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Abstract

evaluate its feasibility, safety, and potential benefits.

Background Laparoscopic partial splenectomy (LPS) is a challenging procedure. The aim of this review was to

Methods We conducted a comprehensive review for the years 1995-2018 to retrieve all relevant articles.

Results A total of 44 studies with 252 patients undergoing LPS were reviewed. Six studies described combined
operations. Ranges of operative time and estimated blood loss were 50-225 min and 0-1200 ml, respectively. There
are eight patients need blood transfusion in 231 patients with available data. The conversion rate was 3.6% (9/252).
Overall, 27 patients (10.7%;27/252) developed postoperative or intraoperative complications. Overall mortality was
0% (0/252). The length of postoperative stay (POS) varied (1-11 days). Among four comparative studies, one
showed LPS could reduce POS than Ilaparoscopic total splenectomy (LTS) (LTS 5.4 £ 1.8 days, LPS
4.2 + 0.8 days, p = 0.027) and complications (pleural effusion (LTS 9/22, LPS 0/15, p = 0.005), splenic vein
thrombosis (LTS 10/22, LPS 0/15, p = 0.002)). Another comparative study showed LPS may benefit emergency
patients. However, one comparative study showed LPS was associated with more pain, longer time to oral intake, and
longer POS in children with hereditary spherocytosis. The fourth comparative study showed robotic subtotal
splenectomy was comparable to laparoscopy in terms of POS and complication. The main benefits were lower blood
loss, vascular dissection time, and a better evaluation of splenic remnant volume.

Conclusions In early series of highly selected patients, LPS appears to be feasible and safe when performed by

experienced laparoscopic surgeons.

Introduction

For decades, the unnecessary roles of spleen have led
surgeons to remove the total spleen without hesitation until
a retrospective analysis of 2796 splenectomy cases
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managed in the 1970s showed that septic infections
developed in 119 patients (4.25%) and that 71 of these
patients (60%) succumbed to their infections [1]. With the
better understanding of the importance of the spleen as an
important organ of immune system and of the long-term
complications in terms of total splenectomy [2—4], more
and more surgeons prefer to parenchyma-preserving sur-
gical procedures. Partial splenectomy is a good method to
prevent post-splenectomy infections by preservation of the
immunologic role of the spleen [5, 6]. The first successful
partial splenectomy through open approach was reported in
1980 by Morgenstern and Shapiro [7]. However, LPS is
still a challenging procedure. One major difficulty when
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considering LPS is the risk of intraoperative and/or post-
operative bleeding. Nevertheless, with the development of
technology and understanding of the end-vascular distri-
bution of intrasplenic vessels, LPS was possible. We knew
later that the splenic artery branches in superior and infe-
rior polar arteries, which further divide into several seg-
mental intrasplenic end arteries [8, 9]. The first LPS
procedure was performed in 1995 by Uranus et al. in pigs
[10]. Poulin et al. [11] reported the first case of LPS for
ruptured spleen in 1995. Today, LPS is being increasingly
advocated and recommended, and even the first case of
single-port LPS has been reported by Tae Ho Hong in 2010
[12]. The aim of this review was to evaluate the feasibility,
safety, and potential benefits of LPS.

Materials and methods
Literature search strategies

A systematic search of the scientific literature was carried
out using the PubMed, relevant online journals, and the
Internet for the years 1995-2018 to obtain access to all
publications involving LPS for humans. Searches were
conducted restricted to English in language. To avoid
duplication of data, articles from the same unit or hospital
were included only once if data were being updated in a
later publication. The search terms were “laparoscopic
partial splenectomy,” “laparoscopic subtotal splenec-
tomy,” “laparoscopic splenic surgery,” “Robotic partial
splenectomy,” “Robot-assisted partial splenectomy,”
“Robotic subtotal splenectomy.” The search strategy
applied to PubMed is listed as below: ((((laparoscopic

partial splenectomy) OR laparoscopic subtotal splenec-
tomy) OR Robotic partial splenectomy) OR Robot-assisted
partial splenectomy) OR Robotic subtotal splenectomy. All
available major publications from the past 24 years were
considered.

Inclusion criteria

Articles were selected if the abstract contained data of
patients who underwent LPS for splenic diseases in the
form of case reports, controlled or comparative studies, and
articles about summary of experience. Conference abstracts
were included if they contained relevant data. The refer-
ence lists of these articles were also reviewed to find
additional candidate studies. In the case of duplicate pub-
lications, the latest and most complete study was included.
Letter articles or review articles were excluded from this
study. Data extracted for this study were taken from the
published reports; authors were not contacted to obtain
additional information. All articles selected for review of
full text were distributed to two reviewers (Y.F. and G.L),
who independently decided on inclusion/exclusion and
independently abstracted the study data. Any discrepancies
in agreement were resolved by consensus. The flowchart of
this selection process is summarized in Fig. 1. IRB
approval was not needed for this paper.

Results

Using the search strategy mentioned above, a total of 60
potentially relevant citations were found. We excluded two
irrelevant articles (one letter article and one only surgical

Fig. 1 Flowchart of the
selection process for studies
included in the systematic

60 potentially relevant citations

review

v

Excluded by review of titles and abstracts (n=4)
- irrelevant articles(n=2)
- non-English articles(n=2)

v

for analysis

56 selected publications

Excluded by review of full text (n=12)

v

-duplicate publications(n=3)
-undergone LPS for pigs(n=1)
-can’t get detailed data (n=8)

44 publications
eligible in this review

-4 case-matched comparative study
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technique description) and two non-English articles by
review of titles and abstracts. Forty-nine publications were
selected for review of full text and three duplicate publi-
cations, one article undergone LPS for pigs not human, and
eight articles that we could not get detailed data were
excluded from our review. Forty-four [5, 6, 11-52] with a
total of 252 patients undergoing LPS or LSS met the cri-
teria for analysis. These included four case-matched com-
parative studies. There were no RCTs or meta-analyses.

Indications and procedures of LPS

Indications for LPS varied in these series (Table 1). The
most common indications in these series were splenic
cystic lesions(n = 84) [5, 6, 12-30, 51, 52], followed by
splenic hematological diseases (n =170)
[5, 6, 21, 24, 31, 33-35], non-cystic intraparenchymal
lesions (n = 59) [5, 6, 20-24, 3644, 50, 52], spleen rup-
ture (n = 22) [11, 45], splenomegaly of unknown origin
(n =9) [5], splenic abscess (n = 3) [23, 42, 49], severe
splenic pain due to ischemia provoked by vascular
obstruction of the spleen (n = 2) [47], and each for Gandy—
Gamna bodies, Benign metaplasia, and undiagnosed sple-
nic lesion [22, 48]. The most common surgical procedures
performed in these series were four-trocar laparoscopic
splenectomy (n=117) [14, 16-18, 20, 22-24,
28, 30, 31, 35, 38, 39, 42, 43, 45, 47, 48, 50, 51], followed
by three-trocar laparoscopic splenectomy (n = 53)
[5, 15, 19, 21, 26, 27, 33], five-trocar laparoscopic
splenectomy (n = 47) [11, 13, 31, 34, 41, 46, 49, 52], two-
trocar laparoscopic splenectomy (n = 4) [39, 40], single-
incision laparoscopic splenectomy(n = 2) [12-29], and
hand-assisted laparoscopic partial splenectomy (n = 1)
[36]. Six studies described combined operations including
16 cases of cholecystectomy [6, 31, 32, 34], case of
esophagogastric devascularization [35], and one case of
hepatic hydatid cyst excision [29].

Operative parameters (operative time, blood loss,
blood transfusion, conversion, etc.)

Various operative parameters are summarized in Table 2.
The range of operative times of LPS (including combina-
tion operation) procedure was 50-225 min (n = 37 studies)
[5, 6, 11-14, 16-18, 20-26, 28, 29, 31-36, 3846, 48-52].
The range of estimated blood loss (EBL) was 0-1200 ml
(n = 39 studies) [6, 11-18, 20-26, 28-36, 38—46, 48-52].
There are eight patients need blood transfusion in 231
patients with available data (except Li et al. [45] with no
available data which contained 21 patients diagnosed with
splenic rupture). Among all 252 cases eligible in the cur-
rent review, a total of five cases (1.98%) were converted to
laparoscopic total splenectomy [20, 22, 33, 45], but one

was happened 2 years later after LPS [33]. Three cases
(1.19%) were converted to open partial splenectomy
[5, 22], and 1 case (0.40%) was converted to open total
splenectomy 11 months later after LPS [34]. Main reasons
of conversion to LTS in these cases were as follows:
subsequent unstable vital sign during LPS in two cases
[45], hemorrhage in the splenic artery as a result of failure
to fire the stapler in one case [20], fresh-frozen tissue
examination could not overrule malignancy in one case
[22] ,one case developed splenic regrowth accompanied by
worsening hemolysis and anemia 2 years later [33]. The
reasons of conversion to open partial splenectomy were
bleeding [5] or pneumothorax [22] resulting from dissec-
tion of inflammatory adhesions between the spleen and the
diaphragm. One patient required open splenic remnant
removal 11 months after initial surgery due to persistent
mild hemolytic anemia and adhesion of the splenic remnant
[34]. There was one intraoperative complication (a small
bowel tear) during spleen extraction, and then, the portion
of small bowel was resected with a functional end-to-end
stapled anastomosis.

Resected specimen

For 60 children with hereditary spherocytosis [6, 31-34],
they underwent laparoscopic subtotal splenectomy. The
remnant spleen size was 10-30% [32-34],with upper pole
preserved in 40 patients [6, 31-34] and lower pole pre-
served in 20 patients [6, 34].

Perioperative mortality
None perioperative death was observed among all studies.
Morbidity, reoperation and hospital stay

Postoperative morbidities varied across studies (0-33.3%).
Overall, 27 patients (10.71%;27/252) developed compli-
cations. Postoperative fluid collection occurred in 15 cases
[5, 6, 20, 22, 28, 34, 35, 45]. Among them, one patient
suffered from intraperitoneal fluid collection requiring
radiological drainage [22], one patient got left subphrenic
fluid collection which could not be approached percuta-
neously and required a laparoscopic drainage [28], and
others were treated conservatively. Postoperative wound
infection occurred in two cases [33, 34] without special
treatment. Postoperative portal vein thrombosis occurred in
one case [20] and underwent laparoscopic total splenec-
tomy. Postoperative pulmonary embolism occurred in one
case [22] and required prolonged anticoagulation. Postop-
erative ileus occurred in one case [33] who was treated
with nasogastric tube decompression and resolved after
3 days. Postoperative atelectasis occurred in two cases [23]
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without further treatment. Postoperative thrombocytosis
occurred in one case [23] and required taking aspirin
orally. Intraoperative small bowel tearing during spleen
extraction occurred in one case [33], and the portion of
small bowel was resected, and then, a functional end-to-
end stapled anastomosis was fashioned. No bleeding
complication occurred. In 35 studies with available data
[5, 6, 11, 12, 14-21, 23-26, 28-31, 33-36, 38-40, 43, 44,
46-49, 51, 52], the average/median length of POS also
varied from 1 to 11 days across reports. Notably, 14 studies
[11, 14, 16, 17, 19, 25, 26, 30, 38, 40, 44, 47, 48, 51]
reported less than or equal to 3 days of average/median
POS in their series.

Comparison of short-term outcomes between LPS
and LTS

There were only three reports [23, 31, 45], which compared
outcomes between LPS and LTS.

Morinis et al. [31] compared nine patients with heredi-
tary spherocytosis (HS) undergoing LPS with nine children
undergoing LTS over the same period which showed that
EBL was greater in the LPS group (188 4 53 wvs.
67 + 17 mL; P = 0.02), but transfusion requirements were
similar (1/9 vs. 0/9). The LPS group had higher morphine
use (4.1 + 0.6 vs. 2.4 4 0.2 days; P = .03), greater time to
oral intake (4.4 + 0.7 vs. 2.0 4+ 0.2 days; P = .01), and
longer hospital stay (6.3 4+ 1.0 vs 2.7 + 0.3 days;
P =.005) than the LTS group. There was no significant
difference between groups with respect to increase in
hemoglobin level. No patient in the LPS group required
completion splenectomy after a mean follow-up of
25 months. Groups were similar in sex, age, concomitant
cholecystectomy, complication rate and preoperative hos-
pitalizations, transfusions, and spleen size.

Lee et al. [23] compared 22 patients undergoing LTS
and 15 patients undergoing LPS and reported that there
were significant differences in postoperative complications
such as pleural effusion (LTS 9/22 [40.9%], LPS 0/15
[0%], p = 0.005), splenic vein thrombosis (LTS 10/22
[45.5%], LPS 0/15 [0%], p = 0.002), and postoperative
hospital stay (LTS 5.4 £+ 1.8 days, LPS 4.2 + 0.8 days,
p = 0.027). There were no significant differences between
the groups in terms of the operative time (LTS
151.5 £ 98.5 min, LPS 168.6 + 46.8 min, p = 0.483),
intraoperative blood loss (LTS 337.3 + 188.4 ml, LPS
422.6 + 187.4 ml, p = 0.185), and transfusion rate (LTS
3/22 [13.6%], LPS 3/15 [20.0%], p = 0.606) As their
conclusion, LPS is a feasible, safe surgical procedure in
patients with tumorous lesions of the spleen, and it repre-
sents an effective approach to reduce postoperative hospital
stay and complications.

Li et al. [45] compared 21 patients diagnosed with
splenic rupture who underwent LPS and 20 patients diag-
nosed with splenic rupture who underwent LTS and
reported that the counts of platelet (LPS: 147 + 48 * 10°
vs. LS: 282 + 61 * 10°, P = .031) and leukocyte (LPS:
6.7 £ 1.1 * 10° vs. LS: 8.9 & 1.9 * 10°, P = .017) were
significantly different. The operation time (LPS:
122.6 £ 17.2 min vs. LS: 110.5 £ 18.7 min, P = 117),
intraoperative blood loss (LPS: 174 £ 22 mL vs. LS:
169 £ 29 mL, P =.331), autologous blood transfusion
(LPS: 221 £36 mL vs. LS: 206 £ 27 mL, P = .078),
allogeneic blood transfusion (LPS: 125 £ 25 mL vs. LS:
150 + 30 mL, P = .878), and conversion to laparotomy
(LPS: 0 vs. LS: 0, P = 1.000) were similar. So, they con-
cluded that LPS may benefit emergency patients and does
not increase perioperative risks.

Comparison of short-term outcomes
between robotic subtotal splenectomy and LSS

Vasilescu et al. [34] compared 32 consecutive subtotal
splenectomies by minimal approach in patients with
hereditary spherocytosis (22 vs. 10 robotic laparoscopic
subtotal splenectomies) and reported that a significant
difference was found for the robotic approach regarding
blood loss (90 (30-120) ml vs. 35 (15-85) ml, p < 0.05),
vascular dissection duration (20 (15-30) min vs. 15
(15-20) min, p < 0.05), and splenic remnant size (10.57
(6.37-17.14) cm® vs. 8.16 (6.12-11.81) cm?, P < 0.05).
They concluded that robotic subtotal splenectomy was
comparable to laparoscopy in terms of hospital stay and
complication. The main benefits were lower blood loss
rate, vascular dissection time, and a better evaluation of the
splenic remnant volume.

Discussion

Spleen is an important peripheral immune organ which has
many functions such as regulating the circulating blood
volume [53, 54], blood filtration, production of a variety of
immunoglobulin and opsonins, and regulation of the
endocrine system. The primary immunologic function of
the spleen is to filter out virulent pathogens and antigens
[2]. We all realized that total splenectomy could lead to
several severe complications more easily than partial
splenectomy such as pulmonary complications, over-
whelming post-splenectomy infection (OPSI), and vascular
derangements including thromboembolism and subsequent
pulmonary hypertension [55]. According to the reports, the
most serious complication caused by total splenectomy is
OPSI, which can occur in up to 4.4% of the patients with
splenectomy and carries a mortality risk of approximately
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50-80% [56]. Singer et al. studied that partial splenectomy
and using vaccines preoperatively and postoperatively
were good ways to prevent OPSI [1] although Ziske et al.
[57] reported one case of fatal OPSI occurred 13 years
after partial splenectomy for trauma with conservation of
about 20% functional splenic parenchyma. The present
data indicate that OPSI after partial splenectomy was
greatly reduced.

The main technical difficulty for LPS is the risk of
intraoperative and/or postoperative bleeding. Difficulties to
control bleeding caused by the spleen are mainly related to
the specific vascular anatomy. As we know later, the
splenic artery is often divided into two or three groups of
branches, and in some patients, the number of segments
even ranges from three to seven [58]. Therefore, intraop-
erative ligation of the terminal divisions of the splenic
vessels can lead to an ischemic demarcation zone clearly
on the spleen surface. This makes the splenic parenchyma
resection with less blood loss possible.

The most common indication in this review is splenic
cysts. Laparoscopic cyst decapsulation is a safe and fea-
sible option for superficial cysts in some published reports
[59]; however, some studies have noted that there was a
high recurrence rate of 64% over a mean follow-up of
12 months [60]. Uranues et al. [5] reported that the
recurrence developed within a few months after deroofing,
and the patients complained more severe symptoms than
those they had experienced preoperatively. But for sec-
ondary cysts, Mertens et al. [61] concluded that laparo-
scopic deroofing should be reserved. However, there were
five patients with secondary cysts who underwent LPS with
well results in the literature 2,22 and 26. The secondary
common indications for LPS in this review were splenic
hematological diseases. Among them, hereditary sphero-
cytosis was a major indication. But for LPS in this kind of
patients, careful consideration on splenic volume remnant
was very important. Bader-Meunier et al. demonstrated
that leaving 25% of spleen with adequate perfusion was
sufficient to preserve splenic function [62]. Growing evi-
dence supports that preservation of 25-30% of the splenic
parenchyma allows an appropriate immunologic response
to antigen stimulus [5, 63, 64]. So LPS is also a challenging
procedure that may be affected by an inappropriate eval-
uation of the splenic remnant.

According to series article review, the attitude regarding
accessory spleens changed during the years. In 2006, Dutta
et al. [65] reported that the small accessory spleen was
found and left in situ because the overall intent was to
leave some spleen intact to retain immunologic function,
and its size did not add significantly to the remnant volume.
In 2008, Hery et al. [6] reported one patient had an
accessory spleen, which was removed during the LPS
procedure. In 2012, Vasilescu [34] reported four patients
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detected with accessory spleens. For the first case, as their
experience, they preserved the accessory spleen; afterward,
for the last three patients, they choose to remove them to
better assess the splenic remnant volume. There are no
comparative studies about whether accessory spleen should
be removed or not in partial splenectomy.

There are three comparative studies in this review
between LPS and LTS. In 2008, Morinis et al. [31] reported
that EBL was greater in the LPS group, but transfusion
requirements were similar. LPS group had higher morphine
use, greater time to oral intake, and longer POS than the
LTS group. But these disadvantages may be balanced by
retained splenic immune function, and further studies were
required to assess long-term splenic function in these
patients. So, in 2015, Lee et al. [23] reported that it rep-
resents an effective approach to reduce POS and compli-
cations for LPS. And there were no significant differences
between the groups in terms of the operative time, intra-
operative blood loss, and transfusion rate. As their con-
clusion, LPS was a feasible, safe surgical procedure in
patients with tumorous lesions of the spleen. In 2017, Li
et al. [45] compared patients diagnosed with splenic rup-
ture and reported that the counts of platelet and leukocyte
were less in LPS than LTS with significant difference. And
the operation time, intraoperative blood loss, autologous
blood transfusion, allogeneic blood transfusion, and con-
version to laparotomy were similar. So, they concluded that
LPS may benefit emergency patients and does not increase
perioperative risks.

In conclusion, there are potential benefits associated with
LPS over LTS, and in early series of highly selected
patients, LPS appears to be feasible and safe when per-
formed by experienced laparoscopic surgeons. However,
there are no future multicenter RCTs or meta-analysis about
the comparison between LPS and LTS. So, as a challenging
operation, publication bias is a factor that should be con-
sidered before we can draw an objective conclusion.
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