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Introduction

Over the last several years, the general trend in organ
transplantation has been a continued increase in the num-
ber of patients waiting for transplantation that has out-
paced the much slower increase in the number of donor
organs available. As evidenced by the 2001 data regarding
liver transplantation, this shortage has led to a rapid
increase in living donor transplantation. The doubling of
the numbers of living donor transplantations in the last
2 years has resulted in about 10% of the transplants being
living donor transplants. Dependent on the acceptance of
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the risk to the donor, living donor liver transplantation is
expected to reach as high as 15% of the liver transplants
performed in the United States in the future (1).

Another change, the effect of which is only beginning to
be seen in the data, has been the institution of the Model
for End-stage Liver Disease (MELD) for prioritization of
adult liver transplant candidates and the PELD system
for pediatric candidates. This system was instituted in
February 2002. In this report the authors present some
preliminary results for this system and some data compar-
ing the MELD/PELD system with the previous allocation
plan. This report will first summarize data from the pre-
vious decade, the vast majority of which was derived prior
to implementation of the MELD/PELD system. Preliminary
MELD/PELD results will be presented in the final section
of the report on liver transplantation.

Intestinal transplantation is fraught with a higher risk of death
for patients awaiting transplantation than for patients await-
ing liver transplantation, despite advances in surgical tech-
nigue, patient selection, and immunosuppressive protocols.

Unless otherwise noted, the statistics in the following
article come from reference tables in the 2002 OPTN/
SRTR Annual Report. Two companion articles in this
report, ‘Data Sources and Structure’ and ‘Analytical
Approaches for Transplant Research’, explain the
methods of the data collection, organization, and analysis
that serve as a basis for this article (2,3).

Liver Transplantation

Liver waiting list characteristics

Over the past decade, the number of patients waiting for
liver transplantation increased nearly ninefold, from 2217
in 1992 to a peak of 18505 in 2001 (Figure 1). During this
period, the number of cadaveric liver transplants per-
formed rose from 3031 in 1992 to 4665 in 2001, while
the number of living donor liver transplants increased
much more rapidly—from 33 in 1992 to 515 in 2001.
Between 1992 and 2001, the number of patients older
than 50 listed for liver transplantation rose from 891
patients (40%) to 10629 (57%). Although the number of
children under 5 years of age listed for liver transplantation
increased from 205 to 543 during that same period, their
percentage of the waiting list decreased from 9% to 3%.
There also has been an increase in the percentage of wait-
listed adult males, from 50% in 1992 to 57% in 2001. The
ethnic composition of the waiting list has changed very
little over the past decade, with whites making up
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Figure 1: Registrants on the liver waiting list, 1992-2001. Source:
2002 OPTN/SRTR Annual Report, Table 9.1.

approximately 86% of the list, African Americans 8%, and
Asians 4%. Similarly, the composition of the waiting list
with respect to blood type has changed very little, with
approximately 50% of the waiting list being blood type O,
35% blood type A, 12% blood type B, and 3% blood type
AB. Finally, the percentage of patients listed for
retransplantation decreased slightly from 10% in 1992 to
7% in 2001. This shift may be attributable to a lower
incidence of primary nonfunction or a reduced propensity
to relist patients with recurrent hepatitis C.

As might be expected, waiting time increased dramatically
over the decade: The percentage of candidates on the list
who had been waiting 2years or longer for a liver rose
from 13% at the end of 1992 to nearly 40% at the end of
2001 (Figure2). While the absolute number of annual
deaths on the liver transplant waiting list has increased
(Figure 3), the annual death rate per 1000 patient years at
risk on the waiting list has decreased from 270 in 1992 to
1151in 2001. The annual death rate per 1000 patient years
at risk for patients listed at each medical urgency status
level is noted in Figure 4 for 2001. Patients listed at Sta-
tus 2A were at highest risk of dying. It must be noted,
however, that listing practices have changed during the
past decade, and in recent years many patients appear to
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Figure 2: Registrants waiting 2 years or more for a liver transplant.
Source: 2002 OPTN/SRTR Annual Report, Table 9.1.
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Figure 3: Deaths on the liver waiting list, 1992-2001. Source:
2002 OPTN/SRTR Annual Report, Table 9.3.

have been added to the liver waiting list earlier in the
course of their disease, with the expectation of a progres-
sively longer waiting time. Therefore, the death rate on the
waiting list may be less meaningful for recent years. This
is supported by the fact that the percentages of patients
listed as Status 1, 2A, and 2B have been quite stable in
recent years. In general, Status 1 patients made up 0.1%
of the list, Status 2A 0.5%, Status2B 17%, and Status 3
66%, with approximately 15% of patients being listed as
inactive. These data support the concept that waiting time
is not a good predictor of mortality on the waiting list (4).
The inability of waiting time to predict wait list mortality
was one of the primary driving forces behind the imple-
mentation of the MELD and PELD systems (see below) (5).

Trends in liver waiting list mortality

Despite the growing disparity between the number of
deceased donors and patients waiting for a liver trans-
plant, overall waiting list death rates dropped from
270 per 1000 patient years at risk in 1992 to 115 in 2001
(Figure b). This decrease in death rates may be attributed
in part to increasing numbers of less medically urgent
patients on the waiting list. At the end of 1992, 13%
of patients on the liver waiting list had been waiting 2
or more years for a transplant; at the end of 2001, the
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Figure 4: Death rate per 1000 patient years at risk, by status at
listing, 2001. Source: 2002 OPTN/SRTR Annual Report, Table 9.3.
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Figure 5: Death rates per 1000 patient years at risk, liver
transplant recipients vs. liver waiting list, 1992-2001. Source:
2002 OPTN/SRTR Annual Report, Tables 9.3, 9.7.

percentage of patients with this lengthy wait was nearly
40%—a shift suggesting more candidates with less
medically urgent need. However, death rates have steadily
declined since 1992 for each medical urgency status, indi-
cating that improvements in pretransplant patient care, as
well as changes in case mix, also may be responsible for
the trend toward lower death rates.

Liver transplant recipient trends

In interpreting trends in the distribution of medical urgency
status, it should be noted that definitions were not uni-
form during the period of this report. In 1997, OPTN/
UNOS approved several key changes to the definitions
of medical urgency status. The least urgent classification,
Status 4, was eliminated. At the time of the change, exist-
ing Status4 patients were ‘grandfathered’ into Status 3.
This change explains the large increase in the percentage
of Status 3 registrations on the waiting list at the end of
1997. The most medically urgent classification, Status 1,
was redefined to include patients without a previous his-
tory of liver disease (acute fulminant hepatic failure),
patients with primary nonfunction of a transplanted liver,
patients with hepatic artery thrombosis, and certain pedi-
atric patients. Status 2A was created for patients with a
history of liver disease who critically decompensate. In
1998, the classifications for Status 2A, Status 2B, and Sta-
tus 3 underwent further refinement as the Child-Turcotte—
Pugh scoring system was selected to serve as the basis
for categorizing patients with chronic liver disease. Thus,
at the end of 2001, nearly 82% of patients waiting were
classified as Status 2B or Status 3. Similarly, about 82%
of patients added to the waiting list during that year
were designated either Status 2B or Status3. In 2002,
the existing medical urgency status system for patients
with chronic liver disease was terminated in favor of
MELD. Status1 was retained for patients with acute
disease.

Since 1998, the percentage of Status1 and Status2B
recipients has remained relatively unchanged. Status2A
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represented the fastest growing group of recipients,
increasing from 17% in 1998 to 25% in 2001. In contrast,
the percentage of Status3 transplants decreased from
17% in 1998 to 9% in 2001. Notably, of the Status2A
recipients transplanted in 2001, more than 40% were
initially listed in Status 3 and about 35% were initially listed
in Status 2B, indicating that, as the waiting times increase,
a growing number of healthier patients will critically
decompensate. It is hoped that the MELD system may
represent an improvement in the ability to prioritize the
patients listed for transplantation in order to allow trans-
plantation of some of these patients with a high risk of
decompensation (6).

The percentage of cadaveric liver transplants going to
pediatric patients decreased from 15% in 1992 to 10%
in 2000. With few exceptions, pediatric patients received a
smaller percentage of transplants during each year of the
period. This may be due to the relentless rise in the
number of adults listed and transplanted because of the
hepatitis C epidemic. At the same time, there has not
been a similar increase in the number of pediatric candi-
dates listed or transplanted, resulting in a steady decrease
in the proportions of pediatric candidates and recipients
relative to adults. In 2001, the OPTN implemented a policy
in which pediatric livers would be offered preferentially to
pediatric candidates, anticipating a slight increase in the
number of pediatric patients transplanted. During the
implementation year, the percentage of cadaveric transplants
going to pediatric recipients rose more than in any other year
of the period (from 10.1% in 2000 to 10.5% in 2001).

Living donor liver transplantation

The number of living donor transplants increased markedly
over the last 10vyears, rising from 33 recipients in 1992 to
515 in 2001 (Figure6). Most of this increase occurred
between 1999 and 2001 because of the exponential
growth of adult-to-adult living donor transplantation. Dur-
ing this same time frame, the number of pediatric living
donor recipients increased only modestly (Figure 6). As a
result, among all living donor liver recipients, the age dis-
tribution is bimodal, with 21% being pediatric recipients
and a second peak at age 50-64 years. In 2001, 59% of
living donor recipientswere males—lower than the
percentage of males receiving livers from deceased donors
and slightly higher than the percentage of males on the
liver waiting list. In the same year, 86% of living donor
liver recipients were white. The percentage of African
American recipients of living donor livers decreased stead-
ily from 1998 (20%) to 2001 (4%)—lower than the per-
centage of African American recipients of livers from
deceased donors (9%) or African Americans on the liver
waiting list (8%). Whether 2001 represents an aberration
or changing demographics among recipients of living
donor liver transplantation remains to be seen. In one
study, African American patients listed for living donation
were less likely to have a donor than white patients of
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Figure 6: Living liver donor transplants, adults vs. pediatrics,
1992-2001. Source: 2002 OPTN/SRTR Annual Report, Table 9.4.

Hispanic or non-Hispanic ethnicity (7). Hispanic ethnicity
was similar among living donor recipients, deceased donor
liver recipients, and those on the cadaveric waiting list
(ranging from 13% to 15%). Nonresident aliens repre-
sented a higher proportion of living donor recipients (4%)
than deceased donor liver recipients (2%) or those on
the liver waiting list (1%).

The diagnoses among recipients of living donor grafts also
differ somewhat from their deceased donor counterparts.
In 2001, fewer recipients with noncholestatic liver disease
received transplants from living donors (55% living, 61%
deceased); higher proportions were transplanted for chol-
estatic liver disease (16% living, 10% deceased) and
malignant neoplasm (5% living, 3% deceased). Among
patients undergoing living donor liver transplantation, the
proportion performed for biliary atresia fell from 76% of
the total in 1992 to 8% in 2001, even though the absolute
number rose from 25 to 44. The percentage drop was
precipitous in 1999, likely because of the increased adult
living donor liver transplant activity, which overshadowed
the activity in children at that time. In 2001, only 2% of
living donor liver recipients had a prior organ transplant of
any type (and all were liver transplants); previous organ
recipients made up 10% of deceased donor liver recipi-
ents and 8% of the liver waiting list.

Of the recipients of living donor transplants, only 4% of
patients were on life support at time of transplant and
71% were not hospitalized—much lower than the corres-
ponding percentages for deceased donor transplants
(11% on life support, 26% in the intensive care unit, and
only 57% at home). Of the candidates on the waiting list,
16% were Status 2B, 65% were Status 3 (and likely at
home), and fewer than 1% were in urgent categories. In
2001, the vast majority of living donor liver recipients were
Status 2B (46%) or Status 3 (39%) at time of transplant.
The number of living donor Status1 transplants has
decreased over the years, as very few adult patients (in
contrast with pediatric patients), receive livers from living
donors as Status 1. Recipients of livers from deceased
donors were characterized by a higher level of urgency:
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only 9% at Status 3 and 54% at Status 2B, as well as 25%
at Status2A and 13% at Status1, the highest-urgency
categories. In fact, some living donor recipients never
receive a medical urgency status code at all, because not
all are included on a waiting list before transplantation.
Recent reports of living donor transplantation suggest
that the results are better when recipients are less
severely ill at the time of transplant (8,9). Whether this
has to do with the relative inexperience with this proced-
ure or the small size of the liver graft as compared with
cadaveric transplantation is unknown. An important data
set is the demographics and outcomes of the living liver
donors. The safety of this procedure has been scrutinized
in the medical and lay press (10). Estimates of the mortal-
ity risk of liver donation for the adult-to-adult donation have
been as high as 1%. Future reports will contain data
regarding the outcome of the donors and estimates of
the risk of mortality.

Liver transplantation death rates

Annual death rates per 1000 patient years at risk for liver
transplant recipients are calculated by assessing all of the
liver recipients alive at the start of a given year, adding all
of the recipients receiving a new transplant in that year,
and determining the number of deaths for this combined
group of patients. Each patient’s survival time after trans-
plant is determined. The number of recipients alive in a
given year multiplied by the number of years each patient
has been alive since transplant determines the number of
patient years. This number serves as the denominator for
the number of deaths occurring in that year. In 2001,
overall annual death rates for liver recipients were
155 per 1000 patient years at risk, similar to the previous
rates of 174 in 2000, 191 in 1999, and 178 in 1998
(Figure B). It is interesting to note that death rates on the
waiting list for the same time periods continued to decline.
As in past years, pediatric recipients less than 1year of
age have the highest death rates, although only three such
children died in 2001. Death rates for recipients of other
age groups have fluctuated over the past decade, with the
death rates for most age groups declining. When recipi-
ents are stratified by race, African Americans have higher
death rates than whites or Asians. For 2 of the last 3 years,
Hispanic/Latino recipients have exhibited consistently
lower death rates. The trend toward higher death rates
for African Americans and lower death rates for Hispanics
has been noted previously (11). Male recipients had
slightly higher death rates throughout much of the pre-
vious decade. Recipients with blood type AB had the low-
est death rate (121 deaths per 1000 patient years at risk)
in 2001; blood types O, B, and A had successively higher
mortality rates during the year (147, 160, and 165 deaths
per 1000 patient years at risk, respectively). Recipients
with blood type AB have had progressively lower death
rates for each of the last 4years. Interestingly, nonresi-
dent alien recipients had lower death rates than US resi-
dent recipients in 2001, but extremely few nonresident
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aliens received transplants. Liver recipients with previous
transplants of any organ type had much higher death rates
than first-time liver recipients in the 2001 cohort. Higher
death rates for repeat transplant recipients have been
evident for every preceding year in this decade.

Death rates for liver recipients are highest in the first year
after transplantation and decline progressively as the inter-
val from transplant becomes longer (12,13). This reflects
the increased risk of death around the transplant surgery
and early postoperative period and the relatively few
deaths that occur after the first year with a transplant. A
relatively reproducible increase in death rate occurs for
patients more than 5years after their transplant, probably
because comorbidities, recurrent primary liver disease,
and drug toxicities accumulate at this stage (12,13). Com-
pared with patients called in from home, those receiving
liver transplants while in the intensive care unit consist-
ently had higher death rates in each year of the study
period. Similarly, recipients maintained on life support at
time of transplant had post-transplant death rates approxi-
mately twice as high over the same period. When recipi-
ents are stratified by primary liver disease diagnoses,
those with malignancies had higher death rates than all
other diagnoses, likely due to recurrent malignant disease
(14). In 2001, recipients with noncholestatic cirrhosis,
metabolic disorders, and cholestatic liver diseases had
the lowest death rates. For the 2001 death rate analysis,
the previous medical urgency status definitions segre-
gated death rates well, with Status1 recipients having
the highest death rates, followed by Status2A and Sta-
tus 2B. Previous patterns for higher death rates for recipi-
ents of livers from older donors were again observed in
2001. The outcome of recipients of the older donor liver is
controversial (15,16). A recent publication suggests that
the outcome of patients with hepatitis C virus who are
transplanted with older donor livers is impaired (17). Recipi-
ents of grafts from donors less than 1yearold had higher
mortality rates, possibly an effect of technical issues pre-
valent with extremely small grafts and recipients. In the
years 2000 and 2001, the death rates have decreased for
recipients of living donor grafts, likely as a result of more
experience and expertise with the living donor liver trans-
plant evaluations and procedures.

Liver transplantation graft survival

Three-month and 1-year graft survival rates were calcu-
lated for patients receiving transplants in 1999 or 2000,
3-year survival was calculated from recipients of grafts in
1997-1998, and 5-year graft survival was calculated from
recipients transplanted in 1995-1996. Graft survival rates
at 3months and 1 year after transplantation of livers from
deceased donors were highest for recipients in the middle
age ranges, although the reduced graft survival for recipi-
ents at the extreme age ranges was less apparent in the
5-year graft survival cohort. Long-term graft survival was
superior for Asian recipients, with whites and African
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Americans having successively reduced graft survival
rates, especially for the 5-year survival cohort. WWomen
had slightly reduced early graft survival, but this difference
was reversed for recipients transplanted in 1995 or 1996.
Recipients receiving second grafts had consistently
reduced graft survival at all time points. More ill recipients
had poorer graft survival at all time points, regardless
whether illness is defined by patient location (in hospital
or ICU), need for life support, or OPTN/UNOS status code.
Transplant center volume accounted for relatively little
difference in graft survival, with the largest and smallest
centers having slightly reduced graft survival rates com-
pared with other centers. This parallels the results in
deceased donor liver transplantation. However, these
data were not adjusted for other confounding variables,
including severity of recipient illness at time of transplant-
ation. This may explain differences from earlier publica-
tions showing lower survival rates in lower-volume
centers (18). Deceased donor grafts from the youngest
and oldest donors had inferior survival rates for all time
periods examined.

Graft survival for living and deceased donor livers for
3 months, 1year, 3years, and 5years are shown in Figure 7.
The rates of graft survival for living donor grafts are lower
than for cadaveric grafts at 3 months and 1year after
transplant, but better after 5years. This is perhaps
because the majority of the living donor recipients in the
b-year survivor cohort are pediatric recipients. In fact,
recipients younger than 1year achieved the best living
donor graft survival rates for each survival time interval
except byears, where ages 1-5 were superior. The
decline in graft survival rates as severity of liver disease
increased, as observed for cadaveric grafts, was more
pronounced for living donor grafts. In 2001, graft survi-
val for living donor liver recipients was 76% at 1year,
compared with 80% for deceased donor liver recipients
(Figure 7). Longer-term graft survival (more than 3years)
likely reflects predominantly pediatric recipients of living
donor livers and is stable at 73%.

||:|Deceased Donor  [llLiving Donor

Graft Survival (%)
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Time after Transplant

Figure 7: Graft survival among liver transplant recipients, living
vs. deceased donor. Source: 2002 OPTN/SRTR Annual Report,
Table 9.8. Cohorts are for transplants performed during 1999-2000
for 3-month and 1-year; 1997-1998 for 3-year; and 1995-1996 for
b-year survival.
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Liver transplantation patient survival

Patient survival rates were calculated using survival
cohorts similar to those used for the graft survival calcula-
tions. For patients receiving transplants in 1999 and 2000,
recipients of deceased donor liver transplants had a 1-year
survival rate above 86%. Patient survival for living and
deceased donor livers for 3months, 1year, 3years, and
5years are shown in Figure 8. It is important to note that
5-year and 1-year survival rate differences for recipients of
living vs. deceased donors should be determined with
caution, as the cohorts of living donor recipients have
shifted from mostly pediatric to mostly adult. Until more
adult-to-adult living transplants are made, direct compari-
son will be difficult.

As with graft survival, the youngest and oldest recipients
had poorer patient survival rates among groups with suffi-
cient sample size; all other age groups had similar patient
survival rates. African American recipients exhibited
reduced patient survival rates in most of the survival
time cohorts reported. Cadaveric organ recipients with
blood type AB had improved survival rates in both short
and long-term survival cohorts. Also paralleling the graft
survival data, the most severely ill recipients had poorer
patient survival rates for all cohorts. Candidates trans-
planted with cadaveric organs for cholestatic liver disease
or biliary atresia had the best patient survival rates in the
short and long-term (5-year survival rates of 80% and
86%, respectively). It is interesting to note that recipients
transplanted for malignant neoplasms had 5-year survival
rates in excess of 50%—a respectable cancer survival
statistic, especially because most of these recipients
have hepatocellular carcinoma, for which there is no
other curative modality. Similarly, recipients with nonchol-
estatic liver disease, the majority of whom carry viral
hepatitis, displayed an excellent 5-year survival rate
(>70%), even though the recurrence rate of hepatitis C
for these patients is virtually 100% (19). There has been a
concern whether the longer-term outcome of patients
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Figure 8: Patient survival among liver transplant recipients, living
vs. deceased donor. Source: 2002 OPTN/SRTR Annual Report,
Table 9.9. Cohorts are for transplants performed during 1999-2000
for 3-month and 1-year; 1997-1998 for 3-year; and 1995-1996 for
b-year survival.
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with hepatitis C is worsening over time (17). The reasons
for this trend are uncertain, but older deceased donor age
may be an important factor (20). Three-month patient
survival was slightly reduced at transplant centers per-
forming fewer than 10 transplants per year, but survival
rates were very similar for higher- and lower-volume cen-
ters at longer time periods after transplantation.

For recipients of livers from living donors, overall patient
survival at 1year was 85%; for those receiving livers from
deceased donors, overall patient survival at 1year was
86%. This was observed despite a smaller proportion of
patients critically ill at time of transplantation undergoing
living donor transplantation (Figure8). In patients who
were critically ill at time of transplantation (Status 1 or on
life support), 1-year survival was 56-60% in living donor
liver recipients, compared with 71-80% in deceased
donor liver recipients.

Model for end-stage liver disease

Because of the many factors—increasing number of
deaths on the liver waiting list, the inability to accurately
categorize liver patients according to severity of liver dis-
ease using the partially subjective Child—Turcotte—Pugh
classification, and reports suggesting that waiting time
correlates poorly with death on the waiting list—a con-
sensus opinion emerged that a revised allocation scheme
was needed (4,21-23). The new liver allocation system
implemented by the OPTN in February 2002 is based
primarily on the severity of liver disease as assessed by
the Model for End-stage Liver Disease (MELD) and Pedi-
atric End-stage Liver Disease (PELD) survival models for
all patients with chronic liver disease. The MELD score is
based on three biochemical variables—serum bilirubin,
serum creatinine, and international normalized ratio
(INR)—and has been shown in retrospective and prospect-
ive studies to be highly predictive of 3-month mortality in
patients with chronic liver disease. Similarly, the PELD
model for pediatric patients was developed based on
analyses of data from the Study of Pediatric Liver Trans-
plantation (SPLIT) database and has been shown
retrospectively to be predictive of waiting list mortality in
pediatric patients (24). The MELD and PELD model equa-
tions appear in Table1. In Figure9, the relationship
between MELD and PELD and mortality risk at 3 months
is shown. Mortality risk was derived from 649 pediatric
patients on the SPLIT database and 1230 adult patients
added to the waiting list between March 1, 2001 and
August 15, 2001. These regression models may change
over time as more data are accumulated. In addition, other
allowances may need to be made to avoid disadvantaging
those patients with good indications for liver transplant but
without significant synthetic liver dysfunction (5). Candi-
dates with hepatocellular cancer (HCC) make up the larg-
est group in this category. It is hoped that these models
will allow for better counseling for patients regarding the
probability of death while waiting for transplantation. This
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Table1: MELD and PELD score equations

Score type Equation

MELD score
(Malinchoc et al. (25))

MELD score, New Policy

R =0.957 x loge (creatinine mg/dL) + 0.378 x loge (bilirubin mg/dL)
+ 1.120 x loge (INR) + 0.643 x (disease etiology*)

R =1(0.957 x loge (creatinine mg/dL) + 0.378 x loge [total bilirubin mg/dL]

+1.120 x loge [INR] +0.643) x 10

PELD score

R =1(0.463 [age#] —0.678 x log, [albumin g/dL] + 0.480 x loge [total bilirubin mg/dL]

+1.857 x loge [INR] +0.667 [growth failure**]) x 10

Note: MELD score equations as reported by Malinchoc et al. (25) and as incorporated in the new liver allocation policy. The disease
etiology variable included in the Malinchoc et al. equation has been omitted but the constant is maintained. PELD score includes bilirubin,
albumin, and INR continuous variables and dichotomous variables for age and growth failure.

*1 for noncholestatic disease, 0 for cholestatic disease.
# <1year of age + 1, >1year of age=0.

** >2 standard deviations below the mean for age =1, <2 standard deviations below the median for age =0.

is important when the patient is considering issues such
as whether to undergo living donor transplantation. It is
hoped that the time horizon for which the models can
predict death could be extended from 3 months to possi-
bly as long as a year. Recent reports have indicated that
the MELD score is an accurate predictor of 1-year, pre-
transplant survival (21).

The new MELD/PELD system was activated on February
27, 2002. The trend toward fewer liver transplant waiting
list registrations noted in the 6 months prior to implement-
ation continued after February 27, 2002. The reasons for
this decrease are unclear. For all patients listed as of
February 27, 2002, plus those non-Status1 candidates
added through June 1, 2002, 93% of adults and 93% of
pediatric patients listed for liver transplantation had a
MELD/PELD score of less than 20 (Figures 10 and 11).

In adults listed between May 11, 2002 and July 31, 2002,
there was minimal difference between mean MELD score
at listing for males and females (15.0 vs. 15.6). African
Americans had slightly higher mean MELD score at listing
(17.5) compared with whites (15.2) and Asians (14.5).
Patients listed for retransplantation had a higher mean
MELD score (19.9) compared with those patients under-
going primary transplant (15.0). There was no difference in
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Figure 9: MELD and PELD mortality risks at 3 months for 1230

adult and 649 pediatric patients added to waiting list between
3/1/01 and 8/15/01. Source: Liver Transplantation 2002; 8: 854.
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the mean MELD score among ABO blood types. The
mean MELD score at listing in the 11 OPTN/UNOS
regions varied minimally, ranging from 14.6 to 16.3 in
adult patients listed for liver transplantation.
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Figure 10: Adult registrants on liver waiting list by MELD score.
Source: SRTR Data Analyses, 2002. Cohort includes nonexception
liver candidates listed between 2/27/02 and 6/1/02.
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Figure 11: Pediatric registrants on liver waiting list by PELD score.

Source: SRTR Data Analyses, August 2002. Cohort includes

nonexception liver candidates listed between 2/27/02 and 6/1/02.
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Among pediatric patients (younger than 18) listed
between May 11, 2002 and July 31, 2002, there was no
difference in mean PELD scores by gender. The mean
PELD score at listing was 10.3 for females and 11.6 for
males. Similar to the adult results, the PELD scores for
African Americans (13.5) were higher than the scores of
whites (10.2) or Asians (12.0). Patients less than 1 year of
age (who receive additional PELD points) still had a much
higher mean PELD score (mean 16.2) at listing compared
with a PELD score of 7.1 for children ages 1-10years and
a mean PELD score of 7.0 for children ages 11-17. Most
of the patients younger than 1year had biliary atresia,
which is associated with higher severity of disease than
other pediatric liver diagnoses. Unlike adults, pediatric
patients listed for retransplantation had a median PELD
score of 11.8, virtually identical to that of patients listed for
primary transplant. In assessing the OPTN/UNOS regions,
there was a wider range of mean PELD scores at listing
compared with the adults. The mean PELD score at listing
ranged from 7.1 to 12.7. However, two of the OPTN/
UNOS regions listed small numbers of pediatric patients
(fewer than 20), which likely accounts for the wide vari-
ability.

A preliminary assessment of 30-day outcomes based on
MELD/PELD scores was conducted among patients listed
for liver transplantation on February 27, 2002 or who
registered between February 28, 2002, and June 1,
2002. All patients had at least 30 days of follow-up from
February 27, 2002 or the later date of listing. In addition, it
should be noted that patients with hepatocellular cancer
were divided into those who had stage T1 and those who
had stage T2 disease. The new allocation policy stipulates
that patients with stage T1 HCC are given a MELD/PELD
score of 24 and patients with stage T2 HCC can qualify for
a MELD/PELD score of 29, if they meet specific criteria,
regardless of their laboratory values. These scores, corres-
ponding to 15% and 30% probabilities of dying within
3months, respectively, were derived from initial esti-
mates of the risk of progression beyond stage T2 disease.

Figures 12 and 13 show the percentage of candidates
who were transplanted within 30days of listing, based
on their MELD/PELD scores, excluding candidates with
hepatocellular cancer. Similarly, Figures 14 and 15 show
the percentages of candidates dying on the waiting list
within 30 days of listing. These data indicate that approxi-
mately 38% of candidates with a MELD/PELD score
greater than 30 were transplanted within 30days. How-
ever, the percentage of adults with MELD scores greater
than 30 (22%) who died while waiting was greater than
the percentage of pediatric patients with PELD scores
greater than 30 (17%) who died while waiting. This is
expected because the MELD score of 30 represents a
3-month mortality risk of 33% compared with a PELD score
of 30, indicating a 3-month mortality risk of 19% in pediatric
patients. Pediatric patients have a higher death rate at lower
scores of 11-20. The lower mortality rate for pediatric
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Figure 12: Percentage of adult registrants on liver waiting list
transplanted within 30days of listing by MELD score. Source:
SRTR Data Analyses, August 2002. Cohort includes nonexception
liver candidates listed between 2/27/02 and 6/1/02.
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Figure 13: Percentage of pediatric registrants on liver waiting list
transplanted within 30days of listing by PELD score. Source:
SRTR Data Analyses, August 2002. Cohort includes nonexception
liver candidates listed between 2/27/02 and 6/1/02.
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Figure 14: Percentage of adult deaths on liver waiting list within
30days of listing by MELD score. Source: SRTR Data Analyses,
August 2002. Cohort includes nonexception liver candidates listed
between 2/27/02 and 6/1/02.

patients at higher PELD scores may be because pediatric
patients with chronic liver disease who require intensive
care have the option to be made Status 1 in order to avoid
death—an option not available to adult patients. It is therefore
difficult to interpret the ability of PELD to predict death,
especially at higher scores.
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Figure 15: Percentage of pediatric deaths on liver waiting list
within 30days of listing by PELD score. Source: SRTR Data
Analyses, August 2002. Cohort includes nonexception liver
candidates listed between 2/27/02 and 6/1/02.

It should be noted that the risk of death at the lower
MELD scores observed for patients on the waiting list is
lower than the risks of death predicted by the original
version of the formula (25). This may be due to the fact
that the mortality risks for patients prioritized for transplant
by the MELD/PELD system is reduced because they
receive a transplant (rather than dying) compared with
cohorts of patients not prioritized for transplant on whom
the original MELD/PELD equations were derived and vali-
dated.

The median lab MELD score for all nonexception adults at
the time of transplant across the 11 OPTN/UNOS regions
ranged from 16 to 28. Pediatric recipients exhibited a
considerably lower range, 0-22 (as reported by the
SRTR). The wide range of PELD scores for pediatric
patients reflects the small number of patients reported
as transplants in several regions. Furthermore, an initial
analysis of patients with hepatocellular cancer undergoing
liver transplant based on staging revealed that 25% of
patients with T1 HCC (MELD score of 24) were trans-
planted within 30 days and 43% of patients with T2 HCC
(MELD score 29) were transplanted within 30 days. In this
group of the study, few patients died within the 30-day
follow-up. The mean calculated MELD score for patients
with hepatocellular cancer was 11.6 for patients having
T1 disease and 12.7 in patients having T2 disease.

While some of the preliminary analyses of the MELD/
PELD data are intriguing, other important questions must
await further data accrual. Some questions must be
further addressed: What is the impact of the MELD/
PELD system on the incidence of deaths on the waiting
list? Has the prorated MELD score for patients with hepato-
cellular cancer had a detrimental effect on patients with
chronic liver disease without hepatocellular cancer? How
accurate is our assessment of hepatocellular cancer with
regard to diagnosis, size of tumor, and number of tumors?
What impact will the MELD/PELD system have on overall
resource utilization and on patient and graft survival in
patients undergoing liver transplantation? Are there
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marked variations at the regional and organ procurement
organization (OPO) levels in the MELD/PELD scores of
patients undergoing transplantation (suggesting inequities
in the allocation system)? It is hoped that the answers to
many of these questions will emerge in the coming year.

Intestine Transplantation

In contrast to liver allocation policy, there have been no
substantial changes to the allocation of intestines
between 1993 and 2001. Although the current demand
for intestinal transplants is relatively modest (180 patients
waiting at the end of 2001), this is an increase of over
300% since 1993, the first year of the intestine waiting
list. In 2001, 111 intestinal transplants were performed,
and short gut syndrome was the reported reason for more
than 60% of these transplants. Children younger than
6years were the recipients of almost half of all intestine
transplants in 2001. In 2001, the median time to transplant
for pediatric patients ranged from 173 days to 488 days.
The comparable range for adults was 46 days to 129 days.
Remarkably, death rates for wait-listed intestine transplant
candidates tend to be substantially higher than those of
wait-listed liver candidates, particularly among candidates
under 6years of age. In 2001, the overall death rate
among intestine candidates was 272 per 1000 patient
years compared with a rate of 115 for liver candidates.
As with other organs, the number of deceased donors has
not kept pace with the number of intestinal candidates.
Wiaiting list data for 1993-99 shows that since 1994, the
death rate for patients on total parenteral nutrition with a
diagnosis of short gut syndrome who develop liver failure
has greatly exceeded that for all other candidates waiting
for livers. While the overall liver transplant waiting list
death rate has steadily decreased, it has increased sixfold
in the short gut/parenteral nutrition patient subset (26).
The majority of intestinal transplants have been performed
in only four transplant centers in the country. Outcomes
following intestinal transplantation have been less
impressive than those following liver transplantation. The
overall 1-year and 5-year graft survival rates were 66% and
20%; corresponding graft survival rates for liver trans-
plants were 80% and 64%. Graft survival rates following
intestinal transplantation were better for recipients who
were adults, who had blood type O or A, or who had not
had a previous intestine transplant.

The current literature does not indicate a marked differ-
ence in outcomes between recipients of liver/intestinal
grafts vs. those of isolated intestinal grafts. This is sup-
ported by pooled data from the International Intestinal
Transplant Registry (ITR) (27), as well as center-specific
data (28-30). Although data do exist to substantiate an
early survival advantage in recipients of isolated intestinal
grafts (31), the long-term graft outcomes are better for the
combined liver-intestinal grafts, although the difference is
not statistically significant (27-30). Recent improvements
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in outcome may be attributed to tacrolimus-based immuno-
suppression strategies and newly developed adjunct
agents, including interleukin-2 receptor antagonists and
rapamycin (32-35).

Intestine waiting list characteristics

The total number of patients listed for intestinal transplant-
ation has continued to grow each year and reached 180 in
2001. As noted above, this rise represents an increase of
more than 300% from 1993. The patient demographics
indicate that the majority (approximately 75%) of patients
are under 18years of age. The majority of patients are
white (76%), non-Hispanic/non-Latino (81%), blood type
O (44%), residents of the United States (94%), and have
not had a previous transplant (91%). The gender distribu-
tion is nearly even. Approximately 25% of patients on the
waiting list at the end of the year 2001 had been waiting
less than 3months for their transplant, 25% 3 to
<12months, and 50% 1year or longer. This distribution
represents a shift toward longer waiting times.

Intestine time to transplant

There were 219 new registrations for intestine transplants
in 2001. The median time to transplant for all patients was
319days. Age appears to influence waiting time: Candi-
dates younger than 1yearwaited 208 days (25th percent-
ile) to be transplanted, and candidates ages 11-17 years
waited 337 days; all other age groups for which data were
available waited less than half that time. Data on the
median time to transplant by race is limited because of
small patient numbers. White registrants had a slightly
shorter waiting time (278days) than African American
registrants (333 days); no substantial data were available
for other racial groups. Analysis of ethnicity revealed a
similar trend in median time to transplant: Hispanic/Latino
registrants waited less (185 days) than non-Hispanic/non-
Latino registrants (333 days); registrants of unknown eth-
nicity waited 208 days. Males had a longer median waiting
time than females, 337 days compared with 242 days. A
similar trend was seen when the analysis was performed
by ABO blood group: 333, 194, and 337 days, respectively,
for blood types O, A, and B. Patients with a prior history of
transplantation also had a slightly longer 25th percentile
time to transplant (105 days) than those without a history
of previous transplantation (81 days). US residents had a
median time to transplantation of 319days, and the non-
resident group had a shorter time of 101 days.

Intestine waiting list death rates

In 2001, there were a total of 349 registrants for intestine
transplants at risk. The number of deaths during this year
was 45, yielding a death rate of 272 deaths per 1000
patient years. Age had a substantial impact on death
rates. The younger age groups (younger than 1year and
1-5years) had death rates markedly higher than that of
the total death rate (1116 and 367, respectively). All other

American Journal of Transplantation 2003; 3 (Suppl. 4): 78-90

Liver and intestine transplantation

age groups for which data were available had death rates
lower than the overall death rate. Race, ethnicity, and
gender had a limited effect on death rates. Analysis of
death rate by blood type revealed recipients with blood
type O had a death rate of 313, while those with blood
type A had a higher death rate (324) and those with blood
type B had a lower death rate (159).

The waiting list death rates in this group of patients are
substantially higher than those reported for any other solid
organ transplant candidate group. Pretransplant mortality
rates as high as 50% have been reported in the literature
from individual transplant centers (31,36). While the eti-
ology of this mortality is speculative, the advanced medical
condition of these patients at the time of evaluation and
the limited availability of suitably sized and quality donors
no doubt contributes significantly. It remains to be seen if
the institution of the MELD/PELD scoring system for liver
allocation will help reduce these mortality figures, as this
scoring system was analyzed in patient populations that
excluded candidates for liver/intestinal transplantation.

Intestine transplant recipient characteristics

In 2001, 111 patients underwent transplantation involving
the intestine—the most of any year of the registry. The
age distribution for these recipients is bimodal, with the
majority (48%) younger than 6yearsold and the second
most common age group (32%) aged 35-64 years. Short
gut syndrome was the most common primary diagnosis.
Examination of the International Intestinal Transplant
Registry data reveals that the leading indications for intest-
inal transplant in adults are ischemia, Crohn's disease,
trauma, and tumor, while those for children are volvulus,
gastroschisis, necrotizing enterocolitis, and pseudo-
obstruction (27).

Interestingly, 62% of the recipients in the OPTN/SRTR
data were not hospitalized at the time of transplant in
2001. This represents a substantial change over time. In
1993, 59% of recipients were either hospitalized or in
intensive care at time of transplant (Figure 16). However,
the percentage of patients on life support at time of trans-
plant did not change substantially between 1993 (6%) and
2001 (4%).

Intestine transplantation post-transplant death rates

For the year 2001, there were a total of 138 patients at
risk, 26 deaths, and a death rate per 1000 patient years of
442. This death rate is an increase over the death rates for
1999 (412) and 2000 (196), returning to levels similar to
those before 1999.

Analysis of the death rate by recipient age at transplant
reveals several interesting trends. First, while few data
exist for patients younger than 1year, the death rate in
the next group, ages 1-byears (684), is substantially
higher than all other age groups. Other publications
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Figure 16: Percentage of intestine transplant recipients
hospitalized or in intensive care unit at transplant, 1992-2001.
Source: 2002 OPTN/SRTR Annual Report, Table 10.4.

indicate that the death rate after intestinal transplantation
in very young children is very high, corroborating this trend
(37). All other age groups have death rates lower than that
of the total.

Insufficient patient numbers for 2001 limit death rate ana-
lysis for the racial groups Asian and Other/Multi-race cate-
gories. However, the death rate of white recipients was
slightly less (361) than that of the total group (442), while
the death rate of African American recipients was sub-
stantially higher (905) than that of the total group. Regard-
ing ethnicity, Hispanic/Latino recipients had the lowest
death rate (245), while the non-Hispanic/non-Latino and
Unknown recipients had death rates equal to or greater
than that of the overall group. Males had a higher death
rate (472) than did females (406). Blood type appeared to
have a modest influence on death rate. Blood types O and
B had lower death rates than the overall group, while
recipients of blood type A had a higher death rate (756)
than the overall group. US residents had a death rate of
395, nonresident aliens had no deaths during 2001, and
those of unknown residency had a death rate of 1286. A
history of previous organ transplant markedly increased
the post-transplant death rate (1152, compared with 385
for first-time recipients).

The pretransplant status of the patient appears to affect
outcomes after intestinal transplantation. Patients at
home before transplantation had death rates lower than
that of the total group. Patients hospitalized but not in
intensive care had a death rate (288) much lower than
that of the total group. Unfortunately, analyses based
upon intensive care, as well, as the variable life support
status, were limited because of small patient numbers.

The primary diagnosis of the recipient did not appear to
influence the death rate. Donor age, however, appeared to
affect the death rate. Recipients of intestines from donors
with ages younger than 1year had a death rate of 795 per
1000 patient years at risk. Recipients of donors of all other
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ages had death rates equal to or less than that of the total
group death rate.

Cause of death is an important variable for interpretation
of outcomes. By far, the most common cause of death
reported in the literature after intestinal transplantation is
infection and multisystem organ failure (27-30,38). These
recipients appear to be very susceptible to infectious com-
plications and death because of their frequent history of
multiple pretransplant infections, inclusion of an intestinal
graft with its obligate endogenous microflora, and require-
ment for high dose immunotherapy after transplantation.

Intestine transplantation graft survival

There were no consistent patterns for graft survival
among recipients in different age groups. Those recipients
aged 6-10years had a particularly high 3-year graft survival
(80%). Recipients aged 11-17 years demonstrated a long-
term survival similar to the youngest age groups.

Very few nonwhites have received intestinal allografts,
which makes comparisons of graft survival by race unfeas-
ible. Analysis by ethnicity tended to show better short-term
results among Hispanic/Latino recipients. Male recipients
had higher graft survival than females at 3months
(83% vs. 70%), 1year (71% vs. 61%), and 3years
(55% vs. 31%) but worse b-year graft survival (12%
vs. 28%). For unknown reasons, recipients with blood
type B had a markedly lower graft survival than those
with other blood types at all time points. Prior history of
intestinal transplant also negatively influenced graft
survival (43% compared with 70% for those without
prior history at 1year post-transplant).

Patients not hospitalized before intestinal transplantation
had higher graft survival (16-88%) at all intervals than
those hospitalized or in an ICU (0-47%). Patients hospital-
ized before transplantation demonstrated the lowest graft
survival at all intervals (0-27%). Those in intensive care
before transplantation had early graft survival rates higher
than the hospitalized group, but this advantage was lost
after 3years. The need for life support before transplant-
ation also was associated with a lower graft survival rate
(0% compared with 69% for those not on life support at
1year post-transplant). Primary diagnosis appeared to
have no effect.

Transplant center volume did not appear to influence graft
survival during the early interval. Small (0—1 transplants per
year), medium (2-7 transplants per year), and large (8 or
more transplants per year) demonstrated comparable
3-month and 3-year survival. However, the medium-sized
programs demonstrated the best 5-year survival (35%).
These data are in contrast to the ITR data from 1997,
which indicated that large centers (more than 10 transplants
per year) had a significantly better outcome than those
centers performing fewer than 10 transplants per year (27).
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Figure 17: Graft vs. patient survival among intestine transplant
recipients. Source: 2002 OPTN/SRTR Annual Report, Tables 10.8,
10.9. Cohorts are for transplants performed during 1999-2000 for
3-month and 1-year; 1997-1998 for 3-year; and 1995-1996 for
B-year survival.

Graft survival analyzed by donor age revealed that recipi-
ents of grafts from donors younger than 1year fared the
worst during the 3-month and 1-year time intervals (50%
and 17%, respectively). Recipients of grafts from donors
aged 35-49 years had the best 3-year survival (100%), but
small sample size makes the comparison of age groups
difficult. However, 5-year graft survival was nearly equal in
all groups with data available.

Cause of graft loss is important. Published series over-
whelmingly indicate that the major cause of graft loss
after intestinal transplantation is immunologic due to
acute or chronic rejection (27-30,38). Overall graft and
patient survival for intestine transplant recipients for
3months, 1year, 3years, and 5years are shown in Figure 17.

Intestine transplantation patient survival

The overall rates of patient survival following intestine
transplantation were 86% after 3months, 77% after
1year, 59% after 3years, and 51% after 5years. Analysis
of patient survival by recipient age revealed that there
were no major differences in 3-month or 5-year patient
survival in any subgroup with sufficient sample size. How-
ever, patient survival at 1year following transplant was
lower for recipients under 1 yearold (563%). Among those
groups with sufficient sample size, patient survival rates at
3years were lowest for those under 1yearold (50%) and
those aged 35-49years (46%).

African American recipients had lower 1-year and 3-year
survival rates (64% and 47%, respectively) than white
recipients. African American recipients in the 1995-1996
cohort fared much better (73%) than whites in the same
cohort at 5-year patient survival. Ethnicity only appeared to
influence patient survival at the 3-year mark, when His-
panic/Latino recipients demonstrated a much better patient
survival (92%) than non-Hispanic/non-Latino recipients
(56%). Recipients with blood type B demonstrated a
lower survival rate at 3 months and 1 year post-transplant
(60%) than those with other blood types.
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Patients hospitalized or in intensive care before transplant
had a significantly lower 1-year survival (61% and 46%,
respectively) than those not hospitalized before transplant
(84%). At 3years following transplantation, patient sur-
vival was markedly lower for patients who had been in an
ICU before transplantation (21%). By byears, both of
these differences were gone. Patients with short gut syn-
drome demonstrated a lower 3-year survival (64%) than
those with functional bowel problems (71%). Those who
received intestine transplants at small centers appeared to
have a lower 5-year survival rate (46 %). Donor age had little
effect on patient survival, though recipients of intestines
from donors aged 18-34 years had a higher 1-year survival
rate (91%) than those with younger or older donors.

Conclusions

Liver transplantation is the second most common trans-
plant (21% of all organ transplants), while intestine trans-
plants occur only rarely. The biggest development in liver
transplantation in the United States over the last several
years has been the rapid increase in the number of living
donor transplants. Although this procedure accounts for
only 10% of the liver transplants performed in 2001, the
number has more than doubled since 1999. Early graft
survival after living donor transplantation appears to be
lower than that following cadaveric transplantation, but
long-term graft survival is superior. It is hoped that the
additional benefit of reduced waiting list mortality from
earlier transplantation, along with continued maturation
of this new surgical procedure, will offer benefit
to patients awaiting liver transplantation. The Model
for End-stage Liver Disease (MELD) and the Pediatric
End-stage Liver Disease (PELD) model were instituted
for a refined prioritization of patients with chronic liver
disease awaiting transplantation. Despite the very recent
institution of the new allocation policy (February 2002),
some preliminary analyses are available and indicate the
questions that have yet to be addressed.
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