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This article examines OPTN/SRTR data on kidney
and pancreas transplantation for 2004 and the previ-
ous decade, and discusses recent changes in kidney-
pancreas (KP) allocation policy and emerging issues in
kidney donation after cardiac death (DCD). Although
the number of kidney donors continues to increase,
new waiting list registrations again outpaced the num-
ber of kidney transplants performed, rising by 11% be-
tween 2003 and 2004 and contributing to a 1-year in-
crease of 8% in the number of patients active on the
waiting list. DCD has increased steadily since 2000;
39% more DCD transplants were performed in 2004
than 2003. Both deceased donor and living donor kid-
ney graft survival rates remain excellent and are im-
proving. The number of people living with a function-
ing kidney transplant doubled between 1995 and 2004,
to 101440 with a functioning kidney-alone and 7213
with a functioning KP. Health care providers in all set-
tings are more likely to be exposed to these trans-
plant recipients. Patient survival following simultane-
ous pancreas-kidney (SPK) transplantation is excel-
lent and has improved incrementally since 1995; death
rates in the first year fell from 60 per 1000 patient-years
at risk in 2001 to 45 in 2003. The number of solitary
pancreas transplants increased dramatically in 2004.

Note on sources: The articles in this report are based on the ref-
erence tables in the 2005 OPTN/SRTR Annual Report, which are
not included in this publication. Many relevant data appear in the
figures and tables included here; other tables from the Annual Re-
port that serve as the basis for this article include the following:
Tables 1.1,1.3,1.7,1.8,5.1-5.14,6.1-6.6, 6.9, 6.12, 7.1-7.7, 7.9,
7.12, 8.1-8.4, 8.6, 8.7 and 8.9-8.14. All of these tables may be
found online at http://www.ustransplant.org.
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Introduction

This article reviews kidney and pancreas transplantation
data for 2004 and the past decade, covering trends in
kidney-alone, simultaneous pancreas-kidney (SPK), pan-
creas after kidney and isolated pancreas transplantation.
We also look at recent changes in kidney-pancreas (KP) al-
location policy and emerging issues in kidney donation after
cardiac death (DCD). Unless otherwise noted, the statistics
in this article are drawn from the reference tables in the
2005 OPTN/SRTR Annual Report. A companion article in
this report, ‘Analytical Methods and Database Design: Im-
plications for Transplant Researchers, 2005," explains the
methods of data collection, organization and analysis that
serve as the basis for this article (1). Additional details on
the methods of analysis employed herein may be found in
the reference tables themselves or in the Technical Notes
of the OPTN/SRTR Annual Report, both available online at
http://www.ustransplant.org.

Kidney Transplantation

The kidney transplant waiting list

The number of patients waiting for a deceased donor kid-
ney transplant continues its relentless increase. At the end
of 2004, there were 57 910 patients on the kidney-alone
transplant waiting list. This represents an increase of 8%
since the end of 2003 and is approximately double the num-
ber of waitlisted patients in 1995. The number of patients
active on the waiting list at the end of 2004 was 45 676,
whereas there were only 25 509 patients active on the
list at the end of 1995, a 79% increase. (A patient active
on the waiting list does not have any contraindications to
transplantation at the current time and is actively awaiting
transplantation. Patients can be placed on inactive status if
they temporarily are not appropriate candidates for trans-
plantation.) There is no indication that these trends will
change in the near future. However, while the prevalence
of end-stage renal disease (ESRD) has been increasing in
the general population, the rate of increase actually slowed
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during the period 1992-2002, with a rate of increase of only
2.5% in 2002 (2).

The number of new registrations continues to grow more
rapidly than the number of transplants performed. There
were 27 131 new kidney-alone waiting list registrations
in 2004, an increase of 11% since 2003 and 52% since
1995. By comparison, the number of kidney transplants
performed increased only 43% over this same time pe-
riod. The greatest numbers of new registrants were in the
50-64 year-old age range, followed by, in decreasing order,
the group aged 35-49 years, the group aged 18-34 years
and the group aged 65 years and older. However, the age
groups with the greatest percentage increase in registra-
tions since 2003 were the group aged 65 years and older
(20%) and the group aged 50-64 years (15%).

The age distribution of active waiting list registrants has
continued its shift toward greater representation of older
registrants. The percentage of children under age 18 re-
mained stable over the past 10 years at 2% of the list, while
there was a continued slow decline in the percentages of
active waiting list patients aged 18-34 and 35-49 years,
from 21% and 40% in 1995 to 13% and 31% in 2004.
In parallel, patients aged 50 years and older accounted for
55% of patients on the active waiting list at the end of 2004,
compared to 37% at the end of 1995. At the end of 2004,
the percentage of patients aged 65 years and older, at
14%, slightly exceeded the percentage aged 18-34 years
for the first time since 1995. Several factors likely con-
tributed to this growth in representation of the older age
groups, including the aging of the general population and
the increased incidence of ESRD with aging, and advances
in transplantation that have made it possible for transplant
centers to now consider transplantation as a viable option
for patients with advanced age and comorbidities.

African Americans made up 35% of the active waiting list
at the end of 2004, while whites made up 39%. This con-
tinues to be far in excess of the proportion of African Amer-
icans in the total U.S. population (12%) (3). While the per-
centage of African Americans active on the waiting list has
remained stable over the past decade, the percentage of
whites has decreased by about 10% as representation of
Hispanics and Asians has increased. Representation by sex
has been relatively unchanged over the past decade, with
males representing about 58% and females about 42% of
the active waiting list. The representation of ABO blood
groups also has been stable over the past decade; more
than half of the patients on the active waiting list have
blood type O. Over the past decade, while the absolute
number has doubled and continues to increase steadily,
the percentage of waiting list patients who had had a pre-
vious transplant of any organ declined, from 23% in 1995
to 19% in 2004. Similarly, the percentage of patients who
had had a previous kidney or KP transplant declined by
about 5%. Only about 1% of active waiting list patients
are nonresident aliens.
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Approximately 21% of patients on the waiting list at the
end of 2004 were inactive, compared to 14% for the period
2000-2004. This increase likely reflects the change in the
Organ Procurement and Transplantation Network (OPTN)
policy (approved June 2003), which now allows patients
to continue to accrue waiting time points while on inactive
status. As a result of the policy, transplant centers are more
likely to place patients who are temporarily medically un-
suitable for transplantation on inactive status, since they
will not lose waiting time. Of note, patients with longer
waiting times appear far more likely to be inactive: at the
end of 2004, 48% of inactive patients had waiting times
of more than 3 years, and 24% waited more than b5 years,
compared with 22% and 7% of active patients. Diabet-
ics are no more likely than non-diabetics to have inactive
status. The ultimate suitability for transplantation of these
inactive patients with long waiting times is unknown.

The percentage of patients who remain on the waiting list
multiple years continued to increase. Twenty-two percent
of active waiting list patients at the end of 2004 had been
waiting 3 years or more, compared to just 14% at the end
of 1995. The percentage of patients waiting less than 1
year declined over the previous decade, from 48% to 38%
of the active waiting list. Approximately 60% of waiting list
patients had a panel reactive antibody (PRA) level less than
10%, compared to only 49% in 1995, while those with
a PRA greater than 80% decreased from 20% to 13%.
Glomerular disease, diabetes and hypertension remain the
most common primary diagnoses among active waiting list
patients, at 22%, 27% and 20%, respectively. According
to data from the U.S. Renal Data System, the rate of inci-
dent diabetic ESRD appears to be leveling off (2). However,
it is likely that diabetes will remain among the most com-
mon primary diagnoses of waiting list patients in years to
come. The percentage of patients with a primary diagno-
sis of nephrosclerosis doubled between 1995 and 2004,
and the percentage of patients with polycystic kidney dis-
ease (PKD) remained steady at just over 6%. This repre-
sents a somewhat different distribution of causes of ESRD
compared with the total prevalent ESRD population in the
United States, with a reduced proportion of patients with
diabetes and hypertension and an increase in those with
glomerular disease and PKD. This is likely related to co-
morbidities present in many diabetics and hypertensives,
which preclude renal transplantation as an option.

Waiting times have increased to such a degree that over-
all median time to transplant for new waiting list regis-
trants cannot be calculated for entrants after 2001; that
year, the median time to transplant was 1176 days. Over
the past decade, there has been considerable variability
in median time to transplant for new kidney waiting list
registrants under age 5; the small numbers of registrants
coupled with the relative lack of available donors of appro-
priate size, quality, blood type or human leukocyte antigen
(HLA) match would account for this. Among registrants
aged 6 years and older, there is a clear trend of increasing
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waiting times since 1995, which is most pronounced
among adults aged 50-64 years. In November 2004, the
kidney allocation policy was changed to eliminate pediatric
time goals and give patients under age 18 high priority
for allocation of kidneys from donors less than 35 years
old; whether this change will, as intended, reduce waiting
times for children remains to be seen. The median time
to transplant for adolescents aged 11-17 years who were
waitlisted in 1999 (the most recent year for which this fig-
ure could be calculated) was 349 days, compared to 1600
days for registrants aged 65 years and older. The median
time to transplant for ethnic minorities was considerably
greater than that for whites. For African American regis-
trants added to the list in 1999, the median time to trans-
plant was 1822 days; for Hispanics/Latinos, 1321 days; for
Asians, 1537 days; and for whites, 758 days.

The median time to transplant remains longest for blood
group B registrants, at 1754 days for registrants listed in
1999, and is shortest for blood group AB registrants listed
the same year, at 396 days. Increased use of blood group
A2 and A2B kidneys in blood group B registrants could po-
tentially reduce waiting times for blood group B registrants
(4). The median time to transplant for registrants with a
previous organ transplant is nearly twice as long as that
for registrants waiting for a first transplant, likely reflect-
ing sensitization and the presence of comorbidities. Non-
resident aliens have a median time to transplant similar to
U.S. residents. As might be expected, the median time to
transplant increases with increasing PRA: 919 days (PRA
0-9%) versus 1638 days (PRA 10-79%) for those listed in
2000. There were too few recipients who had PRAs greater
than 80% or who were listed after 2000 to calculate me-
dian waiting times for these groups. Among registrants
with a low PRA (0-9%), African Americans had a median
time to transplant more than twice that of whites, and His-
panic/Latino patients had a median time to transplant that
was 1.5 times that of whites.

The death rate on the waiting list for children aged 11-17
years was about half that of children aged 1-10 years. For
adults, the death rate on the waiting list rises with increas-
ing age. However, the death rates for patients under age 50
actually have decreased over the past 10 years. The death
rate for patients aged 65 years and older is approximately
four times the rate for those aged 18-34 years.

Kidney transplant recipient characteristics

The number of kidney-alone transplants increased by 6%
between 2003 and 2004, from 14 856 to 15 671, after
an average annual increase of approximately 4% between
1995 and 2003. There was a 43% increase in transplants
between 1995 and 2004, with the biggest numerical in-
crease occurring in the number of living donor transplants,
which doubled during the decade. Deceased donor trans-
plants increased 19% over this same time period. In 2004
the number of deceased donor transplants increased by
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8% over 2003, while the number of living donor transplants
increased by only 3%. This represents a reversal of previ-
ous trends. Deceased donor transplants represented 54 %
of kidney-alone transplants performed in 2004, which was
comparable to the percentage in 2003.

Donor source: The overall number of donors in the
United States continues to increase. The number of liv-
ing kidney donors once again exceeded the number of
deceased kidney donors, continuing a trend that began
in 2000. However, the number of deceased donor kidney
transplants increased by 8%, from 8388 in 2003 to 9025
in 2004, by far the largest increase in a decade. The annual
rate of increase since 1995 averaged 2%, and the average
annual rate of increase since 1999 was 3%. Numerically,
most of this increase was in standard criteria donor (SCD)
transplants, which increased by 7% compared with 2003
(Figure 1). Initiatives at the national level, such as the Organ
Donation Breakthrough Collaborative, as well as activities
at the local level are likely to contribute to the increasing
rate of donation among deceased donors. The number of
kidneys transplanted from living donors increased by only
3% from 2003 to 2004, but since 1995 the annual rate of
increase averaged 8%.

In analyses of deceased donor kidney transplants, the
SRTR distinguishes between expanded criteria donor
(ECD) transplants and non-expanded criteria donor (non-
ECD) transplants. An expanded criteria donor has general
health or organ-specific characteristics that preclude him or
her from being considered an ‘ideal’ donor. However, the in-
clusion of such donors in the donor pool provides transplan-
tation to those who might not be able to wait for an ideal
donor. The non-ECD category, as defined in the SRTR anal-
yses, includes transplants of both SCD kidneys (meaning
kidneys from donors who have experienced brain death)
and DCD kidneys (meaning kidneys from donors whose
hearts have irreversibly stopped beating). Transplants from
DCD donors who meet the ECD criteria (DCD/ECD) are
counted as ECD transplants.

| B SCD OECD (includes DCD/ECD) @ DCD

10000 ~

8000 -

6000 -

4000 -

2000 -

Number of Transplants

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Year
Source: 2005 OPTN/SRTR Annual Report, Table 5.4

Figure 1: SCD, ECD and DCD kidney transplants, 1995-2004.
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Although kidney allocation algorithms based on the def-
inition of ECD were implemented on October 31, 2002,
the ECD criteria were applied to donors prior to that time
for the purpose of analyzing trends. In 1995 ECD kidneys
accounted for 13% of the kidneys transplanted from de-
ceased donors. In 2004, ECD kidneys accounted for 15%
of the kidneys transplanted from deceased donors (1439
kidneys). From 1995 to 2004, the number of ECD kidney
transplants increased at an average annual rate of 4%,
while SCD kidney transplants increased at a rate of only
1% per year. However, between 1999 and 2004, trans-
plants of kidneys from both groups increased at similar
average annual rates of 2.2% for SCD and 2.5% for ECD.

Donation after cardiac death has increased steadily since
2000. Although the absolute numbers remain small, the
number of kidneys transplanted from DCD donors in-
creased by 39% between 2003 and 2004. Between 1999
and 2004, the annual increase in DCD kidney transplants
averaged 30%. Sixty-one kidneys were transplanted in
2004 from DCD donors who also met criteria of ECD
donors. This represents 0.7% (or 1 in 150) of all deceased
donor kidney transplants.

There has been a steady increase in the allocation of
kidneys from deceased donors to recipients of other or-
gans. In 2004, 328 kidneys from deceased donors went
to recipients of multi-organ transplants, not including
KP transplants. This number approximately doubled be-
tween 2000 and 2004, and represented 4% of all de-
ceased donor kidneys transplanted in 2004. The recent
increase in multi-organ kidney transplants is largely due
to an increase in combined liver-kidney transplants and
may be related to the implementation of the Model for
End-Stage Liver Disease (MELD) algorithm in February
2002. The MELD scoring system awards points for di-
minished renal function, thereby favoring those liver trans-
plant candidates who may also require a renal transplant
(Figure 2).

3.5
3.0 1
2.5 A
2.0 A
1.5 1
1.0 A
0.5 1
0.0 -

Percent of Kidney Transplants

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Year
Source: 2005 OPTN/SRTR Annual Report, Table 1.8

Figure 2: Non-SPK multiple organ transplants as % of total
deceased donor kidney transplants, 1995-2004.
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Characteristics of deceased donor non-ECD kidney
recipients

Age: The trend toward an increasing number of kidney
transplants among patients aged 65 years and older con-
tinued in 2004. In this age group, the absolute number of
deceased donor non-ECD kidney transplants (that is, trans-
plants from SCD and DCD donors) has more than doubled
since 1995, reaching 849 transplants in 2004. This number
represents 11% of all deceased donor kidney transplants,
up from 6% in 1995. The number of 50-64 year-old kidney
transplant recipients increased by 49%, from 2028 in 1995
10 3020 in 2004. Recipients in this age group accounted for
38% of deceased donor kidney transplants, up from 30% in
1995. Remarkably, both the absolute number and the pro-
portion of deceased donor kidney transplants performed in
individuals aged 18-49 years decreased, from 3943 (59%
of all deceased donor non-ECD kidneys transplanted) in
1995 to 3668 (46% of all deceased donor non-ECD kid-
neys transplanted) in 2004. For recipients aged 0-17 years,
there was a minimal increase in the number (322 in 1995
to 378 in 2004) and no change in the proportion (4.8% in
1995 t0 4.7% in 2004) of deceased donor non-ECD kidney
transplants.

From 1995 to 2004 the proportion of recipients of deceased
donor non-ECD kidney transplants who had received a prior
kidney or KP transplant was unchanged at about 15%. Sixty
percent of the recipients of deceased donor non-ECD kid-
ney transplants were male, and this also was unchanged
since 1995.

Race: In 1995, deceased donor non-ECD kidney recip-
ients were 58% white, 27% African American, 11% His-
panic/Latino and 4% Asian. Beginning in 1996, there was a
steady decrease in the proportion of white deceased donor
non-ECD kidney recipients and a corresponding increase
in the percentage of African Americans, Hispanics/Latinos
and Asians. However, in 2004, as in 2003, 49% of de-
ceased donor non-ECD recipients were white, 30% were
African American, 14% were Hispanic/Latino and 6% were
Asian. Although the change in allocation policy enacted in
May 2003, which decreased overall points for HLA match-
ing and instead favored waiting time, has not yet shown
obvious impact on the racial distribution of transplant recipi-
ents, a recent study comparing racial distributions pre- and
post policy implementation demonstrated an increase in
the proportion of transplants allocated to minorities (SRTR
special analysis, September 2005).

Payer source: In 2004, Medicare was the primary
payment source for recipients of deceased donor non-
ECD kidney transplants, covering 62% of the transplants.
Together, Medicare and Medicaid provided primary
coverage for 67% of kidney transplants. Private
insurance covered 30% of the deceased donor
transplants. These proportions are unchanged since
1995.
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Primary diagnosis: The distribution of the primary di-
agnosis for ESRD changed little between 1995 and 2004
for deceased donor non-ECD kidney recipients. Glomerular
diseases accounted for about 25%, diabetes and hyperten-
sive nephrosclerosis for about 20% each, and PKD for 8%
of the transplant cases.

HLA mismatch distribution and prior sensitization: In
2004, there were more HLA zero-mismatched deceased
donor non-ECD kidney transplants than ever before: the
1343 recipients of zero-mismatched deceased donor kid-
neys represented 17% of the deceased donor non-ECD
transplants. However, since 1995 there has been a steady
decrease in the number and proportion of non-ECD trans-
plants with one, two or three HLA antigen mismatches. In
1995, these transplants represented 38% of the deceased
donor non-ECD transplants, while in 2004 this group ac-
counted for only 17% of the deceased donor non-ECD
transplants. Transplants into recipients with four, five or
six HLA antigen mismatches in 2004 represented nearly
two thirds of all the deceased donor non-ECD transplants
(26%, 28% and 11%, respectively).

Similar trends are noted for HLA-DR mismatches. Zero DR
mismatches decreased from 35% in 1995 to 28% in 2004,
with single DR mismatches remaining unchanged at 43%
and two DR mismatches increasing from 21% in 1995 to
28% in 2004.

There was continued improvement in transplantation for in-
dividuals with high PRA. From 1995 to 2004 the number of
deceased donor non-ECD kidney transplants into recipients
with a PRA of 80% or higher at the time of transplant more
than doubled (390 in 2004), and the proportion increased
from 2.8% to 4.9%. In 2004 there were 1140 deceased
donor non-ECD transplants into recipients with a PRA at
transplant of 10-79%, representing 14% of transplants in
this group, up from 12% in 1995. Non-ECD transplants into
recipients with a peak PRA of 80% or higher nearly dou-
bled between 1995 and 2004. The proportion increased
from 8% to 13%, while the proportion transplanted into
recipients with a peak PRA of 10-79% decreased from
27% t0 22%.

Cold ischemia time: |n 2004, 18% of all deceased donor
non-ECD kidney transplants were completed with cold is-
chemia times (CITs) of 11 h or less, 40% with CITs of 12—
21 h, 22% with CITs of 22-31 h, and 4% with CITs of 32—
41 h. This represents a 7% increase over 1995 in the pro-
portion of transplants performed with ClITs less than 12 h,
and a 12% decrease in the proportion of transplants with
ClITs of 22-31 h. Only 0.5% of non-ECD transplants were
performed with CITs of 42 h or more. These overall per-
centages have changed little since 2000.

Characteristics of ECD kidney recipients
The age distribution of ECD kidney recipients was differ-
ent than that of non-ECD kidney recipients. In 2004, only
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three ECD kidneys were transplanted into recipients less
than 18 years of age (0.2%). Seventy-eight percent of
ECD kidney recipients were more than 50 years old (com-
pared to 49% of non-ECD kidney recipients). ECD kidneys
were less likely than non-ECD kidneys to go to recipients
of repeat kidney transplants (8.5% of ECD kidneys were
used in repeat transplants compared to 14.5% of non-ECD
kidneys).

There was a steady decline in the percentage of zero-
antigen mismatched ECD kidney transplants, from 13%
of the total ECD kidneys transplanted in 1995 to only 5%
in 2004. While zero- and one-antigen mismatches were
less frequent among ECD recipients than among non-
ECD recipients, two-, three- and four-antigen mismatches
were approximately as common among ECD recipients
as among non-ECD recipients. Five- and six-antigen mis-
matches were more common among ECD recipients than
among non-ECD recipients, representing 35% and 18%,
respectively, of all the ECD kidney transplants performed
in 2004. These proportions are more than twice those ob-
served in 1995 for five- and six-antigen mismatches in ECD
recipients. Thus, this older group of patients is receiving
kidneys with a poorer HLA match.

On the other hand, sensitized recipients were less likely
to receive an ECD kidney. Only 1.56% of ECD recipients
had a PRA of 80% or higher, and only 10% had a PRA
of 10-79% (compared to 5% and 14% among non-ECD
recipients).

In 2004, ECD kidney recipients were less likely than the
recipients of non-ECD kidneys to have glomerular disease
(17% vs. 26%) and more likely to have diabetes (32% vs.
22%) or hypertension (24% vs. 20%). The distribution of
ClITs for ECD transplant recipients is the same as the dis-
tribution for non-ECD recipients, with a CIT < 31 h for ap-
proximately 80% of non-ECD and ECD transplants, and <
21 h for 58% of non-ECD and 56% of ECD transplants.
However, CITs have improved modestly for recipients of
ECD kidneys over the past decade: In 2004, 16% were
transplanted with less than 12 h CIT, compared with only
7% in 1995 and 11% in 2001. Similarly, in 2004, 56% of
ECD kidneys had CITs of less than 22 h, compared with
50% in 1995. Unfortunately, there has been little change
since 2002 in the overall CIT distribution for recipients of
ECD kidneys.

Characteristics of living donor kidney recipients
Compared to the non-ECD kidney recipients, living donor
recipients demonstrated the same trends in age distribu-
tion and the same gender distribution. In 2004 proportion-
ately more recipients of living donor kidneys than non-ECD
recipients were white (64% vs. 49%), and fewer were
African American (14% vs. 30%) or Asian (4% vs. 6%).
Fewer living donor recipients had had prior transplants
(12% vs. 16% for non-ECD recipients).
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The payment source for living donor kidney recipients in
2004 was different than that for non-ECD recipients. Pri-
vate insurance is the primary payment source for 57% of
living donor kidney transplant recipients, Medicare for 35%
and Medicaid for 5% (compared to 30%, 62% and 6%, re-
spectively, for non-ECD kidney recipients).

The relationship of the living donor to the recipient changed
dramatically between 1995 and 2004. The proportion of
donors who were parents of recipients decreased from
22% in 1995 to 11% in 2004, and donation from a sibling
decreased from 45% to 28% during the same period. The
proportion of kidneys donated by the adult child of a recip-
ient was unchanged, the proportion donated by a spouse
increased from 8% to 12%, and the proportion donated
by ‘other unrelated’ individuals, such as friends, increased
from 5% to 21% between 1995 and 2004.

The marked change in the living donor relationship has had
animpact on HLA matching. In 2004 living donors with zero
antigen mismatches accounted for 9% of the transplants;
one mismatch, 6%; two mismatches, 18%; three mis-
matches, 29%; four mismatches, 13%; five mismatches,
16% and six mismatches, 8%. In 1995 living donors with
zero antigen mismatches accounted for 18% of the trans-
plants; five mismatches, 7%; and six mismatches, 3%.
Similar trends occurred in HLA-DR matching. Living donor
kidney recipients remained less sensitized on average than
non-ECD recipients, with only 2% of the living donor re-
cipients having a PRA of 80% or higher at transplant. Ten
percent had a PRA of 10-79% at transplant. This compares
to 5% with a PRA of 80% or higher and 14% with a PRA
of 10-79% among recipients of deceased donor non-ECD
kidneys in 2004.

Preemptive kidney transplantation has been demonstrated
to provide better outcomes than transplantation after any
period of time on dialysis (5). The number of preemptive
transplants more than doubled over the past decade, and
the percentage of preemptive transplants increased from
9% to 13% during this period (SRTR special analysis, July
2005). Virtually all of this increase was in living donor trans-
plants; 24% of all living donor transplants were preemptive
in 2004 (compared with 18% in 1995). As expected, only
4.3% of deceased donor transplants were preemptive, a
minimal increase from 4.1% in 1995.

Immunosuppression and acute rejection

Induction immunosuppression was used for 72% of kid-
ney recipients in 2004, compared to 27 % of recipients in
1995. Rabbit antithymocyte globulin (ATG) (Thymoglobu-
lin®, SangStat Medical Corp., Fremont, CA), which was
used in 37% of transplants in 2004 and 0% in 1995,
has replaced muromonab-CD3 (Orthoclone OKT3®, Ortho-
biotech, Bridgewater, NJ), which was used in 25% of trans-
plants in 1995 and 0.3% in 2004, as the most common in-
duction agent. Anti-Tac antibodies were used in 30% and
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alemtuzumab (Campath-1H®, ILEX Pharmaceuticals, San
Antonio, TX) in 7% of kidney transplants in 2004.

Steroid use recorded at discharge from the transplant hos-
pital decreased from 94% of the recipients in 2001 to 78%
in 2004. Tacrolimus was used at discharge for 72% of the
recipients in 2004 and cyclosporine for 21%. Eighty-four
percent of the recipients were on an anti-metabolite, which
was mycophenolate in 81% of those recipients. Twelve
percent of the recipients were on sirolimus at discharge,
and 21% received sirolimus during the first year.

There has been significant progress in the prevention of
acute rejection in the first year after transplantation. In
1994, 32% of kidney transplant recipients required treat-
ment for acute rejection, and by 1996 the percentage had
risen to 51%. Remarkably only 13% of recipients of trans-
plants in 2003 were treated for rejection in the first year
after transplant, despite the reduction in steroid use and
the decrease on average in HLA matching.

Kidney transplant graft survival

In the 2005 OPTN/SRTR Annual Report, graft survival is re-
ported with 1-year survival representing the cohort of trans-
plants performed during 2002-2003, 3-year survival repre-
senting the cohort of transplants performed in 2000-2003,
and b-year survival representing the cohort of transplants
performed in 1998-2003. Overall adjusted graft survival
rates for recipients of deceased donor non-ECD kidneys
were 91% at 1 year and 69% at 5 years (Figure 3). Ad-
justed survival analyses allow for comparison of survival
rates holding ‘all else equal’; for instance, a survival rate
reported by diagnosis and adjusted for sex, race, and age
allows the reader to compare the rate for diabetes to the
rate for glomerular diseases as if the patient mix is the
same in both diagnosis groups. Unadjusted survival analy-
ses produce overall rates for a given group; differences in
these rates across groups may be affected by differences
in the case mixes of the groups.
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Source: 2005 OPTN/SRTR Annual Report, Tables 5.8a, b, c.
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Figure 3: Adjusted 1-year, 3-year and 5-year kidney graft sur-
vival, by donor type, for transplants received 1998-2003.
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Comparative graft survival rates for recipients of ECD kid-
neys were significantly lower than those for living donors;
81% at 1 year (p < 0.05) and 53% at 5 years (p < 0.05) af-
ter transplantation. Among living donor kidney recipients,
the 1-year graft survival rate was 97% and the 5-year
graft survival rate was 80%. Kidneys transplanted from
deceased donors, especially those considered expanded
criteria donors, were associated with greater long-term at-
trition than were kidneys transplanted from living donors.

Graft survival among deceased donor non-ECD kidney
recipients: Graft survival rates among non-ECD kidney
recipients (that is, those with kidneys from SCD or DCD
donors) differed little by recipient sex or transplant center
volume.

One-year non-ECD graft survival was best in patients aged
11-64 (90-92%) and slightly lower in adults aged 65 years
and older (88%). At 5 years after transplantation, kidney
survival rates were best among recipients aged 35-49
years (73%) and worst among recipients aged 65 years
and older (63%). There were minimal differences between
racial and ethnic groups in graft outcomes during the first
posttransplant year. Beyond this time, African Americans
continued to experience the worst outcomes—60% graft
survival at b years. Asians enjoyed the best 5-year graft sur-
vival rate—78%. As has been reported previously, 1- and
5-year deceased donor non-ECD kidney survival rates are
superior in patients with PKD (95% and 79%); in distinct
contrast, b-year graft survival is 14-15% lower for patients
with diabetes, hypertensive nephrosclerosis and vascular
diseases. Surprisingly, over the past decade, 1-year, 3-year
and 5-year unadjusted deceased donor non-ECD graft sur-
vival rates have improved only 2-3%.

Posttransplant outcomes continue to vary by donor age.
Kidneys from the very young and, in particular, kidneys from
older donors fare the worst (Figure 4). The effects of CIT on
non-ECD graft survival rates at 1 year were minimal (92%
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Source: 2005 OPTN/SRTR Annual Report, Tables 5.9a.

Figure 4: Unadjusted 1-year and 5-year deceased donor non-
ECD kidney graft survival, by donor age, for transplants re-
ceived 1998-2003.
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Table 1: Unadjusted graft survival rates at 5 years after kidney
transplantation, by degree of HLA mismatch and donor type, for
transplants received in 1998-2003

Survival rate (%) by donor type

Level of

HLA mismatch ECD (%) non-ECD (%) Living (%)
0 60 74 87

1 53 71 80

2 57 71 80

3 52 70 79

4 52 69 79

5 50 66 81

6 47 65 79

Source: 2005 OPTN/SRTR Annual Report, Table 5.9.

for CITs of 0-11 h compared to 91% for CITs of 32-41
h), although by 5 years after transplantation, graft survival
was 72% for CITs of 0-11 h and 65% for CITs of 32-41 h.
It is not surprising that those requiring dialysis within the
first posttransplant week have worse 5-year graft survival,
in the 1998-2003 cohort of transplants, the graft survival
rate for non-ECD kidneys was 54% if dialysis was needed
in the first week and 74% if dialysis was not needed.

No differences are seen in non-ECD kidney 1-year graft sur-
vival by recipient PRA, although outcomes at 5 years after
transplantation declined with increasing levels of sensitiza-
tion: 70% survival rate for PRAs of 0-9%, 63-65% survival
rate for PRAs above 9% and 63% for very highly sensi-
tized recipients (PRA > 80%). As shown in Table 1, 5-year
non-ECD graft survival outcomes differed by level of HLA
mismatch, at 74% for zero-mismatched transplants and
65% for transplants with a six-antigen mismatch. For recip-
ients of ECD kidneys, 5-year graft survival rates were 60%
for zero-mismatched and 47% for six-antigen mismatched
transplants. Both non-ECD and ECD recipients with inter-
mediate degrees of mismatching had intermediate graft
survival rates.

Graft survival among ECD kidney recipients: Among
ECD kidney recipients, unadjusted 1-year graft survival
ranged between 79% and 83% for all ages. By 5 years
after transplant, graft survival was 57% for those aged 35—
49 years, 54% for those aged 50-64 years, and only 44% in
the oldest patients. African Americans continued to experi-
ence the worst overall ECD graft survival rates—only 43%
at 5years. In contrast, as with non-ECD kidneys, Asians en-
joyed the best b-year graft survival rates at 65% for ECD
kidneys. One- and 5-year ECD kidney survival rates are su-
perior in patients with PKD (87% and 67 %, respectively).
Over the past decade, there has been only a very mod-
est (3-5%) increase in 1-, 3- and 5-year ECD kidney graft
survival rates.

There were modest differences in 1-year graft survival for
ECD kidneys by recipient PRA (81% for those with PRAs
of 0-9% and 75-77% for those with PRAs of 10+ %).
Outcomes at 5 years after transplantation were best for
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those with low PRAs: 54% for those with PRAs of 0-9%,
43% for those with intermediate levels of sensitization, and
44% for very highly sensitized recipients (PRA > 80%). As
shown in Table 1, among recipients of ECD kidneys, the
5-year graft survival rate was 60% for zero-mismatched
transplants and 47% for six-antigen mismatched trans-
plants. Like recipients of non-ECD kidneys, recipients with
intermediate degrees of mismatching had intermediate
graft survival rates. The fact that recipients of a zero-
mismatched ECD kidney fared worse than those with a
zero-mismatch non-ECD allograft, along with the superior
results of living donor transplantation for any degree of HLA
mismatch, highlights the overriding influence of organ qual-
ity on allograft outcome, independent of immune-mediated
injury.

Notably, for recipients of ECD kidneys, 1-year and 5-year
graft survival rates were 84% and 58% for CITs of 0-
11 h, and 75% and 46% for CITs of 32-41 h. Approxi-
mately 35% of ECD kidney recipients, compared to 22%
of non-ECD recipients, required dialysis in the first post-
transplant week. In addition, the requirement for dialysis
within the first posttransplant week continues to be as-
sociated with adverse 5-year ECD kidney graft survival
rates, as it does for non-ECD kidneys. The comparative
rates for ECD transplant recipients were 41% in patients
who required dialysis and 59% for those with immedi-
ate graft function. ECD kidney recipients with previous
transplants experienced worse outcomes at all times fol-
lowing transplant compared with those who received a
primary transplant. Survival rates were 73% at 1 vyear,
57% at 3 years, and 46% at 5 years among recipients
with previous transplants, compared to 82%, 68% and
53% among primary transplant recipients. Overall, the
generally inferior graft outcomes observed with ECD kid-
neys underscore the negative effects of suboptimal graft
quality.

Graft survival among living donor kidney recipients:
Among recipients of living donor kidneys, 1-year graft sur-
vival ranged from 93% among patients aged 65 years and
older to 96% among recipients in the 1-5 year-old age
group. For 5-year graft survival, patients 1-10 years old
fared best (90-95% survival), while those aged 65 years
and older had the worst outcomes at 70%. Graft survival
rates among recipients of living donor transplants varied
little by demographic factors and did not differ by recipient
gender. Five-year graft survival rates were 4% lower for
those with prior transplantation, a traditional risk factor for
inferior outcomes. While 1-year graft survival rates were
minimally different by ethnicity (3% difference between
the ethnic groups with the best and worst outcomes), 5-
year survival was clearly best among Asians (84 %) and was
12% lower among African Americans (72%). As observed
among deceased donor recipients, the best 5-year graft
survival rates were found among recipients whose cause
of ESRD or chronic kidney disease was secondary to PKD.
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The worst outcomes were noted in patients with diabetes,
hypertensive nephrosclerosis and vascular disease.

From an immunological perspective, graft survival at 1 year
was 5% lower in patients with a PRA of 80% or higher,
while there was no difference with lower levels of sensiti-
zation (94-95% for PRAs of 0-79%). By 5 years after trans-
plantation, patients with a PRA of 0-9% enjoyed 80% graft
survival, and this progressively declined to 74 % for patients
with PRAs of 80% or more. There was only a 3% differ-
ence in 1-year graft survival between zero-mismatched and
six-antigen mismatched transplants. However, by the end
of the fifth posttransplant year, while graft survival was
87% for zero-mismatched transplants, it was consistently
7-8% lower for all other degrees of HLA mismatching. Fi-
nally, although transplants from siblings consistently had
the highest graft survival rates, the difference at 5 years
after transplantation was particularly striking (84 % survival
rate for sibling transplants compared to a high of 80% for
any other group). This likely represents the contribution of
two-haplotype match transplants to this pool of donors.

Dialysis within the first posttransplant week is a harbinger
of a particularly poor graft outcome for living donor kidney
recipients, as it is for deceased donor kidney recipients.
The 1-year graft survival rate was markedly diminished for
recipients who required early posttransplant dialysis (65%)
compared to those who did not (97 %). Interestingly, it was
even lower than comparative survival rates for recipients of
ECD and non-ECD kidneys. The 32% difference in 1-year
graft survival described above was maintained at 5 years
after transplantation. It is likely that the need for dialysis
early after a living donor transplant is due to major techni-
cal complications resulting in early kidney loss, rather than
acute tubular necrosis (ATN), which is the cause of de-
layed graft function (DGF) in the vast majority of deceased
donor transplants and has a very high rate of recovery. Kid-
neys from donors 65 years of age and older had the lowest
graft survival rates at 87% at 1 year and 73% at b years.
For all other donor age groups, graft survival ranged be-
tween 94% and 96% at 1 year and between 79% and 82%
at b years after transplantation. In contrast to deceased
donor organs, living donor kidneys are accepted only af-
ter rigorous evaluation and screening of potential donors,
including detailed assessment of their renal function. In
addition, when living donor organs are transplanted, CIT is
minimized and the transplant is performed under optimal
conditions.

Kidney transplant recipient survival

Adjusted patient survival curves for recipients of living
and deceased donor kidneys are shown in Figure 5.
One-year patient survival ranged from 91% for ECD kid-
ney recipients to 98% for patients receiving kidneys
from living donors. By 5 years after transplantation, pa-
tient survival was 20% lower among recipients of ECD
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Figure 5: Patient survival for kidney transplant recipients,
1998-1999.
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Figure 6: Adjusted 5-year patient survival for kidney recipi-
ents, by age and donor type, for transplants received 1998-
2003.

kidneys (70%) than among living donor kidney recipi-
ents (90%) and 15% less than among deceased donor
non-ECD kidney recipients (85%). This discrepancy likely
reflects the trade-off of trying to expeditiously trans-
plant organs to candidates who are older and/or have
increased comorbidities by using a greater proportion
of inferior-quality deceased donor kidneys. As shown in
Figure 6, this trade-off is underscored by the fact that
among recipients of ECD kidneys, 5-year survival rates
were poorest among recipients who were 65 years old
or older at the time of transplant (56%). Those with dia-
betes as the cause of kidney failure have a similarly poor 5-
year survival rate of 60%. Among individuals who received
transplants from a living donor, those aged 65 years and
older had a 5-year survival rate of 76% and those with dia-
betes had a survival rate of 86%. Among deceased donor
non-ECD kidney recipients, those aged 65 years and older
had a survival rate of 68% and those with diabetes had a
survival rate of 78%. Moreover, while b-year patient sur-
vival rates remained stable over the past 5 years for living
and deceased donor non-ECD kidney recipients, they actu-
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ally declined by 2% over that time period among patients
who received an ECD kidney.

Since 1995, 1-year death rates for deceased donor non-
ECD kidney recipients aged 18-64 years have declined by
20-25%. The most dramatic change was seen in recipients
aged 65 years or older, whose death rate decreased from
164 to 78 deaths per 1000 patient-years at risk. Similar im-
provements occurred with living kidney donor recipients.
However, while improvements in 1-year death rates are ob-
served in most age groups, death rates among ECD kidney
recipients aged 65 years and older actually increased from
112 to 153 deaths per 1000 patient-years at risk. Death
rates were higher for whites and African Americans than
for Hispanics or Asians.

Only slight differences were seen in patient survival at
1 and 3 years among recipient ethnicities, regardless of
whether the transplant was from a living donor, an ECD de-
ceased donor or a non-ECD deceased donor. On the other
hand, 5-year survival rates were associated with recipient
ethnicity. Asian and Hispanic/Latino recipients consistently
had higher 5-year patient survival rates across all classes
of kidney donors, generally 2-11% higher than patient sur-
vival rates among whites and African Americans.

Five-year adjusted patient survival varied by primary cause
of ESRD. Those with PKD and glomerulonephritis consis-
tently experienced better survival rates than those with di-
abetes. Unadjusted patient survival at all times after trans-
plantation was lower for those who required dialysis in the
first week after transplant in all donor categories, perhaps
paralleling reduced allograft survival. The effect was most
notable among recipients of living donor kidneys. In this
group, patients requiring dialysis within the first week af-
ter transplantation experienced a 78% 5-year survival rate,
whereas those with immediate graft function experienced
a 91% survival rate.

There were minimal differences in b-year patient survival
rates by HLA mismatching in any donor category, except at
the extremes of mismatching (Table 1). Zero-mismatched
kidneys experienced enhanced survival when compared
to six-antigen mismatched transplants in living donor re-
cipients (93% survival for zero-mismatched kidneys vs.
90% for six-antigen mismatched kidneys), ECD kidney re-
cipients (73% survival for zero-mismatched kidneys vs.
66% for six-antigen mismatched kidneys) and deceased
donor non-ECD kidney recipients (84% survival for zero-
mismatched kidneys vs. 81% for six-antigen mismatched
kidneys).

Prevalence of people living with a functioning

kidney transplant

Along with the increase in the number of transplants per-
formed, there has been an increase in the number of
people living with a functioning renal allograft. In fact, the

1161



Cohen et al.

number of people living with a functioning kidney trans-
plant doubled between 1995 and 2004. At the end of 1995
there were 50 529 people living with a functioning kidney
transplant and 3156 people living with a functioning KP
transplant. At the end of 2004 there were 101 440 people
living with a functioning kidney transplant and 7213 peo-
ple living with a functioning KP transplant. Based on U.S.
Census figures for the same years, this represents 3.4
people per 10000 living with a functioning kidney trans-
plant and 3.7 people per 10 000 living with a kidney or
KP transplant in 2004, up from 1.9 and 2.1 per 10 000
in 1995 (3,6). Health care providers in all settings are in-
creasingly likely to be exposed to these organ transplant
recipients. Based on data from the 2004 annual report of
the U.S. Renal Data System, which provides prevalence
data through 2002, kidney and KP recipients living with
a functioning kidney transplant represented 18% of all
ESRD patients in 1995 and 21% of all ESRD patients in
2002 (2).

Among people living with a functioning kidney-only trans-
plant at the end of 2004, the proportions of children (aged
0-10 vyears), adolescents (aged 11-17 years) and early
middle aged adults (age 35-49 years) have changed lit-
tle compared to 1995, but the proportion of young adults
(aged 18-34 years) decreased from 28% in 1995 to 20%
in 2004. At the same time, the proportion of people liv-
ing with a functioning kidney transplant in the 50-64
age group increased from 25% to 32% (a 30% increase
in proportion) and the proportion of people living with
a functioning kidney transplant in the 65 and older age
group increased from 3.8% to 7.4% (a 94% increase in
proportion).

Compared to 1995, slightly fewer people with a functioning
kidney transplantin 2004 were white (62 % in 2004 vs. 66 %
in 1995) and slightly more were African American (19.9%
in 2004 vs. 19.2% in 1995), Hispanic/Latino (12% vs. 10%)
or Asian (5% vs. 4%).

Slightly more people living with a functioning kidney trans-
plant in 2004 than in 1995 received a zero-mismatched or-
gan (14% in 2004 vs. 12% in 1995). Slightly fewer received
a zero or one HLA-DR mismatched kidney (30% and 47%
in 2004 vs. 33% and 49% in 1995), and slightly more re-
ceived a doubly HLA-DR mismatched organ (22% in 2004
vs. 16% in 1995).

Thirty percent of people living with a functioning kidney
transplant in 2004 received a transplant for a diagnosis
of glomerular disease, 19% for diabetes, 14% for hy-
pertensive nephrosclerosis, 10% for PKD, 7% for tubu-
lar or interstitial disorders and 0.3% for neoplastic dis-
ease. This distribution has not changed over the past
decade.
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Simultaneous Pancreas-Kidney
Transplantation

The SPK waiting list

The waiting list for an SPK transplant decreased from a
peak of 2062 active candidates at the end of 2000 to 1720
active candidates at the end of 2004. This decrease can
be attributed to an overall decline in the number of new
registrants on the waiting list from 2000 to 2004, as the
number of SPK transplants also decreased. While this de-
cline may reflect uncertainty about whether SPK offers a
patient and graft survival advantage over kidney transplant
alone in type 1 diabetics (7,8), it may also be a conse-
quence of the increase in living donor kidney transplants
and subsequent pancreas after kidney (PAK) registrations
over this time period. This trend may be changing, as SPK
registrations increased from 1649 in 2003 to 1735 in 2004.
The percentages of African American registrants (18%) and
Hispanic/Latino registrants (11%) increased over the past
decade. The age distribution of candidates on the waiting
list remains shifted toward older candidates. In 2004, 20%
of candidates were aged 18-34 years, 61% were aged 35—
49 years and 18% were aged 50-64 years; this distribution
is similar to the age distribution in 2003. The absolute num-
ber of active waiting list patients aged 18-34 years declined
to roughly the same number that were on the waiting list
in 1995. The decline might reflect a preference for pursu-
ing living donor kidney transplants for younger patients,
rather than placing the patients on the waiting list for SPK.
Less than 0.5% of candidates were either age 65 or older
or younger than 18 years. Fourteen percent of SPK can-
didates had received a previous transplant, and 5% had
received a previous SPK transplant.

Overall waiting times continued to increase as of the end
of 2004, with 44% of the active waitlisted patients having
waited for more than a year. This is an increase from 25%
at the end of 1995 and 38% at the end of 2000.

At the end of 2004, 28% of candidates on the waiting
list were inactive, including 34% of those aged 50 years
or older. Remarkably, 47% of the inactive waiting list pa-
tients had been waiting for more than 2 years and 73%
for more than 1 year. The high frequency of inactive can-
didates raises questions regarding the ultimate suitability
of these patients for transplantation. It also may reflect the
increasing age distribution of the waiting list, and increased
complication rates in diabetics as they wait for a pancreas
transplant, causing increased frequency of need for tempo-
rary inactivation. The annual death rate on the SPK waiting
listincreased from 88 per 1000 patient-years at risk in 2003
to 95 per 1000 in 2004, the highest rate in the past decade.
The increase in death rates also may be attributable to the
increasing age of candidates.

The median time to SPK transplant decreased from a peak
of 542 days for registrants listed in 2000 to 457 days for
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registrants listed in 2003. Like waiting times for kidney
transplantation, time to SPK transplant remains longer for
registrants with blood types O and B than for those with
blood types A and AB, and longer for women than men.
The median time to transplant for registrants listed in 2003
increased somewhat with increased age, with registrants
ages 18-34 having a considerably lower median time to
transplant than registrants ages 50-64 (374 days vs. 530
days). Similarly, the median time to transplant is substan-
tially longer for those listed following a previous organ
transplant: 475 days for those without a prior organ trans-
plant and 1174 in 2001 for those with a previous organ
transplant (the last year in which both of these figures can
be calculated).

Characteristics of SPK transplant recipients

The number of SPK transplants performed in 2004, at 880,
remains well below the peak of 972 in 1998, but slightly
increased from the 870 procedures performed in 2003
(Figure 7). Since 1998, the decline in the number of SPK
transplants has been accompanied by an increase in PAK
transplants. However, in 2004 the number of transplants in
all categories increased over the previous year, indicating
an increase in overall pancreas utilization.

The age distribution of recipients parallels that of waiting
list registrants. The percentage of SPK recipients who were
50 years of age or older increased from 15% in 2003 to
19% in 2004. Although the majority of recipients of SPK
transplants in 2004 were white (75%), the percentage who
were African American increased to 14% in 2004 (from 9%
in 2000), and the percentage who were Hispanic/Latino in-
creased to 9% (from 5% in 2000). SPK recipients continued
to receive substantially mismatched organs, partly because
most pancreata are not allocated based on HLA match-
ing. Only 10% of recipients had zero A mismatches, 3%
had zero B mismatches and 8% had zero DR mismatches.
Overall, 94% of recipients had three or more HLA mis-
matches and only 1.4% received a zero mismatch trans-
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Figure 7: Pancreas transplants, by transplant type, 1994-
2005.
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Figure 8: Immunosuppression agents used in kidney-

pancreas transplantation, 1995-2004.

plant. CITs for SPK transplants remained stable, with an
equal number of transplants performed with CITs of less
than 11 h and CITs of 11-22 h. Less than 5% of SPK trans-
plants had ClITs greater than 22 h. Only 1% of SPK recipi-
ents (compared to 5% of the waiting list) were previous KP
recipients, and 7% of recipients (compared to 14% of the
waiting list) received SPK transplants following any other
organ transplant.

Immunosuppression for SPK transplantation has evolved
over the past decade (Figure 8). The frequency of induc-
tion increased from 64% in 1998 to 80% in 2004. Prior to
1998, a majority of recipients received either muromonab-
CD3 or ATG. In 2004, however, 44% of recipients received
rabbit ATG, 19% received alemtuzumab, 18% received ei-
ther basiliximab (Simulect®, Novartis, East Hanover, NJ) or
daclizumab (Zenapax®, Roche, Nutley, NJ) and 21% did not
receive induction.

The majority of recipients (65%) received tacrolimus, my-
cophenolate and steroids as initial maintenance immuno-
suppression. Only 6% of recipients were on cyclosporine-
based immunosuppression, and 17% were receiving
sirolimus. The percentage of recipients on steroid-free
maintenance immunosuppression has increased from 4%
in 2000 to 24% in 2004. This increase appears to corre-
spond to the increase in use of depleting induction agents
such as rabbit ATG and alemtuzumab.

Eighteen percent of recipients who received transplants
in 2003 were treated for rejection in the year following
their transplant, compared with 30% in 1998. The decrease
in rejection may be related to increased use of induction,
which has been associated with lower rejection rates, al-
though not with increased graft survival, in several multi-
center randomized trials (9,10). The decline in rejection may
also be a consequence of more accurate methods of diag-
nosis, such as the increasing use of biopsy (11). Use of
steroids in the treatment of rejection is decreasing, down
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10 69% for those receiving transplants in 2003. Rabbit ATG
was used in 40% of recipients, muromonab-CD3 (OKT3) in
10%, basiliximab and daclizumab in 13% and alemtuzumab
in4%.

SPK graft survival: kidney

Unadjusted kidney graft survival rates at 1 year, 3 years
and 5 years after SPK transplantation were 92%, 85%
and 77%, respectively. The rates are somewhat better
than unadjusted non-ECD kidney-alone survival rates in di-
abetics, which were 89%, 77% and 65%, perhaps due
to more stringent selection criteria applied to SPK re-
cipients and donors, and shorter CIT. African Americans
had worse graft survival rates than whites at all time
points; at 5 years graft survival among African Americans
was 64%, compared to 78% among whites. SPK recip-
ients with prior kidney, pancreas or SPK transplants had
worse kidney graft survival rates at all time points. The
b-year graft survival rate from donors aged 50-64 years
was 67%, compared with a rate of approximately 79%
from donors aged 11-34 years. CIT had virtually no in-
fluence on 5-year graft survival: 75% for kidneys with
ClITs of 22-31 h compared to 78% for those with CITs of
21 h or less. Neither center volume nor degree of HLA
match was associated with unadjusted 5-year kidney graft
survival. Unadjusted 1-, 3- and 5-year kidney graft sur-
vival rates have improved only slightly compared to 1996
(92%, 85% and 75% in 2004 vs. 89%, 82% and 73% in
1995).

SPK graft survival: pancreas

Because pancreas graft failure is defined by report of
graft loss by transplant centers to the OPTN, graft sur-
vival may not be equivalent to insulin independence.
Unadjusted pancreas graft survival rates at 1, 3 and 5
years following SPK transplantation were comparable to
the previous year—at 86%, 79% and 71%, respectively
(Figure 9). One-year and 3-year graft survival rates in-
creased by 2-3% over the previous 5 years, while 5-year
graft survival remained unchanged. African American re-
cipients had poorer 5-year pancreas graft survival (64%)
than all other races/ethnicities (72-75%). Five-year graft
survival was modestly lower among recipients aged 18-
34 years (68%) than among those aged 35-49 years (73 %)
or 50-64 years (70%). On the other hand, 5-year pan-
creas graft survival after transplants from donors aged
35 years and older (approximately 65%) was substantially
lower than after transplants from donors younger than
35 years (approximately 75%). As noted above for kid-
ney graft survival rates, recipients with any previous trans-
plant (kidney, pancreas or both) and sensitized recipients
had worse pancreas graft outcomes. There continues to
be a trend toward decreased 5-year pancreas graft sur-
vival with increasing levels of HLA mismatch. As with kid-
ney graft survival in these recipients, pancreas graft sur-
vival did not exhibit large differences by transplant center
volume.
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Figure 9: Unadjusted 1-year, 3-year and 5-year pancreas graft
survival, by transplant type, for transplants received 1998-
2003.

SPK transplant: patient survival

Patient survival following SPK transplantation is excellent
and has increased incrementally since 1995. There were
7213 recipients of SPK transplants alive with functioning
grafts at the end of 2004. Death rates for recipients in
the first year following transplant have decreased, from
60 per 1000 patient-years at risk in 2001 to 45 per 1000
in 2003. These rates continue to be lower than the cor-
responding death rates for candidates on the SPK wait-
ing list. Death rates in the first year following transplanta-
tion were similar among ethnicities. Recipients who were
50-64 years old had higher death rates following trans-
plantation than did younger recipients, although these
rates were still lower than rates among candidates on the
waiting list.

Unadjusted patient survival rates at 1 year (cohort of trans-
plants performed in 2002-2003), 3 years (cohort of trans-
plants performed in 2000-2003) and 5 years (cohort of
transplants performed in 1998-2003) were 95%, 91%
and 86%, respectively. African Americans had only min-
imally lower (by 4-6%) unadjusted 5-year survival com-
pared with other ethnic groups, as did recipients age
50 years or older (by 5-7%) compared with younger re-
cipients. As with kidney graft survival, patient survival in
recipients of SPK transplants decreased with increasing
donor age over 35 years, which illustrates the relationship
between renal function and survival that has been con-
sistently demonstrated in candidates for and recipients
of pancreas transplants (12,13). Center volume and HLA
mismatch did not exert any influence over patient survival
rates.

Pancreas Transplantation Alone and
Pancreas After Kidney Transplantation

The pancreas waiting list
The number of patients active on the waiting list at the end
of the year for isolated pancreas transplants decreased in

American Journal of Transplantation 2006; 6 (Part 2): 1153-1169



[—e—sPk PAK PTA|

2500 -
1]
c
S
® 2000 -
]
[=2)
& 1500 -
z
[0}
Z 1000 -
S
o]
o 4
S 500
=
p=4

0 . . . . . . . T T )

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Year
Source: 2005 OPTN/SRTR Annual Report, Tables 6.2, 7.2, 8.2.

Figure 10: New registrations on pancreas waiting list, by
transplant type, 1995-2004.

2004, with 420 candidates awaiting a PAK transplant and
265 candidates awaiting pancreas transplantation alone
(PTA) (for diabetics without renal failure). At the end of
2003, 534 patients were awaiting PAK and 303 patients
were awaiting PTA. Although the number of patients listed
for isolated pancreas transplant decreased between 2003
and 2004, the number of new registrations increased for
both PAK (from 591 to 620) and PTA (from 324 to 364) (Fig-
ure 10). While the great majority of patients awaiting iso-
lated pancreas transplants are white (81 % for PAK, 89% for
PTA), the percentage of white patients has decreased over
the last several years, particularly for PAK. The increasing
representation of non-whites may be related to increased
access as a result of expanded insurance coverage. Al-
though the majority of patients awaiting both PAK and PTA
were between 35 and 49 years old in 2004, 17% of active
PAK candidates and 16% of active PTA candidates were
age 50 or older, compared with only 10% and 9% in 1998.
The increase in the number of older candidates has stabi-
lized over the past few years. Death rates among patients
on the PAK and PTA waiting lists are highly variable from
year to year due to the small number of events, but they
tend to be higher on the PTA waiting list. Among candidates
on the waiting list for PTA in 2004, the death rate was 53
per 1000 patient-years at risk, while the death rate among
waiting list candidates for PAK was 27 per 1000 patient-
years at risk. A large proportion of candidates waitlisted
for PAK (57%) and PTA (47 %) at the end of 2004 were not
active; this was a substantial increase from 2000-2003.
The reasons for the increasingly high proportion of inac-
tive candidates are not known. As seen with candidates
for SPK, a disproportionate percentage of inactive wait-
listed PTA and PAK candidates had been waiting more than
2 years at the end of 2004 (67 % and 47 % inactive vs. 20%
and 26% active patients).

The number of solitary pancreas transplants increased dra-
matically in 2004, with 419 PAK and 185 PTA transplants
performed. This is an 18% increase in pancreas utilization
for PAKand a 14% increase in PTA since 2003. The median
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time to transplant was 504 days for PAK and 348 days for
PTA for 2003 registrants, compared with 590 days for PAK
and 302 days for PTA for 2002 registrants. The shorter wait-
ing times for PTAs suggest that solitary pancreata are more
readily available than SPKs. In some donation service areas
(DSAs) this may reflect policies that prioritize solitary pan-
creas allocation and kidney-alone allocation over SPK for
certain candidates. However, some DSAs have changed
their allocation policies to favor SPK candidates, in recog-
nition of the value of renal function to pancreas candidates.
Eight percent of PAK and 6% of PTA transplants were per-
formed with CIT greater than 22 h, which likely reflects
the increased number of solitary pancreata that are shared
nationally (M.D. Stegall et al. unpublished data, 2005).

Previous increases in the number of patients listed for iso-
lated pancreas transplant likely reflected improved results,
the increase in the number of people receiving living donor
kidneys, and expanded insurance coverage. Although this
trend continues in an increasing number of new regis-
trants, it appears that solitary pancreas utilization is increas-
ing to match the increase in registrants, with a consequent
decrease in the number of active waiting list candidates.

Recipient characteristics and outcomes of PAK
transplantation

There continues to be significant uncertainty in the trans-
plant community about whether solitary pancreas trans-
plantation, either PTA or PAK, provides a survival advan-
tage. Similar analyses by Venstrom (12) and Gruessner (13),
while demonstrating a conclusive benefit of SPK transplan-
tation versus remaining listed for SPK, drew different con-
clusions regarding the survival benefit of solitary pancreas
transplantation. The differences between these two stud-
ies lie primarily in the determination of waiting list mor-
tality, specifically in the censoring of waiting list removals
and candidates with renal insufficiency. The fact that dif-
ferent outcomes resulted from these subtle differences in
methodology probably signifies that any effect, whether
beneficial or adverse, of pancreas transplantation on mor-
tality is likely to be small. Nevertheless, this debate has
not apparently had an adverse impact on new candidates
or transplant volume.

The age and race of recipients of PAK transplants in 2004
are reflective of the distribution of waiting list registrants. In
2004, 87% of recipients were white and 58% were male.
Age at transplant remained relatively consistent over the
previous 5 years, with a slight shift to older patients re-
ceiving PAK. In 2004, 21% of the patients were between
the ages of 18 and 34, 64% were between the ages of
35 and 49 and 15% were between the ages of 50 and 64.
Twenty-three percent of recipients of PAK had received a
pancreas transplant previously.

The frequency of induction for PAK is similar to SPK;
80% received some form of induction therapy. A larger
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percentage of PAK recipients received a lymphocyte-
depleting agent, either rabbit ATG (58%) or alemtuzumab
(20%). Recipients received basiliximab or daclizumab in
12% of cases, less than for SPK. The vast majority of recip-
ients received tacrolimus, mycophenolate and steroids as
maintenance immunosuppression at the time of hospital
discharge. The frequency of immunosuppressive agents
used for maintenance immunosuppression was similar
to that for SPK, including the proportion not receiving
steroids, as was the 1-year rejection rate of 18% for those
receiving transplants in 2003.

Unadjusted graft survival rates for PAK at 1 year, 3 years and
5 years were 78%, 66% and 57 %, respectively (Figure 9).
There was 7% graft loss during the initial hospitalization.
The 1-year unadjusted pancreas graft survival rate for PAK
transplants did not change between 2002 and 2003. Unad-
justed 3-year and 5-year survival rates increased by 16%
and 4%, respectively, compared to 1995, suggesting that
perhaps long-term success rates will improve with longer
follow-up.

The unadjusted patient survival rates for PAK recipients at
1 year, 3 years and 5 years were 96%, 90% and 84%,
respectively. These were unchanged from the results pre-
sented in the 2004 OPTN/SRTR Annual Report. The annual
death rate per 1000 patient-years at risk for recipients in the
first year following PAK transplantation has been consistent
since 1999 and was 51 for 2003.

Recipient characteristics and outcomes of PTA

The age distribution of PTA recipients parallels that of the
waiting list: 22% aged 18-34 years, 47 % aged 35-49 years
and 15% aged 50-64 years. Over the past decade, there
was a trend favoring older recipients. The race and sex of
recipients of PTA in 2004 also reflected the distribution of
registrants on the waiting list. Fifty-eight percent of recip-
ients were female and 90% were white. The percentage
of non-white PTA recipients ranged from 4% to 14% an-
nually during the past decade. Interestingly, 12% of PTA
candidates had received prior pancreas or pancreas-kidney
transplants, and 14% had previously received other organ
transplants.

In 2004, 51% of PTA recipients received rabbit ATG in-
duction, 43% received alemtuzumab and 9% received da-
clizumab. Only 77% of recipients in 2004 received cal-
cineurin inhibitors, primarily tacrolimus, for maintenance
immunosuppression and only 50% received steroids.
These data are undoubtedly influenced by transplant cen-
ter effects to a greater degree than are data in other pan-
creas transplant categories, because much of the national
PTA experience is concentrated in a small number of cen-
ters. Despite a reduced reliance on steroids and/or cal-
cineurin inhibitors, the rejection rate for PTAs performed
in 1993 was 16%, similar to other pancreas transplant
categories.
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The unadjusted graft survival rates for PTA at 1, 3 and
5 years in 2004 were 77%, 62% and 56%, respectively,
representing significant improvement since 1995. Graft
survival was somewhat better in older PTA and PAK recip-
ients. There was a trend toward poor graft outcome with
increasing donor age at 1 year and 3 years, but not at 5
years. QOverall, the results of PTA now approximate those
observed for PAK. Patient survival following PTA was the
highest of all pancreas transplant categories. The unad-
justed patient survival rates for PTA recipients at 1 year, 3
years and 5 years were 96%), 94% and 91%.

Pancreas Transplant Utilization

Although the number of whole organ pancreas transplants
performed increased substantially in 2004, there is broad
agreement that the efficiency of pancreas allocation can
still be enhanced to promote increased utilization for both
whole organ and islet transplantation. This view was the
basis for changes in the pancreas allocation algorithm that
were adopted by the OPTN Board in June 2004. The
new pancreas allocation policies, and contemporaneous
changes in islet program certification criteria that were also
adopted by the OPTN, were reviewed and generally sup-
ported at the OPTN Pancreas Allocation Consensus Con-
ference in January 2005 (M.D. Stegall et al. unpublished
data, 2005). In preparation for this conference, members
of the OPTN Kidney Pancreas Committee, in conjunction
with the SRTR and UNQS, studied the utilization of de-
ceased donor pancreata from 2000 to 2003 (M.D. Stegall
et al. unpublished data, 2005). During that time period, 24
703 potential pancreas donors were identified. Consent
was obtained, but pancreata were not recovered from 48%
(11 820) of donors, mostly for reasons related to donor
quality. Of the 9094 pancreata recovered for the purpose
of whole organ transplantation, islet transplantation or re-
search, 5521 resulted in a whole organ pancreas trans-
plant and 1052 were discarded. The majority of donors
(58%) were younger than age 50 with a body mass in-
dex (BMI) less than 30 kg/m2; these donors accounted for
90% of the transplants performed. Nevertheless, pancre-
ata were not recovered from 52% of these donors, and
the rate of pancreatic recovery varied widely (from 24%
to 50%) among UNOS regions. These data suggest poten-
tial for increased utilization of pancreata for whole organ
transplant, and that the recent OPTN policy that allocates
pancreata from donors older than age 50 with BMI greater
than 30 kg/m2 for islet transplantation is unlikely to have
an adverse impact on pancreas utilization for whole organ
transplantation.

Kidney-Pancreas Allocation: Policy Update
In 2004, the OPTN Board of Directors approved several

policy changes affecting KP allocation (14). These changes
relate to pediatric transplant candidates, living donor/list
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exchanges, an alternate system to calculate waiting time
for waitlisted kidney transplant candidates, sharing algo-
rithms, and islet cell transplantation. The impact of these
changes is not reflected in the data presented in this arti-
cle because several of the policy changes have yet to be
implemented.

The intent of the changes in the allocation policies regard-
ing pediatric patients is to facilitate transplantation for pedi-
atric candidates. Children have long been recognized as de-
serving priority in the allocation of kidneys because of the
adverse effects of ESRD on growth and development. Chil-
dren will receive priority for SCD kidneys from donors less
than 35 years of age, behind only zero-antigen mismatches,
those with PRA of 80% or higher, combined kidney/non-
renal organ candidates and prior organ donors. This policy
also benefits the high-PRA patients who, along with pedi-
atric patients, will now have priority for local kidneys over
paybacks (OPTN Policies 3.56.5 and 3.5.11.5.1).

Changes in distribution algorithms include increasing the
ABO blood group payback debt threshold from four to six,
thereby facilitating an organ procurement organization’s
(OPQ’s) ability to obtain and retain kidneys to be used in
SPK transplantation. Similarly, the requirements for sharing
zero-mismatched isolated pancreata are eliminated under
all circumstances except in the case of a potential recipi-
ent with a PRA greater than 80%. These allocation changes
are designed to minimize obstacles to the use of kidneys
and pancreata from the same donor for SPK transplantation
(OPTN Policies 3.5.5.1.1, 3.56.5.1.2 and 3.8.1.6).

Other modifications include an exemption from mandatory
zero-antigen mismatch sharing (except at the local level)
and payback requirements for DCD kidneys. These exemp-
tions are intended to minimize CIT for DCD kidneys and to
encourage centers to develop DCD donor programs. Simi-
larly, ECD kidneys are exempted from kidney payback pol-
icy (OPTN Policies 3.56.3.3 and 3.5.5).

The OPTN Board of Directors also approved a priority sys-
tem in the event that there are multiple waitlisted candi-
dates with incompatible living kidney donors who donated
to the list so that their intended recipients would receive
priority. In this case, the intended recipient whose incom-
patible donor donated to the list earlier would receive pri-
ority for an appropriate available kidney.

Modification to the OPTN Policy 3.8.1.5 is intended to pre-
vent waste of donated pancreata by permitting an islet
preparation that is deemed unsuitable for the candidate
on top of the list to be used for a different, more suitable
candidate on the waiting list.

Finally, a voluntary study was initiated to assess the effects
of an alternative system for calculating waiting time for
waitlisted candidates. In place of a first-come, first-served
approach for listing patients who meet minimum listing
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criteria, this new system would calculate waiting time from
the earlier of the time that the patient began maintenance
hemodialysis or the time that the calculated or measured
glomerular filtration rate (GFR) was less than 20 ml/min,
rather than the time the patient happened to be referred to
the transplant center and completed his/her evaluation.

Emerging Issues in Donation After Cardiac
Death

The shortage of organ donors has led the transplant com-
munity to pursue multiple avenues to increase the pool of
potential donors. Although the full potential for maximiz-
ing the donor pool has not been met, efforts to date have
been successful, with dramatic increases in the number
of living kidney donors over the past decade and, more re-
cently, an increase in deceased kidney donors. Increases
in living kidney donors have been achieved through the de-
velopment of laparoscopic nephrectomy, the acceptance
of emotionally related living donors, paired live donor do-
nation, non-directed donation and intended candidate ex-
changes with the waiting list. Increased deceased donor
kidney availability has been accomplished through public
education campaigns, the use of ECD kidneys, the realiza-
tion that kidneys from Hepatitis C-infected donors can be
transplanted safely into Hepatitis C-infected recipients, the
use of two kidneys from a deceased donor with subopti-
mal renal function into a single recipient, and now, most
recently, the use of donation after cardiac death. As noted
above, the most rapidly growing source of kidney trans-
plants is DCD donors; these transplants increased 39%
between 2003 and 2004.

Published reports on the successful use of solid organ
transplantation from ‘non-heart-beating donors’ began to
appear in the early to mid-1990s. These reports included
data from programs that began as early as 1980. With
follow-up periods ranging from 1 to 9 years, results ob-
tained were often equal to those obtained with standard
brain dead, heart-beating donors. \When inferior, the results
were still quite respectable. In 1998, Cho et al. reported on
229 patients from the UNOS Registry (15). Again, results
were comparable to those obtained from heart-beating
donors, despite the higher incidence of DGF and a higher
primary failure rate. The authors speculated that the num-
ber of patients on the waiting list would remain constant
if each OPO obtained two kidneys each month from pre-
viously unused non-heart-beating donors. These reports
were summarized by Weber et al. with follow-up from an-
other 122 patients in 2002 (16). By 2002, it had become
clear, as discussed by Cecka in an editorial accompanying
the Weber paper, that non-heart-beating donation had the
potential to substantially increase the pool of kidneys suit-
able for transplantation (16,17). At the same time that the
Institute of Medicine, the American Society of Critical Care
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Figure 11: Delayed graft function (DGF) for DCD vs. Non-DCD
kidneys (with and without ECD), 2000-2004.
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Figure 12: Adjusted relative risk (RR) of graft failure by de-
layed graft function (DGF) and donor type (interaction), 2000-
2004.

Medicine, and the Joint Commission on Accreditation of
Healthcare Organizations all reached the conclusion that
organ procurement after cessation of heartbeat was eth-
ically acceptable provided that proper protocols were in
place, an increasing number of OPOs reported procuring
such organs (18-20).

There were only 16 OPOs reporting the transplantation of
organs procured from DCD donors in 1998. This number
rose to 31 in 2002 and 41 in 2004. The use of such donors
as a percentage of total OPO activity ranged from 0% to
20% in 2004. Nearly one third of all DSAs continue to report
having no DCD organs. In contrast, in The Netherlands, one
third of all kidneys transplanted derive from DCD donors
(21). The Advisory Committee on Organ Transplantation
to the U.S. Secretary of Health and Human Services rec-
ommended that each hospital, as a condition of participa-
tion with the Centers for Medicare and Medicaid Services,
‘establish, in conjunction with its OPQ, policies and proce-
dures to manage and maximize organ retrieval from donors
without a heartbeat’ (22).

As with donation after brain death, it is important to con-
sider results of transplantation using organs procured from
DCD donors based on the quality of the organ transplanted.
As noted in Figure 11, DGF remains more frequent with
DCD kidneys compared to SCD kidneys; DCD kidneys that
meet ECD criteria (DCD/ECD) experience DGF in 55% of
cases. The presence of DGF is associated with an elevated
risk of graft failure for each category of donor (Figure 12).
However, the added relative risk of graft failure resulting
from DGF is similar across all the groups. Table 2 shows
that the extension of DCD protocols to additional OPOs
has not compromised results. The factor demonstrating
the greatest influence on graft survival is not whether the
kidney derives from a DCD or SCD donor, but whether the
kidney meets ECD criteria. Outcomes of kidney transplants
from DCD donors who do not meet ECD criteria are com-
parable to SCD kidney transplant outcomes, despite dou-
ble the percentage of DGF, while outcomes of transplan-
tation from DCD donors who do meet the ECD definition
(DCD/ECD in Table 2) are similar to those of ECD/non-DCD
kidney transplants.

Despite the unquestionable success in use of DCD donor
kidneys, this is a rapidly evolving area with many unre-
solved medical, ethical and legal issues. The selection
of patients for whom withdrawal of therapy is planned
and DCD is being considered, and the protocols for
their care, need refinement. Protocols for determining the

Table 2: Adjusted’ 1-year and 3-year kidney graft survival rates, by donor type and per-
centage with delayed graft function (DGF), 2000-2004

One-year survival (%)

Three-year survival (%)

N DGF (%) NoDGF DGF Overall NoDGF DGF Overall
SCD 29862 21 93 80 90 84 68 80
ECD 5424 33 88 72 83 77 58 71
DCD 1120 40 93 83 89 87 69 80
DCD/ECD 136 55 85 76 81 852 55 70

Source: SRTR Analysis, April 2005.

T Adjusted for recipient age, sex, race, PRA, ESRD cause, years of ESRD, HLA mismatch,
year of transplant, previous transplant, transfusions and donor sex, race, diabetes, cold

ischemia time.
2No patients in this group after Day 313.
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irreversibility of the cessation of circulatory and respiratory
function, including the period of observation from asystole
to the determination of death, remain unstandardized. In
addition, the use of medications intended to improve post-
transplant organ function, but not specifically related to
end-of-life care of the donor, remains controversial, as un-
intentional hastening of death may occur. It is also uncon-
firmed whether pre-procurement treatments truly improve
posttransplant outcomes. Finally, the public perception of
the increased used of DCD donors and the effect that such
practices might have on donation after brain death must be
a constant focus so that the net effect is an increase, not a
decrease, in transplantable organs. This is particularly true
for ‘'uncontrolled’ DCD, little used at present, which may re-
quire pre-procurement and even pre-consent treatments,
in order for successful organ donation to occur. As stated
in the report of the 2005 National Conference on Donation
after Cardiac Death, the top priority in care for a poten-
tial organ donor must always be quality end-of-life care,
and the donation process should never compromise this
quality (Bernat et al. unpublished report, 2005). The oppor-
tunity for DCD organ donation should, under appropriate
circumstances, be viewed as a routine option for families
considering withdrawal of life support.
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