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ABSTRACT

Background/Aims: The effect of splenectomy on the liver regeneration of a partial graft after
living donor liver transplantation (LDLT) is controversial. In recent years, some studies have
shown that platelets have strong effects on promoting liver regeneration, but not with a small-
for-size liver graft. This study aimed to validate the effects of splenectomy on liver regener-
ation rate after LDLT with extended left lobe graft with the middle hepatic vein.
Methodology: Of 312 LDLT to date, 32 adult patients at Nagasaki University Hospital
(Nagasaki, Japan) transplanted with an extended left lobe graft with middle hepatic vein
between April 2013 and April 2019 were retrospectively assessed. In our department, the
preoperative platelet count indicated for splenectomy is 50,000/ L. Overall, 13 and 19
patients were included in the splenectomy and without splenectomy groups, respectively. We
examined the relations hip between splenectomy and liver volume increase, and post-
operative platelet count on the 1st, 3rd, 5th, and 7th postoperative day. The liver volume 1
month (1MVol) after LDLT was estimated using a 3D image analysis system.
Results: ROC curve analysis showed the spleen volume threshold for significant volume
increase (1MVol/graft weight 2) was 440ml. With regard to 1MVol, no significant difference
was observed between the splenectomy and without splenectomy groups. However, in the
splenectomy group, recipients with a large spleen (more than 440 ml) led to higher liver volume
increase than in those with a small spleen. Platelet count significantly increased from post-
operative day 14 in the splenectomy group regardless of the size of the spleen.
Conclusions: Simultaneous splenectomy does not always have an effect on liver regenera-
tion in extended left lobe graft LDLT. However, for LDLT recipients with large spleen volume,
graft volume increase was affected, probably through vigorous portal venous blood flow but
not plateletderived factors.
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INTRODUCTIONINTRODUCTION
Splenectomy is a well-known procedure in living donor liver transplantation

(LDLT) to modulate portal venous flow, improve thrombocytopenia in patients
with HCV-related liver cirrhosis, and for immunomodulation in ABO-incompatible
cases (1,2). However, the effect of splenectomy on liver volume increase of a 
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partial graft after LDLT is controversial. Recent reports
have indicated improvement in liver regeneration after
splenectomy (3), because the spleen has an inhibitory
effect on liver regeneration by upregulating TGF-β1 and
downregulating HGF in the liver (4). We also have pre-
viously reported the in of the cytokines and liver-relat-
ed growth factors in the blood after LDLT and after LDLT
donor hepatectomy (5-7).

However, the effect of splenectomy on liver 
regeneration of a partial graft following LDLT remains
unclear. Thus, the effect of splenectomy on liver 
regeneration of a partial graft after LDLT is controversial.
In recent years, some studies have shown that platelets
have a strong effect on promoting liver regeneration (8,
9). However, the major impacts of splenectomy are
increased susceptibility to postoperative infections,
especially overwhelming postsplenectomy sepsis
(OPSS) caused by encapsulated bacteria, vascular
thrombosis, and postoperative bleeding (10).

Therefore, this study aimed to validate the effects of
splenectomy and postoperative platelet count on liver
regeneration rate after LDLT. In particular, smaller liver
lobe transplantation using an extended left lobe graft
was investigated because it has no problem in venous
outflow with middle and left hepatic venous drainage
from the graft and should have vigorous regenerative
capacity as compared to right lobe transplantation. 

METHODOLOGYMETHODOLOGY

Of 312 LDLT to date, 32 adult patients who 

underwent LDLT with extended left lobe graft at
Nagasaki University Hospital (Nagasaki, Japan)
between January 2013 and March 2017 were retro-
spectively assessed. Our selection criteria of graft
liver was reported previously (11). Only patients who
underwent LDLT with extended left lobe graft were
included. As shown in fig. 1, the exclusion criteria
were: right lobe graft, no 1 month follow up CT after
LDLT, and splenectomy prior to LDLT. Thirty-two
cases were analyzed and divided into two groups:
with splenectomy (n=13) and without splenectomy
(n=19).

In our department, the preoperative platelet
count indicated for splenectomy is ≤ 50,000/μL.
Platelet transfusion was done during and after LDLT
on occasion only for bleeding tendency episode but
very much limited. 

The liver volume 1 month (1MVol) after LDLT and
pretransplant spleen volume was measured using a
3D image analysis system (SYNAPSE VINCENT®, Fuji
Film Medical Co, Tokyo, Japan). Liver regeneration
rate was calculated by estimated 1MVol to actual
weight of the graft liver. The relationship between
splenectomy and liver volume increase, and post-
operative platelet count on the 1st, 3rd, 5th, and 7th
postoperative day were examined.

Subgroup analysis for liver volume increase in the
splenectomy group based on spleen volume was 
performed after ROC curve analysis to set the spleen
volume threshold for significant volume increase
(1MVol/graft weight ≥ 2).

Figure 1 - Flowchart of study design
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RESULTSRESULTS

Table 1 shows the characteristics of our extended
left lobe donors. Between the splenectomy group and
without splenectomy group, there was no significant
difference in age, gender, or body mass index. However,
there was a significant difference in ABOincompatibility
due to immunological concern previously.

Table 2 shows characteristics of the recipients who
received LDLT with extended left lobe graft. There were
no statistically significant differences between the
groups in age, gender, body mass index, model for liver
disease score, Child-Pugh score, and original liver 
diseases. However, because of its indication, the
splenectomy group had lower pretransplant platelet
count than that in the without splenectomy group.

Table 3 shows no difference between the groups
regarding the surgery, including graft weight and graft
weight versus standard liver volume of the recipient 
calculated from body surface area. Neither primary
graft dysfunction nor in-hospital mortality were seen in
either group.

In fig. 2, ROC curve analysis showed the spleen 
volume threshold for significant volume increase
(1MVol/graft weight ≥ 2) was 440 ml. With regard to
1MVol, no significant difference was observed between
the splenectomy and without splenectomy groups 
(fig. 3). However, regardless of splenectomy status,
recipients with a large spleen (more than 440 ml) led to
higher liver volume increase than in those with a small
spleen (fig. 4). The platelet count significantly increased

Table 1 - Patients characteristics in extended left lobe donor

Variables SP (+) SP (-) p value
(n = 13) (n = 19) 

Age (year) 34 (23-63) 36 (20-60) N.S.
Sex M/F 10/3 17/2 N.S.
BMI (kg/m2) 23.1 22.8

(18.5-27.9) (16.3-35.1) N.S.
ABO blood type: < 0.05
Identical/compatible 4/3 14/3
Incompatible 6 2
SP: splenectomy; BMI: body mass index

Table 2 - Recipient characteristics underwent LDLT with extended
left lobe graft

Recipient SP (+) SP (-) p value
(n = 13) (n = 19) 

Age (year) 59 (43-66) 58 (24-70) N.S.
Sex M/F 8/5 9/10 N.S.
BMI (kg/m2) 25.1 23.3 N.S.

(19.5-41.9) (16.4-33.7)
MELD score 18 (8-39) 18 (7-33) N.S.
Child Pugh score 11 (8-14) 11 (7-14) N.S.
Pre-operative platelet 4.3 10.3 < 0.01
count (×103 /uL) (1.9-6.9) (4.3-17.2)
Original liver disease:
C-LC/PBC / B-LC / 6/ 1 / 1 / 3/ 3 / 2 / N.S.
ETOH LC / FHF / 3/ 0 / 1/ 1 4 / 1 / 2 / 4
NBNC-LC / others
SP: splenectomy, BMI: body mass index, MELD: model for end-stage liver
disease; C-LC: liver cirrhosis due to hepatitis C virus infection, B-LC: liver 
cirrhosis due to hepatitis; B virus infection, ETOH-LC: C-LC: liver cirrhosis
due to ethanol, FHF: fulminant hepatic failure, NBNC-LC: liver cirrhosis 
without non B-non C hepatitis virus infection

Table 3 - LDLT characteristics in the recipients with extended left
lobe graft

Variables SP (+) SP (-) p value
(n = 13) (n = 19) 

Operation duration 805 744 N.S.
(min) (677-1031) (586-908) 

Warm ischemic time 45 44 N.S.
(min) (34-72) (35-60) 

Cold ischemic time 79 74 N.S.
(min) (55-130) (42-108) 

Graft weight (g) 437 414 N.S.
(340-557) (316-625)

GV/ SLV (%) 39.4 39.1
(22.7-47.9) (30.9-56.9) N.S.

GW/SLV (%) 33.1 34.7 N.S.
(25.6-44.2) (26.2-60.9)

Blood loss (g) 8,720 5,550 N.S.
(2,930-30,500) (2,050-36,900) 

Primary graft 0/0 0/0 N.S. 
dysfunction/inhospital 
death

Figure 2 - Receiver operating characteristics curve for spleen 
size to reflect 100% volume restoration of the graft at 1M

(1MVol/graft weight 2)
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from postoperative day 14 in the splenectomy group
regardless of the size of the spleen (fig. 5).

DISCUSSIONDISCUSSION

Because of a shortage of brain-dead donors, partial
liver transplantation from living donors has gained
worldwide popularity (12). In contrast with whole liver
transplantation, partial liver allograft allows the graft to
regenerate to adapt to the recipient environment.

For this reason, partial liver transplantation offers a
unique opportunity to investigate the yet-unresolved
mechanisms of liver regeneration (13-15).

We previously reported the changes in the
cytokines and liver-related growth factors in the blood

after living donor liver transplantation and in donors (5,
7)a. During liver regeneration in humans, many related
factors are released through autocrine and paracrine as
well as exocrine signaling through the stimulation of
volume reduction, hepatic flow/pressure change, space
loss, and nerve disturbance to the grafted partial 
liver. Among those, some in vivo experiments in small
animals have indicated improvement in liver regenera-
tion after splenectomy because the spleen has an
inhibitory effect on liver regeneration by upregulating
TGF-β1 and downregulating HGF in the liver (16).

Splenectomy is a well-known procedure in LDLT to
improve thrombocytopenia in patients with HCV-
related liver cirrhosis and for immunomodulation in
ABO-incompatible cases (1). Also, splenectomy can be
used to reduce the portal venous flow in the case of
small-for-size graft LDLT (2). However, the mechanisms
involvement of the spleen in partial liver regeneration
has not yet been elucidated well yet. Also, splenectomy
itself has been reported to associate with several 
complications, such as portal vein thrombosis (17-20).

In this study, the evaluation of post-transplant liver
graft volume showed that simultaneous splenectomy
itself does not always affect liver regeneration rate after
LDLT. However, in the splenectomy group, a correlation
was found between preoperative size of the spleen and
liver regeneration rate, while the platelet count itself
after LDLT did not show a correlation with liver volume
restoration. Of course, pleatelet count was increased in
the splenectomy group, but there was no significant 
differe nce in the preoperative size of the spleen.

Recently, the impact of imbalanced graft-to-spleen

Figure 3 - Liver volume increase at 1 month after extended left
lobe graft LDLT

Figure 4 - Liver volume increase in the splenectomy group regarding spleen size (a) and comparison 
with non-splenectomy group (b)

a b
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volume ratio on graft survival was reported by Yao et al
(3). In the report, a combination of small graft and large
spleen gave the worst outcome, as well as increased
age of the donor. A graft volume to body weight ratio of
0.7 was used as the cutoff value for small for size graft
without mentioning left or right lobe graft in the analy-
sis. In our study, an extended left lobe graft, which is
deemed to be a small graft between 0.6-0.8%, was
investigated so that our conclusions could be compared
to those reported by Yao, but all venous drainage was
insured in the left lobe graft as compared to a right lobe
graft (21,22). Therefore, our results provide clearer
information when the extended left lobe graft with
middle hepatic vein is to be selected.

There are some limitations to this retrospective
study. 1. The number of patients is limited in this study.
2. Portal venous pressure during and after LDLT was not
measured, which make it impossible to presume its
effect on liver regeneration. 3. Liver-related cytokines
such as hepatocyte growth factor, transforming growth
factor alpha and beta, and others were not measured,
which were all related to liver regeneration in small
aminmal studies and some our previous reports.

CONCLUSIONCONCLUSION

In conclusion, according to this evaluation of post-
operative liver volume increase, simultaneous splenec-
tomy does not always have an effect on liver regenera-

tion in extended left lobe graft LDLT. However, for LDLT
recipients with large spleen volume, graft volume
increase was affected, probably through vigorous portal
venous blood flow but not plateletderived factors. 

All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.

The authors have no financial conflicts of interest to
disclose concerning this study.
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