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Evaluation the efficacy and safety of simultaneous
splenectomy in liver transplantation patients

A meta-analysis
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Abstract N
Background: Simultaneous splenectomy during liver transplantation (LT) is debated. The present meta-analysis assessed the |
efficacy and safety of splenectomy on the outcome of LT patients.

Methods: We searched PubMed, Embase, and Wanfang databases for relevant studies published until the date of July 15, 2017.
Quality assessment of the included studies was performed using a modified Newcastle-Ottawa Scale judgment. The data were
analyzed using RevMan5.3 software.

Results: A total of 16 studies consisting of 2198 patients (892 patients received splenectomy during LT [SPLT group] and 1306
patients received LT only [LT group]) were included in the present meta-analysis. Efficacy analysis revealed that pooled hazard ratio
for overall survival (OS) between 2 groups was not significantly different (hazard ratio=1.03; 95% confidence interval [CI]: 0.71-1.50).
SPLT group had less postoperative rejection (odds ratio [OR]=0.63, 95% Cl: 0.50-0.79) and small for size syndrome (OR=0.23,
95% Cl: 0.07-0.79). SPLT group had significantly lower preoperative platelet (mean difference [MD]=—-17.23, 95% Cl: —19.54,
—14.91), but significantly higher postoperative platelet (MD=170.45, 95% CI: 108.33-232.56). Conversely, SPLT group had
significant higher preoperative portal pressure (MD=1.54, 95% Cl: 0.75-2.33) and significant lower postoperative portal pressure
(MD=-1.17,95% Cl: —2.24, —0.11). Safety analysis revealed that SPLT group had significantly longer operation time (MD =56.66,
95% Cl: 35.96-77.35), more intraoperative blood loss (MD=1.08, 95% Cl: 0.25-1.91), and more intraoperative red blood cell (RBC)
transfusion (MD=38.77, 95% Cl: 3.22-4.33). Furthermore, SPLT group had significantly higher incidence of postoperative
hemorrhage (OR=23.07, 95% ClI: 1.92-4.91), postoperative thrombosis (OR =3.63, 95% CI: 1.06-12.45), and perioperative infection
(OR=2.62, 95% CI: 1.76-3.90). In addition, perioperative mortality was significantly higher in the SPLT group (OR=38.14, 95% Cl:
1.31-7.52). Postoperative hospital stay did not differ significantly between 2 groups (OR=—-1.75, 95% Cl: —3.66-0.16).

Conclusions: Splenectomy benefits LT patients in increasing platelet count. However, splenectomy is a morbid procedure as
splenectomy increases operation time, intraoperative blood loss, intraoperative RBC transfusion, and postoperative complications.
Splenectomy does not improve OS but increase perioperative mortality. Therefore, splenectomy should be performed only in
selective patients.

Abbreviations: AMR = antibody-mediated rejection, Cl = confidence interval, DAAs = direct-acting antiviral drugs, DDLT =
deceased donor liver transplantation, ESLDs = end-stage liver diseases. ABO-I = ABO incompatible, HBV = hepatitis B virus, HCC =
hepatocellular carcinoma, HCV = hepatitis C virus, HR = hazard ratio, LDLT = living donor liver transplantation, LT = liver
transplantation, MD = mean difference, MD = mean difference, NOS = Newcastle-Ottawa Scale, OLTx = orthotopic liver
transplantation, OR = odds ratio, OS = overall survival, PHT = portal hypertension, PLT = platelet count, RBC = red blood cell, SFSS
= small for size syndrome, SP = splenectomy, SPLT = splenectomy and liver transplantation.
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1. Introduction

Liver transplantation (LT) is a curative therapy for most end-
stage liver diseases (ESLDs) and selected hepatocellular carcino-
ma (HCC).'"! Nevertheless, many modifications are necessary
during LT. For example, Roux-en-Y choledochojejunostomy is
indicated when bile flow is impaired or any evidence of
irregularity of bile duct, malignancy, or pre-malignancy is found;
reconstruction of veins and arteries by recipient great saphenous
vein graft is indicated when the inflow or outflow of the donor
liver is impaired.>*! Among these modifications, simultaneous
splenectomy plays an important role and is performed in various
conditions, including portal hypertension (PHT), hypersplenism,
splenic artery aneurysm (SAA), large patent splenorenal shunts
(SRS), completion of interferon (IFN) therapy against hepatitis C
infection, ABO-incompatible (ABO-I) LT, prevention of small for
size syndrome (SFSS) and etc.[***! However, splenectomy is a
morbid procedure, which increases the risk of intraoperative
bleeding in the context of splenomegaly, PHT, and coagulation
dysfunction.'*!! Furthermore, there are other complications
related to splenectomy, such as higher incidence of portal venous
system thrombosis and infection, which adversely affect
postoperative survival. 2% Therefore, less-invasive alternatives
with improved safety have been developed to take the place of
splenectomy during adult deceased donor liver transplantation
(DDLT), such as splenic artery ligation, splenic artery emboliza-
tion, or left renal vein ligation to modulate portal flow.!"**=2*/ In
addition, the advent of oral direct-acting antiviral drugs (DAAs)
for HCV-infected patients and new protocols of immune
suppression for ABO-I LT has decreased the need for splenecto-
my.[625:26]

The importance of spleen has been neglected and spleen has
been considered not vital so far, as splenectomy is not often
associated with immediate consequences.*”! However, spleen
plays important roles in various aspects, for example, production
of antibodies, elimination of blood-borne pathogens, particularly
encapsulated bacteria, maintenance of peripheral tolerance,
storing the circulation platelets and erythrocytes, removing the
old platelets and erythrocytes from the blood circulation, and
serving as a source of adult multipotent stem cells, such as
precursors of B-islet secretory cells. Congenital asplenia and
splenectomized individuals are susceptible to infection diseases,
the most feared one is overwhelming post-splenectomy infection,
which lead to death in a short time period.”®! And furthermore,
splenectomy is reported to be associated with increased overall
cancer risk, diabetes mellitus, and persistent hypercoagulable
state, among others.**~31]

At present, it remains unclear whether simultaneously
splenectomy is beneficial for LT patients. The aim of the present
meta-analysis is to explore in detail the impact of splenectomy on
the outcomes in published series of patients who underwent LT.

2. Materials and methods

2.1. Search strategy

Literatures published until the date of July 15, 2017 were
searched in the PubMed, Embase, and Wan-Fang databases by 2
independent investigators (CH and X]JL) using the keywords
“splenectomy” AND “liver transplantation.” Pubmed search
was conducted by endnote X7 software. Embase and Wan-Fang
database were searched on Webpage; finally citations were
managed by endnote X7 software with the assist of Excel 2013.
The references of each literature were examined to identify
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appropriate articles. After this initial screening, the database of
selected studies was cross-checked to identify discrepancies. If
multiple publications from the same cohort were found, data
from the most comprehensive report were included. Duplicated
literatures were finally removed. Thereafter, review of full-text
articles and quality assessment were carried out by the same
independent reviewers, and a third reviewer was available to
adjudicate on any conflicts arising between the two reviewers.
Studies were included in the present meta-analysis according to
the following criteria: patients who underwent LT; splenectomy
as an exposure interest; available data concerning the outcome of
interest. Excluded criteria were: only 1 treatment method was
used and no contrastive study was performed; 2 surgical
procedures were compared in an animal model; data could not
be used for statistical analysis; LT and splenectomy were
conducted step by step; basic preoperative situation of the 2
groups was obviously different; no access to full text for quality
assessment and data extraction; case reports. Because the data
included in our study were extracted from published literatures,
no approval was required from the institutional review board and
patient consent was not necessary.

2.2. Data extraction and quality assessment

Two investigators independently extracted the following data
from each study: study characteristics, that is, name of first
author, publication year, study region, inclusion period of study,
study design, and transplantation type; surgery outcomes, that is,
operation time, intraoperative blood loss, intraoperative (red
blood cell) RBC transfusion, preoperative platelet, postoperative
platelet (1 month after surgery), preoperative portal pressure,
postoperative portal pressure (1 month after surgery), hospital
stay, postoperative complications (intraperitoneal bleeding,
thrombosis, infection rate, rejection rate, SFSS, pancreatic
leakage), perioperative mortality, and hazard ratio (HR) for
overall survival (OS) after surgery; potential sources of
heterogeneity. Disagreements were resolved by discussion or
consulting experts. Postoperative complications and mortality
were defined as adverse events during the first hospital stay,
occurred <1 month after surgery. If necessary, the primary
authors were contacted to obtain missing data. A modification of
the Newcastle-Ottawa Scale was used as an assessment tool for
selection, comparability, and outcome assessment.>?!

2.3. Statistical analysis

We used Review Manager (RevMan; Version 5.3; Cochrane
Collaboration) to pool data. For the time-to-event variables,
directly extracting HR with 95% confidence interval (CI) from
each study was preferential. When the association between
splenectomy and HRs of survival was not reported, HRs were
calculated according to the methods described by Parmar et al'**!
and Tierney et al.®*! If continuous data were presented as median
and range, the meanzstandard deviation was calculated
according the methods described by Hozo et al.!**! Continuous
variables were compared by weighted mean difference (MD).
Category variables were compared by odds ratio (OR). The
Mantel-Haenszel Q-statistic was used to assess heterogeneity
among the studies, and the I* statistic was computed to examine
the proportion of total variation in the study estimate due to
heterogeneity. P>.10 or P<.10/[* <50% was considered to
indicate no significant heterogeneity between the trials and a
fixed-effect model was selected for analysis in such cases.
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Recards identified through Pubmed database
(n=530) and EMBASE (n=871) searching

Additional records identified through other
sources (Wan-Fang database) (n=23)

!

‘Records after duplicates removed (n=111 6)]

Records excluded after review
[Records screened (n=11 16)] of title and abstract (n=1035)

Full-text articles excluded
(n=65): 18 case reports, 2
animal trials, 26 not relevant to
the aims of this systemic review,

Full-text articles assessed
far eligibility (n=81)

19 lack of reporting outcomes
of interest

[Studies included in qualitative synthesis (n=16) ]

Studies included in quantitative synthesis (meta-analysis):

cohort studies (n=13), case-control studies (n=3)

Figure 1. Flowchart showing study identification and selection process.

Conversely, P<.10/> >50% was considered to indicate
significant heterogeneity, and a random-effect model was used.
For the integrated results, P<.05 indicated statistical signifi-
cance. The Begg funnel plots were used to estimate potential
publication bias. The significance of the pooled HR, OR, MD
was determined using the Z test and a P value <.05 was
considered as statistically significant.

3. Results

3.1. Literature search

The search performed in July 2017 identified 1484 citations.
Figure 1 shows the process of studies selection according to
PRISMA guidelines. After reviewing the titles and authors, 368
duplicates were excluded. A total of 1035 unrelated articles were
excluded from the remaining 1116 records after screening the
titles and abstracts. After reviewing the full text of the rest of 81
potentially relevant articles, 65 articles were excluded, which
include 18 case reports, 2 animal trials, 26 studies not relevant to
the aims of this systemic review, and 19 studies lack of outcomes

of interest. Sixteen studies were eventually included in the
analysis.1#59-13-15,18-2036-42]

3.2. Characteristics and quality of included studies

Sixteen studies consisting of 2198 patients (926 patients who had
simultaneously splenectomy during LT [SPLT group] and 1393
patients who had LT only [LT group]) finally met eligibility
criteria. All of them were retrospective. There were 3 case-control
studies and 13 cohort studies. Thirteen studies were performed
in the eastern countries (6 in China and 7 in Japan), the other

3 studies were performed in France, Germany, and the United
States of America, respectively. Of the 16sixteen included articles,
6 were published before 2010, and the other 10 were published
after 2010. The detailed characteristics of the 16 studies,
including the first author’s names, countries where the studies
performed, patient number of 2 groups, periods of inclusion,
patient number with HCC, study designs, LT types, and
publication years were described in Table 1. The quality of the
literatures was assessed using a modification of the Newcastle-
Ottawa Scale. Studies given >4 stars were recognized as being
moderate to high quality. The results of this assessment are
shown in Table 2.

3.3. Efficacy analyses

With respect to efficacy analyses, pooled HR for OS, postopera-
tive rejection, incidence of SFSS, preoperative and postoperative
platelet, preoperative portal pressure, and postoperative portal
pressure were analyzed. The result of efficacy analysis was
demonstrated in Figure 2. Twelve studies provided information
regarding OS, and no study directly provides association of
splenectomy and HR of OS. Seven studies provide clear survival
curves, which were applicable for HR calculating. The data
indicate that the OS between 2 groups was not significantly
different (HR=1.31; 95% CIL: 0.81-2.13, P=.27, Fig. 2A).
Eleven studies reported postoperative rejection; splenectomy was
associated with significantly less rejection (OR=0.63, 95% CI:
0.50-0.79, P<.001, Fig. 2B). Three studies reported SFSS; the
incidence of SFSS was significantly lower in SPLT group (OR =
0.23,95% CI: 0.07-0.79, P=.02, Fig. 2C). Eight studies reported
preoperative platelet; the preoperative platelet was significantly
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Basic characteristics of all pooled studies in the meta-analysis.

References Regions Groups Patients (n) Patients with HCC (n) Period of patient inclusion Design LT type Publication year
Li et all'® China SPLT vs. LT 19:23 9/42 2005.01-2011.01 Cohort OLTx 2012
Zhang et a” China SPLT vs. LT 89:95 23:24 1999.06-2009.10 Cohort OLTx (+LDLT) 2012
Badawy et al®®  Japan SPLT vs. LT 88:76 29:20 2010.07-2016.07 Cohort LDLT 2017
Golse et all'® France  SPLTvs. LT 47:94 7:20 1994-2013 Case-control ~ OLTx (-LDLT) 2017
lto et all'® Japan SPLTvs. LT 169:226 NR 2001.01-2015.12 Cohort LDLT 2016
Wang et al®”) Japan SPLTvs. LT 154:122 83:60 2000.01-2012.03 Cohort LDLT 2015
Chu et al™ China SPLT vs. LT 40:120 22:43 2001.08-2011.04 Cohort LDL andDDLT 2015
lkegami et al®® Japan SPLT vs. LT 98:152 49:49 1997.05-2012.05 Cohort LDLT 2013
Liu et al®® China SPLT vs. LT 22:44 0:0 2006.08-2009.03 Case-control LDLT 2011
Yoshizumi et a  Japan SPLT vs. LT 44:69 23:32 2003.04-2007.03 Cohort LDLT 2008
Wang et al®® China SPLT vs. LT 6:58 2:19 1999.02-2005.05 Cohort DDLT 2006
Samimi et al®”  America  SPLT vs. LT 40:147 5:14 1987.01-1991.10 Cohort OLTx 1998
Ye et all* China SPLT vs. LT 28:56 NR 2001.01-2006.04 Case-control OLTx 2008
Raut et al*" Japan SPLT vs. LT 27:10 7:5 2006.05-2009.07 Cohort ABO-ILDLT 2012
Kishi et al*? Japan SPLT vs. LT 21:14 0:0 1996.01-2004.09 Cohort LDLT 2005
Liisebrink et al'”  Germany ~ SPLT vs. LT 34:.87 0:0 1990.09-1992.01 Cohort OLTx 1994

&=nplus, —=excluded, +=included, DDLT = deceased donor liver transplantation, LDLT = liver donor liver transplantation, LT = liver transplantation, NR =not reported, OLTx = orthotopic liver transplantation,

SPLT =liver transplantation and splenectomy.

lower in the SPLT group (MD=-17.23, 95% CIL
—19.54,-14.91, P<.001, Fig. 2D). Six studies reported
postoperative platelet; the postoperative platelet was significantly
higher in the SPLT group (MD=170.45, 95% CIL: 108.33-
232.56, P<.001, Fig. 2E). Four studies reported preoperative
portal pressure and postoperative portal pressurel SPLT group
had significant higher preoperative portal pressure (MD=1.54,
95% CI: 0.75-2.33, P<.001, Fig. 2F) and lower postoperative
portal pressure (MD=-1.17, 95% CI: —2.24, —0.11, P=.03,
Fig. 2G).

3.4. Safety analysis

With respect to safety analysis, we compared operation time,
intraoperative blood loss, intraoperative RBC transfusion,
incidence of postoperative hemorrhage, postoperative thrombo-
sis, perioperative infection, perioperative mortality, and postop-
erative hospital stay of 2 groups. Results of safety analysis were
demonstrated in Figure 3. Twelve studies reported operation

time; longer operation time was found be in SPLT group (MD =
56.66, 95% CI: 35.96-77.35, P<.001, Fig. 3A). Eight studies
reported intraoperative blood loss; there was no significant
difference between 2 groups (MD=0.78, 95% CI: —0.18-1.74,
P<.001, Fig. 3B). Six studies reported intraoperative RBC
transfusion. Splenectomy significantly increases intraoperative
RBC transfusion (MD=3.77, 95% CI: 3.22-4.33, P<.001,
Fig. 3C). Nine studies reported postoperative hemorrhage; SPLT
group had higher incidence of postoperative intraperitoneal
bleeding (OR=3.07, 95% CIL: 1.92-4.91, P<.001, Fig. 3D).
Eight studies reported postoperative thrombosis, the incidence of
which was significantly higher in SPLT group (OR=3.63, 95%
CL: 1.06-12.45, P=.04, Fig. 3E). Seven studies reported
perioperative infection, which tended to be higher in SPLT
group, but the difference was not significant (OR=1.96, 95% CI:
0.97-3.97, P=.06, Fig. 3F). Eight study reported perioperative
mortality, which was significantly higher in the splenectomy
group (OR=3.14, 95% CI: 1.31-7.52, P=.01, Fig. 3G). Five
studies reported postoperative hospital stay, which did not differ

Quality assessment of studies in the meta-analysis based on modified Newcastle-Ottawa Scale judgment.

Selection Comparability Exposure Outcome assessment
References 1 2 3 4 5 6 Quality judgement
Li et all'™ i * * ok
Zhang et al” * * * * * Hskokskeok
Badawy et al*® * * * * * sk
Golse et all"® * * * * * stk
lto et al'® * * * * ok
Wang et al®”) * * * * * sk okok
Chu et all'™ * * * # * Sestoskofesk
lkegami et al[5] * * * * ek
Liu et al®® * * * * * stk
Yoshizumi et al' i * * * * stk
Wang et al®® s * * ot
Samimi et al®” * i i * ok
Yel et all*? s i * * ok
Raut et al*" i & i * Holkok
Kishi et all*? * * # ok
Lusebrink et all'” * & & ok

A * was awarded if the study satisfied the criteria. Quality judgement of each study was assessed by the total number of star, with more stars reflecting a better quality.
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Odds Ratio Odds Ratio
Study or Subarou Rati SE_ Weight Random, 95% CI IV, Random, 95% CI
Badawy A 2017 0.357674 0.354543 17.9% 1.43[0.71, 2.86] sl
Chu HC 2015 0.10436 0506855 13.0% 1.11[0.41,3.00] S | B
Golse N 2017 0.405465 0687316 8.9% 1.50[0.39,5.77] s
Ikegami T 2013 -0.37106 0361041 17.7% 0,68 [0.34, 1.40) i
Samimi F 1998 1196948 0308261 19.7% 3.31[1.81,6.06] ——
Yoshizumi T 2008 -0.07257 0673229 9.2% 0.93 [0.25, 3.48]
Zhang Y 2012 -0.04082 048223 13.7% 0.96 [0.37, 2.47) P —
Total (95% CI) 100.0%  1.31[0.81,2.13] ?
Heterogeneity: Tau®= 0.22; Chi®= 12.83, df = 6 (P = 0.05), F= 53% é 02 041 3 1=0 55
Test for overall effect Z=110(P=0.27) ’ Fa'vours [SPLT] Favours [LT]
A Pooled HR for 0S.
SPLT LT Odds Ratio Odds Ratio
Study or Subgrou et ent al_Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% C
Badawy A 2017 43 88 40 76 103%  1.08[0.58, 2.00] =
Golse N 2017 2 47 3 84  58%  1.79[0.87, 3.66] T
Ikegami T 2013 10 98 3152 11.5%  0.44[0.21,0.95] ——
Ito K 2016 36 169 69 226 245%  062[0.39, 098 —a—
R.Iusebrink 1994 3 O 55 87 6.2% 0.94[041,213) ——
Raut, V. 2012 15 21 7 10 28%  040[0.08,1.87) —
Samimi F 1998 20 40 108 147 122% 0.36[0.18,0.74) ——
Wang H 2015 15 154 24 122 128%  0.44[0.22, 088 ——
Wang WL 2006 0 6 4 58 05% 093[0.04,19.34]
YE Qi-fa 2008 t <78 8 56 27% 0.22[0.03,187] ==
Zhang Y 2012 8 88 23 85 107% 0.31[013,073) ——
Total (95% ClI) 780 1123 1000%  0.63[0.50, 0.79) *
Total events 194 400
Heterogeneity: Chi*= 20.07, df= 10 (P = 0.03); F= 50% %0 o u+1 1‘-EI 1ou'
Test for overall effect Z= 3.97 (P < 0.0001) x Favous [SPLT] Favous [LT]
B Postoperative rejection.
SPLT LT Odds Ratio Odds Ratio
_Study or Subgroup _ Events Total Events Total Weight M.H, Fixed, 95% Cl M-H, Fixed, 95% C1
Badawy A 2017 0 88 2 76 201% 0.17[0.01, 3.56) e
Ito K 2016 1 168 4 226 256%  0.33[0.04,298) m— ot o
Yoshizumi T 2008 2 RN 9 28 543% 0.21[0.04,1.11) ——
Total (95% Cl) 279 330 100.0%  0.23[0.07, 0.79] -
Total events 3 15
Heterogeneity. Chi*=0.15, df= 2 (P= 0.93), F= 0% b t t {
Test for overall effect Z= 2.35 (P=0.02) 0.001 FavouusJ[SPLT] Favou1sn[LTj 1000
Cc Small for size syndrome.
SPLT LT Mean Difference Mean Difference
Stu [ oup Mearn D _Total Mean D eight IV, Fixed, 95% C| |1I iﬂ' ied, 95% CI
Badawy A 2017 615 76 88 783 g4 76 88.1% -16.80[-19.27,-14.33)
ChuHC 2015 752 468 4D 921 582 120 17% -16.90[-34.78,0.98] g
Golse N 2017 B9 74 47 86 47 94 1.0% -17.00 [-40.19,6.19] ™
Ito K 2016 743 47 169 909 593 226 49% -16.60[-27.09,-6.11] -—
Raut, V. 2012 b6 265 21 7575 5387737 14 06% -9.75 [-40.16, 20.66) —
Samimi F 1998 1332 836 40 138 1024 147 0.6% -4.80 [135.54, 25.94] T
Wang WL 2006 46 33 29 77 65 58 13% -31.00[51.59,-1041)]
Yoshizumi T 2008 2 2 44 ar 64 69 20% -35.00[-51.44,-18.56]
Total (95% CI) 478 B804 100.0% -17.23[-19.54,-14.91] L]
Heterogeneity: Ch*=7.20, df= 7 (P = 0.41), F= 3% N T e

Test for overall effect Z=14.58 (P < 0.00001)

D Preoperative platelet.

Favous [SPLT] Favous [LT]

Figure 2. Efficacy analysis.

significantly between 2 groups (OR=-1.75, 95% CI: —3.66—
0.16, P=.07, Fig. 3F). Five studies reported pancreatic leakage
after splenectomy, with an incidence of 6.2% (25/406).145-36-381
One study reported pancreatitis, with an incidence of 8.5%."3!

3.5. Heterogeneity

High heterogeneity was detected for operation time (I*=59%,
P=.005), intraoperative blood loss (I*=71%, P=.001),
postoperative thrombosis (I>=74%, P=.0004), perioperative
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SPLT LT

L Lbaroup Mean Mean D
ChuHC 2015 366.2 1122 206.7 126.2

Golse N 2017 5§36 202 47 194 97 94 16.8%
Ito K 2016 310 156 169 178 88 226 19.4%
Samimi F 1998 2922 2547 40 2571 1398 147 14.9%
Wang WL 2006 390 144 6 165 59 58 118%
Yoshizumi T 2008 274 114 4 134 67 69 187%
Total (95% CI) 346 714 100.0%

Heterogeneity: Tau®= 5003.58; Chi*= 49.32, df= 5 (P = 0.00001); F= 90%
Testfor overall effect Z= 5.38 (P < 0.00001)

Mean Difference
IV, Random, 9

15,50 [118.04, 200.96] -
342.00 [281.01, 402.99] e
132.00 [105.83,158.17] -

35.10 [-47.00,117.20]
225.00[108.78, 341.22] e
140.00 [102.79,177.21) inies
170.45 [108.33, 232.56] <>

500 -250 0 250 500

Favous [SPLT] Favous [LT]

E Postoperative platelet count.

SPLT LT Mean Difference Mean Difference
Study or Subgrou Mea SD Tot ean Tot ight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Badawy A 2017 1891 944 88 1857 692 76 99% 034217, 285 T
Ikegami T 2013 249 53 98 225 63 152 297% 2.40[0.95 385 ==l
Wang H 2015 249 54 154 239 61 122 329% 1.00[0.38 2.38) T-—
Yoshizumi T 2008 192 389 44 175 41 69 276% 1.70[0.20,3.20] [
Total (95% CI) 384 419 100.0% 1.54[0.75, 2.33] <
Heterogeneity. Chi*= 2.86, df= 3 (P=0.41), F=0% i‘ 12 o % ;

Test for overall effect Z= 3.83 (P = 0.0001)

F Preoperative portal pressure.
SPLT LT
LIC] 1 ear i a ean D J
Badawy A 2017 1274 33 88 1281 236 76 27.9%
Ikegami T 2013 164 35 98 18 47 152 261%
Wang H 2015 161 42 154 184 45 122 259%
Yoshizumi T2008 165 36 44 172 47 63 201%
Total (95% C1) 384 419 100.0%

Heterogeneity: Tau®= 0.87, Chi*=11.70, df= 3 (P = 0.008); F= T4%
Test for overall eflect Z= 215 (P=0.03)

G Postoperative portal pressure.

Favous [SPLT] Favous [LT]

Mean Difference Mean Difference
Random, 95% CI IV, %
-0.07 [-0.94, 0.80]
-1.60 |2.62,-0.58] -
-2.30 [-3.34,-1.26) T
-0.70[-2.24,0.84]
1.17[-2.24, -0.11] *

10 -5 0 5 10
Favous [SPLT] Favous [LT]

Figure 2. (Continued).

infection (I*=71%, P=.005), perioperative mortality (I>=52%,
P=.04), postoperative platelet, (I*=90%, P <.001), postopera-
tive portal pressure (I’=74%, P=.008), HR for OS (I?=53,
P=.005).

3.6. Sensitivity analyses and publication bias

Given the detection of heterogeneity between these studies, we
conducted sensitivity analyses by omitting each single article in
turn. Potential sources of heterogeneity were explored when
significant changes of results were found. The results of operation
time, intraoperative RBC transfusion, and postoperative hem-
orrhage, postoperative rejection, perioperative mortality, preop-
erative platelet, preoperative portal pressure, postoperative
platelet, and postoperative portal pressure remained unchanged
during the process of removing one study at a time. However, the
results of intraoperative blood loss, perioperative infection, and
pooled HR for OS were not consistent when performing the
sensitivity analysis. The results were demonstrated in Figure 4.
Seven studies reported more intraoperative blood loss in SPLT
group, whereas 1 study reported less intraoperative blood loss in
SPLT group. The baseline characteristics of patients in this study
differed significantly.® After excluding this study, reanalysis of
the remaining 7 studies revealed that splenectomy significantly
increases intraoperative blood loss (MD=1.08, 95% CI: 0.25-
1.91, P=.01, Fig. 4A). Lower heterogeneity was found in these
studies (I*=62%, P=.01). Six studies reported that SPLT group

had a higher perioperative infection rate than LT group, whereas
1 study reported a lower perioperative infection rate. After
excluding this study, no significant heterogeneity was found
among remaining studies (I*=0%) and results from the
remaining studies suggest that the infection rate remained
significantly higher in SPLT group (OR=2.62, 95% CI: 1.76—
3.90, P<.001, Fig. 4B). Only 1 study provided a significant HR
of OS favoring the LT group, which was published before 2000,
whereas the rest of 6 studies, which were published after 2000,
demonstrated that the HRs for OS were not significant and with
wide ranges. After excluding the study by Samimi, no significant
heterogeneity was found among the remaining studies (I*=0%).
And the OS of 2 groups did not differ significantly (pooled HR:
1.03, 95% CI: 0.71-1.50, P=.86, Fig. 4C). Finally, we created
funnel plots for each comparison (Fig. 5). These 15 plots were
basically inverted and funnel-shaped, with bilateral symmetry,
indicating lack of publication bias, and having reliable
conclusions.

4. Discussion

LT is currently considered a curative therapy for most ESLDs and
supported by a grant from selected HCC. However, modifica-
tions, such as splenectomy, Roux-en-y anastomosis, and
autologous saphenous vein transplantation, are necessary in
certain circumstances. Splenectomy which is the most important
modification during LT is indicated in various conditions.
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Figure 3. Safety analysis.

Firstofall, splenectomy is indicated in severe thrombocytopenia.
ESLDs and HCCs are often accompanied by splenomegaly, which
is secondary to liver cirrhosis and PHT. Hypersplenism is
subsequent to splenomegaly and may lead to adverse effects such

as pancytopenia.*¥ Although LT with a whole liver graft
immediately decreases portal pressure, PHT and splenomegaly
still persist in some patients; the incidence is even higher in living
donor liver transplantation (LDLT) recipients. Low preoperative
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platelet and the large volume of spleen were reported to be
associated with persisting thrombocytopenia.**! In such circum-
splenectomy remarkably resolves
may be

stances,

nia.'">181 Possible mechanisms

thrombocytope-
associated  with

reduction of the sequestration and destruction of platelets and
WBCs in the spleen, and increased release of thrombopoietin.

Second, simultaneous splenectomy is indicated when using a
small-for-size (SFS) graft in the LDLT and split LT settings. The

[45,46]
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Figure 4. Sensitivity analysis.

development of LDLT and split LT has dramatically decreased
the number of patients on the waiting list and helped to overcome
the paucity of liver grafts. But there is a dilemma. Although using
smaller grafts is preferred to increase donor safety, SFS graft is the
major cause of SFSS, which ultimately leads to liver failure and
frequently leads to death.*”! Therefore, a smaller graft with
acceptable survival is highly anticipated. Portal hypertension and
excess graft inflow were well recognized as the most important
predictor of graft dysfunction.*®! To control PHT, several
approaches of portal vein pressure (PVP) modulation, other than
increasing the graft size, have been proposed. One of these
techniques is splenectomy./*4%-50!

The third indication is ABO-I LT. ABO-I LT is generally
contraindicated and only performed in a few urgent cases
of ESLDs and HCC.>*! Poorer outcomes after ABO-I
LT compared with ABO compatible LT, such as higher incidence
of antibody-mediated rejection (AMR),hepatic  arterial

thrombosis, biliary complication and cytomegalovirus infection
and lower graft survival have been insurmountable barriers to
expand its application.®1*2! As vascular, sinusoidal, and biliary
epitheliums also express blood group antigens, AMR immedi-
ately occurs after ABO-I LT because of the preformed anti-ABO
antibodies.®3! Spleen is the site of B-cell maturation and
antibodies production; some liver transplant centers developed
innovative protocols that include splenectomy as an integral
part for ABO-I LT and reported comparable result to ABO-
compatible LT.5*33]

The forth indication is to improve the tolerance to IFN therapy
for hepatitis C virus (HCV)-infected recipients. Recurrent
hepatitis C is the main problem for HCV-infected patients after
LT, with a recurrence rate of 11% to 14%, which leads to graft
failure in the long term.>®>”! The sustained virologic response
ratio with standard IFN and ribavirin therapy for recurrent
HCV after transplantation is only approximately 30%.14?!
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Retransplantation provides a 3-year survival rate of only 40% to
56%.15%91 One obstacle for starting or continuing combined IFN
and ribavirin therapy is blood cytopenia. To overcome this
problem, simultaneously splenectomy was performed during
LT." Previous studies have reported that SPLT group had
significantly higher platelet and leukocyte counts and achieved
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Figure 5. (Continued).

higher TFN-based anti-viral therapy completion ratio than non-
splenectomy group.[!*+2:60!

Other indications include SAA, large spontaneous SRS,
pancreatic tumor, and so on.**¢1=63! Previous study has also
reported splenectomy could reduce the incidence of HBV
recurrence after LT for HBV-related ESLDs with severe hyper-
splenism and splenomegaly.®! Furthermore, splenectomy might
be beneficial for preventing autoimmune hepatitis relapse after
LT.le4

Although splenectomy may be applied in various conditions,
there are oppose opinions toward its use during LT.[13:18-
20.36.391 Therefore, this meta-analysis aimed at evaluating the
efficacy and safety of SPLT for LT patients.

On the one hand, the results of our meta-analysis indicated that
when compared to LT group, SPLT group had longer operation
time, more intraoperative blood loss and required more
intraoperative RBC transfusion. It is explainable as splenectomy
increase surgical procedures, and cause more trauma to patients.
In addition, the presence of coagulopathy, PHT in ESLDs further
increase additional blood lose. Present meta-analysis also
revealed that simultaneous splenectomy in LT augments
postoperative complications, such as postoperative bleeding,
thrombosis, infection and pancreas leakage. And splenectomy
also increase perioperative mortality. Therefore, splenectomy is a
morbid procedure during LT.

On the other hand, our meta-analysis demonstrated that
splenectomy could reduce the incidence of SFSS and postopera-
tive rejection for LT patients, which was a potential protective
effect in LT. However, previous studies have reported less
invasive methods, such as splenic artery ligation and splenic
artery coiling, achieved comparable effects to splenectomy in
portal flow modulation and reducing the incidence of
SESS.[21:49:65:661 Eyyrthermore, with improvements in postopera-
tive anti-rejection management such as administration of
rituximab and application of plasma exchange, splenectomy
has been unnecessary in ABO-I LT setting./** Previous studies
have reported splenectomy can help preventing HBV recurrence
and facilitating IFN therapy in HCV-related LT.[*'%%1 Howev-
er, management of HBV and HCV has made substantial progress.
Fung et al'®”! reported that long-term Entecavir monotherapy
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achieved durable HBsAg seroclearance rate of 92% and
undetectable HBV DNA rate of 100% in 8 years after LT.
New regimens of DAAs for HCV have been reported to have
achieved a sustained virological response rate >90% in LT
patients without the need of splenectomy to increase platelet and
white blood cell count.®®! Improvement of OS in LT patients is
desired; however, the present meta-analysis demonstrated that
splenectomy failed to achieve.

There are several limitations of this meta-analysis. First, all the
included studies were retrospective researches. Second, the
patient number was relative small in each included study. Third,
a degree of selection bias has been generated as we excluded
studies published in other languages or databases. Fourth, the
results of our analysis have some potential confounding factors.
For example, indications of LT included benign diseases and
malignant diseases, LT types included LDLT and DDLT, and
indications of splenectomy differed significantly from each other
in the included studies. The power of our results is also
compromised in that most studies were not randomized in design,
and the basic characteristics of the non-splenectomized group
and splenectomized group in some studies were not strictly
comparable. However, with only a small number of studies
focusing on the outcomes of splenectomy during LT, it is
currently impossible to thoroughly perform a meta-analysis
evaluating the efficacy and safety of splenectomy in LT patients of
a certain disease and with a certain LT type, which is the major
origin of bias. Therefore, further well-designed studies are needed
to provide more convincing evidence.

In conclusion, simultaneous splenectomy during LT is efficient
in increasing platelet count and decreasing portal pressure.
However, present meta-analysis reveals that splenectomy tends to
increase operation time, intraoperative blood loss, intraoperative
RBC transfusion, incidence of postoperative hemorrhage,
postoperative thrombosis, and perioperative infection. Splenec-
tomy does not improve OS but increases perioperative mortality.
Although splenectomy could reduce the incidence of SFSS and
postoperative rejection, there are alternative less invasive
therapies. High-efficiency anti-HBV treatment and anti-HCV
treatment have rendered splenectomy unnecessary in control
HBV and HCV infection. Therefore, splenectomy should be
carefully selected to perform in LT patients.
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