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Abstract

Despite a record setting number of heart transplants performed annually, the
national donor shortage continues to plague transplant teams across the United
States. Here we describe the barriers to adaptation of numerous “non-traditional”
orthotopic heart transplant donor characteristics including donors with hepatitis
C virus, those meeting criteria for donation after cardiac death, donors with
coronavirus disease 19 infection, donors with the human immunodeficiency virus,
and grafts with left ventricular systolic dysfunction. Our center’s objective was to
increase our transplant volume by expanding our donor pool from “traditional”
donors to these “non-traditional” donors. We detail how medical advances such
as certain laboratory studies, pharmacologic interventions, and organ care
systems have allowed our center to expand the donor pool thereby increasing
transplantation volume without adverse effects on outcomes.

Key Words: Orthotopic heart transplantation; Hepatitis C virus; COVID-19; Left ventri-
cular systolic dysfunction; Human immunodeficiency virus; Donation after cardiac death
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Core Tip: Since the turn of the 21* century, advances in certain laboratory studies, pharmacologic interventions, and organ
care systems have led to the expansion of the donor pool in the field of orthotopic heart transplantation. This includes: (1)
Nucleic acid testing and direct acting antivirals for donors with hepatitis C virus; (2) Organ care systems for donors who
meet criteria for donation after cardiac death; (3) Anti-viral therapies for donors with coronavirus disease 19; (4) Improved
donor management for grafts with left ventricular systolic dysfunction; and (5) Better understanding of immunosuppression
and medication interaction in patients with human immunodeficiency virus. We detail how these advances have allowed our
center to expand the donor pool thereby increasing transplantation volume without adverse effects on outcomes.

Citation: Spring AM, Gjelaj C, Madan S, Patel SR, Saeed O, Murthy S, Rochlani Y, Sims DB, Vukelic S, Forest SJ, Borgi JF,
Goldstein DJ, Jorde UP. Evolution of heart transplant donor characteristics in the 21 century: A United States single center’s
experience. World J Transplant 2024; 14(3): 92721
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INTRODUCTION

In 2022 the United States set a record for the number of orthotopic heart transplantations performed annually, exceeding
four-thousand transplants for the first time. This record pace of transplantation has, in part, been accomplished by the
changing landscape of donor eligibility over the past decade from “traditional” donors to “non-traditional” donors.
However, despite this, the national donor shortage continues to plague transplant teams and eager recipients, while
waitlist mortality remains high[1].

For the purposes of this paper, we define a “traditional” donor as one who is: (1) Free of pre-existing communicable
disease; (2) Meets criteria for donation after brain death; and (3) Has normal left ventricular systolic function. “Non-
traditional” donors include donors with hepatitis C virus (HCV), those meeting criteria for donation after cardiac death
(DCD), donors with coronavirus disease 2019 (COVID-19) infection, donors with the human immunodeficiency virus
(HIV), and grafts with left ventricular systolic dysfunction (LVSD).

Since the turn of the 21* century, laboratory studies, pharmacologic interventions, and organ care systems (OCS) have
allowed for better management of “non-traditional” donors and their recipients. In the wake of these advances, our
center’s objective was to increase our transplant volume by expanding our donor pool to “non-traditional” donors. Here
we discuss the brief history, barriers to adaptation, implementation, and challenges associated with the transplantation of
various “non-traditional” donors, while detailing how the inclusion of these donors has now eclipsed the percentage of
“traditional” donors at our center without adversely affecting outcomes.

HCV DONORS

Barriers to adaptation

For most of the 21* century, the number of transplantations utilizing organs from HCV donors in the United States did
not exceed more than two dozen annually. Poor outcomes in HCV transplantation greatly deterred centers from
adaptation. The development of coronary artery vasculopathy and overall mortality was nearly three times higher in
HCV negative recipients who received an HCV positive donor organ, fulminant hepatitis was common, and the use of
certain immunosuppressive agents was associated with lower survival[2,3]. These poor outcomes in the early 2000’s can
be attributed to two main barriers: Lack of timely detection and poorly efficacious treatment.

Prior to 2015 when nucleic acid testing (NAT) was introduced to the routine workup of donors, HCV antibody testing
was the primary tool centers had to screen for the virus. This was problematic as the latency from infection to serocon-
version can range from 1 month to > 4 years and left centers performing transplants of HCV antibody positive (HCV
Ab+) donors despite not knowing the donors viremic status[4]. As a result, HCV transmission rates from positive donors
to naive recipients was shown to be as high as 82%[5]. Moreover, the levels of immunosuppression in these recipients
often hindered seroconversion, making the detection of a new HCV infection in the recipient difficult. With the
introduction of NAT to the routine workup of donors in 2015, centers were now able to detect HCV RNA within 1 week
of infection with 99% sensitivity and specificity[6].

Until 2011, interferon-based treatment was the mainstay for HCV infection, which had a high adverse event profile
with a low rate of sustained virologic response - approximately 5%-6%[7]. Studies have since shown that with the
introduction of direct acting antivirals (DAAs), sustained virologic response rates have increased over 20-fold, preventing
post-transplant seroconversion of the recipient in nearly all cases[8]. Indeed, in one study, a four week course of a
pangenotypic antiviral regimen led to all of patients having an undetectable viral load at 6 months and excellent graph
function, while additional studies showed that 1-year survival was equivalent to those without hepatitis[9,10].

Implementation and challenges
Our center organized an interdisciplinary meeting consisting of advanced heart failure and transplant cardiologists,
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infectious disease physicians, and hepatology experts. There was unanimous decision that, considering the developments
of HCV detection and treatment, the use of HCV antibody-positive (HCV Ab+/NAT-) donors did not differ from those
donors who met standard Public Health Services increased risk criteria. Thus, our center expanded our donor pool and
carried out its first HCV Ab+ transplant in 2017, two years after the introduction of NAT[11]. By the end of the year, 15 of
49 (30.6%) of our transplants were from HCV Ab+ donors. This was in stark contrast to national data, based on the United
Network for Organ Sharing (UNOS) database, where only 103 of 3307 (3.1%) of transplants nationally were HCV Ab+.

In the years that followed, viremic NAT+ donors comprised more of our total share of HCV donors than those who
were antibody positive alone. Since HCV genotype may not be known, we routinely start glecaprevir/pibrentasvir
(Mavyret) as pangenotypic therapy immediately following transplant. However, with the introduction of DAAs came
concern over interaction with immunosuppressants and how to choose the proper regimen for a given recipient. A prior
study from our center showed that this regimen induces a reversible change in calcineurin-inhibitor metabolism,
warranting up to a 50% reduction in immunosuppression dosing[12]. As such, our center always initiates DAA treatment
while inpatient with close monitoring of immunosuppression levels and liver function tests. However, despite these
challenges, we have observed the elimination of the virus and absence of seroconversion in all 25 HCV NAT+ patients to
date.

DCD DONORS

Barriers to adaptation

DCD, despite being utilized for the very first heart transplant in 1967 by Christiaan Barnard[13], also did not gain
popularity until two decades into the 21* century. In 2014, the first procurement of a distant donor took place with the use
of OCS (TransMedics, Andover, MA, United States)[14]. These devices, comprised of a perfusion module, oxygenator and
pulsatile pump, utilize normothermic machine perfusion to circulate a blood and nutrient-rich solution at near-
physiologic temperatures[15].

Unlike the standard of care, donation after brain death, which allows for the possibility to evaluate the functioning
donor organ immediately before harvest, DCD donors must have circulatory arrest prior to organ evaluation and harvest.
After withdrawal of life support the donor enters the agonal phase, followed by circulatory arrest, and finally a formal
declaration of death. During this time the organ is subject to a functional-warm ischemic injury. This is until either the
donor heart is re-perfused via normothermic regional perfusion for evaluation in vivo, or until there is direct procurement
of the organ and placement into the OCS for further evaluation ex vivo[16].

These intricacies of DCD donation highlight numerous barriers to adaptation. First, the aforementioned process
resulting in ischemic injury was long thought to cause irreversible harm to the non-beating donor organ[17]. Second, the
potential donor may not meet circulatory death criteria after withdrawal of support and the transplant may be cancelled.
Third, there exist some ethical controversies regarding normothermic regional perfusion and the restoration of circulation
in the donor[18]. Lastly, the cost of a single use of the OCS in 2019 was estimated at $40000 which can strain transplant
team funding[19].

Implementation and challenges

When considering expansion of our center’s donor pool to include DCD donors, the primary concern was that the
irreversible ischemic injury endured by the organ would lead to poor recipient outcomes. To determine if this was the
case in practice, we performed a UNOS database analysis which showed no significant difference in 30-day or 6-month
mortality amongst DCD recipients[16]. This study gave us the confidence to expand our donor pool to DCD donors and
in 2022 our center carried out its first DCD transplant. By the end of 2022, 16 of 41 (39%) of our transplants were from
DCD donors as compared to national trends where 372 of 4226 (8.8%) of transplants were from DCD donors.

While there are many challenges prior to DCD transplantation, there are also challenges in the post-transplant period.
The main challenge faced after DCD transplantation relative to traditional donation after brain death donors is transient
right ventricular (RV) dysfunction. D" Alessandro et al[20] demonstrated that DCD recipients experienced greater right
atrial pressure (RAP), lower pulmonary artery pulsatility index and higher (right atrial pressure)/(pulmonary capillary
wedge pressure) relative to traditional donors. The etiologies of the RV dysfunction are likely multifactorial including the
greater ischemic time and the catecholaminergic surge experienced during brain death[21]. Our center has mitigated this
challenge with careful interdisciplinary team monitoring of post-transplant hemodynamics and extended use of inotropes
and pulmonary vasodilators when necessary.

COVID+ DONORS

Barriers to adaptation

Hepatitis was not the only infectious disease transplant centers had to adapt to over the past decade, as COVID quickly
dominated the health care landscape in 2020. The COVID pandemic immediately presented an enormous risk towards
post-transplant immunocompromised recipients. For those still on the waitlist, the demands of the pandemic led to
cancelled surgeries and reduced transplant volume; at our center volume in 2020 dropped by nearly 50% from 2019
levels. Most importantly, the COVID pandemic added yet another barrier to donor eligibility. Great concern was given to
the notion that a COVID+ donor may lead to COVID infection in the newly immunocompromised recipient. At the time,
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this was not a risk that transplant centers were willing to take, as one study showed that COVID infection in a transplant
recipient was associated with a 25% case fatality rate[22]. Nevertheless, certain transplant centers began to move forward
with COVID+ kidney, liver and eventually heart transplantation. Outcomes of these transplants was published rapidly
and demonstrated that the risk of a recipient developing symptomatic COVID from a positive donor organ was minimal
to none[23,24].

Implementation and challenges

Before fully expanding our donor pool, our center began vaccinating patients on our waiting list. Shortly after, as the
severity of the pandemic began to wean with vaccinations becoming increasingly available and adopted with greater
confidence, we elected to move forward with transplantation of COVID+ donors in late 2021. At our center, since the
pandemic began, 6 of 66 (9.1%) otherwise ‘traditional” donors were COVID+ at the time of transplantation. Using those
donors, we did not observe COVID infection in any of the recipients in the acute post-transplant phase.

However, as with other “non-traditional” donors, we found it prudent to conduct a UNOS analysis to examine
outcomes in these recipients. We found that transplants from donors with active COVID infection (defined as COVID
NAT+ within 2 days of procurement) may have increased mortality at 6-months and 1-year relative to those with recently
recovered COVID infection (defined as COVID NAT+ initially but became negative prior to procurement) and non-
COVID donors[25]. These results prompted the use of anti-viral therapies such as remdesivir in our patients receiving
COVID+ donor hearts. Since knowledge on the use of COVID+ donors continues to evolve, we urge a careful risk-benefit
analysis and possible consideration of peri-transplant antiviral therapies when using donors who remain COVID+ at the
time of procurement and continue to encourage vaccination with COVID boosters for those on the waitlist.

HIV+ DONORS

Barriers to adaptation

In 1988, at the peak of the acquired immunodeficiency syndrome epidemic, the harvesting of donor organs from patients
with known or suspected HIV was federally prohibited. Over the two decades that followed, the development of highly
active anti-retroviral therapy (HAART) turned what was once a death sentence into a manageable chronic illness. In 2013,
the United States HIV Organ Policy Equity Act was signed into law. While the act had many components, one mandate
was to rescind the ban on HIV+ donor organs, which was later accomplished in 2015[26].

Since 2015, centers across the country have paved with way with HIV+ liver and kidney transplantations[27,28],
demonstrating the feasibility of a successful HIV+ heart transplantation and extinguishing any fears over increased im-
munosuppression in a patient whom, by infection with HIV, is already immunosuppressed. However, despite these
successes, the attitudes held towards HIV+ transplantation remain a barrier to increased adoption. Within just the last
decade, over half of transplant centers surveyed believed that immunosuppression may induce progression to acquired
immunodeficiency syndrome and thus considered HIV a contraindication to orthotropic heart transplantation[29]. In
another survey, 50% of centers believed that only half of their HIV+ waitlisted patients would be willing to accept an
HIV+ donor organ. On the contrary, centers who held more positive attitudes regarding their waitlisted patients
willingness to accept HIV+ donor organs were more likely to perform an HIV+ transplant[30].

Implementation and challenges
Increased adaptation of HIV+ heart transplantation is vital as studies have demonstrated that those who are HIV+ are at
greater risk of developing heart failure relative to uninfected individuals[31]. Between 2018 and 2022 the rate of new HIV
diagnoses per 100000 people was highest in the Bronx, NY, where our center is located, relative to all other boroughs and
New York City as a whole[32]. This high burden of disease translated to a higher prevalence of HIV in our recipient pool,
and a great need to expand donor eligibility. As a result, in 2022, we expanded eligibility to HIV+ donors, matched with
HIV+ recipients, and performed the first ever intentional HIV+ donor to HIV+ recipient heart transplant[33] (Figure 1).
The biggest challenge our center faced after HIV+ organ transplantation was the use of HAART and immunosup-
pressive agents. Increased levels of immunosuppression were not the primary concern, rather that HAART agents and
immunosuppressive agents are metabolized by or eliminated via the cytochrome P450 enzyme system. This leads to
changes in serum concentration of both agents and necessitates dosage reduction and careful monitoring for toxicity[34].
Drug-drug interactions with immunosuppressive agents are not limited to HAART agents but also may interfere with
statins needed for coronary artery vasculopathy prophylaxis and antiarrhythmic agents.

DONORS WITH LVSD

Barriers to adaptation

While systemic donor characteristics such as infectious disease carrier status often determine organ eligibility, the innate
function of the donor organ is paramount in determining if the organ is a suitable fit for a recipient. Oftentimes the left
ventricular systolic function of the organ in question is reduced, and consequently one in four donor hearts are rejected
due to LVSD[35]. Similar to the RV dysfunction experienced in DCD donors, it is believed that this LVSD is multifactorial
and may be related to the catecholamine surge during the dying process which results in myocardial stunning[36]. In fact,
it has been shown that nearly half of patients who are declared dead secondary to brain injury experience LVSD in the

Buidenge WIT | https://www.wijgnet.com 4 September 18,2024 | Volume14 | Issue3 |



Spring AM et al. Evolution of heart transplant donor characteristics

HOPE Act HCV

The HOPE Act is Only 3.1% of Nearly a decade
passed in United transplants nationally after the HOPE act
States Congress are HCV Ab+ despite was passed, the
allowing for the better outcomes with first HIV+ heart

transplantation of DAA's and the transplant takes
HIV+ organs introduction of NAT place
two years prior

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

First procurement COVID pandemic

of a distant dqnor leads to decreased
takes place with transplant volume

~ the help of while the first
improved Organ COVID+ donors
Care Systems are transplanted

Figure 1 Key events that have shaped 21 century donor characteristics. Despite the changing landscape of donor characteristics, national volume of
non-traditional donors remains low. HOPE: HIV Organ Policy Equity; HCV Ab: Hepatitis C virus antibody; HIV: Human immunodeficiency virus; DAA: Direct acting
antiviral; NAT: Nucleic acid testing; DCD: Donation after cardiac death; COVID: Coronavirus disease.

absence of prior cardiac pathology[37]. However, despite this, transplant centers remain hesitant to accept these organs
out of concern for sustained or worsening graft function in the recipient.

Implementation and challenges

Unlike the other “non-traditional” donors discussed, our center expanded the donor pool to those with LVSD as of 2010,
seven years before expanding to an additional “non-traditional” donor (Supplementary Figure 1). Since 2010, 20 of 382
(5.2%) otherwise ‘traditional” donors had LVSD as defined as an initial ejection fraction (EF) < 50%. Despite this early
adoption, as with prior “non-traditional” donors, our center conducted a UNOS analysis by reviewing echocardiograms
of donors with reduced EF (< 40%) that resolved (to an EF > 50%) with donor management. The study demonstrated that
there was no difference in mortality, cardiac allograph vasculopathy, or primary graft failure between donors with an
initial low EF that recovered, and those with a normal EF at the outset. Relative to those with a normal EF, those with an
improved EF had significantly greater use, and received higher doses of, dobutamine, epinephrine and norepinephrine
[38].

This prompted our center to be more judicious when reviewing a donor with LVSD. First, we would request that the
donor be placed on inotropes, often at higher doses. Second, we would request that a repeat transthoracic echocar-
diogram is obtained after a specified amount of time on inotropes had elapsed. This improvement in donor management
would often lead to significant recovery of LVEF, and an organ acceptable for transplantation.

CONCLUSION

Over the past decade, improved detection methods and anti-viral therapy for HCV+ and COVID+ donors, OCS for DCD
donors, pharmacologic management of low EF donors, and highly active anti-retroviral therapy for HIV+ donors have
allowed for positive outcomes in these “non-traditional” donor recipients. Since we expanded to additional “non-
traditional” donors in 2017, we have carried out 178 successful “traditional” donor transplants and 84 successful “non-
traditional” donor transplants. One-year unadjusted survival of traditional donors was 167 of 178 (93.8%) while one-year
unadjusted survival of non-traditional donors was 77 of 84 (91.7%). Overall one-year survival in the last Scientific
Registry of Transplant Recipients report for our center was 96.3% (January 2024).

More than half of the transplants performed by our center in 2022 were from “non-traditional” donors (Figure 2).
However, we have detailed how this is not the case in national trends, where despite a donor shortage, transplant centers
have been somewhat reluctant to expand donor eligibility. This reluctance is likely secondary to: (1) Significant stigma
and poor attitudes towards donors with certain communicable diseases; (2) Lack of exposure to more recent data
demonstrating the improvement in outcomes in these “non-traditional” donors; and (3) Limited interdisciplinary team
support or funding for “non-traditional” donor management strategies.

The ongoing donor organ shortage, increasing number of patients with advanced heart failure, and increasing
prevalence of communicable diseases, underscore the importance of expanding donor eligibility to these “non-tradi-
tional” donors to increase equity and reduce waitlist times. While we have encountered numerous challenges as we have
expanded our donor pool, our experience illustrates the dramatic evolution of the “suitable donor” profile over the past
decade and suggests that other centers can safely expand their eligibility criteria from the “traditional” metrics.
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Human immunodeficiency virus; COVID: Coronavirus disease.
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