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ORIGINAL ARTICLE

Donor Utilization in the Recent Era: Effect of Sex, 
Drugs, and Increased Risk
David A. Baran , MD; Ashleigh Long , MD, PhD; Justin Lansinger , MD; Jack G. Copeland, MD;  
Hannah Copeland , MD

BACKGROUND: Heart transplantation volumes have increased in recent years, yet less than a third of donors are typically 
accepted for transplantation. Whether donor sex, donor drug use, or perception of increased risk affects utilization for 
transplantation is unclear.

METHODS: The United Network for Organ Sharing database was queried for donors from January 1, 2007, to December 31, 
2017. Donor toxicology was collected when available. Multivariate analysis was conducted to examine correlations with donor 
utilization.

RESULTS: Between January 1, 2007, and December 31, 2017, there were 87 816 heart donors aged ≥15 years. The mean 
age was 42.7±15.8 years, and 24 831 donors (28.3%) were utilized for heart transplantation. Subsequent analyses focused 
on donors between 15 and 39 years old. The strongest associations with donor acceptance were for male donor sex, blood 
type, hepatitis C antibody, donor age, left ventricular hypertrophy, and history of donor drug use. After removing hepatitis C, 
Public Health Service Increased Risk was identified as a strong negative predictor. Most positive drug toxicology results were 
associated with donor nonuse except for donors between 15 and 19 years of age. Exceptions included alcohol, marijuana, 
and cocaine. Opiates were associated with less utilization at all donor ages. The Public Health Service Increased Risk status 
was associated with significantly less utilization in all age groups except 15- to 19-year-old donors.

CONCLUSIONS: While male donors were preferentially utilized, donors with drug use or those deemed Public Health Service 
Increased Risk were significantly less utilized for heart transplantation. Further consideration of such donors would be 
appropriate particularly as the demand for transplantation continues to increase.
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After a significant period of stagnant growth, heart 
transplantation volumes have increased worldwide, 
especially in the United States.1,2 Some of this growth 

is due to the opioid epidemic, which has increased the 
number of donors dying of anoxia following overdoses.3 
Previous work has shown that only a fraction of offered 
heart donors are ultimately accepted for transplantation, 
and this has not materially changed in recent years.4–9 
The impact of specific issues such as donor sex, drug 
use, or perceived risk has not been explored in depth.

Previous reports on drug use in donors and the effect on 
outcomes have all been based on history.10,11 This informa-
tion is recorded via several yes/no variables in the United 
Network for Organ Sharing (UNOS) registry database. 
Recently, data utilizing the donor toxicology results and his-
torical variables were published, showing that survival was 
similar regardless of drug use (historical or toxicological 
evidence).12 However, this analysis could not comment on 
the donors who were not utilized for transplantation. Using 
the same UNOS data set,12 the current analysis endeavors 
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to examine donors in the recent period, looking at the cor-
relates of donor acceptance for heart transplantation, as 
well as factors associated with nonuse including the impact 
of donor drug use and increased risk behaviors.

METHODS
UNOS, under contract from the Organ Procurement and 
Transplant Network, has maintained a registry of data on all 
solid organ transplants performed in the United States since 
1987. Over time, the fields of data collected have changed 
with additions and deletions. In late 2006, a free-text field was 
added to capture the results of donor toxicology (typically urine 
toxicology). This field is not structured, and Organ Procurement 
Organization local coordinators enter the results of any testing, 
but this is subject to misspellings, typographic errors, and data 
entry errors because of no structure imposed on data entry. 
This field is not mandatory and can be left blank.

The UNOS Standard Transplant Analysis and Research file 
was requested with the addition of the donor toxicology field, 
linked by donor identification number. These data cannot be for-
warded by the authors based on the Data Use Agreement but 

may be requested from UNOS. Since the data request involved 
a free-text field, the local Institutional Review Board (Eastern 
Virginia Medical School) granted an approval with a waiver of 
informed consent. A total of 51 205 toxicology records were 
parsed, but not all donors were accepted for transplantation. 
This study examined transplants between January 1, 2007, and 
December 31, 2017. Various attempts were made to parse the 
free-text field automatically, though this task was challenging 
due to the wide variations in spelling of drugs, as well as abbre-
viations. Therefore, a custom program was written in Microsoft 
Access (Microsoft, Redmond, Washington) to display the drug 
toxicology field along with checkboxes on a computer screen 
so the authors could manually parse the field and discern which 
drug results were positive. Specific fields were added for the 
following categories to cover numerous possible drugs, which 
might be noted in the text field.

The following fields were recorded: cocaine, opiates, mari-
juana (tetrahydrocannabinol), alcohol, benzodiazepines, bar-
biturates, amphetamine, methamphetamine, phencyclidine, 
buprenorphine, ecstasy (3,4-methylenedioxymethamphet-
amine), methadone, oxycodone, propoxyphene, synthetic opioid, 
acetaminophen, ethylene glycol, isopropanol, lithium, methanol, 
methaqualone, salicylates, and tricyclic antidepressants. Logic 
was built into the Microsoft Access program to compare subse-
quent records and automatically parse fields for records with the 
exact same words as ones interpreted by the human operator.

The authors defined a Measured Toxicology Score (MTS) as 
the sum of the fields with 1 point for each positive field. This 
gave a range of 0 to 23 and allowed comparison of donors with 
multiple positive toxicology results. An unknown category was 
created for donors with a blank toxicology field.

The UNOS Standard Transplant Analysis and Research file 
includes 5 fields relating to drug and alcohol use during the 
period studied, which are detailed in Table S1. Each of these 
fields contains a true/false response, and the UNOS Toxicology 
Score (UTS) was defined by the authors as the sum of the 
fields, with a possible range of 0 to 5.

Statistical Methods
Descriptive statistics were used where appropriate with means 
and SDs for normally distributed variables and medians with 
interquartile ranges (IQRs) for non-normally distributed vari-
ables. One-way ANOVA was used to compare the means of 
normally distributed variables across categories. Pearson 
χ2 was used with categorical variables, which were analyzed 
in 2×2 tables. Univariate and multivariate logistic regression 
analysis was used to examine correlates of donor use for heart 
transplantation. Statistical analysis was performed with JMP 
16.0 (SAS Institute, Cary, NC).

RESULTS
The flow of patients is illustrated in Figure 1. Between Jan-
uary 1, 2007, and December 31, 2017, there were 94 510 
heart donors offered for transplantation. Of these, 6694 
were <15 years of age and were excluded, leaving 87 816 
donors. The mean age was 42.7±15.8 years with a median 
age of 44 (IQR, 29–55) years and a bimodal distribution 
(peaks at young and older ages). A total of 24 831 donors 

Nonstandard Abbreviations and Acronyms

IQR interquartile range
MTS Measured Toxicology Score
PHS-IR Public Health Service Increased Risk
UNOS United Network for Organ Sharing
UTS UNOS Toxicology Score

WHAT IS NEW?
• Heart donor acceptance has increased from 

26.4% in 2007 to 30.1% in 2017 (P<0.0001), 
with most donors declined. The current study is the 
first to examine this issue by donor age, focusing 
on donors aged 15 to 39 years. The undue influ-
ence of a history of drug use, positive toxicology 
for drug use, and identification as Public Health 
Service Increased Risk have contributed to the cur-
rent situation where the majority of donor hearts 
are discarded. Increasing use of existing donors is 
as important as efforts to increase the frequency 
of consent for organ donation as the chronic organ 
shortage continues.

WHAT ARE THE CLINICAL IMPLICATIONS?
• By identifying the most important correlates of 

donor utilization, this work will help focus efforts to 
increase heart transplant volume. This work can be 
coupled with other research which suggests the 
safety of donors with various risk factors. Since 
each transplant program individually is small, the 
analysis of large data sets is valuable to highlight 
opportunities for improved use of donor organs.
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(28.3%) were utilized for heart transplantation. The median 
age of donors accepted was 29 (IQR, 22–40) years for 
heart transplantation and 49 (IQR, 36–58) years for dis-
carded donors (P<0.0001; Kruskal-Wallis rank-sum).

As shown in Figure 2, the number of donors began 
to increase in 2014 and has increased >25 % by 2017. 
In 2007, there were 7504 donors offered, increasing by 
28.9% to 9669 donors in 2017. The median donor age 
dropped from 45 (IQR, 28–55) years in 2007 to 42 
(IQR, 29–54) years in 2017. Heart donor acceptance 
increased marginally from 26.4% in 2007 to 30.1% in 
2017 (P<0.0001 across years). As illustrated on the 
graph, the largest component of the increase in donors 
per year has been among donors between the ages of 
15 and 39 years. The rate of acceptance among donors 
in this younger age group has fluctuated but has stayed 
fairly close to 50% (48.8%–50.7%; P=0.13) while the 
acceptance rate for donors beyond the age of 40 years 
has remained below 15% over time (11.2%–13%; 
P<0.0001).

Correlates of Donor Acceptance in Younger 
Donors
A total of 50 890 donors were above the age of 39 years 
and were excluded from further analysis to examine cor-
relates of acceptance and nonacceptance in a popula-
tion of younger donors, leaving 36 926 donors between 
ages 15 and 39 years.

Factors were entered into a multivariate logistic fit to 
evaluate variables associated with the donor being utilized 
for transplantation including donor age, sex, blood type, 
body mass index, identification as Public Health Service 
Increased Risk (PHS-IR) status, presence of hepatitis C 
antibody, presence of left ventricular hypertrophy, as well 
as if the UTS or MTS was ≥1. The strongest associations 
were for male donor sex, blood type, presence of hepa-
titis C antibody, donor age, left ventricular hypertrophy, 
and UTS ≥1. Donor body mass index, PHS-IR status, and 
MTS ≥1 were not independent predictors.

Male donors were highly favored for acceptance with 
an odds ratio of 2.68 ([95% CI, 1.95–3.7] P<0.0001). 
The odds of accepting a blood type O donor were 2.39× 
higher than a blood type B donor ([95% CI, 1.4–4.08] 
P=0.0014). The odds of accepting a hepatitis C donor 
were 0.06 ([95% CI, 0.009–0.47] P=0.007).

The odds of accepting a donor declined 0.97 per year 
of donor age ([95% CI, 0.95–0.99] P=0.009). The odds 
of accepting a donor with left ventricular hypertrophy (as 
defined by UNOS yes/no field, no specific echo data) 
was 0.58 ([95% CI, 0.37–0.91] P=0.02). The odds of 
accepting a donor with at least 1 positive category in the 
UTS was 0.69 ([95% CI, 0.51–0.94] P=0.02).

Removing the hepatitis C antibody from the logistic 
fit (since use was so rare during the time period studied) 
resulted in PHS-IR being a highly significant predictor of 
donor nonuse. In the revised model, PHS-IR was associated 
with an odds ratio of 0.62 ([95% CI, 0.44–0.87] P=0.007).

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram of flow of donors in the study.
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Acceptance of Donors Based on Donor Age 
Category
The following analyses examine whether the use of 
donors was similar across donor ages or whether age 
modified the utilization of donors. Donor age was split 
into categories 1, 2, or 3 representing ages 15 to 19, 20 
to 29, or 30 to 39 years with 6455, 16 467, and 14 004 
donors for each respective age category. These analyses 
present unadjusted associations between identified risk 
factors and use for transplantation.

Two-by-2 tables comparing each risk factor and utili-
zation for transplant were prepared, with 1 table for each 
donor age category, utilizing the Pearson χ2 to determine 
whether the utilization of available donors for transplant 
was different based on various factors. Table 1 shows the 
various factors including PHS-IR, male sex, as well as vari-
ous drug-related factors. Table 2 summarizes the informa-
tion in a graphical format with arrows depicting higher or 
lower frequency of donor utilization for each donor factor.

Donor Age
The mean age of donors who were accepted versus 
rejected for transplant was not different for category 1 
donors but was different for all the other categories. For 
category 1, the mean donor ages were similar (mean age: 
rejected donors, 17.37±1.3 years versus accepted donors, 
17.4±1.3 years; P=0.24). In category 2, the mean age 
of rejected donors was 24.5±2.8 years versus 24.1±2.9 

years of accepted donors (P<0.0001). In category 3, the 
mean age of rejected donors was 34.7±2.9 years versus 
34.3±2.9 years of accepted donors (P<0.0001).

Male Donor Sex
Male donors were utilized more frequently across all age 
groups. For categories 1, 2, and 3, 70.4%, 70.1%, and 
61.9% of offered donors were men, but 75.7%, 76.3%, 
and 68.2% of transplant recipients received male donors 
(all comparisons, P<0.0001).

PHS Increased Risk
There was no difference in utilization of donors of age 15 
to 19 (category 1) years with PHS-IR (13.1% of donors 
were deemed PHS-IR and 12.4% of transplants utilized 
PHS-IR donors, P=0.13, χ2). However, donors in cate-
gories 2 and 3 had a significantly lower use of donors 
with the PHS-IR designation (category 2: 27.1% versus 
22.2%, P<0.0001; category 3: 25.6% versus 20.8%, 
P<0.0001). The specific risk factor(s) that led to PHS-IR 
designation were not captured in the UNOS registry.

Hepatitis C Antibody
Hepatitis C antibody positivity was associated with sig-
nificantly lower utilization across all age categories. For 
categories 1, 2, and 3, 0.6%, 5.9%, and 7.6% of offered 
donors were hepatitis C antibody positive, but such 

Figure 2. The number of donors over time has increased sharply in the last 3 years of the cohort.
However, <15% of donors over the age of 40 years are utilized, and approximately half of the younger donors are utilized overall. Over time, the 
use of older donors did rise statistically significantly (11.2%–13%; P<0.0001), but the percentage utilization of younger donors did not change 
significantly (48.8%–50.7%; P=0.13).
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donors were only utilized for 0.05%, 0.5%, and 1% of 
transplant recipients (all comparisons P<0.0001).

Cigarette and Alcohol Use
The most robust UNOS data exist for the history of ciga-
rettes variable. A history of tobacco use did not affect 

organ utilization with category 1 donors (1.5% of donors 
and recipients had such a history, P=0.86), but with cat-
egories 2 and 3, there were significant differences. Of 
the donors, 4.2% and 18.8% had a history of tobacco 
use, but 3.5% and 15.9% of transplants utilized such 
donors (P<0.0001 for both comparisons). History of 
heavy alcohol use recorded by UNOS (defined as ≥2 

Table 1. Utilization of Offered Donors According to Donor Age Category and Donor Demographics (Unadjusted Comparisons)

Criteria

Category 1: donor age 15–19 y Category 2: donor age 20–29 y Category 3: donor age 30–39 y

3838 accepted donors 8644 accepted donors 5841 accepted donors

n (%) of 
accepted 
donors 
with factor

n (%) of 
available 
donors 
with fac-
tor

Total 
donors 
in cat-
egory P value

n (%) of 
accepted 
donors 
with fac-
tor

n (%) of 
available 
donors 
with fac-
tor

Total 
number 
of donors 
in cat-
egory P value

n (%) of 
accepted 
donors 
with factor

n (%) of 
available 
donors 
with factor

Total 
number 
of donors 
in cat-
egory P value

Male donor 75.7% 
(2907)

70.4% 
(4547)

6455 <0.0001 76.3% 
(6591)

70.1% 
(11546)

16 467 <0.0001 68.2% 
(3985)

61.9% 
(8672)

14 004 <0.0001

PHS in-
creased risk

12.4%  
(477)

13.1% 
(846)

6455 0.13 22.2% 
(1916)

27.1% 
(4457)

16 467 <0.0001 20.8% 
(1213)

25.6% 
(3587)

14 004 <0.0001

Hepatitis C 
antibody posi-
tive

0.05%  
(2)

0.6% (38) 6455 <0.0001 0.5%  
(45)

5.9% (976) 16 467 <0.0001 1% (60) 7.6% 
(1066)

14 004 <0.0001

UNOS history 
of cigarette 
smoking

1.5%  
(56)

1.5%  
(97)

6455 0.86 3.5% 
(306)

4.2% 
(685)

16 467 <0.0001 15.9% 
(927)

18.8% 
(2635)

14 004 <0.0001

UNOS heavy 
alcohol history

2%  
(76)

1.7% 
(110)

6455 0.11 11.3% 
(974)

11.5% 
(1896)

16 467 0.58 20.1% 
(1175)

19.8% 
(2770)

14 004 0.67

UNOS current 
cocaine use

63.1% 
(140)

64.5% 
(243)

377 0.42 52.4% 
(782)

55.7% 
(1814)

3258 0.002 44.9% 
(592)

49.6% 
(1685)

3398 <0.0001

UNOS current 
other drug use

74.1% 
(1189)

74.4% 
(1933)

2597 0.16 72.6% 
(3467)

74.3% 
(6975)

9390 0.0005 66.5% 
(1976)

68.6% 
(4985)

7264 0.005

UNOS history 
cocaine use

5.8% 
(222)

5.8% 
(377)

6455 0.17 17.3% 
(1493)

19.8% 
(3258)

16 467 <0.0001 22.6% 
(1319)

24.3% 
(3398)

14 004 0.0002

UNOS history 
IV drug use

1.9%  
(73)

2.4% 
(156)

6392 0.004 10.2% 
(877)

15.4% 
(2517)

16 323 <0.0001 10.8% 
(628)

15.5% 
(2157)

13 916 <0.0001

UNOS history 
other drug use

41.8% 
(1604)

40.2% 
(2597)

6455 0.005 55.2% 
(4772)

57% 
(9390)

16 467 <0.0001 50.8% 
(2970)

51.9% 
(7263)

14 004 0.12

Cocaine on 
toxicology

3.7%  
(88)

4%  
(152)

3838 0.6 8.3% 
(490)

9.6% 
(1058)

10 992 <0.0001 9.1% 
(368)

10.7% 
(1005)

9399 <0.0001

Opiates on 
toxicology

8.1% 
(193)

9.3% 
(356)

3838 0.009 18.3% 
(1082)

22.1% 
(2426)

10 992 <0.0001 19%  
(768)

22.7% 
(2137)

9399 <0.0001

Amphetamines 
on toxicology

4.4% 
(105)

4.4% 
(168)

3838 0.87 8.3% 
(489)

8.8%  
(970)

10 992 0.02 10.2% 
(413)

11.3% 
(1064)

9399 0.003

Alcohol on 
toxicology

7.5% (177) 7%  
(270)

3838 0.4 14.6% 
(866)

12.9% 
(1415)

10 992 <0.0001 11.9% 
(481)

10.2% 
(954)

9399 <0.0001

Marijuana on 
toxicology

28.6% 
(678)

27.8% 
(1065)

3838 0.34 26.7% 
(1579)

26.6% 
(2919)

10 992 0.31 18.8% 
(761)

19.5% 
(1833)

9399 0.34

Benzos on 
toxicology

23.2% 
(551)

22.3% 
(857)

3838 0.22 25.9% 
(1533)

27.3% 
(3003)

10 992 0.0006 27.4% 
(1109)

28.1% 
(2636)

9399 0.5

MTS ≥1 52% 
(1234)

51.4% 
(1971)

3838 0.31 63.8% 
(3777)

65.3% 
(7177)

10 992 0.0003 61.5% 
(2488)

63.9% 
(6007)

9399 <0.0001

MTS ≥2 20.7% 
(491)

20.5% 
(786)

3838 0.68 30.8% 
(1823)

33.4% 
(3677)

10 992 <0.0001 30.1% 
(1216)

32.8% 
(3079)

9399 <0.0001

UTS ≥1 42.7% 
(1639)

41.1% 
(2652)

6455 0.0013 59.8% 
(5168)

61.5% 
(10 131)

16 467 <0.0001 60.7% 
(3544)

61.2% 
(8565)

14 004 0.32

UTS ≥2 32.2% 
(1235)

31.1% 
(2008)

6455 0.02 46.4% 
(4010)

48.6% 
(8011)

16 467 <0.0001 44.4% 
(2592)

46% 
(6443)

14 004 0.001

P value refers to Pearson χ2 comparing age category–specific differences in factors among accepted vs available donors (eg, comparing the percentage of accepted donors that 
are male vs the percentage of available donors that are male). Benzos indicates benzodiazepines; IV, intravenous; MTS, Measured Tox Score; PHS, public health service; UNOS, United 
Network for Organ Sharing; and UTS, UNOS Tox Score.
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standard drinks a day) was not associated with differ-
ences across the age categories. For categories 1, 2, and 
3, 1.7%, 11.5%, and 19.8% of donors had this history, 
and 2%, 11.3%, and 20.1% of transplants utilized donors 
with a heavy alcohol history (all P=NS).

UNOS Drug History Variables
Current Cocaine Use
For donors in category 1 (only 377/6455 donors had 
a response for this variable), 64.5% were positive, and 
63.1% of transplants involved positive donors (P=0.42). 
However, in categories 2 and 3, a history of cocaine 
use was noted in 55.7% and 49.6% of donors versus 
52.4% and 44.9% of transplant recipients (P=0.002 and 
P<0.0001, respectively).

Other Current Drug Use
A similar pattern was seen for category 1 donors, with 
74.4% of donors having positive history and 74.1% of 
transplant utilization in these donors (P=0.16). However, 
for categories 2 and 3, 74.3% and 68.6% of donors had 
positive histories but positive history present for 72.6% 

and 66.5% of transplant recipients (P=0.0005 and 
P=0.005, respectively).

Past Use of Cocaine
Donor utilization was not different for category 1 donors, 
with 5.8% of both donors and recipients with a history of 
cocaine use (P=0.17). However, in categories 2 and 3, 
a history of prior cocaine use was noted in 19.8% and 
24.3% of donors versus 17.3% and 22.6% of transplant 
recipients (P<0.0001 and P=0.0002, respectively).

Past Use of Intravenous Illicit Drugs
Utilization of such positive donors was lower in all cat-
egories. For categories 1 to 3, drug usage history was 
noted in 2.4%, 15.4%, and 15.5% of donors but 1.9%, 
10.2%, and 10.8% of transplant recipients (P=0.004, 
P<0.0001, and P<0.0001, respectively).

Past Use of Other Drugs
In category 1 donors, such history was associated with 
marginally increased utilization (40.2% of donors and 
41.8% of recipients, P=0.005). In category 2, 57% of 
donors had this history with 55.2% of such donors uti-
lized (P<0.0001). For category 3, 51.9% of donors had 
such history, and 50.8% were utilized for transplanta-
tion (P=0.12).

Donor Toxicology Data
Cocaine
Utilization was not different for donors in the first cat-
egory, with 4% of donors testing positive and 3.7% 
utilization for transplantation (P=0.60). However, in 
categories 2 and 3, positive cocaine toxicology was 
noted for 9.6% and 10.7% of donors but 8.3% and 
9.1% of positive donors used for transplantation 
(P<0.0001 for both).

Opiates
Utilization of such positive donors was lower in all cat-
egories. For categories 1 to 3, opiate-positive toxicol-
ogy occurred in 9.3%, 22.1%, and 22.7% of donors and 
8.1%, 18.3%, and 19% of donors utilized for transplant 
(P=0.009, P<0.0001, and P<0.0001, respectively).

Amphetamines
Utilization was not different for donors in category 1, with 
4.4% of category 1 donors and recipients with positive 
toxicology (P=0.87). However, in categories 2 and 3, 
8.8% and 11.3% of donors tested positive as compared 
with 8.3% and 10.2% of hearts utilized for transplant 
(P=0.02 and 0.003, respectively).

Alcohol
Utilization was not different for donors in category 1, with 
7% of donors with positive toxicology and 7.5% of utilized 
organs with similar positive results (P=0.40). However, in 
categories 2 and 3, 12.9% and 10.2% of donors were 

Table 2. Summary of Effect of Donor Characteristics on 
Utilization Across 3 Categories of Donor Age (Unadjusted 
Comparisons)

Criteria

Category 1 Category 2 Category 3

Donor age, 
15–19 y

Donor age, 
20–29 y

Donor age, 
30–39 y

Male donor ↑Txp ↑Txp ↑Txp

PHS increased risk ↔ ↓Txp ↓Txp

Hepatitis C antibody ↓Txp ↓Txp ↓Txp

UNOS history of cigarette 
smoking

↔ ↓Txp ↓Txp

UNOS heavy alcohol history ↔ ↔ ↔

UNOS current cocaine use ↔ ↓Txp ↓Txp

UNOS current other drug use ↔ ↓Txp ↓Txp

UNOS history of cocaine use ↔ ↓Txp ↓Txp

UNOS history of IV drug use ↓Txp ↓Txp ↓Txp

UNOS history of other drug use ↑Txp ↓Txp ↔

Cocaine on toxicology ↔ ↓Txp ↓Txp

Opiates on toxicology ↓Txp ↓Txp ↓Txp

Amphetamines on toxicology ↔ ↓Txp ↓Txp

Alcohol on toxicology ↔ ↑Txp ↑Txp

Marijuana on toxicology ↔ ↔ ↔

Benzos on toxicology ↔ ↓Txp ↔

MTS ≥1 ↔ ↓Txp ↓Txp

MTS ≥2 ↔ ↓Txp ↓Txp

UTS ≥1 ↑Txp ↓Txp ↔

UTS ≥2 ↑Txp ↓Txp ↓Txp

Benzos indicates benzodiazepines; IV, intravenous; MTS, Measured Tox Score; 
PHS, public health service; Txp, transplant volume with specific factor present; 
UNOS, United Network for Organ Sharing; and UTS, UNOS Tox Score.
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positive for alcohol as compared with 14.6% and 11.9% 
of donors utilized for transplant (P<0.0001 for both).

Marijuana
Utilization was similar regardless of marijuana toxicol-
ogy across the age categories. Toxicology was posi-
tive in 27.8%, 26.6%, and 19.5% of heart donors, and 
utilization was 28.6%, 26.7%, and 18.8% in transplant 
recipients (all P>0.3).

Benzodiazepines
Utilization was similar for categories 1 and 3 with donors 
positive in 22.3% and 28.1% of donors and 23.2% and 
27.4% of transplants, respectively (P=0.22 and P=0.5, 
respectively). For category 2, 27.3% of donors were 
positive compared with 25.9% of transplant recipients 
(P=0.0006).

Measured Toxicology Score
First, MTS was dichotomized into 0 versus ≥1: utilization 
was not different for donors in category 1, with 51.4% 
of donors with such a score and 52% of transplants 
(P=0.31). However, in categories 2 and 3, 65.3% and 
63.9% of donors had an MTS ≥1 as compared with 
63.8% and 61.5% of transplant recipients (P=0.0003 
and P<0.0001, respectively). Next, MTS was dichoto-
mized into 0 versus ≥2: utilization was not different for 
donors in category 1, with 20.5% of donors with a score 
of ≥2 and 20.7% of recipients (P=0.68). However, in cat-
egories 2 and 3, 33.4% and 32.8% of donors had MTS 
≥2 as compared with 30.8% and 30.1% of transplants 
(P<0.0001 for both).

UNOS Toxicology Score
First, UTS was dichotomized into 0 versus ≥1: utiliza-
tion was marginally increased for donors in category 
1, with 41.1 % of donors with such a score and 42.7 
% of transplants (P=0.001). For category 2, 61.5 % of 
donors had a UTS ≥1 as compared with 59.8% of trans-
plant recipients (P<0.0001). For category 3, the UTS 
was ≥1 in 61.2% and 60.7% of donors and recipients, 
respectively (P=0.32). Next, UTS was dichotomized into 
0 versus ≥2: utilization was marginally higher for donors 
in category 1, with 31.1% and 32.2% of recipients, 
respectively (P=0.02). However, in categories 2 and 3, 
48.6% and 46% of donors had a UTS ≥2 as compared 
with 46.4% and 44.4% of transplants (P<0.0001 and 
P=0.001, respectively).

DISCUSSION
Improved care for heart failure patients has led to 
increasing numbers of patients who eventually reach 
end stage disease, and the need for cardiac replacement 
therapies is growing. The demand for heart transplants 
exceeds the supply of donors chronically, and yet prior 
reports indicate that only a quarter of donors are utilized 

for transplantation, at least in the United States. The 
current work builds on the foundation of others7–9 and 
examines donor factors that are associated with use or 
nonuse of donors.

There are several key observations:
• The number of offered heart donors is rising, par-

ticularly beginning in 2014 through the end of the 
study in 2017 (30% increase between 2007 and 
2017), chiefly due to increasing numbers of donors 
aged ≤39 years.

• The overall percentage of donors accepted for 
transplant has risen marginally from 26.4% in 2007 
to 30.1% in 2017. However, the utilization rate is 
almost double among younger donors.

• The percentage of donors classified as PHS-IR 
has markedly increased from 8% in 2007 to 27.4% 
in 2017. PHS-IR was associated with lower donor 
utilization except in the 15- to 19-year-old donor 
category.

• During the study period (2010–2017), hepatitis 
C antibody–positive donors were rarely utilized for 
transplantation regardless of donor age.

• More than half of donors studied have either a his-
tory of drug use (recorded by the UNOS database) 
or actual toxicology positive for drugs on the termi-
nal hospital stay.

• The discretionary factors most associated with 
usage of donors have not changed, including male 
sex and donor age.

• Among donors aged 15 to 19 years, organ utiliza-
tion is high, but history of intravenous drug use and 
toxicology positive for opiates is associated with 
less utilization for heart transplantation.

• The presence of even 1 drug (other than alcohol or 
marijuana) on toxicology was associated with sig-
nificantly less utilization of such donors except in 
the 15- to 19-year-old donor group.

The number of offered donors began to rise signifi-
cantly in 2014, potentially due to campaigns to increase 
organ donation awareness, self-identification of donor 
status on driver’s licenses, or an increasing number of 
patients dying in association with illicit drug use, partic-
ularly opioids.10 The growth in organ donation between 
2013 and 2017 was exponential in nature. However, in 
the current study, the percentage of donors with opi-
oids detected on toxicology increased from 14.2% in 
2007 to 18.6% in 2017, which does not fully explain the 
increase in donors.

The widespread increase in opiate overdoses has 
led to major changes in the use of these medications 
in the medical setting, though synthetic analogs such 
as fentanyl are increasingly noted in overdose cases.3 
By leading to respiratory depression, opiates lead to 
anoxic deaths but do not have a cardiac toxicity. The 
current analysis shows that donors with opiate-positive 
toxicology are less likely to be utilized for transplantation, 
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regardless of age category. Previous work has demon-
strated that the use of donors with history of drug use 
or toxicology positive for ≥1 drugs is not associated with 
long-term differences in mortality.11,12

Another factor that was noted in this study is the 
impact of a donor being labeled as PHS-IR (formerly 
known as Centers for Disease Control high risk).13 
Despite improvements in donor testing, moving from 
serological assays to nucleic acid transcriptase testing 
(greatly improving accuracy), the current study shows 
that the use of these donors is reduced in comparison 
to standard risk donors except in the youngest group 
(15–19-year-old donors). Figure 3 illustrates the issue. 
The total number of donors has increased especially in 
the last 3 years of the study cohort. However less than 
half are between the ages of 15 to 39 years where the 
utilization for heart transplantation is the highest. Focus-
ing only on the 15- to 39-year-old donors, during the 
same period of time, the incidence of donor PHS-IR 
status has risen 5-fold (338 PHS-IR donors in 2007 to 
1706 in 2017). The utilization of young PHS-IR donors 
remains significantly below half (34.6% use in 2007 to 
43.4% in 2017; P<0.0001). The risk of disease trans-
mission is quite low,14,15 but labeling a donor as PHS-IR 
may suggest otherwise,16 and the current study demon-
strates the negative effect on donor utilization outside of 
the youngest donor cohort (age, ≤19 years).

The use of hepatitis C–infected hearts has rapidly 
expanded in recent years with the availability of direct 
acting antiretroviral drugs with high sustained virological 

response (cure) rates.17–19 Usage of these hearts is still 
not universal with remaining concerns regarding rejec-
tion,20,21 allograft vasculopathy,22 cost of the antiviral 
agents,23 and limited center experience preventing wide-
spread adoption.24,25 Additional experience over time 
will provide reassurance of the safety of these organs, 
despite the additional complexity of intentional recipient 
infection with hepatitis C.

Often, risk factors coexist, and drug use is another 
common factor leading to brain death and donor avail-
ability. The current analysis demonstrates that drug use 
(either historical or toxicological evidence of drug use) 
clearly impacts the decision to utilize donors particu-
larly beyond age 19. Certain drugs such as alcohol or 
marijuana were not associated with differences in usage 
rates, but most are associated with fewer of these donors 
(even aged ≤39 years) being utilized for transplants. Pre-
vious work has conclusively shown that donor drug his-
tory does not impact the posttransplant survival, though 
that is among donors who are selected for transplant 
(which leads to significant bias).11,12

To better match the demand for donor hearts with the 
burgeoning list of patients waiting for transplantation 
will require fundamental changes in donor acceptance 
practices. It is notable that male donors are strongly pre-
ferred.26,27 Prior reports of inferior survival with female 
donors may have more to do with a mismatch of heart 
mass, particularly in transplant recipients with significant 
pulmonary arterial hypertension.28 In addition, the aver-
age accepted donor age is far lower than the average 

Figure 3. The bar graphs use the primary y axis to the left, and the line plots use the secondary y axis (to the right).
The number of donors has increased especially in the last 3 years of the study cohort. However, less than half are between the ages of 15 and 
39 years where the utilization for heart transplantation is the highest. Focusing on the 15- to 39-year-old donors only, over the same period of 
time, the incidence of Public Health Service Increased Risk (PHS-IR) status has risen 5-fold. The utilization of young PHS-IR donors remains 
significantly below half.
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recipient age. It is clear that younger donors are associ-
ated with increased long-term survival, but the current 
allocation schema does not restrict the use of young 
donors for older recipients, nor the converse.

Donor selection is a fundamental challenge for heart 
transplant programs, and evidence in the current study 
suggests that practices have not changed to a signifi-
cant degree. Some of this may be because of regula-
tory surveillance with programs held to a high standard 
of 1-year survival, which functions as a double-edged 
sword. On one hand, survival rates are improved with 
strict observation, but this environment may lead to 
unintended consequences29 as smaller programs 
may choose to avoid higher risk donors or recipients.9 
Prior evidence suggests that factors associated with 
donor discard do not correlate with worse survival long 
term.8,30,31 In Europe where the donor shortage is more 
acute, the use of donors with nonobstructive coronary 
disease has been reported and outcomes seem to be 
similar long term.32

In October 2018, UNOS implemented a new prioriti-
zation system that emphasizes patients who qualify for 
temporary mechanical circulatory support over patients 
with stable durable left ventricular assist devices or ino-
trope dependence. As well, the artificial use of donor 
service areas and local organ allocation was dissolved 
in preference for distance-based concentric circles 
around the donor hospital to eliminate disparities based 
on organ procurement organization efficiency or geo-
graphic constructs. While this has led to shorter time 
to transplantation for those acutely ill patients, it has 
led to fewer patients in the less urgent priority catego-
ries receiving a transplant.33,34 A potential solution is to 
incentivize centers to expand donor selection criteria 
while reducing the risk of regulatory consequences for 
resultant outcomes, which may be marginally lower but 
would result in increased transplantation and ultimately 
longer survival in aggregate for patients waiting for 
transplantation.

CONCLUSIONS
Despite >50 years of heart transplantation, donor selec-
tion remains empirical with wide disparities across pro-
grams often based on experience and limited data sets. 
The current study finds that donor age and sex remain 
the most important predictors of utilization of heart 
donors, followed by blood type and size. In addition, 
drug use (whether history or toxicological confirmation) 
exerts a substantial negative effect on utilization of such 
donors, even when older donor populations are excluded. 
Designation of donors as PHS-IR is a strong predictor 
of nonuse and the presence of hepatitis C infection. To 
move forward, we must make progress on policies that 
facilitate expansion of the current donor pool but also uti-
lization of offered organs, especially for candidates who 

may not otherwise have an opportunity to receive timely 
transplantation.
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