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ORIGINAL RESEARCH

National Trends in Heart Donor Usage 
Rates: Are We Efficiently Transplanting More 
Hearts?
Naga Dharmavaram , MD; Timothy Hess, PhD; Heather Jaeger, RN; Jason Smith, MD; Joshua Hermsen, MD; 
David Murray, MD; Ravi Dhingra , MD, MPH

BACKGROUND: It is unclear whether the recent increase in the number of heart transplants performed annually in the United 
States is only because of higher availability of donors and if it affected recipients’ survival.

METHODS AND RESULTS: We examined characteristics of donors and recipients from 2008 to 2012 (n=11 654) and 2013 to 2017 
(n=14 556) and compared them with 2003 to 2007 (n=10 869). Cox models examined 30-day and 1-year risk of recipients’ 
death post transplant. From 2013 to 2017, there was an increase in the number of transplanted hearts and number of donor 
offers but an overall decline in the ratio of hearts transplanted to available donors. Donors between 2013 and 2017 were older, 
heavier, more hypertensive, diabetic, and likely to have abused illicit drugs compared with previous years. Drug overdose and 
hepatitis C positive donors were additional contributors to donor risk in recent years. In Cox models, risk of death post trans-
plant between 2013 and 2017 was 15% lower at 30 days (hazard ratio [HR] 0.85; 95% CI, 0.74–0.98) and 21% lower at 1 year 
(HR, 0.79; 95% CI, 0.73–0.87) and between 2008 and 2012 was 9% lower at 30 days (HR, 0.91; 95% CI, 0.79–1.05) and 14% 
lower at 1 year (HR, 0.86; 95% CI, 0.79–0.94) compared with 2003 to 2007.

CONCLUSIONS: Despite a substantial increase in heart donor offers in recent years, the ratio of transplants performed to avail-
able donors has decreased. Even though hearts from donors who are older, more hypertensive, and have diabetes mellitus 
are being used, overall recipient survival continues to improve. Broader acceptance of drug overdose and hepatitis C positive 
donors may increase the number and percentage of heart transplants further without jeopardizing short-term outcomes.
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In the past 5 years, the number of total heart trans-
plants performed annually in the United States has 
been increasing. In fact, more than 3000 hearts were 

transplanted in 2016, the first time this was achieved.1 
Despite the increasing number of heart transplants per-
formed, the list of patients waiting for heart transplant 
continues to grow at a higher pace.2 Although inter-
ventions such as increased use and durability of me-
chanical circulatory support devices may have led to a 
decrease in pretransplant mortality from 14.6 deaths 
per 100 years in 2005 to 9.7 deaths per 100 years in 
2015 to 2016, the absolute number of waitlist deaths 

remains high.2 Reportedly, 20% of candidates for heart 
transplant die on the waiting list or have been removed 
from the list as they are deemed “too sick” to benefit 
from a heart transplant.3

Given the continued donor shortage and high 
waitlist mortality rate, efforts are being undertaken to 
improve use of donor hearts and specifically to con-
sider transplanting hepatitis C virus (HCV) positive or 
opioid overdose death donor (ODD) hearts.4 The cur-
rent opioid epidemic has led to a substantial increase 
in donor offers for transplant, with anoxia from drug 
overdose as the increasing cause of death. Although 

Correspondence to: Ravi Dhingra, MD, MPH, Division of Cardiovascular Medicine, University of Wisconsin-Madison, 600 Highland Avenue, E5/582A, MC 
5710, Madison, WI 53792. E-mail: rdhingra@medicine.wisc.edu

Supplementary Material for this article is available at https://www.ahajo​urnals.org/doi/suppl/​10.1161/JAHA.120.019655

For Sources of Funding and Disclosures, see page 10.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0001-9882-6991
https://orcid.org/0000-0003-0110-3223
mailto:﻿
mailto:rdhingra@medicine.wisc.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.019655
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e019655. DOI: 10.1161/JAHA.120.019655� 2

Dharmavaram et al� Heart Donor Usage Rates

cocaine use has increased from 11% in 2000 to 27% 
in 2018, usage of other drugs (nonintravenous street 
drugs such as crack, marijuana, prescription narcot-
ics, sedatives, hypnotics, or stimulants) has doubled 
from 25% to 57% from 2000 to 2018.5 In 2015, over 
33  000 individuals died from an opioid overdose, a 
number that has quadrupled since 1999.6 Recent re-
ports have shown that the mortality rate in recipients 
of heart transplant who received organs from donors 
who died from drug overdose are comparable to those 
who received organs from donors who died from other 
causes.7 With the advent of the opioid epidemic, the 
availability of donor hearts with hepatitis C has also 
increased.8 However, not all centers or patients are 
still willing to accept donors who are hepatitis C pos-
itive, and separate consents and sometimes approv-
als from healthcare insurance carriers are needed for 
each patient. It is unclear whether the increase in heart 
transplant volume in relation to total donor offers is real 
and whether such an increase is only a reflection of 
donors with drug overdoses and hepatitis C infection. 
Moreover, the question of whether overall changes in 

the donor pool composition has adversely affected 
early posttransplant outcomes in the contemporary 
era has yet to be addressed.

Therefore, we undertook the present study to ex-
amine the national donor usage trends since 1995 
and in particular the use of donors who died from 
overdose or are HCV positive. Additionally, we deter-
mined the influence of donor characteristics on 30-
day or 1-year posttransplant survival in recent times 
(2008–2012 and 2013–2017) compared with the 
years 2003 to 2007.

METHODS
Because of the sensitive nature of the data collected 
for this study, requests to access the data set from 
qualified researchers trained in human subject confi-
dentiality protocols may be sent to the United Network 
for Organ Sharing at https://optn.trans​plant.hrsa.gov/
data/reque​st-data/.

Study Sample
In the present study, we evaluated the number and 
percentage of hearts accepted for transplant, declined 
for transplant, or used for alternative purposes (eg, re-
search) and the trends in heart donor characteristics, 
specifically donor hepatitis C antibody and hepatitis C 
nucleic acid amplification test (NAT) statuses and drug 
ODD from 1995 through 2018. The donor characteris-
tics for organs used for heart transplant and their in-
fluence on 30-day and 1-year posttransplant survival 
rates were assessed across 3 different time periods. 
Information regarding donors was acquired from the 
Organ Procurement and Transplantation Network 
database.

Demographics and Database
In early 2019 we received the UNOS data set, which 
had complete information regarding follow-ups until 
December 31, 2018. Hence, to allow for at least 1-year 
follow-up after transplant and to compare times within 
reasonable intervals, we a priori divided the data into 
3 five-year periods (2003–2007 [referent], 2008–2012, 
and 2013–2017) and compared all baseline and demo-
graphic characteristics of donors among the 3 groups. 
The donor characteristics that were evaluated for this 
study included the following: sex, age, height, weight, 
race, cause of death, hypertension, diabetes mellitus, 
prior myocardial infarction, cancer, cigarette use, co-
caine use, intravenous drug use, other drug use, and 
HIV risk. We also examined the recipient’s character-
istics such as age, sex, donor to recipient sex match, 
ischemic time, total bilirubin, and serum creatinine at 
time of transplant.

CLINICAL PERSPECTIVE

What Is New?
•	 Over the past 5  years, the number of donor 

hearts offered for transplant has increased; 
however, the actual donor to transplant ratio 
has declined.

•	 The recent increase in the number of hearts is 
because of the higher availability of organs from 
donors who have died from drug overdose or 
have hepatitis C. Recent donors also have more 
comorbid illnesses (hypertension, diabetes mel-
litus, obesity, etc)

What Are the Clinical Implications?
•	 Despite the increase in usage of hearts from do-

nors with higher comorbidities, short-term sur-
vival of recipients of heart transplants continues 
to improve.

•	 Broader acceptance and usage of hepatitis C 
virus positive and overdose death donor hearts 
should alleviate the strain on the current waitlist 
pool without compromising recipient outcomes.

Nonstandard Abbreviations and Acronyms

NAT	 nucleic acid amplification test
ODD	 overdose death donor
UNOS	 United Network for Organ Sharing

https://optn.transplant.hrsa.gov/data/request-data/
https://optn.transplant.hrsa.gov/data/request-data/
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Statistical Analysis
We first analyzed all donor trends from 1995 through 
2018 by evaluating the number of total donor offers 
and the absolute number and percentages of donor 
offers that were transplanted, declined or were used 
for “other” reasons (eg, research).9 In a similar fash-
ion, donor trends were examined for donors who were 
HCV infected and drug ODD (total number of offers 
and offers accepted, declined, or used for other pur-
poses) between 1995 through 2018, presented sepa-
rately in figures. To examine trends statistically over 
time we employed Poisson regression for the counts 
and logistic regression for the percentages. In both 
cases, a Pearson overdispersion parameter with ro-
bust standard errors were used in a Wald-type test of 
the potential linear trend over time. These models were 
extended as a supplementary analysis to include and 
assess regional differences as per UNOS regions and 
organ procurement organization center size (examined 
by quartiles) in trends over time.

Second, for all donor hearts that were used for trans-
plants, we then compared the baseline characteristics 
of donors and recipients using chi-square tests for 
categorical variables and Kruskal-Wallis tests for con-
tinuous measures across the 3 different time frames 
as designated previously. Thereafter, we constructed 
Kaplan-Meier curves examining the risk of death on 
follow-up according to 3 different eras and compared 
them using log-rank test. Then, using a multivariable 
Cox regression model, we compared 30-day and 1-
year risk of death for heart transplant recipients from 
2008 to 2012 and 2013 to 2017 to that of 2003 to 2007 
(reference group). All models were adjusted for donor 
characteristics of age (0–17, 18–55, ≥56), height (cm), 
weight (kg), sex, race/ethnicity (White, Asian, Black, 
Hispanic, or American Indian or Alaska native), cause 
of death (anoxia, central nervous system tumor, cere-
brovascular, head trauma, or Native Hawaiian or Other 
Pacific islander), hypertension, diabetes mellitus, prior 
myocardial infarction, cancer, cigarette use, cocaine 
use, intravenous drug use, other drug use, and HIV risk 
in addition to recipient and perioperative characteris-
tics as recipient’s age, sex mismatch, size mismatch 
(defined as >14% of predicted heart mass10), ischemic 
time, baseline serum creatinine, and serum bilirubin. 
Additionally, we created a Forest plot to examine the 
effect of each donor variable on recipient’s posttrans-
plant outcome according to different time periods by 
comparing donors from the years 2013 to 2017 and 
2008 to 2012 to the donors from 2003 to 2007 across 
various population subgroups.

A P value of <0.05 was considered statistically sig-
nificant. All analyses were performed using SAS soft-
ware (SAS Institute, Cary, NC) version 9.4. Our study 
involved the use of a de-identified registry database 

and after review, the study protocol was approved 
by our institutional review board at University of 
Wisconsin-Madison.

RESULTS
As shown elsewhere1 and as seen in Figure 1, the total 
number of hearts offered for transplant has steadily in-
creased, particularly since 2011, and the total number 
of transplants has also increased. More specifically, 
the total number of potential donors increased from 
≈8000 in 2010 to nearly 10 000 in 2016 and ≈11 000 
in 2018 (Figure 1). Overdispersed Poisson and logistic 
regression models comparing time periods showed a 
statistically significant increase over time in the total 
donor numbers, and though the number of trans-
planted hearts continued to increase, the percentage 
of transplanted hearts has decreased over time (P 
value for all <0.01). Specifically, percentages of donor 
offers accepted for heart transplant decreased from 
a peak of 45% in 1995 to 28% in 2008 and thereafter 
has remained lower between 28 and 32% until 2018. 
Conversely, the percentage of donor offers declined 
for transplant increased from a nadir of 35% in 1995 
to a peak of 55% in 2005 and then decreased to 53% 
in 2018. Importantly, the absolute number of donors 
declined for transplant has increased substantially 
over time and percentage of donor offers “declined” 
for transplants also increased. Lastly, the number of 
patients waitlisted for heart transplant continues to rise 
each year in the recent era (purple line, Figure 1A), at 
a similar rate as the increase in transplants performed 
each year, hence unfortunately it has not improved the 
current demand to supply ratio.

Significant differences were observed between 
UNOS regions in both number and percentage of total 
donors and transplanted and declined hearts over 
time (P value for all <0.001, Figure  S1). When these 
donor trends were examined according to organ pro-
curement organization size (separated by quartiles) 
the overall trends in transplanted hearts and percent-
ages of transplanted hearts remained similar overtime 
(Figure S2).

There has been a significant rise in availability of do-
nors with HCV infection (relative risk [RR]/year of 1.08, 
P- value 0.001) and those who die of drug overdose 
since 1995 (RR/year of 1.18, P value <0.001), and par-
ticularly since 2011 to 2012, as displayed in Figures 2 
and 3 respectively. From 1995 through 2006, very 
few HCV-positive donor hearts were transplanted. 
Specifically, between 2006 and 2014, donors from in-
dividuals who were HCV infected were not accepted 
for transplant. Since 2015, because of novel and ef-
fective antiviral therapy, hearts from donors who were 
HCV infected are being transplanted with increasing 
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frequency (Figure 2B, RR/year of 1.07, P value 0.02). 
When delineated between donor HCV antibody status 
and donor HCV NAT status for the years 1995 to 2018, 
there are 977 donors who were antibody positive but 
NAT negative and 88 donors who were antibody neg-
ative but NAT positive. Additionally, there were 1793 
donors who were antibody positive and NAT positive. 
Historically, number of overdose deaths have mark-
edly increased, specifically since 2010 (Figure  3A) 
and fortunately, there appears to be a proportionate 
increase in the number of heart transplants performed 
using ODD (Figure 3B, RR/year 1.18, P value <0.001). 
Indeed, since 2015, there has been an increase in the 
use of ODD hearts (Figure 3B). Finally, overdose deaths 
continued to rise with 64 070 deaths in 2016 alone and 
perhaps leveled off thereafter.11

Donor characteristics of 37 079 that were accepted 
for heart transplants across all 3 periods (2003–2007, 
2008–2012, and 2013–2017) are displayed in Table 1. 
As compared with donors from 2003 to 2007, donors 
from 2008 to 2012 or 2013 to 2017 were heavier and 
more likely to be women. Whereas White donors re-
mained predominant in all eras, the percentage of Black 
and Hispanic donors increased in the recent eras. 

Compared with the reference period (2003–2007), do-
nors between 2008 to 2012 and 2013 to 2017 were 
likely to have more hypertension and diabetes mellitus 
and less likely to have a prior myocardial infarction and 
cancer. These differences were minor although sta-
tistically significant. Head trauma remained the most 
common cause of death in the donor pool, though the 
percentage of donors dying from anoxia increased dra-
matically (33% of the donors in 2013–2017 versus 21% 
of the donors in 2008–2012 versus 13% of the donors 
in 2003–2007). Moreover, we also see the percentage 
of donors dying from drug overdose increasing in the 
more recent years (3% in 2003–2007, 5% in 2008–
2012, and 11% in 2013–2018). Notably, the number 
and percentage of donors who have abused cocaine, 
intravenous drugs, “other” drugs, and those who are 
at risk for HIV have significantly increased through the 
years. On the contrary, the number and percentage of 
donors with history of cigarette smoking have steadily 
declined. In regard to the recipients, patients in the re-
cent era (2013–2017) were older and had more female 
recipients, lower total bilirubin, and serum creatinine 
baseline levels when compared with the reference era 
(2003–2007). Ischemic time during transplant was also 

Figure 1.  Trends in all heart donor allocation by year.
A, counts over time. B, percentages over time. Results are differentiated based on total donors (black line), transplanted donors (green 
line), denied donors (blue line), or “other” (eg, used for research; red line) and total number of waitlisted patients (purple line) during the 
years 1995 to 2018. RR in the trend test represents the relative risk per year from the Poisson regression of counts and the odds ratio 
per year was calculated from the logistic regression model. OR indicates odds ratio.
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slightly shorter in the recent time periods (2013–2017) 
compared with previous times. Additionally, there were 
fewer donor–recipient sex mismatches in the more 
contemporary eras (Table 1). Specifically, female donor 
to male recipient mismatch steadily decreased in more 
recent years (17% in 2003–2007, 16% in 2008–2012, 
15% in 2013–2017). As analyzed in Table 1, the propor-
tion of undersized donor heart use for transplant has 
largely remained the same over the past 3 eras (18% in 
2003–2007, 18% in 2008–2012, 17% in 2013–2017). Of 
note, undersizing was defined as donor size ≤86% of 
the recipient size calculated by predicted heart mass.

Survival Analyses
There were 1375 deaths within 30 days and 3222 
deaths within 1 year post transplant. Kaplan-Meier 
curves showed significantly improved 1-year survival 
in the more recent eras (log-rank P<0.01; Figure 4). In 
multivariable Cox models, the 30-day risk of death (HR, 
0.85; 95% CI, 0.74–0.98) and 1-year risk of death (HR, 
0.79; 95% CI, 0.73–0.87; Table  2) were significantly 
lower among posttransplant recipients in the 2013 to 
2017 era compared with those undergoing transplant 
from 2003 to 2007. Additionally, 30-day risk of death 

in the 2008 to 2012 era (HR, 0.91; 95% CI, 0.791–1.05) 
was lower although it did not reach statistical signifi-
cance, but the 1-year risk of death (HR, 0.86; 95% CI, 
0.79–0.94; Table 2) was significantly lower compared 
with those undergoing transplant from 2003 to 2007.

To examine the predictors of posttransplant mor-
tality across 3 different periods, the recent eras 
(2008–2012 and 2013–2017) were compared with 
the oldest era (2003–2007). Overall mortality rates of 
transplant recipients were lower in the 2 most recent 
eras, independent of whether the donor was male or 
female, age <18 or 18 to 55, or cause of death was 
cerebrovascular accident or non-cerebrovascular 
accident (Figure  5). Similarly, survival improved fol-
lowing transplant in the 2 more recent time periods 
when hearts from donors without diabetes mellitus, 
hypertension, or cocaine use were transplanted. In 
contrast, no survival benefit was observed among 
transplant recipients in the 2 most recent time periods 
compared with the referent group (years 2003–2007) 
if the donors had diabetes mellitus, hypertension, or 
were cocaine users. Recipients who received organs 
from older donors (≥56  years) in the periods 2008 
to 2012 and 2013 to 2017 had similar survival rates 

Figure 2.  Trends in use of HCV-positive donor hearts by year.
Graphs examining use of total HCV-positive donor hearts from the years 1995 to 2018. A, the total number of donors who were 
HCV positive (black line), and number of HCV-positive hearts transplanted (green line) have increased whereas HCV-positive hearts 
declined for transplant (blue line) has leveled off since 2015. B, the percentage of donor hearts accepted for transplant (green line) and 
declined for transplant (blue line), and since 2015, the percentage of HCV-positive hearts accepted for transplant has increased. RR 
represents the relative risk per year from the linear trend parameter of the Poisson model. OR indicates odds ratio.
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when compared with those who received organs 
from older donors in 2003 to 2007, though this anal-
ysis is limited by the small number of patients in this 

cohort. Moreover, recipients survival improved de-
spite the use of ODD hearts between 2013 to 2017 
and 2008 to 2012 (statistically borderline significance) 
when compared with 2003–2007; Figure 5). It is also 
important to note that the number of overdose deaths 
in the most recent era are significantly higher than the 
prior 2 periods combined (1636 in 2013–2017, 609 in 
2008–2012, 290 in 2003–2007).

DISCUSSION
The present study has 3 principal findings. First, even 
though overall number of heart transplants performed 
in the United States has steadily increased, the per-
centage of donor offers accepted for transplant have 
decreased. Thus, the recent increase in number of ac-
tual heart transplants in any given year is not propor-
tionate to available donor offers. Specifically, we also 
observed that the increase in the number of heart trans-
plants is in large part because of the availability and ac-
ceptance of ODD and more recently also because of 
donors who were hepatitis C positive. Second, despite 
the greater use of hearts from donors with risk factors 
as defined by cocaine use, intravenous drug use, other 
drug use risk for HIV including donors with overdose 

Figure 3.  Trends in use of overdose-death donors by year.
Graphs examining use of overdose-death donors (ODD) from the years 1995 to 2018. A, total drug overdose (black line) 
donors, transplanted donors (green line), and those declined from transplant (blue line). Out of all ODD, number of HCV-
positive hearts transplanted (dotted green line) have increased as well since 2015. B, the percentage of transplanted ODD 
hearts (green line), ODD hearts declined for transplant (blue line), and in recent years, the percentage of accepted ODD 
hearts has increased. RR represents the relative risk per year from the linear trend parameter of the Poisson model. OR 
indicates odds ratio.
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Figure 4.  Kaplan-Meier curve examining the different eras.
Kaplan-Meier curves examining 1-year all-cause mortality across 
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the worst mortality with the more recent eras having significantly 
lower 1-year mortality in comparison.
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death and hepatitis C, overall posttransplant 30-day 
and 1-year recipient survival has been improving in 
the recent 2 periods (2007–2012 and 2013–2017) as 
compared with the oldest period (2003–2007). Lastly, 

separate examination of donor variables in the recent 2 
periods compared with the oldest period (2003–2007), 
demonstrated improved posttransplant survival inde-
pendent of donor age (<18 or 18–55), mode of death 

Table 1.  Baseline Characteristics of Donors and Recipients According to Different Time Periods

Variable 2003–2007 (N=10 869) 2008–2012 (N=11 654) 2013–2017 (N=14 556) P Value*

Transplanted Heart Donor Characteristics

Female sex, n (%) 3278 (30%) 3683 (32%) 4601 (32%) 0.024

Height (cm) 166.5±27.4 164.6±29.0 165.6±27.0 <0.001

Weight (kg) 73.9±25.7 73.9±27.1 75.7±27.2 <0.001

Age, y, n (%) <0.001

0–17 2292 (21%) 2360 (20%) 2625 (18%)

18–55 8313 (76%) 9053 (78%) 11 635 (80%)

56 + 264 (2%) 241 (2%) 296 (2%)

Race/Ethnicity, n (%) <0.001

Asian 159 (1%) 204 (2%) 270 (2%)

Black 1524 (14%) 2051 (18%) 2499 (17%)

Hispanic 1864 (17%) 2001 (17%) 2463 (17%)

Other‡ 165 (2%) 1 35 (1%) 250 (2%)

White 7157 (66%) 7263 (62%) 9074 (62%)

Cause of death, n (%) <0.001

Anoxia 1388 (13%) 2500 (21%) 4766 (33%)

Central nervous system tumor 110 (1%) 86 (1%) 69 (0%)

Cerebrovascular 2347 (22%) 2340 (20%) 2328 (16%)

Head trauma 6819 (63%) 6430 (55%) 7055 (48%)

Other 205 (2%) 298 (3%) 338 (2%)

Overdose death, n (%) 303 (3%) 620 (5%) 1656 (11%) <0.001

Hypertension, n (%) 1143 (11%) 1459 (13%) 1909 (13%) <0.001

Diabetes mellitus, n (%) 228 (2%) 340 (3%) 449 (3%) <0.001

Prior myocardial infarction, n (%) 107 (1%) 45 (0%) 52 (0%) <0.001

Cancer, n (%) 178 (2%) 165 (1%) 170 (1%) <0.001

Cigarette use, n (%) 2239 (21%) 1429 (12%) 1320 (9%) <0.001

Cocaine, n (%) 1285 (12%) 1427 (12%) 2476 (17%) <0.001

Intravenous drugs, n (%) 55 (1%) 411 (4%) 1355 (9%) <0.001

Other drug, n (%) 3228 (30%) 4171 (36%) 6758 (46%) <0.001

HIV risk, n (%) 596 (5%) 1067 (9%) 3255 (22%) <0.001

Heart Transplant Recipients’ Characteristics

Age, y 44.9±19.6 45.2±20.7 46.5±20.5 <0.001

Female sex, n (%) 2828 (27%) 3281 (29%) 4163 (29%) <0.001

Sex match, n (%) 7351 (69%) 7998 (70%) 10 558 (73%) <0.001

Female donor to male recipient, 
n (%)

1776 (17%) 1835 (16%) 2102 (15%) <0.001

Ischemic time (hours) 3.3±1.1 3.3±1.1 3.2±1.1 <0.001

Total bilirubin mg/dL 1.3±2.5 1.1±1.9 1.0±1.8 <0.001

Serum creatinine, mg/dL 1.3±1.0 1.2±1.0 1.2±1.0 <0.001

Undersized,† n (%) 1867 (18%) 2038 (18%) 2497 (17%) 0.51

All numbers are displayed as mean±SD or percentages as indicated.
*The P values were calculated using chi-square tests for categorical variables or Kruskal-Wallis tests for continuous measures and correspond to a nontrend 

analysis signifying any difference among the eras.
†Undersizing was calculated using predicted heart mass and noted when donor size was <86% of the recipient.
‡Other indicates American Indian or Alaska native, Native Hawaiian or Other Pacific Islander. 
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(cerebrovascular accident or non-cerebrovascular ac-
cident) or ODD.

Increase in Heart Transplant Numbers in 
the Recent Era
In 2015, Khush and colleagues studied the regional 
variability of donor use between 1995 and 2010, and 
observed an increase in probability of transplants for 
most UNOS regions between 2008 and 2010.9 Our 
study extended those results from 2010 to 2018 and 
examined the reasons for recent increase in trans-
plant numbers and the overall increase in donor of-
fers. UNOS and other organizations such as Dow Take 
Initiative Program and policies like the National Organ 
Transplant Act have been at the forefront to increase 
donor awareness and perhaps these results are a re-
flection of those efforts.12

As discussed previously, donors from overdose 
death have increased in the recent period compared 
with the oldest era13 (Figure 3A) and several of these 
donors are hepatitis C infected. Heart transplant recip-
ients of donors with hepatitis C, treated with antiviral 
therapy for the first month post transplant, have had 
comparable early (6-month) mortality and graft func-
tion to those who have received organs from donors 
without hepatitis C.14 Moreover, 2 recent single-center 
studies15,16 and a study using UNOS database17 have 
also shown that when patients who are HCV naïve un-
derwent cardiac transplantation from donor infected 
with HCV, there were no detrimental effects on graft 
function or 1-year mortality. In the present study, we 
observed a significant increase in hepatitis C infected 
donor hearts being accepted for transplant only since 
2016. Assuming the current trend in the availability and 
use of donors who are HCV infected (Figure 2) and ac-
ceptable posttransplant outcomes, the greater use of 
these donors will likely lead to a sizable increase in the 
total number of transplanted hearts in the near future. 
Additionally, given the shortage of donor organs, re-
cent efforts have evaluated the use of donation after 
circulatory death donors in order to expand the donor 

pool.5 Open-label clinical trials and case series have 
thus far demonstrated successful use of hearts from 
donation after circulatory death donors,18 which is an 
ongoing area of research and is likely going to affect 
donor availability and risk factors in the long run. Lastly, 
with recent changes to the heart allocation system in 
the United States that included broader geographic 
sharing of donors, ischemic times have increased 
again. Nonetheless, the comprehensive impact of 
these allocation changes with sicker recipient profiles, 
increasing ischemic times, and the use of donation 
after circulatory death donors is yet to be understood 
fully.

Improved Survival in Recent Era
Despite the increased use of high-risk donors, 30-day 
and 1-year posttransplant survival has improved in the 
contemporary era with 1-year mortality summarized in 
Figure 4. As summarized in Table 1, heart transplant 
recipients were more likely to be sex matched, have 
a lower serum creatinine, lower ischemic time, and 
lower total bilirubin in the more recent years when 
compared with 2003 to 2007. We surmise that the re-
duction in early posttransplant mortality may be likely 
related to better recipient selection, immunosuppres-
sive regimens, updated surgical techniques, better 
posttransplant follow-up, and the use of pretransplant 
mechanical circulatory support devices in the recent 
2 time periods. Indeed, we have noted in Table 1 that 
in the contemporary era, there have been fewer sex 
mismatches in the contemporary eras. Given that it 
has been shown that female donors to male recipients 
confer a >2.5-fold increase in risk for rejections and 
>3-fold increase in risk for major events during follow 
up,19 fewer sex mismatches among donors and recipi-
ents in the contemporary eras could be contributing 
to the decrease in mortality in more recent eras. Also, 
Kransdorf et al have noted that undersized predicted 
heart mass (defined as being less than or equal to 
86% of recipient size) as higher predictor of mortality. 
In the present study, prevalence of undersized donors 

Table 2.  Cox Proportional Models Examining the Risk of Early (30-day) and Short-term (1-year) Death among Heart 
Transplant Recipients across Three Different Periods

Models
2003–2007 
HR (95% CI)

2008–2012 
HR (95% CI)

2013–2017 
HR (95% CI) P Value

30-d risk of death

Multivariable* Reference 0.91 (0.79–1.05) 0.85 (0.74–0.98) 0.006

1-y risk of death

Multivariable* Reference 0.86 (0.79–0.94) 0.79 (0.73–0.87) <0.0001

HR indicates hazard ratio.
*Multivariable models were adjusted for sex, age (0–17, 18–55, ≥56), height (cm), weight (kg), race/ethnicity (White, Asian, Black, Hispanic, or others [American 

Indian or Alaska native, Native Hawaiian or Other Pacific Islander]), cause of death (anoxia, central nervous system tumor, cerebrovascular, head trauma, or 
other), hypertension, diabetes mellitus, prior myocardial infarction, cancer, cigarette use, cocaine use, intravenous drug use, other drug use, tuberculosis, HIV 
risk, recipient age, sex match, size mismatch, ischemic time, total bilirubin at time of transplant, and serum creatinine at time of transplant.
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usage based on predicted heart mass has remained 
the same across all eras.10 Although immunosuppres-
sive strategies and surgical techniques have certainly 

evolved over time, it is difficult to control for these var-
iables as they were noted to be a gradual shift that 
was dependent on the individual transplant center’s 

Figure 5.  Risk of death among heart transplant recipient according to donor characteristics and by different time periods.
Forest plot examining the risk of death for recipient associated with each individual donor characteristic in 2008 to 2012 and 2013 to 
2017 comparing with 2003 to 2007 is displayed. All models were adjusted with the same covariates used primary adjusted models. 
Bold P values assess the omnibus 3-era comparison. Other P values asses the relevant era to the 2003 to 2007 reference era. CV 
indicates cardiovascular.

Subset No. Death/N (%) Adjusted Hazard Ratio (95% Conf Int) p value
All Subjects
2003  2007
2008  2012
2013  2017

1,207/10,521 (11.5)
1,099/11,361 (9.7)
1,241/14,378 (8.6)

 
0.860 (0.789,0.937)
0.794 (0.728,0.866)

<0.001

<0.001
<0.001

Male Donor
2003  2007
2008  2012
2013  2017

828/7,401 (11.2)
706/7,818 (9.0)
846/9,868 (8.6)

 
0.833 (0.750,0.926)
0.828 (0.745,0.920)

<0.001

<0.001
<0.001

Female Donor
2003  2007
2008  2012
2013  2017

379/3,120 (12.1)
393/3,543 (11.1)
395/4,510 (8.8)

 
0.915 (0.788,1.062)
0.727 (0.622,0.850)

<0.001

0.241
<0.001

Donor Age < 18
2003  2007
2008  2012
2013  2017

251/2,166 (11.6)
195/2,262 (8.6)
196/2,578 (7.6)

 
0.732 (0.601,0.892)
0.666 (0.545,0.814)

<0.001

0.002
<0.001

Donor Age 18  55
2003  2007
2008  2012
2013  2017

  913/ 8,104 (11.3)
  872/ 8,865 (9.8)
1,006/11,509 (8.7)

 
0.894 (0.810,0.985)
0.826 (0.747,0.912)

<0.001

0.024
<0.001

Donor Age 56 +
2003  2007
2008  2012
2013  2017

43/251 (17.1)
32/234 (13.7)
39/291 (13.4)

 
0.768 (0.462,1.275)
0.767 (0.466,1.263)

0.497

0.307
0.298

CV Death
2003  2007
2008  2012
2013  2017

299/2,256 (13.3)
262/2,267 (11.6)
243/2,291 (10.6)

 
0.869 (0.729,1.035)
0.820 (0.683,0.984)

0.088

0.115
0.033

Non CV Death
2003  2007
2008  2012
2013  2017

908/ 8,265 (11.0)
837/ 9,094 (9.2)
998/12,087 (8.3)

 
0.858 (0.777,0.947)
0.794 (0.719,0.877)

<0.001

0.002
<0.001

Overdose Death
2003  2007
2008  2012
2013  2017

 31/  290 (10.7)
 48/  609 (7.9)
133/1,636 (8.1)

 
0.734 (0.460,1.172)
0.874 (0.565,1.351)

0.393

0.195
0.545

Non Overdose Death
2003  2007
2008  2012
2013  2017

1,176/10,231 (11.5)
1,051/10,752 (9.8)
1,108/12,742 (8.7)

 
0.865 (0.792,0.944)
0.790 (0.723,0.864)

<0.001

0.001
<0.001

Hypertension
2003  2007
2008  2012
2013  2017

138/1,102 (12.5)
168/1,426 (11.8)
187/1,883 (9.9)

 
0.980 (0.772,1.244)
0.872 (0.683,1.112)

0.446

0.869
0.268

No Hypertension
2003  2007
2008  2012
2013  2017

1,069/ 9,419 (11.3)
  931/ 9,935 (9.4)
1,054/12,495 (8.4)

 
0.844 (0.769,0.926)
0.784 (0.714,0.861)

<0.001

<0.001
<0.001

Diabetes
2003  2007
2008  2012
2013  2017

28/218 (12.8)
39/329 (11.9)
35/442 (7.9)

 
0.930 (0.548,1.578)
0.624 (0.355,1.097)

0.171

0.789
0.102

No Diabetes
2003  2007
2008  2012
2013  2017

1,179/10,303 (11.4)
1,060/11,032 (9.6)
1,206/13,936 (8.7)

 
0.855 (0.784,0.934)
0.797 (0.729,0.870)

<0.001

<0.001
<0.001

Cocaine Use
2003  2007
2008  2012
2013  2017

125/1,259 (9.9)
119/1,407 (8.5)
201/2,450 (8.2)

 
0.869 (0.666,1.136)
0.904 (0.698,1.170)

0.578

0.305
0.442

No Cocaine Use
2003  2007
2008  2012
2013  2017

1,082/ 9,262 (11.7)
  980/ 9,954 (9.8)
1,040/11,928 (8.7)

 
0.864 (0.788,0.946)
0.782 (0.713,0.859)

<0.001

0.002
<0.001

0.2 0.6 1 1.4 1.8
Later Years Better Reference Better
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expertise. Therefore, the overall summation of these ef-
forts was taken within the context of improved mortal-
ity in recent times. The incidence of graft rejection has 
been steadily decreasing over time, attributable to the 
development of new immunosuppressive drugs and 
treatment regimens.20 International Society of Heart 
and Lung Transplant guidelines currently recommend 
a corticosteroid, a calcineurin inhibitor, and an antipro-
liferative agent.21 When compared with those treated 
with cyclosporine, recipients of heart transplants 
treated with tacrolimus had a decreased incidence of 
severe rejection at 1 year, with an associated decrease 
in the development of conditions such as posttrans-
plant hypertension and dyslipidemia.22 As noted in the 
annual 2018 International Society of Heart and Lung 
Transplant report, >80% of transplant centers now use 
tacrolimus as opposed to cyclosporine.23 During the 
early 2000s, the use of an implantable left ventricular 
assist device as a bridge to transplant was thought to 
possibly increase the risk of posttransplant mortality; 
however, in the recent era, pretransplant use of con-
tinuous flow left ventricular assist devices has not been 
shown to affect posttransplant survival, regardless of 
the duration of mechanical circulatory support.22,24

Nonetheless, our study results show that even 
though posttransplant mortality as a whole has im-
proved through the eras, this improvement has not 
been conferred onto those who have received a heart 
from a donor with history of hypertension and diabe-
tes mellitus, an observation that is consistent with prior 
literature.25 Additionally, improvement in the recipient 
mortality was also not evident when donors with co-
caine use were compared from contemporary era to 
oldest era. Note, that 1 prior study has indicated that 
nonintravenous cocaine use has not been associated 
with inferior posttransplant mortality.26 Our study da-
tabase did not have the information to draw any con-
clusions about nonintravenous versus intravenous 
cocaine use.

Strengths and Limitations
Strengths of this study include using the UNOS da-
tabase, which allowed us to study national trends, to 
individually examine donor characteristics over time 
and perform subgroup analyses based on these donor 
characteristics. Because our study focused on donor 
characteristics and donor use trends over the years in 
the United States and usage of HCV-infected donor 
organs, we did not examine all recipient risk factors. 
Conceivably, some of these increased risk donors 
were used for very sick patients who had been at 
critical risk of death within days. If so, early posttrans-
plant survival using these high-risk organs may have 
been compromised, not enhanced. Unfortunately, the 
UNOS heart allocation strategy executed until October 

2018 did not allow us to decipher such assumptions in 
depth. Additionally, because of the retrospective na-
ture of our study, causality cannot be inferred from the 
associations we show.

CONCLUSIONS
Over the past decade, the number of donor hearts of-
fered for transplant has increased significantly, largely 
because of the increased availability of organ donors 
who have died from drug overdose. However, the over-
all percentage of donor offers accepted for heart trans-
plant have not increased proportionally, in part because 
of the lack of use of organs from donors infected with 
HCV and donors who died from drug overdose up until 
2016. Overall, early (30-day) and short-term (1-year) 
survival of heart transplant recipients has improved in 
the recent decade compared with the era from 2003 
to 2007. Given our findings, we believe that greater use 
of HCV-positive and ODD hearts should alleviate the 
strain on the current waitlist pool without compromis-
ing long-term mortality outcomes.
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Figure S1. Donor Heart Disposition over Time by Region. 

 

Graphs examining differences between 11 UNOS regions in both number and percentage of total donor 

heart offers, transplanted and declined hearts from 1995 to 2018. The left panel displays total donor 

hearts, total transplanted hearts, and total denied hearts per UNOS region. The right panel shows the 

percent transplanted and percent denied across different UNOS regions. 



Figure S2. Donor Heart Disposition over Time by OPO Size.  

 

Graphs examining donor trends according to OPO (organ procurement organization) size (divided by 

quartiles: Small, Q2, Q3, Large) from 1995 to 2018. The left panel displays total donor hearts, total 

transplanted hearts, and total denied hearts by OPO size. The right panel represents the percentage of 

donor hearts transplanted per OPO size. The light blue line represents small OPO size, dark blue line 

represents Quartile 2 OPO size, light green line represents Quartile 3 OPO size, and dark green line 

represents large OPO size. 


