomy (DL to EL). Of the 46 patients who
did not require conversion, 33 patients (71.7%) underwent
DL. TL (DL to TL) was performed in 13 patients (28.3%).
All TL was performed fully laparoscopically. No interven-
tions were performed with an LAA. A non-therapeutic
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Fig.1 Study diagram
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Table 1 Demographics

e DL (n=33) DL to TL (n=13) DL to EL (n=10) p value
and characteristics upon
presentation Age, mean 312 28.9 355 0.557
BMI, mean 27.5 26.6 24.5 0.286
GCS, mean 14.3 15 14.9 0.811
Trauma scoring
ISS, mean 7.0 11.0 13.3 <0.00001
PATI, mean 1.1 2.7 3.8 <0.00001
Hemodynamic stabil- 33 (100%) 13 (100%) 10 (100%) 0.999

ity, n (%)

BMI Body mass index, GCS Glasgow Coma Scale, ISS Injury Severity Score, PATI the Penetrating

Abdominal Trauma Index

Table 2 Mechanism of injury

Table 3 Viscera repaired during therapeutic interventions

DL (n=33) DL to TL DL
(n=13) to EL
(n=10)
Stab wound 28 13
Gunshot wound 5 0 3

laparotomy was avoided in 58.9% of our patients. This was
calculated as described by Hajibandeh et al. [2], by dividing
the number of negative laparoscopies (n=33) by the total
number of laparoscopies (n=56).

The Injury Severity Score (ISS) and the Penetrating
Abdominal Trauma Index (PATI) were systems used to com-
pare groups in our study. The ISS and PATI scores were
lowest in the DL group (ISS mean 7.0, PATI mean 1.1). The
ISS and PATI scores were higher in both groups requiring
therapeutic interventions—the DL to TL group (ISS mean
11.0, PATI mean 2.7) and DL to EL group (ISS mean 13.3,
PATI mean 3.8).

The most common reason for conversion from DL to EL
was complexity of visceral injury. Other reasons for conver-
sion included extensive bleeding, which could not be con-
trolled laparoscopically, and poor visibility of the injury. In
the DL to TL group, therapeutic maneuvers were performed
to repair injuries to the liver, spleen, diaphragm, colon, small
bowel, and mesentery. The DL to EL group included repairs
to the liver, bladder, kidney, diaphragm, colon, and small
bowel (Table 3).

There were no mortalities in any of the three groups, and
no missed injuries occurred. Three patients suffered from
postoperative complications, one of which required take
back to the OR (Table 4). One patient in the DL group devel-
oped a postoperative ileus requiring an extended period of
nothing by mouth. Another patient in the DL group devel-
oped hospital-acquired pneumonia requiring prolonged
intravenous antibiotic therapy. In the EL group, one patient
developed a postoperative intra-abdominal abscess. This
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DL to TL DL to EL
Liver 6 2
Spleen 1 0
Bladder 0 1
Kidney 0 1
Diaphragm 4 2
Colon 1 4
Small bowel 1 3
Mesentery 3 0

required take back to the OR, where an anastomotic leak
was found at the site of colon resection.

The mean LOS was significantly shorter in the groups
managed without laparotomy. The DL group mean LOS was
3.1 days, while the DL to TL group mean LOS was 2.7 days.
The mean LOS was greatest for the DL to EL group at
8.1 days (Table 4). All patients were discharged home.

Discussion

Since its first description in the 1920s by Dr. A. Rendle
Short, laparoscopy in trauma has become an increasingly
utilized technique when approaching both blunt and pen-
etrating abdominal injury [16]. As both surgeon experience
and surgical technology have evolved with time, so has the
type of laparoscopy performed. Laparoscopy outside of
trauma has become standard of care in many common sur-
gical procedures. As such, the modern day trauma surgeon
has been exposed to a vast array and breadth of laparoscopy
during their general surgical training. With its original use
intended as a screening modality, practice has now trans-
formed laparoscopy into both a diagnostic and therapeutic
modality. These procedures must be able to be carried out
in a systematic fashion in order to prevent missed injuries.
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Table 4 Outcomes—n (%) DL (n=33) DL to TL (n=13) DL to EL (n=10) p value
Postoperative com- 2 (6.1) 0 (0) 1(10) 0.565
plications
SSI 0(0) 0(0) 1(10) 0.099
PNA 1(3) 0(0) 0(0) 0.713
DVT 0(0) 0(0) 0(0) 0.999
PE 0(0) 0(0) 0(0) 0.999
Tleus 1(3) 0(0) 0(0) 0.713
Missed injury 0(0) 0(0) 0(0) 0.999
Return to OR 0(0) 00 1 (10) 0.099
Mortality 0(0) 0(0) 0(0) 0.999
LOS, mean 3.1 days 2.7 days 8.1 days 0.038

SS1 surgical site infection, PNA pneumonia, DVT deep venous thrombosis, PE pulmonary embolus, OR
operating room, LOS length of hospital stay

Definitions

In order to clarify misinterpretation of these terms, standard-
ized definitions must be employed. Screening laparoscopy
is the assessment for peritoneal violation.

Once peritoneal violation has been confirmed, a system-
atic inspection of the peritoneal cavity, and retroperitoneal
organs when necessary, must be performed. DL is therefore
defined as a non-therapeutic procedure where no injuries are
identified, or identified injuries do not require repair. TL is
when an advanced maneuver is performed to repair an iden-
tified injury. Simple maneuvers such as organ mobilization,
clot evacuation, or hemostatic agent application should not
be considered TL [3, 4, 9, 11].

Diagnostic and TL in PAT

When examining the use of laparoscopy for PAT, there have
been an increasing amount of publications supporting its
use. We previously described the Veress needle insufflation
technique as an adjunct to screening laparoscopy to increase
the sensitivity of DL [17]. As a whole, laparoscopy for PAT
has been widely accepted as a safe and accurate screening
and diagnostic tool [2, 4, 5, 7-10, 12, 13, 18-26]. In specific
settings, laparoscopy has even been adopted into the recom-
mended treatment protocols from two major trauma organi-
zations, both the Western Trauma Association and Eastern
Association for the Surgery of Trauma [27, 28].

However, controversy still remains around the efficacy
of TL. In recent literature, the rate of TL has been reported
as low as 13.8% to as high as 83% [7, 9, 10, 15]. The vari-
ability in these reported rates may be attributed to individual
surgeon experience with laparoscopy. In comparison to our
experience, we witnessed a TL rate of 28.3%.

Out of the 56 diagnostic laparoscopic procedures per-
formed in our study, 41 (74.2%) of the cases were performed

by surgeons who completed fellowship training in advanced
laparoscopy. The surgeons who performed DL with
advanced training were less likely to convert to EL. Not sur-
prisingly, a majority of the surgeons who performed TL, 11
out of 13 cases (84.6%), also fell into the category of having
advanced laparoscopic training during fellowship.

The conversion rate from DL to EL in our study was
17.9%. This correlates with the rates documented in previ-
ous literature, which ranges from 7 to 37%. Common reasons
for conversion include hemodynamic instability, extensive
bleeding, complexity of injuries, poor visibility, and failure
of equipment [2, 5, 9].

Factors to improve results of laparoscopy in trauma

It is our belief that several criteria exist which improve the
success rates of DL and TL (Fig. 2). Our surgeons consid-
ered these factors when deciding to utilize laparoscopy in
our trauma population.

The first aspect is laparoscopic skill set. Advanced lapa-
roscopic maneuvers must be employed to inspect all spaces
and repair all potential intra-abdominal organs. Fellowship
training in laparoscopy helps provide the foundation for the
technical skills to perform these maneuvers. These include,
but are not limited to, the ability to run bowel, mobilize the
retroperitoneum, and securely suture hollow viscous organs.
If the trauma surgeon does not feel comfortable perform-
ing these techniques laparoscopically, laparotomy should be
favored. In our experience, surgeons with advanced fellow-
ship training in laparoscopy were more likely to perform DL
(74.2%) and TL (84.6%).

The next aspect to consider is the mechanism of injury.
Pertinent details include injury location, trajectory patterns,
and velocity forces. Penetrating trauma in the anterior abdo-
men and thoracoabdomen, with identifiable trajectory pat-
terns, and low- to medium-velocity injuries make DL and
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Expert laparoscopist

2

Trauma to the the anterior abdomen* or
thoracoabdominal region **

8

Caused by low to medium veloicty
penetrating object

B

With clear trajectory pattern upon
exploration and mobilization

g

And consideration for conversion to
laparotomy with small bowel and
retroperitoneal organ injury

*Anterior abdomen defined from xiphoid to pubis, between the anterior axillary lines
** Thoracoabdominal region defined from nipple line to costal margin

Fig.2 Criteria for consideration of laparoscopy in PAT

TL more practical. These aspects are especially important
when dealing with gunshot wounds, as these injuries can
be less predictable. If upon DL, the trajectory of the injury
is unclear, or if the trauma is due to a high velocity force,
consideration should be made for laparotomy. In our expe-
rience, surgeons analyzed these elements when deciding to
proceed with laparoscopy for PAT, which helped prevent
missed injuries during exploration.

Lastly, even in the hands of a skilled laparoscopist, cer-
tain injuries may be better evaluated and repaired via an
open approach. Injuries that we feel may warrant this con-
sideration include small bowel and retroperitoneal injuries.
The inherent difficulty in assessing and treating these inju-
ries laparoscopically, as well as the potential for missing
a concomitant injury, may favor conversion to laparotomy.

Treatment algorithm

To encourage more high-level studies in the future, treat-
ment algorithms and systematic surgical approaches must be

Penetrating
Unstable Abdomingl Stable
Trauma
LWE/FAST/CT
Confirmed
intra-abdominal injury or No
Equivocal results with
high suspicion
Y
Exploratory =
Laparotomy Diagnostic Laparoscopy Obisetve
2 s ; No
Injury requiring intervention *
Convert if:
1.  Hemodynamic instability Yes
2. Extensive ongoing bleeding
3. Complex injury Therapeutic Laparoscopy **
4. Poor visibility
5. Equipment failure

LWE, local wound exploration; FAST, focused assessment with sonography for trauma; CT, computed tomography scan

* Organ mobilization, clot evacuation, and hemostatic agent application are not therapeutic interventions.
** Therapeutic laparoscopy can be performed either completely laparoscopically or laparoscopically assisted.

Fig.3 PAT algorithm
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standardized. We propose the treatment algorithm as listed
in Fig. 3 when approaching patients with PAT.

The first criterion to assess when considering DL in PAT
is hemodynamic stability. Hemodynamic stability can be
defined as maintaining systolic blood pressure > 100 mmHg,
diastolic blood pressure > 60 mmHg, and heart rate
<110 bpm [3, 7, 15]. It has been universally accepted that
hemodynamic instability mandates EL [27, 28]. To date,
there has only been one study which examined the use of
DL in hemodynamically unstable patients, conducted by
Cherkasov et al. [29]. In this retrospective review of 2695
patients, which included both penetrating and blunt abdomi-
nal trauma, the authors concluded that DL can be confi-
dently used in cases of hemodynamically unstable patients.
However, there is insufficient high-level data to support this
claim. As such, we recommend that DL only be considered
in patients who are hemodynamically stable, based on the
above parameters. It is important to remember that if the
patient becomes clinically unstable at any point during the
DL algorithm, they should undergo EL without delay.

After patients present with PAT and are identified as
hemodynamically stable, further assessment of the injury
must be performed. We suggest routine local wound explo-
ration in the emergency room by probing the wound and
assessing for fascial violation. If question still remains,
further evaluation should be performed using imaging—
through the use of ultrasonography (focused assessment with
sonography for trauma—FAST) or CT scan. These imaging
modalities help identify areas of injury and guide operative
exploration. If any of these steps demonstrate intraperitoneal
violation, or if the results are equivocal but there is high
suspicion for intra-abdominal injury, the patient should be
taken for DL.

Contraindications to laparoscopy in trauma

Several contraindications exist that preclude patients from
undergoing DL. These include both anatomic limitations
(e.g., patients with extensive previous abdominal surger-
ies, patients with a gravid uterus—especially during the 3rd
trimester) and physiologic limitations (e.g., patients with
uncorrectable coagulopathy, patients unable to tolerate pneu-
moperitoneum, patients with head trauma) [16, 30]. Another
commonly cited contraindication for DL in PAT is organ
evisceration. These patients have historically mandated EL.
There has been one study conducted by Matsevych et al. who
retrospectively examined the feasibility of DL and TL in
stable PAT patients with organ evisceration. In their evalua-
tion of 25 patients, 16 patients (64%) underwent successful
therapeutic procedures (conducted as both LAA and FTL).
They concluded “laparoscopic management is feasible, has
a high accuracy in identifying intra-abdominal injuries,

provides all benefits of minimal invasive surgery, and avoids
non-therapeutic laparotomy” in this patient population [11].

Procedure

A stepwise approach for DL was first introduced by Kawa-
hara et al. [12]. However, since that time, a standardization
for the operative steps has not been clearly defined or uti-
lized. A recent publication by Koto et al. clarified this issue
by identifying these steps [4]. We agree with Koto et al.’s
systematic abdominal examination; however, we offer a vari-
ation for the approach of port placement. We start with a
camera port in the supra-umbilical area, and insufflate with
carbon dioxide pneumoperitoneum to 12—-15 mmHg. Our
first two working ports are placed in the left and right mid-
clavicular line several sonometers below the costal margins.
Additional ports may be placed lower in the mid-clavicular
line in the left and right iliac fossae positions as required for
further diagnosis and treatment.

The main steps of the procedure, as outlined by Koto
et al., are as follows: (1) port placement and accessing the
abdominal cavity, (2) quick control of intra-abdominal
bleeding sources, (3) stepwise examination of intraperito-
neal and retroperitoneal organs, and (4) decision for thera-
peutic interventions—either fully laparoscopic, laparoscopic
assisted, or through conversion to laparotomy. We suggest
referencing Koto et al.’s paper for full detailed description
[4]. By clarifying the details of the procedure, we aim to
guide future studies to perform DL and TL in this same
standardized fashion.

Study limitations

The current study has some limitations. Our study popula-
tion is small. A larger study sample in each arm is required
to determine statistical significance in other parameters.
Another limitation is that this is an observational, retrospec-
tive study.

Literature is limited in comparing outcomes of laparos-
copy and laparotomy for the management of PAT. In a 2016
systematic review and meta-analysis published by Hajiban-
deh et al. [2], only one randomized control trial (RCT) [31]
was identified which makes such comparisons. The rest of
relevant literature was observational in nature. Hajibandeh
et al.’s analysis concluded that in hemodynamically stable
patients with PAT, DL was a safe procedure that can improve
avoidance of non-therapeutic laparotomies, reduce postop-
erative complications, and decrease hospital length of stay.
However, they could not draw any conclusions regarding the
role of TL [2]. The lack of high-level evidence supports the
need for future prospective, multicenter, RCTs to evaluate
TL compared to EL in PAT.
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Conclusions

Our study adds to the body of literature that shows that
laparoscopy can be utilized in the management of PAT for
hemodynamically stable patients. Furthermore, we pro-
pose safe criteria under which laparoscopy can be opti-
mally employed. Eighty-two percent of our patients were
managed with laparoscopy alone and did not require con-
version to laparotomy. A non-therapeutic laparotomy was
avoided in 58.9% of our patients. No injuries were missed
during procedures performed laparoscopically. Twenty-
eight percent of our patients were treated with TL with-
out any associated complications. The use of laparoscopy
allowed for shorter hospital lengths of stay, which may be
attributed to less postoperative pain and improved recov-
ery time. Overall, a trauma surgeon with advanced laparo-
scopic skills can utilize laparoscopy as both a diagnostic
and therapeutic maneuver in stable patients with PAT.
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