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ARTICLE INFO Heart transplantation (HTXx) is greatly limited by organ shortage. To address this crisis, donation after circula-

tory death (DCD) is an emerging alternative to the traditional donation after brain death (DBD). Unfortu-
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Heart transplantation (HTX) is significantly limited by an ongoing
organ shortage. In 2022 alone, over 7,500 adult patients in the United
States were on the HTx waitlist, yet only 3,652 hearts were donated
and ultimately transplanted.! In addressing this grave donor short-
age, many transplant centers have expanded their donor eligibility
criteria. In the 21st century, an active area of research and strategy to
further expand the donor pool is through donation after circulatory
death (DCD). In contrast to donation after brain death (DBD), DCD is
highly versatile and includes direct procurement and perfusion (DPP)
or normothermic regional perfusion (NRP). However, one unique
challenge with DCD is the inevitable warm ischemic time (WIT)
period following cardiocirculatory collapse, thereby leading to ische-
mia and subsequent ischemic-reperfusion injury. Despite this obsta-
cle, with the advent of perfusion technology, DCD utilization has
become a practical and safe alternative to DBD. Current results from
solid abdominal organ transplant outcomes using DCD, including
liver, kidney, and pancreas, describe comparable results to their DBD
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counterpart.” Similarly, preliminary data from international HTx
studies suggest that DCD utilization is a safe alternative to DBD.>* In
the United Kingdom where DCD procurement was adopted early,
this practice allowed for a reported 48% increase in HTX rates; in the
United States, it is projected to increase HTx volume by as much as
30%.° However, further investigation into potential differences in
clinical outcomes between DBD and DCD HTx in the United States is
needed. Notably, in this population, the subacute implications of DCD
use after 1-year of HTX is unknown. Therefore, we sought to address
this gap in knowledge by comparing the national outcomes between
DCD and DBD use.

Methodology
Study population

The United Network for Organ Sharing (UNOS) thoracic database
was queried for first-time, adult orthotopic HTX recipients in the
United States. As the first recorded DCD HTx occurred in 2019, the
investigation’s review period was limited to patients who were
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transplanted between January 2019 and September 2023. Recipients
who received multiorgan transplants were excluded from the
analysis.

Classification of donation type and procurement methods

Once the final cohort was established, patients were categorized
into groups based on their donor Maastricht classification.® Under
this system, 4 DCD categories are described: Type I: dead on arrival at
the hospital, Type II: dead after unsuccessful resuscitation efforts,
Type III: awaiting cardiac arrest, often in a controlled setting follow-
ing life-support withdrawal, and Type IV: cardiac arrest following
brain death.” For the current investigation, using the above classifica-
tions, recipients were stratified into 3 groups: DBD, DCD Type III
(DCD 1I1), and DCD Type IV (DCD V).

As part of this study, further subgroup analyses were performed in
the DCD III group based on their procurement method: DPP or NRP.
As the UNOS database does not directly include these modalities as
explicit variables, assumptions were made based on methodologies
described in previous investigations to indirectly categorize patients
into DPP or NRP groups.®~'° Specifically, the period between donor
death to aortic cross-clamping was used to categorize the groups:
DPP was considered to be the procurement technique when the
interval time was less than 30-minutes, whereas NRP was defined as
an interval greater than 30-minutes.”'°

Statistical analysis

Continuous variables were reported as mean =+ standard deviation
if normally distributed, or median (interquartile range) if skewed.
Groups were compared using analysis of variance (ANOVA) or Krus-
kal-Wallis nonparametric testing as appropriate. Categorical varia-
bles were presented as a percentage and compared using the Chi-
squared test. Kaplan-Meier curves were used to present the survival
probabilities of participants separated according to strata of donation
type and procurement methods and compared using the log-rank
test. Univariable and multivariable Cox proportional hazard methods
were utilized to quantify mortality risk for the previous predefined
variables. Clinically relevant variables, as listed in the Supplementary
Materials, with a univariable p-value of less than or equal to 0.10 in
the overall sample were eligible for entry into both multivariable
models. The final model for donation type assessment was created
using a backward stepwise elimination method that retained
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Figure 1. Yearly trends in the incidence of HTx donation type within the United States
between 2019 and 2023. DBD = donation after brain death; DCD = donation after circu-
latory death; HTx = heart transplantation.

covariables with a p-value of less than 0.05. Given the smaller sample
size of the DCD III cohort, no further elimination methodology was
conducted to obtain the final model for procurement methods mor-
tality assessment.

For the entirety of the study, a p-value less than 0.05 was consid-
ered statistically significant. All statistical analyses were performed
using JMP Pro 16 software (SAS Institute Inc., Cary, NC). The Institu-
tional Review Board at the University of California Davis deemed that
this investigation did not meet the definition of human research,
therefore, institutional review was not required.

Results

A total of 14,035 HTx recipients were included in our study. DBD
recipients made up approximately 86.5% of the cohort, DCD III 6.9%,
and DCD IV 6.5%. Figure 1 illustrates the temporal trends for each
group. There was a clear increase in the proportion of DCD III recipi-
ents over the years, culminating in 14.6% of all HTx in the year 2023,
while the DCD IV group was mostly stagnant. As shown in Figure 2,
the geographic distribution for most DCD IIl HTX occurred in the New
England (Region 1), South-West (Region 5), and South Mid-Atlantic
(Region 11) regions. Transplant center practices have also changed
significantly during the review period. Figure 3 displays the exponen-
tial growth of HTX institutions that offer DCD Il transplantation.
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Figure 2. Geographical distribution of DCD IIl HTx in the United States. DCD = donation after circulatory death; HTx = heart transplantation; UNOS = United Network for Organ

Sharing.
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Figure 3. Yearly trends in the number of heart transplant centers that accept DCD III
between 2019 and 2023. DCD = donation after circulatory death; HTx = heart trans-
plant.

Similarly, as illustrated in Supplementary Figure S1, the majority of
cases come from high-volume centers, although medium-volume
HTXx institutions showed a similar increase in DCD. Conversely, this
donation type has only recently been utilized at low-volume centers,
and their contribution to date makes up less than 5% of the yearly
DCD Il volume.

Patient demographic and medical data is presented in Table 1
across donation types. Those who had DCD III donors were generally
White and male, and were least likely to require inotropic, ECMO,
IABP, or ventilatory support at the time of listing. However, they had
the highest incidence of VAD/TAH use at listing. Ultimately, this
group had the greatest proportion of low-acuity status at listing, and
similarly the lowest incidence of high-acuity status. All 3 groups had
similar rates of diabetes, cigarette use, heart failure etiology, and pul-
monary vascular resistance values. Donor and donor-recipient
matching data are presented in Table 2. DCD III donors were more
likely to be White and male and were also generally lower risk com-
pared to other groups: they were on average younger, and less likely
to have a history of hypertension, diabetes, or cigarette use greater
than 20 pack years. Apart from DCD III, DCD IV donors were found to
have the greatest incidence of CPR use and were most likely to have
anoxia as their primary cause of death. Overall, DBD and DCD IV
groups were generally found to share similar donor and recipient
traits, whereas the DCD III cohort typically had lower risk features.

Specific to DCD III donors, the median agonal time, functional WIT
(fWIT), and total WIT was 2 min, 28 min, and 32 min, respectively.
Approximately two-thirds of this sample was categorized as utilizing
DPP procurement and one-thirds using NRP. The mean ischemic time
for DPP and NRP was 5.84 £ 2.16 hours and 3.32 + 1.14 hours,
respectively. Similarly, the median fWIT was 23 minutes (19-28
minutes) for the DPP group and 96 minutes (75-125 minutes) for the
NRP category.

Peri- and postoperative data are recorded in Table 3. Just prior to
HTX, those with DCD IIl were more likely to not be hospitalized and
had the lowest rates of ICU admission. In the immediate postopera-
tive setting, DCD III recipients had the greatest risk of kidney injury
necessitating dialysis. Otherwise, there were no significant differen-
ces in the rates of permanent pacemaker placement, stroke, or acute
rejection prior to discharge between groups. Similarly, the 1-year
incidence of acute rejection requiring treatment was statistically sim-
ilar across all 3 donation types. For those who had died, the
cause of death (COD) between DBD and DCD groups were compara-
ble. Further granular COD etiologies were compared and included in

Table 1
Characteristics of study participants according to donation type

DBD DCD Il DCD IV p-value
(n=12,147) (n=974) (n=914)

Age (years) 57 (46-63) 57 (46-64) 57(46-63) 0516
Sex (M) 72.6% 79.7% 73.2% <0.001
Weight (kg) 843+182 888+186 845+184 <0.001
BMI (kg/m?) 278450 286+49 279449 <0.001
Race <0.001

White 60.0% 68.4% 57.9%

Black 24.5% 20.0% 24.2%

Hispanic 10.3% 10.0% 13.0%

Asian 3.9% 1.5% 3.8%
History of diabetes 28.4% 29.4% 25.9% 0.200
History of cigarette use 41.3% 44.4% 39.7% 0.093
Primary etiology 0.368

NIDCM 57.4% 55.1% 55.4%

ICM 27.7% 28.9% 27.8%

HCM 3.4% 4.5% 3.7%

RCM 4.4% 4.4% 5.8%
Hemodynamics

Mean PAP (mm Hg) 28.1+105 27.1+104 28.6=+103 0.004

PCWP (mm Hg) 189+9.0 1774+9.0 193+87 <0.001

CO (L/min) 42+13 43+13 42+13 0.014

PVR (wood units) 25+16 24+15 25+1.6 0.071
Highest educational 0.120

level

High school or below 41.6% 38.2% 40.9%

College or above 58.4% 61.8% 59.1%
Insurance type 0.016

Medicaid or donation 15.2% 14.1% 18.1%

Medicare or other 35.2% 38.4% 31.8%

govt. sponsored

Private or self-funded 49.6% 47.5% 50.1%
ECMO* 3.8% 0.7% 5.7% <0.001
IABP* 16.0% 9.2% 17.4% <0.001
Inotrope use” 34.7% 27.1% 33.9% <0.001
VAD/TAH* 28.3% 33.6% 25.0% <0.001
Ventilator* 1.9% 0.5% 2.3% <0.001
Acuity status” <0.001

Low' 19.2% 26.6% 19.0%

Medium 33.6% 40.0% 31.7%

High® 47.3% 33.4% 49.3%
Annual HTX center <0.001

volume

Low (<15) 12.5% 2.6% 9.7%

Medium (15-35) 46.7% 23.7% 42.8%

High (>35) 40.8% 73.7% 47.5%
Total days on WL 29(9-142) 32(9-154) 30(9-156) 0.761

BMI = body mass index; ECMO = extracorporeal membrane oxygenation;
HCM = hypertrophic cardiomyopathy; IABP = intra-aortic balloon pump;
ICM = ischemic cardiomyopathy; NIDCM = nonischemic dilated cardiomyopathy;
PVR = pulmonary vascular resistance; RCM = restrictive cardiomyopathy;
TAH = total artificial heart; VAD = ventricular assist device; WL = waitlist.

* At listing.

T Allocation status of 2 (1999-2018) and 5 and 6 (2018-Present).

+ Allocation status of 1B (1999-2018) and 4 (2018-Present).

% Allocation status of 1A (1999-2018) and 1, 2, and 3 (2018-Present).

Supplementary Table S1; similar to the previous analysis, there was
no significant difference in COD between groups (p = 0.593).
Kaplan-Meier survival curves for all 3 donation types are dis-
played in Figure 4. Survival estimates for 30 days, 6 months, 1 year,
and 2 years are as follows for each group, respectively: DBD: 97.1%,
93.0%, 91.2%, and 87.2%; DCD III: 96.4%, 93.2%, 90.9%, and 83.3%; DCD
1V: 97.2%, 93.4%, 92.1%, and 87.7%. There were no significant differen-
ces in survival between the donation types using the log-rank test
(p = 0.303). Mortality risk assessment through Cox regression models
is presented in Table 4. For both the univariable and adjusted model,
there were no significant differences in mortality risk between the
DCD and DBD groups. Additional subgroup analysis was conducted
within DCD III recipients to identify the impact of DPP versus NRP
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Table 2

Donor characteristics and donor-recipient matching data across donation types
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Table 3

donation types

Clinical characteristics of participants in the peri- and post-transplant period across

DBD DCD I DCDIV  p-value
(n=12,147) (n=974) (n=914) DBD DCD I DCDIV  p-value
(n=12,147) (n=974) (n=914)
Age (years) 328+103 305+84 3274102 <0.001
Sex (male) 71.3% 85.9% 70.8% <0.001 Medical condition at Tx <0.001
Race <0.001 Not hospitalized 29.5% 52.3% 30.5%

White 61.8% 76.9% 62.7% Hospitalized, not in ICU 13.6% 16.0% 14.6%

Black 17.1% 9.8% 15.9% (al] 56.9% 31.6% 54.9%

Hispanic 18.0% 11.2% 17.6% LOS (days) 17(12-26) 16(12-25) 16(12-24) 0.073

Asian 1.6% 1.1% 2.7% Events prior to discharge
Weight (kg) 848+£200 8674205 859+203 0008 Dialysis 14.6% 18.2% 15.6% 0.016
BMI (kg/m?) 281463 27.7+65 283+63  0.102 PPM 1.8% 1.2% 1.4% 0.381
History of hypertension 15.8% 12.6% 15.1% 0.022 Stroke 4.1% 4.4% 3.9% 0.868
History of cigarette use 12.5% 9.7% 14.4% 0.008 Acute rejection 17.7% 15.5% 18.0% 0.246

(>20PY) Treated for acute rejection 16.1% 18.6% 16.4% 0.443
History of diabetes 4.1% 2.3% 3.6% 0.008 episodes within 1 yr
History of CAD 0.2% 0.1% 0.3% 0.509 Cause of death 0.457
History of MI 1.1% 1.1% 2.6% 0.003 Cardiovascular 16.1% 15.3% 14.9%

Cause of death <0.001 Infection 22.6% 27.1% 31.7%

Anoxia 45.6% 49.0% 63.8% Graft failure 9.9% 12.9% 9.9%

Head trauma 39.1% 40.8% 25.8% MOF 11.1% 5.9% 8.9%

CVA 12.7% 6.5% 8.8% Other 40.3% 38.8% 34.7%

CPR given? 55.1% 56.1% 98.3% <0.001 - - - - -
ICU = inty t; LOS = length of stay; MOF = Itipl failure;

CPR duration (min) 20(10-30)  15(9-22)  16(9-30)  <0.001 PPM = boran o o Tx =ttt fmuitiple organ fatture

Ischemic time (hours) 35411 50422 34+11 <0001 p p : plant.

Agonal time (min)* N/A 2(1-4) N/A N/A

Functional warm ischemic N/A 28 (21-81) N/A N/A . . .

time (min) who were paired with DBD donors. Overall, when compared with the
Total warm ischemic time N/A 32(24-84) N/A N/A existing literature, our findings are consistent with results obtained

(min) ) from both national and international investigations.

Procurement technique N/A N/A N/A Though the first DCD HTx was conducted in South Africa in

DPP 66.3% 11 . . . . . .

NRP 33.8% 1967, the technique was primarily pioneered in Australia and
Organs recovered 5(4-6) 4(3-4) 4(4-6) <0.001 Europe. In an updated report that utilized data from 74 DCD recipi-
Organs transplanted 4(4-6) 4(3-4) 4(4-6)  <0.001 ents from St. Vincent’s Hospital in Sydney, Australia, Joshi et al. dis-
ABO blooque matching - s - 0.256 cuss their longitudinal experiences and outcomes since 2014.* In

[C;emngigl ¢ 82‘% 3(3;'5; 82‘ = their analysis, they found that DCD and DBD groups had a similar 1-
HLA mismatch ’ ’ ' 0371 and 5-year mortality risk. In a subgroup analysis within the DCD

0-3 14.1% 12.5% 14.8% group, the authors also compared rates of severe primary graft dys-

4-6 85.9% 87.5% 85.2% function (PGD) between the 2 periods of 2014 to 2018 and 2018 to
PHM ratio 1.0440.17  1.04+0.18  1.04+0.17  0.746

BMI = body mass index; CVA = cerebrovascular accident; HLA = human leukocyte anti-
gen; PHM = predicted heart mass; PY = pack-year.

* Defined as the interval between the withdrawal of life support to the agonal
phase (systolic blood pressure < 80 mmHg or an oxygen saturation of < 80%).

T Defined as the interval between the agonal phase (systolic blood pressure
< 80 mmHg or an oxygen saturation of < 80%) to cross clamping of the aorta.

i Defined as the interval between the withdrawal of life support to cross clamping
of the aorta.

procurement technique and illustrated with Kaplan-Meier survival
curves in Supplementary Figure S2. Survival estimates for 30 days, 6
months, 1 year, and 2 years are as follows for each group, respec-
tively: DPP: 95.5%, 90.8%, 89.7%, and 82.4%; NRP: 98.4%, 97.9%, 94.6%,
and 83.2%. Using the log-rank test, we demonstrated similar survival
between the groups (p = 0.069). This finding was further supported
by statistically comparable mortality risk between DPP and NRP in
the univariable and multivariable Cox regression models in Table 4.

Discussion

Our investigation shows promising findings for the continued use of
DCD donors as a means to expand the HTx donor pool. Since its imple-
mentation in the United States, the rate of DCD use and the number of
transplant centers that offer this alternative to DBD have increased
exponentially between 2019 and 2023. Currently, as of September
2023, nearly 2,000 additional patients have been afforded a heart trans-
plant, with over 50 transplant centers participating in DCD IIl HTx. Per-
haps most importantly, our analysis demonstrated that DCD patients,
either Type III or IV, had comparable survival as conventional recipients

2022; they discovered that severe PGD necessitating ECMO use
decreased precipitously between these eras, from 35% to 8%, suggest-
ing a protective value of increased experience with the DCD proce-
dure. The Royal Papworth Hospital in Cambridge, United Kingdom
similarly found reassuring outcomes between DCD and DBD groups.’
In their investigation, they report that both groups had comparable
postoperative mechanical circulatory support, cardiac function, rejec-
tion episodes that required treatment, and survival. Interestingly, the
authors describe how they were able to increase their HTx volume by
48% during the study period simply by utilizing DCD donors.

In the United States, the use of DCD donors has only recently been
introduced into practice. Similar to outcomes observed internation-
ally, preliminary data suggests that DCD use is a safe and effective
way to increase the donor pool. In a single-center investigation at
Vanderbilt University Medical Center that examined 122 DCD recipi-
ents, the investigators found similar outcomes between DCD and
DBD recipients across multiple metrics, including severe PGD at 48-
hours, readmission rates, treated rejection events, cardiac allograft
vasculopathy (CAV), and survival.'”> Of note, one aspect that was
acknowledged was that DCD donors and their recipients were gener-
ally healthier with fewer comorbidities than their DBD counterparts,
similar to the findings observed in our study. Another investigation
using data from Massachusetts General Hospital demonstrated simi-
lar survival and graft rejection across donation types; however, an
interesting discovery was that the DCD group had transient
impairment in right heart function.'® The investigators attribute this
right heart dysfunction to a multitude of factors, including cardiac
ischemia and acidosis during the WIT period, sudden brain death at
the time of procurement, and stress while on the ex-vivo machine.
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Figure 4. Kaplan-Meier survival curves across heart transplant donation types. DBD = donation after brain death; DCD = donation after circulatory death.

Nonetheless, their right heart function made a full recovery by the
third postoperative week. Interestingly, this finding may be indirectly
observed within our study; namely, the increased incidence of renal
failure necessitating dialysis in the postoperative setting for DCD III
recipients may be attributed to a cardiorenal-like syndrome as a result
of the associated right-sided heart dysfunction. In addition to single-
center investigations, multicenter studies have yielded similar reas-
suring data on the use of DCD donors for HTx.” Notably, there is an
ongoing prospective clinical trial involving 15 HTx centers comparing
DCD with DBD use; preliminary results after a 6-month follow-up
period showed that the DCD arm had noninferior survival compared
to the standard of care control group.'* Remarkably, an ancillary find-
ing to this investigation was that out of the 6 DCD recipients with a
WIT greater than 30 minutes, none developed PGD. Given that WIT is
conventionally a limiting factor toward DCD organ recovery,' such
findings may encourage further in-vivo research to determine an
appropriate WIT upper limit. This may have particularly significant
clinical implications in pediatric DCD HTx, as younger donors have
been observed to be less sensitive to the hazard of cold ischemic
time,'® though it is unknown if such a relationship also exists for WIT.

In addition to the survival analysis comparing DBD with DCD
groups, our investigation also conducted a subgroup analysis within
DCD III recipients based on their procurement technique with either

Table 4
Univariable and multivariable mortality risk association of donation type and
procurement technique after heart transplantation

Unadjusted model Final adjusted model

HR (95% CI) p-value HR (95% CI) p-value

Donation type”
DBD Ref.

—_ Ref.
1.17(0.93-147) 0.170

1.07 (0.83-1.38)  0.588

DPP or NRP. Whereas DPP involves the immediate cannulation and
excision of the donor heart into an ex-vivo perfusion system, NRP
allows for in-vivo perfusion by reanimating the donor heart with a
modified ECMO cannulation imposed upon surgically occluding cere-
bral blood flow. In comparing the advantages of the 2 techniques,
though DPP may require less resources, NRP allows for a direct
assessment of cardiac function while limiting the WIT period for the
heart and other abdominal organs,” resulting in less biliary complica-
tions and graft failure for liver transplants, as well as early graft func-
tion recovery for kidney transplants.”'® Nonetheless, the practice of
NRP use is controversial, as a patient resuscitated on ECMO is no lon-
ger considered “dead” by cardiocirculatory standards. Instead, with
blood flow to the brain interrupted, the donor will eventually prog-
ress to meeting the full criteria of brain death. The American College
of Physicians highlights this ethical dilemma in their positional state-
ment as of 2021,'° and there remains ongoing debate on this topic.°
Despite the unique advantages and disadvantages to each procure-
ment technique, there is no clear consensus on which of the 2 modal-
ities is superior. In fact, many investigations have illustrated that
survival outcomes between NRP and DPP are comparable.®*! How-
ever, some studies favor NRP as having shorter ischemic time, less
time on ventilation, and shorter length of hospitalization, as well as
reduced incidence of renal failure necessitating dialysis and rejection
requiring treatment.® Ultimately, such decisions will likely be depen-
dent on institutional resources and regional policy.

Strengths and Limitations

A major advantage of our study is the use of a national database
with a large sample size that is representative of multiple transplant
programs of various characteristics. This increases generalizability
compared to single-center studies. However, our investigation has

DCD 1l . . . . .
DD IV 093(075-116) 0536 098(079-122) 0857 llmltat}ons mhe;rept tg all retrgspectlve studies. One d.ravx./back is the
Procurement potential for missing information or a lack of granularity in collected
technique' data. For instance, there is currently no data collected on the procure-
DPP Ref. — Ref. — ment method for DCD Il donors, whether DPP or NRP. As such,
NRP 0.59(0.33-1.05) 0.072 0.67(0.33-1.36) 0272

DBD = donation after brain death; DCD = donation after circulatory death;
DPP = direct procurement and perfusion; NRP = normothermic regional perfu-
sion.

* DCD III (ref.) vs DCD IV: unadjusted model: 0.80 (0.59-1.08), p = 0.142; final
adjusted model: 0.91 (0.66-1.26); p = 0.587.

¥ Subgroup analysis for DCD III recipients only.

assumptions were made to infer the procurement technique for such
donors, which may have its own inherent limitations and biases. Irre-
spective, the method that we adopted to categorize procurement
methods has been widely accepted in prior studies, and our overall
results are consistent with the current data in the literature. As DCD
use becomes more widespread in the United States, we are hopeful
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that further granular data will be collected and incorporated into the
UNOS database to allow for nuanced investigation within this evolv-
ing topic. Additionally, because DCD use was only recently intro-
duced in the United States, with most of the cases occurring in the
past 2 years, our follow-up period had to be selected with great care.
As such, in order to better understand the subacute to long-term
implications of DCD use while minimizing the potential risk of ascer-
tainment bias from informative censoring, we opted to choose a 2-
year follow-up period. Although we adjusted for relevant covariates,
there is a possibility of residual confounding from unmeasured risk
factors. Further investigations are encouraged in the future to better
understand the long-term consequences of DCD use.

Conclusion

The current organ shortage, coupled with the increasing demand

for HTx necessitates that we as a transplant community find safe
alternatives to the traditional donor eligibility criteria. Our analysis
found that DCD use is an increasingly utilized option by a growing
number of transplant centers. Though DCD Type III recipients were
more likely to have acute kidney injury necessitating dialysis post-
HTx, we demonstrated that both DCD type IIl and IV have comparable
permanent pacemaker placement, stroke, and acute rejection prior to
discharge, acute rejection requiring treatment within 1-year of trans-
plant, and subacute survival outcomes as the standard of care DBD
donors. For those specifically within the DCD III group, we found no
significant difference in mortality risk by procurement technique,
whether DPP or NRP. Overall, our investigation provides encouraging
data to support DCD use as a safe option to increase the limited donor
pool in the United States.

Declaration of competing interest

The authors have no competing interests to declare.

CRediT authorship contribution statement

Ahad Firoz: Writing — review & editing, Writing — original draft,

Visualization, Methodology, Investigation, Formal analysis, Conceptu-
alization. Imo Ebong: Writing — review & editing, Validation, Super-
vision. Martin Cadeiras: Writing — review & editing, Validation,
Supervision. Shirin Jimenez: Writing — review & editing, Validation,
Supervision.

Supplementary materials

Supplementary material associated with this article can be found in

the online version at https://doi.org/10.1016/j.amjcard.2025.08.061.

References

—_

LS}

3

Colvin MM, Smith JM, Ahn YS, Handarova DK, Martinez AC, Lindblad KA, Israni AK,
Snyder JJ. OPTN/SRTR 2022 Annual Data Report: heart. Am ] Transplant 2024;24
(251):5305-93.

Siddiqui 2F, Al-Adwan Y, Subramanian ], Henry ML. Contemporary considerations
in solid organ transplantation utilizing DCD donors. Transplant Rep 2022;7
(4):100118.

Messer S, Cernic S, Page A, Berman M, Kaul P, Colah S, Ali J, Pavlushkov E, Baxter J,
Quigley R, Osman M, Nachum E, Parameshwar J, Abu-Omar Y, Dunning J, Goddard

1

1

1

1

1

1

1

1

1

1

2

2

S

w

(=2}

~

[oe)

=}

0

—_

N

3

S

5

6

~

8

©o

0

—_

M, Bhagra S, Pettit S, Cheshire C, Lewis C, Kydd A, Ali A, Sudarshan C, Jenkins D,
Tsui S, Hall R, Catarino P, Large SR. A 5-year single-center early experience of heart
transplantation from donation after circulatory-determined death donors. ] Heart
Lung Transplant 2020;39(12):1463-75.

Joshi Y, Scheuer S, Chew H, Ru Qiu M, Soto C, Villanueva ], Gao L, Doyle A, Takahara S,
Jenkinson C, Vaidhya N, Matsumoto Y, Hwang B, Zhao C, Iyer A, Connellan M, Watson
A, Granger E, Muthiah K, Jabbour A, Kotlyar E, Keogh A, Bart NK, Hayward C, Dhital K,
Jansz P, Macdonald PS. Heart transplantation from DCD donors in Australia: lessons
learned from the first 74 cases. Transplantation 2023;107(2):361-71.

Truby LK, Casalinova S, Patel CB, Agarwal R, Holley CL, Mentz R], Milano C, Bryner B,
Schroder JN. Devore AD Donation after circulatory death in heart transplantation:
history, outcomes, clinical challenges, and opportunities to expand the donor pool.
J Card Fail 2022;28(9):1456-63.

Kootstra G, Daemen JH, Oomen AP. Categories of non-heart-beating donors. Trans-
plant Proc 1995;27(5):2893-4.

Thuong M, Ruiz A, Evrard P, Kuiper M, Boffa C, Akhtar MZ, Neuberger ], Ploeg R.
New classification of donation after circulatory death donors definitions and termi-
nology. Transpl Int 2016;29(7):749-59.

Chen Q, Emerson D, Megna D, Osho A, Roach A, Chan J, Rowe G, Gill G, Esmailian F,
Chikwe ], Egorova N, Kirklin JK, Kobashigawa ], Catarino P. Heart transplantation
using donation after circulatory death in the United States. ] Thorac Cardiovasc
Surg 2023;165(5). 1849-1860.e6.

Kwon JH, Ghannam AD, Shorbaji K, Welch B, Hashmi ZA, Tedford RJ, Kilic A. Early
outcomes of heart transplantation using donation after circulatory death donors in
the United States. Circ Heart Fail 2022;15(12):e009844.

Wall A, Rosenzweig M, McKenna GJ, Ma TW, Asrani SK, Testa G. Six-month abdomi-
nal transplant recipient outcomes from donation after circulatory death heart
donors: a retrospective analysis by procurement technique. Am ] Transplant
2023;23(7):987-95.

Rajab TK, Chen S, Nadig SN, Atkinson C. Surgical innovation: heart transplantation
after cardiac death. Surg Innov 2021;28(5):656-8.

Siddiqi HK, Trahanas J, Xu M, Wells Q, Farber-Eger E, Pasrija C, Amancherla K,
Debose-Scarlett A, Brinkley DM, Lindenfeld ], Menachem ]JN, Ooi H, Pedrotty D,
Punnoose L, Rali AS, Sacks S, Wigger M, Zalawadiya S, McMaster W, Devries S, Shah
A, Schlendorf K. Outcomes of heart transplant donation after circulatory death. J
Am Coll Cardiol 2023;82(15):1512-20.

DA D'Alessandro, Wolfe SB, Osho AA, Drezek K, Prario MN, Rabi SA, Michel E, Tsao L,
Coglianese E, Doucette M, Zlotoff DA, Newton-Cheh C, Thomas SS, Ton VK, Sutaria
N, Schoenike MW, Christ AM, Paneitz DC, Madsen ]C, Pierson R, Lewis GD. Hemody-
namic and clinical performance of hearts donated after circulatory death [pub-
lished correction appears in. ] Am Coll Cardiol 2022;80(14):1314-26.

Schroder JN, Patel CB, DeVore AD, Bryner BS, Casalinova S, Shah A, Smith JW, Fiedler
AG, Daneshmand M, Silvestry S, Geirsson A, Pretorius V, Joyce DL, Um JY, Esmailian
F, Takeda K, Mudy K, Shudo Y, Salerno CT, Pham SM, Goldstein D], Philpott ], Dun-
ning J, Lozonschi L, Couper GS, Mallidi HR, Givertz MM, Pham DT, Shaffer AW, Kai
M, Quader MA, Absi T, Attia TS, Shukrallah B, Sun BC, Farr M, Mehra MR, Madsen ]C,
Milano CA, DA D'Alessandro. Transplantation outcomes with donor hearts after cir-
culatory death. N Engl ] Med 2023;388(23):2121-31.

Dann TM, Spencer BL, Wilhelm SK, Drake SK, Bartlett RH, Rojas-Pena A, Drake DH.
Donor heart refusal after circulatory death: an analysis of United Network for
Organ Sharing refusal codes. JTCVS Open 2024;18:91-103.

Russo M], Chen JM, Sorabella RA, Martens TP, Garrido M, Davies RR, George I,
Cheema FH, Mosca RS, Mital S, Ascheim DD, Argenziano M, Stewart AS, Oz MC,
Naka Y. The effect of ischemic time on survival after heart transplantation varies by
donor age: an analysis of the United Network for Organ Sharing database. | Thorac
Cardiovasc Surg 2007;133(2):554-9.

Croome KP, Barbas AS, Whitson B, Zarrinpar A, Taner T, Lo D, MacConmara M, Kim J,
Kennealey PT, Bromberg ]S, Washburn K, Agopian VG, Stegall M, Quintini C. Ameri-
can Society of Transplant Surgeons recommendations on best practices in donation
after circulatory death organ procurement. Am J Transplant 2023;23(2):171-9.
Alamouti-Fard E, Garg P, Wadiwala 1], Yazji JH, Alomari M, Hussain MWA, Elawady
MS, Jacob S21, Zong J, Ye W, Yu ], Zhang X, Cui ], Chen Z, Y Li, Wang S, Ran S, Niu Y,
Luo Z, Li X, Zhao J, Hao Y, Xia ], Wu J. Normothermic regional perfusion is an emerg-
ing cost-effective alternative in donation after circulatory death (DCD) in heart
transplantation. Cureus 2022;14(6):e26437.

American College of Physicians. Ethics, determination of death, and organ trans-
plantation in normothermic regional perfusion (NRP) with controlled donation
after circulatory determination of death (cDCD): American College of Physicians
Statement of concern. 2021.

Parent B, Caplan A, Moazami N, Montgomery RA. Response to American College of
Physician’s statement on the ethics of transplant after normothermic regional per-
fusion. Am ] Transplant 2022;22(5):1307-10.

Zong J, Ye W, Yu ], et al. Outcomes of heart transplantation from donation after circulatory
death: an up-to-date systematic meta-analysis. Transplantation 2024;108:e264-75.


https://doi.org/10.1016/j.amjcard.2025.08.061
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0001
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0001
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0001
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0002
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0002
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0002
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0003
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0003
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0003
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0003
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0003
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0003
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0004
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0004
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0004
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0004
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0004
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0005
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0005
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0005
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0005
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0006
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0006
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0007
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0007
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0007
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0008
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0008
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0008
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0008
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0009
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0009
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0009
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0010
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0010
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0010
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0010
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0011
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0011
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0012
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0012
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0012
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0012
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0012
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0013
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0013
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0013
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0013
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0013
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0014
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0014
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0014
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0014
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0014
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0014
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0014
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0015
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0015
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0015
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0016
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0016
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0016
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0016
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0016
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0017
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0017
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0017
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0017
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0018
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0018
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0018
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0018
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0018
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0020
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0020
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0020
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0021
http://refhub.elsevier.com/S0002-9149(25)00534-X/sbref0021

	Characteristics, Trends, and Outcomes of Heart Donation After Circulatory Death: An Early Analysis of the United Network for Organ Sharing Database
	Methodology
	Study population
	Classification of donation type and procurement methods
	Statistical analysis

	Results
	Discussion
	Strengths and Limitations
	Conclusion
	Declaration of competing interest
	CRediT authorship contribution statement
	Supplementary materials
	References



