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Background: Minimally invasive surgery for elective splenectomy has become a routine procedure in all
laparoscopic centers. After first case series, many groups has published comparative studies between open
and laparoscopic approach. For this purpose, a meta-analysis investigating comparative studies of open versus
laparoscopic approach for splenectomy was performed.

Methods: All kinds of manuscripts were reviewed, and we included the only studies with a laparoscopic
group number >50 cases.

Results: The literature search, performed until December 31, 2019, identified a total of 564 records.
After full-text analysis, twelve studies were included in the meta-analysis. Operative time was higher for the
laparoscopic group in all but one study. The length of stay, morbidity and mortality were less frequent in the
laparoscopic group.

Conclusions: The gain of shorter hospital-stay associated with the good outcomes suggests performing

splenectomy by a laparoscopic procedure.
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Introduction

Sutherland and Burghard made the first description of
splenectomy in 1910. Laparoscopic splenectomy (LS) was
first described in 1995 by Poulin ez 4. for a splenic trauma (1).
Minimally invasive surgery for elective splenectomy has
become a routine procedure in all laparoscopic centers.
Since then, this technique was increasingly used and
has quickly become referred to as the gold standard of
treatment in cases of elective. After first case series, many
groups has published comparative studies between open and
laparoscopic approach.

For this purpose, a meta-analysis investigating

comparative studies of open versus laparoscopic approach
for splenectomy was performed. We present the following
article in accordance with the PRISMA reporting checklist
(available at http://dx.doi.org/10.21037/ales-20-90).

Methods

A systematic review of the current literature was made
up to December 2019. The search strategy was under the
Preferred Reporting Items for Systemic Reviews and Meta-
Analysis (PRISMA) guidelines, as well as PRISMA for
abstracts. We searched the electronic databases MEDLINE-
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PubMed using the following items: (splenectomy) AND
(laparoscopic OR minimally invasive) AND (versus OR
compar®) AND (open OR traditional OR laparotomic).

The inclusion criteria were as follows: papers written in
English, comparing two groups (open and laparoscopic),
and containing surgical data of the two procedures.

Papers were excluded according to the following criteria:
sufficient statistical details, review articles, nonclinical
studies, letters, expert opinions, conference summaries, and
case reports. All kinds of manuscripts were reviewed, and we
included the only studies with a laparoscopic group number
250 cases.

Data extraction

Two authors reviewed and extracted data from all included
studies. In case of disagreement, the paper was discussed by
all the authors. For each study, the following characteristics
were collected: first author name, year of publication and
reference, number of patients, surgical duration, length of
hospital stay, morbidity, and mortality.

Statistical analysis

Values are presented in descriptive statistics. Statistical
analysis was performed using the Statistical Package for
the Social Sciences version 22.0 (SPSS Inc., Chicago, IL,
US). Meta-analyses of RCTs were performed using Review
Manager 5.3 (Cochrane Collaboration, Oxford, England).
The drain effect was described by OR such that a given
value <1 favors the presence of the drain. The weighted
pooled ORs were calculated under the fixed effects model
and reported with a 95% CI. Statistical heterogeneity was
assessed by inspecting the forest plots and I’ statistics.

The Z-test for overall effect and its 2-sided P value were
also assessed. Discrete variables were analyzed using the X2
or the Fisher exact test. Statistical significance was set at the
0.05 probability level.

Newcastle-Ottawa Quality Assessment Scale (NOS):
studies with scores >6 were defined as high-quality studies.
NOS details of each selected study were reported in Tible 1.

Results

The literature search, performed until December 31, 2019,
identified a total of 564 records. Four hundred twenty-one
records were excluded according to the title. One hundred
forty-three abstract records were screened, and seventy-four
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Figure 1 PRISMA flow of the present analysis. PRISMA, Preferred Reporting Items for Systemic Reviews and Meta-Analysis.

records were then excluded. Sixty-nine studies were included
in the qualitative synthesis. Fifty six records were excluded
after review: Robotic or Hand Assisted study (n=11), Meta-
analysis (n=9), Review (n=1), Not English written (n=4),
No comparison study (n=16), No data for meta-analysis or
laparoscopic group <50 cases (n=16). After full-text analysis,
twelve studies were included in the meta-analysis (2-13).
PRISMA flow diagram is represented in Figure 1.

Eventually, twelve articles were identified, with a total of
5,058 LS and 3,229 OS (Tible 2).

As for the quality of the reported studies, all the
investigated articles were retrospective cohort studies. Four
studies had a NOS score of eight and the others 8 studies
presented NOS value of seven (7able 1).

Two studies come from China (6,11), one from Italy (12)
and nine from the USA (2-5,7-10,13). Eight studies were
monocentric, and four used a national database. Four
studies were focused on pediatric patients and the other
eight on the adult population.

Operative time was higher for the laparoscopic group in

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

all but one study. However, in the study from Utria (12),
the difference between the two groups was not statistically
significant. Ten studies were included in the analysis. The
random-effects meta-analysis showed a difference in favor of
the open group (Figure 2). The length of stay was in eleven
studies in favor of the laparoscopic group; one study does
not report data on the length of hospital stay. According to
these results, the random-effects meta-analysis showed a
difference in support of the laparoscopic group (Figure 3).
The morbidity was less frequent in the laparoscopic group
in seven studies. The random-effects meta-analysis showed
a difference in favor of the laparoscopic group (Figure 4).
The mortality was higher in all studies in the open group
(Figure 5). In this case, the heterogeneity test I' =1%. The
random-effects meta-analysis of mortality is reported in
Figure 4. Results are grouped in Table 2.

Discussion

Laparoscopic splenectomy is a worldwide recognized
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Table 2 Results of all selected studies. Operative time stay is expressed in minutes, length of stay is expressed in days

Number Operative time Morbidity Mortality Length of stay

Ref
Vis Open Vis Open Vis Open Vis Open Vis Open
Rescorla 1998 (2) 50 32 115 83 - - 0 0 1.4 2.5
Park 1999 (3) 147 63 145.1 77.3 10.2% 34.9% 0 0 2.4 9.2
Qureshi 2005 (4) 81 59 231 138 - - 0 1 2.4 4.1
Goers 2008 (5) 98 42 158 152 - - - - 2.9 5.4
Zhu 2009 (6) 81 135 174 156 27.2% 25.2% 0 0 8.2 11.9
Deeb 2012 (7) 991 592 - - 13.2% 25.8% 19 18 3.7 7.4
Ahad 2013 (8) 1,644 851 119 103 12% 24% 22 (1.4%) 27 (3.3%) 3 6
Ardestani 2013 (9) 267 372 142 108 17.6%  31.5% (1.5%)  (4%) 3 5
Musallam 2013 (10) 874 907 138 125 - - (1.4%)  (4.6%) 3 6
Zhe 2013 (11) 80 73 254 234 - - 3(3.8) 3(4.1) 10.1 14.4
Casaccia 2019 (12) 132 43 143 112 15.1% 20.9% 1(1.5%) 4(9.3%) 6 9
Utria 2019 (13) 613 60 120 133 12.4% 23.3% 0 1(1.7%) 2 4
Laparoscopic Open Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
rescorla1998 1252 375 50 853 11.25 32 102% 39.90 [28.80, 51.00] 1998 —
park 1999 190 616 147 862 275 63 10.2% 103.80[91.75, 115.85] 1999 4
Qureshi 2005 231 98 81 138 141 59 104%  93.00 [88.82,97.18] 2005 ’
goers 2008 158 41 98 152 47 42 10.0% 6.00 [-10.37, 22.37] 2008 —_—ree_.
zhu 2009 174 42 81 156 36 135 103% 18.00 [7.02, 28.98] 2009 -
ahad 2013 121.25 111 1644 10575 111 851 104% 15.50 [14.58, 16.42] 2013 d
zhe 2013 2544 652 80 2345 688 73 98% 19.90 [-1.39, 41.19] 2013 )
ardestani 2013 142 70 267 108 70 372 103% 34.00 [23.00, 45.00] 2013 —
utria 2019 1225 115 613 132 255 60 10.4% -9.50 [-16.02, -2.98] 2019 -
casaccia 2019 143 31 107 112 40 3 80% 31.00[-1464,76.64) 2019
Total (95% ClI) 3168 1690 100.0% 35.36 [8.58, 62.14] —=eEiEeRn—
Heterogeneity: Tau® = 1789.65; Chi* = 1544.81, df = 9 (P < 0.00001); I* = 99% ‘5'0 _2'5 0 2'5 5'0

Test for overall effect: Z = 2.59 (P = 0.010)

Figure 2 Forest plot of comparison of surgical time.

procedure. Many Centers have reported their own
experience comparing LS and OS. In the present study,
we identify twelve comparative studies with the LS group
>50 cases. Regarding the operative time, in all but one,
LS was longer than OS. A well-standardized technique
explains these interesting results for the OS. LS, which was
described first in 1995, need a learning curve. Only two
articles were recent, the others were published in 2013 or
earlier, reporting retrospective data. A recent prospective
study in a high volume Center report a minor surgical
time in the LS group (13), suggesting a reduced operative
due to the high experience. The heterogeneity test I* was

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

Favours [experimental] Favours [control]

high for the surgical time; this can be explained by the
main difference of monocentric and national studies for
the cohort number. The study of Utria was in favor of LS,
using the American College of Surgeons National Surgical
Quality Improvement Program Pediatric (12).

As expected, concerning the length of stay, the
laparoscopic group has shorter hospital stay than the open
group. However, as for the surgical time, the heterogeneity
test 12 was high. As previously, this can be explained with
the high difference in the group’s numerosity in all studies.
The morbidity was less frequent in the laparoscopic group.
This result is explaining by the minimal invasiveness
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Laparoscopic Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
rescorla1998 14 1 50 25 14 32 91% -0.93 [-1.40, -0.46] 1998 -
park 1999 565 27 147 131 7 63 92% -1.67 [-2.01, -1.34] 1999 =
Qureshi 2005 24 01 81 41 03 59 87% -8.10[-9.11,-7.08] 2005 —
goers 2008 29 25 98 54 45 42 92% -0.77 [-1.14, -0.40] 2008 e
zhu 2009 8.2 2 81 119 38 135 92% -1.14 [-1.43,-0.84] 2009 -
deeb 2012 37 47 99 74 83 592 93% -0.59 [-0.69, -0.48] 2012 X
ardestani 2013 3 1 267 5 1 372 92% -2.00 [-2.19, -1.81] 2013 -
zhe 2013 101 25 80 144 35 73 92% -1.42[-1.77,-1.06] 2013 o
ahad 2013 325 05 1644 65 1 851 92% -4.57 [-4.72,-4.42] 2013 =
utria 2019 2 03 613 4 05 60 92% -6.19 [-6.62, -5.77] 2019 -
casaccia 2019 5 4 107 6 1 3 85% -0.25 [-1.40, 0.90] 2019 ="
Total (95% Cl) 4159 2282 100.0%  -2.50 [-3.70, -1.29] <
Heterogeneity: Tau? = 4.06; Chi? = 2435.35, df = 10 (P < 0.00001); Iz = 100% it 2 o 2 i
Test for overall effect: Z = 4.07 (P < 0.0001) Favours [experimental] Favours [control]
Figure 3 Forest plot of comparison of length of stay.
Laparoscopic Open Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
park 1999 15 147 22 63 10.0% 0.21[0.10, 0.45) 1999 e
goers 2008 13 98 22 42 91% 0.14 [0.06, 0.32] 2008 —
zhu 2009 22 81 34 135 11.0% 1.11[0.59, 2.07] 2009 e
deeb 2012 131 991 153 592 14.1% 0.44 [0.34, 0.57] 2012 =
ardestani 2013 47 267 117 372 132% 0.47[0.32, 0.68] 2013 ——
ahad 2013 194 1644 103 851 14.1% 0.97 [0.75, 1.25] 2013 & =
zhe 2013 26 80 41 73 10.7% 0.38[0.19,0.73] 2013 R——
casaccia 2019 20 132 4 43 69% 1.74 [0.56, 5.41] 2019 e
utria 2019 76 613 14 60 10.9% 0.47 [0.24,0.89) 2019 e
Total (95% CI) 4053 2231 100.0% 0.50 [0.33, 0.75]) <>
Total events 544 510
Heterogeneity: Tau? = 0.29; Chi? = 49.53, df = 8 (P < 0.00001); 12 = 84% ' t 1 t {
Test for overall effect: Z = 3.34 (P = 0.0008) L. oy 10 100
. ° . Favours [experimental] Favours [control)
Figure 4 Forest plot of comparison of morbidity.
Laparoscopic Open Odds Ratio Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Qureshi 2005 0 81 1 59 1.0% 0.24 [0.01,5.98] 2005 *
deeb 2012 19 991 19 592 251% 0.59[0.31, 1.12] 2012 i
ardestani 2013 4 267 15 372 86% 0.36 [0.12, 1.10] 2013
ahad 2013 22 1644 27 851 319% 0.41[0.23,0.73) 2013 -
musallam 2013 12 874 42 907 248% 0.29[0.15, 0.55) 2013 -
zhe 2013 3 80 3 73 40% 0.91[0.18, 4.65] 2013
casaccia 2019 2 132 4 43  36% 0.15[0.03, 0.85] 2019
utria 2019 0 613 1 60 1.0% 0.03[0.00, 0.80] 2019 *
Total (95% Cl) 4682 2957 100.0% 0.39 [0.28, 0.55] <
Total events 62 112
Heterogeneity: TauZ = 0.00; Chiz=7.10, df =7 (P = 0.42); 2= 1% :o.o - o? r ] 130 3 00

Test for overall effect: Z = 5.57 (P < 0.00001)

Figure 5 Forest plot of comparison of mortality.
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surgery. The extraction of the specimen in laparoscopy is
mostly a Pfannenstiel access, which limits post-operative
pain. Mortality was more frequent in the open group, with a
heterogeneity test I’ =1%. To summarize the above results,
the laparoscopic approach for splenectomy have better
outcomes in terms of morbidity and mortality. Moreover,
the length of stay is shorter in a patient treated in the
laparoscopic group.

The main limitation of our study is the non-heterogeneity
of all studies. The increasing use of a minimally invasive
approach will undoubtedly decrease the difference in
operative time and improving morbidity and mortality.

In conclusion, laparoscopic splenectomy is a safe
procedure comparing to an open approach with fewer
complications and less post-operative mortality. The gain
of shorter hospital stay associated with the good outcomes
suggests performing splenectomy by a laparoscopic
procedure.
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