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Background. There have been no previous reports how Kupffer cells affect the outcome of living donor liver transplantation
(LDLT) with an elderly donor. The aim of this study was to elucidate the influence of Kupffer cells on LDLT. Methods. A total of
161 adult recipients underwent LDLT. The graft survival, prognostic factors for survival, and graft failure after LDLTwere examined
between cases with a young donor (<50, n = 112) and an elderly donor (≥50, N = 49). The Kupffer cells, represented by CD68-
positive cell in the graft, were examined in the young and elderly donors. Results. In a multivariable analysis, a donor older than
50 years, sepsis, and diabetes mellitus were significant predictors of graft failure after LDLT. The CD68 in younger donors was sig-
nificantly more expressed than that in elderly donors. The group with a less number of CD68-positive cells in the graft had a sig-
nificantly poor survival in the elderly donor group and prognostic factor for graft failure. Conclusions. The worse outcome of
LDLTwith elderly donors might be related to the lower number of Kupffer cells in the graft, which can lead to impaired recovery
of the liver function and may predispose patients to infectious diseases after LDLT.

(Transplantation Direct 2016;2: e94; doi: 10.1097/TXD.0000000000000608. Published online 22 July 2016.)
L iver transplantation (LT) has been performed for end-
stage liver disease.1 To overcome the scarcity of deceased

donors, living donor LT (LDLT) has been accepted as an al-
ternative option, especially in Asian countries including
Japan.2-6 Moreover, to expand the donor pool for LT, the
use of marginal donors, such as those with a steatotic liver,
grafts with a prolonged ischemic time, small-for-size grafts,
and elderly donors, has been considered.7

With regard to the donor age at LT, some centers have re-
ported that the outcome of diseased donor LT (DDLT) using
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an elderly donor was worse than that of procedures using a
younger donor. On the other hand, other centers have re-
ported that elderly donor grafts were acceptable in terms of
the outcomes after DDLT under some conditions.8-16 The
registry data from United States and Europe showed that
the graft survival of DDLT from elderly donor was worse
than that from younger donors.8,9 With regard to LDLT,
the Japanese Liver Transplantation Registry in 2011 re-
ported that 18.1% and 4% of the donors were older than
50 and 60 years. The survival of recipients with an elderly
donor was significantly worse than that of recipients with a
younger donor.10

The reasons for the worse outcome were estimated to in-
clude that the quality of the graft liver in elderly donorsmight
be associated with problems even if the liver function tests
were normal. The ischemic-reperfusion–induced liver injury
might cause the impaired liver function after LT.7

Kupffer cells are located in the sinusoidal region in the
liver and are responsible for the phagocytosis of bacteria-
like macrophages in the blood. Kupffer cells were activated
in the process of hepatitis B virus and hepatitis C virus
(HCV) infection of the liver and also in a mouse model of
acute liver failure.17,18 However, it has been unclear how
many Kupffer cells are located in the liver in young and el-
derly human liver and whether Kupffer cells affect the graft
survival after LDLT.

The aim of this study was to investigate the outcomes of el-
derly donor graft survival and to determine the influence of
Kupffer cell activity on the graft survival.
www.transplantationdirect.com 1
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TABLE 1.

A comparison of the background data in recipients between
the elderly and young donor groups

Young donor (n = 112) Elderly donor (n = 49) P

Recipient age, y 55.5 (19-72) 56 (20-66) 0.231
Donor age, y 33 (19-49) 56 (50-67) <0.001
Sex ratio (M:F) 65:47 31:18 0.602
Etiology 0.678
Hepatitis B 23 (20.5%) 12 (24.4%)
Hepatitis C 45 (40.2%) 18 (36.8%)
Hepatitis B + C 1 (0.8%) 0
Hepatitis-negative 43 (38.5%) 19 (38.8%)

HCC-positive 46 (41.1%) 25 (51.0%) 0.302
Recurrence 2 1

MELD score 17 (4-41) 16 (7-47) 0.403
MELD ≧ 25 31 (26.7%) 8 (16.3%) 0.161
Left lobe graft 64 (57.1%) 21 (43.8%) 0.123
DM-positive 38 (33.9%) 14 (28.6%) 0.584
ABO-incompatible 18 (16.1%) 8 (16.3%) 1
GV/SLV 47.3 (27.7-79.9) 47.3 (29.5-74.3) 0.43
GW/SLV 40.7 (22.4-84.7) 40.5 (24.9-68.7) 0.883
GW/SLV <35% 34 (30.4%) 14 (28.6%) 0.853
Blood loss, mL 6900 (520-52 600) 5600 (980-126 700) 0.773
≧10 000 mL 40 (35.7%) 15 (30.6%) 0.591
Sepsis 31 (27.6%) 19 (38.8%) 0.196
CMV 34 (30.4%) 19 (38.8%) 0.362
Graft failure 21 (18.8%) 21 (42.9 %) 0.003

CMV, cytomegalovirus; F, female; M, male.
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MATERIALS AND METHODS

A total of 208 patients underwent LDLT from August
1997 to October 2014 at Nagasaki University Hospital.
Among these recipients, 161 adult recipients were enrolled
in this study and had a follow-up period over 1 year. These
patients all had indications for LDLT, as defined by the ethics
committee of our hospital. The management of LDLT recipi-
ents and the donor selection was described previously.6 The
donor selection criteria were defined as follows, and the esti-
mated liver volume had been calculated by multidetector
computed tomography: our policy for graft selection is the
use of an extended left lobe graft if the estimated graft volume
(GV)/standard liver volume (SLV) of the recipient was over
30%.6 If the estimated GV/SLV was under 30%, the right
lobe graft was chosen in cases that the remnant lobe of the
donor was over 35% as estimated by multidetector com-
puted tomography. After LDLT, recipients were managed in
the intensive care unit until the general status had recovered.
The immunosuppression after LDLTwasmanaged by steroid
and tacrolimus where trough level was adjusted to be be-
tween 10 and 15 ng/mL within 1 month and between 5 and
10 ng/mL after 1 month. In cases with acute kidney dysfunc-
tion after LDLT, the mycofenolate mofetil was administered
to the recipient to avoid severe kidney dysfunction.19 The ste-
roid consumption was tapered within the first 3 months. We
have performed ABO-incompatible LTsince 2004; and ritux-
imab was used for the treatment before LDLT in these cases,
with local treatment performed via the portal vein or hepatic
artery until 2009. The early enteral feeding nutrition has been
administrated to all recipients though an enteral feeding tube
by tube jejunostomy from 2004 in an early period from the
day after LDLT to the day when the recipient can orally eat
so much.

The treatment for the recipients with HCV recurrence
was decided based on the status of fibrosis on liver biopsy,
which was pathologically diagnosed based on an Ishak fibro-
sis stage over 3. The treatment administered for HCV before
2013 was PEGylated interferon (PEG-IFN) plus ribavirin,
whereas the PEGylated interferonα 2amonotherapywas ad-
ministered for the recipients who had relapsed HCV.20 Since
2013, we have administered triple therapy which contains
PEG-INF with ribavirin, a protease inhibitor (telaprevir),
and simeprevir.

The graft survival, causes of death by donor age (young
donor [n = 112]: younger than 50 years, elderly donor
[n = 49]: ≥50 years) after LDLT, and the sinusoidal function
represented by Kupffer cells in the graft by donor age were
examined. The clinical background data of the recipients be-
tween the young and elderly donors are described in Table 1.
Therewere no significant differences in the clinical data in the
recipients between the young and elderly donor groups. Graft
failure was defined as follows: graft loss was caused by liver
dysfunction without any causes, liver dysfunction related to
or after any infection, liver dysfunction by biliary complica-
tions, and HCV-related liver dysfunction. The other causes
of death (other malignancy and recurrence of hepatocellular
carcinoma [HCC]) were excluded from the graft failure.

The Expression of CD68 in the Graft by
Immunohistochemical Examination

The biopsy of the graft liver (time zero biopsy) was per-
formed on the back table after reperfusion and before the
Copyright © 2016 The Authors. Transplantation D
implantation of the graft. These biopsy samples were exam-
ined for the degree of steatosis by a pathologist. We also ex-
amined the time zero biopsies for CD68-positive cells in the
graft as the number of Kupffer cells. Immunohistochemical
examinations were performed as follows: sections were
deparaffinized using graded ethanol concentrations andwere
washed in tris-phosphate–buffered saline. Then, the sections
were place in Pepsin solution for 10 minutes at 37°C for an-
tigen retrieval.

After being washed, their sections were treated with 0.1%
H2O2 at room temperature for 10minutes. The sections were
reacted at room temperature for 30 minutes with primary
monoclonal antibodies against CD68 (1:200) (cat. no. M0814,
Dako, Japan), after incubation with the secondary antibody
(Envision; DAKO, Chicago, Ill) for 30 minutes at room tem-
perature. The sections were stained with 3,3-diaminobenzi-
dine tetrahydrochloride for visualization. The sections were
counterstained with Mayer hematoxylin.

The expression and number of the CD68-positive cells
were examined by pathologist T.K. and H.M., coauthor, who
did not have any information about the outcome in the
recipients and the donors. They counted these cells indepen-
dently with a 6 high-power field which they randomly se-
lected in the specimen. The average of 6 high-power fields
was calculated, and the number of CD68-positive cells was
compared between younger donor (in their 20s) and elderly
donors (older than 50 years).

Analyses and Statistics

The survival was analyzed from the day of LT to the most
recent follow-up. The overall survival and graft survival rates
irect. Published by Wolters Kluwer Health, Inc.



FIGURE 1. A comparison of the overall survival in recipients with el-
derly and young donor after LDLT. P = 0.01 (log-rank test).
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were assessed with the Kaplan-Meier method using the log-
rank test. To clarify the prognostic factors for survival and
graft failure, 10 clinical variables were determined. The pre-
operative and postoperative parameters examined included
the donor age, recipient age, model for end-stage liver dis-
ease (MELD) score, diabetes mellitus (DM), etiology (hepa-
titis B, hepatitis C, non-BnonC), HCC status, the rate of
ABO-incompatible recipients, the GW/SLV, blood loss, sepsis,
and cytomegalovirus infection after LDLT. The univariable
and multivariable analyses of the prognostic factors for
graft failure were performed using a logistic regression anal-
ysis. Differences were considered to be statistically signifi-
cant for a P value less than 0.05. Statistical analyses were
performed using the SPSS Version 18.0 software package
(Tokyo, Japan).

RESULTS

Patient Characteristics and the Differences Between
Elderly and Young Donor

Table 1 shows that there were no significant differences in
the patient characteristics and perioperative parameters be-
tween the young and elderly donor groups except for graft
failure after LDLT. Twenty-one (42.9%) patients with elderly
donors developed graft failure after LDLTcompared with 21
(18.8%) patients with young donors despite no differences in
the occurrence in sepsis after LDLT between the 2 groups.
The causes of graft failure in the younger donor group
were as follows: graft failure without any particular cause
in 14 patients, and graft failure related to infection in
7 patients. The cause of graft failure in the elderly donor group
was graft failure without any particular cause in 17 patients, in
addition to graft failure related to infection, biliary complica-
tion, HCV, and chronic rejection in each patient

The Differences in Patient Survival Between
Young and Elderly Donor

The median follow-up of all patients was 45.8 months
(range, 0.3-166.2). The causes of death in the recipients with
donors older 50 years after LDLT were graft failure in
14 patients, infection in 5 patients, and HCC recurrence,
other carcinoma, and chronic rejection in each patient.

The 1-, 3- and 5-year overall survival rates of recipients in
the young donor group were 83.1%, 79.2%, and 73.8%, re-
spectively. This was significantly better than the correspond-
ing rats of 73.1%, 59.3%, and 50.5% in the elderly donor
group (P = 0.01) (Figure 1).

The Results of the Univariable and Multivariable
Analyses for Survival and Graft Failure

The univariable analysis identified 3 significant prognostic
factors for survival: donor older than 50 years, recipient older
than 50 years, and complication with sepsis after LDLT. A
multivariable analysis based on the significant variables in
the univariable analysis revealed that sepsis after LDLT (haz-
ard ratio [HR], 2.59) and a donor older than 50 years (HR,
1.973) were the independent prognostic factor for survival.

Table 2 shows the prognostic factors for graft failure in the
univariable analysis. The significant poor prognostic factors
for graft failure were sepsis after LDLT, donor older than
50 years, and DM before LDLT. A donor older than
50 years (HR, 3.43), sepsis after LDLT (HR, 3.31), and
DM before LDLT (HR, 2.40) were identified as independent
Copyright © 2016 The Authors. Transplantation Di
prognostic indicators for graft failure in the multivariable
analysis.

The Expression of CD68-Positive Cells (Kupffer Cells)
in the Grafts From Elderly and Younger Donors

Figure 2A1 shows the typical expression of CD68-positive
cells in an elderly donor biopsy. The expression was weak
and had less expression in the sinusoidal region. In the young
donors (in their 20s), numerous CD68-positive cells were
present in the sinusoidal region (Figure 2A2). There were signif-
icantly fewer Kupffer cells in the donor liver from the elderly
donor (19.0/high power field [HPF], n = 49) than in the young
donor livers (46.5/HPF, n = 44) (Figure 2B) (P = 0.001).

The Influence of Kupffer Cells on the Graft Survival

The median number of CD68-positive cells in the samples
from younger and elderly donors (n = 93) was 28.5/HPF
(range, 2.5-201.5). The multivariable analysis showed that
sepsis after LDLT was an independent prognostic marker
for the patient survival and graft failure. The receiver operat-
ing characteristic curve shows how the number of CD68-
positive cells was associated with the development of sepsis.
The results showed that the presence of fewer than 12
CD68-positive cells associated with the development of sep-
sis. The sensitivity, specificity, and area under curve were
0.44, 0.76 and 0.618, respectively. The graft survival of the
recipients with a donor older than 50 years with CD68-
positive cells less than 12 had significantly worse than those
over 12 in recipient with a donor older than 50 years
(P = 0.015) (Figure 3A). There were no significant differences
of graft survival between CD68-positive cells less than 12
and over 12 in the recipient with younger donor (N.S.)
(Figure 3B). The graft survival of the recipients with a donor
older than 50 years was significantly worse than those with
younger donors among the group with CD68-positive cells
over 12 (P = 0.001) (Figure 4A). There were no significant
differences of the graft survival between younger donor
and elderly donor in the group with CD68-positive cells
less than 12 (P = 0.37) (Figure 4B). The significant poor
prognostic factors in recipient with elderly donor for graft
rect. Published by Wolters Kluwer Health, Inc.



TABLE 2.

The results of the univariable and multivariable logistic regression analyses of the prognostic factors for graft failure
after LDLT

Univariable analysis Multivariable analysis

Variable Category N Graft failure Hazard ratio P Hazard ratio P

Donor age <50 y 112 21 (18.8%) 3.25 (1.55, 6.80) 0.003 3.43 (1.55, 7.56) 0.002
≧50 y 49 18 (36.7%)

Recipient age <50 y 42 7 (16.7%) 2.08 (0.84, 3.13) 0.152
≧50 y 119 35 (29.4%)

MELD <25 121 34 (28.1%) 0.66 (0.27, 1.58) 0.408
≧25 39 8 (20.5%)

HCV (−) 98 22 (18.2%) 1.61 (0.78, 3.27) 0.203
(+) 63 20 (31.7%)

DM (−) 109 23 (21.1%) 2.15 (1.03, 4.46) 0.037 2.40 (1.08, 5.30) 0.03
(+) 52 19 (36.5%)

ABO-incompatible (−) 135 33 (24.4%) 1.63 (0.66, 4.02) 0.33
(+) 26 9 (34.6%)

GV/SLV <35% 17 6 (35.2%) 1.63 (0.56, 4.74) 0.386
≧35% 144 36 (25.0%)

GW/SLV <35% 48 12 (25.0%) 0.71 (0.44, 2.07) 0.975
≧35% 112 36 (32.1%)

Blood loss <10 000 mL 106 30 (28.3%) 0.71 (0.33, 1.52) 0.451
≧10 000 mL 55 12 (21.8%)

Sepsis (−) 111 20 (18.8%) 3.57 (1.70, 7.48) 0.001 3.31 (1.52, 7.16) 0.002
(+) 50 22 (44.0%)
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failure after LDLT were HCV-positive status and fewer
than 12 CD68-positive cells in the univariable analysis
(Table 3). The multivariable analysis showed fewer CD68-
positive cells was the only prognostic factor in the recipient
with elderly donors.
FIGURE 2. The expression of CD68-positive cells in elderly donors (olde
biopsy. B, A comparison of the average number of CD68-positive cells b

Copyright © 2016 The Authors. Transplantation D
The Patient Survival in the HCV-Positive Recipients by
Donor Age

There were no significant differences in the survival be-
tween the HCV-positive and HCV-negative group with
young donors (HCV(+) 80.0%/77.7%/74.7%, HCV(−)
r than 50 years, A1) and younger donors (twenties, A2) in the time zero
etween elderly and young donors. (*P = 0.01).

irect. Published by Wolters Kluwer Health, Inc.



FIGURE 3. A, A comparison of the graft survival in recipients with donors older than 50 years (n = 49) between thosewith more than and fewer
than 12 CD68-positive cells. P = 0.015 (log-rank test), B, A comparison of the graft survival in recipients with younger donors (n = 44) between
those with more than and fewer than 12 CD68-positive cells. N.S. (log-rank test).
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83.6%/80.1%/73.9%). On the other hand, 1-, 3- and 5-year
survival rate of the recipients with HCV in the elderly donor
were 59.0%, 33.2%, and 24.9%, respectively. This was sig-
nificantly worse than the corresponding rates of 77.4%, 73.5%,
and 65.3%, respectively, in recipients without HCV in the
elderly donor (P = 0.021).

The cause of death after LDLT in the recipient with elderly
donorwas graft failure in 5 patients during the early period af-
ter LDLTwith 3 patients with bacteremia, delayed graft failure
in 5 cases, HCC recurrence, and chronic rejection in each pa-
tient. Only 2 recipients with HCV of the 18 recipients with
FIGURE 4. A, A comparison of the graft survival in recipients using don
P = 0.01. B, A comparison of the graft survival in recipients using donor g

Copyright © 2016 The Authors. Transplantation Di
elderly donors achieved clearance of HCV after LDLT, and
9 recipients experienced HCVrecurrence after LDLT. The me-
dian number of CD68-positive cells in HCV recipients who
were nonresponders and had elderly donors was 14.5 (range,
5-36.5), which was less than that in the 2 cases with successful
HCVeradication (CD68 cell number: 103 and 47.5).

DISCUSSION

The outcome of LT has greatly improved during the past
few decades.1,8 However, there are still some problems that
affect the survival after LT. Especially in the case of DDLT,
or graft with CD68 more than 12 between younger and elderly donor,
raft with CD68 less than 12 between younger and elderly donor, N.S.

rect. Published by Wolters Kluwer Health, Inc.



TABLE 3.

The results of the univariable and multivariable logistic regression analyses of the prognostic factors for graft failure after
LDLT in recipients with elderly donors

Univariable analysis Multivariable analysis

Variable Category N Graft failure Hazard ratio P Hazard ratio P

Recipient age <50 y 13 4 (30.7%) 2.13 (0.52, 7.75) 0.348
≧50 y 36 17 (47.2%)

MELD <25 41 18 (43.9%) 0.767 (0.16, 3.64) 0.738
≧25 8 3 (37.5%)

HCV (−) 31 10 (32.2%) 3.30 (0.98, 11.07) 0.049 3.209 0.083
(+) 18 11 (61.1%) (0.86, 12.01)

DM (−) 35 12 (34.2%) 3.45 (0.94, 12.62) 0.055 3.095 (0.75, 12.75) 0.118
(+) 14 9 (64.3%)

ABO-incompatible (−) 41 17 (41.4%) 1.41 (0.31, 6.45) 0.655
(+) 8 4 (50.0%)

GV/SLV <35% 7 4 (57.1%) 1.96 (0.39, 9.89) 0.409
≧35% 42 17 (40.4%)

GW/SLV <35% 14 6 (42.8%) 1 (0.28, 3.49) 1
≧35% 35 36 (42.8%)

Blood loss <10 000 ml 34 13 (38.2%) 1.84 (0.54, 6.30) 0.325
≧10 000 ml 15 8 (53.3%)

Sepsis (−) 30 11 (33.3%) 1.91 (0.59, 6.16) 0.271
(+) 19 10 (52.6%)

CMV (−) 30 12 (40.0%) 1.35 (0.42, 4.30) 0.612
(+) 19 9 (47.3%)

CD68+ cells in graft <12 18 11 (61.1%) 3.3 (0.98, 11.07) 0.049 3.561 (0.95, 13.35) 0.05
≧12 31 10 (32.2%)
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several reports have indicated that the outcome after DDLT
was worse in the cases with elderly donors than with young
donors.11-13 However, other groups have reported that the
donor age did not affect the survival after DDLT.14-16 The
use of elderly donor grafts has been increasing due to the
scarcity of donor organs worldwide despite the increase in
the candidates for LT; however, this remains controversial.

Regarding the morphological change due to aging, older
livers are smaller, darker-colored, and suffer atrophy, which
has been attributed to the increased accumulation of li-
pofuscin and fibrous thickening of Glisson capsule.21,22

Mclean et al23 reported that the number of endothelial cell
fenestrations according to increasing age was decreased to
80%, and the endothelial lining decreased to 60% thickness
in human livers. Liver biopsy samples obtained from healthy
subjects and those with chronic liver disease showed de-
creases in telomere length with age.24 Recently, changes in
the hepatic sinusoid with age have been identified which
probably contribute to the substantial age-related changes in
liver function. These changes included pseudocapillarization,
thickening, and defenestration of the liver sinusoidal endothe-
lial cells and sporadic deposition of basal lamina in the extra-
cellular space of Disse. These age-related changes in the
hepatic sinusoid may have important systemic implications
for age-related diseases.25

Therewere no significant differences in the patient survival
in patients with young donors based on their HCV status.
However, the patient survival in those with elderly donor
was significantly worse in HCV-positive cases than that in
HCV-negative cases. A decrease in survival was observed
within 36months after LDLT in the cases with elderly donors
and HCV-positive status. This result indicated that the initial
Copyright © 2016 The Authors. Transplantation D
graft function in HCV-positive cases was worse than that in
HCV-negative. The combination of an old donor liver and
HCV-positive recipient might be avoided in these cases, espe-
cially those with low MELD score.26

Our present results showed that the prognostic factors for
survival and graft failure were the donor age and sepsis in the
multivariable analysis. With regard to the outcomes of LDLT
with an elderly donor, the registry report of the Japanese
Liver Transplantation Society showed that the patient sur-
vival after LDLT gradually worsened as the donor age in-
creased.10 Ikegami and colleagues27 reported that the donor
age and MELD score affected the patient survival, as did
the D-MELD score in a prognostic estimation of the LDLT
focused on the left lobe liver grafts. Our results also showed
a poorer outcome in recipients with elderly donors older than
50 years) compared to those with young donors.

The causes of the poorer outcome using elderly donors
were uncertain in the previous reports. Tanemura and co-
workers28 reported that a donor older than 50 years was in-
dependently correlated with impaired liver regeneration at
6 months in the right lobe in the donor. In addition, a donor
older than 50 years independently correlated with the graft
liver regeneration at 1 week in the right and left lobes in
LDLT. Iwamoto et al29 compared the signaling molecules
in young and elderly donors for LDLT, and their results sug-
gested that lower expression of signal transducer and acti-
vator of transcription 3 after reperfusion in the older
donor grafts was associated with cell apoptosis and oxida-
tive injury.

Regarding the relationship between gene senescence and
liver regeneration, our investigation showed that the elderly
donor grafts could not undergo rejuvenation after LT. SMP-
irect. Published by Wolters Kluwer Health, Inc.
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30, a marker of rejuvenation, was not expressed in the young
recipients with elderly donor at 6 to 8 years after LDLT.30

Zhu et al31 reported that the liver regeneration of elderly pa-
tient was worse than that of a young patient because the
senescence-related genes were expressed at lower levels than
in young patients.

The key to the outcome after LDLTwas the liver regenera-
tion and recovery of liver function during the early period
after LDLT. Small-for-size syndrome is related to aworse out-
come, and portal hypertension might also be related to im-
paired liver regeneration. The modulation of the portal
venous pressure was associated with a good prognosis of
small grafts after LDLT.32 However, our policy is that portal
venous modulation, such as port-systemic shunt and splenec-
tomy, was not mandatory for a small graft. We decided to
perform splenectomy in the recipients with a platelet count
less than 50 000/mL before LDLT and HCV recipients who
would receive antiviral treatment after LDLT to avoid pancy-
topenia. Ligation of shunt vessel to obtain portal flow to the
graft was also not mandatory.33

The multivariable analysis revealed that the donor age
and sepsis after LDLT were prognostic factors for survival
and graft failure after LDLT (Table 2). A lower number of
Kupffer cells, indicated as CD68-positive cells, around the
sinusoidal region in liver biopsy samples was found in the el-
derly donors. Previous studies showed that Kupffer cells have
been observed in increased numbers in older subjects,34,35

whereas another study reported a reduction in the volume
density with age.36 The function of Kupffer cells in normal
aging is not well understood. In this study, the number of
CD68-positive cells in the elderly donors was lower than that
in younger donors.We hypothesized that the reasonswhy the
number of CD68-positive cells tended to be small in the liver
with elderly donor might be due to the aging process. How-
ever, Findor and Schaffner mentioned that Kupffer cells
have also been observed in increased numbers in older sub-
jects in their study; however, their survey was carried out
in the 1950s to 1970s.34,35 These findings were based on
pathological evaluations without any immunohistochemical
examination.

Area under curve of 0.5 to 0.7 is weak; however, we de-
cided the cutoff level of the number of CD68-positive cells
in this investigation was a significant factor for the graft fail-
ure in patients receiving grafts from elderly donors after
LDLT. The median number of CD68-positive cells in the
group with sepsis was 14 (3-53). This definition of the cutoff
number of CD68-positive cells was thought to be appropri-
ate. This study showed that the prognosis of recipients with
elderly donors was worse than that in recipients with youn-
ger donors, with an especially poorer outcome in those with
elderly donors with a lower Kupffer cell number. In the total
number of recipients, a multivariate analysis for prognostic
factor showed the donor age and sepsis after LDLT.When fo-
cusing on the group of elderly donors in Table 3, the results
showed that graft failure without sepsis was significantly
found in the elderly donor group. This result was related to
the findings of a multivariable analysis which indicated less
than 12CD68-positive cells to be a prognostic factor for graft
failure in the elderly group. Figure 4 indicated that CD68-
positive cells of the graft affect the outcome in the graft sur-
vival because there were no significant differences between
younger and elderly donors in this group. This phenomenon
Copyright © 2016 The Authors. Transplantation Di
might indicate that less CD68-positive cells in the graft re-
lated to the impaired liver regeneration and graft function
after; LDLT. Figures 3 and 4 indicated that the survival curve
declined during the perioperative period. After 1 year, the
survival curve was the same between the groups with less
than 12 CD68-positive cells and the group with more than
12 CD68-positive cells. This indicated that the number of
CD68-positive cells might affect the liver function and liver
regeneration immediately after LDLT. The number CD68-
positive cells might change over time; however, the effect of
the number of CD68-positive cells might be associated with
an early recovery of the liver graft which might be related to
ischemic-reperfusion injury.

Moreover, the multivariable analysis indicated that a lower
number of Kupffer cell was significantly associated with the
graft survival in recipients with elderly donor after LDLT.
Kupffer cells are tissuemacrophages localizedwithin the liver
sinusoid and serve as mediators that promote homeostatic
liver regeneration, as well as gatekeepers of this regene-
ration.37,38 Kupffer cells produce major growth mediators
and influence hepatocyte proliferation. The depletion of
Kupffer cells led to a failure of liver regeneration after partial
hepatectomy due to the decreases in TNF-α and IL-6.37,39

In this study, the result has some limitation, thus further
investigation will be needed. We hypothesized that the im-
paired graft function and liver regeneration in elderly do-
nors might be sustained, which would lead the elderly liver
graft to be fragile under stress, such as that due to infection
or HCV infection after LDLT.

In conclusion, the outcome of LDLT with elderly donors
was significantly worse than that with younger donors. These
results might be related to the lower number of Kupffer cells
in the graft, which might lead to delayed liver regeneration
and an increased risk of infectious disease after LDLT.
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