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Changes in organ allocation policy in 2002 reduced the
number of adult patients on the liver transplant wait-
ing list, changed the characteristics of transplant re-
cipients and increased the number of patients receiv-
ing simultaneous liver–kidney transplantation (SLK).
The number of liver transplants peaked in 2006 and
declined marginally in 2007 and 2008. During this pe-
riod, there was an increase in donor age, the Donor
Risk Index, the number of candidates receiving MELD
exception scores and the number of recipients with
hepatocellular carcinoma. In contrast, there was a de-
crease in retransplantation rates, and the number of
patients receiving grafts from either a living donor or
from donation after cardiac death. The proportion of
patients with severe obesity, diabetes and renal insuf-
�ciency increased during this period. Despite increases
in donor and recipient risk factors, there was a trend to-
wards better 1-year graft and patient survival between
1998 and 2007. Of major concern, however, were con-
siderable regional variations in waiting time and post-
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Introduction

Adoption of model for end-stage liver disease (MELD)
scores, pediatric end-stage liver disease (PELD) scores and
further provision of priority scores for hepatocellular carci-
noma (HCC) in 2002 reduced the number of adult patients
on the liver transplant waiting list, changed the character-
istics of transplant recipients and increased the number of
patients receiving simultaneous liver–kidney (SLK) trans-
plantation. During this period, the donor age increased,
the retransplantation rates for hepatitis C (HCV) decreased,
and the number of patients receiving grafts from either a
living donor liver transplantation (LDLT) or a donation after
cardiac death (DCD) donor decreased. In this review, we
will summarize the current status of liver transplantation
in the United States using our analysis of the Scienti�c
Registry of Transplant Recipients (SRTR) data on patients
transplanted between 1999 and 2008. In addition to provid-
ing a general overview of the current state of liver trans-
plantation in the United States, three speci�c topics are
addressed in detail, liver transplantation for HCV, retrans-
plantation and SLK. We have attempted to avoid topics
that were detailed in the previous 3 years (1–3). The data
is presented as frequency, percentage or mean (± SEM) as
appropriate. Survival rates were adjusted for age, sex, race
and etiology of liver disease unless otherwise mentioned.
The data provided are for patients who received grafts from
deceased donors unless otherwise speci�ed.

Liver Transplant Waiting List

The introduction of the MELD liver allocation system in
February 2002 changed the dynamics of the liver trans-
plant waiting list. As seen in Figure 1, between 2002 and
2008, the number of candidates remaining on the waiting
list at the end of the calendar year decreased by 3.4%. Dur-
ing the same time period, the number of candidates with
hepatitis C decreased marginally (5.9%) and the number
of candidates with HCC increased by 108%.
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Figure 3: Comparison of HCC liver recipients to all liver recip-
ients by year of transplant.

1999, 7.8% of recipients were noted to have a body mass
index (BMI) � 35 kg/m2 (severe or morbid obesity) com-
pared to 11.0% in 2008. In addition, the proportion of liver
recipients with diabetes increased from 14.9% in 1999 up
to 21.5% in 2008. Patients with renal insuf�ciency (de�ned
as serum creatinine � 1.5 mg/dL) increased from 26.1% in
2002 to 32.5% in 2005. This proportion has been relatively
steady since that time with 29.8% of recipients having
renal insuf�ciency in 2008. The number of patients with
hepatopulmonary syndrome, transplanted with MELD ex-
ception scores, increased from 54 in 2002 to 90 in 2008.

Recipients of DCD grafts
As the supply of organs has failed to meet the demand
of candidates on the waiting list, interest in using DCD
organs increased over the decade. As seen in Table 5,
the number of DCD donors increased and peaked in 2007
at 307 (compared to 23 in 1999). Perhaps as a result of
several reports demonstrating inferior graft survival of DCD
livers when compared to donation following brain death,
this number decreased to 276 in 2008.

Post Liver Transplant Survival and
Predictors of Survival

Liver transplant survival increased over the decade. For
those who received a liver from a deceased donor, the 3-
month, 1-year, 5-year and 10-year unadjusted graft survival
rates were 91.2%, 84.3%, 68.4% and 54.1% respectively,
and unadjusted patient survival rates were 94.3%, 88.4%,
73.8% and 60.0% respectively (Figure 8A). Please note
that for 3-month and 1-year transplantation, only those
transplanted in 2006 and 2007 (GS n = 11 458, PS n =
10 551) were analyzed, while for 5-years and 10-years, only
those transplanted between 2002–2007 (GS n = 32 307,
PS n = 29 604) and 1997–2007 (GS n= 53 673, PS n =

Figure 4: (A) The age distribution of patients who received
deceased donor liver transplants during 1999–2008. (B) The
race distribution of patients who received deceased donor liver
transplants during 1999–2008.

48 827) were analyzed [Table 9.10a]. For patient survival,
only primary liver transplant was considered, and for graft
survival all transplants were analyzed. For LDLT, unadjusted
graft and patient survival at 3-months, 1-year, 5-years and
10-years are shown in Figure 8B; in this analysis, for 3-
months and 1-year transplantation, only those who were
transplanted in 2006 and 2007 (GS n= 537, PS n = 532)
were analyzed, while for 5-years and 10-years, those who
were transplanted between 2002–2007 (GS n = 1854,
PS n = 1821) and 1997–2007 (GS n = 3201, PS n =
3126) were analyzed[Table 9.10b]. Compared to deceased
donors, the outcomes were better for LDLT at 1-year, 5-
years and 10-years (Figure 8A, B).

There has been a trend toward better 1-year adjusted (ad-
justed for age, sex, race and etiology) graft and patient sur-
vival rates during the decade (Figure 9A and 9B). One year
graft survival improved from 79.5% in 1998 to 85.6% in
2007 while patient survival improved from 85.4% in 1998
to 89.4% in 2007. This improvement was seen irrespective
of age, race, sex, etiology, BMI, presence of diabetes and
renal insuf�ciency. One year adjusted graft survival (68.1%
in 1998 to 86.7% in 2007) and patient survival (78.9% in
1998 to 91.7% in 2007) for those who received grafts from
a living donor also improved over the decade (Figure 9B).

1006 American Journal of Transplantation 2010; 10 (Part 2): 1003–1019





Thuluvath et al.

Figure 9: (A) 1-year adjusted (adjusted for age, sex, race and
etiology) graft and patient survival rates for deceased donor
liver transplantation by year of transplantation. (B) 1-year ad-
justed (adjusted for age, sex, race and etiology) living donor graft
and patient survival by year of transplantation.

Recipient characteristics
The age of patients transplanted for HCV increased be-
tween 1999 and 2008. The most prominent shift occurred
in the 50–64 years of age group, which increased from
37% (n = 667) in 1999 to 74% (1746) in 2008. The num-
ber of transplants for HCV patients aged � 65 years, how-
ever, remained small during this period (100–160 per year
or 6–7%) and similarly, only a small number (<50 per
year) of transplants were performed in patients aged � 35

years. Most transplants for HCV were for men (70–80%)
and in contrast, 40–45% of HCV negative recipients were
women. During this period, the proportion of white recip-
ients with HCV decreased (from 77% in 1999 to 70% in
2008) while the proportion of African American recipients
increased (from 7–8% to 10–11%). This increase was sub-
stantial as it represented a doubling in the absolute num-
bers of transplants performed in African Americans, from
125 in 1999 to 249 in 2008. The rates for Hispanic/Latinos
(12–15%) and Asians (3–4%) remained stable through-
out the decade. In HCV negative recipients, a similar de-
crease in the proportion of white recipients was seen dur-
ing the decade (from 75% to 69%). The redistribution,
however, occurred mostly in the Hispanic/Latinos group,
where the rates increased from 9% to 14%. With rates
hovering at around 10% steadily throughout the decade,
the rates for HCV negative African Americans remained
stable.

There was a decrease in transplantation for hospitalized
patients, and those in the intensive care unit or on mechan-
ical support as discussed earlier. Rates of transplantation
for low MELD scores decreased steadily since the insti-
tution of MELD for both HCV positive and HCV negative
patients. Among HCV recipients, transplantation rates de-
creased from 3–4% to 1% for patients with MELD scores
of 6–10, and for those with MELD scores of 11–14 rates
decreased from 8% to 2%. The rates remained steady
for those with MELD scores 15–20 (17–20%) and MELD
scores >30 (14–19%), but increased from 40% to 61% in
those with MELD scores of 21–30. The distributions and
trends for HCV negative patients were similar to that of
HCV positive patients except that there were about 10%
fewer recipients in the 21–30 MELD group and somewhat
more recipients at the extremes (in the MELD <14 and
>30 groups).

Partial or split liver transplants were done infrequently for
HCV positive recipients (n � 40 transplants, <2% per year).
In contrast, partial and split livers were used more fre-
quently in HCV negative patients (n = 150–200, 5–6% per
year). The number of LDLT for HCV positive recipients de-
creased from 176 in 2001 to 64 in 2008. Although the
number of LDLT decreased in HCV negative recipients also
during this period, the decrease was relatively less (348 in
2001 to 185 in 2008).

Table 6: Unadjusted patient survival at 1 year, 3 years, and 5 years by ablation therapy

1-Year 3-Years 5-Years

Ablation therapy N % Std. Err. N % Std. Err. N % Std. Err.

No ablation 1032 89.1% 1.0% 2005 75.3% 1.1% 2398 67.4% 1.4%
Any ablation therapy 1301 88.9% 0.9% 2277 76.6% 1.1% 2507 69.9% 1.5%
Chemo ablation 932 88.6% 1.0% 1563 76.8% 1.3% 1715 69.7% 1.9%
Radio ablation 430 89.5% 1.5% 805 77.4% 1.7% 891 72.3% 2.4%
Cryo ablation 11 81.8% 11.6% 14 78.6% 11.0% 17 57.4% 18.3%
Chemical ablation 56 92.9% 3.4% 110 74.5% 4.9% 121 63.4% 6.5%
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