
Advances in the treatment of heart failure in the last two de-
cades have led to significant increases in the life span of pa-

tients. Consequently, the characteristics of heart transplantation 
(HTx) candidates have changed toward an older population who 
present  with more co-morbidities [1]. The great advance in me-
chanical circulatory support devices has not yet resulted in a true 
alternative to HTx and is implanted frequently as a bridge for trans-
plant. Currently, nearly half of the HTx candidates are bridged to 
transplant with a mechanical circulatory support device [2].

Initially, advanced age was a contraindication to HTx, and 
was restricted to recipients younger than 50 years of years due 
to unfavorable long-term outcomes that were adversely influ-
enced by advanced age [3]. For many years there has been 
a debate whether HTx is justified for older recipients. Oppo-
nents claim that expanding the upper age limit will result in a 
distort of the recipient demand/donor supply and will produce 
an increased mortality for all patients awaiting cardiac trans-
plantation. However, as a consequent of improved outcomes 
of HTx, the upper limit of recipient age has been liberalized, 
and the 2016 International Society for Heart and Lung Trans-
plantation (ISHLT) criteria for HTx include as a class IIb and 
level of evidence C, carefully selected patients older than 70 
years of age [4-7].

HTx for advanced age recipients raise many important mor-
al, ethical, and practical issues. To date, the relationship of age 
to outcomes following of HTx has not been well studied with 
inconsistent results [5,7-9]. We investigated the impact of re-
cipient age on the occurrence of rejections, vasculopathy, and 
mortality during long-term follow-up after HTx.

Between 1991 and 2017, 291 patients who underwent HTx were 
prospectively followed and registered at the tertiary center of the 
Sheba HTx Registry. Patients were categorized by age tertiles: 

Data for each patient were systematically recorded at enroll-
ment to the study and during each subsequent visit or medical 
contact. Clinical data were recorded on prospectively designed 
forms and included comprehensive information regarding the 
transplantation procedure, immunosuppression, occurrence of 
major cardiac events, and treatment during long-term follow-up. 
Donor data were recorded from the National Organ Transplan-
tation Center, as well as from the hospitals records in which the 
donations were made. The study was approved by the institu-
tional review board. 



All patients were treated with a triple-drug regimen. Mainte-
nance immunosuppression comprised a combination therapy 
including prednisone, an antimetabolite, and a calcineurin in-
hibitor. Conversion to everolimus was based on the patient risk 
profile including cytomegalovirus infection, renal failure, al-
lograft vasculopathy, and malignancy risk. All patients received 
induction therapy consisting of anti-thymocyte globulin.

Rejections were diagnosed by routine or clinically indicated en-
domyocardial biopsy, classified according to the revised ISHLT 
classification system for rejection [10]. Biopsies obtained be-
fore the institution of the revised ISHLT rejection grading sys-
tem were reclassified according to the new system. Routine en-
domyocardial biopsies were performed every week for the first 
4 weeks post HTx, twice a month during the second and third 
months, once a month for the following 3 months, and thereafter 
every 3 months until the end of the first year. From the end of 
the first year until the end of the fifth year, biopsies were per-
formed annually. The following rejection scores were calculated 
for each patient: total rejection score (TRS), taking into account 
the severity of the rejection, was calculated as 0R=0, 1R=1, 
2R=2, and 3R=3; and any rejection score (ARS) was calculated 
as 0R=0, 1R=1, 2R=1, 3R=1, and represented the total number 
of rejections regardless of severity experienced by the patient. 
All scores were normalized by dividing the cumulative scores 
for the total number of biopsy specimens taken for each patient 
throughout the study period [11]. 

The institutional post-transplant care protocol included annual 
invasive coronary angiography for the first 5 years following 
HTx, including echocardiogram and right heart catheterization. 
Cardiac allograft vasculopathy (CAV), diagnosed by coronary 
angiography, and invasive hemodynamic assessment were per-
formed annually, along with clinical assessment and echocar-
diography, combined according to the recommended ISHLT 
standardized nomenclature for CAV [12].

Primary outcomes included: all-cause mortality, CAV, and ma-
jor rejections. Mortality data were obtained from the Population 
Registry of the State of Israel, where all deaths are required by 
law to be registered. Secondary outcomes included the occur-
rence of major adverse events (acute coronary syndrome or cor-
onary revascularization, congestive heart failure, pacemaker im-
plantation, stroke, new-onset peripheral vascular disease). The 
study periods over the study decade were categorized as early 
(before 2000) vs. late (2000 or after).

The primary analysis used age as a continuous variable, but 
for descriptive purposes the study population was divided into 

are presented as mean ± standard deviation if normally distribt-
uted, or as median (interquartile range). Categorical variables 
are given as frequencies and percentages. Continuous vari-
ables were tested with the t-test for normal distribution, and 
Mann-Whitney-Wilcoxon for abnormal distributed variables. 
A Chi-square test was used for comparison of categorical vari-
ables across age tertiles. In addition, we compared patients 
who underwent HTx in the early years (before 2000) vs. late 
period (2000 or later).

To identify factors associated with mortality and for major 
rejection among the entire cohort, a multivariable logistic re-
gression model was constructed. Candidate covariates are pre-
sented in Table 1. Results are presented as odds ratio (OR) and 
95% confidence interval (95%CI).



Statistical significance was assumed when the null hypoth-
esis could be rejected at P < 0.05. All P values are the results 
of two-sided tests. Statistical analyses were conducted using R 
Core Team (2015), a language and environment for statistical 
computing, R Foundation for Statistical Computing, Vienna, 
Austria, URL httpa://www.R-project.org/ (Version 3.4.1). 

The current analysis was based on 291 patients, who were 
classified into three groups according to tertiles age: < 46 

to have ischemic cardiomyopathy as an indication for HTx, 
had more pre-HTx co-morbidities including hypertension, di-
abetes, dyslipidemia, and history of smoking compared to the 
younger age-groups. The tertiles age distribution was similar 
in the early period (before 1 January 2000) and in the late pe-
riod (1 January 2000 and thereafter). Baseline clinical char-
acteristics of the study patients by the age tertiles are shown 
in Table 1. Donor baseline characteristics were similar in all 
groups in terms of age and hemodynamics prior to the HTx; 
however, donors for the younger recipient were more often 
males [Table 1].

Unadjusted Kaplan-Meier survival analysis by age tertiles 
showed that overall survival was significantly higher among 
younger patients and mortality was directly related to the age-
groups. Thus, at 15 years of follow-up, the respective rates of 
survival were 70% in the youngest tertile, 59% in the middle ter-
tile, and 50% in the oldest tertile (log-rank P = 0.02 for the com-
parison between the three groups during follow-up) [Figure 1]. 

In a multivariate analysis, diabetes mellitus (HR 1.81, 95%CI 
1.14–2.88, P = 0.012), the absent of dyslipidemia (HR 0.49, 
95%CI 0.31–0.77, P = 0.002) and history of smoking (HR 2.26, 
95%CI 1.46–3.51, P < 0.001) were risk factors for overall mor-
tality, with no effect of age (HR 1.01, 95%CI 0.99–1.03, per 
1-year age increment; P = 0.083) [Figure 2].

The rates of major rejections and CAV at 15 years of follow-up 
were similar among the youngest, middle and oldest age-groups 
(70% vs. 75.3% vs. 68.4%, P = 0.605; and 20% vs. 25% vs. 
15.6%, P = 0.251; respectively) [Figure 1, Figure 2]. No sig-
nificant differences were found regarding major adverse events 
(MACE) assessed separately or as combined end points. At 15 
years of follow-up, the respective rates of MACE were 67% in 
the < 46 years group, 69% in the 46–57 years group, and 76% in 

P = 0.325).

HTx patients in the early period compared to the late period 
were more often male, and more likely to have ischemic cardio-
myopathy as an indication for HTx, smoked, however they had 
less diabetes mellitus. Other baseline characteristics were sim-
ilar between the two periods in terms of recipients age, donors 
age, hypertension, dyslipidemia, and body mass indexes [Ta-

period had less diabetes mellitus; however, all other baseline 
characteristics were similar between the two periods [Table 3]. 
Major rejection rate was seen mostly in the youngest tertile 
followed by the middle tertile and the oldest tertile in both 
periods; however, it was demonstrated in a higher probability 
in the early period as compared to the late period [Figure 3]. 
Multivariate analysis has shown that the only predictor for ma-
jor rejection was HTx in the early period (HR 2.04, 95%CI 
1.37–3.03, P < 0.001).
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±57



This retrospective study describes several cardinal findings 
regarding HTx in the elderly population. We showed that: al-
though the rate of long-term mortality increases with higher age 
tertiles, it was not increased in HTx patients compared to the 
natural history of increased age in the general population; in a 
contemporary cohort of patients undergoing HTx, the re jections 
and CAV; and while the tertiles age distribution was similar in 
the early and late periods, the probability of major rejections 
was higher in the early period.

Chronologic age does not strictly correlate with physio-
logic age in every case. We reported in the current study that 
other risk factors were more correlated to late mortality than 
age itself. Our study supports the recommendations made by 
international and national societies for the abolition of age as 
an excluding criterion for listing candidates for transplants [13]. 
We believe that age alone should not disqualify patients from 
consideration for HTx. The challenge for transplant physicians 
is to establish objective parameters that accurately predict the 
recipient's response to the trauma of the operation and the need 
for lifelong immunosuppression. In the last two decades HTx 
recipients have been transplanted at an older age and with 
steadily increasing co-morbidities (25% have diabetes mellitus, 
45% have hypertension, 46% have had prior sternotomy, 7% 
have had malignancy, and 33% are allosensitized) [2].

We showed that diabetes is an independent risk factor for 
mortality after HTx. It is known that it is mainly due to accel-
erating coronary artery disease; however, in some cases it is 
secondary to diabetic cardiomyopathy and nephropathy [14]. 

Although the presence of insulin treatment is a marker for more 
advanced disease, its underlying biological mechanism has not 
been fully elucidated. It may be related to the impact of a proco-
agulant imbalance, chronic exposure to high glucose levels, and 
direct effects of hyperinsulinemia. 

Of interest, endogenous hyperinsulinemia has been associ-
ated with increased long-term mortality in patients without di-
abetes [15]. Accordingly, the high-risk population of diabetic 
patients may require specific and/or more intense cardiovascu-
lar protective therapies after HTx. Further studies are needed to 
examine whether novel interventions, such as GLP-1 analogues 
or SGLT2 inhibitors, can improve their long-term outcomes.

An interesting finding was that the absent of dyslipidemia was 
associated with increased mortality. We believe that it is due to the 
effect of statin therapy in patients presenting with dyslipidemia. 
A recent publication has shown that pre-HTx statin therapy was 
independently associated with a reduced risk for primary graft 
dysfunction and mortality, and that statins have a beneficial prog-
nostic impact on heart failure patients awaiting HTx [16].

The actuarial survival of patients after all other cardiac sur-
geries is influenced by the age of the patient, and there is no 
logical reason why HTx should be different. There are also 
factors associated with long-term immunosuppression in old-
er patients that could be expected to adversely influence sur-
vival and major adverse outcomes. The concept of an alterna-
tive list for older patients and high-risk recipients and use of 
marginal donor hearts for the alternative list has been raised in 
the last few years but in turn introduces many theoretical and 
practical concerns. Our results do not support this concept. 
Establishing an alternative list should not be widely adopted 
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without more convincing data to support this approach. We 
believe that the challenge to match donor and recipient risks 
should persist for all donor hearts including the marginal and 
nonmarginal hearts and for low- and high-risk recipients with 
a single waiting list of recipients. Furthermore, the creation of 
an alternate list seems to disadvantage the patients on this list 
by giving them second-rate hearts; conversely, if the hearts 
are acceptable, then the standard list patients are disadvan-
taged by not being given the chance for the hearts. In a situ-
ation in which every candidate is examined on an individual 
basis, there is no point in an exclusionary rule on a basis of 
age which entirely relies on generalized statistical assump-
tions rather than particular examination of the patient under 
consideration [13]. 

The major limitation of our study lies in its observational nature. 
Not all possible confounders were recorded or adjusted for this 
single-center study. 

Our findings suggest that, in a contemporary cohort of patients 
undergoing HTx, recipient age does not significantly impact the 
risk of major rejections, CAV, and long-term mortality. High-
risk population with co-morbidities may require specific and/or 
more intense cardiovascular protective therapies after HTx. 
Despite advanced age, appropriate candidates for HTx should 
be allowed placement on the transplantation waiting list after 
careful evaluation and screening as transplantation remains their 
best option for long-term survival.

Antibodies that neutralize severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) could be an 
important tool in treating coronavirus disease-2019 
(COVID-19). Brouwer and colleagues isolated 403 
monoclonal antibodies from three convalescent COVID-19 
patients. They show that the patients had strong immune 
responses against the viral spike protein, a complex that 

binds to receptors on the host cell. A subset of antibodies 
was able to neutralize the virus. Competition and electron 
microscopy studies showed that these antibodies target 
diverse epitopes on the spike, with the two most potent 
targeting the domain that binds the host receptor.


