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Retransplantation for liver allograft failure associated
with hepatitis C virus (HCV) has been increasing due to
nearly universal posttransplant HCV recurrence and has
been demonstrated to be associated with poor outcomes.
We report on the risk factors for death after retransplan-
tation among liver recipients with HCV. A retrospective
cohort of liver transplant recipients who underwent
retransplantation between January 1997 and December
2002 was identified in the Scientific Registry of Trans-
plant Recipients database. Cox regression was used to
assess the relative effect of HCV diagnosis on mortality
risk after retransplantation and was adjusted for multiple
covariates. Of 1,718 liver retransplantations during the
study period, 464 (27%) were associated with a diagnosis
of HCV infection. Based on Cox regression, retransplant
recipients with HCV had a 30% higher covariate-adjusted
mortality risk than those without HCV diagnosis (hazard
ratio [HR], 1.30; 95% confidence interval [CI], 1.10-1.54;
P � 0.002). Other covariates associated with significant
relative risk of death after retransplantation included
older recipient age, presence in an intensive care unit
(ICU), serum creatinine, and donor age. Additional
regression analysis revealed that the increase in mortality
risk associated with HCV was concentrated between 3 and
24 months postretransplantation, among patients age 18
to 39 at retransplant, and in patients retransplanted dur-
ing the years 2000 to 2002. In conclusion, HCV liver
recipients account for a considerable proportion of all
retransplantations performed. Surprisingly, younger age
predicted a higher mortality for recipients with HCV
undergoing liver retransplantation. This may reflect a

willingness to retransplant younger patients with an
increased severity of illness or a more virulent HCV infec-
tion in this population. Although HCV was predictive of
an increased risk of death, consideration of other charac-
teristics of HCV patients, including donor and recipient
age and need for preoperative ICU care may identify those
at significantly higher risk. (Liver Transpl 2005;11:
434-440.)

Cirrhosis from chronic infection with hepatitis C
virus (HCV) is the leading diagnosis for patients

undergoing orthotopic liver transplantation in the
United States, accounting for more than 50% of all liver
transplantations.1 Although persistence of hepatitis C
viremia is nearly universal after liver transplantation,
the course of allograft liver damage is variable. While
the majority of patients will have a benign posttrans-
plant course, about 20% to 40% will experience pro-
gressive graft damage, leading to allograft cirrhosis in 5
to 10 years.2-4 A small subset will develop cholestatic
HCV-related pathology, an early, aggressive form asso-
ciated with a high death rate.5-10 Current therapies
against HCV carry significant morbidity and inconsis-
tent efficacy and, as such, make it difficult to justify
universal application for all HCV recipients.11-17

Despite published literature reporting equivalent
patient survival outcomes in HCV and non-HCV liver
transplant recipients,18,19 it is well recognized that allo-
graft damage from HCV occurs commonly after trans-
plantation.20-22

Despite the high proportion of liver transplants
done for HCV and the occurrence of HCV-induced
allograft injury, recipients with HCV represent only
about 25% of those undergoing retransplantation.23

However, the fraction of liver retransplants in patients
with HCV infection has increased from 7% in 1990 to
38% in 1995.24 This increase may reflect more accurate
testing for the virus and further underscores the role of
HCV in allograft failure. Because antiviral therapy for
HCV following liver transplantation has limited effi-
cacy, retransplantation may be the best option for recip-
ients with allograft failure due to HCV.

A recently published review of national data demon-
strated significantly decreased 1-year and 5-year post-
transplant survival for retransplantation for recipients
with HCV compared to those without HCV (57% vs.
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65% and 54% vs. 61%, respectively; P � 0.004). How-
ever, it was predicted that if a subset of patients without
severe hyperbilirubinemia or renal insufficiency were
retransplanted, better results might be achieved.25

Another study identified HCV as an independent risk
factor for mortality following retransplantation.23 In
contrast, Sheiner et al.26,27 demonstrated that survival
for HCV recipients undergoing an initial transplant
was similar to those undergoing retransplantation, lead-
ing the authors to the conclusion that patients with
HCV-induced allograft failure should be offered
retransplantation in the event of graft failure.Others
believe acceptable outcomes can be obtained in selected
patients when retransplantation is performed early in
the course of recurrent disease, before transplant recip-
ients become critically ill.28

This variability in outcomes and recommendations
has lead to considerable debate about which subgroups
of HCV liver transplant recipients with allograft failure
should receive a second transplant or if HCV recipients
should be retransplanted at all. The present study
reports on risk factors for death after retransplantation
among recipients with HCV as the underlying cause of
liver failure.

Patients and Methods

A retrospective cohort study of data obtained from the Scien-
tific Registry of Transplant Recipients, as submitted by the
members of the Organ Procurement and Transplantation
Network, was performed to investigate risk factors for death
after liver retransplantation in recipients with HCV. Mortal-
ity ascertainment was supplemented through the Social Secu-
rity Death Master File.29

Prior liver transplant recipients who were retransplanted
between January 1, 1997, and December 31, 2002, were
eligible for inclusion in the study cohort. Recipients younger
than 18 years old and those receiving multiorgan or living
donor retransplants were excluded. Patients were followed
from the date of retransplantation until death or the end of
the observation period (June 30, 2003).

All univariate comparisons were unpaired and all tests of
significance were 2-tailed. For univariate analysis, continuous
variables were compared by Student’s t test. Categorical data
were compared using chi-square testing. All values are
expressed as the mean � standard error (continuous variables)
or as a percentage of the group from which they were derived
(categorical variables). Crude (unadjusted) mortality rates
were computed as the number of deaths per 100 patient-years
of postretransplant follow-up. Unadjusted patient survival
following liver retransplantation was compared using Kaplan-
Meier analysis with log-rank test to evaluate for significance. A
Cox regression model was fitted to compute covariate-ad-
justed mortality hazard ratios (HR), adjusted for the follow-

ing potentially confounding covariates: recipient age, gender,
race, creatinine, intensive care (ICU) at retransplantation,
time from first transplant to retransplantation, calendar year
of retransplantation, retransplant cold ischemia time, and
donor age. Recipients with diagnosis codes designated as alco-
holic cirrhosis with hepatitis C (cirrhosis type C), and non-A
non-B hepatitis were included within the HCV group.
Retransplant recipients without HCV infection (non-HCV)
comprised the reference group. Thus, each tabulated HR
represents the ratio of death rates (HCV/non-HCV) among
patients who are comparable with respect to the above set of
covariates. In addition, Cox nonproportional hazards models
were fitted in order to compare HCV and non-HCV covari-
ate-adjusted mortality rates by postretransplant follow-up
interval. Further subgroup analyses were performed based on
recipient age group and by year of retransplantation.

Results

Between January 1, 1997, and December 31, 2002,
1,718 liver transplant recipients meeting the cohort
inclusion criteria underwent retransplantation. A total
of 27% of those undergoing retransplantation had
HCV infection as the original recorded diagnosis lead-
ing to liver failure requiring transplantation (Table 1).

As described in Table 2, a significantly greater pro-
portion of patients without HCV were in the youngest
(18-39 years old; 22.8% vs. 6.5%; P � 0.001) and
oldest age groups (�60 years old; 13.5% vs. 9.5%; P �
0.03). In contrast, a greater proportion of patients with
HCV were in the age group ranging from 40 to 49 years
old (50.7% vs. 31.8%; P � 0.001). Compared with
those with HCV undergoing retransplantation, recipi-
ents without HCV were more likely to be female
(29.7% vs. 41.2%, respectively; P � 0.001). Other
than an increased proportion of Asian retransplant
recipients in those without HCV infection, there was

Table 1. Primary Causes of End-Stage Liver Disease for
Liver Transplant Recipients Who Underwent

Retransplantation Between January 1, 1997, and
December 31, 2002 (N � 1,718)

Cause of liver disease n (%)

Acute liver failure 205 (11.9)
Primary biliary cirrhosis 66 (3.8)
Primary sclerosing cholangitis 148 (8.6)
Other cholestatic liver disease 8 (0.5)
Alcoholic cirrhosis 119 (6.9)
Hepatitis B virus 75 (4.4)
Hepatitis C virus 464 (27.0)
Other noncholestatic liver disease 237 (13.8)
Other 396 (23.1)
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no difference in race between the 2 groups. Comparison
of the time from primary liver transplant to retransplan-
tation demonstrated that those with HCV underwent
retransplantation approximately 6 months later than
those without HCV (27.5 � 1.5 vs. 21.6 � 1.0
months, respectively; P � 0.002).

Unadjusted mortality rates are listed in Table 3. In
total, there were 685 deaths observed during 3,310
patient-years of follow-up, for an unadjusted mortality
rate of 20.7 deaths per 100 patient-years. Retransplant
recipients with HCV infection had a higher crude death
rate when compared to non-HCV retransplant recipi-
ents (26.0 vs. 8.8 deaths / 100 patient-years, respec-
tively). Furthermore, Kaplan-Meier survival analysis
comparing unadjusted mortality demonstrated retrans-
plant recipients with HCV infection had a significantly
decreased survival compared with recipients without
HCV infection (Fig. 1; 44.8% vs. 56.3% survival,
respectively, at 5 years; P � 0.001).

Covariate-adjusted mortality hazard ratios with
95% confidence intervals (CIs) for all liver recipients

undergoing retransplantation are listed in Table 4.
Retransplant recipients with HCV had a 30% higher
covariate-adjusted risk of death than those without
HCV (HR, 1.30; 95% CI, 1.10-1.54; P � 0.002). In
addition to HCV diagnosis, covariates associated with
significantly increased relative risk of death after
retransplantation included older recipient age (HR,
1.04/year; 95% CI, 1.01-1.06; P � 0.001), presence in
an ICU vs. nonhospitalized retransplant recipients
(HR, 1.25; 95% CI, 1.02-1.53; P � 0.03), higher
serum creatinine (HR, 1.08/1 mg/dL; 95% CI, 1.04-
1.13; P � 0.001), and donor age 60 years or older vs.
40-59 years (HR, 1.30; 95% CI, 1.03-1.64; P � 0.02).
Retransplant recipients who received allografts from

Table 2. Characteristics of Liver Transplant Recipients With or Without Hepatitis C Virus (HCV) Infection Who Underwent
Retransplantation Between January 1, 1997, and December 31, 2002

HCV negative HCV positive P*

N 1,254 (73.0%) 464 (27.0%)
Age at retransplant (years)

18–39 286 (22.8%) 30 (6.5%) �0.001
40–49 399 (31.8%) 235 (50.7%) �0.001
50–59 400 (31.9%) 155 (33.4%) 0.59
�60 169 (13.5%) 44 (9.5%) 0.03

Race
African American 122 (9.7%) 47 (10.1%) 0.79
Asian 38 (3.0%) 5 (1.1%) 0.02
Caucasian 1,063 (84.8%) 401 (86.4%) 0.40
Other 31 (2.5%) 11 (2.4%) 0.99

Female 516 (41.2%) 138 (29.7%) �0.001
Interval to retransplantation (months) 21.6 � 1.0 27.5 � 1.5 0.002

*Determined by chi square analysis.

Table 3. Unadjusted Mortality Rates for Liver Transplant
Recipients Undergoing Retransplantation With or Without

HCV Infection Between January 1, 1997, and
December 31, 2002

Deaths
Patient-years

(PY)
Rate per
100 PY

HCV negative 462 2,451 18.8
HCV positive 223 858 26.0
Total 685 3,310 20.7

Figure 1. Kaplan-Meier curve comparing unadjusted
mortality between HCV-positive and HCV-negative liver
retransplant recipients. *Number of patients at risk at
each corresponding time.
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donors younger than 40 years of age had significantly
decreased relative risk of death (donor age 0-19 vs.
40-59 years old: HR, 0.70; 95% CI, 0.57-0.88; P �
0.002; donor age 20-39 vs. 40-59 years old: HR, 0.76;
95% CI, 0.63-0.91; P � 0.004). Recipient gender and
race, hospitalization outside of an ICU, year of retrans-
plantation, time from primary transplant to retrans-
plantation, and cold ischemic time were not associated
with significantly increased mortality risk.

HCV retransplant recipients had significantly
increased mortality risk in the postoperative period
between 3 and 24 months (Table 5). Although HCV
retransplant recipients were not at increased risk of
death in the first 3 postretransplant months compared
to non-HCV patients (HR, 0.98; 95% CI, 0.77-1.23;
P � 0.83), significantly increased covariate-adjusted
mortality risk was observed during the postretransplant
follow-up periods of 3 to 6 months (HR, 2.04; 95% CI,
1.31-3.18; P � 0.002), 6 to 12 months (HR, 2.19;
95% CI, 1.38-3.46; P � 0.001), and 1 to 2 years (HR,
1.81; 95% CI, 1.08-3.03; P � 0.03). After the first 2
postretransplant years, the relative mortality risk for
HCV recipients was higher, but not statistically signif-
icant, compared with non-HCV recipients (HR, 1.25;
95% CI, 0.76-2.07; P � 0.38).

Mortality HRs by age group are presented in Table
6. When compared with non-HCV retransplant recip-
ients, significantly increased risk of death for HCV
recipients was observed only for those younger than 40
years of age (18-29 years: HR, 4.30; 95% CI, 1.83-
10.11; P � 0.001; 30-39 years: HR, 2.49; 95% CI,
1.38-4.49; P � 0.003).

Because higher rates of allograft injury associated
with HCV have been demonstrated in more recent

Table 4. Covariate-Adjusted Mortality Hazard Ratios (HR) � 95% Confidence Interval (CI) for All Liver Recipients
Undergoing Retransplantation

HR CI P

Hepatitis C virus positive (vs. negative) 1.30 1.10-1.54 0.002
Age (per year) 1.04 1.01-1.06 0.001
Female (vs. male) 1.13 0.96-1.32 0.14
Time from liver transplant to retransplantation (per 6 months) 0.99 0.98-1.01 0.40
Total bilirubin (per 1 mg/dL) 1.06 1.00-1.13 0.06
Creatinine (per 1 mg/dL) 1.08 1.04-1.13 �0.001
Cold ischemic time (per hour) 1.01 1.00-1.03 0.16
Recipient race

African American (vs. Caucasian) 0.93 0.71-1.22 0.60
Asian (vs. Caucasian) 1.05 0.66-1.67 0.83
Other race (vs. Caucasian) 1.46 0.93-2.30 0.10

Year of retransplantation
1997 (vs. 2000-2002) 1.22 0.99-1.52 0.07
1998 (vs. 2000-2002) 1.06 0.86-1.32 0.61
1999 (vs. 2000-2002) 1.15 0.93-1.43 0.19

Recipient hospitalization status
Hospitalized, not ICU* (vs. not hospitalized) 0.97 0.77-1.21 0.77
Hospitalized, ICU* (vs. not hospitalized) 1.25 1.02-1.53 0.03

Donor age (years)
0-19 (vs. 40-59) 0.71 0.57-0.88 0.002
20-39 (vs. 40-59) 0.76 0.63-0.91 0.004
60� (vs. 40-59) 1.30 1.03-1.64 0.02

*Intensive care unit.

Table 5. Covariate-Adjusted Mortality Hazard Ratios
(HRs) � 95% Confidence Interval (CI) by Postoperative

Time Intervals Following Retransplantation of Hepatitis C
Virus Recipients*

Posttransplant
period (months) HR CI P

0-3 0.98 0.77-1.23 0.83
3-6 2.04 1.31-3.18 0.002
6-12 2.12 1.38-3.46 �0.001
12-24 1.81 1.08-3.03 0.03
�24 1.25 0.76-2.07 0.78

*Compared with hepatitis C virus–negative recipients.
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years,3 the adjusted relative mortality risk for HCV
retransplant recipients was compared to non-HCV
recipients by year of retransplantation (Table 7). While
mortality risk was similar for HCV and non-HCV
recipients who underwent retransplantation between
1997 and 1999, HCV recipients who underwent
retransplantation between 2000 and 2002 had signifi-
cantly higher risk of death (HR, 1.57; 95% CI, 1.22-
2.01; P � 0.001).

Discussion

Compared with primary transplantation, liver retrans-
plantation results in significantly decreased patient and
graft survival.30 As corroborated in the present study,
HCV infection in those undergoing retransplantation
independently predicts an increased risk of death.23

The 30% increase in mortality for HCV retransplant
recipients demonstrated in the present study was con-
siderably increased compared with the 20% increase for
HCV recipients at 5 years that was previously demon-
strated for primary transplant.31 To potentially
improve utilization of the limited supply of donor liv-
ers, some authors have questioned liver retransplanta-
tion in some settings, including recipients with
HCV.25-28,32-34 The present study set out to identify
risk factors for mortality in HCV retransplant recipi-
ents in order to guide more optimal patient and donor
selection and to improve outcomes.

Surprisingly, younger age was associated with higher
mortality for recipients with HCV undergoing liver
retransplantation when compared with those of similar
age without HCV. This may reflect a willingness to
retransplant younger patients with higher severity of
illness or more virulent HCV infection in this popula-
tion.

When compared with those without HCV infec-
tion, the present study demonstrated that retransplant
recipients with HCV had a significantly increased risk

for mortality from 3 to 24 months after retransplanta-
tion. Roayaie et al.34 reported nearly 50% mortality
within the first 6 months after retransplantation for
HCV-induced primary graft failure. A total of two
thirds of these deaths were associated with infection,
with peritonitis and pneumonia as the most common.34

Although the increased mortality risk during the early
postoperative retransplant period in HCV recipients
appears to be infection related,34 the exact mechanism
underlying this connection remains poorly understood.
Possible contributors include an immunomodulatory
effect of the HCV virus itself or the generally debilitated
state of the recipient. Careful screening of potential
recipients for sources of bacterial or fungal pathogens
should be considered prior to and during the early
period following retransplantation.

While the incidence of retransplantation in HCV
recipients appears to be increasing,24 the present study
also demonstrates a significant increase in the adjusted
risk of mortality for HCV retransplant recipients
between the years of 2000 to 2002, when compared
with non-HCV recipients. These findings parallel those
of Berenguer et al.,3 who demonstrated a progressive
increase in the rate of HCV-induced allograft injury for
those recently transplanted compared to those trans-
planted in prior years.

While the use of older donors is associated with
acceptable outcomes for liver transplantation in gener-
al,35 the present study demonstrated that the use of
donors 50 years and older was associated with a signif-
icantly increased risk for death in HCV retransplant
recipients. However, the trend toward the use of older
donors does not explain the increased mortality risk for
HCV retransplant recipients in more recent years,36

since the calendar time trend was adjusted for donor
age. Possible explanations may include changes in
immunosuppression or an increased virulence of the
hepatitis C virus itself.

Table 6. Covariate-Adjusted Mortality Hazard Ratios
(HRs) � 95% Confidence Interval (CI) by Age Group for

Hepatitis C Virus Retransplant Recipients*

Recipient age (years) HR CI P

18-29 4.30 1.83-10.12 �0.001
30-39 2.49 1.38-4.49 0.003
40-49 1.17 0.91-1.52 0.23
50-59 1.22 0.91-1.64 0.18
�60 1.20 0.77-1.86 0.43

*Compared with hepatitis C virus–negative recipients.

Table 7. Covariate-Adjusted Mortality Hazard Ratios
(HRs) � 95% Confidence Interval (CI) by Year of
Retransplantation for Hepatitis C Virus Recipients*

Year HR CI P

1997 1.04 0.73-1.49 0.81
1998 1.25 0.84-1.86 0.26
1999 1.11 0.75-1.65 0.59
2000-2002 1.57 1.22-2.01 �0.001

*Compared with hepatitis C virus–negative recipients.
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Prior studies have led some authors to recommend
that retransplantation in HCV recipients should be
avoided in those with elevated serum creatinine and
bilirubin.24 This is contrary to the current model for
end-stage liver disease–based organ allocation system,
in which higher priority is given to patients with higher
serum creatinine and bilirubin levels, on the basis of
higher predicted risk of pretransplant death. However,
the current liver allocation system is not specifically
designed to offer organs to patients with the best chance
of long-term survival. Berenguer et al.37 demonstrated
that 42% of recipients with HCV-induced allograft
cirrhosis had at least 1 episode of decompensation,
which was associated with a 10% 3-year survival.While
the present and prior studies suggest that better out-
comes may be achieved after retransplantation in HCV
recipients if performed at a lesser acuity of illness, the
current model for end-stage liver disease allocation sys-
tem’s conceptual basis is antithetical to this concept.
Although survival following retransplantation of HCV
recipients may be inferior to others, we hypothesize that
the poor 3-year survival without transplant makes it
likely that HCV recipients may accrue a quantifiable
survival benefit with retransplantation.

Several studies have been published evaluating the
risk of death following liver retransplantation for hep-
atitis C recipients.5,23,26,28,30,34 However, unlike the
present study of 1,718 recipients, most have been sin-
gle-center studies evaluating a relatively small number
of patients. A prior study by Yoo et al.23 also evaluated
outcomes in a similar population using the United Net-
work for Organ Sharing database. Unlike our study,
this publication did not include further analysis inves-
tigating which characteristics or groups of HCV liver
recipients were at the greatest risk of mortality. Our
study is the first to demonstrate the continuing
increased risk of mortality in recent retransplant recip-
ients (those who underwent retransplantation between
the years 2000-2002), a more detailed analysis of the
effects of donor age, and the surprising result that
younger retransplant recipients have an increased rela-
tive risk for death. Overall, the higher mortality risk for
HCV retransplant recipients has been clearly demon-
strated when compared to those with other etiologies of
liver disease. Attention to other risk factors may help
lower the death rate in this group of patients. While an
increased serum creatinine and bilirubin will often be a
functional requirement for retransplantation under the
model for end-stage liver disease–based allocation system,
attention to other risk factors, such as donor and recipient
age and requirement for ICU care preoperatively, may
help improve outcomes.
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