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Abstract

Background: In donation after circulatory death (DCD)
heart transplants, choosing an optimal procurement method
between normothermic regional perfusion (NRP) and di-
rect procurement and preservation on the TransMedics Or-
gan Care System (OCS) remains an important considera-
tion. Thus, we aimed to evaluate long-term outcomes be-
tween NRP and OCS in DCD heart transplants. Meth-
ods: Using the UNOS registry, we queried all adults (≥18
years old) undergoing DCD and donation after brain death
(DBD) heart transplantation between December 2019 and
September 2023. TransMedics OCS donors were defined
by time from death to clamp ≤30 minutes. Comparatively,
NRP donors were defined by time from death to clamp>30
minutes. Kaplan–Meier recipient and graft survival anal-
yses were conducted. Multivariate Cox proportional haz-
ard models were used to identify independent predictors
of mortality. Results: We identified 11,767 DBD trans-
plants, 507 OCS, and 265 NRP recipients. Acute rejec-
tion rates were not significantly different between groups
(p = 0.42). However, significant differences in overall sur-
vival were identified between DBD, OCS, and NRP (p =
0.019). Nonetheless, this difference may be attributed to a
significant decline in survival for OCS recipients at 3 years
(60.7% vs. 78.8% for DBD vs. 83.3% for NRP). More-
over, there were significant differences in graft survival
(p = 0.02), with NRP demonstrating superior outcomes at
3 years (83.3%) compared to 60.7% for OCS and 80.0%
for DBD. Conclusion: Both procurement methods demon-
strate comparable short-term survival and graft function.
However, long-term outcomes are more favorable among
NRP recipients than OCS and conventional DBD methods.
Nevertheless, continued investigation is needed to under-
stand why this mortality difference exists.
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Introduction

Orthotopic heart transplantation represents the gold
standard for patients with end-stage heart failure [1,2]. With
improved techniques for transplantation, perioperative care,
and long-term immunosuppression therapies, survival has
continued to extend beyond 10 years post-transplant [3].
However, the organ donor shortage remains a critical limit-
ing factor in our ability to deliver heart transplants to more
than 3000 patients on the waiting list in the United States
[4]. While traditional donation after brain death (DBD)
heart transplant remains the predominant strategy, trans-
planting donation after circulatory death (DCD) donors has
been increasingly performed in the United States since 2019
with comparable outcomes to DBD [1,5–10]. In addition,
DCD heart transplants have been shown to significantly in-
crease donor organ pool and utilization [6,11].

DCD heart transplants are functionally different from
DBD in that these donors experience asystole. Thus, the
goal in optimizing DCD transplants is to (i) minimize warm
ischemia time, (ii) transport hearts to the recipient without
functional compromise, and (iii) assess functional capabil-
ities before placing the allograft in the recipient. Currently,
there are twowidely used procurement strategies: normoth-
ermic in-situ regional perfusion (NRP) and direct procure-
ment and preservation (DPP) using ex-vivo machine perfu-
sion such as the Organ Care System (OCS) (TransMedics
Inc., Boston, MA, USA). Recent studies have demonstrated
comparable short-term outcomes between NRP and OCS
in centers performing DCD heart transplants [1,6–9,12,13].
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NRP has also proven more cost-effective than DPP [10].
However, the long-term survival and outcomes between
NRP and OCS methods, especially relative to conventional
DBD heart transplants, have yet to be examined. Thus, we
aim to evaluate longitudinal utilization and long-term sur-
vival between NRP and OCS methods in DCD heart trans-
plants compared to DBD.

Materials and Methods

Source of Data and Study Population

We utilized the United Network for Organ Sharing
(UNOS) Standard Analysis and Research (STAR) database,
which facilitates the Organ Procurement and Transplanta-
tion Network (OPTN). Due to the de-identified nature of
the database, this study was deemed exempt from the Vir-
ginia Commonwealth University School of Medicine In-
stitutional Review Board and complies with the Interna-
tional Society for Heart and Lung Transplantation (ISHLT)
ethics statement. Due to the retrospective nature of the
database, the need for informed consent for the study was
also waived. We identified all adult patients (aged ≥18
years) listed for DCD and DBD heart transplants in the
United States from December 1, 2019, to September 30,
2023. Patients who underwent multi-organ transplants or
missing donor information were excluded. All donors were
Maastricht class 3.

Determining Procurement Methodology

Since UNOS does not collect organ procurement tech-
niques for each transplant case, we used the methodology
established by Wall et al. [14] to distinguish between NRP
and OCS. Death-to-cross clamp time ≤30 minutes was de-
fined as OCS, while >30 minutes was defined as NRP
[14]. However, given the concern that utilizing the 30-
minute time mark may have misclassified a subset of pa-
tients, further subgroup analysis was performed to divide
≤30-minute group (OCS) into ≤10 minutes and >10 min-
utes and to divide the>30-minute group (NRP) into 31–40
minutes and >41 minutes.

Statistical Analysis

All recipients of heart transplants were stratified by the
modes of their donor’s death: DCD and DBD. DCD heart
transplant recipients were further stratified into NRP and
OCS. To better isolate the impact of procurement methods,
NRP and DPP groups were compared within two sets of
subgroups: with and without (presumed static cold storage)
ex vivo machine perfusion on OCS. Recipient and matched
donor characteristics were collected, with categorical vari-
ables reported as percentages and continuous variables re-
ported as means with standard deviations (SD) or median

with interquartile ranges (IQRs). The one-way analysis of
variance (ANOVA) test was used to compare continuous
variables following the Gaussian distribution.

In contrast, the Kruskal-Wallis test was used to com-
pare continuous variables that do not follow the Gaussian
distribution. Categorical variables were compared using
Pearson’s Chi-square test. Our outcomes of interest in-
cluded recipient and primary graft survival at 30 days, 1-,
and 3 years. We also analyzed postoperative outcomes such
as length of hospital stay, acute rejection rates, and post-
operative dialysis. The Kaplan-Meier method was used to
plot and assess recipient and primary graft survival, and the
log-rank test was used to compare cohort differences. We
used multivariate Cox proportional hazard models to esti-
mate the adjusted hazard ratios (HR) for NRP and OCS on
the risk of mortality using recipient and donor comorbidi-
ties, donor cause of death, recipient diagnoses, age, sex,
bodymass index (BMI), and donor-recipient distance as co-
variates. All analyses were performed using R Statistical
Software (version 4.3.1, R Core Team, 2020, Vienna, Aus-
tria). All p-values were based on two-sided statistical tests,
with significance at p < 0.05.

Results

Baseline Recipient and Donor Characteristics

During the study period, 12,539 patients received iso-
lated heart transplants, 507 of whom underwent DCD with
OCS, 265 underwent DCD with NRP, and 11,767 under-
went DBD. The number of DCDs has steadily increased
since 2019, with most NRP used in 2022 compared to all
previous years (Fig. 1).

Several differences in recipient characteristics were
identified between cohorts (Table 1).

DCD NRP recipients were significantly older than
DCD OCS and DBD groups (p < 0.001). Recipients of
DCD NRP were much less likely to be females than other
groups (p < 0.001) but had the highest BMI (p < 0.001).
Both DCD OCS and NRP recipients were more likely to
have diabetes compared to DBD recipients (p = 0.004).
There were significant differences in primary cardiac diag-
noses between groups (p < 0.001). Most notably, DCD
NRP recipients were more likely to have required heart
transplants due to ischemic cardiomyopathy compared to
DCD OCS and DBD recipients. Importantly, DCD NRP
recipients were least likely to have required pre-transplant
circulatory support on extracorporeal membrane oxygena-
tion (ECMO) compared to DCD OCS and DBD recipients
(p < 0.001). We found no significant differences between
groups’ days spent on the waitlist (p = 0.09).

While donor BMI (p = 0.79) and age (p = 0.31) did
not differ between groups, we found significant differences
in the donor’s mode of death between groups (p = 0.0002).
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Fig. 1. The number of DCD heart transplants performed yearly from December 1, 2019, to September 30, 2023, was stratified
by procurement methods (NRP vs. OCS). DCD, donation after circulatory death; NRP, normothermic regional perfusion; OCS, Organ
Care System.

DCD NRP donors were less likely to have died by anoxia
but much more likely to have experienced head trauma or
central nervous system (CNS) tumor. As expected, there
were significant differences between groups using ex vivo
machine perfusion (p < 0.001). As expected, DCD OCS
donors were most likely to have been preserved via ex vivo
machine perfusion (79.68%). Notably, however, 33.21% of
DCD OCS donor organs were also preserved via machine
perfusion. DCD OCS donor organs traveled the shortest
distance to the recipient transplant center than DCD OCS
and DBD (p < 0.001).

Clinical Outcomes

There were significant differences in overall survival
(p = 0.019) between groups (Fig. 2).

This is primarily attributed to the discrepancy in sur-
vival between DBD and DCDOCS donors (p = 0.007), par-
ticularly at 3 years (79.8% vs. 60.7%). There were no sig-
nificant differences in overall survival between DBD and
DCD NRP (p = 0.47) or DCD NRP and DCD OCS (p =
0.094). DCD NRP recipients experienced 98.2, 92.7, and
83.3% survival rates at 30-day, 1-, and 3-year intervals, re-
spectively (Table 2).

We found significant differences in long-term graft
survival (p = 0.02), with DCD NRP demonstrating 98.2,
92.7, and 83.3% survival at 30-day, 1-, and 3-year intervals
compared to 95.9, 89.5, and 60.7% for DCD OCS at the
same time intervals. There were no significant differences
in acute rejection rates (p = 0.42). However, DCD OCS re-
cipients were more likely to require postoperative dialysis

(p = 0.003). We found substantial differences in length of
hospital stay between groups (p = 0.03), with DBD (25.07
days) recipients requiring the most extended hospitalization
compared to DCDOCS (22.60 days) andNRP (21.48 days).

Importantly, 33.21% of the DCD NRP group had also
utilized OCS as a method of organ preservation. Thus, the
impact of procurement methods (NRP vs. DPP) on recip-
ient and graft survival were directly compared within sub-
groups of recipients whose hearts were either preserved via
OCS or not. Among recipients of hearts which were pre-
served on OCS, we observed no significant differences in
3-year recipient (p = 0.52; Fig. 3A) and graft (p = 0.41,
Fig. 3B) survival. However, among recipients of hearts
which were not preserved on OCS, NRP conferred signif-
icant recipient (p = 0.047; Fig. 4A) and graft (p = 0.046;
Fig. 4B) survival benefits at the 3-year time interval.

On multivariate Cox proportional hazard models,
NRP was associated with significantly improved survival
(HR 0.52, p = 0.04), while OCS was associated with in-
creased risk of mortality (HR 1.44, p = 0.01) compared to
conventional DBD (Table 3). However, ex vivo machine
perfusion of the donor heart alone had no significant impact
on survival (HR 1.02, p = 0.37). Furthermore, increased
recipient age (HR 1.01, p < 0.001), BMI (HR 1.02, p <

0.001), and need for ventilator support at transplant (HR
2.12, p< 0.001) were associated with increased risk of mor-
tality.

Furthermore, in DCD heart transplants, increased re-
cipient age (HR 1.01, p < 0.001), BMI (HR 1.02, p <

0.001), and preoperative need for a ventilator (HR 2.12, p
< 0.001) were associated with increased risk of mortality.
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Table 1. Baseline recipient and donor characteristics by organ donation type and procurement methods.
Characteristics DBD (N = 11,767) DCD OCS (N = 507) DCD NRP (N = 265) p-value

Recipient Characteristics
Age, Mean (SD) 46.67 (20.30) 53.17 (12.82) 54.73 (14.12) <0.001
Females, N (%) 3517 (29.89%) 110 (21.70%) 52 (19.62%) <0.001
BMI (kg/m2), Mean (SD) 26.59 (5.85) 28.31 (4.88) 29.00 (5.00) <0.001
Diabetes 2841 (24.14%) 149 (29.39%) 78 (29.43) 0.004
Primary Cardiac Diagnosis, N (%) <0.001
Nonischemic Cardiomyopathy 6083 (51.70%) 278 (54.83%) 127 (47.92%)
Ischemic Cardiomyopathy 2500 (21.25%) 124 (24.46%) 79 (29.81%)
Hypertrophic/Restrictive Cardiomyopathy 947 (8.04%) 38 (7.49%) 18 (6.79%)
Congenital Heart Disease 1194 (10.15%) 17 (3.35%) 8 (3.02%)
Others/Unknown 1043 (8.76%) 50 (9.86%) 33 (12.45%)

Days on Waitlist, Median (IQR) 34 (10–147.5) 40 (10–183) 30 (10–115) 0.09
ECMO at Transplant, N (%) 685 (5.82%) 8 (1.58%) 2 (0.75%) <0.001
Ventilator at Transplant, N (%) 361 (3.07%) 1 (0.19%) 3 (1.13%) <0.001

Donor Characteristics
Age, Mean (SD) 29.65 (12.62) 30.03 (7.89) 29.81 (9.58) 0.79
Females, N (%) 3562 (30.27%) 75 (14.79%) 29 (10.94%) <0.0001
BMI (kg/m2), Mean (SD) 27.09 (6.73) 27.54 (6.18) 27.23 (6.92) 0.31
History of Cigarette Use, N (%) 1242 (10.87%) 46 (9.20%) 24 (9.19%) 0.35
Race and Ethnicity, N (%) <0.0001
White 7039 (59.82%) 399 (78.70%) 204 (76.98%)
Black 2141 (18.19%) 58 (11.44%) 15 (5.66%)
Hispanic/Latino 2201 (18.70%) 41 (8.09%) 38 (14.33%)
Others 386 (3.28%) 9 (1.78%) 8 (3.02%)

Causes of Death, N (%) 0.0002
Anoxia 5572 (47.35%) 253 (49.90%) 121 (45.66%)
Stroke 1304 (11.08%) 30 (5.92%) 19 (7.17%)
Head Trauma 4592 (39.02%) 209 (41.22%) 114 (43.02%)
CNS Tumor 43 (0.37%) 1 (0.19%) 2 (0.75%)
Others 256 (2.18%) 14 (2.76%) 14 (5.28%)

Ex-vivoMachine Perfusion, N (%) 332 (2.82%) 404 (79.68%) 88 (33.21%) <0.001
LVEF (%), Mean (SD) 61.88 (6.80) 62.61 (7.06) 62.88 (7.11) 0.004
Donor-Recipient Distance (nautical miles), Median (IQR) 245 (110–407) 410 (193–609.5) 220 (28–406) <0.001
Abbreviations: BMI, body mass index; CNS, central nervous system; DBD, donation after brain death; DCD, donation after circulatory
death; ECMO, extracorporeal membrane oxygenation; OCS, Organ Care System; NRP, normothermic regional perfusion; LVEF, left
ventricular ejection fraction; SD, standard deviation; IQR, interquartile range.

Table 2. Clinical outcomes of heart transplant recipients by matched organ donation type and procurement methods.
Outcomes DBD (N = 11,767) DCD OCS (N = 507) DCD NRP (N = 265) p–value

Acute Rejection, N (%) 1809 (15.37%) 79 (15.58%) 33 (12.45%) 0.42
Post-transplant Dialysis, N (%) 1548 (13.16%) 91 (17.95%) 43 (16.22%) 0.003
Length of Hospital Stay, Mean (SD) 25.07 (28.48) 22.60 (20.73) 21.48 (16.44) 0.03
Recipient Survival (%), Median (95% CI) 0.019

30–Days 97.1% (96.8–97.4%) 95.9% (94.0–97.8%) 98.2% (96.4–100%)
1–Year 91.1% (90.4–91.6%) 89.5% (86.3–92.7%) 92.7% (88.7–96.9%)
3–Years 79.8% (78.3–81.3%) 60.7% (46.7–78.9%) 83.3% (73.1–94.8%)

Graft Survival (%), Median (95% CI) 0.02
30–Days 97.0% (96.7–97.4%) 95.9% (94.0–97.8%) 98.2% (96.4–100%)
1–Year 91.0% (90.4–91.6%) 89.5% (86.3–92.7%) 92.7% (88.7–96.9%)
3–Years 80.0% (78.5–81.5%) 60.7% (46.7–78.9%) 83.3% (73.1–94.8%)

Abbreviations: CI, confidence intervals; DBD, donation after brain death; DCD, donation after circulatory death; OCS, Organ
Care System; NRP, normothermic regional perfusion.
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Fig. 2. Kaplan-Meier survival analyses between DBD, DCD NRP, and DCD OCS heart transplants. DBD, donation after brain
death; NRP, normothermic regional perfusion; OCS, Organ Care System; DCD, donation after circulatory death.

Fig. 3. Kaplan-Meier recipient (A) and graft (B) survival analyses between NRP and DPP among recipients of hearts preserved
by ex vivomachine perfusion using OCS. Shaded regions indicate 95% confidence intervals; DPP, direct procurement and preservation;
OCS, Organ Care System; NRP, normothermic regional perfusion.

Subgroup analyses between DCD NRP and OCS
groups revealed a clear delineation between death-to-
cross clamp times between the two procurement strategies
(Supplementary Fig. 1).

Discussion

As DCD heart transplants become increasingly per-
formed, many transplant centers may continue to evaluate

DCD as a viable alternative to DBD. Choosing an optimal
organ procurement and preservation method remains one of
the most crucial decisions in improving recipient outcomes
in DCD. In this study, we directly compared 3-year survival
estimates between NRP and OCS procurement methods for
all adult DCD heart transplants between 2019 and 2023,
particularly in the context of conventional DBD heart trans-
plants. Thus, this study represents the largest real-world co-
hort analysis of DCD heart transplants in the United States.
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Fig. 4. Kaplan-Meier recipient (A) and graft (B) survival analyses between NRP and DPP among recipients of hearts that were
not preserved by ex vivo machine perfusion using OCS. Shaded regions indicate 95% confidence intervals. DPP, direct procurement
and preservation; OCS, Organ Care System; NRP, normothermic regional perfusion.

Table 3. Adjusted multivariate Cox regression analysis on mortality risk in DCD heart transplant.
Variables Hazard Ratios 95% Confidence Intervals p-value

Type of Donation/Procurement Methods (DBD as Reference)
NRP 0.52 0.43–0.63 0.04
OCS 1.44 1.18–1.75 0.01

Recipient Age 1.01 0.83–1.23 <0.001
Recipient Sex (Male as Reference) 0.92 0.76–1.12 0.19
Recipient BMI 1.02 0.84–1.24 <0.001
Recipient on ECMO at Transplant 1.19 0.98–1.45 0.21
Recipient on Ventilator at Transplant 2.12 1.74–2.58 <0.001
Recipient Diabetes 1.09 0.9–1.33 0.23
Donor Organ Preserved via Ex VivoMachine Perfusion 1.02 0.89–1.45 0.37
Abbreviations: BMI, body mass index; DBD, donation after brain death; DCD, donation after circulatory death; ECMO,
extracorporeal membrane oxygenation; OCS, Organ Care System; NRP, normothermic regional perfusion.

Recipient and graft survival were broadly comparable be-
tween NRP and OCS at 30 days and 1 year. Importantly,
our data indicates that the benefits of NRP over conven-
tional DPP may be independent of organ preservation us-
ing OCS. However, after 3-years, recipients of DCD donor
hearts procured and preserved via OCS experienced declin-
ing survival rates, particularly when compared to conven-
tional DBD methods. In multivariate risk modeling, NRP
conferred significant survival benefits, whereas OCS was
associated with an increased risk of post-transplant mor-
tality. However, this may be largely driven by the DPP
methodology as opposed to the mode of organ preservation
using OCS, as ex vivomachine perfusion for the heart alone
had no impact on survival.

A recent study by Ran et al. [13] demonstrated similar
findings in propensity score-matched analyses where NRP
and OCS had comparable 1-year survival outcomes. Our
findings extend these results to 3-years when survival trends
diverge between NRP, OCS, and traditional DBD methods.

While this may be due to significant differences in survival
between DBD and OCS, our results may have more prac-
tical implications. In certain transplant centers and select
patients, it may be more beneficial to offer DBD organs
rather than DCD OCS organs, mainly if NRP is not a vi-
able alternative. This is especially important as OCS is less
cost-effective [8,15,16] and is associated with greater odds
of organ nonuse or incomplete procurement runs [10]. NRP
relies on a modified version of CPB but requires little in the
way of more specialized equipment.

On the other hand, OCS requires the OCS system and
single-use materials for each procurement. One cost anal-
ysis estimated each NRP transplant to cost about $4000,
while OCS involved the console for $275,000 and single-
use components costing between $40,000 and $55,000 [16].
Peled et al. [17] estimated the cost of ex-situ perfusion at
about $57,000; in the case series of 15 patients who under-
went successful NRP transplantation, the estimated savings
were $850,000 compared to the anticipated cost of OCS. A
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2024 single institution cost analysis estimated the cost per
organ for NRP to be about $2550, compared to the cost for
OCS, whichwas estimated at $80,000 per allograft. In other
words, as the authors pointed out, a single OCS organ costs
about as much as 31 organs procured with NRP [10]. Ar-
guments can be made for the cost-benefit of earlier organ
transplantation facilitated with DCD methodologies, espe-
cially compared with the anticipated costs of disease pro-
gression necessitating increased hospital and intensive care
unit (ICU) admissions and mechanical circulatory support;
however, the financial burden of OCS has likely delayed
adoption by some centers [16–18].

Several previous studies have demonstrated the ben-
efits of NRP in DCD heart transplants. A series of 15 pa-
tients transplanted via NRP with cold storage also showed
positive outcomes. At 24 hours, cardiac indices were about
3.4 L/min/m2, with LVEF >55 percent in all patients on
postoperative day seven transesophageal echocardiogram.
Of the 15 patients, three required temporary MCS post-
operatively, but all were able to be weaned off and re-
mained alive 30 days postoperatively. Of note, this study
was the first to demonstrate good outcomes with longer
ischemic times and in higher-risk donors, which suggests
longer transport times may be feasible without needing ex
vivo machine perfusion [15]. A notable advantage of NRP
is the ability to perform a complete cardiac assessment be-
fore procurement, thus allowing surgeons to avoid procur-
ing non-viable or borderline grafts and limiting the need
for OCS [19]. On the other hand, functional evaluation of
the donor’s heart remains limited during direct procurement
and preservation via OCS. In this strategy, much of the bio-
chemical assessment of the heart function is relegated to
arterial blood gasses and lactate trends, which may not cor-
relate well with posttransplant graft survival [20]. In addi-
tion, NRP significantly reduces warm ischemic time, help-
ing minimize the effects of ischemia-reperfusion injuries
[21]. Ultimately, both procurement methods have advan-
tages and disadvantages, and the decision betweenNRP and
DPP with or without OCS should be made on a patient-by-
patient basis. However, NRP should be the preferred pro-
curement technique in DCD heart transplants to maximize
recipient benefits even when OCS is not a viable option due
to cost constraints.

The ethical debates surrounding the use of DCD mer-
its further discussion. There is great heterogeneity regard-
ing the definition of death, particularly when considering
cultural and legal definitions with variations between coun-
tries and cultures. In NRP, a patient is pronounced dead
secondary to circulatory arrest; following a standoff pe-
riod, cardiac function is re-established for organ profusion
and subsequent procurement. Clamping of arch vessels
occludes cerebral perfusion and prevents travel of inflam-
matory mediators associated with brain death; however,
there is a question of collateral facilitating perfusion [17].
In 2021, the American College of Physicians stated con-

cern regarding the practice of NRP. The primary problem
is that re-initiating circulation with successful resuscitation
breached the definition of circulatory death [22]. The coun-
terargument is that the surgical team ensures cessation of
cerebral perfusion rather than inciting death. Animal stud-
ies have been performed demonstrating nomeaningful cere-
bral activity.

Furthermore, when a variety of metrics are used to
measure brain activity in donors, including nares perfu-
sion and electroencephalogram (EEG) activity, the patients
appear to remain brain dead despite reanimation of the
heart [23]. Some centers routinely utilize cerebral perfusion
monitoring; however, no standard guidelines exist [24]. A
2022 consensus statement from the ISHLT explored major
ethical principles in the setting of NRP and offered the fol-
lowing recommendations: (i) the decision to donate must
be an informed discussion with donor and family, with no
element of coercion; (ii) appropriate measures should be
taken to ensure donor comfort throughout the process; and
(iii) determination of death must be carried out before tran-
sitioning to procurement [15,25].

A notable potential advantage of OCS over NRP is
its ability to maintain normothermic perfusion over an ex-
tended period, which could enable donor organ procure-
ment at distant sites. Previous studies have demonstrated
optimal perfusion and allograft function for up to eight
hours. This has shown to be of particular use when con-
sidering areas like Australia, where centers are very spread
out and more extended distance travel may be necessary to
facilitate procurements [6,7,26–28]. Finally, allograft func-
tion via biochemical evaluation is possible via lactate levels
obtained from the aortic root and pulmonary artery cannula;
levels greater than 5 mmol/L have been shown to predict
post-transplant graft failure [29,30]. Monitoring of function
can better enable the use of marginal grafts, also helping to
expand the donor pool [31].

Finally, it is essential to acknowledge that most stud-
ies regarding OCS have only looked at short-term out-
comes. Given the decreased three-year survival for OCS
noted in this study, it is important to consider some mech-
anisms at play. Prolonged ex-situ perfusion has been as-
sociated with myocardial edema. However, this does not
affect the graft or recipient in the short term; it may cause
long-term effects by mediating an inflammatory response
[31]. In a large retrospective study, Li et al. [32] noted
increased rates of acute rejection across DCD donors com-
pared to DBD donors, including in propensity-matched and
subgroup analysis. Most patients in their cohort under-
went DCD with OCS, with increased total ischemic time;
ischemia is a well-established mediator of increased in-
flammatory cytokines. Long-term consequences of this ini-
tial inflammatory cascade may decrease overall survival
[29,32]. However, this remains an area where considerable
research is needed.
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Limitations

First, it is retrospective and relies on the utilization
of data from a registry, thus limiting the scope of informa-
tion. Patients may have had significant comorbidities con-
tributing to outcomes that could not be assessed given the
methods. In addition, data was limited to patients within
the United States, so outcomes from international centers
with significant experience in both methods of DCD could
not be included. Cutoff times were used as surrogates to
assume OCS vs. NRP; however, it is possible that this was
inaccurate; furthermore, there have been cases where grafts
are procured via NRP and then stored on OCS, and authors
were unable to account for this in statistics analysis. Addi-
tionally, time of death is not consistent between organ pro-
curement organizations, with some reporting time of death
after asystole and others reporting time of death after the
standoff period. This means some patients may have been
misclassified between the two groups. Finally, given the
small sample size, confidence intervals were wide and con-
tinued to grow with more extended periods. Given the lim-
ited data available, it is difficult to interpret the decreased
3-year survival. The survival difference at three years may
be due to chance alone and does not tell us definitively if
there is a reduced survival given the wide confidence inter-
val.

Conclusion

Using the UNOS database, we demonstrate that while
short-term outcomes between NRP and OCS remain com-
parable in DCD heart transplants, NRP may confer addi-
tional survival benefits beyond three years post-transplant.
On the other hand, OCS may be associated with an in-
creased risk of mortality, particularly compared to conven-
tional DBD heart transplants. As more transplant centers
continue to consider DCD organs, the advantages and dis-
advantages of procurement strategies should be carefully
evaluated to optimize outcomes for an ever-growing list of
patients awaiting heart transplants.

Availability of Data and Materials

The data supporting this study’s findings are available
fromUNOS/OPTN, but restrictions apply to their availabil-
ity. These data were used under license for the current study
and are not publicly available. Data are available from the
authors upon reasonable request and with the permission of
UNOS/OPTN.

Author Contributions

EB, GG, YCK: conceptualization, investigation,
methodology, validation, visualization, writing-original
draft, and writing-review and editing. MA: data cura-
tion, formal analysis, methodology, software, validation,
and visualization. IFT, KBS, JC, VK, and ZAH: concep-
tualization, investigation, project administration, supervi-
sion, resources, writing-original draft, writing-review and
editing. All authors contributed to editorial changes in
the manuscript. All authors read and approved the final
manuscript. All authors agree to be accountable for all as-
pects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropri-
ately investigated and resolved.

Ethics Approval and Consent to Participate

The study was carried out in accordance with the
guidelines of the Declaration of Helsinki. As all data
were de-identified, this study was exempt from the Vir-
ginia Commonwealth University School of Medicine Insti-
tutional Review Board. IRB approval was waived as the
study was deemed exempt from review. Thus, no IRB ap-
proval number is relevant for this study.

Acknowledgment

We especially thankMatthewAmbrosio in the Depart-
ment of Biostatistics for excellent statistical and data analy-
sis support. We would like to thank the Pauley Heart Center
for research support. This paper was presented at the 44th
Annual International Society for Heart Lung Transplanta-
tion meeting in Prague, Czech Republic, on April 10, 2024.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
59958/hsf.8163.

Heart Surgery Forum E155

https://doi.org/10.59958/hsf.8163
https://doi.org/10.59958/hsf.8163
https://journal.hsforum.com/


References

[1] Page A, Messer S, Large SR. Heart transplantation from do-
nation after circulatory determined death. Annals of Cardio-
thoracic Surgery. 2018; 7: 75–81. https://doi.org/10.21037/acs.
2018.01.08.

[2] White CW, Messer SJ, Large SR, Conway J, Kim DH, Kutso-
giannis DJ, et al. Transplantation of Hearts Donated after Circu-
latory Death. Frontiers in Cardiovascular Medicine. 2018; 5: 8.
https://doi.org/10.3389/fcvm.2018.00008.

[3] NHS Blood and Transplant annual report and ac-
counts 2014 to 2015. 2015. Available at: https:
//www.gov.uk/government/publications/nhs-blood-and-tra
nsplant-annual-report-and-accounts-2014-to-2015 (Accessed:
20 July 2024).

[4] Colvin MM, Smith JM, Ahn YS, Handarova DK, Martinez AC,
Lindblad KA, et al. OPTN/SRTR 2022 Annual Data Report:
Heart. American Journal of Transplantation: Official Journal
of the American Society of Transplantation and the American
Society of Transplant Surgeons. 2024; 24: S305–S393. https:
//doi.org/10.1016/j.ajt.2024.01.016.

[5] Schroder JN, Patel CB, DeVore AD, Bryner BS, Casalinova S,
ShahA, et al. Transplantation Outcomes with Donor Hearts after
CirculatoryDeath. TheNewEngland Journal ofMedicine. 2023;
388: 2121–2131. https://doi.org/10.1056/NEJMoa2212438.

[6] Messer S, Page A, Axell R, Berman M, Hernández-Sánchez J,
Colah S, et al. Outcome after heart transplantation from dona-
tion after circulatory-determined death donors. The Journal of
Heart and Lung Transplantation: the Official Publication of the
International Society for Heart Transplantation. 2017; 36: 1311–
1318. https://doi.org/10.1016/j.healun.2017.10.021.

[7] Chew HC, Macdonald PS, Dhital KK. The donor heart and or-
gan perfusion technology. Journal of Thoracic Disease. 2019;
11: S938–S945. https://doi.org/10.21037/jtd.2019.02.59.

[8] Peled Y, Messer S, Large SR, KittlesonMM. Donation after Cir-
culatory Death: Extending the Boundaries of this New Fron-
tier. The Journal of Heart and Lung Transplantation: the Of-
ficial Publication of the International Society for Heart Trans-
plantation. 2021; 40: 1419–1421. https://doi.org/10.1016/j.heal
un.2021.07.029.

[9] Zhou AL, Ruck JM, Casillan AJ, Larson EL, Shou BL, Kar-
ius AK, et al. Early United States experience with lung dona-
tion after circulatory death using thoracoabdominal normother-
mic regional perfusion. The Journal of Heart and Lung Trans-
plantation: the Official Publication of the International Society
for Heart Transplantation. 2023; 42: 693–696. https://doi.org/
10.1016/j.healun.2023.03.001.

[10] Bakhtiyar SS, Maksimuk TE, Gutowski J, Park SY, Cain MT,
Rove JY, et al. Association of procurement technique with organ
yield and cost following donation after circulatory death. Ameri-
can Journal of Transplantation: Official Journal of the American
Society of Transplantation and the American Society of Trans-
plant Surgeons. 2024; 24: 1803–1815. https://doi.org/10.1016/
j.ajt.2024.03.027.

[11] Quader M, Toldo S, Chen Q, Hundley G, Kasirajan V. Heart
transplantation from donation after circulatory death donors:
Present and future. Journal of Cardiac Surgery. 2020; 35: 875–
885. https://doi.org/10.1111/jocs.14468.

[12] García Sáez D, Zych B, Sabashnikov A, Bowles CT, De Robertis
F, Mohite PN, et al. Evaluation of the organ care system in heart
transplantation with an adverse donor/recipient profile. The An-
nals of Thoracic Surgery. 2014; 98: 2099–2105; discussion
2105–2106. https://doi.org/10.1016/j.athoracsur.2014.06.098.

[13] Ran G, Wall AE, Narang N, Khush KK, Hoffman JRH, Zhang
KC, et al. Post-transplant survival after normothermic regional
perfusion versus direct procurement and perfusion in donation

after circulatory determination of death in heart transplantation.
The Journal of Heart and Lung Transplantation: the Official
Publication of the International Society for Heart Transplanta-
tion. 2024; 43: 954–962. https://doi.org/10.1016/j.healun.2024.
02.1456.

[14] Wall A, RosenzweigM,McKenna GJ, Ma TW, Asrani SK, Testa
G. Six-month abdominal transplant recipient outcomes from do-
nation after circulatory death heart donors: A retrospective anal-
ysis by procurement technique. American Journal of Transplan-
tation: Official Journal of the American Society of Transplan-
tation and the American Society of Transplant Surgeons. 2023;
23: 987–995. https://doi.org/10.1016/j.ajt.2023.04.021.

[15] Hoffman JRH, McMaster WG, Rali AS, Rahaman Z, Balsara
K, Absi T, et al. Early US experience with cardiac donation af-
ter circulatory death (DCD) using normothermic regional per-
fusion. The Journal of Heart and Lung Transplantation: the Of-
ficial Publication of the International Society for Heart Trans-
plantation. 2021; 40: 1408–1418. https://doi.org/10.1016/j.heal
un.2021.06.022.

[16] Alamouti-Fard E, Garg P, Wadiwala IJ, Yazji JH, Alomari M,
Hussain MWA, et al. Normothermic Regional Perfusion is an
Emerging Cost-Effective Alternative in Donation After Circula-
tory Death (DCD) in Heart Transplantation. Cureus. 2022; 14:
e26437. https://doi.org/10.7759/cureus.26437.

[17] Peled H, Mathews S, Rhodes D, Bernat JL. Normothermic
Regional Perfusion Requires Careful Ethical Analysis Before
Adoption Into Donation After Circulatory Determination of
Death. Critical Care Medicine. 2022; 50: 1644–1648. https:
//doi.org/10.1097/CCM.0000000000005632.

[18] Molina EJ, Shah P, Kiernan MS, Cornwell WK, 3rd, Copeland
H, Takeda K, et al. The Society of Thoracic Surgeons Inter-
macs 2020 Annual Report. The Annals of Thoracic Surgery.
2021; 111: 778–792. https://doi.org/10.1016/j.athoracsur.2020.
12.038.

[19] Ribeiro RVP, Alvarez JS, Yu F, Paradiso E, AdamsonMB,Maria
Ruggeri G, et al. Hearts Donated After Circulatory Death and
Reconditioned Using Normothermic Regional Perfusion Can
Be Successfully Transplanted Following an Extended Period of
Static Storage. Circulation. Heart Failure. 2019; 12: e005364.
https://doi.org/10.1161/CIRCHEARTFAILURE.118.005364.

[20] Kounatidis D, Brozou V, Anagnostopoulos D, Pantos C, Lour-
bopoulos A, Mourouzis I. Donor Heart Preservation: Current
Knowledge and the New Era of Machine Perfusion. Interna-
tional Journal of Molecular Sciences. 2023; 24: 16693. https:
//doi.org/10.3390/ijms242316693.

[21] Sánchez-Cámara S, Asensio-López MC, Royo-Villanova M,
Soler F, Jara-Rubio R, Garrido-Peñalver JF, et al. Critical warm
ischemia time point for cardiac donation after circulatory death.
American Journal of Transplantation: Official Journal of the
American Society of Transplantation and the American Society
of Transplant Surgeons. 2022; 22: 1321–1328. https://doi.org/
10.1111/ajt.16987.

[22] Parent B, Caplan A, Moazami N, Montgomery RA. Response
to American College of Physician’s statement on the ethics
of transplant after normothermic regional perfusion. American
Journal of Transplantation: Official Journal of the American
Society of Transplantation and the American Society of Trans-
plant Surgeons. 2022; 22: 1307–1310. https://doi.org/10.1111/
ajt.16947.

[23] Lazaridis C. Normothermic regional perfusion: Ethically not
merely permissible but recommended. American Journal of
Transplantation: Official Journal of the American Society of
Transplantation and the American Society of Transplant Sur-
geons. 2022; 22: 2285–2286. https://doi.org/10.1111/ajt.17066.

[24] DiChiacchio L, GoodwinML,KagawaH, Griffiths E, Nickel IC,
Stehlik J, et al. Heart Transplant and Donors After Circulatory

E156 Heart Surgery Forum

https://doi.org/10.21037/acs.2018.01.08
https://doi.org/10.21037/acs.2018.01.08
https://doi.org/10.3389/fcvm.2018.00008
https://www.gov.uk/government/publications/nhs-blood-and-transplant-annual-report-and-accounts-2014-to-2015
https://www.gov.uk/government/publications/nhs-blood-and-transplant-annual-report-and-accounts-2014-to-2015
https://www.gov.uk/government/publications/nhs-blood-and-transplant-annual-report-and-accounts-2014-to-2015
https://doi.org/10.1016/j.ajt.2024.01.016
https://doi.org/10.1016/j.ajt.2024.01.016
https://doi.org/10.1056/NEJMoa2212438
https://doi.org/10.1016/j.healun.2017.10.021
https://doi.org/10.21037/jtd.2019.02.59
https://doi.org/10.1016/j.healun.2021.07.029
https://doi.org/10.1016/j.healun.2021.07.029
https://doi.org/10.1016/j.healun.2023.03.001
https://doi.org/10.1016/j.healun.2023.03.001
https://doi.org/10.1016/j.ajt.2024.03.027
https://doi.org/10.1016/j.ajt.2024.03.027
https://doi.org/10.1111/jocs.14468
https://doi.org/10.1016/j.athoracsur.2014.06.098
https://doi.org/10.1016/j.healun.2024.02.1456
https://doi.org/10.1016/j.healun.2024.02.1456
https://doi.org/10.1016/j.ajt.2023.04.021
https://doi.org/10.1016/j.healun.2021.06.022
https://doi.org/10.1016/j.healun.2021.06.022
https://doi.org/10.7759/cureus.26437
https://doi.org/10.1097/CCM.0000000000005632
https://doi.org/10.1097/CCM.0000000000005632
https://doi.org/10.1016/j.athoracsur.2020.12.038
https://doi.org/10.1016/j.athoracsur.2020.12.038
https://doi.org/10.1161/CIRCHEARTFAILURE.118.005364
https://doi.org/10.3390/ijms242316693
https://doi.org/10.3390/ijms242316693
https://doi.org/10.1111/ajt.16987
https://doi.org/10.1111/ajt.16987
https://doi.org/10.1111/ajt.16947
https://doi.org/10.1111/ajt.16947
https://doi.org/10.1111/ajt.17066
https://journal.hsforum.com/


Death: A Clinical-Preclinical Systematic Review. The Journal
of Surgical Research. 2023; 292: 222–233. https://doi.org/10.
1016/j.jss.2023.07.050.

[25] Holm AM, Courtwright A, Olland A, Zuckermann A, Van
Raemdonck D. ISHLT position paper on thoracic organ trans-
plantation in controlled donation after circulatory determination
of death (cDCD). The Journal of Heart and Lung Transplanta-
tion: the Official Publication of the International Society for
Heart Transplantation. 2022; 41: 671–677. https://doi.org/10.
1016/j.healun.2022.03.005.

[26] Dhital KK, Iyer A, Connellan M, Chew HC, Gao L, Doyle A,
et al. Adult heart transplantation with distant procurement and
ex-vivo preservation of donor hearts after circulatory death: a
case series. Lancet (London, England). 2015; 385: 2585–2591.
https://doi.org/10.1016/S0140-6736(15)60038-1.

[27] Ardehali A, Esmailian F, Deng M, Soltesz E, Hsich E,
Naka Y, et al. Ex-vivo perfusion of donor hearts for human
heart transplantation (PROCEED II): a prospective, open-label,
multicentre, randomised non-inferiority trial. Lancet (Lon-
don, England). 2015; 385: 2577–2584. https://doi.org/10.1016/
S0140-6736(15)60261-6.

[28] Iyer A, Gao L, Doyle A, Rao P, Cropper JR, Soto C, et al. Nor-
mothermic ex vivo perfusion provides superior organ preser-
vation and enables viability assessment of hearts from DCD
donors. American Journal of Transplantation: Official Jour-

nal of the American Society of Transplantation and the Amer-
ican Society of Transplant Surgeons. 2015; 15: 371–380. https:
//doi.org/10.1111/ajt.12994.

[29] Hamed A, Tsui S, Huber J, Lin R, Poggio EC, Ardehali A. 19:
Serum Lactate Is a Highly Sensitive and Specific Predictor of
Post Cardiac Transplant Outcomes Using the Organ Care Sys-
tem. The Journal of Heart and Lung Transplantation. 2009; 28:
S71. https://doi.org/10.1016/j.healun.2008.11.025.

[30] Sponga S, Benedetti G, de Manna ND, Ferrara V, Vendramin
I, Lechiancole A, et al. Heart transplant outcomes in patients
with mechanical circulatory support: cold storage versus nor-
mothermic perfusion organ preservation. Interactive Cardiovas-
cular and Thoracic Surgery. 2021; 32: 476–482. https://doi.org/
10.1093/icvts/ivaa280.

[31] Chen Q, Singer-Englar T, Kobashigawa JA, Roach A, Emerson
D, Megna D, et al. Long-term outcomes after heart transplanta-
tion using ex vivo allograft perfusion in standard risk donors: A
single-center experience. Clinical transplantation. 2022; 36(5):
e14591. https://doi.org/10.1111/ctr.14591.

[32] Li SS, Funamoto M, Osho AA, Rabi SA, Paneitz D, Singh R,
et al. Acute rejection in donation after circulatory death (DCD)
heart transplants. The Journal of Heart and Lung Transplanta-
tion: the Official Publication of the International Society for
Heart Transplantation. 2024; 43: 148–157. https://doi.org/10.
1016/j.healun.2023.09.004.

Heart Surgery Forum E157

https://doi.org/10.1016/j.jss.2023.07.050
https://doi.org/10.1016/j.jss.2023.07.050
https://doi.org/10.1016/j.healun.2022.03.005
https://doi.org/10.1016/j.healun.2022.03.005
https://doi.org/10.1016/S0140-6736(15)60038-1
https://doi.org/10.1016/S0140-6736(15)60261-6
https://doi.org/10.1016/S0140-6736(15)60261-6
https://doi.org/10.1111/ajt.12994
https://doi.org/10.1111/ajt.12994
https://doi.org/10.1016/j.healun.2008.11.025
https://doi.org/10.1093/icvts/ivaa280
https://doi.org/10.1093/icvts/ivaa280
https://doi.org/10.1111/ctr.14591
https://doi.org/10.1016/j.healun.2023.09.004
https://doi.org/10.1016/j.healun.2023.09.004
https://journal.hsforum.com/

	Abstract
	Keywords
	Introduction
	Materials and Methods
	Source of Data and Study Population
	Determining Procurement Methodology
	Statistical Analysis 

	Results
	Baseline Recipient and Donor Characteristics
	Clinical Outcomes

	Discussion
	Limitations
	Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

