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- Objectives: A critical shorrage of donor organs has cansed many centers to use less

restrictive donor criteria, including the ase of adult-age donors for pediatric recip-
ients, The purpose of this study is (1) to describe the supply of pediatdc (0-18 years)
heart donors, (2) to explore the relationship betwesn donor age and long-term
survival, and (3) to define threshold age ranges associated with decreased long-term
survival,

Methods: The United Nerwork of Organ Sharing provided deidentified patient-level
datn. Primaty analysis focused on 1887 hearr ransplant recipients aged 9 to 18 yeary
undergoing transplantation from October 1, 1987, to September 25, 2005, Kaplan-
Meier analysis and log-rank tests were used in time-to-event analysis, Recsiver
operating characteristic curves and straum-spedfic likelihood mtios were generated
to compare survival at varions donor age thresholds,

Results; The number of pediarric donors decreased (P < .00) over the stdy period,
pasticulacly from 1993 (a = 640) through 2004 (n = 432), Among recipients aged
9 to 18 years, univariste analysis demonstrated a statistically sigpificant (P < ,001)
inverse relationship between doror age and survival, Stratnm-specifie likelhood
ratio analysis generated 3 strata for donor age: the low-zisk, intermediate-risk, and
high-sisk groups consisted of donors aged 13 years or younger (n = 611, 32.41%),
14 10 51 years (n = 1258, 66.7%), and 52 years and older {n = 16, 0.85%),

- respectively. In the low-rick, intermediate-risk, and high-risk groups median sur-

vival was 4069 days (11.1 years), 3495 days (0.57 years), and 1197 days (3.28
years), respectively.

Coaclugions: Although donors aged 13 years of less offer pediamic recipients the
best chance for achieving long-term survival, donors aged 14 1o 51 years offer good
outcomes 1o pediatric recipients. Consideration should be given to cxpandcd use of
well-sclected adolt-age donors for pediatric recipients.

ediatrie patients listed for wransplantation, especially In the adolescent age
group, compete with adult parients for pediairic denor heans: this forther
encroaches on the already limited supply of available donors in this popula-
tion. Tn the setting of a eritical scarcity of organs, strategies to maximize the donor
poo! are crucial. ™ One@uch@trategy@s@he@se@f@dult-age@onors@n@ediatric
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. 1 test. The % test was used W compare ¢ategoric vadables, All
Abbrevistions and Acronyms reported P values aro 2 sided. The risk ratlo and 95% confidence

ROC = receiver operating characteristie
SSLR = spammn-specific likelihood milo
TCAD = tyanaplant ¢oronary areery discase

UNOS = United Network for Organ Sharing

recipients, However, only one published study, a case serfes
of 5 pediatric recipients, has examined this strategy among
children.®

+ The@urposc@fEhis@rudy@@L )o@ escribeEhe@upplySf
pediatric (0-18 years) heart donars over time, (2) to explore
the relarionship betweer donor age and long-term survival,
and (3) 1o define threshold age rauges associated with de-
creased long-term survival. This sudy is based on an anal-
ysiz of the Unired Network for Organ Sharing (UNOS)
database and provides the first review of a Jarge experience
with adulr-age donors among pediatric heart transplant
recipients.

Methods

Data Collection and Study Population

UNOS provided deidentified patient-lavel data from the Thormeic
Regislry (datn source #092005-7), Thin registry includes all hoart
wansplant recipicnis and donors in the United Stales since Oc¢tober
1. 1987, Primary onalysis focused on 1887 recipients aged 9 (o 18
years who underwont wansplantation between October 1, 1987,
and Soptember 25, 2005, This ape range was chosen becanee, at
youtiger ages, adult heart dopors (>>18 years) provido fewer than
10% of organs. Data on wansplant coropary artery disease (TCAD)
were first colleered by UNOS in 1995, Scpurately, all 38,363 heart
transplant donors during the same period wore exumined for irends
in donor age. :

Data Analysis

The primary outcomes measure was survival, and other measures
included TCAD-fres survival. Continuous varizbles are reported as
meang & standard doviation and compared by using the Student

interval were reported for each faclor. Kuplun-Meler analysis with
Cox regression was used for lime-lo-event analysis, Multivarinte
regresaion annlysis was also perfonned (forward, forward step-
wise, and backwacd, enter P < .10, removo P > .15), where
survival was the dependenr variabloe, and the indepepdent vardables
included donor age, recipient age, doaor sex, ischomic time, waill-
ing tme, starus 1/1A/1B ar transplaptotion, donor heart gjecton
fraction, venumiculnr assist deviee explntadon at sansplantation, and
tahsplantagon year. All data were analyzed with a standard sttistical
software pucknge, Stam $ (Stats Corp, College Station, Tex).
Recelver operating characteristic (ROC) curves were generatod
by plotting sensitivity on the ordinate and l-specificity on the
nbscissa, with the use of donor ags a5 a contdnuous variable and
death@uS®eaix)Mx@Binary@untcoms, ™ ThresholdfinalysiaGrm
performed by vsing strtum-spedi fic iikellhood ratios ($SLRs) and
95%Eronfidence@ntervals. CasEpreviously@lescrbead, 1S i his
study SSLRs represent the propartion of recipients within a given
donor ape stratum dead at 5 yeam divided by the propartion within the
somme strotiro allve ot 5 yewrs. Cut points, or theeshold values, for
donor age were determined by combining adjacent doner age strata in
1-year intervals with other guntistically indistinet swate based on the
prescace of SSLRs with overlapping 95% confidence intervals, Ci
palts occurred whon 2 statisticelly disdnet szam could be formed.
This process was repeated unti} po additional eut points were found,

Results

Recipients and Donors

Analysis included 1887 pediatric heart uansplant recipients
with 2,892,685 days (7919.7 years) at risk; Diedian survival
for all recipieats was 3641 days (9.97 years). Over the
course of the study period, the number of pediattic donors
(=18 years) decreased (P < .001), pamicularly between
1993@nE=@40)@ndQR004EnE~ 32 Figure®).

ROC and SSLR

The comesponding area under the curve was 0.56 (95%
confidence interval, 0.52-0.59), SSLRs generated 3 sirata
(Table@):Bow@isk,Gntermediate@isk, Bnd@igh@isk,
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Figura 1. Numbsr of dotior hearts for all recipients per year stratified by age category.
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TABLE 1. Recipient-denor characteristics and ovtcome measures by donor age strata

Risk atrata . Low intermediate P valie* High P valaot Total

Age range {y} ' =13 14-51 =52

M 611 (32.4%) 1260 {68.7%) 16 {0.85%) 1887

SS1R 0,80 {0.67-0.98)  1.10(1.00-1.2%) 525 {1,23-23.47)

Raciplent-doner characteristics )
Regipient male sex {n) 327 (53.5%) 809 {64.2%) <001  10[62.5%) A7 1146 (62.4%)
Recipiant mean age (y) 122 =244 48 =240 <00 154 & 267 <O 133 & 267
Congenital heart disease (n} 220 (36.0%) 537 [24.3%) <,001 116.25%) 014 527 (27.8%)
UNOS status 1 at transplantation {n} 275 (52.1%) 425 {73.4%) <001 16 (100%}) L0001 1255 (66,7%)
Boner heart gjection fraction (%) 633 £ 110 62.1 =317 I 6548 +716 B2 624 2900
Recipient/denor weight ratio 088 =030 088 =026 <001 J9 =026 019 081 %028
Waitlist time {d) NI £1283 870 =143 J9 1000 =1868 51 845 =137
8ridge 1o transplantation {n} 2{5.4%  174(13.8%) <001 4(250%) 001 210(11,13%)
Ischemic time {h} 357 +£1.1% 310 =113 <001 288 £ 1,19 A 325 £ 1.17

Dutcotnas .
Incidence rate of death {per 100 psrson-years) 643 833 011 1608 -.048 7.68
Mediso survival (d) 4069 3485 ) 197
t-y survival (%) 87.70 87.20 83.10
B-y survival (%) . 73.20 66.20 4270
Madian TCAD-FS [d) 4114 3302 <.001 794 =.001

SSLA, Strawmespecific likalihood ratio; UNGS, United Netwark of Qrgan Sharing; TCAD-FS, transplant coronary artery disessn-{res survival. ¥ P values
comparing lew-risk and intormadiate+lsk stram. 2 values compating intermediare-risk and high-risk strata,

Qutcames

Among recipients aged 9 to 18 years, univariate analysis
demonstrated that increasing donor age was associared with
worse survival (P < .001), In mmldvariate apalysis only
donor age demonstrated a significant relationship with
survival, @A s@hown @@ gure®, @, GurvivalBvas@ignificantly
better (P = .0098) amnong the low-risk group (median sur-
vival, 4069 days) compared with that in the intenmediate-
risk (3495 days) and high-risk (1197 days) groups. As
shown@n&Figure @68, CAD-free@urvival@nChe@nterme-
diate-risk (median e to event, 3302 days) and high-risk
(799 days) sroups was significantly worse (# = .0008) than
in@he@ow-risk@roup@d114@ays), ’

Discussion
Consistent@vith@ravicus@udies, > *fndings@ere@emon-
strate that increasing donor age has a strong inverse rela-

“tionship with recipient survival. However, because the num-

ber of transplanted hearts from donors 18 years and younger
decrensed@verfimeFigured), Srategies@sing@dulr@onors
in children are necessary to maintain the number of organs
available to pediatric recipients.

Threshold analysis determined that the first cut point
occrared at a donor age of 14 years. Thus survival was
best among reciplents receiving hearts from donors aged
13 years or less. Regression abalysis shows that there is
an inverse relatlonship betwesn donor age and survival;
however, further threshold analysis demonstrated no sta-
tistical difference in survival among recipients of grafts

across a broad range of donor ages (14-51 years), Al-
though there was a stadstical difference in survival be-
tween the low-risk (=13 years) and intermediate-risk
(14-51 years) strara, with the median survival exceeding
10 years in the intermediate-rigk statom, donor hessts in
this age ranpe offered an 2eceptable Jevel of long-term
survival.

The us¢ of donor hearts from the high-risk stratum
(=52 years) resulted in worse ontcomes. I particnlar,
early TCAD was the nonn, and long-term suxvival was
adversely affected. Howaver, it is difficult to draw firm
conclusions regarding this group not vnly because of its
small size (n = 16) but also because recipient and donor
charaereristics were not uniform across groups, Recipi-
ents in the intermediate-sisk and high-risk strata pos-
sessed higher risk profiles by most measures, including
UNOS stams at ransplantation, waiting rime, and bridge
te transplontation, If less acutely ill children received
heasts from these “higher-risk™ age strata, survival might
improve, Therefore we might in fact be underéstimating
the acceptable upper limit of donor age. However, in
muldvariate analysis only increasing donor age was as-
sociated with worse survival, and therefore the tie sig-
aificance of these differences in patient ¢haracteristics is
questionable, Regardless, these cbservations fuither sup-
‘port the findings in this study that acceptable long-term
survival in pediatric recipients can be achieved with a
bread age range of donors,
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Figure 2. A, Keplan-Meler anatysis for survival among the fow-risk, intermediate-risk, and high-tisk groups. B,
Kaplan-Meiar analysis for transplant coronary aitery diseage—{ree suvival among the low-risk, Imermediate-risk, and

high-risk groups.

As with all Jarge datasers collected across multiple insti-
tutions, data enfry across institutions might vary, Howaver,
ficlds were geterally well populated, with & 95% 1o 99%
dats entry rate. In addition, although the UNOS reporting
system provided definitions for conditions such as TCAD in
data puidelines, specific definidons might vary by center,
Finally, in this threshold anslysis (SSLR and ROCs) the
effect of only a single facror (dopor age) can be assessed on

the ontcome of interest (death). Becanse muldple factors
varied across the resultant strata, it is possible that this
analysis was confounded by these differences, However,
in multivariate analysis only donor ape and no other donor
or recipient characterisic was associated with survival.
Therefore differences in other patient characteristics across

strata should, in fact, not be expected to affect these
findings.
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Conclusions o

Among pediatric heart transplant recipients, increasing do-
nor age is inversely assodated with survival Donors aged
13 years or less offer pediatric recipienis the best long-term
survival. However, doners aged 14 to 51 years offer good

. outcomes to pediaric recipients. With a decreasing number

of pediatric heart donars and the aceceptable long-term snrvival
provided to pediatrie recipients by a broad age range of adult
donors, consideration must be givén ta expanded use of well-
selected aduli-aged donors in the pediadc population,

We thaad UNOS for supplying theac datm and Kataring Ander
son for her assistance with our analysis,
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