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ORIGINAL ARTICLE

Intoxicated Donors and Heart Transplant 
Outcomes
Long-Term Safety

David A. Baran , MD; Justin Lansinger , BA; Ashleigh Long , MD, PhD; John M. Herre , MD; Amin Yehya , MD;  
Edward J. Sawey, MD; Amit P. Badiye , MD; Wayne Old , MD; Jack Copeland, MD; Kelly Stelling , RN;  
Hannah Copeland , MD

BACKGROUND: The opioid crisis has led to an increase in available donor hearts, although questions remain about the long-
term outcomes associated with the use of these organs. Prior studies have relied on historical information without examining 
the toxicology results at the time of organ offer. The objectives of this study were to examine the long-term survival of heart 
transplants in the recent era, stratified by results of toxicological testing at the time of organ offer as well as comparing the 
toxicology at the time of donation with variables based on reported history.

METHODS: The United Network for Organ Sharing database was requested as well as the donor toxicology field. Between 
2007 and 2017, 23 748 adult heart transplants were performed. United Network for Organ Sharing historical variables formed 
a United Network for Organ Sharing Toxicology Score and the measured toxicology results formed a Measured Toxicology 
Score. Survival was examined by the United Network for Organ Sharing Toxicology Score and Measured Toxicology Score, 
as well as Cox proportional hazards models incorporating a variety of risk factors.

RESULTS: The number and percent of donors with drug use has significantly increased over the study period (P<0.0001). Cox 
proportional hazards modeling of survival including toxicological and historical data did not demonstrate differences in post-
transplant mortality. Combinations of drugs identified by toxicology were not associated with differences in survival. Lower 
donor age and ischemic time were significantly positively associated with survival (P<0.0001).

CONCLUSIONS: Among donors accepted for transplantation, neither history nor toxicological evidence of drug use was associated 
with significant differences in survival. Increasing use of such donors may help alleviate the chronic donor shortage.
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The number of heart transplants in the United States 
has risen significantly in the past few years, in part 
because of the increase in opioid use and resultant 

overdoses.1–3 Donors with drug use have increased, and 
the effect of various drugs on outcomes post-transplant 
has been controversial for decades. Drugs such as 
cocaine which are directly cardiotoxic are particularly of 
concern. Achieving excellent heart transplant outcomes 

is dependent on donor selection as primary graft dys-
function may result in adverse outcomes.4 Although there 
are many aspects considered when evaluating a donor 
heart, the social history and circumstances of death are 
critical elements. The donor is deceased, and therefore 
sometimes accurate information is not available. The 
United Network for Organ Sharing (UNOS) maintains 
the registry of all solid organ transplant activity in the 
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United States and records information about donors and 
recipients, including usage of drugs. Prior studies have 
examined the effect of donor use of cocaine as well as 
illicit drugs, but these analyses were based on history, 
without actual toxicology results from the donor.

This study has 2 specific aims. First, to examine the 
correlation of donor toxicology data with short- and long-
term post-transplant survival. Second, because all prior 
registry studies have used UNOS historical variables, it 
was of interest to examine the correlation of data gar-
nered from historical accounts to toxicology from the ter-
minal admission of the donor.

METHODS
Data Availability
The data used to analyze were obtained from the United 
Network for Organ Sharing with a specific Data Use Agreement 
and an Eastern Virginia Medical School Institutional Review 
Board waiver of informed consent. The Toxicology field is free 

text and may contain protected health information. Requests 
for these data may be made at https:optn.transplant.hrsa.gov/
data/request-data/.

Time Period and Study Group
Records regarding heart donors used for transplantation from 
January 1, 2007 to December 31, 2017 were investigated. 
Only adult transplant recipients were considered, regardless of 
donor age, as well as adult multiorgan recipients.

Primary Outcome of Interest
The primary outcome of interest was survival post-transplant 
over 1, 5, and 10 years. The UNOS file includes years of obser-
vation and information on whether the patient died or was alive 
at the end of the observation period.

UNOS Data
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. The UNOS Standard Transplant Analysis and Research 
file was requested with the addition of the donor toxicology 
field, linked by donor ID number. Because the request involved 
a free-text field, the local Institutional Review Board (Eastern 
Virginia Medical School) granted an approval with a waiver of 
informed consent.

Over time, the fields of data collected by UNOS have 
changed with additions and deletions. There are a variety of 
fields that indicate history of various types of drug use. 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 coordi-
nators enter the results of any toxicology testing, but this is 
subject to misspellings because no structure is imposed on 
data entry. This field is not mandatory and can be left blank.

Parsing of Donor Toxicology Field
A total of 51 205 donor offer toxicology records were parsed 
but not all donors were accepted for heart transplantation. A 
total of 23 748 donors were used for heart transplantation 
between 2007 and 2017. Various attempts were made to parse 
the free-text field automatically, but this proved impossible due 
to the wide variations in spelling of drugs, as well as abbrevia-
tions. Therefore, a custom program was written in Visual Basic 
for Microsoft Access (Microsoft, Redmond, Washington) to dis-
play the drug toxicology field along with checkboxes on a com-
puter 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: cocaine, opiates, 
marijuana (tetrahydrocannabinol), alcohol, benzodiazepines, 
barbiturates, amphetamine, methamphetamine, phencyclidine, 
buprenorphine, ecstasy (3,4-methylenedioxymethamphetamine, 
MDMA), methadone, oxycodone, propoxyphene, synthetic opi-
oid, acetaminophen, ethylene glycol, isopropanol, lithium, metha-
nol, methaqualone, salicylates, 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 content as ones interpreted by the human operator.

Nonstandard Abbreviations and Acronyms

MDMA	 3,4-methylenedioxymethamphetamine
MTS	 Measured Toxicology Score
UNOS	 United Network for Organ Sharing
UTS	 UNOS Toxicology Score

WHAT IS NEW?
•	 Increasing numbers of otherwise healthy people are 

dying in association with drug use. Whether use 
of drugs or alcohol impacts the outcome of heart 
transplants has remained controversial.

•	 Previous research has relied on history of drug use, 
but the donor is dead and cannot provide actual 
truth.

•	 This is the first study to look at combinations of 
drugs and analyze the effect on survival.

•	 Whether the donor died with one drug or multiple, 
or simply history of drug use, survival was similar.

WHAT ARE THE CLINICAL IMPLICATIONS?
•	 Donors with toxicology positive for multiple drugs 

were associated with similar survival to those with 
no drug use.

•	 Drug use (historical or current) does not represent 
a contraindication to utilization of an otherwise 
appropriate donor for transplant.

•	 With the increase in drug overdoses, this study 
suggests more liberal use of such donors may lead 
to an increase in heart transplants.

•	 Previous guidelines have urged caution with use 
of donors with a history of drug use that does not 
seem warranted if the donor is carefully evaluated.
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Toxicology Score Definitions
A Measured Toxicology Score (MTS) was defined as the sum 
of the individual drug fields with 1 point for each positive field. 
For alcohol, any notation of a nonzero blood alcohol level was 
recorded as positive. No information on timing from admission 
to blood alcohol level was available, nor were specific levels 
captured. The sum of toxicology fields gave a range of 0 to 
23 and allowed comparison of donors with multiple positive 
toxicology results. Because toxicology is not a mandated field, 
donors without a toxicology result are recorded as unknown. 
Because benzodiazepines and opioids are commonly given at 
the time of endotracheal intubation, urine toxicology could erro-
neously reflect medical administration.

The UNOS Standard Transplant Analysis and Research 
file includes 5 fields relating to drug and alcohol use which 
are detailed in Table I in the Data Supplement. The UNOS 
Toxicology Score (UTS) was defined as the sum of the true /
false fields, with a possible range of 0 to 5. Fields are based on 
review of history with those providing organ donation consent. 
Donor cocaine use is represented by 2 fields for current use 
and history of cocaine use. Donor heavy alcohol use is defined 
as ≥2 alcoholic beverages (no size specified) per day. Lastly, 
there are 2 fields for history of and current use of other drugs.

Statistical Methods
Descriptive statistics were employed where appropriate with 
means and SDs for normally distributed variables and medians 
with interquartile ranges for non-normally distributed variables. 
For variables with an unknown category, these were included 
as appropriate as separate categories. The frequency of drug 
positive donors was compared across year of transplant by 
χ2 and contingency tables. One-way ANOVA was used to 
compare the means of normally distributed variables across 
categories. Linear regression was used to compare the cor-
relation of UTS and MTS. Kaplan-Meier method was used to 
estimate post-transplant survival, stratified by various variables. 
Univariate comparisons of survival were examined with Mantel 
log-rank statistic and Kaplan-Meier plots. Cox proportional haz-
ards models were constructed to analyze survival with the fol-
lowing covariates: UTS, MTS, UNOS specified heavy alcohol 
history, donor and recipient gender, donor and recipient age, 
ischemic time, toxicology positive for benzodiazepines, cocaine, 
opiates, alcohol, amphetamines (including amphetamine, meth-
amphetamine, and MDMA), and marijuana. As detailed, 3 sep-
arate models were constructed. Model 1 included only UTS, 
model 2 with only MTS, and model 3 included UNOS specified 
heavy alcohol history, donor and recipient gender, donor and 
recipient age, ischemic time, toxicology positive for benzodiaz-
epines, cocaine, opiates, alcohol, any amphetamines (including 
amphetamine, methamphetamine, and MDMA), and marijuana. 
Year of transplant was separately added to each model as a 
sensitivity analysis. Statistical analysis was performed with JMP 
15.0 (SAS Institute, Cary, NC).

RESULTS
From January 1, 2007 to December 31, 2017, there 
were 23 748 adult heart transplants (recipient age 18 or 
older) entered in the UNOS registry. The demographics 

of transplanted patients are tabulated in Table  1. The 
UTS over time is depicted in Figure 1. The distribution 
of UTS over time is shown along with the total number 
of donor hearts used annually (reflected as a line). A 
steady increase in UTS categories 2, 3, 4, and 5 is noted 
over time. The majority of donors each year had a UTS of 
zero, with the next most common being a UTS of 2. Lin-
ear regression of UTS versus year of transplant shows 
a weak but statistically significant correlation (R2=0.03, 
P<0.0001). The percentage of donors with a UTS of one 
or higher has significantly increased over time as well 
(41.3%, 54.3%, 63.4% for years 2007, 2012, and 2017, 
respectively; χ2 test, P<0.0001).

The MTS is depicted in Figure 2 and Table 2. The fig-
ure illustrates the steady increase in donor number (linear 
regression, R=0.85, P<0.0001), along with increases in all 
the donor toxicology categories, and a reduction in the num-
ber of donors not tested or with unknown results. There was 
a weak but statistically significant trend to increasing MTS 
over the years of the study (R2=0.01, P<0.0001). In recent 
years, most donors have either no toxicology information 
(listed as unknown MTS) or an MTS of 0 or 1. The next 
most common category is an MTS of 2. The percentage 
of donors with an MTS of one or higher has significantly 
increased over time as well (23.0%, 37.7%, 46.1% for years 
2007, 2012, and 2017, respectively; χ2 test, P<0.0001).

Figure  3 shows the comparison between UTS and 
MTS in graphical format. Sixty percent of the MTS 0 
donors had a UTS of 0 as well, and as the MTS increased, 

Table 1.  Demographics of Transplant Recipients

 N (%)

Recipient age 52.9±12.8

Donor age 31.8±11.5

BMI recipient 27.2±4.9

BMI donor 27.3±5.8

Distance to donor hospital (miles), median  
[25th–75th percentile]

87 [12–281]

Ischemic time, h 3.17±1.05

Recipient male 17 645 (74.3%)

Recipient ABO=O 9257 (39%)

Recipient ABO=A 9631 (40.6%)

Recipient ABO=AB 1368 (5.7%)

Recipient ABO=B 3492 (14.7%)

PHS increased risk 4123 (17.4%)

Heavy alcohol use (heavy=2+ drinks/day) 3743 (15.8%)

History of cocaine use+recent 6-mo use 1835 (7.7%)

History of other drugs in past+recent 6-mo use 7447 (31.4%)

History of cocaine use in past 4049 (17.1%)

History of other drug use in past 10 976 (46.3%)

Multiorgan transplants 1220 (5.1%)

Ages, BMI, and ischemic time are presented as mean±SD. Distance is median 
with interquartile range. The remainder are frequency and percentage pairs. BMI 
indicates body mass index; and PHS, Public Health Service.
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the UTS did as well. Linear regression of MTS versus 
UTS demonstrated a significant correlation (R2=0.18, 
P<0.0001) Among patients where the UNOS current 
cocaine field was true, 49.4% (907/1835) had toxicol-
ogy positive. For donors with UNOS current other drugs 
field positive, 64% (4764/7447) had toxicology positive 
for at least one drug. This dropped to 59.7% if benzodi-
azepines were excluded.

Figure  4 shows the frequency of the most com-
mon drugs of abuse found in donors over time. Posi-
tive alcohol by toxicology declined over time (subject to 
the limitations of the dataset), but all other drugs have 
increased from 2010 to 2017 (all comparisons over 
time, P<0.0001). The incidence of tetrahydrocannabinol, 
benzodiazepines, and cocaine has doubled, and amphet-
amines have increased >5-fold in the study period, 

Figure 1. The United Network for Organ Sharing Toxicology Score (UTS) is a composite of all the positive drug categories from 
the donor record.
These are based on history, not actual measured data from the donor. The most common UTS is 0 (no history of drug use), followed by UTS 2. 
From 2007 to 2017, the number of deceased donors has increased substantially (linear regression, R2=0.85, P<0.0001), along with the UTS 
values for donors. Linear regression of UTS vs year of transplant shows a weak but statistically significant correlation (R2=0.03, P<0.0001).

Figure 2. The Measured Toxicology Score (MTS) is a composite of all the positive findings on donor drug toxicology from 
the donor record.
This score is based on findings (assuming testing is done) from the terminal admission when organ donation occurred. The figure illustrates 
the steady increase in donor number (linear regression, R2=0.85, P<0.0001), along with increases in all the donor toxicology categories, and 
a reduction in the number of donors not tested or with unknown results. There was a weak but statistically significant trend towards increasing 
MTS over the years of the study (R2=0.01, P<0.0001).
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whereas opiate use has nearly tripled. Because benzo-
diazepines are often used at the time of emergent intu-
bation, it is not possible to ascertain how many positive 
toxicologies were related to this factor.

Survival Analysis
The survival of post-transplant recipients was exam-
ined, stratified by the various indices of donor drug use. 
Table 3 lists the 1-, 5-, and 10-year univariate survival for 
transplant patients divided by UTS, MTS as well as the 
components of each score (positive or negative), along 
with the P value for comparisons by Mantel log-rank test. 
For the overall cohort, the median follow-up was 3.07 
years (interquartile range, 1.03–6.05 years). For the 
MTS variables, positive marijuana, benzodiazepines, and 
amphetamines were associated with statistically signifi-
cant increased survival. For the UTS variables, current 
use of drugs (other than cocaine) and history of prior use 
of other drugs was associated with increased survival 
but heavy alcohol use was associated with lower survival. 
However, the magnitude of these differences was small, 
and these are not adjusted for other confounders.

Figure 5A depicts Kaplan-Meier plots across UTS cat-
egories, and no significant difference is demonstrated 
(P=0.27). Similar findings were noted with analysis by MTS 
in Figure 5B (P=0.09) Given the common use of benzodiaz-
epines medically, the analysis was repeated without benzodi-
azepines in the MTS calculation with no difference in results.

Cox proportional hazards modeling was used for 
multivariate analysis of variables associated with sur-
vival post-transplant. Three models were constructed. 
Model 1 included only the UTS, and model 2 included 
only the MTS. Model 3 included UNOS specified heavy 
alcohol history, donor and recipient gender, donor and 
recipient age, ischemic time, toxicology positive for 
benzodiazepines, cocaine, opiates, alcohol, any amphet-
amines (including amphetamine, methamphetamine, and 
MDMA), and marijuana. To focus on the influence of toxi-
cology, the number of covariates was deliberately mini-
mized, and factors such as donor/recipient size, gender 
mismatch, and others were not included.

Model 1 (UTS) did not demonstrate that UTS catego-
ries were associated with differences in survival. Model 2 
for MTS was similar except that when comparing MTS 3 
to 0, the point estimate of the hazard ratio was significant 
(0.83 [95% CI, 0.72–0.96], P=0.01).

For model 3, the predictors that were found to be 
statistically significant (P<0.0001) were donor age and 
ischemic time. The point estimates of the hazard ratio and 
95% CIs are tabulated in Table 4. The individual toxicol-
ogy positive for marijuana, cocaine, opiates, any amphet-
amines (amphetamine, methamphetamine, and MDMA), 
alcohol use by UNOS field, or donor alcohol toxicology 
were not associated with patient survival. There was no 
difference when year of transplant was added to each 
model (data not shown).

DISCUSSION
This is the largest study to examine drug use in heart 
transplant donors, and the only one to examine the actual 
toxicology data obtained during the terminal hospital 
admission. All previously published work relied on the 
data fields representing donor history from the UNOS 
database, and none has examined the donor toxicology 
text field. Using a custom program, the toxicology results 
for 23 748 donors used for cardiac transplantation over a 
10-year period were parsed.

Several important findings are derived.
1.	 Over the study period, the number and percentage 

of donors with positive toxicology have increased 
significantly. Transplant teams increasingly need to 
consider the impact of drug history and toxicology 
as they evaluate prospective donors.

2.	 Donor toxicology (assessed by MTS score) is not 
associated with inferior survival outcomes with any 
drug, or combinations of drugs. This is the largest 
report of donors with amphetamine use, and the 

Table 2.  Drugs Detected in Donor Toxicology That Are Com-
ponents in the MTS

Drug
Number 
positive

Number no 
data (MTS 
unknown)

Percentage 
positive

Benzodiazepines 3920 8648 16.5%

Marijuana 3249 8742 13.7%

Opiates 2468 8721 10.4%

Alcohol 1843 8880 7.8%

Amphetamines 1169 8824 4.9%

Cocaine 1172 8828 4.9%

Barbiturates 188 8851 0.8%

Methamphetamine 176 8862 0.74%

Oxycodone 168 8857 0.71%

Methadone 182 8956 0.77%

Acetaminophen 121 8862 0.51%

Tricyclics 104 8862 0.44%

Phencyclidine 95 8941 0.40%

Salicylates 64 8863 0.27%

Synthetic opioid 25 8863 0.10%

Ecstasy-MDMA 24 8863 0.10%

Buprenorphine 14 8865 0.06%

Methanol 18 8865 0.07%

Propoxyphene 7 8864 0.03%

Lithium 3 8866 0.01%

Ethylene glycol 5 8866 0.01%

Isopropranolol 0 8866 0.00%

Methaqualone 0 8358 0.00%

MDMA indicates 3,4-methylenedioxymethamphetamine; and MTS, Measured 
Toxicology Score.
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only report to examine the effect of multiple drugs 
present on toxicology.

3.	 The UNOS reported drug history fields (UTS score) 
roughly correlate with actual toxicology results but 
in a loose fashion. This is important for 2 reasons. 
First, clinicians may choose to decline a donor or 
consider it of marginal quality due to a positive his-
tory of drug use, which may not be substantiated. 
Second, all previously published analyses of the 
UNOS dataset have relied on these fields which 
have this inherent imprecision. These include 

analyses of alcohol, cocaine and other drugs, or 
drug intoxication in general.1,3,5–18

Previous analyses looking at the effects of donor drug 
use in heart transplantation have focused on cocaine 
use, a mix of risk factors, including methamphetamine 
use, drug intoxication death, and alcohol use.

Outcomes associated with donors having a history of 
cocaine use have been controversial. Although 2 case 
series suggested that these hearts are appropriate for 
transplantation,8,15 one group published a single case report 
of graft failure with an autopsy showing signs of cocaine 

Figure 4. Positive alcohol by toxicology declined over time (subject to the limitations of the dataset), but all other drugs have 
increased from 2010 to 2017 (all comparisons over time P<0.0001).
The incidence of tetrahydrocannabinol (THC), benzodiazepines, and cocaine has doubled, and amphetamines (combination of all types) have 
increased >5-fold in the study period while opiate use has nearly tripled.

Figure 3. This figure graphically illustrates the relation between the United Network for Organ Sharing Toxicology Score (UTS) 
and Measured Toxicology Score (MTS) across categories of MTS.
Donors with either unknown MTS value (not tested) or negative drug screening have ≈50% chance of having a UTS of ≥1. Donors with 1 drug 
detected (MTS 1) may have a UTS of 0 in >30% of cases.
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cardiomyopathy.19 A prior large UNOS database analysis 
did not find any hazard short or long term with such donors5 
and the International Society for Heart and Lung Trans-
plant 2010 guidelines indicated “Hearts from donors with 
a history of past or current nonintravenous cocaine abuse 
can be used for transplantation provided cardiac function 
is normal and LVH is absent.”20 There was no guidance pro-
vided regarding donors with intravenous use of cocaine. 
Since that time multiple studies have supported the safety 
of selected donors with cocaine usage.10–13,21 Recently Vie-
ira and colleagues published similar findings from the Inter-
national Society for Heart and Lung Transplant Thoracic 
Organ Transplant registry, with 3246 donors with a history 
of cocaine use.22 Survival was similar to noncocaine donors 
but these donors were taken at a higher average sequence 

number indicating that they were seen as less desirable. 
Taken along with the current work, there should be little 
question regarding the safety of donors with cocaine use.

Use of amphetamines, crystal methamphetamine, 
and MDMA (ecstasy) are all associated with cardiotoxic 
effects,23–26 and therefore, use of donors with past or current 
use has been questioned. The only data in the literature are 
limited to abstracts with less than 50 cases total but there 
was no negative effect seen.14,17 There are no guidelines 
regarding use of such donors. The current study provides 
data on 1169 donors with various forms of amphetamine 
on toxicology, and no difference in survival is noted. Recent 
studies have looked at the UNOS cause of death field and 
have found that drug intoxication donor cause of death is 
not associated with adverse post-transplant outcomes.10,13

Table 3.  Univariate Analysis of Survival

Drug factor
1 y survival: 
positive drug

1 y survival: 
negative drug

5 y survival: 
positive drug

5 y survival: 
negative drug

10 y survival: 
positive drug

10 y survival: 
negative drug

Log-rank  
P value

MTS/components

  Alcohol 90.38 90.15 77.05 77.61 59.28 60.85 0.11

  Cocaine 90.58 90.19 76.78 77.67 61.93 60.40 0.07

  Marijuana 91.50 89.91 78.43 77.37 60.26 60.53 0.02*

  Opiates 90.78 90.14 76.85 77.74 62.72 60.10 0.06

  Benzodiazepines 90.73 90.05 79.32 77.02 64.13 59.32 0.01*

  Amphetamines 91.12 90.14 80.02 77.48 67.62 60.28 0.03*

  Methamphetamine 92.86 90.18 80.01 77.56 60.24 60.52 0.06

  Barbiturate 87.96 90.26 79.82 77.58 59.33 60.50 0.07

  PCP 89.04 90.24 72.12 77.65 54.09 60.68 0.07

  Any amphetamine 91.23 89.75 80.16 77.10 67.33 59.64 0.08

  Methadone 89.89 90.22 79.24 77.57 66.45 60.44 0.08

  Oxycodone 89.56 90.24 76.78 77.62 59.21 60.55 0.07

  MTS 0 89.29  76.88  59.00  0.09

  MTS 1 90.65  77.08  61.61  0.09

  MTS 2 90.41  77.77  61.54  0.09

  MTS 3 91.80  79.95  63.27  0.09

  MTS ≥4 90.16  80.48  62.74  0.09

  No toxicology data 89.15  76.63  59.08  0.09

UTS/components

  History heavy alcohol 89.22 89.96 76.11 77.40 57.39 60.30 0.03*

  History current cocaine 90.35 91.72 76.21 78.39 61.95 61.01 0.48

  Current other drugs 91.09 90.49 78.70 77.35 60.03 61.60 0.05*

  History of cocaine 90.67 89.64 77.01 77.21 60.85 59.55 0.48

  History of other drugs 90.83 88.93 78.03 76.50 59.46 59.71 0.01*

  UTS 0 89.19  76.80  59.76  0.27

  UTS 1 89.51  76.48  60.01  0.27

  UTS 2 90.57  78.38  59.07  0.27

  UTS 3 90.14  77.22  58.58  0.27

  UTS 4 91.74  77.43  61.82  0.27

  UTS 5 91.45  77.12  59.36  0.27

P values for MTS and UTS components refer to log-rank statistic (Kaplan-Meier survival curve analysis). MTS indicates Measured Toxicology Score; PCP, phencycli-
dine; UNOS, United Network for Organ Sharing; and UTS, UNOS Toxicology Score.

*P ≤0.05.
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Alcohol is considered a cardiac toxin, and therefore, 
it is logical that use of donors with chronic use gener-
ates concern. An early case series in 1992 suggested 
that alcoholic donors had a higher rate of primary graft 
failure.9 A series from Cedars-Sinai reporting on patients 
from 1988 to 1993 also suggested early graft dys-
function may be worse with donors where even modest 
amounts of alcohol were taken habitually.7 The Interna-
tional Society for Heart and Lung Transplantation’s 2010 
Guidelines for the Care of Heart Transplant Recipients 
suggest avoidance of such hearts but the guidance is 
vague: “In light of current information, the use of hearts 

from donors with a history of “alcohol abuse” remains 
uncertain, but it should probably be considered unwise.”

In 2015, a meta-analysis was published that sug-
gested that alcohol is not a negative risk factor.27 This 
was followed by an analysis of >14 000 donors from the 
UNOS dataset which showed that donors with a history of 
alcohol use were not associated with worse outcomes.16 
Recent publications support this and none show a dif-
ference in outcome with chronic alcohol use.12,13,28 The 
current study also supports the safety of such donors 
and should alleviate concerns about using hearts from 
donors with a history of significant alcohol use.

Figure 5. Kaplan-Meier plots of survival by UTS and MTS of the donor, with no statistically significant survival difference noted 
with either score.
A, Kaplan-Meier survival plot by value of United Network for Organ Sharing Toxicology Score (UTS). No statistically significant difference is detected 
(P=0.27). B, Kaplan-Meier survival plot by value of Measured Toxicology Score (MTS). No statistically significant difference is detected (P=0.09).
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Future Directions
It will be important to look at the use of donors with ref-
erence to the MTS in particular, as the current report 
examines only those donors accepted for transplanta-
tion. Investigation of the characteristics of nonutilized but 
offered donors will be important. In addition, combinations 
of risk factors including donor age and characteristics of 
the donor will need to be considered to determine if there 
are donors who appear to be low risk but are not used 
due to drug toxicology findings. The new UNOS allocation 
system which went into effect October 18, 2018, also has 
changed the landscape of heart transplantation. The acuity 
of recipients has shifted even higher, and ischemic times 
may have lengthened as well with broader sharing. The 
effect of donor drug use is not clear in this population, but 
it is likely similar to what was shown in the current work.

Limitations
This work is based on the registry data of the UNOS 
database. This is subject to errors that may occur in entry 

of data. The donor toxicology results are based on indi-
vidual local hospital labs and were not subject to a cen-
tral lab review. Nevertheless, the UNOS data is what was 
available to centers to make organ placement decisions. 
Perhaps the biggest limitation of our data is that it is sub-
ject to inherent selection bias because only donors used 
for transplantation are reflected in the dataset.

Conclusions
This is the first and only study to look at the donor toxicol-
ogy records for heart transplant recipients and examined 
the effect of various kinds of illicit drug use on mortal-
ity post-transplant. Post-transplant mortality is similar 
regardless of donor drug use, either singly or in combina-
tion. This dataset does not include information on donors 
not used for transplantation which imparts a selection 
bias. As with all transplant decisions, the clinical team 
needs to balance the risks and benefits and, in particular, 
the likelihood of a subsequent better offer.29 Based on 
these results, donor drug use should not impede use of 
an otherwise clinically acceptable donor.
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