
ORIGINAL ARTICLE

Advanced recipient age (>60 years) alone should not
be a contraindication to liver retransplantation
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Introduction

The aging of the general population has led to increased

numbers of aged liver transplant recipients. In 1988, 29

patients of age 65 or older underwent liver transplanta-

tion in the United States; in 2005, this number was 628

[1]. It is expected that patients with liver transplants will

live longer and the need for retransplantation will

increase in the elderly. It is well known that for nearly all

surgical procedures, increasing age is associated with

poorer outcomes [2]. In the face of severe organ shortage,

it is unknown whether the risk of retransplantation, spe-

cifically in the elderly, is justified, when the balance

between justice and utility for organ allocation continues

to be controversial [3–6]. Primary liver transplantation in

patients over age 60 has been reviewed in various reports

[7–15]. Survival at 3 years after transplantation has ran-

ged from as low as 35% [8] to as high as 83% [11]. The

effectiveness of liver retransplantation in the elderly has

not been extensively studied. It was the aim of this study

to assess the outcomes and factors predictive of mortality

after liver retransplantation in recipients over the age of

60.

Methods

The Organ Procurement and Transplantation Network

standard liver transplant dataset was analyzed for all adult
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Summary

Advanced age has been shown to be a risk factor for survival in primary liver

transplantation. We sought to determine the independent influence of recipient

age on retransplantation survival. The UNOS dataset was analyzed for adult,

nonstatus 1, liver retransplantations since February 27, 2002. The univariate

effect of age on 90-day and 1-year survival was analyzed. Multivariate survival

models were used to determine 90-day, 1-year, and overall survival. Recipient

age, donor age, model for end-stage liver disease (MELD) score, and hepatitis

C status were used to construct multivariable survival models. Some 2141 liver

retransplantations were analyzed. Overall, increasing recipient age was indepen-

dently predictive of increasing mortality after liver retransplantation. In recipi-

ents between 18 and 60, there remained a direct relationship between age and

mortality. However, in recipients aged over 60, increasing age was not indepen-

dently associated with 90-day mortality (P = 0.88) and 1-year mortality

(P = 0.74), despite adjusting for donor age, MELD score, and viral hepatitis

status, suggesting that their original liver condition, their co-morbidities or

perioperative condition plays an important role in retransplantation survival.

Increasing recipient age up to 60, adversely affects liver retransplantation sur-

vival. After 60, there are no additional risks. Advanced age alone should not be

an exclusionary factor when considering liver retransplantation; only the overall

ability of the patient to tolerate a major surgery should be the determining

factor.
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(age ‡ 18), nonstatus 1, liver retransplantations occurring

in the USA from the beginning of the model for end-

stage liver disease (MELD) allocation system on February

27, 2002 to February 6, 2008. The age-wise distribution of

elderly patients undergoing liver retransplantation in the

dataset was analyzed and age-adjusted mortality was cal-

culated for each age between 18 and 75. Because of the

nonlinear relationship between age and risk of death after

retransplantation, using regression analysis, a polynomial

curve was fit to the mortality data to estimate the peak

age of postretransplantation mortality and based on this

analysis, an age cutoff of 60 years was chosen to delineate

between high-age retransplants and low-age retransplants.

This is a cut-off age used in other studies and is a reason-

able clinical threshold on age and primary transplanta-

tion. Factors known from the literature to influence the

survival following liver retransplantation including recipi-

ent age, donor age, recipient hepatitis C status, MELD

score, cold ischemic time and presence of diabetes [3,4]

were compared between the group of patients older than

age 60 and those patients between ages 18 and 60.

Univariate binary comparisons were performed using

the chi-squared test. Unadjusted overall survival was esti-

mated using the Kaplan–Meier technique. Ninety-day and

1-year multivariate logistic regression survival models

were constructed using the factors found to be significant

in the univariate analysis with P < 0.05 or those factors

shown in other studies to be predictors of mortality after

liver transplantation. Because of the nonlinear relation-

ship between age and mortality, separate regression mod-

els were developed in those recipients over the age of 60

and those between 18 and 60. The level of statistical sig-

nificance was set at £0.05 and all tests were two-sided. All

statistical analyses and dataset manipulations were per-

formed with sas, version 9.1 (Cary, NC, USA).

Results

Some 2141 liver retransplantations that occurred during

the study period were analyzed. Figure 1 shows the fre-

quency distribution of age in the retransplanted patients.

The mean age at the time of retransplantation was

48.7 years (±SD 11.5), the median age was 51, and the

interquartile range was 42.5–55 years. More than 10% of

retransplant recipients were aged over 60 and 1% were

aged above 70. The maximum age to undergo retrans-

plantation was 75.

Table 1 shows the characteristics of the patients under-

going retransplantation separated into groups with age

18–60 (low age) and age above 60 (high age). The older

group had fewer African Americans (5.7% vs. 13.3%,

P < 0.001) and slightly older donors (39.0 vs. 36.2 years,

P = 0.01). The prevalence of hepatitis C infection, MELD

score at transplant, MELD exceptions, cause of graft fail-

ure, geographical organ sharing, and waiting list time

were not significantly different between groups. Figure 2

shows the unadjusted Kaplan–Meier survival curves.

Unadjusted survival at 90 days was significantly lower in

the older group (74.9% vs. 83.5%, P < 0.0001) and this

difference persisted at 1 year (64.9% vs. 73.3%,

P < 0.0001). However, further analysis of the of the sur-

vival proportions is shown in Fig. 3, which shows the

curve fitted to the absolute 90-day mortality data and

Fig. 4 showing 1-year mortality. The absolute mortality

risk appeared to stabilize in the fourth decade and then

began to decline after age 57. In the extremes of age,

excess mortality was balanced by several age groups with

no mortality.

Table 2 shows the results of the adjusted 90-day mor-

tality regression analysis. Recipient age continued to inde-

pendently influence mortality up to age 60 (OR = 1.02,

95% CI 1.01–1.04, P = 0.003). In this group, graft failure

caused by vascular thrombosis (OR = 10.3, 95% CI 3.75–

28.1, P < 0.0001) and MELD score calculated at the time

of retransplant (OR = 1.03, 95% CI 1.02–1.05, P <

0.0001) were also significant predictors of 90-day mortal-

ity. In contrast, in the recipients of age above 60, none of

the traditionally accepted factors predicted mortality.

Advancing age was not an independent predictive factor

for mortality after age 60 was achieved.

Discussion

Advances in perioperative care and immunosuppression

have enabled transplant teams to broaden the indications

for organ transplantation and safely increase the age of

the transplant recipient. This has opened up a situation

where patients are now living longer after liver transplan-

tation, increasing the age bracket of patients who need

liver retransplantation when the primary organ fails or when

they develop disease recurrence. Advanced age is no longer

considered a contraindication to liver transplantation at
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Figure 1 Distribution of age in retransplanted adult patients.
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most centers. Short-term studies of elderly liver transplant

recipients have demonstrated that the incidence of

complications and overall patient survival are similar to

those of younger adults for primary transplantation [5].

Historically, retransplantation in the United States has

accounted for about 10% of all liver transplantations.

However, over the last 8 years the rate has decreased to

approximately 4% [1]. One explanation for this finding is

the common belief that retransplantation is associated

with poorer outcomes particularly in patients of advanced

age [4]; therefore, many centers are reluctant to perform

these operations in elderly patients.

Survival after retransplantation has been shown to be

inferior for all recipients when compared to primary

transplantation. One study revealed survival rates of liver

retransplanted patients at 1, 5, and 10 years were 62%,

47%, and 45% respectively. These rates were significantly

lower than those (83%, 74%, and 68%) in patients under-

going primary hepatic transplantation at the same center

during the same period [16]. This result has been repro-

duced at other centers and in other countries [3,4,17,18].

We found that increasing recipient age to age 60 had

an adverse effect on liver retransplantation survival rates

in adults. However, above age 60, there are no additional

risks imparted by recipient age alone after adjusting for

donor factors, MELD score, viral hepatitis status of the

recipient, and other factors known to influence liver

retransplantation mortality. Our demographics revealed a

decrease in elderly African Americans from 13.3% to

5.7% of the total retransplants, a fact we find difficult to

Table 1. Characteristics of retransplant-

ed group of patients aged over 60

versus retransplanted group aged

between 18 and 60. Status one

retransplants were excluded.

Retransplant

group age

18–60

(n = 1897)

Retransplant

group over

age 60

(n = 244) P-value

Male, n (%) 1277 (67.3) 170 (69.7) 0.46

African American recipient, n (%) 253 (13.3) 14 (5.7) <0.001

Hepatitis C infection, n (%) 494 (26.0) 51 (20.9) 0.08

Recipient age, mean years (SD) 46.6 (10.5) 64.7 (3.2) NA

Donor age, mean years (SD) 36.2 (15.8) 39.0 (17.1) 0.01

Age difference between donor

and recipient, mean (SD)

10.4 (18.6) 25.7 (17.6) <0.0001

MELD score at retransplantation,

mean (SD)

26.3 (9.5) 26.1 (9.5) 0.73

Cause of graft failure, n (%)

Biliary complications 27 (1.4) 3 (1.2) 0.87

Recurrent disease 67 (3.5) 8 (3.3)

Acute or chronic rejection 15 (0.8) 1 (0.4)

Vascular thrombosis 28 (1.5) 2 (0.8)

Other or not recorded 1760 (92.8) 230 (94.3)

Transplanted under MELD exception, n (%) 285 (15.0) 39 (16.0) 0.69

Donor organ geographical sharing, n (%)

Local 1312 (69.1) 162 (66.4) 0.18

Regional 491 (25.9) 62 (25.4)

National 93 (4.9) 20 (8.2)

Cold ischemic time, mean hours (SD) 7.7 (3.4) 7.7 (4.5) 0.98

Time active on the waiting list prior

to retransplant, mean days (SD)

117 (283) 173 (635) 0.17

90-day post-transplant actuarial survival % (SE) 83.5 (0.9) 74.9 (3.0) <0.0001*

1-year post-transplant actuarial survival % (SE) 73.3 (0.1) 64.9 (3.3) <0.0001*

*Estimated by Kaplan–Meier and log-rank tests.
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Figure 2 Kaplan–Meier survival estimates after liver retransplantation

for recipients aged between 18 and 60 versus recipients aged above

60.
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explain and unable to rectify in such a database. Despite

the increasing mortality up to age 60, respectable survival

rates were achieved at 90 days and at 1 year in the older

group. By Kaplan–Meier analysis, 5-year survival for the

group of patients aged 60 years and below was 57.0% and

for those aged above 60 was 43.0%. This was not statisti-

cally different because of small numbers in both cohorts

at this stage of follow-up. Because of the increased risk of

5-year mortality in all people over 60 compared with

those aged 60 or below, this comparison is difficult to

interpret without general population-matched age-, gen-

der-, and race-adjusted survival, which is beyond the

scope of this analysis. Retransplant graft failure secondary

to vascular thrombosis and high MELD scores at the time

of retransplant are significant predictors of 90-day mor-

tality, and are perhaps more significant in predicting

mortality than age above 60. Unfortunately, large restro-

spective databases are unable to discern specifics as to the

associated morbidity as seen in Table 1 where >90% of

the graft failure etiologies are unknown or not reported.

Interestingly, none of the traditionally accepted factors

predicting mortality after retransplantation were signifi-

cant in the elderly group. This is likely because of intense

preoperative screening and center selection of the optimal

retransplantation candidate. While this likely influences

the retransplantation success, this screening and selection

process is not well-represented in large databases and is

an inherent weakness of an analysis such as this. Indeed,

many centers refuse older patients for liver retransplanta-

tion who thus never make it to the dataset. Furthermore,

high-volume centers may accept the greater number of

elderly retransplants; however, this dataset is ill-equipped

to comment on these types of specifics. This selection bias

is unavoidable in the available datasets. As patients age,

transplant centers are more clinically selective. Older

patients are given an extensive evaluation for heart disease

and other co-morbidities so the dataset represents a select

group of patients that centers deem suitable for retrans-

plant, with age becoming an insignificant factor. The

decline in mortality risk as seen in those aged above 60

may overemphasize the decreased mortality risk; however,

these lower numbers also exist at the other spectrum (18–

30 year olds) without diminished mortality. Despite the
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Figure 3 Probability of 90-day mortality by age groups after liver

retransplantation. Fitted curve (second order polynomial) shows the

90-day mortality risk stabilizing in recipients aged 60 and above.
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Figure 4 Probability of 1-year mortality by age groups after liver

retransplantation. Fitted curve (second order polynomial) shows the

1-year mortality risk stabilizing in recipients aged 60 and above.

Table 2. Multivariate logistic regression

analysis of risk factors for 90-day

mortality after liver retransplantation in

recipients aged between 18 and 60

and recipients aged above 60.

OR (95 % CI, P-value)

for death in retransplant

group age 18–60 (n = 1897)

OR (95% CI, P-value) for

death in retransplant

group over age 60 (n = 244)

Recipient age 1.02 (1.01–1.04, 0.003)* 1.01 (0.91–1.11, 0.88)

Donor age 1.01 (1.00–1.02, 0.05) 1.02 (0.99–1.04, 0.11)

Male recipient 0.92 (0.69–1.23, 0.58) 0.90 (0.44–1.85, 0.77)

African American recipient 0.96 (0.65–1.42, 0.84) 2.65 (0.75–9.32, 0.13)

Graft failure caused by

vascular thrombosis

10.3 (3.75–28.1, <0.0001)* 3.42 (0.20–58.2, 0.39)

MELD score at transplant 1.03 (1.02–1.05, <0.0001)* 1.02 (0.98–1.05, 0.37)

Recipient HCV infection 1.02 (0.76–1.37, 0.90) 0.83 (0.37–1.85, 0.64)

Recipient diabetes status 1.03 (0.70–1.52, 0.88) 0.79 (0.34–1.84, 0.59)

MELD, model for end-stage liver disease; HCV, hepatitis C virus.

*Statistically significant.
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possibility that transplant centers may select for improved

outcomes especially in the elderly, the lack of increased

mortality is significant and demonstrates the efficacy of

retransplantation.

Based on this analysis, liver retransplantation in recipi-

ents aged above 60 can result in good outcomes. Careful

pretransplant assessment of the recipient is clearly impor-

tant to exclude patients with age-associated co-morbidi-

ties that might hinder postretransplantation survival.

However, survival is not the only endpoint of interest in

considering for retransplantation. Quality of life is also

important to recipients; however, data for this type evalu-

ation is lacking. We conclude that chronological age alone

should not be considered a contraindication to retrans-

plantation. When considering liver retransplantation in

elderly patients, careful selection of appropriate candi-

dates, using criteria not based solely on age, should be

the standard and can yield acceptable results.
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