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Background: With ageing population and higher prevalence of nonalcoholic steatohepatitis (NASH) and hepato-
cellular carcinoma (HCC) in older patients, more and more living donor liver transplants (LDLTs) are being
considered in this group of patients as eligibility for deceased donor liver transplant is restricted to those
aged 65 years and younger. However, the short- and long-term outcomes of this group have not been reported
from India, which does not have a robust national health scheme. The aim of this study was to provide guidelines
for transplant in this group. Methods: All patients aged 60 years and older (group 1) who underwent LDLT in our
centre between January 2006 and December 2017 were studied. A propensity score-matched group in 1:2 ratio was
created with comparable sex and Model for End-Stage Liver Disease score (group 2). The 2 groups were compared
for duration of hospital stay, surgical complications, hospital mortality and 1-, 3- and 5-year survival. Results:
Group 1 consisted of 207 patients, and group 2 had 414 patients. The number of patients in group 1 gradually
increased with time from 4 in 2006 to 33 in 2017 accounting for 15% of total cases. Group 1 had more patients
with viral hepatitis, NASH and HCC, and they had a higher 30-day mortality due to cardiorespiratory complica-
tions. Although 1- and 3-year survival was similar, the 5-year survival was significantly lower in group 1. Conclu-
sion: Five-year survival was lower in the elderly group due to cardiorespiratory complications and recurrence of
HCC. Outcomes in the elderly group can be improved with better patient selection and preventing HCC recur-

rence. (J CuiNn Exp HepaToLr 2021;11:3-8)

ith increasing life expectancy and improving

outcomes, more number of patients, as well as

older patients, are coming forward for trans-
plant in India. As more than 80% of transplants in India
are living donor liver transplants (LDLTs), it raises an
important ethical question, as most donors are much
younger family members.’ Although the proportion of
older patients may be lower than that of Western countries,
overall it is still a huge number just by the sheer size of our
total population. This increased demand is also from
changing indications for transplant such as nonalcoholic
steatohepatitis (NASH) and hepatocellular carcinoma
(HCC).
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Few deceased donor liver transplant (DDLT) centres
from the USA and Europe have analysed the outcomes of
elderly recipients and have shown conflicting results.”
The literature on outcomes after LDLT in the elderly
patients is even more limited.” This study will be the first
from a resource-constrained country without a robust na-
tional health service. As transplant outcomes are better in
countries where there is an organised system of follow-up
and recall of patients, the results of this study will be
important for transplant programs in resource-con-
strained countries.

PATIENTS AND METHODS

This study includes all patients who underwent LDLT
from January 2006 to December 2017 in Centre for Liver
and Biliary Sciences, New Delhi, India. This study is a
retrospective analysis of our prospectively maintained
database. Patients were divided into two groups; group
1 were older patients (>60 yrs) and group 2 consisted
of younger recipients (18-60 yrs). Group 2 consisted of
sex and Model for End-Stage Liver Disease (MELD) score
matched cohort with 1:2 ratio. The two groups were
compared for demographic data, 30-day hospital mortal-
ity, average length of hospital stay, postoperative
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Figure 1 Year wise trend in elderly patients undergoing LDLT compared with total patients. LDLT, living donor liver transplant.

complications and 1-, 3- and 5-year survival. Our
follow-up protocol is to examine the patient every
week for first one month after discharge. In the
follow-up clinic, the coordinator teaches the recipient
what tests to do and how frequently they should be car-
ried out. They are tutored to fill an Excel sheet where
not only all the test results are entered but also the
doses of the immunosuppressive medication are
entered. Advice is given regarding the doses electroni-
cally after the coordinator consults the doctors. Pa-
tients are contacted by mail or telephone if they have
defaulted twice. Patients are encouraged to visit the
centre twice a year.

Inclusion criteria

All adult patients from the Indian subcontinent who un-
derwent elective LDLT were included.

Exclusion criteria

Paediatric patients and patients with LDLT for acute liver
failure, ABO incompatible LDLT, retransplantation and
DDLT were excluded from the study.

Statistical analysis

Pretransplant and intraoperative variables, donor and graft
characteristics and postoperative outcomes of groups 1
and 2 were compared using the Chi-square test (noncon-
tinuous variables), Student’s #-test (continuous variables
with normal distribution) and Mann-Whitney U-test
(continuous variables with nonparametric distribution).
The Kaplan-Meier method was used to estimate the 1-,
3- and 5-year survival. Statistical analysis was performed
using SPSS, version 22, software. All P values presented
are two sided, and P value < 0.05 was considered statisti-
cally significant.

RESULTS

A total of 2542 patients from the Indian subcontinent un-
derwent LDLT at our centre between 2006 and 2017. After
applying inclusion and exclusion criteria, 2172 patients
were included for analysis, provided a minimum one-year
follow-up was available. These patients were classified
into two groups according to their age. Group 1 consisted
of liver transplant recipients aged 60 years and older, and
group 2 was the younger cohort of patients aged 18-60
years. A total of 207 patients were included in group 1,
and 1965 patients were younger than 60 years. For direct
comparison, a case-matched analysis was performed using
matched cohorts created from propensity scores. The 1:2
matching algorithm identified two matched cohorts
(n = 207 in group 1 and n = 414 in group 2) in which
both the cohorts were comparable in terms of sex and
MELD score. This allowed for the direct comparison of
preoperative variables, intraoperative variables and postop-
erative outcomes between group 1 and 2. Between 2006
and 2017, the number of patients aged older than 60 years
gradually increased from 4 in 2006 to 33 in 2017 account-
ing for 15% of total cases performed in 2017. The year wise
trend in the number of elderly patients undergoing LDLT
was analysed, and it is represented in Figure 1. Preoperative
variables in the groups were similar for sex and MELD
score as group 2 was created using sex and MELD score
match in the ratio 1:2. The number of patients with viral
hepatitis-related cirrhosis, NASH and HCC was higher in
group 1, and the number of patients with alcoholic liver
disease was higher in group 2. Group 1 had a higher pro-
portion of patients with hypertension, coronary artery dis-
ease, diabetes and respiratory conditions, as shown in
Table 1. However, there were no significant differences in
donor age, body mass index (BMI) and intraoperative vari-
ables such as graft type, graft weight, warm ischaemic time
and cold ischaemic time (Table 2). This study shows longer
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Table 1 Pretransplant Variables of the Recipients in Both the
Groups.

Group 1 > 60yrs Group 2 < 60yrs P

(n=207) (n =414) value
Age 63.93 £ 2.98 years 42.58 + 14.61 years
Sex
Males 156 (75.4%) 313 (75.6%)
Females 51 (24.6%) 101 (24.4%)
BMI 24.33 £+ 5.92 25.02 £ 6.31 0.092
MELD score 17.95 + 6.9 18.06 £ 7.1
Child-Pugh score
A 18 (8.7%) 21 (5.07%)
B 96 (46.4%) 178 (42.9%)
C 93 (44.9%) 215 (51.9%)
Aetiology
Viral 111 (53.6) 185 (44.7) 0.03
HBV 20 (9.7%) 44 (10.6%)
HCV 85 (41.1%) 137 (33.1%)
HBV + HCV 6 (2.9%) 4 (1%)
Alcohol 23 (11.1%) 8 (21.3%) 0.02
NASH 35 (16.9%) 6 (11.1%) 0.02
Cryptogenic 33 (15.9%) 2 (17.4%) 0.75
Others 5 (2.4%) 23 (5.6) 0.075
Autoimmune 4 (1.9%) 5 (1.2%)
PSC 1 (0.04%) 5 (1.2%)
PBC 0 (0%) 3(0.7%)
SBC 0 (0%) 1 (0.2%)
BCS 0 (0%) 8 (1.9%)
Wilson 0 (0%) 1 (0.2%)
Comorbidities
Hypertension 26 (12.6%) 32 (7.7%) 0.05
Coronary artery 4 (1.9%) 1 (0.2%) 0.02
disease
Diabetes 78 (37.7%) 84 (20.3%) 0.003
Respiratory 14 (6.8%) 5 (1.2%) 0.001
diseases
HCC 82 (39.6%) 86 (20.8%) 0.001
Renal dysfunction
AKI 26 (12.6%) 56 (13.5%) 0.73

AKI, acute kidney injury; BCS, budd chiari syndrome; BMI, body mass in-
dex; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepa-
titis C virus; MELD, Model for End-Stage Liver Disease; NASH,
nonalcoholic steatohepatitis; PBC, primary biliary cirrhosis; PSC, pri-
mary sclerosing cholangitis; SBC, secondary biliary cirrhosis.

hospital stay, higher cardiac and respiratory complications
and higher mortality in the group 1 cohort. Postoperative
complications in both the groups have been tabulated and
compared in Table 3. Technical complications such as

hepatic artery thrombosis, portal vein thrombosis and he-
patic vein stenosis and bile leaks were similar in both the
groups. The neurological complications were similar in
both groups.

Kaplan-Meir survival was plotted for the two groups to
study 1-, 3- and S-year survival, and it is shown in Figure 2.
Although there was lower survival in the elderly group at 1
and 3 years, it was not statistically significant, but at S
years, it became statistically significant. Cardiovascular
complications and HCC recurrence contributed for the dif-
ference.

Analysis of survival

Overall patient survival at 30 days was 91% in the younger
group and 85% in elderly patients (p = 0.04) The 1-yr sur-
vival for these groups was 85% and 80%,
respectively (p = 0.18). The 3-yr survival for these groups
was 78% and 69%, respectively (p = 0.12 not significant).
The 5-yr survival was 75% and 61%, respectively, and it
was statistically significantly lower in the elderly

group (p = 0.01).

DISCUSSION

In India, average life expectancy in men and women is 67
years and 70 years, respectively,8 and most people until
recently would not come forward for LDLT. However,
with improving outcomes and higher prevalence of
NASH and HCC, many patients are now being trans-
planted.

This study intended to analyse the outcome data of
LDLT in elderly patients and to look at the impact of co-
morbid conditions on postoperative outcomes.

The year wise trend in elderly patients undergoing
LDLT shows that the number is gradually increasing year
by year as shown in graph 1. In 2006, only 4 of 58 patients
were more than 60 years old, whereas in 2017, 33 elderly pa-
tients underwent LDLT comprising 15% of the total num-
ber. There are many reasons for this increase in the trend of
liver transplant in elderly patients such as increase in the
population of elderly people, higher prevalence of HCC
in the elderly, improved outcome of medical therapy of
chronic viral hepatitis and higher prevalence of NASH.’
It is also possible that older patients are more likely to be
financially capable to go through transplant. At the same
time, as the experience of surgeons and anaesthetists is
increasing, they are becoming more liberal in accepting
elderly patients as candidates for LDLT.

Amongst the preoperative variables, the two groups
were different only in terms of age as the second group
was chosen with sex and MELD score matching. The
BMI of both the groups was also not different statistically.
In both the groups, chronic viral infection-related
cirrhosis was the most common indication for LDLT.
However, the proportion of patients with chronic viral
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Table 2 Intraoperative Variables.

Group 1 — more than Group 2 - less than
60 yrs (n = 207) 60 yrs (n = 414)

Liver graft type

Modified right lobe 180 (87%) 355 (85.7%)
graft

Standard right lobe 5 (2.4%) 9 (2.1%)
graft

Extended right lobe 11 (5.3%) 24 (5.8%)
graft

Left lobe graft 9 (4.3%) 21 (5.1%)

Right posterior sector 2 (1%) 5 (1.2%)
graft

Graft recipient weight 1.06 1.07
ratio (GRWR)

Cold ischaemia time 105.84 + 57.12 110.94 + 69.94
(CIT)

Warm ischaemia 37.42 +£11.36 38.41 + 18.19
Time (WIT)

hepatitis was higher in the older group, and this was statis-
tically significant (53.6% versus44.7%). In the viral aetiology
category, hepatitis C was the leading cause in both the
groups. In contrast to our findings, many studies have
shown that incidence of viral infection is higher in the
younger group of patients undergoing LDLT.'"'* Our
study is one of the few studies that have shown a higher
incidence in elderly patients.'>'°

Table 3 Postoperative Complications.

Group 1 (>60 yrs)  Group 2 (<60 yrs) P
n =207 n=414 value
Hospital stay 25.68 + 11.40 22.89 +15.93 0.02
(days)
In-hospital 35 (16.9%) 45 (10.9%) 0.03
mortality
Postoperative complications
Sepsis 18 (8.6%) 32 (7.7%) 0.6
Bile leak 15 (7.2%) 26 (6.28%) 0.6
Vascular complications
HAT 2 (1%) 4 (1%) 1
PVT 3(1.4%) 5 (1.2%) 0.8
HV obstruction 3 (1.4%) 2 (0.5%) 0.2
Neurological 12 (5.8%) 16 (3.9%) 0.27
events
Cardiovascular 8 (3.9%) 2 (0.5) 0.01
events
Respiratory 11 (5.3) 7 (1.6) 0.01
events
Bleeding 3 (1.4%) 5 (1.2%) 0.8

HAT, hepatic artery thrombosis; HV, hepatic vein; PVT, portal vein throm-
bosis.

NIDONI ET AL

Alcoholic liver disease was more common in the
younger group than in the elderly group (21.3% vs.
11.1%). Many studies have observed similar findings of
alcohol-related chronic liver disease (CLD) being more
common in the younger group.m’1 117,18

NASH is a rapidly growing aetiology of CLD requiring
liver transplantation in many parts of the world."”*° In
our study, NASH-related CLD is the second most common
cause for LDLT in the elderly group with 16.9% incidence,
whereas it was seen in 11.1% of the younger group. This is
similar to many other series from the Western World which
reported a higher incidence of NASH-related CLD in
elderly patients.7’ 18,21

Comorbidities such as diabetes mellitus, hypertension,
cardiac and respiratory diseases were significantly higher
in the elderly group, as shown in Table 1, in keeping
with similar finding in other studies.'"*” Many studies
have also shown that preoperative comorbidities are asso-
ciated with higher morbidity and m01”taLlit)/.‘2"”26

Presence of HCC is an important prognostic factor in
liver transplantation. In our study, the occurrence of
HCC was significantly higher in elderly patients than in
the younger group as shown in Table 1 and may have
contributed to their lower 5-year survival.

In both the groups, the donor characteristics and intra-
operative variables were no different. This is in contrast to
what has been reported in DDLT series where reperfusion
injury and cardiovascular events are more common. LDLT
has a unique advantage of optimizing patient condition,
choosing the best donor and keeping minimal warm and
cold ischaemic times.

In both the groups, the most common complication
was sepsis. The incidence of vascular complications such
as hepatic artery thrombosis, portal vein thrombosis and
hepatic vein outflow obstruction was comparable in both
the elderly and younger groups in line with findings
from other studies.'>***"*% Biliary complications were
similar in both the groups, and major bile leaks progressed
to form stricture in both the groups.”” Postoperative hae-
morrhage was also similar in the two groups, and nearly
40% of early reexploration was due to bleeding. Complica-
tions such as cardiac and respiratory complications were
significantly higher in the elderly group, particularly if
they had preexisting impairment and led to prolonged hos-
pital stay. Surprisingly, neurological events were similar in
both the groups and may have been from our detailed
neurological workup.

Overall, in-hospital mortality was 16.9% vs. 10.9% in
group 1 and 2, respectively. It was significantly higher in
the elderly group. In the elderly group, the most common
cause of death was sepsis and respiratory failure (Table 4).
In the younger group, the most common cause was sepsis
followed by graft dysfunction. The higher mortality in the
elderly group was contributed significantly by cardiac and
respiratory complications. In the elderly group, patients

6 © 2020 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.



JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

1.0

0.6

Survival

04

0.0

I I I I [ I
0 10 20 30 40 50 60

Time in months

Figure 2 Kaplan-Meier curve for 1-, 3- and 5-year survival of
group 1 and group 2.

with multiple comorbidities had significantly higher mor-
tality compared with patients with single comorbidity (p =
0.04).

The one-year survival was 80% in the elderly group and
85% in the younger group. There was no statistical differ-
ence. In elderly group, most deaths in first year after
discharge from hospital were again related to underlying
cardiac and respiratory morbidity, along with infection

Table 4 Post Operative Causes of Death.

Cause Group 1 (>60 yrs) Group 2 (<60 yrs) P
n =207 n =414 value
Sepsis 8 17 0.5
Graft 4 9 0.3
dysfunction
Cardiovascular 4 1 0.05
Respiratory 3 0.04
failure
Renal failure 2 3 0.8
Bile leak 1 1 0.8
HAT 1 1 0.8
PVT 1 2 0.7
Outflow 1 0
obstruction
Intracranial 1 0
bleed
Others 4 8

HAT, hepatic artery thrombosis; PVT, portal vein thrombosis.

complications which might be secondary to immunosup-
pression, whereas infection was the predominant cause
of death in the younger group. Three-year survival among
both groups was 69% vs. 78% which was again statistically
not significant. However, the five-year survival was signifi-
cantly better in the younger group, 61% vs 75%. The
increased deaths in the elderly group beyond three years
were again contributed significantly by cardiovascular
and recurrence of HCC-related deaths. The presence of
HCC at the time of transplant contributed significantly
to recurrence and deaths after 3 years of LDLT.
In-hospital mortality after LDLT is higher in the elderly
group, and it is secondary to preexisting cardiac and respi-
ratory morbidities, and hence, optimization/screening
before LDLT is recommended. One- and three-year survival
is similar in both the groups. Five-year survival is lower in
the elderly group and it is from increased cardiovascular
diseases, and hence, a multidisciplinary follow-up of these
patients is recommended. Recurrence of HCC is also an
important cause for deaths after 3 years. As overall survival
is satisfactory, age alone should not deter from transplant.
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