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ABSTRACT

Objective: Randomized data support transplantation of hearts from donors after
circulatory death. This may lead to a sizeable increase in the donor pool. Regional
variations in donors after circulatory death heart use were examined to help
elucidate barriers to donor pool expansion.

Methods: The United Network for Organ Sharing deceased donor dataset was
queried for adult (age � 18 years) donors after circulatory death donors of at least
1 organ between January 2020 and December 2023. Donors were stratified by the
extent their respective cardiac allografts progressed through the donation process.
United Network for Organ Sharing region-level use rates and annual trends were
assessed.

Results:Of 17,239 adult donors after circulatory death donors who donated at least
1 organ for transplant during the study period, 1196 (9.4%) were heart donors.
Regional donors after circulatory death heart donor pursuit rates ranged from
97% to 100%, consent attainment rates from 94% to 99%, and heart recovery
rates from 5% to 10%. The transplantation rate of recovered organs ranged
from 90% to 97%. Multivariable logistic regression demonstrated United Network
for Organ Sharing region to be independently associated with donors after
circulatory death heart use after controlling for baseline differences in donor risk.

Conclusions: Transplantation of donors after circulatory death heart allografts has
increased in the United States since 2020, but the overall number of hearts
procured and transplanted from donors after circulatory death donors remains
low. The operational barriers to transplantation of donors after circulatory death
hearts require further investigation. Further, significant regional variation exists
regarding rates of progression of donors after circulatory death hearts through
the donation process. Sharing of successful practices among Organ Procurement
Organizations and transplant centers will facilitate maximal use of this new donor
pool. (JTCVS Open 2024;21:191-6)
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Regional variation in DCD donor heart use.
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Significant regional variation exists
regarding rates of DCD heart use.
Sharing of successful practices
among OPOs and transplant
centers will help to maximally use
this new donor pool.
PERSPECTIVE
Only 14% of heart transplants in the United
States in 2023 were performed using allografts
from DCD donors. We identified significant
regional variation in rates of DCD donor heart
use. Sharing of successful practices among
OPOs and transplant centers as well as an
improved ability to predict which donors will
progress to cardiac death and which allografts
will be more prone to PGD will help to maximally
use this new donor pool.
To view the AATS Annual Meeting Webcast, see the
URL next to the webcast thumbnail.
pen c Volume 21,
The demand for heart transplantation continues to outpace
the supply of donor allografts. Given this supply demand
mismatch as well as the encouraging early experience
from multiple international sites, donation after circulatory
death (DCD) heart transplantation was introduced in the
United States in 2019 to expand the available donor
pool.1-3 Recently published randomized data have further
supported the safety and efficacy of transplanting hearts
fromDCD donors, with early short-term recipient outcomes
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Abbreviations and Acronyms
BMI ¼ body mass index
DCD ¼ donation after circulatory death
DBD ¼ donation after brain death
NRP ¼ normothermic regional perfusion
OPO ¼ Organ Procurement Organization
OR ¼ odds ratio
UNOS ¼ United Network for Organ Sharing
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comparable to those associated with donation after brain
death (DBD) donors.4 These findings have been recapitu-
lated in multiple single- and multicenter retrospective
studies.5,6

Based on the United Kingdom experience with DCD
heart transplantation as well as an examination of the
historical US donor pool, it was estimated that the adoption
of DCD heart transplantation may ultimately lead to an
increase in US heart transplant activities by 25% to
30%.7,8 Although DCD heart transplantation has increased
significantly in the United States since 2019, in 2023 it
represented approximately 14% of heart transplants
performed nationally.9 We aimed to (1) examine regional
variations in DCD heart use to help elucidate barriers to
donor pool expansion and (2) identify whether regional
differences exist in DCD heart use independent of
variations in baseline donor risk.

MATERIAL AND METHODS
Data Source

The United Network for Organ Sharing (UNOS) Organ Procurement

and Transplantation Network provided Standard Transplant Analysis and

Research files containing deidentified transplant data from October 1987

to December 2023. The database includes prospectively collected donor

and recipient data for all organ transplants performed in the United States

during this period.

Study Population
The UNOS registry was queried for all adult (age � 18 years) DCD

donors from January 2020 to December 2023 with at least 1 organ recov-

ered for transplant. This time period was selected because it coincides with

the adoption of DCD heart transplantation in the United States. Donors

with missing heart disposition in the registry were excluded.

Data Analysis
Descriptive analysis of DCD donor characteristics was performed,

stratified by heart donation status. Because information on the reperfusion

method has not been collected by the UNOS, direct procurement and

perfusion DCD organs were distinguished from those procured using

normothermic regional perfusion (NRP) using the length of time from

circulatory standstill to crossclamp for cold cardioplegia administration,

as previously described.10 Direct procurement and perfusion was defined

as a donor death to crossclamp time of 30 minutes or less, and NRP was

defined as a death to crossclamp time greater than 30 minutes.

Data are presented as median (interquartile range) for continuous

variables and percent (count) for categorical variables, unless otherwise

specified. Unadjusted comparisons between cohorts were performed using
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the Wilcoxon rank-sum test for continuous variables and the Pearson

chi-square test or Fisher exact test for categorical variables, as appropriate.

Donors were also stratified by the degree their respective cardiac allografts

progressed through the donation process (donor pursuit, consent attain-

ment, heart recovery, and transplantation). UNOS region-level donor center

heart use rates were assessed, as well as annual trends during the study

period. To determine whether regional variation in heart donor use was

specific to DCD donors or reflected overall heart donor use, DCD heart

use rates were indexed against DBD use rates. Adjusted logistic regression

was used to identify donor factors independently associated with heart use

and to examine the association between donor center UNOS region and

heart use independent of baseline risk. Covariates were selected a priori

based on available clinically relevant variables within the dataset.

Continuous variables were modeled using restricted cubic splines and

then subsequently transformed to piecewise linear splines for ease of

interpretation in the multivariable model.

All statistical analyseswere performed usingRversion 4.3.0 (RFoundation

for Statistical Computing). This analysis was deemed exempt by the Duke

University Institutional Review Board.

RESULTS
Donor Characteristics

In total, 17,239 DCD donors met inclusion criteria,
among whom 1196 (9.4%) were heart donors. Baseline
donor demographic and clinical characteristics are
presented in Table 1, stratified by heart donation status.
DCD heart donors were more likely male and younger,
and had a lower median body mass index (BMI) compared
with nonheart DCD donors (P< .05). Heart donors were
also significantly less likely to have diabetes, hypertension,
or a smoking history (P<.05). Heart donors were less likely
to have a cerebrovascular/stroke cause of death but were
more likely to have died of head trauma (P<.05). Finally,
heart donors were more likely to have also been
concomitant lung, kidney, and liver donors and were signif-
icantly more likely to have undergone NRP (P<.05).

Donor Disposition
The degree to which DCD donors progressed through the

heart donation process, stratified by UNOS region, is
presented in Table 2. Rates of donor pursuit, defined as an
Organ Procurement Organization (OPO) requesting consent
for heart donation, ranged from 97% to 100%. Consent for
heart donation was attained for 94% to 99% of donors for
whom consent was requested. When consent was attained,
heart recovery occurred in 5% to 10% of cases. Transplant
rates for recovered donor hearts ranged from 90% to 97%.

The regional variability in overall DCD heart transplant
rates during the study period is illustrated in Figure 1. Donor
centers in UNOS Regions 4 and 11 had the highest rates of
DCD heart use (>8.4% of all DCD donors), whereas
Region 2 had the lowest use rate (�4.6%). The ratio of
DCD to DBD donor heart use rates for each UNOS region
is presented in Figure 2, which ranged from approximately
15% to 25%.

Figure 3 contains the annual trend of DCD heart recovery
rates among donors in whom consent for heart donation was



TABLE 1. Donation after circulatory death donor characteristics

Characteristic

Nonheart donor Heart donor

P value(n ¼ 16,043) (n ¼ 1196)

Male sex 10,329 (64.4%) 1009 (84.4%) <.001

Donor age (median y, IQR) 50 (39-58) 31 (25-37) <.001

Donor BMI (median kg/m2, IQR) 29.0 (24.6-34.5) 26.9 (23.8-31.1) <.001

Donor race/ethnicity .08

White 12,453 (77.7%) 919 (76.9%)

Black 1490 (9.3%) 109 (9.1%)

Hispanic 521 (3.2%) 28 (2.3%)

Other 521 (3.2%) 28 (2.3%)

Donor history

Cigarette use 4806 (30.0%) 127 (10.6%) <.001

Cocaine use 3346 (20.9%) 282 (23.6%) .028

Alcohol abuse 4836 (30.1%) 330 (27.6%) .068

Diabetes 2834 (17.7%) 38 (3.2%) <.001

Hypertension 7277 (45.4%) 157 (13.1%) <.001

Cancer 681 (4.2%) 16 (1.3%) <.001

Donor creatinine (median mg/dL, IQR) 0.8 (0.6-1.4) 0.8 (0.6-1.0) <.001

Donor bilirubin (median mg/dL, IQR) 0.6 (0.4-1.0) 0.6 (0.4-0.9) .91

LVEF (median %, IQR) 60 (50-65) 63 (60-66) <.001

Donor cause of death <.001

Anoxia 8391 (52.3%) 580 (48.5%)

Cerebrovascular/stroke 3497 (21.8%) 85 (7.1%)

Head trauma 2807 (17.5%) 488 (40.8%)

CNS tumor 26 (0.2%) 4 (0.3%)

Other 1322 (8.2%) 39 (3.3%)

ABO blood type <.001

A 6332 (39.5%) 358 (29.9%)

B 1706 (10.6%) 100 (8.4%)

AB 586 (3.7%) 6 (0.5%)

O 7411 (46.2%) 732 (61.2%)

NRP 423 (2.6%) 367 (30.7%) <.001

Lung donor 673 (4.2%) 189 (15.8%) <.001

Kidney donor 11,423 (71.2%) 1131 (94.6%) <.001

Liver donor 3522 (22.0%) 706 (59.0%) <.001

IQR, Interquartile range; BMI, body mass index; LVEF, left ventricular ejection fraction; CNS, central nervous system; NRP, normothermic regional perfusion.
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obtained, stratified by region. For most UNOS regions, the
rate of heart recovery increased from 2020 to 2023,
although for many regions there was significant year-to-
year variability.
Adjusted Analysis
The multivariable logistic regression model for heart use

is presented in Table 3. Donor factors independently associ-
ated with heart transplantation included male sex (odds ra-
tio [OR], 2.81, 95% CI, 2.38-3.33) and increasing BMI less
than 25 (OR, 1.11 per unit, 95% CI, 1.07-1.16). Factors
associated with a lower likelihood of transplantation
included cigarette use (OR, 0.74, 95% CI, 0.60-0.91),
hypertension (OR, 0.61, 95% CI, 0.50-0.74), diabetes
(OR, 0.45, 95% CI, 0.32-0.64), increasing age (OR, 0.82
per 5 years under 40, 95% CI, 0.78-0.87; OR, 0.36 per
5 years above 40, 95% CI, 0.30-0.42), and increasing
BMI above 25 (OR, 0.88 per unit, 95%CI, 0.84-0.92). After
controlling for these baseline risk factors, donor UNOS re-
gion remained a significant independent risk factor for heart
use (P<.05).
DISCUSSION
Heart transplantation continues to be constrained by the

availability of donor organs. To address this limitation,
the heart transplant community has engaged in a
JTCVS Open c Volume 21, Number C 193



TABLE 2. Donation after circulatory death donor progression through the heart donation process

UNOS region Donor pursuit Consent attainment Heart recovery Transplantation

1 97.2% 98.5% 8.9% 92.6%

2 99.9% 94.6% 5.2% 92.0%

3 100.0% 98.2% 7.1% 90.3%

4 99.8% 99.0% 9.3% 92.1%

5 99.9% 97.7% 7.6% 95.2%

6 100.0% 99.0% 7.3% 89.8%

7 99.7% 98.6% 6.3% 90.1%

8 99.0% 97.9% 8.4% 96.9%

9 98.6% 94.0% 9.2% 93.7%

10 99.8% 97.9% 6.7% 95.9%

11 98.8% 96.5% 9.7% 91.1%

UNOS, United Network for Organ Sharing.
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multipronged effort to expand the potential donor pool
through the use of extended criteria donors, longer warm
ischemic times, ex vivo organ perfusion devices, and most
recently through use of DCD donors.11-14 Early
international reports, as well as a recently published US
randomized clinical trial, have demonstrated recipient
outcomes comparable to those of DBD heart donors.4,6,7

Despite these promising results, DCD heart allografts
remain underused. In this retrospective analysis of the
UNOS heart transplant registry, we sought to identify
regional variations in DCD heart allograft use through the
various stages of the donation process and to assess whether
these variations exist independent of baseline donor risk.

This analysis demonstrated that there were consistently
high rates of DCD donor pursuit and consent attainment
for heart donation, above 97% and 94%, respectively,
across all UNOS regions during the study period. This is
in comparison to an earlier analysis by Halpern and col-
leagues15 focused primarily on lung transplantation from
Percentage of DCD Hearts Transplanted
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FIGURE 1. Regional variation in DCD donor heart use rates from 2020 to

2023. DCD, Donation after circulatory death.
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2011 to 2018, which noted a 94% lung consent attainment
rate and concluded that DCD status was associated with sig-
nificant risk aversion among OPOs. This difference may
reflect growing OPO national experience with DCD donors
or be a result of changing OPO behaviors in response to the
2021 Centers of Medicare and Medicaid Services new Final
Rule on OPO performance.16

Although donor pursuit and consent attainment rates
were universally high, DCD heart recovery rates demon-
strated more regional variation and on average remained
below 10% in all regions during the first 3 full years of
US DCD heart transplantation. This is in comparison with
an approximately 25% to 35% heart recovery rate for
DBD donors.17 When examined annually, there was a clear
trend toward significantly increased DCD heart recovery
rates in 2023 compared with 2020, and possibly decreased
regional variation, reflecting gradual adoption of DCD heart
transplantation nationally during this time. In all but 1
Ratio of DCD to DBD Heart Utilization Rates
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FIGURE 2. Regional variation in ratio of DBD to donation after DCD

donor heart use rates from 2020 to 2023. DCD, Donation after circulatory

death; DBD, donation after brain death.
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region, recovery rates in 2023 were higher than in 2020. The
2023 recovery rates in some regions were double those in
others, suggesting that significant geographic differences
remain with respect to DCD heart organ offer acceptance
practices.

The observation that consent rates remained high, recov-
ery rates were low, but transplantation of recovered organs
was high suggests that the variability in use is being driven
at least in part by transplant center uncertainty regarding
TABLE 3. Multivariable logistic regression model for donation after

circulatory death donor heart use for transplantation

Predictor

Odds

ratio

95% CI P

valueLower Upper

Donor characteristic

Male sex 2.81 2.38 3.33 <.001

Cigarette use 0.74 0.60 0.91 .005

Hypertension 0.61 0.50 0.74 <.001

Diabetes 0.45 0.32 0.64 <.001

Age<40 (per 5 y) 0.82 0.78 0.87 <.001

Age>40 (per 5 y) 0.36 0.30 0.42 <.001

BMI<25 (per unit) 1.11 1.07 1.16 <.001

BMI>25 (per unit) 0.88 0.84 0.92 <.001

UNOS region (reference: 1)

2 0.44 0.29 0.65 <.001

3 0.64 0.44 0.93 .019

4 0.94 0.65 1.37 .746

5 0.81 0.57 1.17 .259

6 0.53 0.34 0.84 .007

7 0.59 0.39 0.90 .014

8 0.83 0.57 1.21 .331

9 1.04 0.67 1.61 .858

10 0.90 0.62 1.30 .562

11 0.90 0.63 1.30 .582

BMI, Body mass index; UNOS, United Network for Organ Sharing.
progression of the DCD donor to asystole and cardiac death
within an appropriate timeframe. As the practice of DCD
heart transplant moves from investigation to standard
care, the maximal safe warm ischemic time is still to be
defined. Currently, significant variability exists regarding
the management of potential DCD donors around the time
of withdrawal of care. Anesthesia practices, acceptable
agonal and stand-off times, and the ability to use NRP all
vary from donor hospital to hospital. Identifying opportu-
nities for standardization of DCD donor management to
accurately assess neurological status is key to changing
these low percentages of acceptance and heart recovery.
This is particularly important given the financial costs asso-
ciated with nonrecovery of donor organs, especially when
using third-party procurement services. It has also been
well documented that DCD heart transplantation is associ-
ated with increased rates of primary graft dysfunction
(PGD).18 The ability to more accurately predict which allo-
grafts will experience PGD may help increase DCD heart
recovery rates as adoption of DCD heart transplantation is
supported by a desire to expand the pool but limited by hes-
itation over the potentially increased risk of negative recip-
ient outcomes.
Multivariable adjusted logistic regression identified mul-

tiple DCD donor characteristics independently associated
with heart use. Several of these factors including sex, ciga-
rette use, diabetes, and increasing age have been previously
described as predictive of DBD donor heart nonuse as
well.17 The UNOS region remained significantly associated
with DCD donor heart use after adjusting for these donor
characteristics suggesting that there are significant differ-
ences in DCD heart use geographically independent of var-
iations in donor risk. The geographic variability observed in
the ratio of DCD to DBD heart use rates also suggests that
DCD regional heart use practices are independent from
DBD practices.

Study Limitations
As a retrospective review of national registry data, this

analysis has several limitations. First, although we did
demonstrate significant regional variability in donor center
DCD heart use rates, we did not have the granularity avail-
able to ascertain the underlying cause of these differences.
The data did, however, reflect high rates of DCD donor pur-
suit and heart transplant consent attainment suggesting that
regional differences in heart recovery rates are likely a
result of variable transplant center rather than OPO prac-
tices. Of note, the registry only captures potential donors
that were pursued by local OPOs and thus the size of the
larger pool of patients for whom care was withdrawn but
not pursued for organ donation cannot be ascertained. Sec-
ond, DCD heart transplantation was first introduced in the
United States in late 2019, at the height of the COVID-19
pandemic. Thus, some of the variability in DCD heart use
JTCVS Open c Volume 21, Number C 195
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rates nationally, especially early in the study period, may
have been in at least in part the result of the variable impact
of the pandemic on transplant activities in different health-
care systems. Because donors and recipients are often
located in different UNOS regions, especially since the
2018 allocation system change, donor organ use in 1 region
may not correlate exactly with transplant practices by recip-
ient centers in that same region.19 High-volume transplant
centers likely significantly influence use rates in surround-
ing regions; therefore, regional DCD heart use rates reflect
the complex interplay between local and mid-distance
transplant center practices. A future analysis focusing on
the association between implanting center characteristics
and DCD heart transplantation rates would help to further
elucidate variations in practice and identify strategies for
better donor pool use.
CONCLUSIONS
The volume of DCD heart transplantation has increased

in the United States since 2020, but this pool of donor allo-
grafts likely remains underused. Significant regional varia-
tion exists regarding rates of progression of DCD hearts
through the donation process. The operational barriers to
transplantation of DCD hearts need to be investigated and
resources applied where necessary. Sharing of successful
practices among OPOs and transplant centers, standard-
izing donor management and assessment criteria, as well
as improving our ability to predict which donors will prog-
ress to cardiac death within a timely fashion and which al-
lografts will be more prone to PGD will help to maximally
use this new donor pool.
Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://www.aats.org/resources/regional-
variation-in-donation-7175.
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