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BACKGROUND AND AIMS: Previous
suggested living donor liver transplantation (LDLT) should
not be considered for patients with Model for End-Stage
Liver Disease (MELD)
(HRS).

APPROACH AND RESULTS: Patients who were listed
with MELD > 25 from 2008 to 2017 were analyzed with
intention-to-treat (ITT) basis retrospectively. Patients who had

recommendations

> 25 and hepatorenal syndrome

a potential live donor were analyzed as ITT-LDLI, whereas
those who had none belonged to ITT-deceased donor liver
transplantation (DDLT) group. ITT-overall survival (OS) was
analyzed from the time of listing. Three hundred twenty-
five patients were listed (ITT-LDLT n = 212, ITT-DDLT
n = 113). The risk of delist/death was lower in the ITT-
LDLT group (43.4% vs. 19.8%, P < 0.001), whereas the
transplant rate was higher in the ITT-LDLT group (78.3%
vs. 52.2%, P < 0.001). The 5-year ITT-OS was superior in
the ITT-LDLT group (72.6% vs. 49.5%, P < 0.001) for pa-
tients with MELD > 25 and patients with both MELD >
25 and HRS (56% vs. 33.8%, P < 0.001). Waitlist mortal-
ity was the highest ecarly after listing, and the distinct al-
teration of slope at survival curve showed that the benefits
of ITT-LDLT occurred within the first month after listing.

Perioperative outcomes and 5-year patient survival were com-
parable for patients with MELD > 25 (88% wvs. 85.4%,
P = 0.279) and patients with both MELD > 25 and HRS
(77% vs. 76.4%, P = 0.701) after LDLT and DDLI, respec-
tively. The LDLT group has a higher rate of renal recov-
ery by 1 month (77.4% vs. 59.1%, P = 0.003) and 3 months
(86.1% vs, 74.5%, P =
mated glomerular filtration rate (eGFR) was similar between
the 2 groups. ITT-LDLT reduced the hazard of mortality
(hazard ratio = 0.387-0.552) across all MELD strata.

CONCLUSIONS: The ITT-LDLT reduced waitlist mortality
and allowed an earlier access to transplant. LDLT in patients
with high MELD/HRS was feasible, and they had similar
perioperative outcomes and better renal recovery, whereas the

0.029), whereas the long-term esti-

long-term survival and eGFR were comparable with DDLT.
LDLT should be considered for patients with high MELD/
HRS, and the application of LDLT should not be restricted
with a MELD cutoff. (HepaToLoGY 2021;73:2441-2454).

e utilization of living donor liver transplanta-
tion (LDLT) for patients with high Model for
End-Stage Liver Disease (MELD) scores is

Abbreviations: AKI, acute kidney injury; BMI, body mass index; DDLT; deceased donor liver transplantation; ¢eGFR, estimated glomerular
filtration rate; GRWR, grafi-to-recipient weight ratio; HCC, hepatocellular carcinoma; HR, hazard ratio; HRS, hepatorenal syndrome; 1CU,
intensive care unit; ITT) intention to treat; LDLT, living donor liver transplantation; L1, liver transplantation; MELD, Model for End-Stage
Liver Disease; MHYV, middle hepatic vein; MOF, multiorgan failure; OS, overall survival; RRT; renal replacement therapy.
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controversial.'! Although there is no consensus for a
universal definition of high MELD in the literature, it is
usually arbitrarily defined as MELD > 25 D 1n 2002, the
New York State Committee on Quality Improvement in
Living Liver Donation recommended that LDLT should
be excluded for candidates with MELD score > 25 and/
or need for renal replacement therapy (RRT), although
such a recommendation might change as more data
become available.?) This was based on early reports that
LDLT was associated with an unacceptably high risk
of mortality and graft loss in this group of patients.*¥
The limited application of LDLT for patients with high
MELD in the United States was reflected by the fact
that only 54 LDLIs were performed for patients with
MELD > 25 from 2002 to 2008.”) In recent decades,
the outcomes of LDLT for patients with high MELD
have improved,®? and centers have explored whether
the use of LDLT for patients with high MELD can be
justified and beneficial.>1?

LDLT offers an opportunity to save lives for these
patients who are critically ill who would otherwise have
a dismal chance of survival without transplant. This is
especially important when timely access to deceased
donor livers is unlikely. On the other hand, the benefits
of recipients should be weighed against the risk and
cost of living donation, which includes donor coercion
under an emergent and expedited workup process and
possibly inferior transplant outcomes.™ In the liter-
ature, all reports that compared LDLT and deceased
donor liver transplantation (DDLT) for patients with
high MELD and hepatorenal syndrome (HRS) only
analyzed outcomes and survival after transplant, with-
out any analysis of the effect of type of transplant on
waitlist mortalit}/.(3'6’8’9’12_16) Furthermore, it is unclear
whether the use of expedited living donor workup will
reduce waitlist mortality and what the impact will be
on perioperative donor and recipient outcomes.
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In this study we aimed to investigate the role and
benefits of LDLT for patients with high MELD and
HRS on an intention-to-treat (ITT) basis and to
evaluate the short-term renal recovery and long-term
renal outcomes in patients with HRS. Also, the out-
comes of living donation under an expedited workup
process would also be evaluated.

Patients and Methods
This was a retrospective study from 2008 to 2017

in a university center. Data were retrieved from a pro-
spectively collected database. All patients who were
accepted for transplant with an actual MELD score >
25 at the time of listing were included. Patients who
had retransplantation, dual living donors, and domino
transplant were excluded. The study was approved by
the institutional review board (UW 19-314) and met
the requirement of the Declaration of Helsinki. The
need for informed consent was waived. In this study,
recipients were analyzed on an ITT basis. Patients
were classified into the ITT-LDLT group if they had
a potential candidate who commenced donor eval-
uation. If during the donor evaluation the potential
candidate was found unsuitable, the reason for ineli-
gibility would be recorded. Alternatively, patients were
classified as ITT-DDLT group if they had no living
donor available or refused LDLT at the very begin-
ning. No organ donors were obtained from executed
prisoners or other institutionalized persons.

WAITLIST MANAGEMENT AND
OUTCOMES

All candidates were evaluated by a multidisciplinary
team including transplant surgeons, hepatologists,
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cardiologists, respiratory physicians, anesthetists, clin-
ical psychologists, and nurse specialists. The option
of LDLT was explained to all candidates. HRS was
defined as a renal failure that occurred in patients
with end-stage liver disease after ruling out other
causes of renal failure according to previous consen-
sus. The diagnosis of HRS was defined according to
the International Club of Ascites (ICA) criteria for
acute kidney injury (AKI) in patients with cirrhosis.
HRS-AKI was defined as ICA-AKI > stage II (AKI
stage II: increase in serum creatinine >2-3—fold from
baseline), no response to diuretic withdrawal, and
plasma volume expansion with albumin 1 g per kg
of body weight and, in the absence of shock, nephro-
toxic drug and structural kidney injury."” Treatment
of HRS consisted of intravenous terlipressin (Ferring
Pharmaceuticals, Switzerland) given at 0.5-1 mg every
4-6 hours together with intravenous albumin at 40 g
per day."®1% RRT would be initiated in patients with
HRS who developed persistent hyperkalemia, acidosis,
and oliguria. All patients were prioritized according
to MELD score. The presence of living donors would
not alter the waitlist priority of the recipients, and
they would proceed to DDLT if deceased organs were
available. Recipients who required ventilatory, cardio-
vascular support and RRT would be managed in the
intensive care unit (ICU). Candidates who had high
MELD, were critically ill, or required organ support
were not contraindicated to LDLT. The contraindi-
cations for transplant were the same for LDLT and
DDLT and included overwhelming sepsis, cerebral
edema, multiorgan failure (MOF), and hepatocellular
carcinoma (HCC) progression. The causes for delist-
ing or death while on waitlist were recorded. In addi-
tion, the medical records of all patients who did not
reach transplant were reviewed and appraised whether
the recipient might be salvageable by the presence of
a living donor.

DONOR EVALUATION

All living donations were voluntary. Donor and
recipient evaluations were conducted simultaneously.
Donor evaluations were conducted as in-patient if
recipients were critically ill. The pairs were inter-
viewed by transplant surgeons, transplant hepatol-
ogists, and nurse specialists. The process of donor
evaluations was expedited but the workup protocols
were equivalent to elective setting. Donors should
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have no acute or chronic medical condition(s) that
would increase operative risk. The initial assessment
consisted of a detailed medical history and measure-
ment of weight, height, body mass index (BMI),
blood pressure, and urinalysis. Baseline blood tests
included complete blood count; liver function test;
renal function test; fasting glucose and lipid; serol-
ogies for hepatitis B virus, hepatitis C virus, and
human immunodeficiency virus; and blood typing.
Donor candidates with BMI > 30 kg/m? were con-
sidered ineligible for living donation. For those with
BMI > 27-30 kg/m?, a percutaneous liver biopsy
would be performed, and the presence of macrove-
sicular steatosis >10% would be unfit for living dona-
tion. Additional investigations were performed based
on individual assessments, including mammography
for female donors >35 years of age; echocardiogram,
treadmill, and carotid duplex for those with risk fac-
tors for cardiovascular and cerebrovascular disease;
and colonoscopy and esophagogastroscopy for those
with anemia. From 2012, ABO-incompatible LDLT
became available for pairs who had incompatible
blood groups.

As part of the standard evaluation process, donor
candidates were also interviewed by a nontransplant
surgeon who was not involved in recipient care.
In addition, all donor candidates were assessed by
clinical psychologists for any psychological contra-
indication for living donation. Contrast computed
tomography with liver volumetry was performed,
and the graft weight was estimated by dividing the
liver volume by 1.19, which was then used to cal-
culate the predicted graft-to-recipient weight ratio
(GRWR). Although a predicted GRWR > 0.8% is
preferable, GRWR 2 0.6%-0.8% can be allowed in
the following situations: (1) absence of alternative
living donor; (2) primary transplant; (3) recipient
has no >2 organ failures; and (4) both donors and
recipients accept a higher perioperative morbidity
and mortality rate.’
from an independent statutory human organ trans-
plant board for LDLT between persons who were

not genetically related or a couple whose marriage
@1

29 Approval must be obtained

has subsisted for <3 years.

TRANSPLANT OPERATION

Operation was standardized as described
ting Information).

@2) (Suppor-
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POSTOPERATIVE AND
IMMUNOSUPPRESSION PROTOCOL

Postoperative and immunosuppression protocol
was identical after LDLT and DDLT (Supporting

Information).

POSTOPERATIVE PROTOCOL FOR
PATIENTS WITH HRS

Terlipressin  was stopped after transplant in
patients with HRS. Estimated glomerular filtration
rate (eGFR) was calculated and monitored based on
the Modification of Diet in Renal Disease equation
at every clinic follow-up.?® Recovery of renal func-
tion was defined as recovery of eGFR 2 60 mL/
min/1.73 m? after AKI.

STATISTICAL ANALYSIS

Continuous parameters were summarized by
median and range wunless otherwise specified.
Categorical variables were expressed by frequency
and percentage. Comparison between groups was
performed using Pearson’s chi-squared test for cat-
egorical variables or the Mann-Whitney U test for
continuous variables. ITT-overall survival (OS) was
measured from the time of listing to death from any
cause. Patient survival after transplant was deter-
mined from the time of transplant to death from
any cause. Graft survival was measured from the
time of transplant to recipient demise, being listed
for retransplantation, or retransplantation. Survival
was analyzed using the Kaplan-Meier method and
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compared using the log-rank test. A sensitivity
analysis was carried out using the Breslow (general-
ized Wilcoxon) test for ITT-0S.%% Cox regression
analysis was used to define variables that predicted
ITT-OS and survival after transplant. Univariate
analysis was performed using factors related to
recipients’ and donors’ demographics, graft size, dis-
ease etiology, operative details, and postoperative
events. The Cox proportional hazard assumption
was checked using Schoenfeld’s global test.?>2
Significant factors from univariate analysis (P < 0.1)
were entered for multivariable analysis. Statistical
significance was defined as P value <0.05, and all
tests were performed two-tailed. All calculations

were done using SPS525.0 and GraphPad Prism8.0.

Results

During the study period, 325 patients were listed
with a MELD score >25. Two hundred and twelve
(65.2%) patients were in the ITT-LDLT group, and
113 (34.8%) patients did not have a living donor
(ITT-DDLT). The median follow-up time for the
whole cohort was 43.3 (0-136) months: 51.7 (0-136)
months for the ITT-LDLT group and 18.1 (0-135.3)
months for the ITT-DDLT group (P = 0.01). Figure 1
shows the waitlist outcomes of all patients. In the ITT-
DDLT group, 59 (52.2%) underwent transplant, 49
(43.4%) patients died on waitlist or were delisted, 4
(3.5%) recovered, and 1 (0.9%) remained alive on wait-
list. On the other hand, in the ITT-LDLT group, 166
(78.3%) underwent transplant, 42 (19.8%) patients

Accepted on LT waitlist MELD >25
n=325

| Alive waiting n=1 (0.9%)

At listing ITT-LDLT n=212 (65.2%)| | ITT-LDLT n=113 (34.8%)
Delist/death n=42 (19.8%) Delist/death n=49 (43.4%)
Recovery n=4 (1.9%) Recovery n=4 (3.5%)
Analysis I
LT n=166 (78.3%)
Intention-to-treat (LDLT n=115 DDLT n=59 (52.2%)
DDLT n=51)

Actual LDLT n=115|

FIG. 1. Flow chart of all patients who were listed with MELD »> 25.

Actual

Actual DDLT n=110



HEPATOLOGY, Vol. 73, No. 6, 2021

died on waitlist or were delisted, and 4 (1.9%) recov-
ered. The chance of getting a transplant was much
higher in the ITT-LDLT group (78.3% vs. 52.2%,
P < 0.001) (Fig. 1). Among the 49 patients who were
delisted or died on waitlist in the ITT-DDLT group,
19/49 (38.8%) were considered irreversible, i.e., too
sick for transplant. The reasons for delisting or death
were MOF in 7 patients, cerebral edema in 6, cardiac
event in 3, tumor progression in 2, and overwhelming
sepsis in 1. In the ITT-LDLT group, 9/42 (21.4%)
patients were considered irreversible. The reasons were
MOF in 7 and cerebral edema in 2.

In the ITT-LDLT group, 20 donor candidates
were ineligible for living donation (ABO incompat-
ible before year 2012, n = 5; BMI > 30/cardiovascular
disease, n = 4; hepatitis B virus/hepatitis C virus car-
rier, n = 2; donor anatomical contraindication, n = 2;
donor psychological/psychiatric condition, n = 4; and
other medical diseases, n = 3). As for their respective
recipients, 5 eventually underwent DDLT.

CLINICAL CHARACTERISTICS
AT LISTING AND WAITLIST
OUTCOMES

There was no difference in baseline demograph-
ics, including recipient age, BMI, hepatitis status, and
MELD at listing (Table 1). There were more male
patients in the ITT-DDLT group (85.8% vs. 74.1%,
P = 0.014). Very high MELD, defined as MELD >
35, was seen in 46% and 42.9% of the ITT-DDLT
and ITT-LDLT groups, respectively (P = 0.593).
There were more patients with HRS in the ITT-
DDLT group (65.5% vs. 53.8%, P = 0.034). The
median eGFR at listing was similar in both groups
(42.8 vs. 48.2 mL/min/1.73 m?, P = 0.089) and
around one third of the patients in both groups had
¢GFR < 30 mL/min/1.73 m?. Subgroup analysis of
MELD > 30 and MELD »> 35 at listing showed sim-
ilar findings (Supporting Table S1).

ITT SURVIVAL OF MELD > 25 AND
HRS

Figure 2A,B shows the long-term ITT-OS of
patients who had MELD > 25 and both MELD >
25 and HRS. For those who had a listing MELD »>

25, the 1-year, 3-year, and 5-year ITT-OS were sig-
nificantly better in the ITT-LDLT group (76.4% vs.
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TABLE 1. Clinical Characteristics of ITT-LDLT and
ITT-DDLT Groups at Time of Listing

[TT-DDLT Group  ITT-LDLT Group
n=113) (n=212) PValue
Age (years) 55.5(34.6-72.5) 56.7 (24.9-75.8) 0.684
Recipient sex male (n, %) 97 (85.8) 157 (74.1) 0.014
Recipient BMI (kg/m?) 24 (17-43.9)  245(16.4-42.9) 0913
Hepatitis B virus (n, %) 89 (78.8) 164 (77.4) 0.772
Hepatitis C virus (n, %) 3(2.7) 4(1.9) 0.958
Disease indication (n, %) 0.024
Acute liver failure 10 (8.8) 20 (9.4)
Acute on chronic liver 38 (33.6) 98 (46.2)
failure
Decompensated cirrhosis 53 (46.9) 73 (34.4)
With concomitant HCC 9(8) 7 (3.3)
Others 3(2.7) 14 (6.6)
At listing
Bilirubin (pmol/L) 443 (59-1,044)  434.5(29-949)  0.508
INR 2.7 (1.5-8) 3(1.4-10) 0.156
Creatinine (umol/L) 155 (74-766) 136 (62-1,022)  0.055
eGFR (mU/min/1.73 m?)*  42.8 (5.8-138) 482 (4.3-136.5) 0.089
<30 41 (36.3) 67 (31.6)
30-60 37(32.7) 54 (25.5)
>60 35(31) 91 (42.9)
MELD at listing 34.2(25.2-561.2)  34.1(25.2-55)  0.840
MELD > 35 at listing (n, %) 52 (46) 91 (42.9) 0.593
HRS (n, %) 74 (65.5) 113 (53.8) 0.034

Note: Data are presented as n (%) or median (range).
*eGFR was based on the Modification of Diet in Renal Disease

equation.

52.2%, 74% vs. 49.5%, and 72.6% vs. 49.5%, respec-
tively; P < 0.001). The ITT-OS of patients with
MELD > 25 and HRS at 1, 3, and 5 years were 61.9%
vs. 35.1%, 57.4% vs. 33.8%, and 56% vs. 33.8% in the
ITT-LDLT HRS and ITT-DDLT HRS groups,
respectively (P < 0.001). Figure 2C showed that early
ITT-OS at 1,4,8,and 12 weeks after listing in patients
with MELD > 25 was better in the ITT-LDLT group
(93.4% vs. 84.1%, 85.8% vs. 61.9%, 82.5% vs. 59.3%,
and 82.1% vs. 58.4%; P < 0.001). Similar early sur-
vival benefit was observed in the ITT-LDLT group
for patients with MELD > 25 and HRS (88.5% vs.
78.4%, 76.1% vs. 48.6%, 70.8% vs. 43.2%, 69.9% vs.
40.5%; P < 0.001) (Fig. 2D). As most of the deaths
occurred early after listing, with a distinct alteration
in the slope of the survival curves at 1 month after
listing, an I'TT-OS that analyzed patients who sur-
vived for >1 week (Fig. 2E), >1 month (Fig. 2F), and
>3 months (Supporting Fig. S1) showed that the
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AAAAAAA ITT-LDLT HRS n=212
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Cumulative Survival (%)

0 P <0.001

No. at risk
ITT-LDLT HRS 74 255 24 24 24 23
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D
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FIG.2. (A) ITT survival of patients with MELD > 25. (B) ITT survival of patients with MELD > 25 and HRS. (C) ITT early survival
of patients with MELD > 25. (D) ITT early survival of patients with MELD > 25 and HRS. (E) ITT survival of patients who survived
>1 week from listing. (F) I'T'T survival of patients who survived >1 month from listing.

survival benefits of I'TT-LDLT occurred within the
first month after listing.

A more distinct survival benefit was observed in those
who had a listing MELD > 35; the 1-year, 3-year, and
5-year survival rates were 68.1%, 64.7%, and 63.1% in
the ITT-LDLI" group compared with 30.8%, 30.8%,
and 30.8% in the ITT-DDLT group, respectively
(P < 0.001) (Supporting Fig. S2A). Similar survival ben-
efits were observed among patients with HRS as well. In

patients with MELD > 35 and HRS, the 1-year, 3-year,

2446

and 5-year I'TT-OS was better in the ITT-LDLT HRS
group (59.4% vs. 25%, 54.5% vs. 25%, and 54.5% vs.
25%, respectively; P = 0.001) (Supporting Fig. S2B).

SENSITIVITY ANALYSIS OF ITT
SURVIVAL

In addition to the log-rank test for survival compar-
ison, the Breslow test was used as a sensitivity analysis
to understand whether putting more weight on early
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events or failure would alter our findings. With the
Breslow test, the survival benefits in the ITT-LDLT
group in MELD > 25 (P < 0.001), MELD > 35
(P < 0.001), MELD > 25 and HRS (P < 0.001), and
MELD > 35 and HRS (P = 0.001) remain unchanged.

PREDICTORS OF SURVIVAL FROM
THE TIME OF LISTING

The proportionality of hazard assumption in Cox
regression was confirmed using Schoenfeld’s global test
with P=0.421,1i.e.,absence of a significant time-varying
effect. In multivariable analysis on mortality from the
time of listing, patients with higher BMI (HR, 0.912;
95% CI,0.866-0.96; P < 0.001) and in the ITT-LDLT
group (HR, 0.392; 95% ClI, 0.273-0.562; P < 0.001)
had a lower risk of mortality, whereas a higher MELD
score at listing predicted poorer survival (HR, 1.082;
95% CI,1.052-1.112; P < 0.001) (Table 2).

CLINICAL CHARACTERISTICS
AT TRANSPLANT AND
PERIOPERATIVE OUTCOMES

Regarding patients who underwent DDLT and
LDLT, there was no difference in age, sex, BMI,
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hepatitis status, disease indication, MELD at trans-
plant, or HRS, and most patients were hospitalized
or required ICU care before transplant. There were
more patients who had MELD > 35 (43.5% vs. 30%,
P = 0.036) in the LDLT group. The median eGFR
at transplant was comparable (74.5 vs. 68.9 mL/
min/1.73 m?, P = 0.693) and the duration of HRS
before transplant was 7 and 6 days in the DDLT
and LDLT groups, respectively (P = 0.656). The
median time on the waitlist was longer in patients
with DDLT (15.5 vs. 7 days P < 0.001) (Table 3).
As expected, graft weight and GRWR was lower
in the LDLT group, with shorter cold ischemic
time and longer operative time compared with the
DDLT group. The majority of patients with LDLT
underwent transplantation with right-lobe grafts
(111/115, 96.5%) and most were inclusive of middle
hepatic veins (MHV; 106/111, 95.5%). There was
no difference between the two groups in terms of
ICU stay, hospital stay, vascular and biliary com-
plications, and hospital mortality. The overall and
severe perioperative complication rates were lower
in the LDLT group (Table 4). Subgroup analysis of
perioperative outcomes of recipients with MELD >
30 and MELD > 35 showed comparable outcomes
after LDLT and DDLT (Supporting Table S2).

TABLE 2. Univariate and Multivariable Analyses for Prognostic Factors Affecting Mortality From Time of Listing With ITT

Analysis
Univariate Multivariable

HR, 95% CI PValue HR, 95% ClI PValue
Recipient age (n = 325) 0.984 (0.967-1.000) 0.051
Recipient sex (n = 325) 0.143
Female (n=71) Ref
Male (n = 254) 1.422 (0.888-2.277)
Recipient BMI (n = 325) 0.932 (0.886-0.980) 0.006 0.912 (0.866-0.960) <0.001
Disease etiology (n = 325) 0.578
No HBV (n=72) Ref
HBV infection (n = 253) 0.888 (0.585-1.349)
MELD at listing (n = 325) 1.070 (1.041-1.100) <0.001 1.082 (1.052-1.112) <0.001
HCC (n = 325) 0.015
No (n = 309) Ref
Yes (n=16) 2.169 (1.165-4.038)
Transplant type (n = 325) <0.001 <0.001
ITT-DDLT (n = 113) Ref
[T-LDLT (n = 212) 0.433 (0.302-0.620) 0.392 (0.273-0.562)

Note: Data are presented as n (%) or median (range).
Abbreviations: CI, confidence interval; HBV, hepatitis B virus; Ref, reference group.
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TABLE 3. Clinical Characteristics of LDLT and DDLT Groups at Time of Transplant

Parameters DDLT Group (n=110) LDLT Group (n=115) PValue
Recipient
Age (years) 55.6 (24.9-72.5) 58.1 (25.5-75.8) 0.131
Recipient sex male (n, %) 87 (79.1) 86 (74.8) 0.443
Recipient BMI (kg/m?) 24.5(17.5-43.9) 24.6 (14.4-42.9) 0.941
Hepatitis B virus (n, %) 85(77.3) 91 (79.1) 0.736
Hepatitis C virus (n, %) 4(3.6) 2(1.7) 0.639
Disease indication (n, %) 0.455
Acute liver failure 5(4.5) 10(8.7)
Acute on chronic liver failure 56 (50.9) 47 (40.9)
Decompensated cirrhosis 38 (34.5) 48 (41.7)
With concomitant HCC 5(4.5) 4(3.5)
Others 6 (5.5) 6(5.2)
At transplant
Bilirubin (umol/L) 429.5(21-1,017) 442 (112-1,022) 0.523
INR 2.6 (1.2-10.1) 2.8(1.2-5.3) 0.072
Creatinine (umol/L) 97.5 (35-841) 102 (30-512) 0.867
eGFR (mL/min/1.73 m2)* 74.5 (4.5-138) 68.9 (9.5-142.3) 0.693
<30 21(19.1) 26 (22.6)
30-60 26 (23.6) 26 (22.6)
>60 63 (57.3) 63 (53.8)
MELD af fransplant 31.4(9.3-49.8) 33 (19-53) 0.140
MELD > 35 at fransplant (n, %) 33 (30) 50 (43.5) 0.036
HRS (n, %) 55 (50) 52 (45.2) 0.473
HRS and required perioperative RRT (n, %) 8(7.3) 13 (11.3) 0.174
Duration of HRS before LT (days) 7(1-92) 6 (1-80) 0.656
Known renal impairment before LT (n, %) 5(4.5) 4(3.5) 0.683
Pretransplant status (n, %) 0.145
Home 12 (10.9) 2(1.7)
Hospitalized 65 (59.1) 57 (49.6)
ICU 33 (30) 56 (48.7) 0.360
Liver failure only 14 (42.4) 18 (32.1)
Liver failure + 1 organ failure® 18 (64.5) 36 (64.3)
Liver failure + 2 organs failure’ 1@3) 2(3.6)
Waiting time (days) 15.5 (1-2,098) 7 (1-140) <0.001
Donor
Donor age (years) 50 (2-84) 31 (18-58) <0.001
Donor sex (n, % male) 60 (54.5) 46 (40) 0.04
Donor BMI (kg/m?) 23.4(14.8-29.8) 21.9(15.4-29.8) <0.001
Donor steatosis > 10% (n, %) 18 (16.4) 4 (3.5) 0.001

Note: Data are presented as n (%) or median (range).
*eGFR was based on the Modification of Diet in Renal Disease equation.
JrOrgan support: either cardiovascular, ventilatory, or renal replacement therapy.

DONOR OUTCOMES

The median time required for living donor workup
from blood test to transplant was 3 (0-59) days.
Compared with deceased donors, living donors were
younger, had lower BMI, and consisted of more
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female donors (Table 3). There was no donor death.
The overall donor complication rate was 17.4% and

5 (4.3%) donors had grade 3 complication (Table 4).
Two donors had endoscopic dilatation and stenting
for bile duct stricture, 2 had image-guided drainage of
pleural effusion and intra-abdominal collection, and
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TABLE 4. Perioperative Outcomes of LDLT and DDLT Groups
DDLT Group (n=110) LDLT Group (n=115) PValue
Recipient
Graft weight (g) 1,232.5 (365-2,180) 600 (340-970) <0.001
GRWR (%) 1.77 (0.57-3.95) 0.9 (0.5-1.7) <0.001
Right-lobe graft (n, %) — 111 (96.5) —
With MHV (n, %) — 106 (95.5)
Cold ischemic time (minute) 350.5 (101-583) 102 (39-183) <0.001
Warm ischemic time (minute) 49.5(21-107) 51 (23-86) 0.96
Operative time (minute) 481.5(270-1,111) 685 (435-1,160) <0.001
Portal flow modulation (n, %) 0(0) 4(3.5) —
Splenic arfery ligation — 2
Splenic artery embolization — 1
Ligation of shunt — 1
ICU stay (days) 4.5 (2-20) 4(2-142) 0.475
Hospital stay (days) 21 (8-325) 22 (9-354) 0.301
Hospital mortality (n, %) 2 (1.8) 4 (3.5) 0.720
Overall complication (n, %) 86 (78.2) 69 (60) 0.004
Severe postoperative complication* (n, %) 0.025
3a 25(22.7) 20(17.4)
3b 13(11.8) 13(11.3)
4a 8(7.3) 2(01.7)
4b 0(0) 1(0.9)
Specific complications (n, %)
Hepatic artery thrombosis 10.9 2(1.7) 1.000
Portal vein thrombosis 3(2.7) 0(0) 0.114
Hepatic vein/IVC thrombosis 2(1.8) 1(0.9) 0.485
Biliary complications 7(6.4) 9(7.8) 0.670
Time fo renal function recovery (days)
All patients 5(1-322) 4(1-157) 0.089
HRS patients only 13 (1-143) 11 (1-1571) 0.560
Renal function recovery of all patients (n, %)
By 1 month 65 (59.1) 89 (77.4) 0.003
By 3 months 82 (74.5) 99 (86.1) 0.029
By 6 months 86 (78.2) 102 (88.7) 0.033
Renal function recovery of HRS patients (n, %)
By 1 month 22 (40) 31 (59.6) 0.043
By 3 months 34 (61.8) 40 (76.9) 0.091
By 6 months 37 (67.3) 41 (78.8) 0.178
Need for permanent RRT (n, %) 3(2.7) 5(4.3) 0.512
Listed or had renal transplant (n, %) — — —
Donor
Donor ICU stay (days) — 1(1-6) —
Donor hospital stay (days) — 8 (5-28) —
Donor overall complication (n, %) — 20(17.4) —
Donor postoperative complication® (n, %) —
Grade 3 — 54.3)
Grade 4 — 0(0)

Note: Data are presented as n (%) or median (range).
*Clavien-Dindo classification.
Abbreviation: IVC, inferior vena cava.
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1 had bile leakage requiring endoscopic stenting and
image-guided drainage of subphrenic abscess.

SURVIVAL AFTER TRANSPLANT

In ITT-OS, the risk of mortality was the highest
in the early period after listing. On the other hand,
as illustrated in Fig. 3A,B, this was not observed
in survival after transplant. Figure 3A,B showed
the patient survival after LDLT versus DDLT for
recipients with MELD > 25 and recipients with
both MELD > 25 and HRS. The 1-year, 3-year,

and 5-year patient survival rates were 93.9% versus
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90.9%, 92.2% versus 85.4%, and 88% versus 85.4%
were comparable between LDLT and DDLT groups
for recipients with MELD > 25 (P = 0.279) (Fig.
3A). There was no difference in patient survival
between for recipients with MELD > 25 and HRS
between the LDLT and DDLT group, the sur-
vival rates at 1, 3, and 5 years were 88.5% versus
85.5%, 84.6% versus 76.4%, and 77% versus 76.4%,
respectively (P = 0.701). Early survival outcomes at
1, 4, 8, and 12 weeks after transplant in recipients
with MELD > 25 and recipients with both MELD
> 25 and HRS were similar between the 2 groups
(Supporting Fig. S3A,B).
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FIG. 3. (A) Patient survival of recipients with MELD > 25 after LDLT versus DDLT. (B) Patient survival of recipients with MELD »>
25 and HRS after LDLT versus DDLT. (C) eGFR of patients with MELD »> 25 after LDLT versus DDLT. Data are shown as median
and interquartile range. (D) eGFR of patients with MELD > 25 and HRS after LDLT versus DDLT. Data are shown as median and

interquartile range.
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Graft survival rates for MELD > 25 and both
MELD > 25 and HRS were similar after LDLT and
DDLT (Supporting Fig. S4A,B). The survival rates
for recipients with MELD > 35 were also similar
between the 2 groups (Supporting Fig. S5A,B).

SHORT-TERM AND LONG-TERM
RENAL OUTCOMES AFTER
TRANSPLANT

The median time to renal function recovery was less
than 1 week in both groups. Patients who underwent
LDLT had a higher chance for renal function recovery
by 1 month (77.4% vs. 59.1%, P = 0.003), 3 months
(86.1% vs. 74.5%, P = 0.029), and 6 months (88.7%
vs. 78.2%, P = 0.033). If only patients with HRS were
considered, the median time to renal function recov-
ery was similar after DDLT versus LDLT (13 vs. 11
days, P = 0.56) but the chance of renal recovery was
higher in patients who underwent LDLT by 1 month
(59.6% vs. 40%, P = 0.043) (Table 4).

Concerning the long-term renal outcomes, only
8 patients required permanent RRT, and none were
listed or had renal transplant at the time of analysis
(Table 4). There was no difference in median eGFR
from 3 months to 5 years after LDLI" and DDLT in
recipients with MELD > 25 and recipients with both
MELD > 25 and HRS (Fig. 3C,D). Similar findings
were observed in recipients with MELD > 30, MELD
> 30 and HRS, MELD > 35, and MELD > 35 and
HRS (Supporting Fig. S6A-D).

WONGET AL.

PREDICTORS OF MORTALITY
AND GRAFT FAILURE AFTER
TRANSPLANT

The proportionality of hazard assumption in Cox
regression was confirmed using Schoenfeld’s global
test (P = 0.783). In multivariable analyses, the fol-
lowing were associated with a higher risk of mortal-
ity and graft failure: an older recipient age (mortality
HR, 1.055 [1.013-1.098]; P = 0.008; graft failure
HR,1.054 [1.012-1.108]; P = 0.011), higher MELD
at transplant (mortality HR, 1.056 [1.007-1.107];
P = 0.025; graft failure HR, 1.057 [1.008-1.108];
P = 0.023), HCC (mortality HR, 3.83 [1.422-
10.315]; P = 0.008; graft failure HR, 3.718 [1.376-
10.046]; P = 0.01), a higher donor BMI (mortality
HR, 1.145 [1.009-1.299]; P = 0.036; graft failure
HR, 1.146 [1.01-1.3]; P = 0.035), and occurrence
of postoperative complication (mortality HR, 1.286
[1.048-1.578]; P = 0.016; graft failure HR, 1.285
[1.047-1.577]; P = 0.016). Transplant type (LDLT
vs. DDLT) was not associated with any difference
in survival after transplant (Supporting Table S3).
Further analyses performed by stratifying patients
according to the MELD at listing showed that
ITT-LDLT had a consistent survival benefits (HR,
0.387-0.552) across different MELD categories
(MELD > 25-30, >30-35, and >35). If the survival
was assessed from the time of transplant, the hazard

of mortality was comparable between recipients of
LDLT and DDLT (Table 5).

TABLE 5. 5-Year Mortality and HR of Mortality According to MELD at Listing

[TT-DDLT 5-Year HR of Mortality ITT-LDLT 95% Confidence
[TT-LDLT 5-Year Mortality Mortality vs. [TT-DDLT Interval PValue
At listing
MELD > 25-30 19.9% 37.5% 0.404 0.165-0.980 0.047
MELD > 30-35 20.8% 31.4% 0.552 0.259-0.990 0.049
MELD > 35 36.9% 69.2% 0.387 0.243-0.616 <0.001
HR of Mortality LDLT vs. 95% Confidence
LDLT 5-Year Mortality DDLT 5-Year Mortality DDLT Interval PValue
At transplant
MELD > 25-30 15.1% 14.7% 0.778 0.186-3.257 0.732
MELD > 30-35 5.0% 12.0% 0.243 0.052-1.148 0.074
MELD > 35 15.3% 18.5% 0.789 0.273-2.284 0.662
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Discussion

In this study, we have shown consistent survival
benefits of LDLT with I'TT analysis and a reduction
of waitlist mortality for patients with high MELD
and HRS. The availability of living donors provided a
significantly higher chance of transplant with signifi-
cant reduction in the risk of mortality from the time
of listing. Such benefits were consistently observed
across different MELD categories. Early ITT-OS
analysis provided two important findings: (1) the steep
decline observed in the curve indicated an extremely
high risk of mortality without timely transplant in
the early period after listing, especially for those with
MELD »> 35 and HRS; (2) the distinct alteration of
slope of the survival curves showed that the true ben-
efits of LDLT occurred within the first month after
listing. The perioperative, survival, and renal outcomes
for patients with high MELD and HRS were similar
after LDLT and DDLT.

The results from the current study addressed two
controversial issues regarding LDLI. Firstly, it chal-
lenged the notion that LDLT should not be considered
in patients with MELD > 25 and HRS. The rationale
was that LDLT in such settings carried an unaccept-
ably high risk of morbidity and mortality because partial
grafts were inadequate to reverse the pathophysiology
of HRS and meet the metabolic demands of recipients
with high MELD. Secondly, there have been concerns
whether urgent donor workup protocol might pose addi-
tional psychological and physical risks to living dona-
tion."" In the current study, hospital mortality was very
low in patients with LDLT (4/115, 3.5%) and was com-
parable with patients with DDLT (2/110, 1.8%); 96.5%
of patients with LDLT underwent transplantation using
right-lobe grafts with a median GRWR of 0.9%. There
was also no difference in hospital/ICU stay and vascu-
lar or biliary complication after LDLT and DDLT. The
5-year patient (88%) and graft survival (88%) of patients
with MELD »> 25 after LDLT was excellent and com-
parable with DDLT. These results reflected that a living
donor graft indeed did not increase perioperative mor-
tality and did not jeopardize the long-term outcomes.
The overall and severe perioperative complications were
even lower in patients with LDLT despite having more
patients with MELD > 35 and requiring ICU care
before transplant. This is likely because LDLT allowed
earlier access to transplant (median waiting time 7 days)
in these patients who were critically ill.
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In our cohort, 107/225 (47.6%) had HRS, 99/225
(44%) (47 DDLT, 52 LDLT) recipients of transplants
had eGFR < 60 mL/min/1.73 m?* at time of trans-
plant, and 21/107 (19.6%) required perioperative
RRT. The HR of mortality showed substantial sur-
vival benefits (HR, 0.387-0.552) in the ITT-LDLT
across different MELD strata. This is not surprising
given that transplantation is perhaps the only way to
reverse the pathophysiology of HRS. In addition, a
living donor graft encompasses conditions for opti-
mal graft quality, including young donor age, low
BMI, minimal graft steatosis, and short cold isch-
emic time, even though the graft size is comparably
“small.” With a 5-year patient and graft survival rate
of 77% in patients who had MELD > 25 and HRS,
the current study demonstrated that LDLT was safe
even in these patients. There was no difference in
long-term eGFR after LDLT and DDLT in patients
with HRS. Overall, the time to renal function recov-
ery was quicker after LDLT. In patients with HRS,
the chance of renal recovery at 1 month after trans-
plant was higher in LDLT. LDLT allows a timely
access to liver transplantation (LT) and might hasten
the renal function recovery in patients with HRS.
Only 8 patients required permanent RRT, and none
were listed or had renal transplant, indicating that
renal recovery is possible irrespective of transplant
type.

The availability of altruistic donors represents an
important element to success. Among the 325 candi-
dates listed for LT, 212/325 (65.2%) had a potential
donor candidate. Because recipients were critically
ill, all donor workup started simultaneously with
recipient evaluation. Although the workup process
for donors was expedited, it was not compromised.
Donor safety is of paramount importance from a
physical and psychological perspective. The donor
workup process is protocol driven and the eligibil-
ity criteria remain unchanged. All doctors and nurses
in the transplant team were trained to avoid donor
coercion, and the option of DDLT is always offered
and explained. As part of the standard protocol, a
nontransplant surgeon and clinical psychologists will
act as donor advocates and address the psychologi-
cal concern of living donation. In the selected LDLT
pair, a written approval from a statutory board is
required. Nonetheless, the presence of living donors
does not completely eliminate waitlist mortality. In
our analysis, 28/91 (30.8%) patients’ conditions were
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irreversible, most commonly because of cerebral
edema, MOF, and sepsis, and they would have been
declined for transplant anyway.

Patients in the ITT-LDLT group had a lower
hazard of mortality across all MELD strata, and the
higher the MELD, the higher the survival benefit.
The survival curve began to plateau off after 1 year
of listing and remained similar thereafter, indicating
that waitlist and perioperative mortality was the most
important cause of demise among these patients. In
the current study, we have demonstrated that LDLT
was feasible in patients with high MELD and HRS.

Not only did LDLT allow earlier access to trans-
plant, but it also offered similar outcomes after trans-
plant when compared with DDLT. Importantly, there
was no live donor mortality in the current study, and
the risk of grade 3 complications remained extremely
low.

The strength of the current study includes a large
cohort size with a long follow-up time. There are
several limitations. Firstly, this was a retrospective
study of a single center. Secondly, there was likely
selection bias because of the retrospective nature. A
randomized trial is not feasible for obvious ethical
reasons. This study was conducted in a region with
a low deceased organ donation rate, such that the
benefit of LDLT might be amplified. However, the
shortage of deceased donor organs is universal, and
the availability of LDLT will alleviate waitlist mor-
tality. One should still be cautious, as patients with
high MELD and HRS represent the highest-risk
group. Although the success of LDLT is multifacto-
rial, the application of LDLT should not be limited
by a certain MELD cutoff.?® With the advance-
ment of surgical, anesthetic, and perioperative care,
many centers that predominately perform DDLT
also reported excellent outcomes after LDLT.®1%27)
Lastly, it is worth noting that right-lobe grafts with
inclusion of MHV were the predominant graft type
in our study. Good venous outflow is as important as
vascular inflow and graft size and contributed to the
success of LDLT.?0

In conclusion, for patients with MELD > 25 and
HRS, the ITT-LDLT approach reduced waitlist mor-
tality by providing earlier access to transplant, partic-
ularly within the first month after listing when the
mortality risk without transplant was the highest.
A consistent survival benefit was observed across all

MELD strata. LDLT was feasible and offered similar

WONGET AL.

perioperative and long-term outcomes to DDLT for
high MELD and HRS patients. Donor workup under
an expedited protocol was not associated with higher
perioperative risk. LDLT should be considered for
high MELD and HRS patients, and the application
of LDLT should not be restricted by a MELD cutoft.
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