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Background.Because simultaneous liver and kidney transplantation has been limited as a standard practice because of a se-
vere shortage of deceased donors in Japan, living donor (LD) liver transplantation alone (LTA) is indicated in most recipients with
maintenance renal replacement therapy (MRRT).Methods.A retrospective nationwide survey of LD LTA was performed for liver
transplant patients on MRRT. The characteristics of donors and recipients, postoperative complications, survival rate, and causes
of death were analyzed. Results. In the adult cases (n = 28), the overall survival rate at 1 year and 5 years were 66.1% and
57.3%, respectively. When comparedwith those adults withoutMRRT (n = 237), it was significantly worse. In the 7 pediatric cases,
the overall survival rate at 1 and 5 years were both 83.3%. Three adult recipients died of nonaneurysm cerebral hemorrhage after
1 year and 1 adult recipient died of acute heart failure after 7 months. In adult recipients with MRRT, graft weight versus standard
liver volume, and duration and blood loss in LTA surgery were associated with poor outcomes after LD LTA. Multivariate analysis
revealed that MRRTwas highest hazard ratio on patient survival after LD LTA. Conclusions. Early post-LD LTA mortality was
higher in patients with MRRT than in those without MRRTwith characteristic causes. Smaller grafts for size and a complicated sur-
gery were associated with poor outcome after LD LTA. Thus, LD LTA in adult patients on MRRTshould be carefully treated with
meticulous postoperative management and follow-up.
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TABLE 1.

Baseline demographics of the recipients and donors at time
of LD LTA

Adults (n = 28) Pediatrics (n = 7)

Recipients
Age (median, range) 55 (28-65) y 17 (7-180) mo
Sex (M:F) 18:10 4:3
MELD (median, range) 23 (20-42) —

Types of renal replacement therapy hemodialysis 27 2
Continuous hemodiafiltration (only before LDLT) 1 0
Peritonealdialysis 0 5
Months on RRT: median (range) 28 (2-264) 11 (4-37)

Living donors
MAge (median, range) 46 (19-66) 36 (26-47)
Sex (M:F) 17:11 2:5
Relationship to recipient
First-degree relative 9 7
Non–first-degree relative 4 0
Spouse 13 0
Domino 2 0
Graft type
Right lobe 12 2
Left lobe 14 5 (left lateral)
Whole liver 2 0

M, male; F, female.
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In patients with end-stage kidney and liver failure, simulta-
neous kidney and liver transplantation (SLKT) is a thera-

peutic choice.1 However, because deceased donors are rarely
available in Asian countries, liver transplantation alone (LTA)
from a living donor (LD) is a realistic option for patients with
end-stage liver disease onmaintenance renal replacement ther-
apy (MRRT).2 As compared with full-size liver transplanta-
tion, the graft for LD LTA is partial, which requires more
meticulous fluid management because of the higher portal
venous pressure.3 Therefore, patients with an impaired kid-
ney function need careful management, especially with re-
gard to immunosuppressive agents and antibiotic therapy.4

End-stage renal disease requiring dialysis is associatedwith
poor health outcomes, including a 10-fold increase in risk of
hospitalization and an expected life span between one fourth
and one sixth that of the general population.5 In general and
cardiac surgery, complication and mortality rates in dialysis
patients have been the subject of several articles. Gajdos et al6

reported a significantly elevated risk of complications and
death after nonemergent general surgery, especially inMRRT
patients 65 years or older. The most common postoperative
adverse events in dialysis patients were pulmonary complica-
tions, whereas the most lethal complications were vascular
events (myocardial infarction or stroke). In addition, it is im-
portant to note that a correlation between mortality and nu-
tritional parameters as well as physiological state was found
in patients on long-term MRRT.

Therefore, if LT is to be considered, we have to carefully
consider LTA unless simultaneous kidney transplantation is
performed. Studies on LDLTA have not yet clearly elucidated
its outcome. The aim of this retrospective study was to exam-
ine the outcome of LD LTA for patients with MRRT in a na-
tionwide survey in Japan.

PATIENTS AND METHODS

Subjects

By the end of 2013, 219 deceased donor LT and 7255 LD
liver transplantation (LDLT) procedures were registered with
the Japanese Liver Transplantation Society (JLTS).7 Our na-
tionwide survey in Japanwas performed as a research project
of the JLTS and was approved by the ethics committee of
Nagasaki University Hospital (13120802) and the other par-
ticipating facilities. The indications for performing LD LTA
forMRRTwere at the discretion of each facility. After initial
surveillance, it was found that among patients on MRRT
between 1996 and 2013, only 35 patients underwent LD
LTA. Detailed data were collected for those 35 patients in-
cluding 7 pediatric patients younger than 15 years from
13 facilities. Because LDLT is usually an elective procedure,
thoroughwhole body surveillance was performed in each pa-
tient before LD LTA, including cardiovascular status. Before
LD LTA, no cardiovascular diseases were reported.

As a control group, 237 LD LTA patients whowere not on
MRRTwere analyzed for patient survival, and a multivariate
analysis was conducted to determine a hazard model. Data
for graft weight (GW)/recipient standard liver volume (SLV)
were only available from the 237 patients whowere registered
with JLTS in 2012. Therefore, for this cohort, only patient
survival up to 3 years was obtained and used for analysis.

The study was conducted in accordance with the Declara-
tion of Helsinki of 2013.
Definition of MRRT

In adults, all patients who had an arteriovenous fistula
(shunt) before LTwere included in the study. They were usu-
ally onMRRT 3 times per week on outpatient basis. Patients
with acute hemodialysis without MRRTwere excluded from
this study, including continuous venovenous hemodialysis.
Patientswho had been onMRRTand switched to continuous
venovenous hemodialysis just before LTwere included in this
study. Of the pediatric patients, 5 were on peritoneal dialysis
and 2 on maintenance HD on an outpatient basis. The base-
line characteristics of the patients at the time of LD LTA are
shown in Table 1.

Variables

Basic information collected on the patients were age, sex,
type of MRRT just before LTA, model for end-stage liver
disease (MELD) score before LT, graft type, GW versus
SLV and relation of the LD to the recipient. Standard liver
volume of the recipient was calculated using the formula
proposed by Urata et al.8 All data were subgrouped by adult
and pediatric patients. Pediatric patients were defined as
those younger than 15 years. The duration of MRRT, cause
of renal disease, and indications for LTA were analyzed. In
addition, the type of immunosuppression after LTA, patient
survival, cause of death, and rate of secondary kidney trans-
plantation were analyzed. Differences in the demographic
characteristics between survival cases and deceased cases
were analyzed as well.

Statistics

All data are expressed as the meanwith standard deviation
or median values with ranges. The statistical analysis was per-
formed using the Mann-WhitneyU test for continuous values
and the χ2 test for categorical values. Patient survival rates



TABLE 2.

Indication of LD LTA and etiology of end-stage renal failure

Adult: liver disease n = 28 MELD

Viral with hepatocellular carcinoma (type B:C:B+C) 5 (2:2:1) 24 (20-41.5)
Viral without hepatocellular carcinoma (type B:C) 5 (2:3) 26 (22-30)
Polycystic liver disease 6 23 (21-29)
Primary hyperoxaluria 3 20
Alcoholic 3 22 (22-23)
NASH 2 27 (23-31)
Primary sclerosing cholangitis 1 22
Congenital absence of the portal vein 1 20
Fulminant hepatitis 1 41
Unknown 1 22
Adult: kidney disease n = 28
Polycystic kidney disease 6
Diabetes mellitus 6
Nephrotic syndrome 4
Primary hyperoxaluria 3
Hepatorenal syndrome (type I) 3
Chronic glomerulonephritis 3
Unknown 2
Hepatitis B virus–associated nephropathy 1
Child: liver disease n = 7
Primary hyperoxaluria 5
Congenital hepatic fibrosis 1
Intrahepatic cholestasis 1
Child: kidney disease n = 7
Primary hyperoxaluria 5
Polycystic kidney disease 1
Unknown 1
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were calculated using the Kaplan-Meier method and were
compared using the log-rank test. Risk ratios are expressed
as hazard ratios with confidence intervals (CI). The MELD
score was not included among the variables for the multivar-
iate analysis because MRRT is one of the factors in MELD
score. Statistical significance was defined as a P value less
than 0.05. The statistical analyses were performed with the
JMP 11 software program (SAS Institute Inc., Cary, NC).
RESULTS

Recipient Characteristics

In 28 adults, the median age of the LD LTA recipients was
55 years old with a male-female ratio of 18:10. The median
FIGURE 1. Overall patient survival after living donor liver transplantation
MELD score was 23. The MRRT immediately before LD
LTA was regular MRRT in 27 patients and continuous
veno-venous HD in 1 MRRT patient. The median period of
MRRTwas 28 months. On the other hand, the mean age of
the pediatric LDLT recipients was 17 months old with a
male-female ratio of 4:3. The MRRT before LD LTA for
the pediatric patients was peritoneal dialysis in 5 and HD in
2. The median MRRTwas 11 months (Table 1).

The indications for LD LTA in adult recipients included vi-
ral hepatitis in 10 patients (hepatitis B in 4, C in 5, and B+C in
1), and concomitant hepatocellular carcinoma in 5 of those
10 patients. Other causes included polycystic liver in 6, pri-
mary hyperoxaluria in 3, nonalcoholic steatohepatitis in 2,
alcoholic liver cirrhosis in 3, primary sclerosing cholangitis
in 1, congenital absence of the portal vein in 1, fulminant
hepatitis in 1, and unknown origin in 1. For the 7 pediatric
patients, the causes for LD LTAwere primary hyperoxaluria
in 5, congenital hepatic fibrosis in 1, and intrahepatic chole-
stasis in 1 (Table 2).

The etiologies of primary renal disease forMRRT in adults
were polycystic kidney disease in 6 patients, diabetes mellitus
in 6, nephrotic syndrome in 2, primary hyperoxaluria in 3,
hepatorenal syndrome (type I) in 3, chronic glomerulonephri-
tis in 3, unknown origin in 2, urethral stone in 1, and hepati-
tis B–related nephropathy in 1. On the other hand, primary
hyperoxaluria was the major cause of theMRRT in pediatric
patients, followed by polycystic kidney disease (Table 2).

LD Characteristics

The median age of the LD for the adult MRRT patients
was 46 years with a male-female ratio of 17:11. The relation-
ship to the LDLT recipient was a spouse in 13, a first-degree
relative in 9, a non–first-degree relative in 4, and domino in 2.
The grafts used for adult patients consisted of the right lobe
in 12, the left lobe in 14, and the whole liver from a domino
donor in 2. For pediatric LDLT, all LDs (median, 36 years;
male-female, 2:5) were parents who donated the left lateral
lobe of their liver in 5 and the right lobe in 2.

Liver Transplant Outcome

Patient survival after LD LTA in adult patients was 66.1%
at 1 year and 57.3% at 5 years, with a median survival time
of 3008 days (Figure 1). As compared with the control group
without MRRT, the survival rate for adult LD LTA patients
was significantly lower with MRRT (MRRT+ (n = 28) 1-year
survival = 66.1%, 3-year survival = 57.3%; MRRT− (n=237)
alone for adult and pediatric patients with maintenance hemodialysis.



FIGURE 2. Overall patient survival after living donor liver transplanta-
tion for adults with and without maintenance hemodialysis.
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1-year survival = 83.8%, 3-year survival = 80.0%) (Figure 2).
In the pediatric patients, 5-year patient survival was 83.3%
(Figure 1). Re-LT was not performed for any of the patients
in the study.

Immunosuppression

Regarding immunosuppression, induction therapy was
done mostly with tacrolimus and steroids. As a maintenance
regimen 3 months after LD LTA, tacrolimus-based regimen
was the most used. Regarding the route of the immunosup-
pressant, the oral or enteral route for both induction and
maintenance regimens was the most frequently used.

Complications and Causes of Death After LDLT

In the adult patients, infection was noted as the most com-
mon postoperative complication in 14 cases (50%; 1 fungal,
4 cytomegalovirus, and 9 bacterial [1+ cytomegalovirus]),
followed by abdominal hemorrhage in 7 (23%), biliary com-
plication in 5 (16%) and vascular in 2 (6%). In the pediatric
patients, only 1 experienced infection, which was treated suc-
cessfully. The rate of acute cellular rejection was the same
(20-30%) in both the adult and pediatric LD LTA patients
(Tables 2 and 3).

Within 6months, 6 adult patients died of sepsis due to 5 bac-
terial and 1 fungal infection. Cause of death was nonaneurysm
TABLE 3.

Cause of death after LD LTA

Cause of death POM 3 POM 6

Sepsis PSC 1 Alcoholic 1
NASII 1 Viral with hepatocellul

carcinoma (B + C)
PLD 1

Fulminant hepatitis 1
Cerebral hemorrhage
Graft failure Alcoholic 1

Small for size graft syndrome PLD 1
Acute heart failure

Perforative peritonitis
Hypoglycemia

POD, postoperative months, PSC, primary sclerosing cholangitis, NASH, nonalcoholic steatohepatitis, PLD
cerebral hemorrhage in 3, probably because of damage to the
peripheral blood vessels due to long-term MRRT. In addi-
tion, the 1 death from acute heart failure was possibly due
to fluid imbalance due to the MRRT. One pediatric on
MRRT patient with hyperoxaluria died of perforative perito-
nitis (Table 3).

Smaller GW per SLV ratio, duration of LD LTA surgery,
and blood loss during LD LTAwere significantly associated
with poor outcomes after LD LTA (Table 4).

Multivariate Analysis on Patient Survival Rates

The demographics of the patients who underwent LD LTA
with or withoutMRRTare shown in Table 5. The number of
deaths included 14 with MRRTand 46 without MRRT. The
five factors used for a multivariate analysis were all factors
registered in the Japan Liver Transplant Registry in 2012,
and are specified in Table 6. Because MRRT is included in
the MELD score, there was a significant difference in the
MELD scores between the 2 cohorts. A multivariate analysis
showedMRRT to be the highest hazard ratio with certain CI
for patient survival after LD LTA (Table 6).

RRT After LD LTA

After LD LTA, of the 20 surviving patients, 10 patients
continuedMRRTand 9 underwent secondary sequential kid-
ney transplantation from a LD at median 9.5 months after
LDLTA in adults and 4months after LDLTA in pediatrics, all
from the previous liver donors. In 1 adult patient (a 57-year-
old man with MELD 22), MRRT became unnecessary at
1 year after the LD LTA. The primary liver and kidney dis-
eases of the patient were alcoholic liver cirrhosis and ne-
phrotic syndrome (Table 7).
DISCUSSION

This nationwide survey demonstrated that the outcome of
LD LTA for adult patients on MRRT was worse than for
adult patients without MRRT, which was described in the
annual report of the JLTS (overall survival, 80.5% at 1 year
and 71.8% at 5 years in adults, and 88.5% and 85.7% in pe-
diatrics, respectively).7 In addition, it was shown that there
were specific causes of death such as cerebrovascular disease
POM 12 After POM 12 Total

6
ar
1

PLD (nonaneurysm) 3 3
Viral with hepatocellular

carcinoma (B) 1
2

1
Viral without hepatocellular

carcinoma(B) 1
1

Primary hyperoxaluria 1 1
Viral with hepatocellular

carcinoma(C) 1
1

, polycystic liver disease.



TABLE 4.

Difference in character of adult LD LTA recipients

Survived (n = 14) Dead (n = 14) P

Recipient age, y 55 (28-63) 54 (36-65) NS
Donor age, y 50 (19-66) 37 (23-63) NS
MELD score 23 (20-30) 23 (20-42) NS
Duration of RRT, d 772 (180-2645) 300 (60-8030) NS
GW/SLV, % 55.6 (27.6-109.0) 41.9 (31.8-59.6) <0.01
Duration of LDLT, min 725 (487-1066) 868 (677-1237) <0.05
Blood loss during LDLT, g 3148 (290-32 700) 6400 (2693-27 720) <0.05
Sequential kidney transplantation 4 0 <0.01

NS, not significant.

TABLE 6.

Multivariate analysis for patient survival after LD LTA

Variable Hazard ratio 95% CI P

Donor age, y 1.020 1.00-1.04 0.048
Recipient age, y 1.021 0.99-1.05 0.105
GW/SLV 0.983 0.96-1.00 0.160
MRRT 3.032 1.44-5.86 0.005
Blood type

Incompatible 2.093 0.94-4.16 0.068
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after LTA for adult patients with MRRT. On the other hand,
the outcome for pediatric patients was acceptable, although
they were mostly on peritoneal dialysis not on HD. Although
there have been some case reports that showed favorable re-
sults after LTA onMHD, this is the first large study reporting
LTA on MRRT patients, especially with LD.2

The American College of Surgeons National Surgical
Quality Improvement Program data sets for 2005 to 2007
demonstrated CKD 5 (eGFR less than 15 mL/min or dialy-
sis) had an adjusted hazard ratio for 30-day mortality of
3.05 (95% CI, 2.68-3.47) in general and vascular surgery.9

Squires et al10 demonstrated that preoperative serum creati-
nine of 1.8mg/dL or greater identifies patients at significantly
increased risk of postoperative major complications, particu-
larly respiratory failure after major hepatectomy. Therefore,
even for general surgeries, few patients with substantial renal
insufficiency are deemed good operative candidates.

Northup et al11 demonstrated a duration of pretransplant
RRT for more than 90 days to be a significant predictor of
lack of spontaneous recovery of renal function after LT. In
the most recent literature, Chang et al12 demonstrated using
a Markov model that the 1-year survival rate of patients
who received pretransplant RRT more than 30 days before
SLKT were able to show a significantly better survival rate
than with LTA followed by immediate kidney transplanta-
tion despite their MELD score.

Using the United Network for Organ Sharing database,
Schmitt et al13 demonstrated that SLKT patients had a non-
significant difference in survival compared with patients
who had undergone LTA at 1 year (81.0% vs 78.8%). In pa-
tients undergoing SLKT, there was an improved survival at
TABLE 5.

Demographic characteristics of LD LTA recipients for
comparison

With MRRT (n = 28) Without MRRT (n = 237) P

M:F 18:10 107: 130 0.055
Recipient age, y 55 (28-65) 55 (19-69) 0.410
Donor age, y 46 (19-66) 39 (20-68) 0.170
MELD score 23 (20-42) 16 (6–43) <0.0001
GW/SLV, % 46.9 (27.6-109) 43.0 (22.3-100.3) 0.103
Blood type <0.0001
Identical 19 208
Compatible 8 0
Incompatible 1 29
Death 14 46 <0.001
1 year compared with LTA patients on hemodialysis. In pa-
tients with renal failure, but not on hemodialysis, there was
no difference in survival between SLKT and LTA. However,
that study did not separate patients with acute and chronic
renal failure as the reason for the hemodialysis.14 In addition,
their patients' mean waiting time for LT or combined trans-
plantation were 200 and 233 days, respectively.15 The period
of hemodialysis before LTwas not shown. In Japan, because
simultaneous liver and kidney transplantation has been lim-
ited as a standard practice because of a severe shortage of
deceased donors, the only sequential liver and kidney trans-
plants were those from the same donor. Therefore, as shown
in Table 7, the length of time between LD LTA and kidney
transplant was rather long.

As we hypothesized, in our study, smaller graft size for re-
cipients and complicated surgery were associated with poor
outcome after LD LTA. However, these findings might not
be specific for MRRT patients, because these patients' cause
of death was mainly sepsis until 6 months. However, as pa-
tients onMRRTare said to be prone to infection and cerebro-
vascular disease, posttransplant attention to these potentials
should be given to these patients on MRRTwithout second-
ary renal transplantation. When we compared the MRRT+
cohort to the cohort withoutMRRT, using multivariate anal-
ysis, MRRT had the highest hazard ratio for patient survival
after LDLT.

Of 4 patients with secondary kidney transplant, 3 had
oxalosis, and 1 had liver cirrhosis due to hepatitis C virus in-
fection with hepatocellular carcinoma. The 4 patients re-
ceived both kidney and liver transplants from the same LD.
However, a partial liver was initially transplanted followed
by kidney from the same LD to reduce the burden on the
LDs. As described about, 3 of 4 hyperoxaluria patients sur-
vived after LD LTA and subsequent kidney transplantation.
When even including these hyperoxaluria patients, the overall
patient survival on MRRT was lower than those without
MRRT probably because of the difficulty of postoperative
management after LTAwith partial liver requiring meticulous
fluidmanagement as one of the reasons. Additionally, because
of the small number of patients on MRRT in this study, we
believe that a stratified survival analysis would not provide
TABLE 7.

RRT after LD LTA (survived cases)

Adult (n = 14) Pediatrics (n = 6)

Maintenance dialysis 9 1
Renal transplantation 4 5
Median (range), mo 9.5 (8-14) 4 (2-6)
Cessation of MRRT 1 0
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any conclusive results. This was the reason why we placed all
patients together in this analysis.

As indicated, the MELD score did not reflect the severity
of liver diseases in our cohort. First of all, as described in
theResults section, indications for LDLTAwere polycystic dis-
ease in 6, HCC in LC in 5, hyperoxaluria in 3, and primary
sclerosing cholangitis, portal vein absence in 1, none of which
would increase the MELD score. Therefore, the pre-LD LTA
MELD score in our cohort did not increase much.

In conclusion, this nationwide survey in Japan analyzed
the results of LD LTA in patients with MRRT for the first
time. Early post-LD LTA mortality was higher in patients
with MRRT in adults but still can be considered as a life-
saving procedure. Cerebrovascular disease was recognized as
a characteristic complication in adult recipients with MRRT.
In pediatricMRRT patients, LD LTA before kidney transplan-
tation could be considered acceptable treatment. Thus, LD
LTA in adult patients on MRRT should be carefully treated
with meticulous postoperative management and follow-up.
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