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ABSTRACT

Background and Objectives: The use of laparoscopy in
the trauma setting is gaining momentum, with more ther-
apeutic procedures being performed. We evaluated the
use of laparoscopic splenectomy among trauma patients
with data from the National Trauma Database. We com-
pared outcomes for trauma patients undergoing laparo-
scopic (LS) versus open splenectomy (OS).

Methods: From the National Trauma Database (2007 to
2015), we identified all patients who underwent a total
splenectomy. Patients who had other abdominal oper-
ations were excluded. All patients were categorized
into 1 of 2 groups: LS or OS. Outcomes of in-hospital
mortality, postoperative length of stay, and incidence of
major complications between the 2 groups were com-
pared. Bivariate parametric and nonparametric analyses
were performed. Patients were then matched on base-
line demographic and injury characteristics by using
propensity score matching techniques, and we com-
pared differences by using regression analysis.

Results: A total of 25,408 patients underwent OS and 113
patients underwent LS (0.44%). Patients were significantly
different at baseline, with the LS group being less severely
injured. Bivariate analysis revealed no difference in length
of stay (9 vs 8 days, P � .62), incidence of major compli-

cations (10% vs 15%, P � .24), or mortality (6% vs 11%,
P � .23). LS was performed in 29.2% of patients beyond
24 hours from presentation compared with 9.5% in the OS
(P � .001). Adjusted multivariate analysis showed no
overall difference in outcomes.

Conclusion: LS for trauma is increasingly being used at
many centers throughout the United States. The proce-
dure is safe, with outcomes similar to those of OS in
selected trauma patients.

Key Words: Laparoscopic surgery, Laparoscopic splenec-
tomy, Open splenectomy.

INTRODUCTION

Laparoscopic surgery is the standard of care for a variety
of elective surgical procedures such as laparoscopic cho-
lecystectomy, but its adoption in the trauma setting has
been slow. Exploratory laparotomy has been the standard
of care, with laparoscopy reserved only for selected cases
in which a diagnosis of abdominal penetration is ques-
tionable. In 1995, the first therapeutic laparoscopic proce-
dure in a trauma patient was reported, which involved the
repair of a diaphragmatic injury.1 In the past decade, there
has been an increased use of both diagnostic and therapeutic
laparoscopic techniques in the trauma setting. There have
been reports of repairs of injuries to the stomach, intestine,
liver, spleen, and diaphragm.2–5 The imminent goal in
trauma patients often includes the most expeditious way to
diagnose and treat life-threatening conditions; many believe
this can be best achieved through laparotomy with full ex-
ploration of the abdomen. Yet, often, trauma patients are
stable enough to avoid a laparotomy in favor of a laparo-
scopic approach.

Laparoscopic splenectomy (LS), first described in 1991, is
often the preferred approach in an elective setting.6 Its use
in trauma, however, was reported in only some case
reports and small series. Therapeutic laparoscopy, espe-
cially splenectomy in a trauma setting, is controversial.
The purposes of this study were to describe the national
trends in LS in trauma patients and to compare the out-
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comes for trauma patients undergoing LS with those of
patients undergoing open splenectomy (OS).

METHODS

The National Trauma Database (NTDB) was queried for
all the patients who underwent splenectomy between
2007 and 2015. The NTDB is the largest trauma registry
in the United States (US) and has data from �750
trauma centers across the nation with �6 million re-
cords. All patients who underwent isolated total sple-
nectomy with no other major operative procedure were
included in the analysis. International Classification of
Diseases, Ninth Revision (ICD-9) procedure code 41.5
for total splenectomy was used to identify patients.
Patients who underwent other major operative inter-
vention as well as those with missing outcome infor-
mation were excluded from analysis.

The following patient characteristics were collected: age,
sex, insurance status, and date of admission. Injury char-
acteristics included Injury Severity Score (ISS), mechanism
of injury, body region involved, and grade of splenic
injury. Facility characteristics included trauma level and
size. Outcome variables of interest were in-hospital mor-
tality, length of hospital stay (LOS) and any major com-
plications during the hospital stay.

Patients were divided into 2 major group according to the
surgical intervention; LS and OS. Due to the absence of an
ICD-9 code for LS, all patients who underwent diagnostic
laparoscopy, with total splenectomy without laparotomy
or any other major operative intervention, were classified
as having undergone total LS.

Descriptive analysis was performed for the qualitative
variables. Bivariate comparison was performed for the
baseline characteristics and outcomes using the �2 and t
tests where appropriate. Outcome variables included in-
hospital mortality, LOS, and the occurrence of any major
complication. Major complications included surgical site
infections, sepsis, venous thromboembolism, myocardial
infarction, pneumonia, cerebrovascular accident, reintu-
bation, acute renal failure, acute respiratory distress syn-
drome, and cardiac arrest.

Propensity score matching techniques were used to
match patients in the LS with those with the OS group.
The outcomes of the subset of matched patients were
compared using logistic regression for mortality, com-
plications, and prolonged LOS (defined as longer than
the 75th percentile).

We also performed subset analysis on patients with iso-
lated abdominal injuries. These were patients with an
Abbreviated Injury Scale of �3 for all body regions other
than “abdomen.” All analysis was performed by using
STATA v 13.

The study was approved by the institutional review board
at Howard University. The NTDB is a publicly available
deidentified data set and therefore was exempt from full
ethical review.

RESULTS

A total of 35,513 patients underwent total splenectomy
during the period 2007–2015, in which 27,291 patients
underwent isolated splenectomy. Of these 27,291 pa-
tients with isolated splenectomy, 121 patients under-
went LS and 27,170 patients underwent OS. After ad-
justment for missing outcome information, there were
113 (0.44%) patients who underwent LS and 25,408 who
underwent OS and were compared for the purpose of
this study (Figure 1).
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Figure 1. Patients for analysis.
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The mean age for the LS group was 44 years old, and the
mean age for the OS group was 39 years old (P � .01).
Males underwent LS 70% of the time versus undergoing
OS 71% of the time (P � .83). Insurance status was not
significantly associated with either intervention with
81% of patients in LS being insured compared with 78%
in the OS group (P � .44). Type of injury (blunt vs
penetrating) was not significantly associated with either
group with 10% in the LS group and 12% in the OS
group having penetrating injury (P � .59). A higher ISS
(�25) was associated with a greater proportion of OS
patients (P � .001). Presenting vital signs consistent
with hypotension (systolic blood pressure �90), was
associated more with OS group at 20% compared to
13% in LS group (p � 0.04). Glasgow Coma Scale (GCS)
score was not statistically significant, but a trend was
noticed with higher GCS score (12–15) being associated
with a greater proportion of LS patients (P � .076)
(Table 1).

Multivariate analysis predicting a patient undergoing LS
after adjustment for demographics and injury variables
was also performed. An ISS �25, along with systolic BP
�140 mm Hg were found to be independent predictors
for LS (Table 2).

Although a greater proportion of the OS group had in-
hospital mortality (18%) compared with the LS group
(14.2%), this was not statistically significant (P � .3). The
median postoperative LOS was also similar between the 2
groups at 9 days for LS and 8 days for OS (P � .62).
In-hospital morbidity was 19.5% in the LS group and 24%
in the OS group (P � .25). On propensity score matching,
the odds ratio (OR) with 95% confidence interval (CI) was
1.15 (95% CI � 0.65–0.62) for in-hospital mortality, 1.14
(95% CI � 0.7–1.86) for LOS, and 0.99 (CI � 0.6–1.6) for
morbidity between the 2 groups and not statistically sig-
nificant (Table 3).

On subset analysis of patients with isolated abdominal
injuries, the LS group had 52 patients and the OS group
had 10,538 patients. Of these patients, the LS group had
6% in hospital mortality compared with 11% in the OS
group (P � .23). Median postoperative length of stay was
similar in the LS group (8 days) compared with the OS
group (7 days) (P � .56). A lower rate of major compli-
cations was seen in the LS group (10%) compared with the
OS group (15%) (P � .24). On propensity score matching,
the ORs (with 95% CIs) were 0.89 for in-hospital mortality
(0.21–3.76), 0.69 for LOS (0.21–2.25), and 0.71 for mor-
bidity (0.25–2.00) between the 2 groups and were not
significant (Table 4).

Patients with higher grades of splenic injury were more
likely to have a procedure performed within the first 24
hours compared with patients with lower grades (P �
.001). OS and LS were performed within the first 6 hours
in 82.8% and 59.3% of all splenic trauma cases, respec-
tively. LS was performed in 29.2% of patients past 24 hours
compared with 9.5% in the OS group (P � .001). In
patients with grade V splenic injuries, 88.5% of patients
underwent surgery within the first 6 hours, compared with
6.2% beyond 24 hours (Table 5).

DISCUSSION

The introduction of laparoscopy has revolutionized sur-
gery. It offers many well-documented advantages over
open procedures including, but not limited to, decreased
postoperative pain, decreased postoperative LOS, mini-
mal blood loss,7 and earlier return to normal function.8

Laparoscopy also offers better exposure, especially of
foregut organs such as the spleen, liver, and diaphragm,
and similarly allows inspection of the pelvic organs that
may not be easily amenable to inspection via open sur-
gery.9 Its use in the trauma setting, however, has been
slow. Historically, there were reports of missed injuries
possibly due to inability to fully visualize all regions of the
abdomen. But, with increased expertise and improvement
in laparoscopic equipment and imaging, data have shown
that laparoscopic intervention, in the appropriate hand, is
very sensitive, specific, and highly accurate.10 Current
figures demonstrate an incidence of missed injury of less
then 1%, in concordance with an open abdominal explo-
ration, and as a result, it has become more widely em-
braced in trauma.10 In penetrating diaphragmatic injuries,
laparoscopic repair is the preferred option for stable pa-
tients.11

The literature on LS in a trauma setting is limited, but there
are published reports that demonstrate successful man-
agement of trauma patients via LS. Huscher et al12 pub-
lished a case series on LS, and further reports by Kaul,13

Dissanaike,14 and Basso et al15 all highlighted the success-
ful use of LS when managing patients with a high grade IV
or V splenic injuries. Nasr et al16 reported a series of 4
stable patients undergoing delayed LS for blunt trauma
with favorable outcomes. Recently, Huang et al17 pub-
lished a report regarding 11 trauma patients managed via
LS and noted similar postoperative courses compared with
OS patients.

Various LS approaches have been described in the lit-
erature with success. One such approach is the right
side down semilateral approach, which is the preferred

3October–December 2018 Volume 22 Issue 4 e2018.00050 JSLS www.SLS.org



approach; however, the anterior approach has been
used when there was concomitant abdominal viscera
injury. The semilateral approach was associated with a
superior exposure to the splenic hilum, in which rapid
hemostasis can be achieved by stapling across the hi-
lum, thus preventing excessive blood loss.18 Despite

this, LS remains a challenging procedure. While it has
emerged as the gold standard in elective splenecto-
mies,19 the limited use in the acute setting of trauma
implies that LS has perhaps not been as widely em-
braced by surgeons who are not as comfortable in
advanced laparoscopic procedures.

Table 1.
Baseline Characteristics of Trauma Patients

Variable Overall LS OS P Value

Total number of patients 25,521 113 25,408

Mean Age (in Years) 39 (20) 44 (25) 39 (20) 0.01

Male Gender 18,065 (71%) 79 (70%) 17,986 (71%) 0.83

Race 0.29

White 18,124 (74%) 80 (78%) 18,044 (74%)

Black 2,913 (12%) 9 (9%) 2,904 (12%)

Hispanic 1,960 (8%) 11 (11%) 1,949 (8%)

Other 1,506 (6%) 3 (3%) 1,503 (6%)

Insured 16,923 (77%) 81 (81%) 16,842 (78%) 0.44

Penetrating 2,939 (12%) 11 (10%) 2,928 (12%) 0.59

Mechanism 0.11

MVC 14,963 (66%) 57 (60%) 14,906 (66%)

Stab 847 (4%) 6 (6%) 841 (4%)

GSW 2,092 (9%) 5 (5%) 2,087 (9%)

Pedestrian 998 (4%) 7 (7%) 991 (4%)

Fall 3,346 (15%) 20 (21%) 3,326 (15%)

Mean ISS 27 (14) 22 (13) 27 (14) <0.001

ISS Categories <0.001

0–8 873 (3%) 11 (10%) 862 (3%)

9–15 3,344 (13%) 25 (22%) 3,319 (13%)

16–24 6,092 (24%) 31 (28%) 6,061 (24%)

25–75 14,936 (59%) 45 (40%) 14,891 (59%)

Hypotensive 5,047 (20%) 14 (13%) 5,033 (20%) 0.04

GCS 0.076

3–5 5,130 (21%) 16 (14.7%) 5,114 (21%)

6–8 717 (3%) 0% 717 (3%)

9–11 655 (3%) 2 (1.8%) 653 (3%)

12–15 18,150 (74%) 91 (83.5%) 18,059 (74%)

Level of Trauma Center 0.64

1 16,593 (66%) 79 (71%) 16,514 (66%)

2 7,163 (29%) 28 (25%) 7,135 (29%)

3 891 (4%) 5 (4%) 886 (4%)

Bold emphasis represents significant p values.
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The main reason cited for selecting open intervention in the
trauma setting as opposed to laparoscopic surgery was the
lack of laparoscopic expertise.20 Current surgery training has
seen an increase in the number of laparoscopic procedures
being performed, numerous laparoscopic simulators being
introduced, and a mandatory laparoscopic curriculum that
trainees have to pass before graduating. All of these mea-
sures will allow graduates to be more comfortable and facile
at laparoscopy compared with their previous peers. How-
ever, caution should be maintained when confronted with
an injury beyond one’s expertise, and subsequent conver-

sion to open procedure should ensue, if necessary, to ap-
propriately deal with the injury.

In this study, there were �27,000 isolated splenectomies
that were performed in the US during the period 2007–
2015, with the majority being OS. Overall, 0.44% of all the
patients who received isolated splenectomy underwent
LS. A higher GCS score and systolic BP �140 mm Hg were
associated with a greater proportion of LS, whereas a
higher ISS score, lower GCS score, and hypotension (sys-
tolic BP �90 mmHg) was associated with a greater pro-

Table 2.
Independent Predictors for Laparoscopic Splenectomy

Laparoscopic Splenectomy OR P-Value 95% CI

ISS (compared to ISS 1–8)

9–15 0.80 0.642 0.32 2.02

16–24 0.54 0.183 0.22 1.34

25–75 0.35 0.022 0.14 0.86

Systolic BP

1–89 0.39 0.012 0.18 0.81

90–140 0.53 0.011 0.32 0.86

141–300 1.00 (Collinearity)

Bold emphasis represents significant p values.

Table 3.
Comparison of Outcomes between Patients Undergoing LS vs OS

Adjusted Analysis

Outcome LS OS Unadjusted P-Value OR 95% CI

In Hospital Mortality 14.2% 18% 0.3 1.15 0.65�2

Median Post op LOS (Days) 9 8 0.62 1.14 0.7�1.86

Major Complications 19.5% 24% 0.25 0.99 0.6�1.6

Table 4.
Outcomes of Patients with Isolated Abdominal Injuries Undergoing LS vs OS

Isolated Abdominal Injuries Adjusted Analysis

Outcome LS OS P-Value OR 95% CI

Number of patients 52 10,538

In Hospital Mortality 6% 11% 0.23 0.89 0.21�3.76

Median Post-op LOS (Days) 8 7 0.56 0.69 0.21�2.25

Major Complications 10% 15% 0.24 0.71 0.25�2
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portion of OS (Table 2). A 14.2% mortality rate was seen
in the LS group, which was comparable to the 18% mor-
tality rate seen in the OS group (Table 3). The mortality
rate obtained is reflective of the overall injury burden
incurred by the patient and is not attributed to the surgical
intervention. There was no statistical difference in mortal-
ity between OS and LS. Heuer et al21 studied �13,000
trauma patients, of whom 46.5% underwent splenectomy.
The overall in-hospital mortality for their splenectomy
patients was 24.8%, which was accounted for by the
higher ISS score. Isolated splenic injury patients had a 6%
mortality rate in the LS group compared with 10% in the
OS group, which was not statistically significant (Table 4).
The mortality rates were similar to those from Hamlat et
al,22 who looked at �33,000 trauma patients with splenic
injuries, of whom 26.2% underwent a splenectomy with a
6.1% in-hospital mortality rate in patients (range 2.1%–
9.2%).

Although this study does demonstrate that LS is not infe-
rior to OS, as the 3 major outcomes were not different
statistically once matched, an emphasis must be placed on
careful selection of patients for LS. Hemodynamically un-
stable patients should not undergo LS, and OS should
remain the intervention of choice for such patients. In a
hemodynamically stable patient, nonoperative manage-
ment has been used for low-grade injuries (grade I–II),
whereas surgery is used for higher-grade injuries (grade
III-V). With conservative management, the overall nonop-
erative failure rate varies between 2% and 52%.23 In this
retrospective data set, we were unable to elucidate the
clinical factors prompting the decision to perform surgery;
however, prior reports showed that factors that lead to
failure of nonoperative management include age older
than 55 years, ISS �25, hemoperitoneum �300 mL, rup-
ture of subcapsular hematoma or intraparenchymal pseu-

doaneurysms, active contrast extravasation on computed
tomography, and delayed bleeding from remodeling.24,25

Failure of nonoperative management was considered in
patients who were operated on after 24 hours (Table 5).
Overall, 83.6% of the patients underwent splenectomy
within the first 6 hours, 7.4% at 6 to 24 hours, and 9.1% of
the patients underwent surgical intervention after 24
hours. LS was performed in 29.2% after 24 hours com-
pared with 9.5% of the OS (P � .001). A higher percentage
of LS procedures seen after 24 hours may be due to the
lesser grade of splenic injury, and a stable patient com-
pared with a higher grade with unstable patient in OS
group resulting in earlier surgery. A trend toward earlier
splenectomy was associated with a higher grade of splenic
injury.

To the best of our knowledge, this study is the largest
analysis comparing LS with OS in trauma patients. LS for
trauma is being performed at centers across the US, but at
a rate of 0.44%. LS is a safe procedure in the trauma setting
in a select group of stable patients with adequately trained
providers. As surgeons become more experienced and
comfortable in laparoscopic techniques, the use of LS in
trauma patients is expected to rise. From the results of this
study, we advocate that in a hemodynamically stable
trauma patient with splenic injury, LS should be enter-
tained by surgeons with the appropriate skills.

We recognize that this study has several limitations. As a
retrospective analysis of prospectively collected registry
data, our data are limited by the coding of individual
trauma centers. Our exclusion criteria ensured that the
laparoscopic group contained only LS patients; however,
in doing so, it is possible that we likely failed to identify
some LS patients who were not coded as such due to the
lack of ICD-9 codes for LS. Because of the nature of our

Table 5.
Time to Splenectomy (Hours) in Relation to Grade of Injury and type of Procedure Received

0–6H 6–24H �24H

Grade of injury (P � 0.001)

I–II 4281 (80.5%) 469 (8.8%) 571 (10.7%)

III 446 (78%) 57 (10%) 69 (12%)

IV 6118 (81.7%) 597 (8%) 770 (10.3%)

V 5922 (88.5%) 353 (5.3%) 416 (6.2%)

Type of procedure (P � 0.001)

Open 21033 (82.8%) 1951 (7.7%) 2424 (9.6%)

Laparoscopic 67 (59.3%) 13 (11.5%) 33 (29.2%)

Laparoscopic Splenectomy for Trauma, Shamim AA et al.
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data set, we were also unable to assess transfusion needs,
postoperative complications such as pain, functional sta-
tus, bowel recovery, as well as long-term complications
such as incisional hernias. Further studies should be per-
formed on a larger scale that analyze the adjusted com-
parisons between open and laparoscopic approaches to
splenectomy in the trauma setting.

CONCLUSION

LS in trauma is a feasible and safe option in expert hands.
It has similar outcomes to OS when performed in properly
selected patients. Larger studies are needed for better
comparison of outcomes.
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