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preface

This Annual Report of the Organ Procurement
and Transplantation Network (opTN) and the Us
Scientific Registry of Transplant Recipients (SRTR)
is the 20th such annual report and is based largely
on data pertaining to the 12-year period from 1998
to 20009.

This publication was developed for the us De-
partment of Health and Human Services, Health
Resources and Services Administration, Health-
care Systems Bureau, Division of Transplantation,
by the sRTR contractor, the Minneapolis Medical
Research Foundation (MMRF), and the OPTN con-
tractor, the United Network for Organ Sharing
(unos), under contracts HHSH250201000018C and
234-2005-37011C, respectively.

As the SRTR contractor, the MMREF, through
its Chronic Disease Research Group (CDRG), de-
termined which data to present, conducted the
required analyses, created the figures and tables,
drafted the text, and designed the document. As the
OPTN contractor, UNOs critiqued the draft report
and provided the glossary. This Annual Data Re-
port will be made available at http://www.srtr.org.
This preface describes the changes from previous
reports and also serves as an introduction to the
sections that follow.

OVERVIEW AND HIGHLIGHTS
This is the first Annual Data Report to which the
current SRTR contractor has contributed. It fea-
tures a new design and format, consistent with the
broader goals of providing information about trans-
plantation in the Us that is accessible to patients,
caregivers, researchers, and the general public.

This Annual Data Report includes chapters on
kidney, pancreas, liver, intestine, heart, and lung
transplantation, chapters on deceased donor or-

gan donation and allocation policy, and an appen-
dix. The organ-specific chapters include sections
describing the waiting list, deceased donor organ
donation, living donor organ donation, transplant,
donor-recipient matching, outcomes, immunosup-
pression, pediatric transplant, and center character-
istics. When possible, similar data and formats are
used for each chapter and section. However, this is
not always possible because some data are not per-
tinent to all organs. Graphical presentation of the
data is emphasized, but the data behind each figure
are available on the above-mentioned website in a
spreadsheet format. Data tables are also provided
on the site.

Milestone dates in the production of this Re-
port: Data were cut: October 2010. Data were ana-
lyzed: November 2010 through April 2011. Draft
submitted to HRSA: May 2011. Approved by HRSA:
September 2011. Posted to website: October 2011.
Submitted to the American Journal of Transplanta-
tion: October 2011.

DATA REQUESTS TO THE SRTR
Simple data requests can be fulfilled with existing
data, do not require additional programming or
analyses, can generally be fulfilled quickly (i.e., in
less than 4 hours), and do not require a data use
agreement (DUA) or payment.

Data requests for a standard analytical file (SAF)
or a simulated allocation model (sam) require a
DpUA and payment. SRTR offers a student discount
for researchers who qualify.

Data requests requiring linkages with other
public or private data sources can often be accom-
modated. To protect the privacy of individuals in
the transplant registry, SRTR will perform linkages
and analyses that require use of personal identifiers;
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SRTR will release the resulting data as summary data
or as individual data with encrypted identifiers. In
exceptional circumstances, identifiers may be re-
leased to other government agencies or to investiga-
tors for linkage, but only after authorization by the
SRTR Technical Advisory Committee and the SRTR
Project Officer at HRSA.

Data requests for additional SRTR programming
will be considered depending on available resourc-
es and reviewed on a case-by-case basis by SRTR
and the sRTR Project Officer at HRSA. Requesters
must sign a DUA. An hourly rate will be assessed for
time spent on the request; cost to fulfill the request
is based solely on the programming time required.
Data sets require payment in addition to that for
programming time.

WEBSITES
WWW.SRTR.ORG is a public website containing
transplant program-specific reports, organ pro-
curement organization (0Po)-specific reports, sum-
mary tables, archives of past reports, timelines for
future reports, risk-adjustment models, methods,
basic references for researchers who use sRTR data
files, a link to the Annual Data Report and its sup-
porting documentation and data tables, answers to
frequently asked questions, and other information.
HITTPS://SECURESRTR.TRANSPLANT.HRSA.GOV
is a secure website that provides access to the pre-
release program- and oPo-specific reports, survival
spreadsheets, and other useful information. Each
transplant program and opo has its own username
and password for access to the site.
HTTP://UNOS.ORG is a public website con-
taining information on donation and transplan-
tation, data collection instruments, data reports,
education materials for patients and transplant
professionals, policy development, and other infor-
mation. This website also links to the oPTN website.
HTTP://OPTN.TRANSPLANT.HRSA.GOV is a
public website containing news, information, and
resources about transplantation and donation, in-
cluding transplant data reports; policy development;
and related boards and committees. It also contains
allocation calculators, a calendar of events, answers
to frequently asked questions, and other information.

CONTACT INFORMATION
PATIENT INQUIRIES
888-894-6361 (toll free)

RESEARCH INQUIRIES
OPTN/UNOS requests: 804-782-4876 (phone);
804-782-4994 (fax)

SRTR data requests: 877-970-SRTR (toll free);
612-347-5878 (fax)

MEDIA INQUIRIES

301-443-3376 (HRsA / Office of Communications)
804-782-4730 (OPTN)

612-337-8960 (SRTR)

FEDERAL PROGRAM INQUIRIES
HHS/HRSA/HSB/DOT

5600 Fishers Lane

Parklawn Bldg, Rm 12c-06
Rockville, MD 20857
301-443-7577

COPYRIGHT

Data are not copyrighted and may be used with-
out permission if appropriate citation information
is provided.

SUGGESTED CITATIONS

Full citation: Organ Procurement and Transplan-
tation Network (orTN) and Scientific Registry of
Transplant Recipients (SRTR). OPTN/SRTR 2010
Annual Data Report. Rockville, Mp: Department
of Health and Human Services, Health Resources
and Services Administration, Healthcare Systems
Bureau, Division of Transplantation; 2011. To speci-
fy a page number, add it at the end of the citation as
follows (for example): ...2011:96.

Or, provide the URL for the webpage cited and
the access date: Organ Procurement and Trans-
plantation Network (opTN) and Scientific Registry
of Transplant Recipients (SRTR). OPTN/SRTR 2010
Annual Data Report. Department of Health and
Human Services, Health Resources and Services
Administration, Healthcare Systems Bureau, Divi-
sion of Transplantation; 2011. Available at [insert
URL here]. Accessed [insert date here].

Abbreviated citation: OPTN/SRTR 2010 Annual
Data Report. HHS/HRSA/HSB/DOT.

PUBLICATIONS BASED ON DATA IN THIS RE-
PORT OR SUPPLIED ON REQUEST MUST INCLUDE
A CITATION AND THE FOLLOWING STATEMENT:
The data and analyses reported in the 2010 Annual
Data Report of the Organ Procurement and Trans-
plantation Network and the Us Scientific Registry
of Transplant Recipients have been supplied by
the Minneapolis Medical Research Foundation
and UNOs under contract with HHS/HRSA. The au-
thors alone are responsible for reporting and inter-
preting these data; the views expressed herein are
those of the authors and not necessarily those of
the us Government.




introductio
This Introduction provides a brief overview of

transplantation in the United States, emphasizing a
few pertinent comparisons between organs.

DECEASED DONOR TRANSPLANT WAITING LISTS
Separate waiting lists are maintained for each
deceased donor organ that is allocated for trans-
plant by the Organ Procurement and Transplan-
tation Network (OPTN). Some patients undergo
living donor transplant and never appear on a
deceased donor waiting list. However, many pa-
tients who undergo living donor transplant have
also been listed on the deceased donor waiting
list. The kidney transplant waiting list has the larg-
est number of patients by far (Figure 1a). On De-
cember 31, 2009, 52,503 active patients were wait-
listed for kidney transplant, 1,218 for simultaneous
pancreas-kidney (SPK) transplant, 432 for pancreas
transplant alone (PTA) or pancreas after kidney
(paK) transplant, 12,454 for liver transplant, 148 for
intestine transplant, 1,992 for heart transplant, and
1,207 for lung transplant. Some patients are listed
for multiple organs and appear on more than one
waiting list. Starting in 2011, the pancreas transplant
waiting lists are combined into a single list, but this
is not reflected in the current Annual Data Report.

The number of patients on the kidney transplant
waiting list has steadily increased. In the past de-
cade, the number of active patients on the waiting
list has increased almost 2-fold, from 34,120 in 1998
to 52,503 in 2009 (Figure 1a). This number does not
include patients listed as inactive, who comprised
34.8% of the total in 2009. Much of the growth in
the waiting list can be attributed to new patients
being added at a rate greater than the rate of trans-
plants. In the past decade, the number of new
patients (active and inactive) added every year to
the kidney transplant waiting list increased 65.1%,
from 17,588 in 1998 to 29,031 in 2009 (Figure 1b). In
2009, 30.0% of newly listed patients were inactive.

The numbers of patients on waiting lists for sPx
and PTA/PAK have declined steadily in the past few
years (Figure 1a), and the numbers of new listings
have paralleled these declines (Figure 1b). Reasons
for this are not entirely clear.

The number of patients on the waiting list for
intestinal transplant, albeit small, has steadily
grown over the past decade (Figure 1a). This is due

at least in part to growth in the number of new list-
ings (Figure 1b).

The liver transplant waiting list has grown less
than the kidney list. However, the number of active
patients on the liver transplant waiting list in-
creased 28.4%, from 9,700 in 1998 to0 12,454 in 2009
(Figure 1a). The number of new patients (active and
inactive) added to the list every year increased 17.5%,
from 8,608 in 1998 to 10,115 in 2009 (Figure 1b). The
number of patients on the waiting list does not tell
the full story if patients who may have benefited
from a liver transplant were never listed.

From 1998 to 2006, the number of active
patients on the heart transplant waiting list de-
clined 47.3%, but this number increased 50% from
2006 to 2009 (Figure 1a). The decline and increase
have been accompanied by parallel changes in new
heart transplant listings (Figure 1b).

In 2005, a new allocation system based on the
Lung Allocation Score (LAS) was implemented

4 Patients on the waiting list on December 31
of the year (active listings only)
60 3
= Lung
B Kidney
g 40
2 / Kidney-
E pancreas
2 2 1 Pancreas —
2 (PTA & PAK]
o .
Liver Intestine
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98 00 02 04 06 08 98 00 02 04 06 08
Year
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in an attempt to allow sicker patients to undergo
lung transplants more quickly. With implementa-
tion of this new system, many patients who would
not undergo transplant were removed from the
lung transplant waiting list, resulting in a precipi-
tous decline in the number of patients listed (Fig-
ure 1a). However, the number of new listings has
been relatively stable (Figure 1b).

TRANSPLANTS

The number of kidney transplants (deceased and
living donor) peaked at 18,013 in 2006, declined to
17,357 in 2008, and increased again in 2009 to 17,682
(Figure 2). Pancreas transplants increased from 1,204
in 1998 to 1,483 in 2004, but declined to 1,233 in 2009.
Liver transplants rose from 4,518 in 1998 to 6,651 in
2006, declined to 6,319 in 2008, and remained at 6,320
in 2009. Intestinal transplants increased more than
2-fold, from 70 in 1998 to 180 in 2009. Heart trans-
plants fell from 2,395 in 1998 to 2,055 in 2004, but
gradually increased to 2,241 in 2009. Lung trans-
plants increased 83.7%, from 920 in 1998 to 1,690 in
2009.

OUTCOMES

One-year graft survival (survival with a functioning
organ) improved over the past decade for all organ
transplants (Figure 3a). One-year kidney graft sur-
vival was 92.0% for deceased donor transplants
performed in 2008, and 96.5% for living donor
transplants; 1-year graft survival rates were similar
for pancreas after sk (86.4%), liver (84.9%), heart
(88.6%), and lung (83.1%). However, 1-year graft
survival for pancreas after PTA or PAK was only
75.4%, and 1-year graft survival after intestinal trans-
plant in 20082009 was 72.2%.

Five-year graft survival was 70.0% for deceased
donor kidney transplants in 2004, and 82.5% for
living donor transplants (Figure 3b). Five-year pan-
creas graft survival after SPK was 71.6%. Five-year
liver graft survival was 67.1% and heart graft survival,
73.1%. However, s-year pancreas graft survival after
PTA or PAK was only 48.3%. Similarly disappointing
was s-year intestine graft survival of 50.6% (in
2004-2005) and s-year lung graft survival of 51.6%.

The incidence of acute allograft rejection var-
ies substantially by organ (Figure 4), and is lowest
for kidneys. One-year incidence of acute rejection
was 11.6% for deceased donor kidneys and 10.0% for
living donor kidneys; 24.8% for pancreata after sPK,
and 16.6% and 17.9% for pancreata after PAK and
PTA, respectively; and 17.5% for livers, 43.1% for in-
testines, 24.0% for hearts, and 23.8% for lungs.
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idney transplant highlights include the fact that the shortage of do-

nor kidneys continues. Although 16,830 patients on the waiting list

underwent kidney transplant in 2009, 5,412 listings were removed
due to death (Figure 1.6). The shortage of kidneys has been accompanied
by the use of deceased donor kidneys that are at increased risk to fail.
Indeed, the Kidney Donor Risk Index (kpr1), which reflects the overall
quality of deceased donor kidneys, has increased (Figure 2.6), and ex-
panded criteria donor (Ecp) kidneys comprised 16% of deceased donor
kidneys in 2009 (Figure 2.7). At the same time, the discard rate for de-
ceased donor kidneys has increased slightly (Figure 2.5).

Importantly, the number of kidney transplants was higher in 2009
than in 2008, reversing a trend. From 1998 to 2006, the total number of
adult kidney transplants in the United States (uUs) increased annually
(Figure 4.1), with a 34% increase during this period. Also during those
years, the number of deceased donor transplants increased 26%, while the
number of living donor transplants increased 51%. However, from 2006
to 2009, the total number of transplants fell 1.8%, with a 2.1% decline in
deceased donor transplants and a 1.2% decline in living donor transplants.
The decline in living donor transplants was first apparent in 2005; from
2004 to 2008 living donor transplants declined 9.4%. Thus, it is encour-
aging that in 2009 there was a 1.4% increase in total kidney transplants
compared with 2008. This increase was entirely due to a 6.6% increase in
living donor transplants; deceased donor transplants declined 1.4% be-
tween 2008 and 2009.

Kitne
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s overwhelming what

human beings can do, and
to have the chance to

save someone elses ljfe is
incredible.

Andrea, kidney recipient
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Kig 1 Adult patients waiting
for a kidney transplant
60 New patients Patients on the list on 12.31 of the given year
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Kig.2 Distribution of adult patients
waiting for a kidney transplant
100 Age Sex Race Primary cause of renal failure
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. : Over the past 12 years, there has been a
Wa |t | | St small but steady increase in the number of
new patients added to the waiting list for a deceased donor kid-
ney, contributing to an increase in the total number of patients
on the waiting list (Figure 1.1). In 2003, a major Organ Procure-
ment and Transplantation Network (opTN) policy change (Pol-
icy 3.5.11.1; http://optn.transplant.hrsa.gov/PoliciesandBylaws2/
policies/pdfs/policy 7.pdf) allowed patients on the list to accrue
waiting time while inactive. Before 2003, an unknown number of
patients on the list had been listed as active so they could accrue
waiting time, even though they would not have accepted a kidney

offer. After 2003, without this incentive to list inactive patients as

active, the number of patients listed as inactive grew incremen-
tally (Figure 1.1). Nevertheless, the growth in the total number of
patients on the waiting list has been almost linear, suggesting that

the growth in inactive listings since 2003 is indeed an artifact of
the oPTN policy change.

The demographic profile of the deceased donor kidney trans-
plant waiting list has changed (Figure 1.2), as have the profiles of
patients added to the waiting list (Figure 1.3). The proportions
of men and women have remained relatively constant. However,
the proportions of whites and blacks have declined slightly, while
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Ky 4 Prevalent dialysis patients wait-listed
for a kidney transplant, by age
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the proportion of Hispanics has grown. The proportions of pa-
tients on the waiting list due to end-stage renal disease (ESRD)
from diabetes and hypertension have grown. The most striking
demographic changes have been the increase in the proportion of
older patients on the waiting list (Figure 1.2) and the proportion
of newly listed patients who are older (Figure 1.3).

The proportions of waiting-list patients (Figure 1.2) and
newly listed patients (Figure 1.3) with panel reactive antibody
(prA) higher than 0% have declined, but only slightly. The
policy allowing individuals to accept an EcD kidney went
into effect in 2004 (Policy 3.5.1; http://optn.transplant.hrsa.

gov/PoliciesandBylaws2/policies/pdfs/policy 7.pdf). Since
then, 45% of listed patients have agreed to accept an EcD kidney,
if offered; that proportion has varied very little since 2004.

The waiting time for prevalent patients on the deceased donor
waiting list has also increased. Between 1998 and 2009, the per-
centage of patients waiting 2 or more years increased from 36.0%
to 44.7% (Figure 1.2). Obviously, the increase in new listings has
not been matched by an increase in transplants. Hence, the per-
centage of prevalent dialysis patients on the deceased donor kid-
ney transplant waiting list has also increased slightly over the past
12 years (Figure 1.4). This increase has occurred in all age groups.
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K45 Transplant rates among adult patients k1.6 Kidney transplant waiting list
wait-listed for a kidney transplant, by age activity among adult patients
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. : Because the number of patients needing a
Wa |t | | St kidney transplant has increased at a greater
rate than the number of available organs, the rate of transplants
per 100 patient-years on the waiting list has continued to decline
(Figure 1.5). Rates are similar among age groups, but the overall
rate is higher for patients aged 18 to 34 years, reflecting a higher
living donor transplant rate in this group (Figure 1.5).

On January 1, 2009, there were 79,161 deceased donor list-
ings. Patients listed at more than one center are counted once per
listing. After additions and removals there were 84,614 listings at
the end of 2009 (Figure 1.6). A kidney was received by 16,830 pa-
tients, but 5,412 listings were removed due to death, making death

the second most common reason for removal from the waiting
list. The number of listings removed because the patient was too
sick for transplant increased from 992 in 2007 to 1,243 in 2008 and
1,475 1in 2009.

By 3 years after placement on the deceased donor waiting list,
only 29.7% of listings had received a deceased donor kidney (Fig-
ure 1.7). The time from listing to transplant is longer for patients
listed as inactive (Figure 1.8). The waiting time for a deceased
donor kidney varies by region (Figure 1.9). Median waiting times
are longer for minorities than for whites (Figure 1.10). Blood type
and PRraA strongly influence waiting time. Waiting times were
slightly shorter for patients who agreed to accept an EcD kidney,




patients wait-listed for a kidney transplant

kidney 13
K441 Adultlistings willing to
accept an ECD kidney
80 Age Sex Race PRA Blood type
65+ === White
Black
60 — 50-64 === Hispanic
—
= _ —
8 00— s —_— - _—
3 — Male 0-<t%
. \ Female Asian 9 == A == AB
18-34 - Al Other/unknown = 2073 B 0
80+
0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
03 04 05 06 07 08 09 03 04 05 06 07 08 09 03 04 05 06 07 08 09 03 04 05 06 07 08 09 03 04 05 06 07 08 09
Year of listing
K142 Pre-transplant mortality rates among adult
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K143 Characteristics of adult patients on the kidney
transplant wait list on December 31, 2009
Level N % Level N % Level N %
Age 18-44 20,893 26.3 Primary cause Diabetes 24,104 30.4 PRA <10% 59,361 74.8
45-64 43,999 55.4 of disease Hypertension 20,326 25.6 10%+ 19,999 25.2
65-74 12,838 16.2 Glomerulonephritis 11,663 14.7 Unknown 1 0.0
75+ 1,631 2.1 Cystic kidney dis. 6,708 8.5 Time on list <1 year 25,630 323
Gender Male 46,446 58.5 Other/unknown 16,560 20.9 1-<2 18,287 23.0
Female 32,915 415 Tx history Listed for first tx 66,802 84.2 2-<3 13,259 16.7
Race White 30,273 38.1 Listed for sub. tx 12,559 15.8 3<4 8,362 10.5
Black 27,713 349 Blood type A 22,715 28.6 4-<5 5,088 6.4
Hispanic 14,322 18.0 B 12,868 16.2 5+ 8,735 11.0
Asian 6,019 7.6 AB 2,348 3.0 ECD kidney Will not accept 43,821 55.2
Other/unk. 1,034 1.3 0 41,430 52.2 Will accept 35,540 448

but it is important to remember that these differences are not ad-
justed for other factors that may affect waiting time (Figure 1.10).
Since 2003, equal proportions of men and women have agreed
to accept an ECD kidney (Figure 1.11). Older patients are more
likely to be listed for an EcD kidney. Willingness to accept an ECD
kidney is increasing slightly among patients aged 65 years or older
and decreasing in those aged younger than 5o years (Figure 1.11).
Interestingly, blood type and Pra influence waiting time dramati-
cally (Figure 1.10) but do not seem to affect the proportions of
patients listing for Ecp kidneys (Figure 1.11). Mortality rates on
the waiting list vary by age, as expected (Figure 1.12). Mortality
rates are highest for whites compared with other groups. Mortal-

ity rates are highest for patients with ESRD caused by diabetes as
opposed to other causes.

On December 31,2009, 73.7% of wait-listed patients were aged
45 years or older and 18.3% were aged 65 years or older (Figure
1.13); 38.1% were white, 34.9% black, 18.0% Hispanic, and 7.6%
Asian. Most (56.0%) had kidney disease caused primarily by dia-
betes or hypertension. There were 15.8% on the list for a repeat
kidney transplant, and 44.8% were listed for an EcD kidney. Forty-
five percent had been waiting at least 2 years, and 11.0% had been
waiting at least § years.
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deceased donation

Ideally, the deceased donation rate should reflect donations
among eligible donors. However, it is difficult to collect reliable
data using uniform definitions of eligible deaths. Data on dona-
tions per million population (pmp), although crude, have been
collected worldwide. Deceased donations pmp have increased
over the past decade (Figure 2.1). Deceased donations pmp are
similar for ages 18 to 49 and 65 to 70 years, higher for ages so to
64 years, and lowest for children and adolescents. Deceased dona-
tion rates tend to be higher for men than women. Donation rates
are similar for whites, blacks, and Hispanics, but lower for Asians.
There is substantial geographic heterogeneity in rates of deceased

kidney donation (Figure 2.2). The number of kidneys recovered
and transplanted per donor has declined only slightly (Figure 2.3).

In 2009, 11.2% of deceased donor kidneys were transplanted
with another organ; this has changed little over the past 12 years
(Figure 2.4). However, the number of deceased donor kidneys
transplanted with a pancreas declined, while the number trans-
planted with a liver increased, each plateauing in the past 2 to
3 years.

The discard rate for deceased donor kidneys has increased
slightly over the past several years (Figure 2.5). Discard rates are
proportionally higher for older donor age, and are as high as 60%
for donors aged 60 years or older. The KDRI predicts kidney al-
lograft survival based on characteristics of the deceased donor kid-
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ney, adjusted for characteristics of the recipient and the transplant.
A higher kDRI indicates a higher risk of graft failure than a lower
KDRI. The mean KDRI for patients receiving a deceased donor kid-
ney has increased (Figure 2.6). The components of the KDRI have
changed at different rates over time.

An Ecp kidney is a kidney from any brain-dead donor aged
60 years or older, or from a donor aged 50 to 59 years with 2 of
the following: hypertension, terminal serum creatinine greater
than 1.5 mg/dL, or death from a cerebrovascular accident (http: //
optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/
policy 7.pdf). Donation after circulatory death (Dcp) can yield
ECD or standard criteria donor (scp) kidneys. From 1998 to
2009, the overall percentage of non-pcp/EcCD deceased donors

has remained relatively constant (13.6% in 1998 to 15.0% in 2009),
whereas the percentage of bcp/scD donors has risen over that
time (from 1.1% in 1998 to 10.8% in 2009). Conversely, the over-
all percentage of non-pcp/scp donors has fallen (85.2% in 1998
t0 73.1% in 2009). DCD/ECD donors have become slightly more
prevalent (0.1% in 1998 to 1.1% in 2009 ). Two kidneys can be trans-
planted en bloc; this strategy has been used to transplant kidneys
that otherwise have a high risk of failure. Currently, only 1.8% of
adult deceased donor kidneys are transplanted en bloc (Figure 2.7).
Kidneys with higher KDRI scores are increasingly likely to be Ecp
kidneys and vice versa (Figure 2.8).
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Living kidney donations

Ve donation

1998 to0 2004, declined from 2005 to 2008, and increased by 7.0% in
2009 compared with 2008 (Figure 3.1). The 2009 increase in living
donations was seen in all age groups and was greatest in Hispanics
(12.0%). The increase in living donors in 2009 compared with 2008
was 3.3% for related donors, 8.4% for distantly related donors, 10.4%
for spouses/partners, and 6.3% for unrelated donors (Figure 3.2).

increased every year from

Parallel increases occurred in the rates of living kidney do-
nation pmp in 2009 compared with 2008 (Figure 3.3). The rate
of living kidney donation was highest for patients aged 35 to 49
years and lowest for those aged o to 17 years. Rates were higher

for women than men, and were similar for whites, blacks, and
Hispanics, and slightly lower for Asians. Substantial geographic
variation remains in the rates of living kidney donation (Figure
3.4). Rates are high in New England and the north central us, and
lowest in the southeast.

The use of kidney donations for paired exchange is relatively
new in the us. The numbers, albeit small, are notable given that
recipients are often patients for whom it is difficult to find an
appropriate match (Figure 3.5). Despite an effort to improve re-
porting for living kidney donor follow-up, the number of donors
without follow-up data remains high (Figure 3.6). For patients
who donated a kidney in 2008, the proportions of serum creati-
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nine values that were missing at post-op, 6 months, and 12 months
were 5.6%, 34.3%, and 53.0%, respectively (Figure 3.6). The pro-
portions with missing blood pressure values were even higher,
missing at post-op, 6 months, and 12 months in 20.1%, 44.3%, and

58.9%, respectively.

Most donor nephrectomies are now performed laparoscopi-
cally, with almost twice as many hand-assisted as not (Figure 3.7).
In 2009, only 4.9% of donor nephrectomies used a retroperito-
neal flank (3.8%) or intra-abdominal (1.1%) approach. The pro-
portion of intended laparoscopic donor nephrectomies that were
converted to open procedures declined to less than 1% in 2009

(Figure 3.7).

Readmission rates (Figure 3.8) and complications (Figure 3.9)
appear to be low for living kidney donors in the first year; some
information is not known, however. In 2008, major complica-
tions included bleeding in 2.2%, need for wound hernia repair in

0.8%, and bowel obstruction in 1.0% (Figure 3.10). The numbers

of living donor deaths occurring within 30 days of donation and
thought to be donation-related were o in 2005, 1in 2006, 0 in 2007,
1in 2008, and 1 in 2009. The numbers (and percentages) of living
donor deaths from any cause that occurred within 1 year of dona-
tion were 2 (0.03%) in 2005, 5 (0.08%) in 2006, 3 (0.05%) in 2007,
3 (0.05%) in 2008, and 2 (0.05%) in 20009.
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From 1998 to 2006, the number of
tra n S p | a nt adult kidney transplants increased
34%; deceased donor transplants increased 26%, and living donor
transplants increased 51% (Figure 4.1). However, from 2006 to
2009, the number of transplants fell 1.8%, with a 2.1% decline in
deceased donor transplants and a 1.2% decline in living donor
transplants. It is therefore encouraging that, between 2008 and
2009, there was a 1.4% increase in kidney transplants, which was
entirely due to a 6.6% increase in living donor transplants, while
deceased donor transplants declined 1.4%.

The largest increase in transplants between 2008 and 2009 was
in patients aged 65 years or older (5.6%); transplants in patients

aged 18 to 34 years declined 2.1% (Figure 4.2). Most of the increase
was in women (3.3%) versus men (0.1% ). The 2009 increase was
greatest in blacks (4.8%).

Unfortunately, the increase in 2009 was not enough to keep
pace with the increase in the number of patients on the deceased
donor waiting list. Hence, the rate of transplants per 100 patient-
years on the waiting list declined 3.2% in 2009 (Figure 4.3). Since
1998, the rate of adult kidney transplants has declined by more
than 30%. In 2009 12.1% of transplants were repeat transplants, and
89.5% of the repeat transplants were second, 9.5% third, and 1.0%
fourth transplants (Figure 4.4). The proportion of deceased donor
transplants using DcD kidneys has grown more than 8-fold, and
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in 2009 DCD kidneys comprised 13% of deceased donor kidneys
(Figure 4.5). There is remarkable heterogeneity among donor ser-
vice areas (DsAs) in the proportion of deceased donor transplants
using DCD kidneys, from 0% to 38% in 2009 (Figure 4.6).

The rates of deceased and living donor kidney transplants per
100 patient-years on the waiting list also show remarkable geo-
graphic variation (Figure 4.7). Rates of deceased donor kidney
transplants were 6.5 and 9.7 per 100 patient-years on the waiting list
in California and Texas, respectively, but in neighboring states Or-
egon and Oklahoma, the rates were more than 2-fold higher, 32.8
and 21.8 per 100 patient-years on the waiting list, respectively. Rates
for living donor transplants were lowest in California, Nevada, and

the southeastern states and were 2- to 3-fold higher in Minnesota,
Iowa, New England, and some western states (Figure 4.7).

In 2009, 54.7% of kidney transplant recipients had Medicare
as their primary insurance provider (Figures 4.8 and 4.9). In 2009,
16.5% of kidney transplants were preemptive (transplant before be-
ginning maintenance dialysis), but 12.1% were repeat transplants,
and 26.6% were for patients who had been on renal replacement
therapy for 5 or more years before transplant (Figure 4.8). Also in
2009, 12.9% of deceased donor kidney transplants used pcp kid-
neys, and 20.4% used ECD kidneys (Figure 4.8).
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In general, the im-
munological risk of

donor-recipient
matching has inceared ove

the past 12 years. For recipients of deceased donor kidneys, the
proportion with a PRa level of 0% at the time of transplant has
declined from 72.9% in 1998 to §9.7% in 2009 (Figure s.1). Over
the same period, the proportion with a PrRa level of 80% to 100%
has increased from 2.2% to 8.1%. For recipients of living donor kid-
neys, the proportion with a Pra level of 0% at the time of trans-
plant declined only slightly, from 73.8% in 1998 to 67.9% in 2009,
while the proportion with a PRaA level of 80% to 100% increased
from 0.9% to 3.4%.

Over the past several years, the proportion of patients with 3
or fewer donor/recipient human leukocyte antigen (HLA) mis-
matches has been decreasing (Figure 5.2). For example, the per-
centage of o HLA mismatches declined from 14.3% in 1998 to 7.9%
in 2009 for deceased donor transplants, and from 13.9% to 7.9%
for living donor transplants. Similar declines in the degree of HLA
matching are seen for HLA-A (Figure 5.3), HLA-B (Figure 5.4, and
HLA-DR mismatches (Figure s.5).

The risk for cytomegalovirus (CMV) infection after transplant
is largely determined by the donor and recipient antibody status
(indicating prior cMV infection). The highest risk for transmis-
sion of cMV occurs when the donor has had cmv infection and
the recipient has not. Between 2005 and 2009, 17.4% of deceased
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Positive 7.2 1.0 0.0 83 3.1 0.5 1.0 4.6

K56 Adultkidney donor-recipient cytomegalovirus K57 Adultkidney donor-recipient Epstein-Barr
(cMv) serology matching, 2005-2009 virus (EBV) serology matching, 2005-2009
DECEASED DONOR LIVING DONOR DECEASED DONOR LIVING DONOR
RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk.  Total RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk. Total
Negative 114 17.4 01 290 209 144 33 386 Negative 0.6 7.7 27 110 2.1 5.8 31 109
Positive  23.1  42.8 03 661 189 326 49 564 Positive 30 401 171 603 39 461 116 615
Unknown 1.8 3.0 0.0 4.9 13 14 2.3 5.0 Unknown 12165 111 2838 0.9 59 208 275
Total 363 632 05 100 411 484 106 100 Total 48 643 309 100 68 577 355 100
K58 Adultkidney donor-recipient hepatitis B core K59 Adult kidney donor-recipient hepatitis B surface
antibody (HBcAb) serology matching, 2005-2009 antigen (HBsAg) serology matching, 2005-2009
DECEASED DONOR LIVING DONOR DECEASED DONOR LIVING DONOR
RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk. Total RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk. Total
Negative ~ 68.1 2.9 02 712 611 14 121 746 Negative ~ 87.8 0.0 02 880 777 00 121 897

Positive 23 0.0 0.0 23 13 0.0 0.2 13

Positive 4.7 19 0.0 6.6 2.7 0.0 0.3 3.0
Unknown 9.8 0.3 00  10.1 42 0.0 4.4 8.6

Total 97.3 25 0.2 100 853 0.6 14.2 100

Unknown 196 09 00 206 61 01 146 208 Unknown 97 00 00 98 39 00 49 88
Total 950 48 02 100 703 21 276 100 Total 997 00 03 100 828 00 172 100
K510 Adult kidney donor-recipient hepatitis K541 Adultkidney donor-recipient human immunodeficiency
¢ serology matching, 2005-2009 virus (HIv) serology matching, 2005-2009
DECEASED DONOR LIVING DONOR DECEASED DONOR LIVING DONOR
RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk.  Total RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk. Total
Negative 828 03 02 82 784 05 95 884 Negative 803 00 01 804 729 00 91 820

Positive 0.5 0.0 0.0 0.5 0.2 0.0 0.1 0.3

Unknown 19.2 0.0 0.0 19.2 3.9 0.0 13.8 17.7

Total  99.9 0.0 0.1 100  77.0 0.0 230 100

donor recipients were in this high-risk category, as indicated by
a serology match between a donor positive and a recipient nega-
tive (D+/R-) for cMv. Among living donor transplant recipients,
14.4% were D+/R- (Figure 5.6). Of even more concern is trans-
mission of Epstein-Barr virus (EBv) infection, which can cause

PTLD. At increased risk (D+/R-) for BV and PTLD were 7.7% of
adult deceased donor kidney recipients and 5.8% of living donor
kidney recipients (Figure 5.7). Few patients appeared to be at risk
for hepatitis B virus (HBV) infection from the transplanted kid-
ney; 2.9% of deceased donor recipients were cases of D+/R- for
hepatitis B core antibody (uBcab; indicating prior HBV infec-
tion); for living donor recipients, the percentage was 1.4% (Figure

5.8). Interestingly, only 2.3% of deceased and 1.5% of living donor

recipients were HBV surface antigen (HBsAg) positive, indicating
either prior infection or immunization (recommended in guide-
lines) (Figure 5.9). Only 0.3% of deceased donor recipients were
cases of D+/R- for hepatitis C virus (HCV) antibody, and 1.9%
were D+/R+ for HCV. There were 0.5% living donor kidney recipi-
ents D+/R- for HCV and 0.0% D+/R+ for HCv (Figure 5.10). For-
tunately, there were no recorded instances of recipients receiving
kidneys from donors positive for human immunodeficiency virus
(u1v) antibody (Figure s.11).
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Outcomes have continued to im-
O U T.C O m e S prove after kidney transplant. The
loss of a kidney graft within 9o days of transplant declined from
5.2% in 1998 to 2.7% in 2009 (Figure 6.1). In 2009, the proportion
of patients with primary non-function was 1.4% for living donor
kidneys and 2.7% for deceased donor kidneys (4.6% for ECD, 3.8%
for pcp, and 2.2% for scp).

In 2009, delayed graft function (DGF), defined as the need for
dialysis during the first week after transplant, occurred in 23.5%
of recipients of deceased donor kidneys and 3.4% of recipients of
living donor kidneys (Figure 6.2). In 2009, DGF occurred in 21.6%
of scp kidney recipients, 31.2% of EcD kidney recipients, and 37.1%

of Dcp kidney recipients. The incidence of DGF has changed little
over the past 12 years.

Graft survival (i.e., survival with a functioning graft) has con-
tinued to improve. Graft survival for deceased donor kidneys in
2009 wWas 94.4% at 6 months; for transplants in 2008, 92.0% at
1 year; for transplants in 2006, 81.9% at 3 years; for transplants
in 2004, 70.0% at § years; and for transplants in 1999, 42.7% at
10 years (Figure 6.3). Graft survival for living donor transplants
in 2009 was 97.7% at 6 months; for transplants in 2008, 96.5% at
1 year; for transplants in 2006, 90.9% at 3 years; for transplants
in 2004, 82.5% at § years; and for transplants in 1999, 59.6% at
10 years (Figure 6.4). One-year graft survival will be difficult to
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improve on, but there is much room for improvement in 10-year
graft survival.

The rate of late graft failure is traditionally measured by the
graft half-life conditional on 1-year survival, defined as the time
to when half of grafts surviving at least 1 year are still functioning.
Graft half-lives for deceased and living donor kidneys have in-
creased (Figure 6.5). For deceased donor kidneys, the half-life
increased 45%, from 10.1 years for transplants in 1991 to 14.7 years
for transplants in 2007. For living donor kidneys, the half-life in-
creased 68.2%, from 15.8 years for transplants in 1991 to 26.6 years
for transplants in 2007. Remarkably, the half-life of a deceased
donor kidney in 2007 (14.7 years) is substantially less than the

half-life of a living donor kidney in 1991 (26.6 years). This suggests
there is substantial room to improve the rate of late graft failure, at
least for recipients of deceased donor kidneys.

The number of patients with a functioning kidney graft has
doubled, from 68,200 in 1998 to 144,180 in 2009 (Figure 6.6). The
proportion of patients with acute rejection has declined. For
transplants in 2005-2009, only 11.6% of patients with deceased
donor kidneys and 10.0% of patients with living donor kidneys
experienced acute rejection by 1 year post-transplant (Figure 6.7).
Hospitalization is common (Figure 6.8). PTLD is an uncommon
but potentially lethal complication (Figure 6.9).
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Immunosuppression

In 2009, 81% of kidney transplant recipients’ initial maintenance
immunosuppression included tacrolimus and mycophenolate
(Figure 7.1). Use of an induction antibody has grown; in 2009,
58% of patients received a T-cell depleting antibody, 21.2% an in-
terleukin-2 receptor antagonist (1L2-RA), and 3.6% both a T-cell
depleting antibody and an 1L2-RA; only 17.2% did not receive in-
duction (Figure 7.2). At 1 year after transplant, 72.1% of patients
were receiving tacrolimus and mycophenolate, and only 5.3% were
receiving cyclosporine A and mycophenolate (Figure 7.3).

Use of cyclosporine for initial immunosuppression has de-
clined from 66.3% in 1998 to 5.7% in 2009 (Figure 7.4). During this

time, use of tacrolimus increased from 25.9% to 87.8 %. From 1998
to 2009, use of azathioprine declined from 11.5% to 0.6%, while use
of mycophenolate as initial immunosuppression increased from
72.5% to 89.9%. Use of mammalian target of rapamycin (mTOR)
inhibitors peaked in 2001, being used in 17.2% of patients as initial
immunosuppression and 17.8% at 1 year after transplant. However,
use of mTOR inhibitors declined to 3.0% at the time of transplant
in 2009, and 6.5% at 1 year post-transplant in 2008.

Use of corticosteroids for initial maintenance immunosuppres-
sion was as high as 95.1% in 1998, declined to 65.8% in 2006, and
was almost unchanged at 65.7% in 2009. Use of corticosteroids at 1
year post-transplant declined from 90.6% in 1999 to 63.5% in 2006,
and remained unchanged at 63.1% in 2008.
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2007 2008 2009 100 - 20
Listings at start of year 1,068 1,126 1,225 =
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Listings at end of year 1,126 1,225 1,144 - 60 I Removed from list *‘o: - All
Removal reason 5] M Died b
Deceased donor transplant 575 571 641 5 E 10 N
Living donor transplant 148 170 203 S 40 Transplanted (LD) S
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d : t : t t nately, few children and adolescents die on the waiting list (Figure
p e | a rl C ra n S p a n 8.4). For children and adolescents who were listed for a deceased
Beginning in 2003, the number of children listed as inactive onthe ~ donor kidney in 2006, by 3 years after listing, 64.6% had under-
kidney transplant waiting list increased dramatically; as for adults ~ gone deceased donor transplant, 16.7% had undergone living
(Figure 1.1), this was likely a result of the change in policy al-  donor transplant, 2.3% had died, 1.7% had been removed from the
lowing waiting time accrual while inactive on the list. The number  list, and only 14.7% were still waiting for a transplant (Figure 8.5).
of active patients on the waiting list declined between 1998 and ~ The median waiting time for children and adolescents declined
2009 (Figure 8.1). The age and race distribution of the waiting  from 11.2 months in 1998 to 6.8 months in 2009 (Figure 8.6). The
list has changed little (Figure 8.2). In 2009, 13.9% of patients on  decline in waiting time was mostly for individuals with blood
the waiting list were waiting for re-transplants (Fig 8.3). Fortu- type O.
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oediatric transplant

Death rates on the waiting list vary by age, but have declined since
1998 (Figure 8.7). Overall, from 1998 to 2009, the number of trans-
plants increased 31.0%. However, the increase was due to an 83.8%
increase in deceased donor transplants; living donor transplants
declined 10.2% (Figure 8.8). In 2005, pediatric patients began to
receive additional priority in the deceased donor kidney alloca-
tion system. It is interesting, therefore, that between 1998 and
2004, the rate of deceased donor kidney transplants (per 100 ESRD
patient-years) increased 5.0%, from 38.8 to 40.7, but from 2004 to
2009 the rate increased an additional 26.6%, to s1.6 (Figure 8.9).

In contrast, between 1998 and 2004, the rate of living donor trans-
plants (per 100 wait list patient-years) increased 61.4%, from 11.1 to
17.8, while from 2004 to 2009 the rate declined 3.5%, to 17.2 (Fig-
ure 8.9). The apparent shift from living donor to deceased donor
transplants may have been partly due to the allocation policy
change. Between 2007 and 2009, 29.4% of transplants were pre-
emptive, and 27.6% of patients were on renal replacement therapy
for less than 1 year before transplant (Figure 8.10). Only a small
number of deceased donor kidneys were from pcp donors.
Among living donor transplants, 85.4% of patients received kid-
neys from related or distantly related donors in 2009 (Figure 8.11).
However, the number of living related or distantly related donors
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declined 18.0% between 1998 and 2009. In 2009, no ECD donor kid-
neys were transplanted into pediatric patients; however, 6.4% of
deceased donor kidneys were pcD kidneys (Figure 8.12). Among
pediatric patients who underwent transplants in 2009, the primary
insurance was private for 43.3%, Medicare for 28.3%, Medicaid for
21.2%, other public source for 5.8%, or other for 1.4% (Figure 8.13).
Pediatric patients are at higher risk for PTLD than adults because
they are less likely to have antibodies to EBV. The highest risk for
EBV infection and PTLD occurs for EBV(-) recipients of EBv(+)
donor kidneys. For transplants in 2005-2009, this was the case
in 22.6% of recipients of deceased donor kidneys and 29.7% of re-
cipients of living donor kidneys (Figure 8.14), that is, much more

often than in adults (Figure 5.7). For pediatric patients who under-
went transplants in 20002009, the incidence of PTLD was 0.49%
at 6 months, 1.3% at 1 year, 1.7% at 2 years, 2.0% at 3 years, 2.2% at
4 years, and 2.4% at 5 years post-transplant (Figure 8.15). Trends

in maintenance immunosuppressive medications for pediatric

patients (Figure 8.16) are similar to trends for adults (Figure 7.4).
In 2009, 91.9% of pediatric patients received tacrolimus as part of
the initial maintenance immunosuppressive medication regimen,
and 88.6% received mycophenolate. Steroids were used in 60.4%

of transplant recipients at 1 year post-transplant; 79% of patients

receiving kidneys received induction therapy: 1L2-R4, 33%; T-cell

depleting antibody, 42%; no induction therapy, 21%.
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0 Deceased donor transplants Living donor transplants

30 o —
=== Graft failure or death

Return to dialysis

Half-life (in years)
N
o
|

| | | | | | | | | | | | | | | |
91-93 94-95 96-97 98-99 00-01 02-03 04-05 06-07 91-93 94-95 96-97 98-99 00-01 02-03 04-05 06-07

Year

: : in 1999, 64.0% at 10 years (Figure 8.18). These graft survival num-
p e d | atﬂ C tra n S p | a ﬂt bers are almost identical to those for adults (Figure 6.3 and 6.4.).
Graft survival (i.e., survival with a functioning graft) has contin- The rate of late graft failure is traditionally measured by the
ued to improve over the past decade. Graft survival for deceased  graft half-life conditional on 1-year survival, defined as the time
donor kidneys in 2009 was 96.5% at 6 months; for transplantsin  to when half of grafts surviving at least 1 year are still functioning.
2008, 93.3% at 1 year; for transplants in 2006, 81.8% at 3 years; and ~ Graft half-lives for deceased and living donor kidneys have
for transplants in 2004, 68.8% at s years (numbers were too small  changed little over the past 17 years, although from year to year
to calculate 10-year graft survival) (Figure 8.17). Graft survival for  there is substantial variability due to the small numbers used in
living donor kidneys in 2009 was 98.6% at 6 months; for trans-  these calculations (Figure 8.19). For transplants in 2006-2007, the
plants in 2008, 96.3% at 1 year; for transplants in 2006, 92.9% at 3 half-life was 15.1 years for deceased donor kidneys and 28.8 years
years; for transplants in 2004, 81.4% at 5 years; and for transplants  for living donor kidneys.
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Kig.1 Distribution by center volume of the number of kidney
transplants performed (includes kidney-pancreas), 2009
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center characteristics

In 2009, 12.1% of transplant centers performed 10 or fewer adult
and pediatric kidney transplants (Figure 9.1). In contrast, 9 cen-
ters transplanted more than 250 kidneys in 2009, including 1
center that transplanted 330 kidneys. Half of all centers performed
fewer than 50 kidney transplants in 2009. In 2005-2009, one-third
of centers performed 146 transplants or fewer (i.e., less than ap-
proximately 30 transplants per year), one-third performed more
than 400 (i.e., more than approximately 8o per year), and one-
third performed 147 to 400. Among low-volume centers, 25.0%

transplanted kidneys alone, that is, did not perform kidney trans-
plants along with other organs (Figure 9.2). In contrast, among
high-volume centers, only 1.4% transplanted kidneys only. Thus,
multi-organ transplants that include kidneys are more likely at
high-volume centers than at low-volume centers. Similarly, among
low-volume centers, 31.0% performed deceased donor kidney
transplants using only scp kidneys in 2005-2009, while none of
the high-volume centers performed only scp deceased donor kid-
ney transplants (Figure 9.3). Of low-volume centers, 60.7% used
pcD kidneys, but all high-volume centers used at least some pDcD
kidneys in 2005-2009.
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he number of new patients waiting for pancreas transplant'rose and
fell over the past decade (Figure 1.1). Transplant rates for adult pa-
tients wait-listed for pancreas transplant have dropped, with the
most pronounced drop among pancreas after kidney transplant (PAK)
recipients (Figure 1.4). Three years after listing, 59.3% of patients had un-
dergone pancreas transplant alone (PTA), 57.1% simultaneous pancreas-
kidney transplant (SPK), and 50.8% pax (Figure 1.6). The median time to
transplant for all candidates who were active at listing was 7.0 months for
PTA, 11.5 months for SPK, and 12.8 months for pak (Figure 1.7). A cross-
section of the waiting list on December 31, 2009, shows that most pTA
and sPK patients were aged 18 to 44 years. Four percent of PTA, 10% of
SPK, and 6% of PAK candidates self-reported type 2 diabetes (Figure 1.11).
The number of adult pancreas transplants steadily decreased since
peaking at 1,454 in 2004, and is currently at 1,170. The decline is most
marked for pax (Figure 3.1). Recipient age has gradually shifted toward
ages 50 years or older and away from ages 18 to 34 years. The proportion
of recipients with body mass index (BM1) 25.0 to 29.9 kg/m? has increased,
and the proportion with BMI 18.5 to 24.9 kg/m” has decreased (Figure 3.2).
The 1-year PTA graft survival was 75.4% for transplants in 2008 (Figure
5.2). The 1-year graft survival of the pancreas in SPK recipients was at a
high of 86.4% (Figure 5.3). The 1-year pancreas graft survival in PAK re-
cipients decreased slightly from 2008, falling to 79.3% from 81.1% (Figure
5.5). Estimated half-lives for pancreas allografts transplanted in 2007 are
20.6, 12.0, and 5.1 years for SPK, PAK, and PTA, respectively (Figure 5.7).
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Jesse was able to enhance
the lives of eight peaple at the
time of his death. oAt our time
of great sorrow i was nice to
hknow that others could rejoice
as he was able to share the
g9 of life with them. Jesses
generous and.giving nature
made any answer other than
yes' seem impossible to the
entire famdly.

Audre, donor mom
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PA14 Adult patients waiting for
a pancreas transplant
4 New patients: active New patients: total Patients listed on 12.31 of year: active Patients listed on 12.31 of year: total
T /\
g 3 SPK
§ == PAK
3 — Al
£ 2 7'@? - 7
2
]
B < —
) T ———
98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08
Year
PA1.2  Distribution of adult patients
waiting for a pancreas transplant
100 Age Sex Race Primary cause of disease
.
60 Female [l Other/unk.
W 6574 0 Asian [l Other
40 [ 50-64 Hispanic ] DM Type unk.
35-49 B Black DM Type 2
@
& 0
100 BMI Blood type Transplant type Time on wait list (years)
%0 Il Unknown
I 40.0+
60 35.0-39.9
B 30.0-349
40
20 PTA
0 | | | | |
98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08
Year

: ; The number of new patients waiting for
Wa |J[ | | St pancreas transplant has changed over the
past decade, with a net increase in counts on all three lists until
20042005, after which counts declined to levels similar to 1998.
Over the past 6 years, the number of active patients has decreased
sharply, especially those awaiting spx transplant (Figure 1.1). In
2003, a policy change by the Organ Procurement and Transplan-
tation Network (orTN) allowed individuals on the waiting list to
accrue time while inactive.
Since 1998, the number of older patients (aged 5o to 64 years)
has gradually increased and the number of younger patients (aged

18 to 34 years) has decreased correspondingly. Numbers of His-
panic and black patients have increased, with a corresponding
decrease in numbers of white patients. In 2009, 8.1% of patients
self-reported type 2 diabetes. The percentage of obese patients
(BMI greater than 30 kg/m?) is steadily increasing, with most
obese patients having a BMI of 30 to 35 kg/ m?. The blood group
distribution on the waiting list has remained stable. The number
of PAK listings increased between 1999 (when PAK transplants
received Medicare approval) and 2005; since then, the number
of PAK listings has gradually declined and the number of spx list-
ings has gradually increased. PTA transplants constitute a minority
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PA1.3 Distribution of adult patients newly
listed for a pancreas transplant
100 Age Sex Race Primary cause of disease
.
60 Female Il Other/unk.
W 6574 I Asian B Other
40 [ 50-64 Hispanic [ DM type unk.
35-49 M Black DM Type 2
< 0
100 BMI Blood type Transplant type PRA
Unknown

40.0+
35.0-39.9
30.0-34.9
25.0-29.9
18.5-24.9
<18.5
| | | | |
98 00 02 04 06 08
Year
. ransplant rates among adult patients . ancreas transplant waiting lis
PA1.4  Transplantrat g adult patient Pls P transplant waiting list
wait-listed for a pancreas transplant activity among adult patients
100 PTA SPK PAK
§ == PTA 2007 2008 2009 2007 2008 2009 2007 2008 2009
> 80 SPK Listings at start of year 539 517 526 2368 2,297 2,292 1,001 929 867
s — PAK Listings added during year 293 321 257 1,612 1,600 1,559 386 335 309
=S 60 Listings removed during year 315 312 282 1,683 1,605 1,610 458 397 385
S 7 = Al Listings at end of year 517 526 501 2297 2,292 2241 929 867 791
g Removal reason
> 40 Living donor kidney transplant . . . 132 137 144 . . .
|5 Deceased donor transplant 195 193 165 1,018 982 1,012 229 184 166
2 20 Patient died 23 21 18 233 215 185 24 27 34
& Too sick for transplant 9 6 7 57 53 72 37 31 27
L Y Y B Condition improved 14 5 7 25 15 14 8 4 5
98 00 02 04 06 08 Other 74 87 85 218 203 183 160 151 153
Year

and have remained stable. Time on the waiting list has gradually
increased since 2002 (Figure 1.2).

Changes in the demographics of newly listed adult patients
over the past decade are similar to those seen with currently wait-
listed patients. The number of sensitized patients (panel reactive
antibody [PrRA] greater than 0%) is steadily increasing (Figure 1.3).

Transplant rates for adult patients wait-listed for a pancreas
transplant have dropped over the past decade, with the most pro-
nounced drop among PAK recipients. In 2009 (compared with
2008), the overall transplant rates marginally increased from 33.8

to 34.3 per 100 patient-years; however, the rate for the PTA group
fell from 36.7 to 31.2 per 100 patient-years.. This is the lowest trans-
plant rate for pTa in the past decade (Figure 1.4).

In 2009, 144 living donor kidney transplants were performed in
SPK wait-listed patients, compared with 132 in 2007 and 137 in 2008.
This is consistent with the 6.6% increase in living donor kidney
transplants from 2008 to 2009 (see Kidney chapter). The number
of patients on each pancreas waiting list at the end of 2009 was the
lowest in the 3-year period starting in 2007 (Figure 1.5).
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PA1.6 Pancreas transplant waiting list status by month
post-listing among new adult listings in 2006
80
2 60 8 Removed from list
% 0 Removed from list Died I Removed from list
40 Died [l Transplanted (LD kidney only) Died
I Transplanted (DD) I Transplanted (DD) I Transplanted (DD)
20 [ still waiting [ still waiting [ still waiting
0
6 12 18 24 30 36
Months post-listing
PA17 Percentiles of time to pancreas transplant
for new adult listings, 2005-2009
60 PTA SPK PAK
= All listings
o Active at listing / / /
(=
B 40 = Inactive atlisting /
T / /
=4
©
(%}
2 20 /
S / /
0 1 | | | | | | | | | | | | | 1 | | | | | | |
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
Percent of patients transplanted
PA1.8  Median months to pancreas transplant for
adult patients transplanted in 2009, by DSA

: ; Three years after joining a given waiting list,
Wa |J[ | | St 59.3% of patients had undergone PTA, 65.2%
sPK or a living donor kidney transplant, and 50.8% rax (Figure
1.6). At 3 years, 3.3% of patients wait-listed for pTA had died, as had
9.4% of those listed for sPk and 2.5% of those listed for pPak. In
addition, 17.4% of those awaiting PTA, 9.3% of those awaiting SPK,
and 21.7% of those awaiting PAK had been removed from the list.
At the end of 3 years, 20.0%, 16.1%, and 24.9% were still awaiting
PTA, SPK, and PAK, respectively.
The median time to transplant for all candidates who were ac-
tive at listing was 7.0 months for PTA, 11.5 months for sPx, and 12.8

months for Ak (Figure 1.7). It is not uncommon for rax-listed
patients to be activated at the time of living donor kidney trans-
plant in case a deceased donor pancreas becomes available then.
After undergoing living donor kidney transplant, a patient may
not be listed as active again for 6 weeks to 3 months, depending
on center practice and patient condition. This could account for
the prolonged waiting times for PAK.

The median months to deceased donor pancreas transplant for
patients undergoing transplant in 2009 was 3.5 for P4, 8.3 for sPK,
and 6.9 for PAK. The geographical variations by donor service area
(psA) in waiting times for sPK closely mirror those for kidneys




PA1.9  Median months to pancreas transplant
for wait-listed adult patients
Race Blood type PRA Transplant type
40 == White — A == PTA
Black B SPK /
30 S
== Other = AB = PAK /
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Median months to transplant

0 I S Sy Iy Iy I S Iy
98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08
Year of listing
PA110  Pre-transplant mortality rates among adult
patients wait-listed for a pancreas transplant
5 Age Sex Race Intended transplant type
£ = Male Black
53 50+ Female
2 0 /\ — Al —
‘T
g 3549
S K M M SVD\O . SPK
b A PTA
g 5 7N B _ White >\
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S « W 5 Ov
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(see Figure 1.9, Kidney chapter). For pTA and PAK, the waiting
times are low except in some scattered areas (Figure 1.8).

The median time to pancreas transplant has increased in the
past decade (1998—2008), with the sharpest increase noted in PAK
(4.1 months in 1998 to 32.9 months in 2006). For PTA, median
time was 6.9 months in 1998 and 11.8 months in 2008; for SPK, 12.2
months in 1998 and 13.3 months in 2008. The difference in waiting
times between whites and blacks seems to be decreasing, with
the most recent year showing a 1-month difference. However, the
waiting time for other racial groups has been steadily increasing.
Blood group and Pra disparities resemble those for kidney trans-

plants (see Figure 1.10, Kidney chapter), with the 0 and B groups
waiting longer than the AB group, and the high pra (20% to 79%)
group waiting the longest (Figure 1.9). Median wait times for the
highest Pra group (80%+) were not consistently observed.

Pre-transplant mortality trends have held steady over the past
decade, with the highest mortality, as expected, in the sPx group.
The trend toward higher mortality in recipients aged so years or
older seen in 2001-2002 has improved. Blacks had higher pre-
transplant mortality a decade ago, but this has progressively de-
creased (Figure 1.10).
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PAL11 Characteristics of adult patients on the pancreas
transplant waiting list on December 31, 2009
Level PTAN % SPKN % PAKN % Level PTAN % SPKN % PAKN %
Age 18-44 260 52.0 1,243 57.1 379 49.2 Blood type A 185  37.0 686 315 275 35.7
45-64 233 466 927 426 388 50.3 B 50 10.0 310 14.2 86 1.2
65+ 7 14 8 0.4 4 0.5 AB 10 2.0 65 3.0 24 3.1
Gender Male 211 422 1,166 53.5 421 54.6 0 255 51.0 1,117 51.3 386 50.1
Female 289 578 1,012 465 350 454 PRA <10% 369 738 1614 741 571 741
Race White 442 884 1352 621 605 785 10%+ 131 26.2 564 259 200 25.9
Black 26 5.2 471 21.6 85 11.0 Time on list <1year 158  31.6 1,000 459 224 29.1
Hispanic 23 46 257 11.8 70 9.1 1-<2 106 21.2 495 227 139 18.0
Asian 6 1.2 55 25 8 1.0 2-<3 50 10.0 287 13.2 125 16.2
Other/unknown 3 0.6 43 2.0 3 0.4 3-<4 37 7.4 173 7.9 88 114
Primary cause  Diabetes Type 1 433  86.6 1,793 823 700  90.8 4-<5 30 6.0 91 42 63 8.2
of disease Diabetes Type 2 19 3.8 217 100 43 5.6 5+ 19 238 132 6.1 132 171
Diabetes type unk. 3 0.6 25 1.1 14 1.8 BMI (kg/m?) <185 18 3.6 34 1.6 15 19
Other cause/unk. 45 9.0 143 6.6 14 1.8 18.5-24.9 21 42.2 923 42.4 323 419
Transplant Listed for first tx 430 86.0 2012 924 572 74.2 25.0-29.9 173 346 760 349 281 36.4
history Listed for sub. tx 70 14.0 166 7.6 199 258 30.0-34.9 63 12.6 312 143 100 13.0
35.0-39.9 15 3.0 69 32 29 38
40.0+ 1 0.2 20 0.9 4 0.5
Unknown 19 3.8 60 2.8 19 25
Total 500 2,178 771

: ; A cross-section of the waiting list on De-
\/\/a |J[ | | St cember 31, 2009, shows that most PTA and
SPK patients were aged 18 to 44 years; PAK patients aged 45 to
64 years were a slim majority. Most PTA candidates were female
(58%), and most spx and PAK candidates were male (54% and
55%, respectively). Whites comprised 88% of the pTa, 62% of the
SPK, and 79% of the PAK lists. Analysis for type of diabetes, a self-
reported variable, showed that 4% of PTa, 10% of SPK, and 6% of
PAK candidates self-reported type 2 diabetes (Figure 1.11).
The percentage of patients listed for re-transplant varied widely
by list: 14% of PTA, 8% of sPK, and 26% of PAK listed patients were

waiting for a re-transplant. Patients with blood type 0 accounted

for 51% of listings, and type A 33%. PRA greater than 10% was re-
corded in 26% of patients. Seventy-seven percent of listed patients

had a BM1 between 18.5 and 29.9 kg/m?, 14% had a BMI between 30
and 34.9 kg/m?, and 4% had a BMI greater than 35 kg/m”. With re-
gard to time on the waiting list, 32% of PTA, 46% of sPK, and 29%

of PAK listed patients had been on the list less than 1 year, while

24% of PTA, 6% of SPK, and 17% of PAK listed patients had been on

the list for 5 or more years. (Figure 1.11).




PA2.1 Pancreas donations from deceased PA2.2  Deceased donor pancreas donation
donors per million population rates (per million population)
5 Age Sex Race 2004
S — White Asian
©
E 18-34 Black  e= Other/
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S
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2 5 N _ S 7
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©
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o
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PA2.3  Pancreata recovered per donor & PA2.4  Deceased donor pancreata 2009
pancreata transplanted per donor transplanted with another organ
03 Pancreata recovered 80
Any
P )
& 60 Kidney
S 0.2
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PA2.5  Discard rates for pancreata PA2.6  Pancreas donors
recovered for transplant who are DCD
100 Age Sex Race 4
65+ == Male == White
30 a2 Female Black
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: Deceased pancreas donation rates, per

C| O m aJU O m million population (pmp), have de-
creased since 200s. This may reflect the overall increase in the age of
the deceased donor pool and the use of only ideal donors for pan-
creas transplant. Rates were highest for patients aged 18 to 34 years
(12 pmp in 2009), followed by those aged 35 to 49 years (6 pmp)
and those younger than 18 years (s pmp). Male donation rates have
been twice rates for females. Blacks have become the racial group
with the highest donation rates (8 pmp in 2009) (Figure 2.1). Geo-
graphic heterogeneity in donation rates is substantial (Figure 2.2).

In 1998, 0.25 pancreata were recovered for per donor; this
number peaked at 0.30 in 2002, and declined to 0.21 in 2009. In
2009, 0.15 pancreata were transplanted per donor (Figure 2.3).

Approximately 76% of pancreata were co-transplanted with
another organ in 2009, mostly with kidneys (70%). However, the
numbers of livers and intestines co-transplanted with a pancreas
have increased (Figure 2.4). Many of these are pancreas trans-
plants for technical reasons, not diabetes.

Discard rates have increased across all age groups since 1998,
though most dramatically for donors aged 50 to 64 years (36.8%
to 83.3% in 2009). The overall discard rate, which was 17% in 1998,
peaked at 30% in 2006, and was at 27% in 2009 (Figure 2.5).

The number of donations after circulatory death (pcp) has
been increasing steadily. DcD donations were 0.34% in 1998 and
3.8% in 2009 (Figure 2.6).

OPTN :XR




40 OPTN & SRTR Annual Data Report 2010

PA31  Total number of adult
pancreas transplants
1,500 PA32  Adultpancreas
1,200
% 900 SPK _ 1500 Age Sex
oy All
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PA3.4  Use of DCD pancreata among PA3.5  Percent of adult, deceased donor pancreas PA3.6  Adult pancreas transplants
adult recipients, by recipient age transplants that are DCD, by DSA, 2007-09 from living donors
3 \ 8
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| The number of adult pancreas trans-
J[ra n S p a nt plants has steadily decreased since
peaking at 1,454 in 2004, and is currently at 1,170. The decline is
most marked for PAK transplants. After cMs approved coverage
for PAK transplants in 1999 (http://www.cms.gov/transmittals/
downloads/Ri24cim.pdf), the number almost doubled over the
next 2 years, peaked in 2004, and has declined gradually since. sPk
transplants, on the other hand, have seen a gradual decrease over
the past decade (Figure 3.1).

Recipient ages have gradually shifted toward so years or older
and away from 18 to 34 years. The percentage of minority recipi-

ents (black or other/unknown) has increased steadily. The pro-
portion of recipients with BMI 25.0 to 29.9 kg/m? has increased,
and the proportion with BMI 18.5 to 24.9 kg/m? has decreased
(Figure 3.2).

Transplants per 100 patient-years on the waiting list had been
decreasing over 9 years, but this decline leveled off in 2009. This
may be the result of a combination of improved list management
and regional allocation variances allowing for preferences to sPK
transplants (Figure 3.3).

Willingness to use DCD pancreata is recent (Figure 3.4). By
DSA, use of DCD pancreata showed wide variation (Figure 3.5).
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PA3.7  Pancreas transplant rates per 100 patient
years on the waiting list, adult pts, 2009
SPK
PA3.8  Characteristics of adult pancreas
transplant recipients, 2009
Al PTA SPK PAK
Level N % N % N % N %
Age 18-34 240 205 35 285 170 20.0 35 17.7
35-49 666 56.9 53 43.1 497 58.5 116 58.6
50-64 261 22.3 34 27.6 180 21.2 47 23.7
65+ 3 0.3 1 0.8 2 0.2 0 0.0
Gender Female 472 40.3 76 61.8 321 37.8 75 379
Male 698 59.7 47 38.2 528 62.2 123 62.1
Race White 863 73.8 117 95.1 583 68.7 163 82.3
Black 168 14.4 3 24 156 18.4 9 45
Hispanic 1 9.5 2 1.6 87 10.2 22 1.1
Asian 20 1.7 1 0.8 16 1.9 3 1.5
Other/uknown 8 0.7 0 0.0 7 0.8 1 0.5
Primary cause Diabetes Type 1 1,018 87.0 94 76.4 736 86.7 188 94.9
of disease Diabetes Type 2 67 5.7 0 0.0 61 7.2 6 3.0
Diabetes type unk. 9 0.8 1 0.8 4 0.5 4 20
Other cause/unk. 76 6.5 28 22.8 48 5.7 0 0.0
Blood type A 433 37.0 55 447 293 345 85 429
B 143 12.2 10 8.1 110 13.0 23 11.6
AB 49 4.2 4 33 37 4.4 8 4.0
o] 545 46.6 54 43.9 409 48.2 82 414
BMI (kg/m?) <185 30 26 7 5.7 17 2.0 6 3.0
18.5-24.9 543 46.4 49 39.8 410 48.3 84 42.4
25.0-29.9 396 33.8 38 309 291 34.3 67 33.8
30.0-34.9 124 10.6 16 13.0 86 10.1 22 1.1
35.0-39.9 14 1.2 1 0.8 13 15 0 0.0
40.0+ 6 0.5 1 0.8 4 0.5 1 0.5
PA3.9 Insurance coverage among adult pancreas Unknown 57 4.9 1" 8.9 28 33 18 9.1
transplant recipients at time of transplant Time on waiting list <30 days 133 1.4 23 18.7 88 10.4 22 1.1
31-60 days 92 7.9 21 171 55 6.5 16 8.1
100 61-90 days 83 71 " 8.9 59 6.9 13 6.6
B Private 3-<6 months 194 16.6 22 17.9 138 16.3 34 17.2
80 6-<12 months 310 26.5 26 211 239 28.2 45 22.7
Other 1-<2 years 209 179 9 73 160 188 40 202
= o || M Other gumt 2-<3years 7 66 5 41 58 68 14 11
3 Medicare 3+years 72 6.2 6 49 52 6.1 14 7.1
2 40 Insurance Private 535 45.7 81 65.9 362 42,6 92 46.5
Medicare 570 48.7 29 236 442 521 99 50.0
20 Other government 62 53 12 9.8 43 5.1 7 35
Other 3 0.3 1 0.8 2 0.2 0 0.0
0 | Pancreas First transplant 1,075 919 14 927 833 98.1 128 64.6
98 00 02 04 06 08 tx history Subsequent transplant 95 8.1 9 7.3 16 19 70 35.4
Vea Total 1,170  100.0 123 100.0 849  100.0 198  100.0
r
The number of living donor pancreas transplants has decreased  surgical diabetes after pancreatectomy for chronic pancreatitis or
in the last decade, with 2 transplants nationwide in the past 4 years, premalignant tumors, although the question arises as to whether
and none in 2009 (Figure 3.6). Transplant rates for all types of pan-  pTa is being performed for other causes, such as disabling exo-
creas transplants show wide geographic variation (Figure 3.7). crine failure with or without diabetes. In 2009, private insurance
The characteristics of patients undergoing transplant in 2009  paid for 65.9% of PTA transplants, 42.6% of SPK, and 46.5% of PAK.
are summarized in Figure 3.8. The greatest proportion of trans- Medicare was the primary payer for 23.6%, 52.1%, and 50.0% of
plants was performed in patients aged 35 to 49 years for SPK, PAK, PTA, SPK, and PAK transplants, respectively.
and PTA. Women predominated in the PTA group compared The percentage of recipients covered by Medicare increased
with other groups. With regard to primary cause of disease, it  steadily over the past decade, from 35.8% in 1998 to 48.7% in 2009.
is interesting that 23% of PTA recipients were classified as other ~ Private insurance coverage declined from 57.1% to 45.7% during
cause/unknown; some of these cases can be accounted for by  this period (Figure 3.9).
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The percentage
of unsensitized

donor-recipient
matching e

decreased over the past few years as the number of re-transplants

has likely increased the rate of sensitization. Between 1998 and

2009, the percentage of unsensitized pancreas recipients declined

from 77.4% to 70.6%. The decline was from 75.0% to 69.1% in PTA,
from 77.5% to 74.1% in SPK, and from 78.2% to 56.6% in PAK. As ex-
pected, the proportion of sensitized (PRA > 0% ) recipients is high-
est in the PAK group, likely due to the previous kidney transplant,
although 60.0% of these sensitized patients had only a low level of
sensitization, i.e., PRA 1% to 10% (Figure 4.1).

Human leukocyte antigen (HLA) matching trends for pan-
creas transplants show that the percentage of highly mismatched
transplants (5 and 6 HLA mismatches) has increased over the
past decade. Between 1998 and 2009, the percentage with s or
6 HLA mismatches increased from 27.7% to §1.2% for PTA, from
47.6% to 57.6% for sPK, and from 21.2% to 50.5% for rax (Figure
4.2).In 2009, 55.7% of all pancreas transplants had s or 6 antigen
mismatches (up from 42.9% in 1998); the increase in the total
number of HLA mismatches for all pancreas transplants correlates
with the drop in solitary pancreas transplants (PTA and PAK) as a
percentage of overall pancreas transplants (Figure 3.1), where HLA
matching is considered more important.
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Similarly, the number of o HLA mismatched pancreas trans-
plants has been steadily decreasing, down from 4.1% in 1998 to
1.1% in 2009, indicative of gradual changes in policy and prac-
tices regarding mandatory sharing for o HLA mismatches. This
decline can be almost entirely accounted for by the decline in o
HLA mismatched sPK, from 4.8% in 1998 to 0.9% in 2009, while
over this same time period there was a small increase from 1.3%
to 2.0% for PAK and only a small decline from 1.3% to 0.8% for
PTA. The HLA-B loci are the most mismatched, with 69.0% of
pancreas transplants showing 2 (complete) HLA-B mismatches,
61.8% of PTAS , 71.0% of SPKs, and 65.2% of paks (Figures 4.3, 4.4,
and 4.5).
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Phy6 Adult pancreas donor-recipient cytomegalovirus Phgg Adult pancreas donor-recipient Epstein-Barr
(cmv) serology matching, 2005-2009 virus (EBV) serology matching, 2005-2009
DONOR DONOR
RECIPIENT Negative Positive Unknown Total RECIPIENT Negative Positive Unknown Total
Negative 18.7 28.0 03 46.9 Negative 0.7 9.9 2.6 133
Positive 17.9 29.1 0.2 47.2 Positive 4.1 39.8 20.0 63.9
Unknown 2.2 37 0.0 58 Unknown 1.0 11.5 10.3 22.8
Total 38.8 60.8 0.5 100 Total 5.8 61.2 33.0 100
PA2.8 Adult pancreas donor-recipient hepatitis B core PAg.9 Adult pancreas donor-recipient hepatitis B surface
antibody (HBcAb) serology matching, 2005-2009 antigen (HBsAg) serology matching, 2005-2009
DONOR DONOR
RECIPIENT Negative Positive Unknown Total RECIPIENT Negative Positive Unknown Total
Negative 716 0.8 03 72.7 Negative 85.0 0.0 0.2 85.1
Positive 3.1 0.1 0.0 3.2 Positive 1.2 0.0 0.0 1.2
Unknown 23.8 0.2 0.0 240 Unknown 13.7 0.0 0.0 13.7
Total 98.6 1.1 03 100 Total 99.8 0.0 0.2 100
PAg10  Adult pancreas donor-recipient hepatitis PAg11  Adult pancreas donor-recipient human immunodeficiency
¢ serology matching, 2005-2009 virus (HIv) serology matching, 2005-2009
DONOR DONOR
RECIPIENT Negative Positive Unknown Total RECIPIENT Negative Positive Unknown Total
Negative 85.0 0.0 0.2 85.2 Negative 77.0 0.0 0.1 771
Positive 3.2 0.0 0.0 3.2 Positive 0.0 0.0 0.0 0.0
Unknown 1.5 0.0 0.0 11.6 Unknown 229 0.0 0.0 229
Total 99.7 0.1 0.2 100 Total 99.9 0.0 0.1 100

Donor-recipient vi-
rology data were ana-

donor-recipient
matching Crromensiamns

(cmv) analysis shows that the high-risk group (donor positive and
recipient negative, or D+/R-) was 28% of the total, higher than in
the kidney transplant cohorts (see Figure 5.6, Kidney chapter). The
difference is attributable mostly to the R+ percentage in pancreas
transplant, which is much lower than in deceased donor kidney
transplants (66% vs. 47%). The D+/R+ group was the largest by a
slim margin in pancreas transplants (20%) (Figure 4.6).

Overall, donor-recipient serologic status for Epstein-Barr virus
(BV) in pancreas transplants was similar to that seen in deceased

donor kidney transplants (see Figure 5.7, Kidney chapter), with
the high-risk group (D+/R-) accounting for 9.9%, slightly higher
than in deceased donor kidney transplants (7.7%) (Figure 4.7).

Hepatitis B virus, hepatitis C virus, and human immunodefi-
ciency virus (H1V) rates of positive serology were extremely low in
donors and recipients. Only 1.1% of pancreas recipients received a
hepatitis B core antibody positive donor pancreas (Figure 4.8), and
no donors were positive for hepatitis B surface antigen (Figure 4.9).
However, 3.2% of recipients were positive for hepatitis core anti-
body (Figure 4.8), and 1.2% were hepatitis B surface antigen posi-
tive (Figure 4.9). For antibody to hepatitis C, only 3.2% of recipients
were positive (Figure 4.10). There were no reported HIv-positive
donors or recipients during this period (Figure 4.11).
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The number of early (within the
O U tC O m e S first 6 weeks after transplant) pan-
creas graft failures has gradually decreased since 2006 for SPK, PAK,
and pta (Figure 5.1). In 2009, early pancreas graft failures were re-
ported in 6.5%, 7.6%, and 7.3%, respectively. Most noticeable are the
large improvements in preventing early graft loss and thrombosis
in the pre-uremic pancreas transplant recipients, compared with re-
sults in 2006-2008 (Figure 5.1). Hopefully, improvements in early
outcomes for pre-uremic pancreas recipients with higher rates of
graft thrombosis will translate to improved long-term results.
One-year PTA graft survival was 75.4% for transplants in 2008
(Figure 5.2). For PTA recipients in 2004, 5-year graft survival was
48.3%. Although graft loss was not specifically defined, centers

presumably reported loss of function as return to insulin therapy.
With early graft success for PTA now approximating that of the

pancreas in SPK, hopefully further refinement in immunosuppres-
sive strategies will make the long-term results for PTA comparable

to the more successful long-term results for SPK transplant.

In 2009, 1-year graft survival of the pancreas in SPK recipients
reached a high of 86.4% (Figure 5.3). Five-year graft survival of
the pancreas in sPK transplants performed in 2004 was 72%;
again, longer-term improvements may be expected in this group
of patients, who have enjoyed a marked benefit from simultane-
ous transplant of the pancreas and kidney. One-year graft survival
of the kidney (not censored for death) in SPK recipients remains
excellent, at 93% (Figure 5.4).
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Six-month pancreas survival in PAK
O U tC O m e S transplants also was at a high, im-
proved from 82.2% for transplants performed in 2008 to 88.2% for
those performed in 2009 (Figure 5.5). Of equal significance, almost
no loss of kidney grafts from the time of the PAK occurred, with
6-month graft survival of the kidney for PAK performed in 2008 at
99.1% (Figure 5.6). Graft half-lives (estimated median survival time
of the graft for patients alive with function at 1 year post-trans-
plant) were generally stable for pTA and spx (Figure 5.7). Kidney
graft half-life and patient survival half-life appear to have improved
for PAK recipients. Estimated half-lives for the pancreas allograft
(not censored for death) for 2006-2007 transplants (conditional

on 1-year post-transplant survival) are 17.9, 10.3, and 4.8 years for
SPK, PAK, and PTA transplants, respectively (Figure 5.7).

The 2-fold growth in the number of patients alive with a func-
tioning transplanted pancreas, from 4,726 in 1998 to 9,725 in 2008,
is remarkable (Figure 5.8). However, recent declines in new pan-
creas transplants have led to a slight decline in the number of pan-
creas transplant recipients who are alive with a functioning pan-
creas, to 9,535 in 2009.

Figure 5.9 shows the cumulative incidence of acute pancreas re-
jection after PTA and PAK, and acute pancreas and/or kidney rejec-
tion after SPK. The rejection rates for pancreata have decreased over
the past decade, but remain higher than rates for kidneys. Pancreas
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transplants performed in pre-uremic diabetic patients have higher
rejection rates in PTA (44.3% at 5 years) than in PAK or SPK (34.3%
and 29.7%, respectively) (Figure 5.9). This may be secondary to a
more robust immune system in the non-uremic recipient.

The complexity of and high degree of morbidity after pancreas
transplant are reflected in the high frequency of hospitalizations.
More than 70% of patients are hospitalized within 4 years (Fig-
ure 5.10). The cumulative incidence of post-transplant lymphop-
roliferative disorder (PTLD) at 4 years was 2.3% after PTA, 0.9%
after sPK, and 1.1% after pak (Figure s5.11). The higher frequency
of PTLD in PTA patients is likely related to their increased immu-
nosuppressive requirements and higher rates of acute rejection.
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Immunosuppression

The effect of the higher rejection rates observed with pancreas

transplant is reflected in the more aggressive immunosuppressive

regimens used with most pancreas transplant recipients. Induc-
tion therapy using the potent lymphocyte depleting regimens was

used in 71.4% of the recipients, and anti-interleukin-2 (1L2-rRA)

receptor antibodies were used as the sole induction agent in only

10% (Figure 6.2). Maintenance immunosuppression included both

tacrolimus and mycophenolate in more than 80% of cases (Figure

6.1). Furthermore, most of these recipients were on the calcineurin

inhibitor and anti-metabolite at 1 year (65.7%) (Figure 6.3).

Despite the increased use of potent induction and mainte-
nance therapy with tacrolimus and mycophenolate over the past
decade, it is interesting that there has been a trend toward steroid
avoidance (Figure 6.4). Currently, approximately 40% of the
recipients have been maintained on a steroid-free regimen. It is
important to note that in this group of steroid-free recipients, the
avoidance of steroids appeared to be from the time of transplant,
as the percentage of steroid-free recipients was the same at the
time of transplant and 1 year after transplant. The use of mamma-
lian target of rapamycin (mToR) inhibitors continues to decrease,
and was reported in 7.5% of the pancreas transplant recipients in
2009.




PA7A Distribution by center volume of the number of pancreas
transplants performed (includes kidney-pancreas), 2009
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: : Very few pancreas trans-
Ce ﬂte r C h a ra Cte r| St' CS plants are performed in
recipients aged younger than 18 years. In 2009, only 63 pancreas transplants (58 PTa, 5
spK) were performed in children and adolescents, and most of these were performed as
part of a multi-organ transplant procedure. Few pancreas transplants in children and ado-
lescents are performed for diabetes. Given the very small numbers of these transplants,
these data are not shown.

Seventy percent of pancreas transplant centers performed 10 or fewer pancreas trans-
plants in 2009 (Figure 7.). Only 5.6% of centers performed more than 30 during that time.
Of 125 centers that performed pancreas transplants in 2009, 117 performed SPK, 68 PAK,
and only 39 performed pra (Figure 7.2).
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liver 53

he number of adult recipients of deceased donor liver transplants

peaked in 2006, and has remained relatively stable over the past 2

years (Figure L1 4.1). In 2009, only 168 of 5,748 transplanted livers
(2.9%) were from living donors. Concerns about donor safety, and gen-
erally good outcomes after deceased donor liver transplant, have limited
use of living donors. The proportion of livers transplanted from living
donors is greater for pediatric than for adult recipients (Figure 8.8). In
2009, only 51 of 572 pediatric liver transplants (8.9%) used organs from
living donors. Most recovered livers were transplanted. For example, in
20009, livers were recovered from 85% of all deceased donors, and 76% of
deceased donors were transplanted.

Implementation of the model for end-stage liver disease (MELD)
system in 2002 led to a sharp reduction in liver transplant waiting list
registrations (Figure 1.1). After transplant, the most common reason for
removal from the waiting list is death (Figure 1.5). In 2009, reasons for
removal were transplant (56.9%), death (22.8%), becoming too ill for
transplant (3.1%), improving enough not to need transplant (5.6%), trans-
ferring to another center (1.8%), and other (9.8%). High mortality on the
liver transplant waiting list is thus a major challenge.

In adjusted analysis of deceased donor liver graft survival (Figure 6.2),
6-month graft survival increased from 74.3% in 1991 to 89.8% in 2009;
1-year graft survival increased from 70.0% in 1991 to 84.9% in 2008; 3-year
graft survival increased from 62.4% in 1991 to 75.0% in 2006; 5-year graft
survival increased from §6.6% in 1991 to 67.1% in 2004; and 10-year graft
survival increased from 43.4% in 1991 to 5§1.3% in 1999. Living donor liver
graft survival has improved similarly (Figure 6.3).

live
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Without treatment. patients
withcnna's condition often
only live about two years.

We are just so agpreciative
that another family made the
generous decision to share ljfe
with our daughter.

Kim, mother of liver recipient
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H : On February 27, 2002, use of the MELD
Wa |t | | St score as the main criterion for liver alloca-
tion began. MELD is a numerical score based on 3 objective vari-
ables: the serum concentrations of total bilirubin and creatinine,
and the international normalized ratio (INR) for prothrombin
time. By adopting MELD, the allocation policy operationalized
the “sickest-first” policy.

Implementation of the MELD system led to a sharp reduction
in liver transplant waiting list registrations (Figure 1.1) because,
unlike under the previous allocation scheme, accrual of waiting
time was no longer necessary. The impact of the MELD system
is more pronounced when the number of prevalent patients is
considered (Figure 1.1). The number of patients waiting for a liver

transplant had been increasing continuously, but has essentially
remained flat since 2002.

The age distribution of wait-listed registrants has changed no-
ticeably in that the age group 50 to 64 years has increased sub-
stantially in the past decade (Figures 1.2 and 1.3). This likely re-
flects changes in the epidemiology of liver disease in the United
States. The most common cause of disease among liver transplant
candidates is the end-stage consequences of chronic hepatitis ¢
virus (Hcv) infection (Figures 1.2 and 1.3), which mostly affects
Americans in their sos and 60s. Thus, the age shift seen in these
figures partly reflects the aging of the cohort of HCv-infected
patients over time. Another contributing factor may be the in-
creasing number of wait-listed registrants with obesity-related
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fatty liver disease. The rapid increase in the prevalence of obesity
in the Us is well recognized. One of the complications of obesity
is so-called nonalcoholic liver disease, which is grouped under
Other diagnosis. Some of these patients develop end-stage liver
disease, most commonly after they pass middle age. Related to
these epidemiologic trends is a clear rising trend in the incidence
of hepatocellular carcinoma (Hcc). Some patients with Hcc who
meet the eligibility criteria (the “Milan criteria”) can be cured of
the malignancy by liver transplant. The proportion of wait-listed
registrants for this indication has increased noticeably.

Although the MELD system provides no advantage to patients
who are registered early in the course of disease progression, a
substantial number of wait-listed registrants are not at an immedi-

ate risk of death, as reflected by their low (< 15) MELD scores. By
design, these patients are not selected for liver transplant and will
accumulate significant time, not infrequently longer than 5 years,
on the waiting list before their disease progresses to a MELD score
high enough for liver transplant.
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: : The rate of liver transplant, which had been
Wa |t | | St decreasing before implementation of MELD
in 2002, has been stable since then (Figure 1.4). Other factors
contributed to this trend reversal, such as an increased number of
donor organs, including expanded criteria donors (ECD).

A similar trend is shown in the median time to transplant.
Implementation of the sickest-first policy using the MELD score
reversed the previous trend of increasing time to transplant (Fig-
ure 1.9). This affected all race and blood type categories. The slight
upturn in the curve is a potential cause of concern and may sug-
gest that the degree to which optimization of organ allocation

can affect transplant rates is limited. The most common reason
for being removed from the waiting list but not undergoing liver
transplant is death. In 2009, reasons for removal from the waiting
list were transplant (56.9%), death (22.8%), becoming too ill
for transplant (3.1%), improving enough not to need transplant
(5.6%), transferring to another center (1.8%), and other (9.8%).
The high mortality rate on the liver transplant waiting list is thus
a major challenge. A substantial degree of variability remains in
transplant rates (Figure 1.4), and an improved organ distribution
policy may be necessary for waiting times to continue to decrease

(Figure 1.9).




U441 Characteristics of adult patients on the

liver tx waiting list on December 31, 2009
Level N %
Age 18-44 1,726 115
45-64 11,230 749
65-74 1,967 131
75+ 78 0.5
Gender Male 9,178  61.2
Female 5823 3838
Race White 10,555 70.4
Black 1,065 71
Hispanic 2,485 16.6
Asian 752 5.0
Other/unk. 144 1.0
Primary cause Acute hepatic necrosis 413 2.8
of disease HBV 448 3.0
HCv 4,606  30.7
Alcoholic liver disease 3,390 226
m - Cholestatic disease 1,427 9.5
1.10 Pre-transplant mortality rates among adult Malignancy 632 42
patients wait-listed for a liver transplant Other/unk. 4,085 272
A s Transplant Listed for first tx 14,542 96.9
40 A98 X history Listed for sub. tx 459 3.1
— 1834 — Male Bloodtype A 5622 375
30 3549 Female 25 1;?2 1;'2
= 5064 = Al 0 7243 483
20 N~ 65+ Time on <1 year 5095 34.0
0 _k_\_ S —————————— wait list 1-<2 2649 177
2 10 N7 — 2-<3 1,835 122
g 3<4 1,298 8.7
‘§0\\\\\\\\\\\\\\\\\\\\\\\\ 4-<5 9%61 6.4
o . . 5+ 3,163 21.1
S 4 Race _ Primary cause of disease S Status Active 12069 805
g == White == Acute hep. nec. Alcoholic liver dis. Inactive 2932 196
£ 30 Black HBV == Cholestatic disease Medical 1A/1B 5 0.0
3 = Hispanic == Malignancy urgency MELD> 30 83 06
Asian Other/unk. status MELD 21-30 631 4.2
e o > oD g e
== - -p , .
10 " -% #___-:: :g:—_ MELD 6-10 4,363 29.1
— Hce T1 3 00
T T Y A N N Y N HeeT2 571 38
98 00 02 04 06 08 98 00 02 04 06 08 Other exceptions 265 18
Year Inactive 2932 196

Figures 1.5 to 1.9 summarize outcomes of waiting. In 2007-2009,
the liver transplant waiting list was essentially in a steady state,
with roughly the same number of candidates listed and removed
each year.

Encouragingly, wait-list mortality has continued to decline in
the past decade (Figure 1.10). Further, this decrease occurred for
both sexes and all race and age groups, and it affected both acute
and chronic liver disease patients. Patients with acute hepatic
necrosis by nature are faced with a high risk of mortality, which
remains higher than in patients with end-stage complications
of chronic liver disease. Status 1 patients are ranked ahead of pa-

tients listed with a MELD score at the local and regional level. As of
2009, patients with cholestatic liver disease and hepatitis B virus
(uBV) experienced a lower risk of death than others with chronic
liver disease.

Figure 1.11 is a snapshot of wait-listed patients at the end of
2009. The most typical profile of a wait-listed registrant was age
between 45 and 64 years, male, and white, with Hcv and blood
type 0. More than half (53%) of the wait-listed patients had a
low (< 15) MELD score, and a substantial number were inac-
tive status.
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Uz Liver donations from deceased ) Deceased donor liver donation rates (per
donors per million population million population, age <70), by state
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deceased donation

The overall donation rate rose until 2006, when it reached a plateau

(Figure 2.1). Rates in older patients (aged so years or older) are de-
clining, especially, since 2004, in those aged 65 to 70 years. Rates are

highest for blacks, followed by whites, Hispanics, and Asians; the

reasons for variability likely include incidence of brain death and

age distribution of decedents, and the influence of cultural and be-
lief systems. Some of these factors may underlie the geographic vari-
ability in donation rates (Figure 2.2). Rates are lower in the western

regions and in the northeast, regions known for the longest waiting

times for liver transplant. However, many reasons may account for

longer waiting times, including access to transplantation.

Livers are recovered from nearly 90% of donors (Figure 2.3).
Both the recovery and transplant rates seem to be falling. The dis-
card rate is highest for older donors: 20% of recovered livers from
donors aged 65 years or older were discarded in 2009 (Figure 2.5).
This may reflect recognition of the deleterious outcome of older
donor organs in recipients with Hcv infection, and the trend to-
ward increasing numbers of ECDs being sought, some of whose or-
gans may be found unacceptable. The proportion of donation after
circulatory death (Dcp) donors increased rapidly in the early 2000s,
then remained stationary (Figure 2.6). The increasing trend toward
multi-organ transplant in liver recipients is well recognized (Figure
2.4). This may be attributable in part to the MELD system, although
the rising trend began before MELD was implemented in 2002.
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: : The number of living donor liver transplants per-
| |\/e d O n at' O n formed in 2009 (n = 219) reflects a continued de-
crease since the peak in 2001 and a further decrease since 2008 (n = 249). This trend likely
reflects ongoing concern related to the relatively higher risks of donor morbidity and
mortality compared with risks for living kidney donors. Demographic characteristics of
living liver donors have not changed regarding age, sex, race (Figure 3.1), or donor rela-
tion (Figure 3.2). In 2009 most living donors (83%) were younger than so years old, re-
flecting the concern regarding higher rates of morbidity in older living donors. Although
related donors remain the majority of living donors, the numbers decreased more in
proportion to unrelated, distantly related, unrelated directed, and paired exchange do-
nors (Figure 3.2). Rates of living donations (per million population) have also declined

(Figure 3.3).
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U3.4  Living donor liver donation rates (per
million population, age <70), by state
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: : Significant geographic dis-
|\/e d O n atl O n parities remain regarding
rates of living donor liver donation. Certain regions in the south-
east and Pacific Northwest have extremely low or absent rates
of living donor liver transplants (Figure 3.4), possibly reflecting
shorter waiting times for deceased donor organs at the local center.
Many centers performing living donor liver transplants proceed
with a living donor only if the donor risks are justified by long
waiting times and higher MELD requirements or if a deceased
donor organ cannot be allocated within a safe time period.
Although fewer living donor transplants were performed in
2009, the number of left-lobe transplants increased relative to right-

lobe transplants (Figure 3.5). Right lobes continue to represent
most living donor transplants, at 63% and 60.7% of all living donor
transplants in 2008 and 2009, respectively. Left lobes made up only
9.2% of living donor transplants in 2008, increasing to 14.6% in 2009.
The relative increase in left-lobe transplants is consistent with the
overall concern in the transplant community to minimize donor
morbidity, as donation of the left lobe is considered a relatively
safer procedure. Also of interest was a significant decrease in the
number of left lateral segment living donor transplants performed
in 2009 (n=39), down from 2008 (n = 61). It is unclear whether the
decrease in living donation to children relates to increased access
to split deceased donor livers; this will be important to monitor in
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the coming years. When children were given increased access to
deceased donor kidneys, the number of living donor transplants
decreased substantially. The relation between access to deceased
donor livers and rates of living donation should be monitored over
the next several years, and will undoubtedly affect rates of living
donation and the development of new allocation algorithms.
Twelve-month follow-up for living donors from 2008 shows

no significant impact on donor serum bilirubin, serum albumin,
serum creatinine, or INR (Figure 3.6). The number of biliary com-
plications following donation has remained fairly constant (1.8%
to 2.9%), although the frequency in 2007 was aberrantly higher
at 7.8% (Figure 3.7). Most biliary complications were reported as

grade 2 (Figure 3.8). Vascular complications following living liver
donation were infrequent (< 2.0%) and largely related to deep ve-
nous thrombosis and pulmonary embolus (Figures 3.9 and 3.10).
In 2009, no living donor deaths occurred within 30 days of trans-
plant; 1 reported death occurred within 1 year of transplant. Rates
of other complications and hospitalization have been relatively
low (Figures 3.1 to 3.15).
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tg.2 Adult liver
transplants
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The number of adult recipients
tra n S p | a nt of deceased donor livers peaked
in 2006 and has remained relatively stable over the past 2 years
(Figures 4.1 and 4.3). The average age of adult recipients increased
steadily over the past 10 years; in 2009, approximately 75% were
aged older than so years (Figure 4.2). Male recipients predominat-
ed, at a 2:1 male-to-female ratio (Figure 4.2). Most liver transplant
recipients are white, 71.8% in 2009. The most frequent cause of
liver disease leading to transplant remains HCV infection (25.6%);
however, the number of patients listed in the unknown/other
category continues to increase, representing 23.6% of patients

in 2009 (Figure 4.2). This likely represents the increasing role of
nonalcoholic steatohepatitis as the cause of liver disease leading
to transplant.

Although the frequency of DcD livers increased substantially
among adult recipients in 2000-2006, use of DCD livers has sta-
bilized at approximately 5% of all recipients (Figure 4.4). Lack of
further increase in overall use of DCD organs may in part reflect
increasing concern about the higher rate of biliary complications
observed with these donors. Regions of the country where there
is high use of DCD are likely also regions with longer waiting times
to receive a deceased donor liver (Figures 4.5 and 4.6). Marked




4.8 Characteristics of adult liver
transplant recipients, 2009
Level N %
Age 18-34 352 6.1
35-49 1,092 19.0
50-64 3,608 62.8
65+ 696 12.1
Ug.6  Deceased donor liver tx rates per 100 pt Ug7  Insurance coverage among adult liver Sex Female 1,861 324
years on the waiting list, adult pts, 2009 transplant recipients at time of transplant Male 3,887 676
Race White 4,126 71.8
Black 572 10.0
100 n— Hispanic 720 125
Asian 282 49
g0 W Other/unknown Otherfunknown 48 08
Private Primary cause Acute hep. necrosis 246 4.3
£ 60 M Othergvmt of disease Hev 1,470 256
S Medicaid Alcoholic liver dis. 999 174
40 Cholestatic dis. 455 7.9
Metab. liver dis. 143 25
20 Malignancy 1,077 18.7
All others 1,358 23.6
0 Oy Blood type A 2,112 36.7
98 00 02 04 06 08 B 769 134
Year AB 264 46
0 2,603 453
Time on waiting list <30 days 2,015 35.1
31-60 days 683 119
lgg Median MELD score for adult deceased 61-90 days 424 74
donor liver transplants, by DsA, 2009 3-<6 months 877 153
6-<12 months 753 13.1
1-<2 years 511 89
2-<3 years 197 34
3+years 288 5.0
BMI <18.5 142 25
18.5-24.9 1,601 27.9
25.0-29.9 1,957 34.0
30.0-34.9 1,150 20.0
35.0-39.9 508 8.8
40.0+ 209 3.6
Unknown 181 3.1
Medical condition Hosp.: IcU 676 11.8
Hosp.: not IcU 1,052 183
Not hospitalized 4,020 69.9
Patient wait listing Status 1A/1B 260 45
status before tx MELD 30-40 1,443 25.1
MELD 15-29 3,864 67.2
MELD 6-14 180 3.1
Other status 1 00
Primary payer Private 3,457 60.1
Medicaid 779 136
Other 1,512 26.3
Procedure type Whole liver 5519 96.0
Partial, rest not tx 156 2.7
Split liver 73 13
Donor type Deceased 5,580 97.1
Living 168 29
Pt on life support Yes 377 6.6
Prev. abdom. surg. ~ Yes 2,524 439
geographic disparity remains in deceased donor transplant rates Diabetes Yes 28 05
. . . Portal vein throm. Yes 360 6.3
across the country, with higher rates in the northwest and south- Incident tumor at X Yes 176 34
east (Figure 4.6). These maps of DCD organ use, transplant rates, Spon. bac. perit. (s8p) Yes 357 6.2
and median MELD scores at the time of transplant can be superim- Total 5748 100
posed. Regions of the country with high transplant rates, low bcp
use rates, and high median MELD scores at the time of transplant
are roughly similar. Private payers constitute the largest insurance
coverage group for liver transplant, and in 2009 represented 60.1%
of the providers.
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The role of anti-
human leukocyte

donor-recipient
matching AR

matching has historically not held high interest in the field of liver
transplantation (Figures 5.1t0 5.5). This is reflected in the lack of re-
cipient panel reactive antibody and HLA information for more than
half of recipients, and in the high frequency of HLA-A, HLA-B, and
HLA donor-recipient mismatching in deceased donor liver trans-
plants (Figures 5.2 to 5.5). HLA typing has not been a requirement
for listing for liver transplant unless the candidate is also listed for
kidney transplant. Recent data suggesting a role for antibody-me-
diated rejection in liver transplant may increase the importance of

HLA matching and the monitoring of anti-HLA antibodies.

The cytomegalovirus (CMV) status of donor and recipient was
identified for almost all donors and for over 90% of recipients, re-
flecting the importance of this information for guiding post-trans-
plant prophylaxis. cMv matching between donor and recipient is
not used in the allocation process, as shown by the relatively high
frequency (18.6%) of cMv-positive deceased donors used with
cMv-negative recipients (Figure 5.6). Similarly, Epstein-Barr virus
(EBV) serologic status is not used in the allocation process, but
post-transplant EBV monitoring may be particularly important in
the pediatric population (Figure 5.7).

Ongoing concern about transmission of HBV from core anti-
body (uBcab)-positive recipients is responsible for the low use




Us.6  Adultliver donor-recipient cytomegalovirus Us.7  Adultliver donor-recipient Epstein-Barr
(cMv) serology matching, 2005-2009 virus (EBV) serology matching, 2005-2009
DECEASED DONOR LIVING DONOR
RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk. Total
103 186 01 290 244 110 64 418 Negave 05 76 24 105 08 46 29 82
206 409 03 618 230 210 91 531 Positve ~ 24 358 172 554 24 400 177  60.0
28 63 01 92 24 13 15 51 Unknown 1.1 208 122 341 24 134 159 317
337 658 05 100 499 332 170 100 Total 40 642 318 100 56 579 365 100
Us.8  Adultliver donor-recipient hepatitis B core antibody Us.9  Adultliver donor-recipient hepatitis B surface
(HBcAb) serology matching, 2005-2009 antigen (HBsAg) serology matching, 2005-2009
DECEASED DONOR LIVING DONOR DECEASED DONOR LIVING DONOR
RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk. Total RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk. Total
Negative 613 26 02 641 605 16 78 698 Negative 838 00 02 840 753 00 63 816
Positive 187 22 01 210 120 09 16 145 Positve = 54 00 00 54 32 00 03 35
Unknown 142 07 00 150 45 00 113 157 Unknown 105 00 01 106 41 00 109 149
Total 943 55 03 100 770 24 206 100 Total 997 00 03 100 85 00 175 100
Us10  Adultliver donor-recipient hepatitis Us.11  Adultliver donor-recipient human immunodeficiency
¢ serology matching, 2005-2009 virus (HIV) serology matching, 2005-2009
DECEASED DONOR LIVING DONOR DECEASED DONOR LIVING DONOR
RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk.  Total RECIPIENT Neg. Pos.  Unk. Total  Neg. Pos.  Unk. Total
Negative 474 01 01 475 486 01 51 538 Negative 805 00 01 805 690 00 66 756
Positve 376 25 01 401 247 01 31 279 Positve =~ 05 00 00 05 02 00 01 03
Unknown 119 04 00 124 65 00 117 182 Unknown 190 00 00 190 48 00 194 242
Total 968 30 02 100 798 02 200 100 Total 999 00 01 100 739 00 261 100

rates of core positive donors, particularly in surface antibody neg-
ative recipients. Nonetheless, 2.6% of deceased donor transplants
were performed between core antibody positive donors and core
antibody negative recipients. The risk/benefit ratio of transmit-
ting HBV through a core positive donor favors use of these organs
to expedite transplant over the risk of HBV transmission, particu-
larly with the efficacy and availability of prophylactic antiviral
agents directed against hepatitis (Figure 5.8). No known cases of
surface antigen positive donors being used for liver transplants
occurred between 2005 and 2009 (Figure 5.9).

Only 3.0% of deceased liver donors were reported as HCV posi-
tive between 2005 and 2009 (Figure 5.10). Most of these organs
were transplanted into HCV-positive recipients, as expected, but

this reflected only 2.5% of all deceased liver donor transplants. In-
terestingly, 0.1% of all deceased donor transplants involved trans-
planting an Hcv-positive donor liver into an HCV-negative recipi-
ent. The latter mismatches presumably occurred in the scenario
of the urgent requirement for a donor liver in the setting of ful-
minant failure.

In 2005-2009, 0.5% of recipients of deceased donor livers and
0.3% of recipients of living donor livers were serologically posi-
tive for human immunodeficiency virus (H1v) (Figure s.11). This
number will likely increase in the next decade, given the success
of antiretroviral therapy against HIv and the high rate of HBV and
HCV co-infection (> 30%) in this population. Of note, no HIv-
positive donors were reported during this time period.
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t The ultimate goal of liver transplant Figure 6.2 compares longer term liver transplant outcome by
O U C O e S is to prolong survival and improve  year of transplant and liver disease diagnosis. It is encouraging
quality of life. Over the past 2 to 3 decades, the outcome hasim-  that transplant outcome is better in more recent years. This oc-
proved substantially. curred across all diagnosis categories, suggesting that improve-
Regardless of donor type, incidence of graft failure reported =~ ment in medical management may underlie this trend. Figure 6.3
within the first 6 weeks after transplant among adult recipients ~ demonstrates similar data for adult living donor recipients, in that
has declined in the past decade (Figure 6.1). Early graft failuresin  survival numbers have in general improved over the past decade.
deceased donor recipients decreased from 6.9% in 1998 to 3.0% in Opverall, in deceased donor recipients who survived 1 year with
2009. This is remarkable because over this decade, more recipients  a functioning graft, the expected half-life of the organ is 10 years
had a high level of disease severity (in part as a result of the MELD-  (Figure 6.4.). The half-life of living donor organs in adult recipi-
based organ allocation system) and more donors were less than  ents has been stable over the past 10 years, although numbers are
ideal, including donors aged 50 years or older. relatively small.
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These improvements in outcomes have resulted in a rapid in-
crease in the number of recipients with a functioning liver graft.
The number of American transplant recipients living with a liver
graft as of June 2009 was nearly 50,000, more than double a de-
cade earlier (Figure 6.5).

Incidence of acute rejection is highest in the first year post-
transplant (Figure 6.6). Except for recipients with HCV infection,
early acute cellular rejection has no detrimental impact on long-
term survival. On the other hand, rejections that occur 12 to 60
months after transplant may represent future opportunities to
further improve the outcome of liver transplant.

Given the severity of illness in patients undergoing liver trans-
plant in recent years, re-hospitalization remains common, espe-
cially in the first few months (Figure 6.7).

Post-transplant lymphoproliferative disorder (pTLD) is a
serious and potentially devastating complication that occurs
in liver transplant recipients as a result of immunosuppression
and/or BV infection (Figure 6.8). Although cumulative inci-
dence is not high (approximately 1% at 4 years), the incidence
increased steadily through the first 5 years post-transplant.
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U7 Initial immunosuppression regimen in adult liver
transplant recipients, 2009 (steroids not considered)
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: : transplant (Figure 7.4). Mammalian target of rapamycin (mTOR)
| | U n O S U p p re S S | O ﬂ inhibitors were used infrequently, with only 2.5% of patients re-
Immunosuppressive strategies based on tacrolimus and mycophe-  ported to be on this agent in 2009 (Figure 7.4).
nolate continue to be the dominant early regimen (Figures 7.1 and The controlled rejection in liver transplant recipients is sug-
7.3). In 2009, the alternative calcineurin inhibitor cyclosporine  gested by the relatively low use rates for interleukin-2 (1L2-RA)
was used relatively infrequently (7.3%) compared with tacroli- receptor inhibitors (14.3%) or T-cell depleting agents (10.3%) as
mus (85.8%) (Figure 7.4). Similarly, mycophenolate has almost  induction agents (Figure 7.2). Over the past decade, the trend has
completely replaced azathioprine as the antiproliferative agent of ~ been toward less use of corticosteroids. By 1 year post-transplant,
choice. Although 76.7% of patients were using a steroid at the time ~ many patients are weaned off corticosteroids (Figure 7.4).
of transplant in 2008, only 30.5% remained on steroids 1 year after
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patients waiting for a liver transplant activity among pediatric patients listing among new pediatric listings in 2006
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d H t : t | t 8.2). In 2009, 59% of patients on the waiting list were white, 16%
p e | a r| C ra n S p a n were black, and 19% were Hispanic. In 2009, 12.4% of patients on
Since 1998, the number of children and adolescents new to theliver  the list were waiting for a re-transplant (Figure 8.3). Death as the
transplant waiting list has remained between 691 and 800 (Figure  reason for removal from the list remained stable in 2007-2009 at
8.1). Among prevalent patients on the waiting list for a liver trans-  less than 10% (Figure 8.4.). For the 2006 cohort of patients on the
plant in 2009, almost equal numbers were active and inactive. The ~ waiting list, after 3 years, 60.4% received a deceased donor trans-
age distribution of patients on the waiting list has changed little;  plant, 6.8% received a living donor transplant, 12.8% were removed
children aged 11 years or older account for 46% of patients (Figure ~ from the list, 12.5% died, and 7.5% were still waiting (Figure 8.).
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Among pediatric patients, the median number of months waiting ~ transplants per |Alpatients 1,790 100
for a liver-alone transplant for all blood types was 2.6 in 2009 100 patient-years

(Figure 8.6). Pre-transplant mortality declined for patients
wait-listed for a liver-alone transplant, from 14.4 deaths per 100
wait-list years in 1998 to 8.2 in 2008 (Figure 8.7). Patients on the
waiting list aged younger than 6 years have the highest death
rate, but this improved from 23.2 deaths per 100 wait-list years in
1998 to 14.9 in 2008. The number of deceased donor liver trans-
plants has remained steady, while the number of living donor
transplants decreased from a peak of 120 in 2000 to 51 in 2009
(Figure 8.8). The rate of pediatric liver transplant has increased

on the waiting list

(Figure 8.9). Patients aged 1 to § years are the most common re-
cipients. Whites accounted for more than half of recipients. The
most common etiology of liver disease was cholestatic disease.
Among children and adolescents who underwent transplant
in 2007-2009, 58% were on the waiting list for 6o days or less.
Fifteen percent of patients were status 14 at transplant, and 29%
had a MELD/pediatric end-stage liver disease (PELD) score of 30
or higher. Sixty-four percent of patients received a whole liver.
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Among living donor liver transplants, 72% were from related do-
nors in 2009 (Figure 8.11). Only a small number of transplants
were from DCD donors (Figure 8.12).

Private insurance coverage for liver transplant recipients
declined from 56.5% in 2000 to 41.6% in 2009; Medicaid coverage
increased from 33.6% to 47.2% (Figure 8.13). For children and ado-
lescents who underwent transplant in 2000-2009, cumulative in-
cidence of PTLD was 1.1% at 6 months, 2.1% at 1 year, 3.0% at 2 years,
and 4.7% at 5 years after transplant (Figure 8.14). In 2009, 93.4% of
patients received tacrolimus as part of the initial maintenance im-
munosuppressive medication regimen, and 37.6% received MME
(Figure 8.15). Among patients transplanted in 2008, 83.5% received
steroids at the time of transplant; only 43.0% continued to use

steroids at 1 year post-transplant. Graft survival has continued to
improve. Graft survival for deceased donor transplants in 2009
was 88.4% at 6 months; for transplants in 2008, 84.9% at 1 year;
for transplants in 2006, 78.1% at 3 years; for transplants in 2004,
73.3% at s years; and for transplants in 1999, 62.2% at 10 years (Fig-
ure 8.16). Graft survival for living donor transplants in 2008-2009
was 91.4% at 6 months and 90.3% at 1 year; for transplants in
2006-2007, 85.7% at 3 years; and for transplants in 2004-2008,
82.6% at s years (Figure 8.17). The rate of late graft failure is tradi-
tionally measured by the graft half-life conditional on 1-year sur-
vival, defined as the time to when half of grafts have failed among
those surviving a year. The graft half-life for deceased donor liver
transplants in 2007 was 16.3 years (Figure 8.18).
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tg.1 Distribution by center volume of the number
of liver transplants performed, 2009
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center characteristics

In 2009, 127 unique transplant centers performed liver trans-
plants in the us. This included 58 centers that performed pediat-
ric transplant. Figure 9.1 displays the distribution of the number
of transplant procedures performed at each center. The mini-
mum volume was 1 and the maximum was 192; the median was
40. Eighteen centers performed more than 100 transplants, and 13
centers performed fewer than 10 transplants for the year. Some

of the low-volume centers were dedicated pediatric transplant
centers. As expected, high-volume centers tend to be willing to
accept more complicated cases, such as multi-organ or pcp or-
gan transplants. Figure 9.2 displays tertiles of center volume. Es-
sentially all centers with a volume of 99 or higher in 2005-2009
performed multi-organ transplants, most of which were simul-
taneous liver and kidney grafts. Similarly, Figure 9.3 shows that
higher-volume centers performed more DCD transplants during
the same period.
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Intestin

ver the past 20 years, intestinal transplantation has progressed

from experimental therapy to accepted treatment for children and

adults with intractable, life-threatening intestinal failure. Intestinal
transplants may be performed in isolation, with a liver transplant, or as
part of a multivisceral transplant that may include liver, intestine, and
pancreas. The number of new patients listed for intestinal transplant has
been increasing (Figure 1.1). In 2009, 51.8% of those on the waiting list
were aged § years or younger, 19.6% were aged 6 to 17 years, and 28.6%
were aged 18 years or older (Figure 1.2). However, the relative proportion
of new patients listed who are aged 18 years or older has been increasing
(Figure 13). Among those listed in 2006, 60.3% had received an allograft
by 3 years after listing, 20.2% had died, 10.7% had been removed from the
list, and only 8.8% were still waiting (Figure 1.6). The mortality rate of
patients placed on the waiting list has declined remarkably, from 61.1 to
13.1 per 100 wait-list years between 1998 and 2009 (Figure 19).

Roughly half of intestinal transplants have been combined with liver
transplants, and all but a few have been deceased donor transplants (Fig-
ure 3.1). One-year graft survival has increased from 59.5% for transplants
in 1991-1995 to 72.2% for transplants in 2008-2009 (Figure 4.2). How-
ever, long-term graft survival rates remain relatively low. Five-year graft
survival improved from 31.6% for transplants in 1991-1995 to 50.6% for
transplants in 2004-2008 (Figure 4.2). Acute rejection remains a chal-
lenge, with 43.1% of recipients in 2005-2009 having had an acute rejection
by 1year after transplant (Figure 4.5). Infectious complications are also a
major cause of morbidity and mortality after intestinal transplant.
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Go know that Brian's life is
still blessing lives through

his gift of life, which was his
spoken desire months before
his unexpected death, is a
good feeling. Loss is complex
and deep, but the gift of life
brought us one positive facel.

Deb, donor mom
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1.1 Patients waiting for an
intestinal transplant
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1.2 Distribution of patients waiting
for an intestinal transplant
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From 1998 to 2009, the number of new

patients listed for an intestinal transplant
(with or without another organ) increased 3-fold, from 38 to 114
(Figure 1.1). For the same years, the number of patients listed on
December 31 of the year increased more than 2-fold, from go to
224, with one-third of patients listed as inactive in 2009 (Figure
1.1). In 2009, 51.8% of those on the waiting list for an intestinal
transplant were aged § years or younger, 19.6% were aged 6 to 17
years, and 28.6% were aged 18 years or older (Figure 1.2). There
have been more males than females on the waiting list; in 2009,
58.5% were male. The racial composition of the waiting list has
changed little; in 2009, 63.8% were white, 17.4% were black, 16.1%

were Hispanic, and 2.7% were Asian. The most common etiol-
ogy of intestinal failure was short-gut syndrome. In 2009, 63.0%
of patients on the waiting list had short-gut syndrome, while
11.6% had a functional bowel problem; in 25.5%, the etiology was
other or unknown. Time on the waiting list has been increasing
slightly, although in 2009, 41.5% had been on the list for less
than 1 year, and only 7.1% had been on the list for 5 or more
years. Since 1998, there has been an increase in the number of
patients listed as medically urgent (status 1), from 26.7% in 1998
to 42.4% in 20009.

The relative proportion of newly listed patients aged 18 years
or older has been increasing (Figure 1.3). Between 1998 and 2009,
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1.3 Distribution of patients newly
listed for an intestinal transplant
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the proportion of newly listed patients who were aged 18 years or
older increased from 29.7% to 47.5%, while the proportion aged

6 to 17 years changed little, from 9.4% to 10.4%, and the propor-
tion aged s years or younger declined from 60.9% to 42.1%. Over
the past decade, there have been no changes in the sex or racial

distribution of patients newly listed for intestinal transplant. Simi-
larly, there have been no changes in the cause of disease in these

patients, although the categories chosen may not precisely define

the true causes of intestinal failure. Medical urgency (status 1) in-
creased from §3.1% in 1998 to 83.6% in 2003, and then declined to

67.5% in 2009.
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1.4 Transplant rates among patients wait- 15 Intestinal transplant
listed for an intestinal transplant, by age waiting list activity
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The overall intestinal transplant rate has re-

mained relatively stable, from 78.0 per 100
patient-years on the waiting list in 1998 to 81.0 in 2009 (Figure
1.4). However, the rate within each age group has seen significant
changes over this time period, with most of the growth occurring
among adults. Indeed, among recipients aged 18 years or older,
the transplant rate has increased from 84.7 per 100 patient-years
to 139.5. In 2009, the transplant rate for patients aged § years or
younger was 63.2 per 100 patient-years and among patients aged 6
to 17 years, 43.6 per 100 patient-years on the waiting list.

From 2007 to 2009, death as a reason for removal from the

waiting list decreased from 19% to 12% of listings removed (Figure
1.5). In 2009, the number removed because a transplant was no

longer needed was only 6.9% of those removed. Among listings
for an intestinal transplant in 2006, 60.3% received a deceased
donor organ, 20.2% died, 10.7% were removed from the list, and
8.8% were still waiting 3 years after listing (Figure 1.6).

Among patients listed in 2005-2009, 50% underwent trans-
plant in 4.8 months (Figure 1.7). The median time to transplant
has decreased for waiting list candidates younger than 18 years
old, from 5.8 months in 2000 to 2.6 months in 2009 (Figure 1.8).
Among candidates aged 18 years or older, there has been a de-
crease in median time to transplant, from a peak of 29.8 months in
2000 to 11.2 months in 2009.

Importantly, death on the waiting list has decreased from 61.1
per 100 wait-list years in 1998 to 13.1 per 100 wait-list years in 2009
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Characteristics of patients on the intestinal
tx waiting list on December 31, 2009

Level N %

Age 0-5 116 518
6-17 44 19.6

18-34 22 9.8

35-49 20 8.9

50-64 19 8.5

65+ 3 1.4

Sex Female 131 585
Male 93 415

Race White 143 63.8
Black 39 17.4

Hispanic 36 16.1

Asian 6 2.7

Other/unknown 0 0.0

Primary cause

Short-gut syndrome 141 63.0

1.9 Pre-transplant mortality rates among patients
wait-listed for an intestinal transplant
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of disease Func. bowel problem 26 116
All others 57 255
Unknown 0 0.0
Transplant history Listed for first tx 207 924
Listed for subseq tx 17 7.6
Blood type A 71 317
B 32 143
AB 8 3.6
0 113 50.5
Time on wait list <1 year 93 415
1-<2 42 1838
2-<3 33 147
3-<4 23 103
4-<5 17 7.6
5+ 16 7.1
Medical urgency ~ Status 1 95 424
status Non-urgent 52 232
Inactive 77 344
Unknown 0 0.0

(Figure 1.9). Among patients listed for intestinal transplant at the
end of 2009, 51.8% were aged 5 years or younger, 19.6% were aged
6 to 17 years, and 28.6% were aged 18 years or older (Figure 1.10).
White recipients accounted for 63.8% of patients listed, followed
by blacks (17.4%) and Hispanics (16.1%). The leading cause of
intestinal failure was short-gut syndrome, which accounted for
63.0% of patients. Most patients (92.4%) were listed for a first in-
testinal transplant. Most patients (60.3%) spent less than 2 years

on the waiting list, and 39.7% waited 2 or more years. Status 1 list-

ings accounted for 42.4% of patients, and 34.4% of patients were

listed as inactive.
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Most deceased donor intestinal allografts have been from donors
younger than 18 years old (Figure 2.1). In addition, from 2000
to 2009 there was an increase in donations from deceased do-
nors, consistent with the increase in the number of intestinal
transplants during this period. Donations from deceased donors
younger than 18 years old increased from 0.98 per million popula-
tion in 2000 to 1.85 per million population in 2009. Deceased do-
nation rates were higher for males than females. Donation rates
were highest for blacks, followed by Hispanics and whites. The
number of intestines recovered and transplanted per donor has
increased over the past 12 years, and most intestines recovered

from deceased donors were indeed transplanted (Figure 2.2).
Fifty-nine percent of deceased donor intestines were transplant-
ed with another organ in 2009; this has changed little over the
past 12 years (Figure 2.3). Liver has been the organ most com-
monly transplanted with intestine, while the number of times a
pancreas was transplanted with an intestine has increased dra-
matically. This increase is likely attributable to several factors,
including changes in policy, reporting, and surgical technique.
In 2009, 50.3% of intestinal transplants were performed with a
liver transplant, while 53.6% were with a pancreas, and 8.4% were
with a kidney. The overall discard rate for donor intestines has
decreased over the past several years, from 12.8% in 1998 to only
5.3% in 2009 (Figure 2.4).
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In the past decade, the number of intestinal transplants

increased more than 2-fold, from 70 in 1998 to 180 in 2009
(Figure 3.1). This increase was due to roughly equivalent increases in intestine alone
(from 28 to 91) and liver/intestine (from 42 to 89) transplants. The increase in intestinal
transplants over the past decade has occurred in all age groups, in males and females, and
in whites and blacks (Figure 3.2). In 2009, there were 94 intestinal transplants in those
aged 17 years or younger, 21 in those aged 18 to 34 years, 26 in those aged 35 to 49 years,
and 39 in those aged 50 years or older. From 2000 to 2009, the rate of deceased donor
intestinal transplant increased from 65.2 transplants per 100 patient-years on the waiting
list to 80.5 per 100 patient-years (Figure 3.3). The rate of living donor intestinal transplant
remains very low; in 2009 it was 0.5 transplants per 100 patient-years on the waiting list.
There was 1 living donor intestinal transplant in 2007; there were none in 2008 and 2
in 2009.
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3.5 Characteristics of intestinal

transplant recipients, 2009
Level N %
Age 0-17 94 522
18-34 21 1.7
35-49 26 144
50-64 38 211
65+ 1 0.6
Sex Female 89 494
Male 91  50.6
Race White 114 633
Black 36 20.0
Hispanic 20 1A
Asian 8 4.4
Other/unknown 2 1.1
Primary cause of disease Short-gut syndrome 141 78.3
Functional bowel problem 23 12.8
Other/unknown 16 8.9
Blood type A 78 433
B 26 144
AB 7 3.9
0 69 383
Time on waiting list <30 days 69 383
31-60 days 27 15.0
61-90 days 19 106
3-<6 months 28 15.6
6-<12 months 22 12.2
1-<2 years 7 39
2-<3 years 4 22
3+years 4 2.2
BMI <18.5 69 383
18.5-24.9 71 394
3.4 Insurance coverage among intestinal 25.0-29.9 14 78
transplant recipients at time of transplant 30.0-34.9 8 44
35.0-39.9 1 0.6
100 40.0+ 0 0.0
T e— Unknown 17 9.4
[ Other Medical condition Hospitalized: IcU 21 117
Private Hospitalized: not Icu 41 22.8
- Il Other gvmt Not hospitalized 118 65.6
5 o Primary payer Private 67 372
e M Medicaid Medicaid 77 428
&40 Other 36 200
Donor type Deceased 178 989
20 Living 2 1.1
Intestine transplant history First transplant 155  86.1
0 Subsequent transplant 25 13.9
98 00 02 04 06 08 Patient on life support Yes 33 183
Year Total 180 100.0

In 2009, 42.8% of intestinal trans-
J[ ra m S p ‘ a ﬂ t plant recipients had Medicaid as
their primary insurance provider, and 37.2% had private insurance
(Figure 3.4). This payer mix is consistent with the large propor-
tion of intestinal transplants that are performed in children; few
qualified for Medicare, for example. Among intestinal transplant
recipients in 2009, §2.2% were aged o to 17 years, 11.7% were aged 18
to 34 years, 14.4% were aged 35 to 49 years, and 21.7% were aged 50
years or older (Figure 3.5). Roughly equal numbers were male and

female. By race, 63.3% of recipients were white, 20.0% black, 11.1%
Hispanic, and 4.4% Asian. Short-gut syndrome was the etiology
of intestinal failure in 78.3% of recipients, followed by functional
bowel problems in 12.8%. Fifty-three percent of patients spent 60
days or fewer on the waiting list. At the time of transplant, 38.3%
of patients had a body mass index (Bm1) of less than 18.5 kg/m?,
and 39.4% had a M1 between 18.5 and 24.9 kg/ m?. Most patients
(65.6%) were not hospitalized at the time of transplant. For 86.1%
of transplant recipients, this was their first intestinal transplant.




4.1 Early (reported w/i 6 wks of tx) graft failure 4.2 Graft failure among intestinal
among intestinal transplant recipients transplant recipients: deceased donor
20 — 80
o~ 6 months
— Tyear
o —
15 E 60 ~
- 2 3years
g 1 E
3 ©
S g 5 years
3
5 s 20—
& 10 years
0\\\\\\\\\\\\ I N N N AN N—
98 00 02 04 06 08 91-95 96-99 00-01 0203 04-05 06-07 08-09
Year Year
4.3 Half-lives for int. tx recipients surviving 4.4 Recipients alive & with a functioning
with a funct. intestine for at least one year intestinal transplant on June 30 of the year
8
800 ”~
— 6 /\ /
§ / \/\ 600 /
>
= £
s ! 2 400
: ) /
£
200 ——
[ — o T O BB
91-95 96-99 00-01 02-03 04-05 06-07 98 00 02 04 06 08
Year
Year
4.5 Incidence of first acute rejection among pts 4.6 Reported hospitalizations among patients 4.1 Incidence of PTLD among patients receiving
receiving an intestinal tx in 2005-2009 receiving an intestinal tx in 2005-2009 an intestinal transplant in 2005-2009
60 100 8
/J-—-/_’_ 80 6 ,JJ
40
g g 60 g
o o e 4
& & 40 &
20
20 2 /
0 1 | | | | | 0 0 | | | | |
0 12 24 36 48 60 6mo. 1yr 2yrs 3yrs  4yrs 0 12 24 36 48 60
Time post-transplant (in months) Time post-transplant Time post-transplant (in months)

There has been a decline in early

graft failure, from 20.0% in 1998
to 8.3% in 2009 (Figure 4.1). Graft survival has continued to
improve over the past decade. Among those transplanted in
2008-2009, 6-month graft survival was 81.1%. For patients trans-
planted in 2006-2007, 1-year graft survival was 71.3%; for patients
transplanted in 2004-200s, 3-year graft survival was 60.3%; for
patients transplanted 2002-2003, 5-year graft survival was 45.3%;
and for patients transplanted 1996-1999, 10-year graft survival was
27.0% (Figure 4.2). However, graft half-life, conditional on 1-year
survival, has remained relatively low and has not increased sub-
stantially over the past decade (Figure 4.3). Nevertheless, there

has been a steady increase in the number of recipients alive with
a functioning intestinal graft over the past 12 years (Figure 4.4).
Acute rejection and hospitalization were very common among
intestinal transplant recipients. For patients transplanted in 2005-
2009, the cumulative incidence of first acute rejection was 43.1%
by 12 months post-transplant (Figure 4.5). Hospitalization oc-
curred in 81.3% of patients by 6 months post-transplant and in all
patient by 4 years post-transplant (Figure 4.6). For patients who
underwent transplant in 2005-2009, the cumulative incidence
of post-transplant lymphoproliferative disorder was 1.9% at 6
months, 4.5% at 1 year, 5.9% at 2 years, 6.4% at 3 years, 7.9% at 4
years, and 7.9% at § years after transplant (Figure 4.7).
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5.1 Initial immunosuppression regimen in intestinal
transplant recipients, 2009 (steroids not considered)
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The most common initial immunosuppression regimen was
tacrolimus alone, with or without corticosteroids, which was
reported in §8.9% of patients transplanted in 2009. The second
most common regimen was tacrolimus and mycophenolate, re-
ported in 32.8% of patients (Figure s.1). For induction therapy,
51.7% of patients received T-cell depleting agents, 43.3% received
no induction, 3.3% received interleukin-2 (1L2-RA) receptor an-
tagonists, and 1.7% received both T-cell depleting agents and 1L-2
receptor antagonists (Figure 5.2). At one year post-transplant,

tacrolimus remained the most common immunosuppression
regimen, reported in 74.6% of patients transplanted in 2008. The
second most common regimen at one year post-transplant was
tacrolimus and mycophenolate, reported in 13.0% of patients
(Figure 5.3). Over the past decade, tacrolimus has been the main
calcineurin inhibitor used; in 2009 it was used in 93.9% of pa-
tients (Figure 5.4). Mycophenolate use has increased to 33.3%
in 2009, while mTOR inhibitor use has decreased from 36.6% in
2000 t0 2.2% in 2009. Among patients transplanted in 2008, ste-
roids were used in 75.7% at the time of transplant and 68.1% at
1-year post-transplant.
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6.1 Distribution by ctr volume of the number 6.2 Centers performing
of intestinal transplants performed, 2009 intestinal transplants
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In 2009, 60.0% of centers performed between 1 and 10 intestinal
transplants, 25.0% performed 11 to 20 transplants, and 15.0%
performed 21 to 30 intestinal transplants (Figure 6.1). There has
been an increase in the number of centers performing intestinal
transplants, from 13 in 1998 to 20 in 2009 (Figure 6.2); 14 (70.0%)
of these 20 centers performed intestinal transplants in children
and adolescents.
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7.4 Centers performing adult intestinal transplants
in 2009, within Donation Service Areas (DSAs)
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7.3 Centers performing adult intestinal
transplants in 2009, within OPTN regions
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hear

espite the availability of successful medical therapies for end-stage

heart failure, and now of mechanical circulatory support, heart trans-

plant remains the best option for appropriate candidates with end-
stage heart failure. The total number of heart-alone transplants performed
has varied over the past 12 years. Between 1998 and 2004, the number of
heart transplants declined from 2,083 to 1,724; however, in 2005 the down-

ward trend reversed, and numbers achieved a plateau between 2005 and wait list 90
2009 (Figure 3.1). In 2009, 1,853 heart transplants were performed. Both deceased donation 93
short-term and long-term graft survival rates have improved over the past transplant 94

decade. In 2009, the 6-month graft survival rate was 91.6%; the 1-year rate donor-recipient
was 88.6%. This trend toward improvement, however, is tempered by the matching 96

fact that long-term graft survival remains poor; 10-year graft survival in
grerms Vv poot; 1o-year graft surviv outcomes 98

1999 transplants was 53% (Figure s5.1). Overall, the number of new patients ) .
immunosuppression 99

added to the heart transplant waiting list declined over the past 12 years.
This trend reached a nadir in 2005, and has reversed in more recent years pediatric transplant 100
(Figure 1.1). A similar trend was seen in the number of patients actively center characteristics 103

awaiting transplant. Despite downward trends in recovery rates and dona- maps of transplant

tions, and increased waiting time, the mortality rate on the waiting list de- centers 104

clined over the past 12 years from 20.7% to 13.7% (Figure 1.10). Multi-organ

transplants are increasing; in 2009, 2.77% of hearts were transplanted with
akidney and 0.58% were transplanted with a liver. The proportion of hearts

transplanted with a lung has declined, continuing a decade-long trend (Fig- Ohis heart saved, my lfe.

ure 2.4). Finally, the standard immunosuppression regimen has changed; Jamso ymlefu/ for my donor
in 2008, the combination of tacrolimus and mycophenolate was used in

my angel in heaven.

55.6% of heart transplant recipients at one year post-transplant (Figure 6.3).
Sonja, heart recipient
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HRe.4 Adult patients waiting
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HRy.2  Distribution of adult patients
waiting for a heart transplant
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: : Heart transplant remains the best option
Wa |t | |St for many patients with end-stage heart
failure. Although the prevalence of heart failure continues to
increase, the number of new patients added to the active heart
transplant waiting list declined from 3,265 to 2,153 between 1998
and 2005, resulting in a decline in the total number of patients on
the waiting list during this period. Since 2006, however, there has
been a resurgence in the number of additions to the waiting list
(Figure 1.1), and in 2009 the number of new active patients totaled
2,692. In October, 2002, discontinuation of cMs requirements
for reimbursement after implantation of a left-ventricular assist
device (Lvap) likely resulted in an increase in the proportion of

patients initially listed as inactive (Figure 1.1). The changing trend
in waiting list status may also reflect the practice of some centers
to postpone actively listing potential recipients who have LvaDs
until their condition qualifies them for status 14 or 1B.

Nearly 52% of patients awaiting heart transplant are aged 50 to
64 years. This represents an overall decline in this age group since
1998 (Figure 1.2). The number of newly listed candidates aged 65
years or older almost doubled between 1998 and 2009 (Figure 13).
Between 1998 and 2009, the proportion of whites on the waiting
list gradually declined (Figure 1.2).

In 2009, 47.0% of patients awaiting transplant had cardiomy-
opathy, the most prevalent cause of end-stage heart failure among
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HR1.4  Transplant rates among adult patients HR1.5  Heart transplant waiting list HR1.6  Heart tx waiting list status by month post-
wait-listed for a heart transplant, by age activity among adult patients listing among new adult listings in 2006
" 2007 2008 2009 100
E Listings at start of year 2,478 2,361 2,413
> Listings added during year 2,633 2825 2,966 80
s Listings removed during year 2,750 2,773 2,710
<3 Listings at end of year 2,361 2,413 2,669
8 Removal reason ‘g ®0 0 Removed from list
g Deceased donor transplant 1,879 1,804 1,855 o] )
= Patient died 388 442 446 &40 Died
‘g Too sick to transplant 39 38 68 B Transplanted
= Improved, tx not needed 300 246 193 20 Still waiting
& Other 144 243 148
= 0 I Y | 0 | | | | | |
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listed patients. The proportion with coronary artery disease, the
most common reason for listing between 1998 and 2002, declined
to 41.2% in 2009 (Figure 1.2).

In 2006, Organ Procurement and Transplantation Network
(opTN) policy changed to allow prioritization of zone A status
1A and 1B patients ahead of local status 2 patients. As a result,
prevalence of patients waiting for more than 2 years has declined
(Figure 1.2).

Prevalence of patients awaiting heart transplant as status 1B
has grown substantially. This is most likely a reflection of growing
LVAD use and the ability to more readily list these patients as 1B
(Figures 1.2 and 1.3).

The rate of heart transplant (per 100 patient-years) has
increased since 1998 from 56.9 to 73.3 in 2009. The transplant rate
for patients aged 50 to 64 years, at 75.1, exceeded rates for other
age groups (Figure 1.4). In 2009, 1,855 listings were removed from
the list because the patient received a heart transplant; 446 died
while awaiting transplant (Figure 1.5).

Among patients newly listed for heart transplant in 2006, 8%
were still waiting, 71% had undergone transplant, and just over 11%
had died by 3 years after listing. In 2006, the greatest proportion
of heart transplants was performed during the first year of listing.
The greatest proportion of deaths also occurred during the first
year (Figure 1.6).
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: : Among candidates wait-listed for heart
Wa |t | |St transplant in 2005-2009, 50% underwent
transplant in less than 5§ months. The median time to transplant
was 135 days (Figure 1.7). For patients who underwent transplant
in 2009, the median waiting time by donor service area ranged
from 1.1 months to 12.4 months (Figure 1.8).

In 2009, the median waiting time was shortest for Asians, at 3.6
months; median waiting time for blacks was 8 months. The overall
median waiting time has increased to 6.6 months, despite a decline
of almost two-thirds between 1998 and 2006. This increase was
more pronounced in racial minority groups, which experienced
amore than 2-fold increase between 2006 and 2009 (Figure 1.9).

The pre-transplant mortality rate (per 100 wait-list years) has
fluctuated since 1998 within age and race groups, and in 2009
was highest for patients aged 65 years or older and Hispanics
(Figure 1.10).

On December 31, 2009, 52% of patients on the waiting list were
aged 50 to 64 years, 22% were aged 35 to 49 years, and 16% were
aged 65 years or older; 72% were white, 20% were black, approxi-
mately 7% were Hispanic, and nearly 2% were Asian. Ninety-six
percent were listed for a first heart transplant and 4% for a subse-
quent transplant. Fifty-four percent had been waiting less than 1
year and 12% for § years or more. Only 6% were listed as status 14;
36% were listed as status 2 (Figure 1.11).
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Overall, least one other transplanted organ, part of an increasing trend

deceased donation res

donations have dropped from 8.83 per million population (pmp)
to 8.11 pmp since 2000 (Figure 2.1). Deceased donations pmp have
been consistently highest in patients aged 18 to 34 years. Heart
donation rates tend to be higher in men than in women. Donation
rates for blacks increased substantially between 2000 and 2009,
from 7.18 pmp to 10.5 pmp (Figure 2.1). Considerable geographic
variation in deceased heart donation remains (Figure 2.3).

The transplant rate of hearts per donor has been nearly iden-
tical to the rate of recovery, reflecting optimal use of recovered
hearts (Figure 2.2). Among 2009 heart recipients, 4.5% have at

over the past 12 years primarily due to a rise in simultaneous
kidney and simultaneous liver transplants (Figure 2.4). Kidneys
were the most common organs transplanted with hearts, reaching
a peak of 3.1% in 2008. Simultaneous lung transplants reached a
plateau over the past s years (Figure 2.4).

The low discard rate for deceased donor hearts trended down-
ward between 2005 and 2008. Discard rates were lowest for heart
donors aged 34 years or younger. In general, male hearts were dis-
carded less frequently than female hearts except in 2002, when
the discard rate of female hearts appeared to decline substantially

(Figure 2.5).
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The number of heart and heart/lung
tra n S p | a nt transplants has decreased by 11%
since 1998 (Figure 3.1). In 2009, 1,853 heart transplants and 26
heart/lung transplants were performed. The rate of heart trans-
plants (per 100 patient-years on the waiting list) has increased
notably, from 56.9 in 1998 to 73.3 in 2009 (Figure 3.2). Geographic
variation is wide (Figure 3.3). More than half of all transplant re-
cipients were aged 50 to 64 years. Men underwent heart transplant
more than 3 times more frequently than women. The proportion
of white recipients decreased from 80.7% of all recipients in 1998
to 70.0% in 2009. In contrast, the proportions of racial minor-

ity groups have increased; between 1998 and 2009, proportions
of blacks increased from 12.5% to 19.2%, Hispanics from 4.9% to
7.4%, and Asians from 1.4% to 2.9%. Cardiomyopathy was the
single most important reason for heart transplant (53.4%), fol-
lowed by coronary artery disease (38.7%). Valvular disease was an
infrequent reason for transplant (2.2%) (Figure 3.4). The propor-
tion of patients with valvular heart disease who experienced pre-
transplant mortality has increased since 2008 (Figure 1.10).

The percentage of heart transplant recipients with Medicaid or
other government health care coverage has increased, although
most recipients are still insured by private insurance (Figure 3.5).




HR3.6  Characteristics of adult heart
transplant recipients, 2009

Level N %
Age 18-34 207 112
35-49 395 213
50-64 964  52.0
65+ 287 155
Sex Female 443 239
Male 1,410  76.1
Race White 1,298 70.0
Black 355 19.2
Hispanic 137 7.4
Asian 55 29
Other/unk. 8 0.5
Primary cause of ~ Cor. artery disease 718 387
disease Cardiomyopathy 989 534
Congenital dis. 54 29
Valvular disease 40 2.2
Other/unk. 52 2.8
Transplant First 1,789  96.5
number Subsequent 64 35
Blood type A 772 417
B 276 149
AB 89 438
0 716 38.6
Primary payer Private 1,020  55.0
Medicaid 203 110
Other government 614 331
Other/Unknown 16 0.9
HR3 5 Insurance coverage among adult heart Time on wait list - <30 days 450 243
transplant patients at time of transplant 31-60 days 260 140
61-90 days 187 101
100 3-<6 months 369 199
6-<12 months 321 17.3
80 [ other/unknown 1-<2 years 175 94
Private 2-<3 years 42 23
= 60 M Othergvmt 3+ years 49 26
3 Medicaid Medical 1A 964 52.0
E 40 urgency status 1B 744 40.2
2 145 7.8
20 Reported history  No 964  52.0
of cigarette Yes 869  46.9
0 L L smoking at listing  Unknown 20 11
98 00 02 04 06 08 Patient on VAD No 1,135 613
Year at transplant Yes 718 387
Total 1,853  100.0

In 2009, 11.0% of patients had Medicaid as primary insurance at
the time of transplant, 33.1% had another government source, and
55.0% had private insurance.

Of the 1,853 heart transplants performed in 2009, 52.0% of
recipients were aged 5o to 64 years, and 15.5% were aged 65 years
or older; 23.9% of recipients were women, and 70.0% were white
(Figure 3.6). Cardiomyopathy was the primary cause of end-stage
heart failure for most patients (53.4%). Most patients (96.5%)
underwent transplant for the first time and 3.5% underwent sub-
sequent transplant. Blood group A was the most common blood
group. Waiting time was less than 1 month for 24.3% of patients,

and only 2.6% experienced waiting times of 3 or more years. Most
patients were status 1A at the time of transplant, 46.9% were re-
ported to be smokers at the time of listing, and 38.7% were re-
ceiving VAD support.

Thus, the typical patient who underwent heart transplant in
2009 was a white, nonsmoking man, aged so to 64 years, with a
history of nonischemic cardiomyopathy as the reason for trans-
plant. His blood group was A, he had private insurance, and he
was listed as status 14 at the time of transplant. He waited less than
30 days (Figure 3.6).
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panel reactive antibody (PRA) between 20% and 79% increased
substantially between 1998 and 2009, from 5.3% of patients to
10.7%. The percentage of highly sensitized patients (PRA 80% to
100%) remains low, at 3.0%; however, the overall prevalence of
this high-risk group has almost tripled since 1998, from 1.1% to
3.0%. Virtual cross-matching is increasing in adult heart transplant
programs and has allowed consideration of sensitized patients
who might have previously been excluded (Figures 4.1and 4.2).

Human leukocyte antigen (HLA) matching is not used in
allocation for heart transplant. As a result, HLA mismatches are
common (Figures 4.2—4.5); 76.3% of heart transplant recipients
have 4 or more mismatches. Multiple HLA-B mismatches were
most common; 64.1% of recipients have 2 HLA-B mismatches. This
represented a 9.2% increase since 1998. Smaller increases in mis-
matches were seen for HLA-A and HLA-DR also.

Cytomegalovirus (cMv) infection is associated with significant
morbidity after heart transplant and with development of cardiac
allograft vasculopathy. The greatest risk of cMv infection occurs
with cMv transmission to a recipient who is seronegative. Previ-
ous exposure to CMV, however, is common in the general popula-




HR4.6  Adult heart donor-recipient cytomegalovirus HR4.7  Adultheart donor-recipient Epstein-Barr
(cMv) serology matching, 2005-2009 virus (EBV) serology matching, 2005-2009
DONOR DONOR
RECIPIENT Negative Positive Unknown Total RECIPIENT Negative Positive Unknown Total
Negative 13.4 21.6 0.1 35.0 Negative 0.7 838 3.0 125
Positive 21.3 374 0.3 59.0 Positive 33 423 19.3 65.0
Unknown 2.4 35 0.0 5.9 Unknown 0.8 13.3 8.3 225
Total 37.1 62.5 0.4 100 Total 438 64.5 30.7 100
HR4.8  Adult heart donor-recipient hepatitis B core antibody HR4.9  Adult heart donor-recipient hepatitis B surface
(HBcAb) serology matching, 2005-2009 antigen (HBsAg) serology matching, 2005-2009
DONOR DONOR
RECIPIENT Negative Positive Unknown Total RECIPIENT Negative Positive Unknown Total
Negative 75.6 1.7 0.3 776 Negative 89.4 0.0 0.2 89.6
Positive 3.9 0.2 0.0 42 Positive 1.7 0.0 0.0 17
Unknown 17.9 0.3 0.1 18.2 Unknown 8.7 0.0 0.0 8.7
Total 975 2.2 0.3 100 Total 99.8 0.0 0.2 100
HR4.10  Adult heart donor-recipient hepatitis HR4.11  Adult heart donor-recipient human immunodeficiency
¢ serology matching, 2005-2009 virus (HIv) serology matching, 2005-2009
DONOR DONOR
RECIPIENT Negative Positive Unknown Total RECIPIENT Negative Positive Unknown Total
Negative 86.7 0.2 0.2 87.1 Negative 86.3 0.0 0.1 86.4
Positive 19 0.0 0.0 19 Positive 0.1 0.0 0.0 0.1
Unknown 10.9 0.0 0.0 11.0 Unknown 135 0.0 0.0 135
Total 99.6 0.2 0.2 100 Total 99.9 0.0 0.1 100

tion, and between 2005 and 2009, 62.5% of donors and 59.0% of
recipients were seropositive; 21.6% of recipients were in the high-
risk category of donor antibody positive and recipient antibody
negative (D+/R-) (Figure 4.6). Epstein-Barr virus (EBV) is also
of great concern due to its association with post-transplant lym-
phoproliferative disorders (PTLD); 8.8% of recipients were high-
risk EBV mismatches, that is, D+/r- (Figure 4.7). Prior hepatitis B
infection was relatively uncommon; only 2.2% of donors whose
serostatus was known had previous evidence of infection, that

is, positive hepatitis B core antibody, and 1.7% of recipients were

at high risk of transmission from a positive donor (Figure 4.8).
None of the donors demonstrated immunity to hepatitis B (posi-
tive hepatitis B surface antibody) (Figure 4.9). Hepatitis C sero-
positivity among donors was extremely uncommon, at 0.2%, but

all hearts from these donors were transplanted into seronegative

recipients (Figure 4.10). Human immunodeficiency virus (H1v)

serostatus was known for 99.9% of all donors; none were HIV posi-
tive (Figure 4.11)
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HR5.4  Graft failure among adult
heart transplant recipients
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One-year graft survival increased
O UT.CO m eS from 81.5% to 88.6% between
1991 and 2008 (Figure 5.1). Six-month graft survival improved
from 86.1% to 91.6% between 1999 and 2009. Cardiac allograft
vasculopathy, PTLD, and malignancy continue to be major con-
tributors to reduced long-term survival. Nevertheless, five-year
graft survival increased from 66.2% to 73.1% between 1993 and
2004. Ten-year graft survival also increased, from 45.7% to 53%
between 1991 and 1999. Aside from minor fluctuations, trends in
improved survival have been similar for patients with different
diagnoses.
Incidence of early graft failure, which peaked at 3.4% in 2005,
declined 38.5% since 2005 (Figure s5.2). Overall, the median sur-

vival for recipients with a functioning graft 1 year post-transplant
has trended upward (Figure 5.3). The number of heart trans-
plant recipients who are alive with functioning grafts increased
almost 50% from 13,715 in 1998 to 20,369 in 2009 (Figure 5.4).
Acute rejection after heart transplant remains a challenge; 24.0%
of patients who underwent transplant between 2003 and 2009
experienced a first rejection during the first year post-transplant,
and by year s, 51.4% experienced at least 1 episode (Figure 5.5).
Hospitalizations are also common; by the fourth year post-
transplant, nearly two-thirds of patients have been hospitalized
(Figure 5.6). PTLD in adult heart transplant recipients is rare, oc-
curring in less than 1%. More than one-third of cases occurred
during the first post-transplant year (Figure 5.7).
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In 2009, 69.5% of heart transplant recipients received tacrolimus
and mycophenolate as initial maintenance immunosuppression
(Figure 6.1). Induction agents were used with approximately one-
half of heart transplant recipients in 2009; 26.9% received an inter-
leukin-2 (1L2-RA) receptor antagonist and 22.6% received a T-cell
depleting agent (Figure 6.2). At 1 year post-transplant, §5.6% of
patients were receiving tacrolimus and mycophenolate, and 16.2%
were receiving cyclosporine A and mycophenolate. Interestingly,
8.0% were receiving tacrolimus as monotherapy within the first
year post-transplant (Figure 6.3).

Over the past 12 years, tacrolimus has emerged as the calci-
neurin inhibitor of choice (Figure 6.4). Between 1998 and 2009,
azathioprine use declined from 47.9% to 1.4%, and mycophenolate
use increased from 47.0% to 87.7%. The use of mammalian target
of rapamycin (mToR) inhibitors as initial immunosuppression
peaked at 10.8% in 2002, and declined to 1.6% in 2009. A similar
peak was seen in the use of mTOR inhibitors at 1 year post-trans-
plant, 14.5% in 2003 and declining to 7.5% in 2008. Corticosteroid
use at the time of transplant declined slightly to 88.3% in 2007, but
use has been stable since then. Maintenance corticosteroid use
at 1year remains common, but has declined in recent years from
nearly 80% in 1999 to 61.2% in 2008 (Figure 6.4).
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HR7.1 Pediatric patients waiting
for a heart transplant
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12 2007 2008 2009
Listings at start of year 269 263 282
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5 6 Received a transplant 332 368 364 5 [ Removed from list
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pediatric transplant

Since 1998, the number of new pediatric patients waiting for heart
transplants has increased slightly (Figure 7.1). The number of
prevalent patients has remained stable at approximately 250 to 300,
with almost equal numbers of active and inactive patients. The
percentage of patients on the waiting list aged younger than 1 year
increased from 11.3% in 1998 to 21.7% in 2009 (Figure 7.2). The per-
centage of patients waiting for re-transplant has ranged between
5.6% and 10.8% over the past 12 years (Figure 7.3). Death was the
second most common reason for removal from the waiting list,
occurring in 13.8% to 18.9% of listings in 2007-2009 (Figure 7.4).

In the 2006 waiting list cohort, after 3 years, 70.9% underwent
transplant, 12.7% died, 11.6% were removed from the list, and 4.8%
were still waiting (Figure 7.5).

The median number of months waiting for a heart transplant
was 2.7 in 2009 (Figure 7.6). Pre-transplant mortality for patients
wait-listed for heart transplant declined from 37.5 deaths per 100
wait-list years in 1998 to 29.4 in 2008. Patients on the waiting list
aged younger than 6 years consistently have the highest death
rate, with 50.1 deaths per 100 wait-list years in 2008 (Figure 7.7).
In 2009, numbers of heart transplants (including heart-lung)
were 116 in patients aged younger than 1 year, 83 in patients aged
1to 5 years, 60 in patients aged 6 to 11 years, and 103 in patients




Year

Year
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HR7.10  Characteristics of pediatric heart
transplant recipients, 2007-2009
Level N %
Age <1 303 2838
1-5 259 246
6-10 151 14.4
11-17 339 322
Sex Female 477 453
. . . Male 575 547
HR7.6  Median months to heart transplant for HR7.7  Pre-tx mortality rates among pediatric Race White 50 £32
wait-listed pediatric patients, by blood type patients wait-listed for a heart transplant Black 211 204
Hispanic 196 186
- 6 - 60 <6 Asian 62 59
& B 5 S~ Other/unk. 23 22
§ 0 ; Primary Congenital defect 444 422
g 4= = Al Z 40 Overall cause of Dilated myopathy: idiopathic 317 301
g g disease Restr. myopathy: idiopathic 69 6.6
= " § 6-10 Dil. myopathy: myocarditis 49 4.7
2 ) < g 9 All others 173 16.4
& @ 117 Transplant  First transplant 978 93.0
? = AB k5 history Subsequent 74 7.0
= —A o Biood type A 379 360
0 I I I | L1 1 0 | | | | | | B 146 13.9
98 00 02 04 06 08 98 00 02 04 06 08 AB 41 39
Year of listing Year 0 486  46.2
Primary Private 507 48.2
payer Medicaid 421 40.0
.. . Other public 85 8.1
HR78  Pediatric heart transplants HR7.9  Pediatric heart transplant o publ % a7
(including heart-lung), by age rates, by age Timeon <30 days 436 414
15 100 wait list 31-60 days 203 193
17 = 1-5 61-90 days 124 118
/ s - 610 3-<6 months 151 144
100 g £ 300 . 6-<12 months 96 9.1
- <1 { < <1 1-<2 years 24 23
= A - 15 s = QOverall 2.<3 12 11
= o A years .
2 S 200 < YV 3+ years 6 06
a =2 X
2 &1 g Status 1A 867 824
j%)
£ 100 ,Mv\, 18 M1 106
25 = ~ 2 74 70
s Patient No 885 84.1
0 L1 1 L1 1 L1 1 L1 1 = 0 L1 1 L1 1 L1 1 L1 1 On VAD Yes 167 15.9
98 00 02 04 06 08 98 00 02 04 06 08 All patients - 1052 1,052

aged 12 to 17 years (Figure 7.8). Rates of pediatric heart trans-
plants per 100 patient-years on the waiting list have increased
since 1998 to the current rate of 129.7; the highest rate is for pa-
tients aged younger than 1 year, at 274.1 (Figure 7.9). Among heart
transplant recipients in 2007-2009, 28.8% were aged younger
than 1 year, 24.6% 1 to § years, 14.4% 6 to 10 years, and 32.2% 11
to 17 years (Figure 7.10). Whites accounted for more than half
of recipients (53.2%) followed by blacks (20.1%) and Hispanics
(18.6%). The most common etiology of heart disease was con-
genital defects, in 42.2% of patients. Forty-one percent of patients
underwent transplant in less than 30 days; 82.4% were status 14,

and 15.9% were on a VAD.
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pediatric transplant

Private insurance coverage for pediatric heart transplant recipients
declined from $8.5% of patients in 1998 to 46.5% in 2009, with a
corresponding increase in Medicaid coverage from 28.3% to 41.5%
(Figure 7.11). For children and adolescents who underwent trans-
plant in 2000-2009, the incidence of PTLD was 0.44% at 6 months,
1.63% at 1 year, 2.60% at 2 years, 3.33% at 3 years, 5.03% at 4 years,
and 5.74% at s years (Figure 7.12). Substantial changes in main-
tenance immunosuppression have occurred. Tacrolimus use in-
creased from 23.8% in 1998 to 78.3% in 2009. Mycophenolate use
increased from 33.2% in 1998 to 78.6% in 2009. In 2009, MTOR in-

hibitors were used in 3.9% of patients at the time of transplant and

10.3% at 1 year post-transplant. Steroids were used in 70.2% of pa-
tients at the time of transplant in 2009, and use decreased to 33.5%

at 1 year (Figure 7.13). Graft survival has continued to improve.
Graft survival for heart transplants in 2009 was 90.6% at 6 months;

for transplants in 2008, 87.5% at 1 year; for transplants in 2006,
83.0% at 3 years; for transplants in 2004, 74.3% at 5 years; and for

transplants in 1999, 49.8% at 10 years (Figure 7.14). The rate of late

graft failure is traditionally measured by the graft half-life condi-
tional on 1-year survival, defined as the time to when half of grafts

surviving at least 1 year are still functioning. For heart transplants

performed in 2007, the graft half-life was 33.9 years (Figure 7.15).
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HR8.1 Distribution by center volume of the number of heart
transplants performed (includes heart-lung), 2009
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HR8.2  Heart programs performing multi-organ
transplants, by volume, 2005-2009

100

Percent

<47 48-87 88+

Number of transplants at center

: : In 2009, nearly 28% of
Ce nte r C h a ra Cte rl Stl CS heart transplant centers
performed 10 or fewer adult and pediatric heart transplants. Forty-three percent of cen-
ters performed 11 to 20 transplants per year, and 15.6% performed 21 to 30 transplants
per year. In contrast, only 2.5% of centers performed more than 60 transplants per year
(Figure 8.1). Between 2005 and 2009, among heart transplant programs, one-third of cen-
ters performed fewer than 47 heart transplants per year, one-third between 48 and 87,
and one-third more than 87. Among centers in the lowest tertile of center volume, 25.5%
performed multi-organ transplants; 93.3% of centers in the highest tertile performed
multi-organ transplants (Figure 8.2). Thus, higher-volume centers are more likely than
lower-volume centers to perform multi-organ transplants that include a heart transplant.
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in 2009, within Donation Service Areas (DSAs)
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mplemented in 200, the lung allocation score (LAs) system has had re-

markable effects on the size of the lung transplant waiting list, the rate

of lung transplants, and the distribution of lung allografts among diag-
nosis groups. As we move further from its implementation, we are now
able to see clearly how the LAs system has changed lung allocation and
what remains to be improved. A marked shortage in available lungs for
those in need continues; 2008 was the first year since adoption of the Las
that the number of patients on the waiting list increased over previous
years, a trend that continued in 2009. At the end of 2009, 1,181 people were
waiting for lungs, compared with a low of 978 in 2007. Despite this in-
crease in the waiting list, 1,670 lung transplants (1,644 lung, and 26 heart-
lung) were performed in 2009 — more than ever before. Wait-list mortal-
ity has begun to rise again, after a decline following LAs implementation.

As part of the development of the Las, disease diagnoses leading to

lung transplant were grouped into 4 categories, to associate diseases with
similar outcomes. The goal was to create groups that would act as predic-
tors of disease progression. The 4 groups are: group A, obstructive lung
disease (chronic obstructive pulmonary disease/emphysema, alpha-1
antitrypsin deficiency, bronchiectasis, lymphangioleiomyomatosis, etc.);
group B, pulmonary vascular disease (idiopathic pulmonary arterial hy-
pertension, Eisenmenger syndrome, etc.); group C, cystic fibrosis and
immunodeficiency disorders (cystic fibrosis, hypogammaglobulinemia,
etc.); and group D, restrictive lung disease (idiopathic pulmonary fibrosis,
sarcoidosis, re-transplant, etc.). A fifth category, group E, comprises all
pediatric patients aged younger than 12 years.
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Lach and every morning
J give thanks for my donor.
J know not the dignity of
my donors life, nor the
tragedy of their death, but
J do know J received the
greatest gift of all, the gift
of lje.

Marie, lung recipient
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44 Adult patients waiting
for a lung transplant
3 New patients Patients on the list on 12.31 of the given year
w— Active ‘ LAS begins ‘ LAS begins
g Inactive ‘ /_\_\ |
g 2 ‘ |
8 | V|
H \\
g 1 | -
E I
| |
0 —bolotol O N N N | T O S S
98 00 04 06 08 98 00 02 04 06 08
Year
W42 Distribution of adult patients (active)
waiting for a lung transplant
100 A ‘Race
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: : Upon the introduction of the LAs for de-
\/\/a |J[ | | St ceased donor lung allocation in 2005, the
number of active patients on the waiting list for a lung trans-
plant in the United States sharply decreased (Figure 1.1). That
trend stabilized through 2007, and since then the number of
patients waiting for a lung transplant has begun to increase, by
about 10% in 2008 and again in 2009.

The demographics of patients awaiting a lung transplant have
remained fairly constant in terms of race, sex, and blood type (Fig-
ure 1.2). However, over the past 10 years, the age distribution of
those on the waiting list has changed substantially. In 2009, 16.8%
of the wait-listed patients were aged 65 years or older, up from
13.4% in 2008 and 4.6% in 2004 (before the LAS system). This

reflects an increasing trend toward performing transplants for pa-
tients aged 65 years or older. Since 2005, the percentage of patients

with an LAS of 35 or higher has increased from 24.1% to §7.1% of the

waiting list. This shift indicates that, on the whole, patients on the

waiting list are sicker and have a higher risk of mortality.

The transplant rate has been steadily increasing, with a sharp
increase after 2004 (Figure 1.3). The sharpest increase is in pa-
tients aged 65 years or older, indicating that older patients are not
only gaining access to the waiting list in increased numbers, but
are receiving transplants more frequently as well. Transplant rates
are increasing in all age groups, though the rate remains lowest in
patients aged 35 to 49 years; this group appears to be decreasing
in prevalence on the waiting list as well. By diagnosis, patients in
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No lung
program

== White

Median months to transplant

Y43 Transplant rates among adult patients 4.4 Lungtransplant waiting list
wait-listed for a lung transplant, by age activity among adult patients
o, 160 = 1217 2007 2008 2009
§ 18-34 Listings at start of year 2,736 2,128 1,926
> Listings added during year 1914 1973 2241
5 120 — 3549 —_— Listings removed duringyear 2,522 2,175 2,384
‘g 50-64 Listings at end of year 2,128 1926 1,783
o " Removal reason
S go 65 -
g - Al Deceased donor transplant 1,470 1,490 1,666
o Living donor transplant 3 0 1
‘g 40 Patient died 376 315 342
a Patient refused transplant 18 1" 7
§ Transferred to another ctr 35 26 26
L Y S A S M S Improved, tx not needed 376 202 140
98 00 02 04 06 08 Too sick to transplant 35 33 54
Other 209 98 148
Year
4.5 Lung tx waiting list status by month post- V1.6 Percentiles of time to lung tx for new adult
listing among new adult listings in 2006 listings, by diagnosis group, 2005-2009
100 40
/ A
80 2 30
g : y
S 8 Removed from list % 20
a 40 Died £ All
2 [ Transplanted s 10
Still waiting D
0 | | | | | | 0 i | | | | |
6 12 18 24 30 36 10 20 30 40 50 60 70 80 90
Months post-listing Percent of patients transplanted
47 Median months to lung transplant foradult |  |'“1.8  Median months to lung transplant
patients transplanted in 2009, by DSA for wait-listed adult patients
50 Age Race o LAS

\ <35
Black 8
== Hispanic \/
-— 6
Overall 35.<40
4 — N
) SN 40-<50
50-100
N N RO
98 00 02 04 06 08 98 00 02 04 06 08 05 06 07 08 09

Year of listing

diagnosis groups C and D are gaining access to lungs faster than
those in groups A and B (Figure 1.6).

Median months to transplant from time of listing may be lev-
eling off from the precipitous decline after the implementation
of the Las (Figure 1.8). Overall median wait time is less than 6
months, with a median wait of less than 2 months for candidates
aged 65 years or older. A higher LAS corresponds to a shorter wait
time, down to a median of 1 month for patients with an Las of
50 or higher. Wait time for a lung transplant seems to have some
notable geographic variation (Figure 1.7), with patients across the
northern and northwestern Us experiencing longer wait times
than those in the central and eastern regions.
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U910  Characteristics of adult patients on the
lung tx waiting list on December 31, 2009
Level N %
Age 12-17 43 24
18-34 220 124
35-49 349 196
50-64 900 50.6
65+ 266 15.0
Gender Female 1,076 605
Male 702 395
Race White 1,455 818
Black 178 10.0
Y1.9  Pre-transplant mortality rates among adult ﬂ's?;’;’"'c 22 ?g
patients wait-listed for a lung transplant Other/unk. 14 o0s
Diagnosis A 811 456
40 Age ol Sex group B 163 9.2
18-34 — Male c 229 129
30 N = 35.49 Female D 574 323
Other/unknown 1 0.1
= Al Most recent  30-<35 875 492
G lung allocation  35-<40 346 195
score (LAS) 40-<50 217 122
50-100 96 5.4
No LAS* 179 101
§ Bloodtype A 676 380
> B 187 105
;—f 0 | | | | | | | | | | | | | | | | | | | | | | | | AB 50 28
g, Race Diagnosis group 0 865 48.7
S == White D Time on <1 month 155 8.7
E Black waiting list 1-<3 months 203 114
2 30 — Hispanic — N 3-<6 months 241 136
© . 6 -<12 months 278 156
& Asian ¢ 1-<2 293 165
years X
20 —& L ™\ 2 - <3 years 142 80
- \ 3+ years 466 26.2
o “L :*'; B A Status IAr]aFtive 602 339
A T ctive 1,176 66.1
T~ Transplant  Listed for first tx 1,721 96.8
0 | | | | | | | | | | | | | | | | | | | | | | | | history Listed for sub. tx 57 32
98 00 02 04 06 08 98 00 02 04 06 08
Year * all but 2 patients with unknown
LAS were listed prior to May 4, 2005

: : Wait-list mortality appears to have in-
Wa |J[ | | St creased during the past 3 years, reversing
a trend from the pre-Las period (Figure 1.9). All diagnosis
groups except group A experienced notable increases in pre-
transplant mortality, with group D patients at the highest risk,
at 26.4 deaths per 100 wait-list years. The most common reason
for removal from the waiting list, after transplant, was death,
with over 300 patients dying each year (Figure 1.4). Transplant
candidates aged 65 years or older have experienced a substantial
decline in wait-list mortality, from 26.0 deaths per 100 wait-list
years in 2004 to 12.9 in 2009. Meanwhile, candidates aged 18 to
34 years have experienced increasing mortality rates since the

LAS began, from 9.3 deaths per 100 wait-list years in 2006 to 17.5
in 2009. The variability in mortality for candidates aged 12 to
17 years is likely due to small cohort size. A recent dramatic in-
crease also appears to have occurred in the pre-transplant mor-
tality of Asian candidates, from 8.1 deaths per 100 wait-list years
in 2008 to 27.1 in 2009. This may reflect the small number of
Asian candidates.

Figure 1.10 shows basic characteristics for patients on the 2009
waiting list. The list continues to be dominated by white candi-
dates and candidates from diagnosis group A. The age distribution
reflects the increased listing of older patients, with two-thirds of
listed patients aged so years or older.
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Y24 Lungdonations from deceased 2.2 Lungsrecovered per donor &
donors per million population lungs transplanted per donor
o Age Sex Race 04
2 . 18-34 Black . Lungslrfw
g 1217 Male —/ 5 03 P
é 6 =~ All Hispanic s == Lungs transplanted
E 2 02
5 4 3549 —_7 A E
by 50-64 Female Asian <
g 2 g™
g 65-70
8 0 I T | I Ay | [ qth%r/up 111 0.0 I M |
00 02 04 06 08 00 02 04 06 08 00 02 04 06 08 98 00 02 04 06 08
Year Year
Y2.3  Deceased donor lung donation 2.4 Deceased donor lungs
rates (per million population) transplanted with another organ
2 2
004 009 6
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z ‘
E 3 — M?\ Any
2 . ~—
Liver Heart
1 Kidney
0 —= | fi—— ]
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Year
2.5  Discard rates for lungs 2.6 Lungdonors with
recovered for transplant smoking history
60 Age Sex Race .
— 1217 — Male = White
18-34 Female Black
40 == 3549 _ - Al == Hispanic 20
= 50-64 Asian =
5 — 65+ — Otherfunknown g
20 A o
0 I A | | ’\‘ i \‘a 0 | | | | | |
98 00 02 04 06 98 00 02 04 06 98 00 02 04 06 98 00 02 04 06 08
Year Year
CI d d t a band of reliable donation in the middle of the country. This
e C e a S e O n a | O n is in contrast to lower donation rates in some western states,
Lung donation rates are increasing, but continue to be low com-  such as Nevada and Colorado. Continued efforts to increase
pared with other organs. The fragility of the lung makes it diffi- awareness regarding deceased donation will be critical to ease
cult for every willing donor to donate. The overall donation rate  growing demands.
in 2009 was 5.6 lungs per million population. Other than a slight Lungs have a low rate of discard; more than 90% of recovered
decline in donations from donors aged 18 to 34 years, donation  lungs are used (Figure 2.5). The acceptability of lungs from do-
rates have been slowly increasing for 10 years across age and racial  nors aged 65 years or older varies, although data suggest that this
groups (Figure 2.1). Given the increasing size of the waiting list, variation may be easing. There is evidence that some donors may
donations have not kept pace with demand. have a history of smoking, but it is unclear how recent or severe
Donation rates vary substantially by geographic region, that smoking may have been (Figure 2.6). The trend appears to
but are improving across the country (Figure 2.3). There is  indicate a preference for donors with no history of smoking.
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32 Adultlung
transplants
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In 2009, 1,670 adults underwent
J[ra ﬂ S p a nt lung transplants (Figure 3.1). Twen-
ty-six of these were heart-lung transplants. Adults aged 50 to 64
years continued to undergo the most transplants, but the number
of adults aged 65 years or older undergoing transplants increased
sharply (Figure 3.2). In 1998, 3.5% of transplants were performed
in adults aged 65 years or older, but in 2009 that cohort repre-
sented 22.4% of transplants. The number of transplants among
whites also increased in 2009, continuing a trend that started in
the mid-1990s.
After the LAS was implemented, the diagnostic distribution of
lung transplants changed dramatically. Before LAS, group A pa-

tients represented the majority of lung transplants. Today most

lung transplants are in group D patients. The number of trans-
plants in group D continues to rise, with 732 transplants in 2009,
amore than 13% increase over the previous year. Transplants for
all diagnosis groups continue to increase, with the largest increase

occurring in group D (Figure 33).

Bilateral lung transplant is increasingly chosen over single lung
transplant (Figure 3.1). Bilateral transplants now account for more
than two-thirds of all lung transplants.

Living lung donation has virtually ceased over the past 10 years
(Figure 3.4). Never a frequently used option, living donation has
dropped from a high of 27 procedures in 1999 to only 1 in 2009.
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3.3 Lung transplant rates in adult W34 Adultlive donor
patients, by diagnosis group lung transplants
g 150 \ : 30 U3.9  Characteristics of adult lung
s A | LAS begins transplant recipients, 2009
S e/ oV
o — | . 20 Level N %
5 9 b ‘ 2 Vv Age 1217 45 27
S — ‘ = 18-34 186 11.3
g 60 g 35-49 233 142
8 \ =10 50-64 812 494
2 \ Sex Female 701 426
:0\\\\\\\\\\\\ o Jp A Y S B Male 943 574
98 00 02 04 06 08 98 00 02 04 06 08 Race White 1,394 84.8
Black 130 79
Year Year Hispanic 99 6.0
Asian 21 13
Diagnosis A 543 33.0
U35 Use of Dcp lungs among adult lung tx Y36 Percent of adult, deceased donor lung group B 7747
recipients, by recipient diagnosis group transplants that are DCD, by DSA, 2005-09 c 246 15.0
D 732 445
Other/unknown 46 28
Lung <30 3 02
allocation 30-<35 428 26.0
score (LAS) 35-<40 413 251
= 40-<50 393 239
g 50-100 407 248
& Blood type A 698 425
B 183 111
AB 64 39
0 699 425
Time on <1 month 554 337
waiting list 1-<3 months 414 252
-<{
Year 056 157 247 533 Z_(?zmn‘_’;:‘tzs ggg 1;3
1-<2years 132 80
2 -<3years 41 25
3.7 Deceased donor lung tx rates per 100 pt 3.8 Insurance coverage among adult lung 3+ years 60 36
years on the waiting list, adult pts, 2009 transplant recipients at time of transplant Pre-fx Hospitalized: ICu 152 92
medical Hospitalized: not Icu 159 9.7
condition Not hospitalized 1,333 81.1
100 Pt on vent. No 1,514 921
30 ] Other/unknown imm.ly pre-tx Yes 130 79
Private Procedure type  Lobe 101
= 60 [ Other gvmt Single 546 33.2
g Medicare Bilateral 1,097 66.7
& 40 Donor type QeFeased 1,643  99.9
Living 1 01
‘ Primary payer  Private 891 542
2 Medicare 553 336
0 T T T O I Other government 192 117
Other 8 05
% 00 02 04 06 08 Total All patients 1,644 100.0
Year

Donation after circulatory death (Dcp) was thought to yield
suboptimal outcomes in lung recipients, but recently outcomes
for pcp lungs have been comparable to outcomes for lungs from
non-pcD donors. Currently, DCD transplants are performed only
at the largest transplant centers (Figures 3.6and 8.3).

Transplant rates vary greatly by state, from a low of less than 25
transplants per 100 patient-years in Kansas and Colorado to more
than 200 transplants per 100 patient-years in Utah and Louisiana
(Figure 3.7). Transplant center access may affect these rates. North
Dakota, a state without a lung transplant center, had zero trans-
plants per 100 patient-years in 2009; by contrast, the District of
Columbia, whose residents have access to several nearby trans-

plant centers, had a transplant rate of 434.8 transplants per 100
patient-years.

Reported insurance coverage among lung transplant recipi-
ents was 99.5% in 2009 (Figure 3.8). The trend toward increased
coverage through Medicare continued. Government programs
combined paid for 45.3% of lung transplants in 2009, a marked
increase from 1998, when only 31.1% of transplants were covered
by government-funded insurance plans.

Patients aged 65 years or older underwent 22.4% of the trans-
plants in 2009; patients aged 35 to 49 years underwent 14.2% (Fig-
ure 3.9). Patients aged 65 or older constituted 15.0% of the list in
2009, and those aged 35 to 49 years, 19.6% (Figure 1.10).
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g4 praattime of lung transplant W42 Total HLA mismatches among
in adult recipients adult lung transplant recipients
100
80
= 60 — M9 — = 60
] [} 4 . 0
§ = 20-79 §
40 — — 80-100 40
20 o= Unknown\ 20
P it JANEEE 0
98 00 02 04 06 08 98 00 02 04 06 08
Year Year of transplant
43 HLA-Amismatches among adult 44 HLA-B mismatches among adult 45  HLA-DR mismatches among adult
lung transplant recipients lung transplant recipients lung transplant recipients
80 . 80 . 80 2
= o H = go MY z o M
3 o 3 o 3 o
2 2 v
a a 40 o 40
i _ i
0 0
98 00 02 04 06 08 98 00 02 04 06 08
Year of transplant Year of transplant Year of transplant

In general, the closer the immunological
or human leukocyte antigen (HLA) match

donor-recipient
i between a donor and a recipient, the less
m a J[C h | n g likely it is that rejection will occ)ur. Most

lung transplant recipients have 0% panel reactive antibodies (PrA) at the time of trans-
plant; in 2009, 69.8% had 0% PRra. Since the implementation of the Las, the percentage
of transplant patients with high numbers of HLA mismatches has increased. Indeed, in the
past decade there seems to be a trend toward more liberally performing transplants for
patients with high PRA or HLA mismatches (Figures 4.1-4.5). It is unclear whether this is

the result of changing practices at transplant centers or recent changes in methods that
make the detection of anti-HLA antibodies more sensitive.
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4.6 Adultlung donor-recipient cytomegalovirus a7 Adultlung donor-recipient Epstein-Barr
(cmv) serology matching, 2005-2009 virus (EBV) serology matching, 2005-2009
DONOR DONOR
RECIPIENT Negative Positive Unknown Total RECIPIENT Negative Positive Unknown Total
Negative 15.7 234 0.2 393 Negative 0.8 8.5 3.4 127
Positive 19.1 355 0.3 54.8 Positive 4.0 45.7 20.9 70.7
Unknown 24 35 0.0 5.9 Unknown 0.8 10.9 4.9 16.6
Total 372 62.3 0.5 100 Total 5.6 65.1 29.3 100
V4.8 Adultlung donor-recipient hepatitis B core 4.9 Adultlung donor-recipient hepatitis B surface
antibody (HBcAb) serology matching, 2005-2009 antigen (HBsAg) serology matching, 2005-2009
DONOR DONOR
RECIPIENT Negative Positive Unknown Total RECIPIENT Negative Positive Unknown Total
Negative 743 1.8 0.2 76.4 Negative 90.5 0.0 0.2 90.7
Positive 32 0.2 0.0 34 Positive 1.9 0.0 0.0 1.9
Unknown 19.7 0.5 0.1 20.2 Unknown 7.4 0.0 0.0 7.4
Total 97.2 25 03 100 Total 99.8 0.0 0.2 100

In most transplants, donor cytomegalovirus (cMv) status and recipient CMV status are
matched or cMv-positive patients receive cMv-negative lungs (Figure 4.6). This practice
decreases the chances of a cMv-negative recipient being exposed to cMv and its poten-
tial consequences. However, 23.4% of lung transplants are from a cMv-positive donor
to a cMV-negative recipient, which could increase the incidence of post-transplant cmv
infection. Similarly, donors and recipients are often matched on the basis of Epstein-Barr
virus (EBV) status; in 2005-2009, only 8.5% of lung transplants went from an EBV-positive
donor to an EBV-negative recipient (Figure 4.7). No donor was hepatitis B virus (aBV)
surface antigen (HBsAg) positive (Figure 4.9). HBsAg positive status indicates either prior
infection or immunization. The vast majority of donors were hepatitis B core antibody
negative (Figure 4.8). Positive status indicates prior HBV infection.
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Y54 Graftfailure among adult Us.2  Early (reported w/i 6 wks of tx) graft failure
lung transplant recipients among adult lung transplant recipients
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Immediately after the LAS was
O U tC O m e S implemented, graft survival rates
decreased, likely the result of performing transplants for the sick-
est patients on the waiting list. Implementation of the LAs placed
patients with the highest pre-transplant urgency at the top of the
waiting list, and was associated with a decrease in post-transplant
graft survival from 89.8% to 86.8% at 6 months (Figure s.1). By
the end of 2007, 6-month graft survival was 87.2%, virtually un-
changed from the immediate drop after LAs implementation. In
2009, graft survival rates appear to have returned to pre-Las levels,
with 6-month graft survival at 89.2% overall. Graft survival rates in

the first 6 weeks post-transplant improved in 2009 compared with

2008 (Figure 5.2) Next year will mark s years since implementa-
tion of the LAs, and we will be able to determine the effect of the

system on §-year graft survival.

For adult lung transplant recipients who survive 1 year after
transplant, the overall half-life for lung grafts is 4.8 years. This is
lower than the previous high of 6.6 years in 2000 (Figure 5.3). At
the end of June 2009, 7,425 people in the Us were living with a
lung allograft, more than twice the number of living recipients 10

years ago (Figure 5.4.).
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6.1 Initial immunosuppression regimen in adult lung
transplant recipients, 2009 (steroids not considered)

All others

Tacrolimus

Tacrolimus, Azathioprine
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6.2 Induction agents used at time of lung 6.3 Immunosuppression at one year in adult lung
transplant, adult recipients, 2009 transplant recipients, 2008 (steroids not considered)

All others

Tacrolimus

T-cell depleting

IL2-RA & T-cell depleting Tacrolimus, Azathioprine
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6.4  Immunosuppression use in
adult lung transplant recipients
100 Calcineurininhib. (attx)  Anti-metabolites (attx) ~ mTOR inhibitors Steroids
Tacrolimus === At transplant =
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3
& 40 =N,
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: | Trends in immunosuppres-
| m m U n OS U p p reSS | O n sion among lung transplant

recipients have remained stable over the past several years. Since 1998, use of tacrolimus

as the primary calcineurin inhibitor has steadily increased (Figures 6.1, 6.3, and 6.4.). To-
day, it is used in virtually all lung transplant recipients. Mycophenolate is still the pre-
dominant anti-metabolite used in lung transplant recipients. Steroid use is also virtually

universal and extends from the immediate post-transplant period through at least 1 year
post-transplant. Mammalian target of rapamycin (mTOR) inhibitors are used rarely, if at

all, immediately after transplant (Figure 6.4.).

Use of induction agents after transplant is mixed, with 40.3% of patients not receiving
them. For those patients who receive an induction agent, interleukin-2 receptor antago-
nists (1L2-RA) are the primary agents chosen, with a minority of patients receiving a T-cell
depleting agent (Figure 6.2).
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7.4 Pediatric patients waiting

for a lung transplant

Patients on the list on 12.31 of the given year
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Y7.3  Prior lung transplant in pediatric 7.4 Lungtransplant waiting list activity 7.5 Lungtx waiting list status by month post-
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Prior to November 22, 2010, candidates aged less than 12 years re-
ceived allocation priority based on waiting time. Since November,
2010, pediatric candidates receive allocation priority by medical
urgency status. Since 1998, the number of active pediatric pa-
tients on the waiting list has decreased (Figure 7.1). Patients
aged younger than 6 years account for one-third of the pediatric
patients waiting for a lung transplant in 2009 (Figure 7.2). Since
2006, the number of patients on the waiting list aged younger than
1year has increased. White patients made up 60.0% of the waiting
list in 2009, and black and Hispanic patients 20.0% each (Figure
7.2). The number of patients with prior transplants has declined

since 2007 (Figure 7.3). Reasons for removal from the waiting list

in 2009 included transplant (44.9%), improvement in condition

(26.5%), and death (14.3%) (Figure 7.4). For children and adoles-
cents who were listed for a lung transplant in 2006, by 3 years after
listing, 62.5% had undergone transplant, 15.6% had died, 12.5% had

been removed from the list, and 9.4% were still awaiting a trans-
plant (Figure 7.5).

The median waiting time for children and adolescents fell
from 48.5 months in 19981999 to 11.7 months in 2008-2009 (Fig-
ure 7.6). Death rates on the waiting list have decreased since 1998
(Figure 7.7). Overall, the number of lung transplants (including
heart-lung) has decreased from a total of 42 in 1998 to 20 in
2009 (Figure 7.8). While the number of wait-listed patients aged
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younger than 1 year is on the rise, the number of transplants for
these patients is falling. In 2009, the overall pediatric lung trans-
plant rate was 28.9 per 100 patient-years on the waiting list (Figure
7.9). Among pediatric lung transplant recipients in 2007-2009,
47.7% were aged 6 to 11 years, 31.8% were aged 1 to 5 years, and
20.5% were aged younger than 1 year (Figure 7.10) ; 63.6% were
white, 15.9% Hispanic, 13.6% black, and 4.5% Asian. Cystic fibro-
sis was the primary diagnosis in 20.5% of recipients, followed by
idiopathic pulmonary hypertension and obliterative bronchiolitis,
each at 13.6%. Almost 60% of patients spent less than 3 months on
the waiting list. Forty-one percent were hospitalized in the inten-
sive care unit before transplant.
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and adolescents undergoing transplants in 2009, Medicaid cov-
ered payment for nearly 60% (Figure 7.11). For those undergoing
transplants in 20002009, the incidence of post-transplant lym-
phoproliferative disorder (PTLD) was 2.0% at 6 months, 4.2% at
1year, 5.0% at 2 years, 7.2% at 3 years, 8.7% at 4 years, and 15.8%
at 5 years (Figure 7.12). There have been notable changes in the
immunosuppression used in pediatric lung transplant recipients.
The trends in pediatric lung transplant immunosuppression are
similar to those seen in adult post-transplant immunosuppres-
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d ; J[ : J[ | J[ Among sion. Tacrolimus is increasingly used and is now the dominant
p e | a r| C ra n S p a ﬂ children calcineurin inhibitor. Likewise, the use of mycophenolate has in-

creased, and it is now the primary anti-metabolite. In 2009, 94.1%

of patients received tacrolimus as part of the initial maintenance

immunosuppressive medication regimen, 88.2% received myco-
phenolate, and 100% received steroids (Figure 7.13). Graft survival

has continued to improve over the past decade. Graft survival for
transplants performed in 2007-2009 was 92.8% at 6 months and

85.7% at 1 year; for transplants in 2004-2006, 62.7% at 3 years; for
transplants in 2001-2003, 56.0% at § years; and for transplants in
1997-2000, 24.1% at 10 years (Figure 7.14.).
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8.1 Distribution by center volume of the number of lung
transplants performed (includes heart-lung), 2009
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C e ﬂt e r C h a r a CJ[ e r| SU C S performed 45 or fewer transplants from 2005-2009. In contrast,

77.3% of lung transplant centers in the top tertile of volume, those
Most lung transplant centers in the Us are relatively low-volume, performing more than 129 transplants from 2005-2009, did multi-
performing 20 or fewer transplants per year, while a small number ~ organ transplants (Figure 8.2). It is unclear whether this practice
of high volume centers perform 100 or more transplants per year  has effects on post-transplant outcomes.
(Figure 8.1). Many small centers offer lung-only transplants, which There is a trend among higher-volume centers (those with
results in sicker, multi-organ transplant patients being sent to  more than 46 transplants 2005-2009) to transplant DCD lungs
higher-volume transplant programs for the more complex proce-  (Figure 8.3). We will follow this trend to determine the effects on
dures. Multi-organ transplants were performed at 30.4% of lung  organ availability and patient survival.
transplant programs in the bottom tertile of volume, those that
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deceasad
gan donatian

rgan donation rates, number of organs recovered, number of or-

gans transplanted, and number discarded per donor varied sub-

stantially across different regions of the country. Among donor
service areas (DSAs) , the lowest organ donation rate in 2009 was 51 per
100 eligible deaths, and the highest was 91 (Figure 1.2). Similarly, the num-
ber of organs recovered per donor varied widely across Dsas (Figures 2.2
and 2.3). In 2009, the mean number of organs transplanted per donor was
3.0; however, wide variation was seen (Figures 3.2 and 3.3). The discard
rate for standard criteria donor (scD) organs also varied (Figure 4.3), as
did the use of expanded criteria donors (Ecp) (Figure 5.1) and donation
after circulatory death (pcp) (Figure 6.1). The waiting time for trans-
plants also varied by Dsa in 2009 (Figure 7.1).

Opver the past 12 years, more organs were recovered per donor from
scps than from Ecps or pcDs (Figure 2.4). In 2009, 4.0 organs per donor
were recovered from scDs, compared with 2.7 from EcDs and 2.6 from
pcps. However, the number of kidneys recovered per donor from bcps
was higher than or similar to the number of organs recovered from scps.
For example, in 2009, 1.9 kidneys were recovered per donor from DCDs
(Figure 2.5), more than the 1.8 and 1.6 kidneys recovered per donor from
scps and ECDs, respectively. This trend of more organs recovered per
donor from pcDs than from scDs or ECDs was seen only for kidneys,
which are arguably more resistant than other organs to potential long-
term effects of ischemia (Figure 2.6). In 2009, 0.84 livers were transplant-
ed per donor from scps, slightly more than the 0.73 livers transplanted
per donor from Ecps (Figure 3.6).

organ-specific donation
rates 126

organs recovered per
donor 127

organs transplanted per
donor 129

organ discards 131
ECD donors 133

DCD donors | waiting
time 134

Ghirough organ donalion,
Jeff s kindness and generosity
toward others has been
extended to his ljfe after death.
Jor us, his family, i continues
to remind us of who he was
and why we miss hinm.

Kent, donor dad
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gible deaths, where an eligible death for organ donation is defined
as the death of a patient aged 70 years or younger who is legally de-
clared brain dead according to hospital policy and meets other spe-
cific organ donor eligibility requirements. The donation rate var-
ied by organ type and is presented as organ-specific rates (Figure
1.1). The organ-specific donation rates for kidney and liver donors
were similar, and higher than rates for thoracic and pancreas do-
nors. Among thoracic organs, organ-specific donation rates were

higher for heart donors than for lung donors (note that through-
out this chapter, lung donation refers to 1 or 2 lungs recovered).
The overall donation rate was 69.4 per 100 eligible deaths in 2009.
The organ donation rate varies geographically. The lowest
organ donation rate was 50.8 and the highest was 9o.7 per 100
eligible deaths (Figure 1.2). Factors such as donor age and eth-
nicity may play a role in this variation. Geographic variation
suggests opportunities to share best practices from regions with
high organ donation rates to improve the overall rate. The organ
donation rate and organ-specific donation rates, along with the
adjusted rates, are provided biannually in the SRTR’s program-
specific reports to all organ procurement organizations (OPos).
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Over the past 12 years, the number of organs recovered per donor
has been relatively stable, at about 3.5 (Figure 2.1). The number of
lungs recovered per donor increased from 0.28 in 2004 to 0.37 in
2009. The number of hearts recovered per donor decreased from
0.38 in 2000 to 0.28 in 2009. The number of pancreata recovered
per donor also decreased, from 0.28 in 2000 to 0.21 in 2009.

The number of organs recovered per donor varied widely
across DsAs, with a low of 2.9 and a high of 4.1 per donor (Figures
2.2 and 2.3). The mean number of kidneys recovered per donor
across DSAs was 1.8, the mean number of livers was 0.85, and the
mean number of hearts was 0.28. Across DsAs, variation was wider
in the number of lungs recovered per donor, compared with the
number of hearts, with a mean of 0.35 lungs recovered per donor.
The presence or absence of a lung transplant program within an
appropriate distance from the recovering hospital may explain the
wider variation across DSas for lungs.
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The number of organs recovered per donor varied depending on
donor type, SCD versus ECD or DCD. Over the past 12 years, more
organs were recovered per donor from scps than from EcDs or
pcps (Figure 2.4). In 2009, 4.0 organs per donor were recovered
from scps, compared with 2.7 from EcDs and 2.6 from pcps. In
2009, 1.9 kidneys per donor were recovered from pcps (Figure
2.5). In contrast, 1.8 and 1.6 kidneys per donor were recovered
from scps and EcDs, respectively. This trend of more organs re-

covered per donor from pDcDs than from scps and ECDs was not
seen for organs other than the kidney (Figures 2.6). In 2009, the
number of livers recovered per donor from scps was similar to
the number recovered per donor from EcDs. The number of liv-
ers recovered per donor from DcDs has declined since 2006 and
is much lower than the number of kidneys recovered from DcDs.
For ECDs, the next most common organ recovered per donor after
liver was lung. For DCDs, the next most common organ recovered
per donor after liver was pancreas. The number of pancreata re-
covered per donor from DcDs has declined since 2005, and the
number of lungs recovered per donor from DcDs has increased
since 2007.




deceased organ donation 129
D0D31  Organs transplanted
per donor (0TPD)
a4 All 20 Kidneys 10 Other organs
g
=] Liver
x_ —_— — § —— —
g 3 15 08
=S 06
S 2 1.0
S Heart
o
pu 0.4 —= Lung
E
ER 0.5 02
§ testi Pancreas
= 0 | | | | | | | | | | | | 0.0 | | | | | | | | | | | 'n esting ‘ ‘ k o —
98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08
Year
D0D3 2 Organs transplanted per
donor (0TPD), by DSA, 2009
L 40 All 20 Kidneys 10 Other organs
3
g 35— 18 08 —$
2
s 0.6
S 30 1.6 —#—
2 0.4 ‘
g T
g 25 ——M8M8M8M¥ 14 — — 02 - i:‘ \—y—l
D
= 90— 12 0.0 =
Al Kidneys Pancreas Liver Intestine Heart Lung
D0D3 3 Qrgans transplanted per donor

(0PD), by DSA, 2009

organs transplanted
oer donor

Over the past 12 years, the total number of organs transplanted per
donor has declined slightly; approximately 3.0 organs per donor
were transplanted in 2009 (Figure 3.1). Over the same period, the
number of kidneys transplanted per donor declined only slightly.
Numbers of livers, hearts, and pancreata transplanted per donor
have also declined slightly. In contrast, the number of lungs trans-
planted per donor has increased, likely reflecting an increased de-

mand for lung transplants. The number of intestinal transplants
per donor, albeit low, has remained stable.

In 2009, by DsA, the mean number of organs transplanted per
donor was 3.1. Variation across DSAs was wide, ranging from a low
of 2.4 to a high of 3.6 (Figures 3.2 and 3.3). The mean number of
kidneys transplanted per donor across DSAs was 1.5, the mean
number of livers transplanted per donor was 0.76, and the mean
number of hearts transplanted per donor was 0.28. Across Dsas,
variation was wider in the number of lungs transplanted per donor
compared with the number of hearts. The mean number of lungs
transplanted per donor was 0.34.

OPTN :SXR




130 OPTN & SRTR Annual Data Report 2010

DOD3 4 Total organs transplanted
per donor (ORPD)
SCD ECD DCD
5 4
f=
o
o
g 3
2
©
>
S 2 -~ -
o
z
E 1
[=
&
(<5}
Eo\\\\\\\\\\\\ I Y I I S B |
98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08
Year
D0D3 5 Kidneys transplanted
per donor (ORPD)
_ 20 SCD ECD DCD
o
S
o
g 15
(%)
5
>
S 10 — =
o
g
§ o5
f=
3
20'0\\\\\\\\\\\\ I Y I I S B |
98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08
Year
D0D3 6 Other organs transplanted
per donor (ORPD)
SCDh ECD DCD
= 10
e Pancreas
§ 08 — — Liver
=Y == |ntestine
2
s, 06 Heart
2 = Lung
o
U <
£
2 02
=
g ﬂ"_"/-—-/ \‘—M
20'0“ frp——— O —— i ——— T
98 00 02 04 06 08 98 00 02 04 06 08 98 00 02 04 06 08
Year

organs transplanted
oer donor

Not surprisingly, the number of organs transplanted per donor
varied according to whether the donor was scp, Ecp, or DCD.
Over the past 12 years, more organs were transplanted per donor
from scps than from Ecps or pcDs (Figure 3.4). In 2009, 3.7 or-
gans per SCD were transplanted, compared with 1.8 per EcD and
2.0 per DCD. Similarly, in 2009, 1.7 kidneys were transplanted per
scp, compared with 0.9 per ECD and 1.6 per pcp (Figure 3.5).
Compared with kidneys, even fewer other organs were trans-
planted from EcDs and especially from DcDs, likely due to the

relatively greater sensitivity of non-kidney organs to ischemia
(Figure 3.6). For example, in 2009, 0.84 livers were transplant-
ed per scp, compared with 0.73 per ECD and only 0.34 per DCD.
Compared with kidneys and livers, per ECD donor, even fewer
pancreata (0.00 per donor), hearts (0.04 per donor), and lungs
(0.17 per donor) were transplanted. Likewise, compared with
kidneys and livers, per DCD donor, many fewer pancreata (0.05
per donor), hearts (0.00 per donor, ), and lungs (0.07 per donor)
were transplanted.

Over time, the number of organs transplanted per donor has
changed little in scp, EcD, and DD donors. The exception is the
increase in number of lungs transplanted per donor, probably re-
flecting the increase in lung transplantation in general (Figure 3.6).
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calculated by subtracting the number of organs transplanted from
the number of organs recovered, and the discard rate divides this
number by the number of organs recovered. From 2002 to 2007,
the overall organ discard rate for all organs combined increased
from o.10 per donor to 0.14 per donor, but this rate has remained
stable since 2007 (Figure 4.1). For kidneys, the organ discard
rate has increased since 2002, reaching o.19 per donor in 2009. In
contrast, the organ discard rate for pancreata declined from 2007

to 2009. Over the same period, the organ discard rates for livers,
lungs, and hearts have been stable. The discard rate for scps was
lower than the rates for Dcps and ecps (Figure 4.1). In 2009, the
mean number of organs discarded per donor was o.14, but varia-
tion across DSAs was wide, ranging from a low of 0.07 to a high of
0.28 organs discarded per donor (Figure 4.2). By organ, the high-
est discard rate was for pancreata (0.27 per donor), followed by
kidneys (0.19) and livers (0.11). The discard rates for intestines
(0.05 per donor), hearts (o.01), and lungs (0.04) were consider-
ably lower across all DsAs.
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DOD4.3

Organ discard rates, by
DSA, 2009 (ScD donors)

Liver

: The discard rate
Organ d'ScardS for scps varied by
DsA in 2009 (Figure 4.3). Discard rates in a region may vary by
organ. For example, for DSAs in the northwest, the lowest rates
were for kidneys. In this same region, rates for pancreata and livers
were higher compared with surrounding regions. Similarly, some
DsAs in the mid-Atlantic region had the highest discard rates for

kidneys but not the highest discard rates for pancreata. These

differences may reflect the activity and demand for organs from
transplant centers more than they reflect characteristics of oros.

The geographical distribution of discard rates varies by organ.
Discard rates are highest for pancreata, followed by kidneys and
livers. The discard rates for hearts, lungs, and intestines are very
low (and are thus not shown); for hearts and lungs, this is prob-
ably due to the organs being procured by the surgical team that
intends to transplant them.
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D0Dg 4 Variation in the use of ECD donors for
patients transplanted in 2009, by DSA

In 2009, the rate of ECD donor use varied by Dsa for
E C D d O n O rS kidneys, livers, hearts, and lungs (Figure s.1). The
rates of ECD donor use in a region may vary by organ. For example, the DsAs in the north-
west had the lowest rate of EcD kidney use, and this same region had a relatively higher
rate of ECD heart use compared with surrounding regions. However, the distribution of
EcD kidney and liver use rates was relatively similar across the country. For example, the
northeast and southeast had high rates of Ecp kidney and liver use compared with sur-
rounding regions. Because rates of ECD organ use vary across organs, the geographical
distribution of the rates varies by organ. The range of ECD organ use rates was highest for
livers, followed by kidneys, lungs, and finally hearts. The variation in use of ECD hearts
is remarkable because many Dsas do not use ECD hearts. Use of ECD intestines and pan-
creata is not shown because none of the DsAs used these ECD organs in 2009.
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In 2009, rates of DCD organ use varied by bsa
D C D d O n O rS | for kidneys and livers (Figure 6.1). However,
W a |J[| n g U m e distribution of DCD kidney and liver use rates

was relatively similar across the country. The
ranges of DCD use rates are higher for kidneys than for livers. Rates of DCD organs used
varied geographically for kidneys and livers. Use of DCD intestines and pancreata is not
shown because none of the Dsas used these DCD organs in 2009. A small number of Dcp
lungs were used.

Waiting times for patients who underwent transplant in 2009 varied by psa (Figure
7.1). The range of waiting times varied by organ; the longest waiting times were for kid-
neys, followed by livers, hearts, and finally lungs. Longer waiting times in a region for
one organ did not necessarily mean that the region also had longer waiting times for
other organs.
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kidney allocation

Organ Procurement and Transplantation Network (0pTN) kidney alloca-
tion policy attempts to balance justice and medical utility by focusing on
antigen matching/mismatching, blood type, sensitization, and waiting
time. With exceptions for the best-matched organs, kidneys are offered
initially to patients on the local list, then regionally, and then nationally.
The rank order of patients on the local, regional, or national lists is de-
termined primarily by assigning points based on the candidate’s waiting
time, degree of sensitization, and degree of biological match with the
donor. Waiting time for kidney allocation is defined as the duration of
time that the candidate has been listed on the kidney transplant waiting
list while meeting certain medical criteria.

Candidates who have received blood transfusions, been pregnant, or
undergone a previous organ transplant may be sensitized to the anti-
gens of others (i.e., these candidates are less likely to have an acceptable
biological match with some or most of the donated kidneys). For this
reason, sensitized candidates receive additional priority for the kidneys
with which they match. Since the degree of biological match between
the donor and the recipient is important to survival (i.e., better matching
tends to equate to longer graft and patient survival), points are also
awarded for matching at certain biological markers.

Donated kidneys are classified as being from a standard criteria donor
(scp) or an expanded criteria donor (Ecp) based on the donor’s age
and previous medical history (Table 1). Kidneys from Ecp donors are
allocated only to candidates who have previously agreed to accept these
organs, and the EcD allocation system is designed to expedite placement.
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J am constantly reminded of
how blessed J am, how fragile
Ufe is and how the generosily
and compassion of others s
S0 precious and necessary in

this world.

Jasmine, mother of liver recipient
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Additionally, kidneys from donors aged younger
than 35 years are allocated preferentially to pediatric
candidates (after perfectly matched candidates) in
recognition of the unique problems associated with
dialysis and of the disruption to expected growth
and development processes in children who experi-
ence renal failure.

The description below provides a detailed, yet
incomplete, description of how the deceased donor
kidney allocation system works. The allocation
system is more complex than depicted and is also
subject to change. For more details and the most
recent allocation policy, see the opTN allocation
policy, available on the internet: http://optn.trans-
plant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/
policy 7.pdf.

A SHORT SYNOPSIS OF OPTN
KIDNEY ALLOCATION POLICY

Table 1. Expanded Criteria Donor (ECD)
and Standard Criteria Donor (scp)
Akidney is an EcD kidney if the deceased donor is
o Aged > 60 years, or
o Aged 50-59 years with at least two of:
1) Cerebrovascular accident (Cva) as cause
of death,
2) History of hypertension at any time,
3) Serum creatinine > 1.5 mg/dL.
All other kidneys are scp kidneys.

ABO blood type o kidneys must be transplanted
into blood type o recipients, and ABo blood type B
kidneys must be transplanted into type B recipients
except for zero antigen mismatches.

For a pediatric candidate or a non-local adult
candidate with calculated panel reactive antibod-
ies (cPRA) > 20% and a zero antigen mismatch

(except kidneys procured for simultaneous non-
renal organ transplant or pcp kidneys), the kidney
goes first to identical blood type zero antigen mis-
matched candidates in descending point sequence
in the case of scp kidneys, and by waiting time in
the case of EcD kidneys, in Usual Allocation Se-
quence (Table 2):

Table 2. Usual Allocation Sequence
Zero-antigen mismatches

1) local candidates;

2) >80% cPrA candidates on the list of organ
procurement organizations (0ros) that are
owed a payback kidney;

3) >809% cPRrA candidates on the regional
waiting list;

4) >80% cpra candidates on the national
waiting list;

5) <809% cPra candidates aged < 18 years on
the list of oPos that are owed a payback
kidney;

6) < 80% cPrA candidates aged < 18 years on
the regional waiting list;

7) < 80% CPRA candidates aged < 18 years on
the national waiting list;

8) 21%-79% CPRA candidates on the list of
oros that are owed a payback kidney;

9) 21%-79% CPRA candidates on the regional
waiting list;

10) 21%-79% CPRA candidates on the national
waiting list.

Then

(1) For blood type o donor kidneys, to blood
type B zero antigen mismatched candidates, first,
by Rank Order Point System (Table 3) in the case
of scp kidneys, and by waiting time in the case of
EcD kidneys, as in the Usual Allocation Sequence




(Table 2), and, then, to blood type A and AB zero
antigen mismatched candidates, also by Rank
Order Point System (Table 3) in the case of scD
kidneys, and by waiting time in the case of ECD
kidneys, as in the Usual Allocation Sequence (Ta-
ble 2), and

(2) For blood type a, B, and AB donor kidneys,
to all pediatric and sensitized adult candidates
(cPrA > 20%) who are blood type compatible zero
antigen mismatched candidates by Rank Order
Point System (Table 3) in the case of scp kidneys,
and by waiting time in the case of ECD kidneys, as in
the Usual Allocation Sequence (Table 2).

After being offered to candidates who have a
zero antigen mismatch with the donor, the kidney
is offered first to local prior living organ donors,
then to local pediatric candidates. The kidney is
then offered to candidates at opPos that are owed
a payback debt before being offered to local adult
candidates. The kidney is then offered to regional
pediatric candidates, regional adult candidates,
national pediatric candidates, and national adult
candidates.

Kidneys from EcD donors must be offered to
candidates who have agreed to receive ECD or-
gans in accordance with the Geographic Sequence
(Table 4) of deceased kidney allocation and pursu-
ant to the Rank Order Point System (Table 3).

Table 3. Rank Order Point System
Candidates with ABo blood type compatible with
that of the donor are assigned points as follows:
« 1point for waiting the longest period, with
fractions of points assigned proportionately
to all other candidates, according to their
relative time of waiting.
o 2 points if there are no DR mismatches, or
o 1pointif there is 1 DR mismatch.
« 4 points for a CPRA > 80%.
o 1pointif aged <11 and donor <35 and nota o
mismatch kidney.
o 4 points if aged < 11 years for zero antigen
mismatch kidneys.
o 3pointsifaged > 11 years but < 18 years for
zero antigen mismatch kidneys.
o 4 points for prior donation for transplant
within the us.

Kidneys from donors aged < 35 years that are not
shared for o human leukocyte antigen (HLA) mis-
matches are offered first for transplant candidates
aged < 18 years, except for candidates assigned 4
points for PRA > 80%.

Table 4. Geographic Sequence of

Deceased Kidney Allocation

In general, kidneys are to be allocated locally first,
then regionally, and then nationally.

Locally: With the exception of kidneys that are
1) shared as a result of a zero antigen mismatch, 2)
offered as payback, or 3) allocated according to a
voluntary organ sharing arrangement, kidneys are
allocated first to local candidates.

Regionally: If an scp kidney is not accepted
by any of the local transplant centers for local can-
didates, the kidney is to be allocated next via the
regional list consisting of all candidates on the
waiting lists of other members within the same re-
gion (Table 5) according to the Rank Order Point
System (Table 3).

Nationally: If an scp kidney is not accepted
by any transplant center in the region in which the
member that procured the kidney is located, the
kidney is to be allocated to members for specific
candidates in the other regions (Table 5) nation-
ally according to the Rank Order Point System
(Table 3).

Table 5. oPTN Regions

Region1: Connecticut, Maine, Massachusetts,
New Hampshire, Rhode Island,
Vermont

Region 2: Delaware, District of Columbia,
Maryland, New Jersey, Pennsylvania,
Northern Virginia, West Virginia

Region 3:  Alabama, Arkansas, Florida, Georgia,
Louisiana, Mississippi, Puerto Rico

Region 4: Oklahoma, Texas

Region 5:  Arizona, California, Nevada, New
Mexico, Utah

Region 6: Alaska, Hawaii, Idaho, Montana,
Oregon, Washington

Region 7: Illinois, Minnesota, North Dakota,
South Dakota, Wisconsin

Region 8: Colorado, Iowa, Kansas, Missouri,
Nebraska, Wyoming

Regiong: New York

Region 10: Indiana, Michigan, Ohio

Region 11: Kentucky, North Carolina, South
Carolina, Tennessee, Virginia

Pancreas candidates are categorized depending
on their antibody sensitivity, HLA match with the
donor, and geographic proximity to the donor.
Pancreata are first offered locally, then region-
ally (Table 5), and then nationally. Highly sensi-
tized potential transplant recipients who have zero
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HLA mismatches with the donor are offered the
pancreas before any potential transplant recipient
who is not highly sensitized. Within each respec-
tive geographic area, highly sensitized candidates
are categorized ahead of other candidates. Multiple
potential transplant recipients within each respec-
tive classification are stratified by the length of time
they have been waiting.

The candidate’s transplant center may ask not to
be offered pancreata if the donor meets criteria that
make the organ unsuitable for that candidate (HLA
mismatches, age, body mass index, serologies, lab
values, etc.).

Pancreata may also be allocated for islet trans-
plant. The decision is based in part on donor age (50
years and younger, or not) and donor body mass
index (BM1; 30 kg/m? and less, or not). Similar to
the process of allocating the whole pancreas, islet
offers follow the local, regional, national alloca-
tion order, and potential recipients are stratified by
waiting time.

Table 6 provides a detailed, yet incomplete,
description of how the deceased donor pancreas
allocation system currently works. The allocation
system is also subject to change. For more details
and the most recent allocation policy, see the
oPTN allocation policy, available on the internet:
http://optn.transplant.hrsa.gov/PoliciesandBy
laws2/policies/pdfs/policy 10.pdf.

In November 2010, OPTN approved a restruc-
turing of pancreas allocation policy that is designed
to provide greater equity in access to transplants
and waiting time across the country, standardize
kidney-pancreas allocation practices nationally,
maximize use of available pancreata, and improve
the efficiency and cost-effectiveness of the organ
allocation system. A description of how this new
allocation system will work under the restructured
pancreas allocation policy is provided in Table 7.

A SHORT SYNOPSIS OF OPTN
PANCREAS ALLOCATION POLICY

Table 6. Current Pancreas and Islet Allocation
For local pancreas allocation, recipients may be
selected from candidates awaiting an isolated pan-
creas, kidney-pancreas combination, or combined
solid organ-islet transplant from the same donor.

ORDER OF ALLOCATION TO PANCREAS, KIDNEY-
PANCREAS, AND KIDNEY CANDIDATES

Organs must be offered first to zero mismatch kid-
ney-pancreas candidates with a CPRA > 80% before
kidneys can be offered to isolated kidney candi-
dates. Kidneys must be offered to zero mismatch

pediatric kidney candidates and zero mismatch
adult kidney candidates with a cPRA > 80% before
they are offered to non-zero mismatch kidney-pan-
creas candidates. If an opo has 6 or more payback
debts for a particular blood group, kidneys must
be offered through the payback debt classifica-
tion before they are offered to non-zero mismatch
kidney-pancreas candidates. Other than these re-
quirements, the oro may choose whether to offer
the kidneys to kidney-pancreas or isolated kidney
candidates.

BLOOD TYPE O KIDNEY-PANCREAS ALLOCATION
For combined kidney-pancreas candidates, blood
type o kidneys must be transplanted into blood
type O recipients as specified in Policy 3.5.1, unless
there is a zero HLA antigen mismatch and the can-
didate has a cPrA > 80%.

ALLOCATION SEQUENCE FOR
PANCREAS CANDIDATES
Pancreata and pancreas islets from donors aged < 50
years and BMI < 30 kg/m? are allocated in the fol-
lowing sequence:
1) Local zero mismatch pancreas candidates
with a cPRA > 80%;
2) Local pancreas candidates with a cPrA
> 80%;
3) Regional zero mismatch pancreas candidates
with a CPRA > 80%;
4) National zero mismatch pancreas candidates
with a CPRA > 80%;
s) Local pancreas candidates;
6) Regional pancreas candidates with a cPrA
> 80%);
7) Regional pancreas candidates;
8) National pancreas candidates with a cPrA
> 80%);
9) National pancreas candidates;
10) Local pancreas islet candidates;
11) Regional pancreas islet candidates;
12) National pancreas islet candidates.

Pancreata and pancreas islets from donors aged
> 50 years or BMI > 30 kg/m” are allocated in the
following sequence:

1) Local zero mismatch pancreas candidates
with a CPRA > 80%;

2) Local pancreas candidates with a CPRA > 80%;

3) Regional zero mismatch pancreas candidates
with a CPRA > 80%;

4) National zero mismatch pancreas candidates
with a CPRA > 80%;

5) Local pancreas candidates;

6) Local pancreas islet candidates;
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7) Regional pancreas islet candidates;

8) National pancreas islet candidates;

9) Regional pancreas candidates with a cPrA
> 80%;

10) Regional pancreas candidates;

11) National pancreas candidates with a cPrA
> 80%;

12) National pancreas candidates.

ALLOCATION SEQUENCE FOR KIDNEY-
PANCREAS CANDIDATES
1) Local zero mismatch kidney-pancreas
candidates with a CPRA > 80%;
2) Regional zero mismatch pancreas and
kidney-pancreas candidates with a cPra
> 80%;
3) National zero mismatch pancreas and
kidney-pancreas candidates with a cPrA
> 80%;
4) Local kidney-pancreas candidates with a
CPRA > 80%;
5) Local kidney-pancreas candidates;
6) Regional kidney-pancreas candidates with a
CPRA > 80%;
7) Regional kidney-pancreas candidates;
8) National kidney-pancreas candidates with a
CPRA > 80%;
9) National kidney-pancreas candidates.

Table 7. Proposed Pancreas and Islet Allocation
ORDER OF ALLOCATION TO PANCREAS, KIDNEY-
PANCREAS, AND KIDNEY CANDIDATES

Organs from the combined pancreas/kidney-pan-
creas match run must be offered first to the local
pancreas and kidney-pancreas candidates before
being offered to isolated kidney candidates.

BLOOD TYPE O KIDNEY-PANCREAS ALLOCATION

For combined kidney-pancreas candidates, blood
type o kidneys must be transplanted into blood
type o recipients (ABo “0” Kidneys into ABO “0”
Recipients), unless there is a zero HLA antigen mis-

match and the candidate has a cPrRA > 80%.

ALLOCATION SEQUENCE
Pancreata, kidney-pancreas combinations, and pan-
creas islets from donors aged < 50 years and BMI
< 30 kg/m? are allocated in the following sequence:
1) Local zero mismatch pancreas and kidney-
pancreas candidates with a CPRA > 80%;
2) Local pancreas and kidney-pancreas
candidates with a CPRA > 80%;

3) Regional zero mismatch pancreas and
kidney-pancreas candidates with a cPrA
> 80%;

4) National zero mismatch pancreas and
kidney-pancreas candidates with a cPrA
> 80%;

5) Local pancreas and kidney-
pancreas candidates;

6) Regional pancreas candidates and kidney-
pancreas candidates with a CPRA > 80%%;

7) Regional pancreas candidates and kidney-
pancreas candidates®;

8) National pancreas candidates and kidney-
pancreas candidates with a CPRA > 80%*;

9) National pancreas candidates and kidney-
pancreas candidates™;

10) Local pancreas islet candidates;

11) Regional pancreas islet candidates;

12) National pancreas islet candidates.

Pancreata, kidney-pancreas combinations, and
pancreas islets from donors aged > 50 years or BMI
> 30 kg/m? are allocated in the following sequence:

1) Local zero mismatch pancreas and kidney-
pancreas candidates with a CPRA > 80%;

2) Local pancreas and kidney-pancreas
candidates with a CPRA > 80%;

3) Regional zero mismatch pancreas and
kidney-pancreas candidates with a cPrA
> 80%;

4) National zero mismatch pancreas and
kidney-pancreas candidates with a cCPrRA
> 80%);

5) Local pancreas and kidney-
pancreas candidates;

6) Local pancreas islet candidates;

7) Regional pancreas islet candidates;

8) National pancreas islet candidates;

9) Regional pancreas candidates and kidney-
pancreas candidates with a CPRA > 80%%;

10) Regional pancreas candidates and kidney-
pancreas candidates®;

11) National pancreas candidates and kidney-
pancreas candidates with a CPRA > 80%%;

12) National pancreas candidates and kidney-
pancreas candidates.*

If a kidney is not available, the oPo may offer the
pancreas to pancreas-alone candidates.
*If the Host oPo chooses.

liver allocation

Candidates are listed on the liver waiting list with
their model for end-stage liver disease (MELD)
score or pediatric end-stage liver disease (PELD)
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score, or in status 1A or 1B. The MELD and PELD
scores represent a candidate’s risk of death while
on the waiting list, with higher scores equating to
higher risk.

o Candidates aged > 12 years receive a MELD
score based on laboratory tests of organ func-
tion (serum creatinine, bilirubin, and inter-
national normalized ratio [INR]), and based
on whether the patient is currently on dialysis.
The MELD score ranges from 6 to 4o0.

o Candidates aged < 12 years receive a PELD
score based on laboratory tests of organ func-
tion (serum albumin, bilirubin, and INR), and
on whether the patient was listed at age < 1
year, and/or has experienced growth failure.
The PELD score can be a negative value, and
can be as high as 99.

« Status 14 is reserved for very urgent adult and
pediatric candidates who have a life expec-
tancy of less than 7 days and have sudden
liver failure or are in need of an immediate
re-transplant.

o Status 1B is reserved for sick, chronically ill
pediatric candidates with a MELD or PELD
score > 25 who require mechanical ventilation,
or have significant gastrointestinal bleeding,
renal failure/insufficiency, or impaired con-
sciousness.

« Candidates whose MELD or PELD scores do
not reflect their immediate need for a trans-
plant, such as those with liver cancer, may be
assigned a higher score if they meet specific
criteria outlined in policy, or if their physician
makes an application for a higher score that is
approved by their Regional Review Board.

Priority is given to the most urgent patients (sta-
tus 1 and 1B) and those with the highest MELD or
PELD scores, as these patients tend to benefit more
from a transplant than patients with lower scores.
Within status 1A or 1B, candidates are ranked based
on points assigned for blood type compatibil-
ity with the donor and waiting time in each status.
Within each MELD or PELD score, candidates are
ranked by their blood type compatibility with the
donor. Within each category, candidates are then
ranked based on the waiting time at that score. In
general, pediatric donors are directed toward pedi-
atric patients, who are in need of smaller-sized livers.

Table 8 provides a detailed, yet incomplete, de-
scription of how adult deceased donor liver alloca-
tion works. The allocation system is also subject to
change. For more details and the most recent allo-
cation policy, and for pediatric allocation policy, see
the oPTN allocation policy on the internet: http://

optn.transplant.hrsa.gov/PoliciesandBylaws2/

policies/pdfs/policy 8.pdf.

A SHORT SYNOPSIS OF OPTN
LIVER ALLOCATION POLICY

Table 8. Adult Liver Allocation
At each level of distribution, adult livers (ages >18
years) are allocated in the following sequence:

LOCAL AND REGIONAL
1) Status 14 candidates in descending
point order.
2) Status 1B candidates in descending
point order.
LOCAL
3) Candidates with MELD/PELD scores > 15 in
descending order of mortality risk scores.
REGIONAL
4) Candidates with MELD/PELD scores > 15 in
descending order of mortality risk scores.
LOCAL
s) Candidates with MELD/PELD scores < 15 in
descending order of mortality risk scores.
REGIONAL
6) Candidates with MELD/PELD scores < 15 in
descending order of mortality risk scores.
NATIONAL
7) Status 1A candidates in descending
point order.
8) Status 1B candidates in descending
point order.
9) All other candidates in descending order of
mortality risk.

MELD score = 0.957 x Ln(creatinine mg/dL) +
o. 378 x Ln(bilirubin mg/dL) + 1.120 x Ln (INR) +
0.643

Laboratory values less than 1.0 are set to 1.0.

The MELD score for each liver transplant candi-
date is rounded to the tenth decimal place and then
multiplied by 10. The MELD score will be limited to
a total of 40 points maximum.

The primary components of heart allocation in-
clude medical urgency status, geography, candidate
age, donor age, and blood group compatibility. All
heart candidates are given a medical urgency status.
The active statuses, in descending order of urgency,
are status 14, status 1B, and status 2. An adult or pe-
diatric candidate may qualify for listing as status 1a
or 1B by meeting specific policy definitions; or, if
the treating physician believes that the candidate
should receive a more urgent classification, the




physician may apply to a regional review board for
an adjustment in status.

The first unit of organ distribution is the local
donation service area (Dsa). The distribution units
beyond local are based on concentric circles with
500 nautical mile increments centered at the donor
hospital. Within each status and geographic zone,
candidates are prioritized based on blood group
compatibility and waiting time within the status or
higher urgency status.

Pediatric candidates receive priority over adult
candidates for offers of pediatric donor hearts.
There is no distinction in candidate age for priori-
tization of offers of adult donor hearts. The prioriti-
zation of status and geographic zone combinations
differs for adult (aged 18 years or older) and pedi-
atric donors.

Since 2003, prioritization of candidates for de-
ceased donor lung offers has used the Lung Allo-
cation Score (LAs) for candidates aged > 12 years,
and waiting list urgency status for candidates aged
<12 years.

The LAS is a statistical computation that predicts
a candidate’s medical urgency for a transplant and
survival after transplant. The LAS, in combination
with other medical characteristics, prioritizes a
candidate for a lung offer. Candidates aged younger
than 12 years receive a medical urgency classifica-
tion: priority 1 or priority 2. Priority 1 candidates
have higher urgency for transplant.

For candidates aged > 12 years, transplant clini-
cians may request a higher Las, a diagnosis group
not provided in UNetsM, or an estimated value, by
submitting an exception request to the national
Lung Review Board (LrB). For candidates aged < 12
years, transplant clinicians may request priority 1 by
submitting an exception request to the LRB.

Waiting time breaks a tie between 2 or more can-
didates with identical scores in the LAS system, and
prioritizes candidates aged younger than 12 years
for a lung offer in the priority system.

Alung from a deceased donor aged 11 years or
younger is offered, by priority and blood group
compatibility, first to candidates of the same age
who reside in the combined local, zone A, and zone
B geographic area. If no such candidates exist or if
their physicians do not accept the organ, then it is
offered to adolescents (aged 12 to 17 years, inclu-
sive), by LAS and blood group compatibility, who
reside in the combined local and zone A geographic
area by Las. If the lung remains available, then it is
offered to adults by LAs, geography (psa and then

zone A, B, C, and D), blood group compatibility, and
other medical characteristics.

Alung from an adult deceased donor is offered,
by LAs and blood group compatibility, first to can-
didates aged 12 years or older and in the donor’s
local geographic area. If the lung remains available,
then it is offered to candidates aged younger than
12 years by priority and blood group compatibility.
This organ distribution system process repeats it-
self through each geographic zone (a, B, ¢, D, and
E) until the lung is accepted or discarded due to its
medical unsuitability for transplant.

The description below provides a detailed, yet
incomplete, description of how the deceased
donor thoracic allocation system works. The allo-
cation system is also subject to change. For more
details and the most recent allocation policy, see
the opTN allocation policy, available on the inter-
net: http://optn.transplant.hrsa.gov/Policiesand
Bylaws2/policies/pdfs/policy 9.pdf.

Patients first listed prior to implementation of
the LAS system may remain on the waiting list with
no LAS or with an LAs of zero, depending on which
data elements are missing.

A SHORT SYNOPSIS OF OPTN HEART

AND LUNG ALLOCATION POLICY

Geographic Sequence of Thoracic Organ Allocation
Thoracic organs (hearts, heart-lung combinations,
single and double lungs) are generally allocated
locally first, then within the following zones in the
sequence. Five zones are delineated by concentric
circles of 500, 1,000, and 1,500 and 2,500 nautical
mile radii with the donor hospital at the center:

o Zone A extends to all transplant centers that
are within soo miles of the donor hospital,
but not in the local area of the donor hospital.

o Zone B extends to all transplant centers that
are at least 500 miles from the donor hospital,
but not more than 1,000 miles from the donor
hospital.

o Zone c extends to all transplant centers
that are at least 1,000 miles from the donor
hospital, but not more than 1,500 miles from
the donor hospital.

o Zone D extends to all transplant centers
that are beyond 1,500 miles from the donor
hospital, but not more than 2,500 miles from
the donor hospital.

o Zone E extends to all transplant centers
that are beyond 2,500 miles from the
donor hospital.
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HEART CANDIDATE STATUS

Each candidate awaiting heart transplant is assigned
a status code that corresponds to how medically
urgent it is that the candidate undergo transplant.
Medical urgency is assigned to a heart transplant
candidate at the time of listing, and can be updated
at any time. Urgency is classified (by detailed cri-
teria) as: status 14, status 1B, status 2, and status 7
(inactive on the waiting list for medical reasons).

LAS System

Candidates aged > 12 years are assigned priority for
lung offers based upon the Lung Allocation Score,
which is calculated using the following measures:

1) Wait-list urgency measure (expected number
of days lived without a transplant during an
additional year on the waiting list),

2) post-transplant survival measure (expected
number of days lived during the first year
post-transplant), and

3) transplant benefit measure (post-transplant
survival measure minus wait-list urgency
measure).

Candidate groupings are shown in Table 9. The
wait-list urgency measure and post-transplant sur-
vival measure (used in the calculation of the trans-
plant benefit measure) are developed using Cox
proportional hazards models. Factors determined
to be important predictors of wait-list mortal-
ity and post-transplant survival are listed below in
Tables 8.10 and 8.11. It is expected that these factors
will change over time as new data are available and
added to the models. The opTN Thoracic Organ
Transplantation Committee reviews these data pe-
riodically and proposes changes to Tables 10 and 11
as appropriate.

Table 9. Candidate Groupings
Group A Includes candidates with obstructive
lung disease, including without limitation chronic
obstructive pulmonary disease (copp), alpha-1-an-
titrypsin deficiency, emphysema, lymphangioleio-
myomatosis, bronchiectasis, and sarcoidosis with
mean pulmonary artery (PA) pressure < 30 mmHg,

Group B Includes candidates with pulmonary
vascular disease, including primary pulmonary
hypertension (ppH), Eisenmenger syndrome, and
other uncommon pulmonary vascular diseases.

Group C Includes candidates with cystic
fibrosis (cF) and immunodeficiency disorders such
as hypogammaglobulinemia.

Group D Includes candidates with restrictive
lung diseases, including without limitation, idio-
pathic pulmonary fibrosis (1PF), pulmonary fibrosis

(other causes), sarcoidosis with mean pa pressure
> 30 mmHg, and obliterative bronchiolitis (nonre-
transplant).

The opTN Contractor provides a complete list of
diagnoses in UNetsM.

Table 10. Factors Used to Predict Risk of
Death on the Lung Transplant Waiting List

1) Forced vital capacity (Fvc)

2) Pulmonary artery (pa) systolic pressure
(Groups 4, ¢,and D)

3) O, required at rest

4) Age

s) Body mass index (Bm1)

6) Diabetes

7) Functional status

8) Six-minute walk distance

9) Continuous mechanical ventilation

10) Diagnosis

11) PCO,

12) Bilirubin: current bilirubin, all groups;
change in bilirubin, group B (bilirubin has
been board-approved, but implementation
is pending)

Table 11. Factors That Predict
Survival After Lung Transplant
1) Fvc (groups B and D)
2) Pulmonary capillary wedge (Pcw) pressure
> 20 mmHg (Group D)
3) Continuous mechanical ventilation
4) Age
s) Serum creatinine
6) Functional status
7) Diagnosis

The calculations define the difference between
transplant benefit and wait-list urgency: Raw Al-
location Score = Transplant Benefit Measure —
Waiting List Urgency Measure.

Raw allocation scores range from —730 days up
to +365 days, and are normalized to a continuous
scale from o-100 to determine Lung Allocation
Scores. The higher the score, the higher the prior-
ity for receiving lung offers. Lung Allocation Scores
are calculated to sufficient decimal places to avoid
assigning the same score to multiple candidates.
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As time passes and healing
oceurs, J realize donation
was a gift given to us as well
as to the recipients. Jtis a
real comjort to know that
quality lfe was made possible
by our decision to donate.

Judy, donor mother
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POPULATIONS REPORTED
Figure titles indicate adult or pediatric populations;
if not specified, data include all patients of all ages.

With the exception of the “total transplants” figure
in each organ-specific chapter (i.e., K1 4.1), and of
pancreas figures which specify sPk and PAK trans-
plants, all figures in these chapters are limited to
patients on the waiting list for a single-organ trans-
plant (i.e, not heart-lung, not kidney-pancreas).

PEDIATRIC FIGURES

Pediatric figures use the same methods as those de-
fined for the equivalent figures in other sections. To
help in the location of these methods, the table be-
low lists the pediatric figures for each organ-specific
chapter; the left-hand column shows the first listed
figure using the same methods.

AGE

Adult patients are defined as those 18 and older
for all organs except lung; lung allocation policy
treats patients 12 and older as adults. For wait-list
figures, age is defined at time of listing unless oth-
erwise specified.

RACE/ETHNICITY
Multi-racial patients are defined as other/unknown.

PRA

PRA is defined as the first non-missing value of the
initial allocation PRA, current PRA, peak PRA, and
calculated PrA.

ECD KIDNEYS
Data on willingness to accept an EcD kidney are
available from 2003.

PANCREAS DATA

Pancreas data encompass the three types of pan-
creas wait lists or transplants: simultaneous kidney-
pancreas, pancreas after kidney, and pancreas-alone.

LUNG ALLOCATION SCORE

The lung allocation score (LAs) became available
in 2005. Data by LAS are presented using the most
recent LAS before December 31 of each year.

KI 1.1, 8.1; PA 1.1, 7.1; LI 1.1, 8.1;

IN L.1; HR L1, 7.1; LU L1, 7.1

Patients waiting for a transplant. A “new patient” is
defined as one who first joins the list (or, for pan-
creas, one of the three lists) during the given year,
without having listed in a previous year. However,

Pediatric figures: for methods, see
text for figure in left-hand column

AdultKI  Kidney Pancreas Liver Heart Lung
KI1.1 Ki8.1 PA7.1 L18.1 HR 7.1 7.1
Ki1.2 Ki8.2 PA7.2 1182 HR 7.2 7.2
Ki1.6 Ki 8.4 PA7.4 L84 HR 7.4 LU 7.4
Ki1.7 ki85 PA7.5 L85 HR 7.5 75
Ki1.10 Ki 8.6 PA7.6 L18.6 HR 7.6 7.6
Ki1.12 Ki 8.7 PA7.7 1187 HR7.7 w77
Ki4.1 Ki8.8 PA7.8 L1838 HR7.8 7.8
Ki4.3 Ki8.9 PA7.9 1189 HR 7.9 7.9
Ki4.8 K1 8.10 PA7.10 L18.10 HR7.10  LU7.10
K32 Ki8.11 L18.11

Ki8.12 L18.12
Ki4.9 Ki8.13 PA7.11 L18.13 HR7.11 7.1
KI5.7 Kig.14
Ki6.9 Ki8.15 PA7.12 L18.14 HR7.12  LU7.12
KI 7.4 ki 8.16 PA7.13 L18.15 HR7.13  LU7.13
KI6.3 Ki8.17 L18.16 714
KI 6.4 Ki8.18 L18.17
KI6.5 Ki8.19 L18.18 HR7.15  LU7.15
wait list K83 PA7.3 1183 HR7.3 7.3
outcomes
PA5.2 PA7.14
PA5.3 HR7.14  LU7.14
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if a patient has previously been on the list, has been
removed for a transplant, and has relisted since that

transplant, the patient is considered a “new patient.”

Persons listed at multiple centers are counted only
once. Those with multiple listings and active at any
program are considered active; those inactive at all
programs at which they are listed are considered in-
active.

KI 1.2, 8.2; PA 1.2, 7.2; L1 1.2, 8.2;
IN 1.2; HR 1.2, 7.2; LU 1.2, 7.2

KI 1.6, 8.4; PA 1.5, 7.4; L1 1.5, 8.4;

IN 1.§; HR 1.§, 7.4; LU 1.4, 7.4

Patients waiting for a transplant; multiple list-
ings counted.

KI 1.7, 8.5; PA 1.6, 7.5; L1 1.6, 8.5;

IN 1.6; HR 1.6, 7.5; LU 1.5, 7.5

Patients waiting for a transplant and first listed in
2006; multiple listings counted.

KI 1.8, PA 1.7, LI 1.7, IN 1.7, HR 1.7, LU 1.6

Patients waiting for a transplant on December 31 of
each year. Age determined on this date, and each
patient counted only once. For HR 1.2, ventricular
assist device information comes from the TCR form
at the time of listing, and includes LvAD, RVAD, TAH,
and LVAD + RVAD. For LU 1.2, patients first listed
prior to LAS implementation may remain score-
less after 2005 due to missing data among elements
required to compute LAS.

KI 1.3, PA 1.3, LI 1.3, IN 1.3, HR 1.3

New patients per year, defined as in Figure 1.1. For
HR 1.3, ventricular assist device information comes
from the TCR form at the time of listing, and in-
cludes LVAD, RVAD, TAH, and LVAD + RVAD.

KI 1.4

Patients waiting for a transplant and listed in
2005-2009; multiple listings counted, and percen-
tiles of time to transplant obtained by Kaplan-Meier
estimates. Observation ended at December 31, 2009.
Lines in the figures stop at the last observed per-
centile per cohort group. For example, only 60% of
all kidney listings between 20052009 were trans-
planted as of December 31, 2009.

KI1.9, PA18,LI18, HR 1.8, LU 1.7

Patients receiving a deceased-donor transplant in
2009. Observed median time to transplant present-
ed by Dsa of the transplanting center. DsAs with no
transplant program are shown in white.

KI 1.10, 8.6; PA 1.9, 7.6; LI 1.9, 8.6;
IN 1.8; HR 1.9, 7.6; LU 1.8, 7.6

Prevalent dialysis patients, all ages, wait-listed for a
kidney-alone transplant. Percentage calculated as
the sum of wait-list patients divided by the sum of
point prevalent dialysis patients on December 31 of
each year (data from the United States Renal Data
System). Counts of dialysis patients are taken from
the USRDS 2008 Annual Data Report, reference
table D.6.

KI 1.5, PA 1.4, LI 1.4, IN 1.4, HR 1.4, LU 1.3

Patients waiting for transplant, with observations
censored at December 31, 2009; Kaplan-Meier
method used to estimate time to transplant. If an
estimate is not plotted for a certain year, 50% of the
cohort listed in that year had not been transplanted
as of the censoring date. Only the first transplant is
counted. Data by LAs use the Las at listing, and are
not provided until 2005, when LAS went into use.

KI 1.11

Patients waiting for a transplant; age as of Janu-
ary 1 of the given year. Yearly period-prevalent
rates for all transplants/deceased-donor trans-
plants are computed as the number of all
transplants/deceased-donor transplants per 100
patient years of waiting time in the given year (for
pancreas, within each list). All waiting time per
patient per listing is counted, and all listings that
end in a transplant for the patient are considered
transplant events.

KI 8.3, PA 7.3, LI 8.3, HR 7.3, LU 7.3
Prior transplant is obtained from the oPTN Trans-
plant Candidate Registration form.

Patients waiting for a kidney-alone transplant, 2003
(beginning of ECD program) to 2009; multiple list-
ings counted.

KI 1.12, 8.7; PA 1.10, 7.7; LI 1.10, 8.7;

IN 1.9; HR 1.10, 7.7; LU 1.9, 7.7

Patients waiting for a transplant. Rates by age are
shown by the patient’s age in the given year. Yearly
mortality rates computed as deaths per 100 patient
years of waiting time in the given year. Total waiting
time per patient per listing per year is counted.
Counted deaths are those in which patients were
removed from list because of death, and not trans-

planted before death.
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KI L.13, PA L11, LI 1.11, IN 1.10,

HR L11, LU L.10

Patients waiting for a transplant on December 31,
2009, regardless of first listing date; active/inactive
status is on this date, and multiple listings are
not counted.

KI 2.1, PA 2.1, LI 2.1, IN 2.1, HR 2.1

Deceased donors whose organ(s) were recov-
ered for transplant. Denominator: Us population
age 70 and younger (population data down-
loaded from http://www.census.gov/popest/
national/asrh/2009-nat-res.html). Donors are lim-
ited to those age 70 and younger.

LU 2.1

Lungs recovered from deceased donors and trans-
planted in the given year. Donors who donate
two lungs are counted twice. Denominator: US
population age 12-70 (population data down-
loaded from http://www.census.gov/popest/
national/asrh/2009-nat-res.html).

KI 2.2, PA 2.2, L12.2, HR 2.3, LU 2.3

Deceased donors residing in the 5o states whose
organ(s) were recovered for transplant in the given
year. Denominator: Us population age 70 and
younger (population data downloaded from http://
www.cde.gov/nchs/nvss/bridged race.htm).

KI 2.3, PA 2.3, L1 2.3, IN 2.2, HR 2.2, LU 2.2
Denominator: all deceased donors with at least one
organ recovered for transplant. Numerator for re-
covery rate: number of organs recovered for trans-
plant in the given year; organs recovered for other
purposes are not included. Numerator for trans-
plant rate: all deceased donor organs transplanted
in given year.

KI2.4, PA2.4,LI2.4,IN 2.3, HR 2.4, LU 2.4

All patients receiving a deceased donor transplant.
A transplant is considered multi-organ if any other
organ is transplanted at the same time. Two of the
same organ (kidney, lung) is not considered multi-
organ. A multi-organ transplant may include more
than two different organs in total.

KI 2.5, PA 2.5, LI 2.5, IN 2.4, HR 2.5, LU 2.§
Denominator: organs recovered for transplant.
Numerator: organs recovered for transplant but
not transplanted.

KI 2.6
Patients receiving a kidney-only, deceased-donor
transplant.

PA 2.6, LI 2.6

Deceased donors whose relevant organ was recov-
ered for transplant. DCD status is reported on the
OPTN registration forms.

KI 2.7
Deceased kidney donors. DCD status and ECD are
reported on the OPTN registration forms.

KI12.8
Patients receiving a kidney-only, deceased-donor
transplant, 2009.

LU 2.6
Smoking history is reported on the OPTN registra-
tion forms.

KI 8.12, LI 8.12
Patients receiving a deceased donor transplant.

KI 3.1-2, 8.11; LI 3.1-2, 8.11
Number of living donor donations; characteristics
recorded on donor registration form.

KI 3.3,LI3.3

Number of living donors whose relevant organ was
recovered for transplant each year. Denominator:
us population age 70 and younger (population data
downloaded from http://www.census.gov/popest/
national/asrh/2009-nat-res.html).

KI 3.4, L1 3.4

Number of living donors residing in the 5o states
whose relevant organ was recovered for transplant
in the given year. Denominator: Us population age
70 and younger (population data downloaded from
http://www.cdc.gov/nchs/nvss/bridged race.
htm).

KI 3.5
Counts include “domino” donation chains.

LI3.§

Living donors by graft type for each year. Denomi-
nator: total number of living liver donors for
each year.

KI 3.6, LI 3.6
eGFR estimated by ckp-EpI formula. (Levey As et
al., Chronic Kidney Disease Epidemiology Col-
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laboration (CKD-EPI). A new equation to estimate
glomerular filtration rate. Ann Intern Med., 2009
May s; 150(9):604-12).

KI 3.7

KI 4.4
Patients receiving their second, third, or fourth
kidney-alone transplant in the given year.

LU 3.4

Data sparse prior to 2004.

KI 3.8, LI 3.15

Living donor lung transplants.

KI 4.5, PA 3.4, LI 4.4, LU 3.§

Cumulative readmission to the hospital. “Unknown”
means that patient has been lost to follow-up as of
this follow-up visit. The six-week time point is re-
corded at the earliest of discharge or six weeks post-
transplant.

KI 3.9

Complications defined as a readmission, a reopera-
tion, a complication requiring intervention, or an
“other” interventional procedure. The six-week time
point is recorded at the earliest of discharge or six
weeks post-transplant.

KI 3.10

Limited only to complications requiring reopera-
tion. Donors could experience more than one com-
plication.

LI3.7-1§

Living liver donors, excluding domino donors. For
LI 3.13, the six-week time point is recorded at the
earliest of discharge or six weeks post-transplant.

KI 4.1, 8.8

Patients receiving a kidney-alone or simultane-
ous kidney-pancreas transplant. Retransplants
are counted.

KI 4.2, PA 3.1-2, 7.8; LI 4.1-2, 8.8;

IN 3.1-2; HR 3.1, 3.4, 7.8; LU 3.1-2, 7.8

Patients receiving a transplant. Retransplants
are counted.

KI 4.3, 8.9; PA 3.3 (limited to deceased-

donor transplants only), 7.9; LI 4.3,

8.9; IN 3.3; HR 3.2, 7.9; LU 3.3, 7.9

Patients waiting for a transplant; age as of Janu-
ary 1 of the given year. Yearly period-prevalent
rates for all transplants/deceased-donor trans-
plants are computed as the number of all
transplants/deceased-donor transplants per 100
patient years of waiting time in the given year (for
pancreas, within each list). All waiting time per
patient per listing is counted, and all listings that
end in a transplant for the patient are considered
transplant events.

Percent of deceased-donor transplants using a
DD donor.

KI 4.6, PA 3.5, LI 4.5, LU 3.6

Percent of deceased-donor transplants using a
DcD donor, by Dsa of the transplanting center,
2007-2009.

PA 3.6
Living donor transplants.

KI 4.7, PA 3.7, LI 4.6, HR 3.3, LU 3.7
Deceased-donor transplant rates by state of resi-
dence, limited to those on the waiting list in 2009.
Maximum time per person on the list is one year. If
no residents of a given state received a transplant of
that type in 2009, the transplant rate is o.

KI 4.8-9, 8.10, 8.13; PA 3.8—9, 7.10-11;

LI 4.7-8, 8.10, 8.13; IN 3.4—5§;

HR 3.5—6, 7.10—-11; LU 3.8—9, 7.10-11

Patients receiving a transplant. Retransplants are
counted. For HR 3.5, ventricular assist device in-
formation comes from the TRR form at the time of
listing, and includes LVAD, RVAD, TAH, and LVAD +
RVAD.

LI 4.9

Deceased donor liver transplants; Dsa of trans-
plant center location. Patients with status 14, 1B
and inactive status excluded, and allocation MELD
score used.

KI §.1, PA 4.1, LI 5.1, HR 4.1, LU 4.1

PRA is most recent value recorded at the time of
transplant. If “most recent PRA” is not provided,
peak PRA is used.

KI §.2—§, PA 4.2—§, LI §.2—§,
HR 4.2-§, LU 4.2—§

Donor antigens and recipient unacceptable anti-
gens are reported on the opTN Donor Histocom-
patibility form and the Recipient Histocompatibil-
ity form, respectively.
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KI §.6-11, 8.14; PA 4.6-11, LI §.6-11,

HR 4.6-11, LU 4.6—9

Patients transplanted 2005-2009. Donor serology
is reported on the oPTN donor registration forms;
recipient serology is reported on the OPTN recipi-
ent registration forms. Data are shown as the overall
percentage in each donor/recipient group.

KI 6.1, PA §.1, LI 6.1, IN 4.1, HR §.2, LU §.2

Early graft failure identified from the Transplant
Recipient Registration orm (TRR) and defined as
a transplant failure that occurred prior to or at dis-
charge, a graft functional status of ‘N on the TRR, or,
for kidney, within 9o days of transplant.

KI 6.2
Delayed graft function defined as receiving dialysis
within a week post-transplant.

PA §.2,7.14
Cox proportional hazards models, adjusting for age,
gender, and white/non-white race.

PA §.3, LI 6.2—3, IN 4.2;

HR 5.1, 7.14; LU 5.1, 7.14

Cox proportional hazards models, adjusting for age,
gender, and race.

KI 6.3—4, 8.17-18; PA §.4; LI 8.16-17

Cox proportional hazard models, adjusting for age,
gender, and race, and, for kidney, primary cause of
disease. Death with function defined as no graft fail-
ure prior to death; return to dialysis defined as graft
failure preceding death.

PA 5.5

PAK transplants, with pancreas transplant in
1991-2009. Cox proportional hazard models used,
adjusting for age, gender, and race.

PA 5.6

PAK transplants, with pancreas transplant in
1991-2009; uses most recent kidney transplant
prior to the pancreas transplant. Cox proportional
hazards models used, adjusting for age, gender,
and race. Follow-up begins at pancreas transplant;
estimates conditional on surviving to pancreas
transplant without recorded kidney graft failure
or retransplant.

KI 6.5, 8.19; PA §.7; LI 6.4, 8.18;

IN 4.3; HR §.3, 7.15; LU §.3, 7.15

Estimates of conditional half-lives are conditional
on first-year graft survival, and estimated from

the cumulative hazard between years one and two.
Conditional half-lives are interpreted as the esti-
mated median survival of grafts which survive the
first year. Cox proportional hazards models used,
adjusting for age, gender, and race, and, for kidney,
primary cause of disease.

KI 6.6, PA 5.8, L1 6.5, IN 4.4, HR §.4, LU §.4
Transplants before June 30 of the year that are still
functioning and are actively being followed by their
center after June 30 of that year. A recipient can ex-
perience a graft failure and drop from the cohort,
then be retransplanted and re-enter the cohort.

KI 6.7, PA §.9, LI 6.6, IN 4.5, HR §.5, LU §.§

Acute rejection defined as a record of acute or hy-
peracute rejection, or a record of an anti-rejection
drug being administered on either the Transplant
Recipient Registration form or the Transplant
Recipient Follow-up Form. Only the first rejec-
tion event is counted, and patients are followed for
acute rejection only until graft failure, death, or loss
to follow-up. For simultaneous kidney-pancreas
recipients, an acute rejection may be of the kidney
or pancreas, and graft failure is the first of kidney
or pancreas graft failure. Cumulative incidence es-
timated using Kaplan-Meier method.

KI 6.8, PA §.10, LI 6.7, IN 4.6, HR §.6, LU §.6
Cumulative rate of hospitalization; hospitalization
identified from follow-up form. Patients required to
be alive with graft function at each time period, so
denominators reduce over time.

KI 6.9, 8.1§; PA §.11, 7.12; LI 6.8, 8.14;

IN 4.7; HR §.7, 7.12; LU §.7, 7.12

Cumulative incidence of post-transplant lympho-
proliferative disease (PTLD) after transplant. PTLD
identified as either a reported complication or
cause of death on the Transplant Recipient Follow-
up forms. Only the first PTLD record is counted,
and patients are followed for PTLD only until graft
failure, death, or loss to follow-up. For simultane-
ous kidney-pancreas recipients, graft failure is de-
fined as the first of kidney or pancreas graft failure.
Cumulative incidence estimated using Kaplan-
Meier method.

KI 7.1, PA 6.1, LI 7.1, IN §.1, HR 6.1, LU 6.1

Top three baseline immunosuppression regimens
are given, plus the “all others” group. Regimens
are defined by use of calcineurin inhibitors, anti-
metabolites, and mTor inhibitors. Steroids are not
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included in regimen definition, and are reported in
the last figure of the section.

KI 7.2, PA 6.2, LI 7.2, IN §.2, HR 6.2, LU 6.2
Patients transplanted in 2009.

KI 7.3, PA 6.3, L1 7.3, IN §.3, HR 6.3, LU 6.3

Patients transplanted in 2008 and remaining alive
with graft function one year post-transplant, as re-
ported on the one-year follow-up form. Top three
one-year immunosuppression regimens shown,
plus the “all others” group. Regimens defined by
use of calcineurin inhibitors, anti-metabolites, and
mTor inhibitors. Steroids are not included in regi-
men definition, and are reported in the last figure
of the section.

KI 7.4, 8.16; PA 6.4, 7.13; L1 7.4, 8.15;

IN §.4; HR 6.4, 7.13; LU 6.4, 7.13

One-year post-transplant data for mTOR inhibi-
tors and steroids limited to patients alive with graft
function one year post-transplant. One-year post-
transplant data are not reported for 1998 transplant
recipients, as medication follow-up was very sparse
that year. CsA is cyclosporine A, CsM is cyclospo-
rine microemulsion.

KI 9.1, PA 8.1, LI 9.1, IN 6.1, HR 8.1, LU 8.1
Denominator is all active centers transplanting the
specific organ, 2009. Centers are grouped by trans-
plant volume in that year.

KI9.2,LI 9.2, HR 8.2, LU 8.2

All active centers transplanting the specific organ,
grouped by total number of transplants performed
during 2005-2009. A center is defined as a multi-
organ transplant center if it performed at least one
multi-organ transplant during 2005-2009.

PA 8.2, IN 6.2
All active transplant centers within a given year.

KI 9.3, LI 8.3, LU 8.3

All active kidney transplant centers, grouped by
total number of deceased donor transplants per-
formed during 2005-2009. A center is defined as
transplanting DCD or ECD organs if it used at least
one DCD or ECD donor during 2005-2009.
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Acute rejection The host recognizes the graft as foreign and
mounts an immunological attack on the graft tissues. Most acute
rejections occur in the first year.

Allocation The process of determining how organs are distrib-
uted. Allocation includes the system of policies and guidelines,
which ensure that organs are distributed in an equitable, ethical
and medically sound manner.

Allocation analysis Review of the allocation of an organ to deter-
mine whether the allocation policies were followed. The analysis
is performed by the OPTN contractor through the peer review pro-
cess of the oPTN Membership and Professional Standards Com-
mittee.

Allograft An organ or tissue that is transplanted from one person
to another of the same species: i.e. human-to-human. Example: a
transplanted kidney.

Anti-rejection drugs (immunosuppressive drugs) Drugs that
are used to prevent and/or treat rejection of a transplanted organ.

Antibody A protein molecule produced by the immune system in
response to a foreign body, such as virus or a transplanted organ.
Since antibodies fight the transplanted organ and try to reject it,
recipients are required to take anti-rejection (immunosuppres-
sive) drugs.

Antigen An antigen is any substance that causes your immune
system to produce antibodies against it. An antigen may be a for-
eign substance from the environment such as chemicals, bacteria,
viruses, pollen, or foreign tissues. An antigen may also be formed
within the body, as with bacterial toxins.

Biopsy A tissue sample from the body, removed and examined
under a microscope to diagnose for disease, determine organ re-
jection, or assess donated organs or tissues.

Blood vessels The veins, arteries and capillaries through which
blood flows in the body. Certain blood vessels can be donated
and transplanted.

Brain death Irreversible cessation of cerebral and brain stem
function; characterized by absence of electrical activity in the
brain, blood flow to the brain, and brain function as determined
by clinical assessment of responses. A brain dead person is dead,
although his or her cardiopulmonary functioning may be artifi-
cially maintained for some time.

Candidate A person registered on the organ transplant waiting
list. When an organ is offered on behalf of the candidate, he or
she is then referred to as a Potential Transplant Recipient (PTR).

Cardiac Having to do with, or referring to, the heart.

Cardiac death Death defined as the irreversible cessation of
circulatory and respiratory functions. Death is declared in accor-
dance with hospital policy and applicable state and local statues
or regulation.

Chronic Developing slowly and lasting for a long time, possibly
the rest of a person’s life. For example: chronic kidney failure.

Chronic Disease Research Group (CDRG) A division of Min-
nesota Medical Research Foundation (MMRF). MMRE is the non-
profit research subsidiary of Hennepin Faculty Associates, the
academic medical group that staffs Hennepin County Medical
Center, a teaching hospital in Minneapolis, Minnesota. The cDrRG
conducts research primarily focused in the areas of chronic kidney
disease and organ transplantation. The MMRE-CDRG is responsible
for the administration of the Scientific Registry of Transplant Re-
cipients (SRTR).

Chronic rejection Slow, continuous immunological attack of the
host immune system on the transplanted organ usually resulting
in progressive loss of organ function.

Cirrhosis A disease of the liver in which normal, healthy tissue
is replaced with nonfunctioning fibrous scar tissue and healthy,
functioning liver cells are lost; usually occurs when there is a
lack of adequate nutrition, an infection or damage caused by al-
cohol abuse.

Committees The oPTN currently maintains approximately 20
standing committees, a fluctuating number of ad hoc commit-
tees (established by the President to address a specific issue as
it arises), subcommittees and joint subcommittees (created and
maintained by standing committees). Committees are comprised
of professionals, at least one Patient/Public representative, Mi-
nority Affairs Committee Representative, Pediatric Committee
Representative, and one or more SRTR representatives. Permanent
Standing Committees also include representatives form each of
the 11 Regions. HRsA’s OPTN Project Officer and Director of DoT,
or their designees, serve as ex-officio non-voting members of all
committees. Each committee is provided administrative, policy,
analytic, clinical and technical support by one or more commit-
tee liaisons from the UNOSs staff.
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Corticosteroid A synthetic hormone used to reduce the body’s
normal immune reaction to infection and foreign tissue, such as a
transplanted organ. Prednisone is a corticosteroid.

Criteria (medical criteria) A set of clinical or biologic standards
or conditions that must be met.

Cyclosporine A drug used to prevent rejection of the transplant-
ed organ by suppressing the body’s defense system. Considered
an immunosuppressant.

Deceased donor An individual from whom at least one solid or-
gan is recovered or the purpose of transplantation after suffering
brain death or cardiac death.

Deceased donor transplant The transplant of an organ from a
deceased donor.

Department of Health and Human Services (DHHS or HHS)
The department of the federal government responsible for health-
related programs and issues.

Dialysis A mechanical process designed to partially perform
kidney functions, including correcting the balance of fluids and
chemicals in the body and removing wastes. See Hemodialysis
and Peritoneal Dialysis.

Diastolic blood pressure The bottom number in the blood pres-
sure measurement (80 in a blood presure of 120/80), indicating
the pressure in the arteries when the heart is at rest.

Division of Transplantation (DoT) DoT is the office within
HHS/HRSA whose principal responsibilities include the oversight
of management of the Organ Procurement and Transplantation
Network (0PTN), the Scientific Registry of Transplant Recipi-
ents (SRTR) and the National Marrow Donar Program (NMDP)
contracts; public education to increase organ and tissue dona-
tion; and technical assistance to organ procurement organizations
(oros).

Domino transplant A procedure in which an organ is removed
from one transplant candidate and immediately transplanted into
a second patient, with the first patient receiving a new organ from
a deceased donor.

Donate Life America Formerly the Coalition on Donation, Do-
nate Life America is a national not-for-profit alliance of local af-
filiates and corporate partners that have joined forces to inspire

all people to Donate Life through organ, eye and tissue donation.
At the core of the organization’s education efforts are the ongoing
qualitative and quantitative research of public attitudes about or-
gan and tissue donation and the development and dissemination

of effective, motivating public service campaigns. Distributed at
the national and community level, these multi-media campaigns

effectively communicate two core messages: Transplants give peo-
ple their life back, and here is how you can help. Founded by the

transplant community in 1992, the Coalition publishes brochures,
program kits and other materials; provides technical assistance,
training, information and referral services; and coordinates the

National Campaign for Organ and Tissue Donation. It is com-
prised of national organizational members and local coalitions

across the u.s. that coordinate donation related activities at the

local level. Volunteer advertising agencies work with the Coalition

and its committees to develop targeted mass media campaigns.

Donation Service Area (psA) The geographic area designated
by cMs that is served by one organ procurement organization
(or0), one or more transplant centers, and one or more donor
hospitals. Formerly referred to as Local Service Area or oro Ser-
vice Area.

Donor Someone from whom at least one organ or tissue is re-
covered for the purpose of transplantation. A deceased donor is

a patient who has been declared dead using either brain death or

cardiac death criteria, from whom at least onevascularized solid

organ is recovered for the purpose of organ transplantation. A
living donor is one who donates an organ or segment of an organ

for the intent of transplantation.

Donor registries Available 24 hours a day, seven days a week,
online registries provide authorized professionals access to a con-
fidential database of registered organ donors, allowing easy and
quick confirmation of an individual’s consent to organ donation.
All registries are voluntary and some are affiliated with the local
motor vehicle bureau, while others are independently operated
or oro-based.

End-stage organ disease A disease that leads to the permanent
failure of an organ.

Ethnicity For oPTN data purposes, the use of categories such
as white, black or African-American, Hispanic, Asian, American
Indian/Alaskan Native, Pacific Islander, multiracial.

Expanded criteria donor (Ecp) kidney A kidney donated for
transplantation from any brain dead donor over the age of 60

years; or from a donor over the age of 50 years with two of the

following: a history of hypertension, the most recent serum cre-
atinine greater than or equal to 1.5 mg/dl, or death resulting from

a cerebral vascular accident (stroke). This definition applies to the

allocation of deceased donor kidneys.

Functional status A way to measure the effects that lung dis-
ease may have on a person’s ability to perform routine daily tasks.
Functional status is used in the Lung Allocation Score.

Glomerular filtration rate (GER) A measure used to determine
kidney function, the GER indicates the kidney’s ability to filter and
remove waste products.

Graft A transplanted organ or tissue.

Graft survival The length of time an organ functions successfully
after being transplanted.

Hemodialysis A treatment for kidney failure where the patient’s
blood is passed through a filtering membrane to remove excess
fluid and wastes.

Hepatic Having to do with, or referring to, the liver.

Hepatitis A viral infection or non-specific inflammation of the
liver that can lead to liver failure. Hepatitis C is the leading cause
of liver failure that leads to transplantation.

High blood pressure See hypertension.

Histocompatibility The examination of human leukocyte an-
tigens (HLA) in a patient, often referred to as “tissue typing” or

“genetic matching.” Tissue typing is routinely performed for all
donors and recipients in kidney and pancreas transplantation to
help match the donor with the most suitable recipients to help
decrease the likelihood of rejecting the transplanted organ. See
Human Leukocyte Antigen System (HLA System).

Human immunodeficiency virus (H1v) A virus which destroys
cells in the immune system, which makes it difficult for the body
to fight off infections; toxins, or poisons; and diseases. HIV causes
AIDS, a late stage of the virus characterized by serious infections,
malignancies, and neurologic dysfunctions.
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Hypertension High blood pressure. Occurs when the force of the

blood pushing against the walls of the blood vessels is higher than

normal because the blood vessels have either become less elastic

or have gotten smaller. Hypertension causes the heart to pump

harder to move blood through the body. It can cause kidney fail-
ure and heart disease if not treated.

Immune response The body’s natural defense against foreign
objects or organisms, such as bacteria, viruses or transplanted
organs or tissue.

Immune system The organs, tissues, cells and cell products in
your body that work to find and neutralize foreign substances in-
cluding bacteria, viruses and transplanted organs.

Immunosuppression Prevention or inhibition of the immune

system to respond to foreign substances in the body. Medications

often used to prevent a recipient’s immune system from rejecting
a transplanted organ or tissue include prednisone, methylpred-
nisolone, azathioprine, mycophenolate mofetil, cyclosporine, ta-
crolimus, and sirolimus, among others.

Immunosuppressive Relating to the weakening or reducing of
your immune system’s responses to foreign material; immuno-
suppressive drugs reduce your immune system’s ability to reject
a transplanted organ.

Induction therapy Medications given for a short finite period
in the perioperative period for the purpose of preventing acute
rejection. Though the drugs may be continued after discharge for
the first 30 days after transplant, it will not be used long-term for
immunosuppressive maintenance.

Infection A condition that occurs when a foreign substance,
such as bacteria, enters your body, causing your immune system
to fight the intruder. All transplant recipients can get infections
more easily because their immune systems are suppressed. It is
more difficult for them to recover from infection (such as urinary
tract infections, colds and the flu).

Inflammation The swelling, heat and redness produced when the
body is injured or infected.

International normalized ratio (INR) A measure of a patient’s
coagulation (clotting) system. INR is used in the MELD and
PELD calculations.

Kidneys A pair of organs that remove wastes from the body
through the production of urine. All of the blood in the body
passes through the kidneys about 20 times every hour. Kidneys
can be donated from living and deceased donors and transplanted
into patients with kidney failure.

Leukocyte A white blood cell.

Liver The largest organ in the body, made up of a spongy mass of
wedge-shaped lobes. The liver secretes bile, which aids in diges-
tion, helps process proteins, carbohydrates, and fats, and stores

substances like vitamins. It also removes wastes from the blood. A
living donor can give part of their liver, after which the liver will

regenerate itself in both the donor and recipient.

Match The compatibility between the donor and the recipient.
The more appropriate the match, the greater the chance of a suc-
cessful transplant.

Medicaid A partnership between the Federal government and
the individual states to share the cost of providing medical cov-
erage for recipients of welfare programs and allowing states to
provide the same coverage to low-income workers not eligible for
welfare. Programs vary greatly from state to state.

Medicare The program of the Federal government that provides
hospital and medical insurance, through social security taxes, to
people age 65 and over, those who have permanent kidney failure
and certain people with disabilities.

Multiple listing Being on the waiting list for the same organ at
more than one transplant center.

National Organ Transplant Act (NoTa) The National Organ
Transplant Act (1984 Public Law 98-507), approved October 19,
1984 and amended in 1988 and 1990, outlawed the sale of human
organs and provided for the establishment of the Task Force on
Organ Transplantation; authorized the Secretary of HHS to make
grants for the planning, establishment, and initial operation of
qualified oPos; and established the formation of the Organ Pro-
curement and Transplantation Network (0pTN) and Scientific
Registry of Transplant Recipients (SRTR).

New York Heart Association Functional Classification
(NYHA) An assessment of a patient’s heart failure based on the
severity of symptoms. Range is Class 1-1v.

Noncompliance 1) Failure of patients to follow the instructions
of the medical team, 2) Failure of oPTN members to adhere to the
policies and bylaws of the oPTN.

Organ A part of the body made up of tissues and cells that enable
it to perform a particular function. Transplantable organs are the
heart, liver, lungs, kidneys, pancreas and intestines.

Organ donation To give an organ or a part of an organ to be
transplanted into another person. Organ donation can occur with
a deceased donor, who can give kidneys, pancreas, liver, lungs,
heart, intestinal organs, and with a live donor, who can give a kid-
ney, or a portion of the liver, lung, or intestine.

Organ preservation Methods used to preserve organs while
they are out of the body, between procurement from a donor and
transplantation into a recipient.

Organ procurement The removal or retrieval of organs from a
donor for transplantation.

Organ Procurement and Transplantation Network (oPTN)
In 1987, Congress passed the National Organ Transplant Act that
mandated the establishment of the opTN and Scientific Registry
of Transplant Recipients. The purpose of the OPTN is to improve
the effectiveness of the nation’s organ procurement, donation and
transplantation system by increasing the availability of and access
to donor organs for patients with end-stage organ failure. The Act
stipulated that the Network be a non-profit, private sector entity
comprised of all U.s. transplant centers, organ procurement or-
ganizations and histocompatibility laboratories. These members
along with professional and voluntary healthcare organizations
and the representatives of the general public are governed by a
Board of Directors which reports to the Division of Transplanta-
tion, HRSA and ultimately HHS. UNOS holds the OPTN contract.

Organ Procurement Organization (0P0) An organization des-
ignated by the Centers for Medicare and Medicaid Services (cMs)

and responsible for the procurement of organs for transplantation

and the promotion of organ donation. 0PoOs serve as the vital link
between the donor and recipient and are responsible for the iden-
tification of donors, and the retrieval, preservation and transporta-
tion of organs for transplantation. They are also involved in data

folow-up regarding deceased organ donors. As a resource to the

community OPOs engage in public educationon the critical need

for organ donation. See also Donation Service Area (DSA).

Pancreas Irregularly shaped gland that lies behind the stomach
and secretes pancreatic enzymes into the small intestines to aid in
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the digestion of proteins, carbohydrates and fats. Islet cells within
the pancreas secrete glucagon, which regulates blood sugar levels
and insulin, which lowers blood sugar levels. If the pancreas fails,
the individual becomes diabetic, and may need to take insulin.
The pancreas can be donated and transplanted.

Panel reactive antibody (PRA) The percent PrA value is a mea-
sure of a patient’s level of sensitization to HLA antigens. It is the
percentage of cells from a panel of blood donors against which a
potential recipient’s serum reacts. The Pra reflects the percentage
of the general population that a potential recipient makes anti-
bodies (is sensitized) against. For example, a patient with a PrRa
of 80 percent will be incompatible with 8o percent of potential
donors. Kidney patients with a high PrA are given priority on the
waiting list. The higher the PrA, the more sensitized a patient is
to the general donor pool, and thus the more difficult it is to find
a suitable donor. A patient may become sensitized as a result of
pregnancy, a blood transfusion, or a previous transplant.

PCO, A blood gas test is performed to measure the amount of co,
in the blood. When the lung’s ability to exchange oxygen and co,
becomes impaired, the pco, level may become increased. The
candidate’s current PCo, and change in Pco, are both considered
in the lung allocation score calculation to reflect worsening pcoz
values. PCo, is used in the Lung Allocation Score.

Peritoneal dialysis A treatment technique for kidney failure that

uses the patient’s own body tissues inside of the (abdominal cav-
ity to act as a filter. The intestines lie in the abdominal cavity, the

space between the abdominal wall and the spine. A plastic tube

called a “dialysis catheter” is placed through the abdominal wall

into the abdominal cavity. A special fluid is then flushed into the

abdominal cavity and washes around the intestines. The lining
(peritoneum) of the abdominal cavity and of intra-abdominal

organs act as a filter between this fluid and the blood stream. By
using different types of solutions, waste products and excess water

can be removed from the body through this process.

Plasmapheresis A process in which plasma is removed from
blood and the remaining components, mostly red blood cells, are
returned to the donor. The process may be used in transplantation
to remove pre-formed antibodies.

Procurement The surgical procedure of removing an organ from
a donor. Also referred to as recovery.

Pulmonary Having to do with, or referring to, the lungs.
Race See ethnicity.
Recipient A person who receives a transplant.

Recovery (organ) The surgical procedure of removing an organ
from a donor.

Rejection A phenomenon that occurs when a recipient’s immune
system attacks a transplanted organ, tissue, or cell. Inmunosup-
pressive drugs help prevent or treat rejection.

Renal Having to do with, or referring to, the kidneys.

Required request Hospitals must tell the families of suitable
donors that their loved one’s organs and tissues can be used for
transplant. This law is expected to increase the number of donated
organs and tissues for transplantation by giving more people the
opportunity to donate.

Retransplantation Due to rejection or failure of a transplanted
organ, some patients receive another transplant.

Retrieval The surgical procedure of organ recovery. Also referred
to as procurement.

Risk pools State-created, nonprofit associations that do not re-
quire tax dollars for operational purposes. The risk pools are a
temporary stopping place for individuals who are denied health
insurance for medical reasons. Risk pools often help individuals
who, because of their physical condition, are unable to purchase
health insurance at any price.

Scientific Registry of Transplant Recipients (SRTR) As called
for by the National Organ Transplant Act (NOTA), the purpose of
the sRTR is to provide ongoing evaluation of clinical data about
donors, transplant candidates, and recipients, as well as patient
and graft survival rates. With oversight and funding from the
DoT, the srRTR is currently administered by the Chronic Disease
Research Group (cDRG) of the Minneapolis Medical Research
Foundation (MMRE).

Sensitization Transplant candidates are “sensitized” if their im-
mune system makes antibodies against a general donor pool. Sen-
sitization usually occurs as a consequence of pregnancy, blood
transfusions, or previous transplantation. The degree of sensitiza-
tion is measured by panel reactive antibody (pra). Highly sensi-
tized patients are less likely to match with available donors and
more likely to reject an organ than unsensitized patients.

Status An indication of the degree of medical urgency for patients
awaiting heart or liver transplants. Examples: status 1A, status 1B,
or status 2.

Steroids Naturally occurring hormones in the body that help
control important body functions. Synthetic or man-made ste-
roids can be used to suppress the immune system.

Survival rates Survival rates indicate the percentage of patients
that are alive and the grafts (organs) that are still functioning after
a certain amount of time. Survival rates are used in developing
OPTN policy.

Systolic blood pressure The top number in the blood pressure
(the 120 in a blood pressure of 120/80) measures the maximum
pressure exerted on the vessel wall when the heart contracts.

Tissue An organization of a great many similar cells that perform
a special function. Examples of tissues that can be transplanted
are blood, bones, bone marrow, corneas, heart valves, ligaments,
saphenous veins, and tendons.

Tissue typing A blood test that helps evaluate how closely the
tissues of the donor match those of the recipient.

Uniform Determination of Death Act (uppa) The 1981 Uni-
form Determination of Death Act is a model statute defining

“brain death.” Versions of this Act have been adopted in 39 states
and the District of Columbia. The act states that an individual
who has sustained either (a) irreversible cessation of circulatory
or respiratory functions or (b) irreversible cessation of all func-
tions of the entire brain, including the brain stem, is dead. A de-
termination of death must be made in accordance with accepted
medical standards.

United Network for Organ Sharing (unos) The private, non-
profit membership organization that coordinates the nation’s
transplant system through HRsA’s OPTN contract. As OPTN con-
tractor, UNOS is responsible for meeting all contract requirements.
As contractor since the first OPTN contract award in 1986, UNOS
has established and continually strives to improve tools, systems
and quality processes that support OPTN contract objectives and
requirements. These include:
« Managing the national organ transplant waiting list
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«  Collecting, managing and reporting of sensitive clinical data ~ Warm ischemic time (wrT) If the donor is a bcp donor, the

in a secure, fail-safe environment warm ischemic time is the time from:

« Facilitating an open, inclusive forum for development and 1. the time of Agonal Phase onset (from the time of cardiac
continuous refinement of evidence-based policies and stan- arrest when the systolic pressure meets the following con-
dards ditions for greater than five (5) minutes) to the time when

« Member and policy performance assessment to ensure eq- core cooling is initiated. Agonal Phase onset:
uitable, safe treatment of candidates and recipients a. Newborn up to 28 days, with a systolic blood pressure

« Increasing donation and making the most of every organ less than 60 mmHg, or
that is donated through professional education, outcomes b. b. 29 days up to 12 months, with a systolic blood pressure
research, patient services and resources and public and pro- less than 70 mmHg, orR
fessional education c. 1year up to 10 years, with a systolic blood pressure less

« Continuously improving the care, quality of life and out- than 70 mmHg, plus 2 times the age of the patient in
comes of organ transplant candidates and recipients years, not to exceed 79 mmHg, orR

d. 11 years or older, with a systolic blood pressure less than
Varices (esophageal) Enlarged and swollen veins at the bottom 80 mmHg, OrR when the oxygen saturation is less than
of the esophagus, near the stomach. A common condition caused 80% at any age,
by increased venous pressure in the liver. These veins can ulcerate « The calculated time using the serial data to be collected be-
and bleed. ginning with the agonal phase and ending with the initia-

tion of core cooling.

Vascular Referring to blood vessels and circulation.

Xenograft An organ or tissue procured from a different species
Ventilator A machine that “breathes” for a patient when the pa-  for transplantation into a human.
tient is not able to breathe properly.

Glossary adapted from transplantliving.org, a UNOs website.
Virus A group of tiny organisms capable of growing and copying
themselves while living within cells of the body.

BMI  body mass index LAs lungallocation score
BRFSS Behavioral Risk Factor Surveillance System Lp living donor
cpc  Centers for Disease Control and Prevention LvAD  left ventricular assist device
cDpRG  Chronic Disease Research Group mTOR mammalian target of rapamycin
cMvV  cytomegalovirus NoTA National Organ Transplant Act
copp  chronic obstructive pulmonary disease NYHA New York Heart Association Functional Classification
CPRA  calculated panel reactive antibody opo  Organ Procurement Organization
csA  cyclosporine A oPTN  Organ Procurement and Transplantation Network
csM  cyclosporine microemulsion PAK pancreas after kidney transplant
pcp  donation after cardiac death/donation after PPO  preferred provider organization
circulatory death PRA  panel reactive antibody
pp deceased donor PTA  pancreas transplant alone
pHHS Department of Health and Human Services PTLD post-transplant lymphoproliferative disorder
pMm diabetes RRT renal replacement therapy
por Division of Transplantation RVAD right ventricular assist device
DSA  Donation Service Area scp  standard criteria donor
EBV  Epstein-Barr virus SPK simultaneous pancreas-kidney transplant
ECD  expanded criteria donor kidney SRTR  Scientific Registry of Transplant Recipients
ESRD  end-stage renal disease STAC  SRTR Scientific and Technical Advisory Committee
eGFR estimated glomerular filtration rate TAH total artificial heart
GN  glomerulonephritis TCR transplant candidate registration
HIV  human immunodeficiency virus TRR transplant recipient registation
HLA human leukocyte antigen uppA  Uniform Determination of Death Act
HMO health maintenance organization UNos  United Network for Organ Sharing
HTN hypertension USRDS  United States Renal Data System
INR international normalized ratio VAD ventricular assist device

KDRI  kidney donor risk index WIT warm ischemia time
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