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Heart transplantation continues to be limited by a paucity
of donor organs despite innovations in organ procurement
and organ preservation, greater willingness to accept mar-
ginal hearts (such as those from older donors with medical
comorbidities such as diabetes and hypertension, left ventric-
ular [LV] hypertrophy, and LV dysfunction), and use of
hearts from donors who died of a drug overdose, donors with
hepatitis C viremia, and donors after circulatory death.'-
These developments have expanded the donor pool and have
changed perceptions and practices with respect to consider-
ation of heart transplant donors. The goal of this focused
report is to document the changes that have taken place in
the adult heart transplant donor pool over the years and to
identify important donor characteristics and transplant pro-
cesses that influence post-transplant outcomes.
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This 37th annual adult heart transplant report is based on
data submitted to the International Society for Heart and
Lung Transplantation (ISHLT) Thoracic Organ Transplant
(TTX) Registry on 108,034 adult recipients of deceased
donor heart transplants between January 1992 and June
2018. In response to the changing regulatory environment,
the ISHLT Registry is currently updating the processes
involved in data acquisition from contributing transplant
centers and collectives; the patient cohort examined in this
report is derived from the same database or datasets used in
the 2019 annual report.” We refer the reader to the 2019
report for a detailed description of the cohort and additional
core analyses not directly related to this year’s report focus.

Statistical methods

Data collection, conventions, and statistical
methods

The 2020 ISHLT International TTX Registry report, as in past
years, was developed using the data submitted to the Registry
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from national and multinational transplant collectives as well as
individual transplant centers. It is estimated that the data submitted
to the Registry represents approximately 75% of the worldwide
thoracic transplant activity. Since the Registry’s inception, 481
adult heart transplant centers have contributed data.

This report presents an overview of deceased donor character-
istics and their associations with recipient outcomes, with a partic-
ular focus on how the donor profile has changed over time when
available data allows such examinations. Owing to the variability
in data capturing and reporting, certain characteristics of clinical
interest to readers, such as donor drug use and donor hypertension,
cannot be provided in more detail (e.g., by region). The results
reported herein seek to provide as granular details as possible with
data retained in the ISHLT International TTX Registry for trans-
plantations through June 30, 2018.

In addition to the data presented within the primary manu-
script, extended analyses are presented in the online slide sets
(https://ishltregistries.org/registries/slides.asp). The ISHLT web-
site also contains slide sets for previous annual reports. This report
references specific online electronic slides (e-slides) when particu-
lar data are discussed but not shown owing to space limitations. E-
slide H(a) numbers refer to the online adult heart transplant slides.

The ISHLT International TTX Registry website (https://ishlt.
org/research-data/registries/ttx-registry) provides detailed spread-
sheets of the data elements collected in the Registry. The Registry
requires the submission of core donor, recipient, and transplant
procedure variables at baseline (i.e., at the time of transplantation)
and at annual follow-up, and these variables, therefore, have low
rates of missingness. Nevertheless, data quality depends on the
accuracy and completeness of reporting. Rates of missingness
may significantly increase for Registry variables that depend on
voluntary reporting. The Registry uses various quality control
measures to ensure acceptable data quality and completeness
before including data for analyses.

Analytic conventions

Unless otherwise specified, analyses of combined heart—lung
transplantations are not included in analyses of heart transplanta-
tions. The Registry does not capture the exact occurrence date for
most secondary outcomes (e.g., cardiac allograft vasculopathy
[CAV]), but it does capture the window of occurrence. For the
report’s analyses, we use the midpoint between the annual follow-
ups as a surrogate for the event date (i.e., the event occurred
between the first and the second annual follow-up visits). On the
follow-up where a death is reported, some underreporting of sec-
ondary outcomes and other information is highly probable. Thus,
to reduce the potential for underestimating event rates or other
outcomes, some analyses are restricted to include only surviving
recipients. For time-to-event analyses, we censored the follow-up
of recipients who did not experience the event of interest at the
last time the recipient was reported not to have had the event,
which would either be the most recent annual follow-up or the
time of retransplantation. We truncated time-to-event graphs (e.g.,
survival graphs) when the number of individuals at risk was <10.
Previous Registry reports provide more detail regarding specific
donor and recipient characteristics and outcomes.’ >

Focus theme: Deceased donor characteristics

Donor characteristics

The demand for suitable donor hearts for transplantation
continues to outstrip the supply of available organs, which

has led to changes over the years in the definition of an
acceptable donor heart. This, combined with changes in
population demographics, has led to significant changes in
donor characteristics over time, as shown in Table 1. In this
report, we divided adult heart transplants into 3 eras: 1992-
2000, 2001-2009, and 2010-2018, with a similar number
of transplantations performed in each era. Over time, the
percentage of transplantations performed in North America
increased from 50.8% to 55.0%, the percentage of trans-
plantations from Other countries and regions (e.g., South
America, Asia, the Middle East, Australia, and others)
increased from 4.9% to 9.4%, and the percentage of trans-
plantations from Europe decreased from 44.3% to 35.6%.

From the 1992-2000 era to the 2010-2018 era, the
median donor age increased from 31 to 35 years worldwide.
This increase in donor age was particularly driven by
changes in European transplant practice, as shown in
Figure la, where median donor age increased from 31 to
45 years. Increases in donor age were also seen in Other
regions (26.0—34.5 years) but were less apparent in North
America (28—31 years) over the same time period. The
aging of the donor population likely reflects the increase in
the median age of the general population, the relative scar-
city of donor organs (leading to increased acceptance of
older donor hearts), and the differences in donor cause of
death, as discussed below. Similar to the increase in donor
age over time, donor body mass index also increased over
time from a median of 24.1 kg/m? in the 1992-2000 era to
26.0 kg/m2 in the 2010-2018 era. As shown in Figure 1b,
this increase was seen mainly in North America and to a
lesser extent in Europe and reflects the overall rising preva-
lence of obesity in the general population.®’

The sex distribution of heart transplant donors has been
relatively stable over time, with approximately 70% male
and 30% female donors, a slight increase in the proportion
of female donors over time in Europe, and a slight decrease
in the proportion of females in Other regions, as shown
in eSlide H(a) 7. The distribution of donors by blood type
has also been stable, with approximately 38%-40% of
donors being blood type A, 2%-3% blood type AB, 10%
blood type B, and 47%-49% blood type O (Table 1 and
eSlide H[a] 8).

Donor cause of death has changed significantly in
Europe and North America over the past 3 decades
(Figure 2). In Europe, donors are predominantly dying from
cerebrovascular accident (CVA)/stroke, whereas head
trauma deaths are on the decline. These observations likely
reflect fewer deaths related to motor vehicle accidents® and
gun violence, whereas the aging donor population is more
likely to succumb to neurologic events. In North America,
in contrast, head trauma remains the most common cause of
death, whereas deaths due to anoxia have increased in num-
ber and proportion, likely owing to the opioid epidemic and
drug overdose deaths.”

Examination of donor substance use reveals several
notable changes over time. For example, the percentage of
donors with a history of cigarette smoking (>20 pack-years)
declined quite precipitously from a high of 40% in 1995 to
15% in 2018 (Figure 3a), whereas alcohol use (>2 alcoholic
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Table 1  Donor Characteristics by Transplant Era (January 1992—June 2018)
Jan 1992—Dec 2000 Jan 2001—Dec 2009 Jan 2010—June 2018

Characteristic (N=37,616) (N=33,588) (N=36,830) p-value
Geographic location: <0.0001

Europe, n (%) 16,663 (44.3) 14,161 (42.2) 13,103 (35.6)

North America, n (%) 19,119 (50.8) 17,186 (51.2) 20,265 (55.0)

Other, n (%) 1,834 (4.9) 2,241 (6.7) 3,462 (9.4)

Age, years, median (percentiles) 31 (15—54) 34 (16—56) 35 (17—-58) <0.0001

Male, n (%) 68.5 69.4 67.9 0.0001

BMI, kg/m?, median (percentiles) 24.1 (18.8—32.5)° 25.1(19.6—35.2) 26.0 (19.9-37.5) <0.0001

Blood type, n (%):

A 40.0 38.8 38.1 <0.0001

AB 2.9 2.4 2.5

B 10.0 10.1 10.7

0 47.1 48.7 48.7

Cause of death, n (%):

Anoxia 4.4 9.2 25.7 <0.0001

CVA/stroke 35.0 32.7 25.5

Head trauma 52.0 55.6 46.4

Other 8.5 2.6 2.4
CMV antibody positive, n (%) 58.0 60.7 60.6 <0.0001
EBV antibody positive, n (%) — 92.6" 93.1 0.2036
Hep B antibody positive, n (%) 3.0 2.7 1.8 <0.0001
Hep C antibody positive, n (%) 1.6 0.4 1.1 <0.0001
Smoking history, n (%) 37.9° 25.9 14.5 <0.0001
Alcohol use, n (%) — 15.0° 16.3 0.0048
Cocaine use, n (%) — 13.0 18.5 <0.0001
Other drugs use, n (%) — 32.3 48.9 <0.0001
Hypertension, n (%) 10.8° 12.3 15.4 <0.0001
Diabetes, n (%) 1.5° 2.3 3.5 <0.0001
LVEF <50%, 1 (%) — 2.3 1.6 <0.0001

Abbreviations: BMI, body mass index; CMV, cytomegalovirus; CVA, cerebrovascular accident; Dec, December; EBV, Epstein—Barr virus; Hep, hepatitis; Jan,

January; LVEF, left ventricular ejection fraction.
Summary statistics excluded transplants with missing data.

Continuous characteristics are expressed as median (52'—95" percentiles).
Comparisons for categorical variables were made using chi-square statistic.

Comparisons for continuous variables were made using Wilcoxon’s rank-sum test.

“Based on April 1994—December 2000 transplants.
PBased on April 2006—December 2009 transplants.
“Based on July 2004—December 2009 transplants.

drinks per day) remained relatively stable (Figure 3b).
Donors with cocaine use increased from 11% in 2000 to
27% in 2018, whereas donors with use of other drugs (non-
intravenous street drugs such as crack, marijuana, prescrip-
tion narcotics, sedatives, hypnotics, or stimulants) more
than doubled from 25% to 57% over the same period of
time (Figure 4). Unfortunately, it is not possible to examine
the changes in donor drug use by geographic region owing
to constraints in data collection and recording.

We also saw notable changes in donor medical comor-
bidities over time. The proportion of donors with diabetes
increased from 1.1% in 1995 to 4.5% in 2018. This increase
is likely a reflection of the aging donor pool, the increasing
prevalence of this disease in the general population, rising
obesity rates, and a greater willingness to accept donors
with higher risk features. Similarly, the prevalence of
hypertension in heart transplant donors increased from

9.3% to 17.4% over the same period of time (Figure 5a).
Interestingly, only 1.3% of donor hearts transplanted in
2018 had LV dysfunction (LV ejection fraction [LVEF] of
<50%) compared with 2.4% in 2005 (Figure 5b). This sug-
gests that relatively few hearts with LV dysfunction are
being accepted for transplant in light of the estimates that
15%-24% of donors have LV dysfunction after brain
death'”'" and despite the evidence that LV dysfunction in
this setting is often due to neurocardiogenic injury and is
highly reversible, and that the use of these hearts usually
results in acceptable post-transplant clinical outcomes.'*"”
The decline in the use of hearts with LV dysfunction may
reflect transplant centers’ desire to avoid early post-trans-
plant complications such as primary graft dysfunction'" as
well changes in other donor characteristics over time, such
as the rise in donor age, which may render these hearts less
desirable.
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Figure 1 Median donor (a) age by year and geographic location (transplants: January 1992—June 2018) and (b) BMI by year and geo-
graphic location (transplants: January 1995—June 2018). BMI, body mass index.
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Figure 2 Donor cause of death by geographic location and era (transplants: January 1992—June 2018). CVA, cerebrovascular accident.
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Figure 3 Percentage of donors with a history of (a) smoking (transplants: January 1995—June 2018) and (b) alcohol use (transplants:
January 2005—June 2018).
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Figure 4 Percentage of donors with a history of cocaine and other drug use (transplants: January 2000—June 2018).
Survival analyses recipient post-transplant survival is seen across recipient

1-year survival

We next examined unadjusted associations between donor
risk factors and 1-year post-transplant survival. Multivari-
able analyses were not included in this report; however, a
number of multivariable analyses are available in the 2019
annual report.”

As shown in eSlide H(a) 14, older donor age is associ-
ated with reduced post-transplant survival, and most of this
effect is seen within the first month after transplantation.
Examination of donor and recipient age group combinations
(Figure 6) shows that the early impact of donor age on
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Figure 5

age groups, with consistently higher early mortality seen in
recipients of older donor hearts. Older donor age was also
associated with higher recipient mortality across geographic
regions (eSlide H[a] 16); however, 1-year survival was con-
sistently higher in North America than in Europe and Other
regions, perhaps owing to other donor and recipient charac-
teristics.

Significant differences were seen in recipient 1-year sur-
vival when examined according to donor cause of death, as
shown in Figure 7a. Recipients of donors who died from
anoxia or head trauma had the highest 1-year survival
(89.9%), whereas the lowest 1- year survival (84.1%) was
seen in recipients of donors who died from CVA/stroke. As

B Donor Left Ventricular Dysfunction
10

9

¢ & & S S N Do e e A
3 3 3 3 33 N N N N N N N N N
L R S .

Percentage of donors with (a) diabetes and hypertension (transplants: January 1995—June 2018) and (b) LVEF <50% (trans-

plants: January 2005—June 2018). LVEEF, left ventricular ejection fraction.



1008

The Journal of Heart and Lung Transplantation, Vol 39, No 10, October 2020

Donor Age: — <35 Years — 35-49 Years — 250 Years

100 100 100

20 K 90 = \

80 80 \ 80
— 70 70 70
X
: 60 60 60
©
2 50 50 50
s p < 0.05 for all pairwise comparisons p < 0.05 for all pairwise comparisons p < 0.05 for all pairwise comparisons
= 40 40 40
(7]

30 30 30

20 20 20

10 10 10

0 T T T T T T T T T T T 0 T T T T T T T T T T T 0 T . . - - - - - - - T
0 1 2 3 4 5 6 7 8 9 10111 0 1 2 3 4 5 6 7 8 9 10 11 12 o 41 2 3 4 5 6 7 8 9 10 11 12
Mornths Months Months
Recipients 18-39 Years Recipients 40-59 Years Recipients 260 Years
Figure 6 Kaplan—Meier survival within 12 months by donor and recipient age (transplants: January 2000—June 2017).

was observed with donor age, the impact of donor cause of
death on recipient survival was mainly seen within the first
month after transplantation.

Of interest was the observation that recipients of donor
hearts with LV dysfunction (defined as LVEF of <50%)
had similar 1-year survival when compared with recipients
of donor hearts with normal LV systolic function (89.2% vs
89.6%, Figure 7b). This slight difference in survival was
mainly apparent between 1 and 6 months after transplanta-
tion, and whereas it is borderline significant (p = 0.049), it
is unlikely to be clinically meaningful. It should be noted
that only 507 donor hearts with LV dysfunction were trans-
planted between January 2005 and June 2017, compared
with 26,511 donor hearts with normal LV function; thus,
donor hearts with LVEF <50% that were accepted for trans-
plantation were likely a selected group with other favorable
features, such as young donor age and lack of medical
comorbidities. Indeed, the mean age of donors with LVEF
<50% was 27.5 years, compared with 32.2 years for donors
with normal LV function. These findings should, therefore,
be viewed with caution and are best examined in dedicated
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100

90 e

80

p < 0.05 for CVA/Stroke vs. Anoxia, Head Trauma, and Other

Survival (%)

70

——Anoxia (N=7,326)

60 {- =——CVA/Stroke (N=13,986)
Head Trauma (N=23,873)

—oOther (N=1,155)

50 T T T T T T T T T T T
1 2 3 4 5 6 7

Months

Figure 7

Survival (%)

N

analyses with multivariable adjustment, as has been per-
formed previously.' "’

We next examined recipient 1-year survival by donor
substance abuse. As seen in Figure 8a, receipt of a heart
from a donor with a history of smoking (more 20 pack-
years) was associated with 3% lower 1-year survival,
whereas receipt of a heart from a donor with a history of
alcohol abuse (defined as 2 or more alcoholic drinks per
day) was not associated with increased mortality
(Figure 8b). Donor cocaine use did not have a significant
impact on recipient 1-year survival, whereas the use of
other drugs (non-intravenous street drugs such as crack,
marijuana or prescription narcotics, sedatives, hypnotics, or
stimulants) was associated with marginally higher recipient
1-year survival (90.1% vs 87.8%, eSlide H[a] 19). This is
likely a confounded effect related to the younger age of
donors who abused other drugs and who probably had fewer
medical comorbidities than older donors who did not abuse
street drugs.

Not surprisingly, recipients of hearts from donors with
diabetes and hypertension (eSlide H[a] 20) had significantly

B Donor Left Ventricular Function
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p =0.0493
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ote: Y-axis is truncated for clearer presentation

Kaplan—Meier survival within 12 months by donor (a) cause of death (transplants: January 2000—June 2017) and (b) LVEF

(transplants: January 2005—June 2017). CVA, cerebrovascular accident; LVEF, left ventricular ejection fraction.
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Figure 8 Kaplan—Meier survival within 12 months by donor history of (a) smoking (transplants: January 2000—June 2017) and (b)

alcohol use (transplants: January 2005—June 2017).

lower 1-year survival than recipients of hearts from donors
without these medical conditions. It is important to note,
however, that these differences were often quite small. For
example, recipients of hearts from diabetic donors had
87.7% 1-year survival compared with 88.5% 1-year sur-
vival in recipients of hearts from non-diabetic donors. Ide-
ally, acceptance of donor hearts should weigh donor risk
factors against the recipient’s risk of dying on the waitlist if
a heart is declined for transplantation.

We then examined the effect of ischemic time, in combi-
nation with donor risk factors, on recipient 1-year survival.
Previous studies, including the 2017 ISHLT Registry
Report for adult heart transplantation,”'” have shown that
allograft ischemic time >4 hours is associated with
increased recipient mortality. Figure 9 demonstrates that
this association is modified by donor age, whereby recipi-
ents of younger donor hearts have improved survival rela-
tive to recipients of older donor hearts, regardless of
whether ischemic time was <4 hours or >4 hours. We also

observed that donor hypertension is associated with worse
survival among recipients with allograft ischemic time
<4 hours, but there was no significant survival difference
between recipients of hearts from donors with and without
hypertension when ischemic time was >4 hours, as shown
in eSlide H(a) 23. However, it should be noted that there
were relatively few donors with both hypertension and pro-
longed ischemic time in this analysis compared with the
other categories, which may limit the precision of this anal-
ysis. Rather, this observation suggests a general avoidance
of hearts from donors with prolonged ischemic time com-
bined with other high-risk features.

We finally examined the effect of donor LV dysfunction,
in combination with ischemic time, on recipient 1-year sur-
vival. As can be seen in Figure 10, recipients of donor
hearts with both LVEF <50% and ischemic time >4 hours
have worse survival when compared with the other 3 LVEF
—ischemic time combinations. However, the statistical
power of the pairwise comparisons is once again limited by
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Figure 9 Kaplan—Meier survival within 12 months by allograft ischemic time and donor age (transplants: January 2000—June 2017).
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the small number of recipients with donor LVEF <50% and
ischemic time >4 hours (n =91), again reflecting avoidance
of this high-risk combination.

5-year survival, conditional on survival to 1 year

To examine associations between donor characteristics and
longer-term recipient survival, we analyzed 5-year survival
conditional on survival to 1 year (i.e., excluding recipients
who died within the first year after transplant). As seen in
eSlide H(a) 26 and 28, younger donor age is associated
with improved 5-year conditional survival, both overall and
by region. Further breakdown by recipient age categories
(eSlide H[a] 27) shows that the benefit conferred by young
donor age (donor aged <35 years) is seen primarily in recip-
ients who are at least 40 years old, whereas younger recipi-
ents (aged 18—39 years) do not derive conditional survival
benefit from receiving a young donor heart. This observa-
tion suggests that in younger recipients, recipient-level fac-
tors (such as heart disease diagnosis) may play a larger role
than donor factors in determining survival between 1 and
5 years after transplantation.

Similar to the analyses of recipient 1-year survival,
donor diabetes (Figure 11a) and hypertension (Figure 11b)
continue to be associated with reduced recipient 5-year sur-
vival. It is possible that these comorbidities contribute to
endothelial dysfunction in the donor coronary arteries,
which then sets the stage for the development of CAV and
reduced survival after transplantation.'®'’

Unlike analyses of recipient 1-year survival, donor cause
of death is no longer associated with recipient survival

between 1 and 5 years (Figure 12a). This is likely due to the
fact that, as discussed previously (eSlide H[a] 17), the detri-
mental effect of donor CVA on recipient survival is primar-
ily seen within the first month after transplantation.

In contrast to donor age, donor LV dysfunction (LVEF
<50%) has a greater impact on recipient 5-year survival
than on recipient 1-year survival. As seen in Figure 12b, the
survival curves separate at 2 years after transplantation,
after which recipients of donors with LV dysfunction have
worse overall survival. It is possible that peri-operative
events that contribute to donor LV dysfunction, such as the
myocardial stunning and contraction band necrosis that
occurs in the setting of neurocardiogenic injury,'® may con-
tribute to longer-term graft dysfunction and eventual devel-
opment of CAV. Further studies on the mechanisms
whereby donor LV dysfunction contributes to longer-term
recipient mortality are needed.

Similar to 1-year survival analyses, donor smoking his-
tory continues to be associated with reduced recipient 5-
year survival (eSlide H[a] 30). Donor alcohol use, which
was not a predictor of mortality at 1-year, is however asso-
ciated with slightly increased 5-year mortality (eSlide H[a]
30). As with 1-year survival, donor cocaine use is not asso-
ciated with 5-year survival (eSlide H[a] 31), and donor his-
tory of other drug use (non-intravenous street drugs) is not
associated with 5-year survival (eSlide H[a] 31). These
analyses suggest that donor substance use may have differ-
ential short-term and long-term effects on the transplanted
heart—such effects are best studied in dedicated analyses
using multivariable models in order to account for potential
confounders.
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Figure 11 Kaplan—Meier survival within 5 years conditional on survival to 1 year by donor history of (a) diabetes (transplants: January

2000—June 2013) and (b) hypertension (transplants: January 2000—June 2013).

We finally examined the interplay of allograft ischemic
time with other donor risk factors and 5-year survival con-
ditional on recipient survival to 1 year after transplantation.
We found no difference in 5-year conditional survival
between donors with ischemic time <4 hours and donors
with ischemic time >4 hours, which suggests that the detri-
mental effect of prolonged ischemic time on recipient sur-
vival is seen mainly within the first year after
transplantation. As seen in eSlide H(a) 33, older donor age
(especially age >50 years) is associated with reduced sur-
vival, both for recipients of allografts with <4 hours and for
those with >4 hours ischemic time. In contrast to the 1-year
survival end-point, the combination of donor hypertension
and prolonged ischemic time did not result in significantly
lower 5-year conditional survival, as demonstrated in
Figure 13. Finally, recipients of donor hearts with LV dys-
function appeared to have reduced 5-year conditional
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Figure 12
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survival compared with recipients of hearts with normal LV
function (eSlide H[a] 34) regardless of ischemic time; how-
ever, these comparisons did not meet our a priori signifi-
cance threshold, likely because of the small number of
patients in the high-risk categories. These results under-
score the importance of weighing donor risk factors in
aggregate when evaluating organ offers rather than evaluat-
ing each characteristic independently.

Freedom from CAV, conditional on survival to
discharge

CAV is a leading cause of long-term graft dysfunction and
graft loss after heart transplantation.'” Although our under-
standing of CAV pathogenesis remains incomplete, it is
apparent that both donor and recipient risk factors predis-
pose the heart transplant recipient to the development of

Donor Left Ventricular Function
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o

~
o

p =0.0354
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Kaplan—Meier survival within 5 years conditional on survival to 1 year by donor (a) cause of death (transplants: January

2000—June 2013) and (b) LVEF (transplants: January 2005—June 2013). CVA, cerebrovascular accident; LVEF, left ventricular ejection

fraction; NS, non-significant.
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Figure 13 Kaplan—Meier survival within 5 years conditional on survival to 1 year by allograft ischemic time and donor history of

hypertension (transplants: January 2000—June 2013). NS, non-significant.

CAV.” We therefore examined the associations between
donor risk factors and CAV development in this focus
theme report. It should be noted that definitions of CAV
may have varied between centers and collectives submitting
data to the ISHLT TTX Registry—a standardized defini-
tion, such as the ISHLT CAV grading system,”’ was not
required.

We first examined freedom from CAV development
by donor age. As seen in Figure 14, older donor age is
associated with the development of CAV, such that 50%

of recipients of donor hearts aged >50 years had CAV
by 7 years after transplantation. This is in contrast to
the recipients of donor hearts aged <35 years, 50% of
whom developed CAV by approximately 13 years after
transplantation. Older donors have different causes of
death compared with younger donors and likely have a
longer duration of substance use and medical comorbid-
ities that may contribute to CAV development. We,
therefore, examined these individual risk factors, as
described below.

Donor Age: —<35 Years (N=18,471) —35-49 Years (N=9,021) —=250 Years (N=2,781)
100
90 \
- 80 LK
70
O 60
E 40
5 %
o 30 N
g p<0.05 for all pairwise comparisons
L 20
10
0 T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Years
Figure 14 Kaplan—Meier freedom from CAV conditional on survival to discharge by donor age (transplants: January 2000—June

2017). CAV, cardiac allograft vasculopathy.
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left ventricular ejection fraction; NS, non-significant.
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Figure 15a demonstrates that the donor cause of death
is significantly associated with CAV development, with
CVA/stroke having the strongest association. CVA/
stroke is more common in older donors, and this mode
of death (especially subarachnoid hemorrhage) results in
unusually high systemic catecholamine levels that can
have toxic effects on the donor heart, which may even-
tually predispose to CAV development.”” Counter to
this argument, however, is the observation that LV dys-
function in the donor heart (which is often seen after
stroke or subarachnoid hemorrhage) was not associated
with CAV (Figure 15b).

Not surprisingly, donor medical comorbidities and the
use of toxic substances were strongly associated with CAV
development. Figure 16a and b shows that recipients of
hearts from donors with diabetes and hypertension are more
likely to develop CAV, and similar associations were also
seen with donor smoking and alcohol use (Figure 17a and
b). These risk factors likely contribute to coronary artery
endothelial dysfunction in the donor heart that sets the stage
for inflammation and vascular remodeling in the transplant
recipient. Interestingly, donor cocaine use was not associ-
ated with CAV development (eSlide H[a] 41), despite this
drug’s known adverse cardiovascular effects, including ves-
sel wall injury, increased endothelin-1 production, and crea-
tion of a prothrombotic state.”” It is worth noting, however,
that the ISHLT TTX Registry collects data on whether the
donor ever abused or was dependent on cocaine and does
not capture the amount or duration of donor cocaine use.

Conclusions

In this 2020 ISHLT Adult Heart Transplantation report, we
closely examined deceased donor trends over time and the
impact of deceased donor characteristics on outcomes. We
observed many changes, including aging of the donor popu-
lation (more so in Europe than in other areas) and rising
prevalence of medical conditions such as diabetes, hyper-
tension, and obesity in the donor population. Mirroring
changes seen in the general population, we saw a striking
drop in donor cigarette use over the past 2 decades and an
alarming rise in the use of non-intravenous street drugs,
likely because of the ongoing opioid epidemic in North
America. Consistent with this observation were changes in
donor cause of death over time. In univariate analyses, we
identified significant associations between donor risk fac-
tors and recipient short-term mortality (l-year survival
analyses) as well as longer-term mortality (5-year condi-
tional survival) and development of CAV. We hope that
these analyses will stimulate further questions and research
focused on ways to safely expand the use of available donor
hearts for transplantation without compromising recipient
outcomes.
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