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Abstract
Purpose of Review  Older adults with end-stage heart failure may be candidates for heart transplantation (HT) and changing 
guidelines and institutional policies have increased the availability of HT for septuagenarians. This review explores histori-
cal, pre-HT evaluation, and post-HT outcomes for older adult HT recipients.
Recent Findings  Rates of HT in older adults have increased in the past decade and more than 800 septuagenarians have 
undergone HT. Older adult HT recipients have similar survival, rehospitalization, and graft failure rates when compared to 
younger patients despite additional comorbidities and higher risk donors.
Summary  HT is feasible in carefully selected older adults. As the number of older adults who are considered for HT 
increases, additional research into population-specific assessment tools will be needed. Furthermore, age-related immune 
changes warrant population-specific studies on immunosuppressive regimens.
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Abbreviations
CYP3A	� Cytochrome p450 3A
DSA	� Donor-specific antibodies
HF	� Heart failure
HT	� Heart transplant
ISHLT	� International Society for Heart and Lung 

Transplantation
LVAD	� Left ventricular assist device
MCS	� Mechanical circulatory support
OPTN	� Organ Procurement and Transplantation 

Network
PFP	� Physical Frailty Phenotype
UNOS	� United Network for Organ Sharing
US	� United States

Introduction

Heart failure (HF) is common among older adults in the 
United States (US). Recent data reveal that 7.5% of men and 
3.9% of women between 60 and 79 years old have HF and 
9.5% of men and 11% of women over 80 years old carry this 
diagnosis [1]. With the aging of the population, the preva-
lence of HF is expected to continue increasing in coming 
years [1, 2]. The introduction of evidence-based medical 
and device therapies for heart failure over the past 30 years 
initially led to a significant decline in HF-related mortal-
ity. However, recent data show that HF-associated mortal-
ity is stable or up-trending across all regions of the US [3, 
4]. Additionally, despite management improvements, HF 
remains a morbid diagnosis, especially for older patients 
and the 1-year mortality rate for Medicare beneficiaries with 
an incident HF diagnosis is 24.4%.

The high HF burden and aging population has led to an 
increase in the number of older patients with end-stage dis-
ease refractory to medical therapy. Patients with end-stage 
HF may be candidates for left ventricular assist device 
(LVAD) implantation or heart transplantation (HT). LVAD 
use in patients over 75 years old has increased dramatically 
from 3.5% of all LVAD implantations in 2003 to 10.5% in 
2014 [5]. Caraballo et al. reported age as an independent 
predictor of mortality following LVAD implantation sug-
gesting this strategy may remain suboptimal [6]. More 
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recently, Emerson et al. reported LVAD use in older patients 
are associated with improvements in functional capacity and 
quality of life [7]. HT has increasingly been considered for 
older patients including those over 70 years old [8••, 9].

This review of HT in older adult patients explores the his-
torical context, modern trends, peri-transplant management, 
and post-transplant outcomes for this important population.

History of Heart Transplantation in Older 
Adults

Following the introduction of cyclosporine in 1981 and 
monoclonal antibody OKT3 in 1983, solid organ transplan-
tation rapidly expanded. HT morphed from a rare procedure 
(189 HTs in 1982), to increasingly common (2343 HTs in 
1995). Quickly, organ scarcity became the limiting factor in 
the HT process heightening focus on recipient selection [10]. 
The United Network for Organ Sharing (UNOS), administra-
tors of the Organ Procurement and Transplantation Network 
(OPTN), established absolute and relative contraindications 
to guide organ allocation. Initially, advanced age was con-
sidered a contraindication to HT [11]. Ethical considera-
tions and concerns that multi-comorbid older adults may 
have worse outcomes following HT limited access for older 
adults. However, in the 1990s, single center studies emerged 
reporting that carefully selected older adult patients had sim-
ilar post-transplant outcomes when compared to younger 
recipients [11–16]. With these HT successes, individual 
transplant programs began to view the upper age limit for 
candidate consideration with increasing flexibility, and 
by 2002, 10% of HT recipients were over 65 years old. In 
2006, the International Society for Heart and Lung Trans-
plantation (ISHLT) published updated listing criteria for HT 
which specified that patients up to 70 years of age should be 
considered for HT (class I recommendation) and carefully 
selected patients over 70 years of age could be considered 
for HT (class IIb recommendation) [17].

Since the publication of the revised ISHLT listing criteria, 
the proportion of older adult patients newly listed for HT 
has increased. At the end of 2019, 16.4% of patients on the 
HT waiting list were over 65 years old [18, 19]. The propor-
tion of new listings of candidates over 70 years of age has 
grown dramatically from 2.5% in 2000 to 11% in 2017 [8••]. 
The increased listing of older adult candidates has led to a 
corresponding increase in the heart transplant rate for these 
candidates. Following a nadir in 2015 for HTs in the US, 
there has been a rise in the rate of HT across all age groups. 
This trend is most pronounced in patients over 65 years old 
who went from a HT rate of 74.3 per 100 waitlist years in 
2015 to 132.2 in 2019. Similarly, recipients over 65 years 
old increased from 12.9% of adult HT in 2007 to 19.3% in 
2019 (Fig. 1) [18]. Between 2000 and 2018, 1203 (2.1%) 
transplants were performed in septuagenarians [8••].

The impact of the coronavirus-19 (COVID-19) pan-
demic on these trends is yet to be determined. Initial reports 
suggest that the COVID-19 pandemic has had a profound 
effect on solid organ transplantation in the US. During the 
early stages of the pandemic (January–May 2020), there 
was a 75% increase in HT waitlist inactivations with a 26% 
decrease in HT volume [21]. A subsequent analysis of the 
first 9 months of the COVID-19 pandemic (January–Sep-
tember 2020) revealed a 43% decrease in HT nationally [22]. 
Additional research is needed to understand the implications 
of increased waitlist inactivations and decreased national HT 
volume on older adult HT candidates.

Pre‑transplant Considerations for Older 
Adults

The pre-transplant evaluation of older HT candidates should 
differ from that performed for younger patients (Fig. 2). 
Older patients often have a greater number of comorbidi-
ties which must be considered. For HT candidates added to 
the waitlist between 2000 and 2018, a higher percentage of 
septuagenarians had hypertension (55.6%), prior malignancy 

Fig. 1   Heart transplant rates by 
candidate age. Figure used with 
permission from John Wiley 
and Sons. Originally published 
by Colvin et al., [20]
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(11.2%), and chronic kidney disease (mean creatinine clear-
ance 56.9 ml/min) compared to candidates under 70 years 
old (48.6%, 6.6%, and 78.8 ml/min, respectively) [8••]. 
There were no significant differences in rates of diabetes, 
peripheral arterial disease (PAD), or chronic obstructive 
pulmonary disease (COPD) between the groups. While cre-
atinine clearance was significantly lower for candidates over 
70 years old, prior dialysis was less frequent. These charac-
teristics largely mirror those reported in previous analyses 
of HT candidates over 70 years of age [23]. In addition to 
comorbidities, providers should evaluate cognitive function, 
psychosocial support, goals of care, and caregiver support 
[24, 25••].

Cooper et al. and Jaiswal et. al. both reported that HT 
recipients over 70 years old were less acutely ill at the time 
of HT [8••, 23]. Fewer HT candidates over 70 years old 
required extracorporeal membrane oxygenation or intra-
aortic balloon pump at the time of listing for transplant. 
Interestingly, while a higher percentage of older patients 
added to the waitlist had a history of LVAD compared to 
younger patients, fewer older transplant recipients had a his-
tory of LVAD. The discrepancy likely reflects the known 
decreased survival for patients over 70 years old following 
LVAD implantation. Despite a lower percentage of patients 
requiring in hospital MCS, patients over 70 years old have 
a much shorter median time on the waitlist (46 days) com-
pared to younger candidates (103 days).

A special consideration for older HT candidates is frailty. 
Frailty is a clinically recognizable state of decreased physi-
ologic reserve resulting in a limited ability to cope with 
stressors. Its prevalence increases with age and impacts 
7–12% of US adults over 65 years old [26–29]. Biological 

age, which reflects a patient’s frailty, has been shown to be 
more closely associated with mortality than chronological 
age [30, 31]. Age-independent frailty is especially relevant 
in older HT candidates who face the significant physiologic 
stressor of transplant. However, frailty assessment is com-
plicated by the lack of standardized assessments and, in HT 
candidates, the overlap between the effects of end-stage 
heart disease and the effects of frailty on physical function-
ing. Scoring systems have emerged to systematically charac-
terize frailty such as the Physical Frailty Phenotype (PFP), 
developed by Dr. Fried and colleagues, and the Short Physi-
cal Performance Battery (SPPB). Of these, the Frailty Heart 
Group recommended a modified PFP [32] in HT evaluation 
as it is easy to perform and has been validated in patients 
with advanced HF [26, 33]. While evidence remains sparse, 
observational studies have shown frailty can be incorporated 
into the HT evaluation process and is an independent risk 
factor for mortality and prolonged hospitalization follow-
ing HT [34, 35••, 36]. Evidence from the kidney transplant 
literature reflects similar adverse short- and long-term post-
transplant outcomes for frail candidates [27, 37–39]. As the 
evidence for frailty in HT candidates remains limited and 
assessment remains challenging, frailty has not yet formally 
been added to HT listing guidelines at this time.

A final consideration during the pre-transplant period 
is the donor. Donor organs remain scarce and HT waitlist 
mortality remains significant [40]. This organ scarcity and 
ethical concerns about allocating organs to older recipients 
is reflected in the 2016 ISHLT Listing Criteria for HT which 
specify that for carefully selected patients over 70 years of 
age who are considered for HT, an alternate-type program 
be considered [25]. Analyses of donors for patients over 

Fig. 2   Summary of heart 
transplantation considerations in 
older adults
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70 years of age reflect these recommendations. Donors 
for older patients have been older themselves, 36 years old 
compared to 30 years old for younger patients, with more 
comorbidities (diabetes mellitus 5.1% vs 3.0%, hypertension 
17.4% vs 13.8%) [8••, 23].

The data from the past two decades reflects programs’ 
hesitation in considering sicker older adult transplant can-
didates. For example, while COPD and PVD prevalence 
increase with age in the general population [41, 42], the 
percentage of candidates over 70 years old added to the wait-
list with these conditions was lower compared to younger 
patients. Similarly, the much lower rate of dialysis in older 
candidates (0.8%) compared to younger patients (2.7%) [8••] 
suggests that despite a lower median creatinine clearance 
few older candidates had advanced, end stage renal dys-
function. More septuagenarians wait at home, highlighting 
careful recipient selection strategies and less acute illness 
prior to transplant. Finally, while older HT candidates have 
a lower risk profile than younger candidates, donor hearts 
for this population are higher risk.

Heart Transplant Outcomes in Older Adults

Two cohort studies have evaluated HT outcomes in septua-
genarians (Table 1). First, Cooper et al. analyzed patients 
between January 1987 and March 2014 [23]. This cohort of 
50,432 US HT patients included 715 patients over 70 years 
old. Next, Jaiswal et al. identified US HT candidates between 
January 2000 and August 2018 [8••]. This cohort included 
37,155 HT recipients, of whom 806 were over 70 years old. 

Both retrospective studies used OPTN data, introducing 
crossover between the two cohorts.

Cooper et al. reported increased adjusted 5-year mor-
tality for patients over 70  years old both compared to 
the 18–59-year-old group (HR 1.35, p < 0.001) and to 
60–69-year-old group (HR 1.20, p = 0.02). However, when 
they excluded transplants before 2004, they showed no 
difference in adjusted 5-year mortality for patients over 
70 years old compared to the 60–69-year-old group (HR 
1.13, p = 0.28) [23]. Length of stay was comparable across 
age groups and patients over 70 years old had fewer rehos-
pitalizations within 1 year of HT. The decreased rate of 
rehospitalization may reflect the lower risk of rejection for 
older HT recipients and the careful selection of healthier 
HT candidates. More patients over 70 years old had a stroke 
within 1 year of HT (2.4%) compared to the 60–69-year-old 
(1.1%) or 18–59-year-old (1.0%) groups.

The more recent cohort studied by Jaiswal et al. similarly 
showed no difference in adjusted 5-year mortality for HT 
recipients over 70 years old compared to younger recipients 
(HR 1.06, p = 0.43) [8••]. The unadjusted 1-year and 5-year 
mortality for patients over 70 years old, 11.5% and 20.4%, 
respectively, was higher than younger HT recipients. Like 
the previous study, incidence of stroke was higher in the 
older cohort.

Despite older donors with additional comorbidities, these 
two studies demonstrate that patients over 70 years of age 
have similar post-HT outcomes when compared to younger 
patients.

Post‑transplant Considerations for Older 
Adults

HT recipients over 70 years old experience fewer rejection 
episodes than younger patients [8••, 23]. Reports on older 
kidney transplant recipients mirror this pattern of decrease 
rates of rejection [43–45]. While rates of rejection are lower 
in older solid organ recipients, there is an increased risk for 
infection or malignancy in this population [46–48]. This risk 
profile suggests that post-transplant management could be 
tailored to the older adult to balance the risks of rejection 
with those of infection or malignancy.

There are numerous known age-related changes in 
immune system function. These age-related alterations in 
the immune system, important to consider in the post-trans-
plant patient, are characterized by dysfunctional immune 
responses and termed immunosenescence [49]. T cell immu-
nosenescence leads to reductions in differentiation and cir-
culation of T cells and decreases in naïve T cells and T cell 
receptor diversity [44, 50]. Furthermore, thymic involution 
is a hallmark of T cell immunosenescence [51]. Adjunct 
immune functions are similarly altered with aging including 

Table 1   Demographics and transplant outcomes in older adults

Table created with permission from John Wiley and Sons. Data origi-
nally published by Jaiswal et al

Patients > 70 Patients 18–69

Number of patients 806 36,329
Outcomes
Overall incident mortality
  1 year 11.5% 10.4%
  5 years 20.4% 19.2%

Stroke incidence 3.5% 2.5% p = 0.09
Graft failure 1.5% 1.8% p = 0.46
Demographics
Ischemic cardiomyopathy 52.1% 34.3%  < 0.01
Prior cardiac surgery 49.4% 39.7%  < 0.01
History of hypertension 57.0% 48.2%  < 0.01
History of any malignancy 11.7% 6.8%  < 0.01
Creatinine 1.3 1.2  < 0.01
History of dialysis 0.1% 2.1%  < 0.01
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loss of the costimulatory CD28 molecule and abnormal pro-
duction of pro-inflammatory cytokines [43]. The decline in 
T cell diversity limits older adults’ ability to recognize for-
eign antigens and pathogens; however, this altered response 
may also explain the reduced risk of acute cellular rejec-
tion following transplant. Immune system changes impact 
humoral responses as well [44]. With aging, the B cell rep-
ertoire is skewed towards memory responses and there is 
a reduction in the volume of progenitor B cells [43, 52]. 
Though there is a paucity of studies on B cell immunosenes-
cence and solid organ transplant, some evidence suggests a 
decrease in donor-specific antibodies (DSA) with increasing 
recipient age. Decreased DSA formation could be due to 
reduced humoral immune reactivity [44, 53]. While older 
patients may form fewer DSAs, decreased humoral response 
leaves patients at increased risk of malignancy and infection.

Another consideration is the choice of immunosuppres-
sive agents in older adult patients. There are no formal trials 
comparing post-HT immunosuppression regimens in older 
patients and furthermore older patients were often specifi-
cally excluded from clinical trials [43]. Providers should 
be aware of age-related physiologic changes which may 
impact immunosuppressant pharmacokinetics. For example, 
calcineurin inhibitors are metabolized by the cytochrome 
P450 3A subfamily (CYP3A) in the liver. However, studies 
of liver samples have shown significant declines in CYP3A 
activity with aging, and a prospective study of kidney trans-
plant recipients showed that calcineurin inhibitor (tacrolimus 
and cyclosporine) trough levels are 50% higher in recipients 
over 65 years of age [54]. Similarly, the active metabolite of 
mycophenolate mofetil, mycophenolic acid, reversibly binds 
to serum albumin. Age-associated changes in albumin can 
result in increased clearance of the unbound, active metabo-
lite [55, 56].

Older transplant recipients have a different post-HT risk 
profile when compared to younger peers [57]. While the risk 
of rejection is lower in these patients, there are elevated risks 
of malignancy and infectious complications. Immunosenes-
cence suggests that older solid organ transplant recipients 
may benefit from an individually tailored immunosuppres-
sion regimen. As the number of transplants in older candi-
dates continues to increase, additional research is needed 
to clarify optimal immunosuppression strategies for this 
population following transplant.

Conclusion

HT in older adults is feasible and, in carefully selected 
patients, outcomes appear comparable to that in younger 
HT recipients. As the mean age continues to increase in 
the US population, an increasing number of older patients 
will require evaluation for advanced therapies. The HT 

evaluation process for this population should include the 
same steps as that for younger patients with additional con-
sideration of determining biological age. Frailty evaluation 
may play an important role in this patient population. For 
those candidates who receive a HT, there is an observed 
decreased risk of rejection but increased risk of malignancy 
and infection in the post-transplant period. These outcomes 
in the context of immunosenescence and altered immuno-
suppressant pharmacokinetics suggest additional research 
is needed to optimize post-HT care for older adult patients.
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