
Frailty Is Common in Hear
t Transplant Candidates But
aHeart Are

rias, Spain; bC

gorio Mara~n�on
(CIBERCV), M
dGeriatrics D

Mara~n�on, Cen
cimiento Salu

ment, Hospita

Spain; Centro

(CIBERCV), M

tario 12 de O

Octubre (imas

Red Cardiovas

Biom�edica en
tigaciones Car

versidad Euro

revised manusc

Funding: T

ciation of Hear

Cardiology (M

See page 3

*Correspo

E-mail add

0002-9149/© 2

https://doi.org/

Des
2

Is Not Associated With Clinical Events and Is Reversible
After Heart Transplantation
Ana Ayesta, MD, PhDa, Mar�ıa Jes�us Valero-Masa, MD, PhDb,c, Mar�ıa Teresa Vid�an, MD, PhDc,d,
Javier Segovia-Cubero, MD, PhDe, Mar�ıa Dolores Garc�ıa-Cos�ıo, MD, PhDf,g, Jorge V. L�opez-Ibor, MDe,

Pedro Caravaca, MDf,g, Raquel Luna-L�opez, MDf,g, Laura P�erez-G�omez, MDe,
Jorge Nuche, MD, PhDc,f,g,h, Javier Mart�ınez-D�ıaz, MDa, Juan Delgado, MD, PhDc,f,g,

Manuel G�omez-Bueno, MD, PhDe, Clara Fern�andez-Cord�onb,c,
Juan Carlos L�opez-Azor, MD, PhDf,g, and Manuel Mart�ınez-Sell�es, MD, PhDb,c,i,*
a, H

ard

, Ce

ad

epa

tro d

dab

l U

d

ad

ctub

12),

cula

Red

diov

pea

ript

his

t Fa

adri

3 fo

ndin

res

023

10.

carg
023
Assessment of frailty before heart transplant (HT) is recommended but is not standard in
most HT protocols. Our objective was to evaluate frailty at inclusion in HT list and during
follow-up and to assess the influence of baseline frailty on prognosis. A prospective multi-
center study in all adults included in the nonurgent HT waiting list. Frailty was defined as
Fried’s frailty phenotype score ≥3. Mean follow-up was 25.9 § 1.2 months. Of 99 patients
(mean age 54.8 [43.1 to 62.5] years, 70 men [70.7%]), 28 were frail (28.3%). A total of 85
patients received HT after 0.5 § 0.01 years. Waiting time was shorter in frail patients
(0.6 years [0.3 to 0.8] vs 0.2 years [0.1 to 0.4], p = 0.001) because of an increase in priority.
Baseline frailty was not associated with overall mortality, (hazard ratio 0.99 [95% confi-
dence interval 0.41 to 2.37, p = 0.98]). A total of 16 transplant recipients died (18.8%). Of
the remaining 69 HT recipients, 65 underwent frailty evaluation during follow-up.
Patients without baseline frailty (n = 49) did not develop it after HT. Of 16 patients with
baseline frailty, only 2 were still frail at the end of follow-up. Frailty is common in HT can-
didates but is reversible in most cases after HT and is not associated with post-transplant
mortality. Our results suggest that frailty should not be considered an exclusion criterion
for HT. © 2023 Elsevier Inc. All rights reserved. (Am J Cardiol 2023;205:28−34)
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Frailty, defined as vulnerability to stressors, is common
in patients with heart failure (HF), affecting 10% of older
people (≥65 years) and as many as 54% of those with
HF.1,2 Most studies agree on its prognostic value and its
association with hospitalizations and higher mortality.3
Previous studies suggest that frailty is common in heart
transplant (HT) candidates and might influence post-trans-
plant mortality.4,5 A recent consensus recommends assess-
ing frailty when listing patients for HT, suggesting the use
of a modified version of Fried’s frailty phenotype (FFP),6

although this scale, was initially developed for elderly pop-
ulations (≥65 years old) and its use in younger populations
is still uncertain.7 Our aim was to evaluate frailty at inclu-
sion in HT list and during follow-up and to assess the influ-
ence of frailty on prognosis following the international
recommendations previously mentioned.
Methods

The design, protocol, and baseline characteristics of the
Frailty Evaluation after List Inclusion, Characteristics, and
Influence on Transplantation And Results (FELICITAR)
study have been previously published.8,9 In summary, FELIC-
ITAR is a prospective observational consecutive multicenter
registry of adults listed for elective or emergency list 1 HT,
excluding bedridden patients and emergency list 0 (when list-
ing inclusion). The organ allocation system in Spain when
listing was as follows: Elective list: patients who were not on
emergency list 0 or 1. Emergency list 1: Regional preference.
Patients on normofunctional medium-term and long-term
ventricular assist devices (VADs) or patients with a VAD that
was dysfunctional owing to line infection, digestive bleeding,

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2023.07.110&domain=pdf
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Table 1

Baseline characteristics according to the presence of frailty

Frail

(n=28)

Non-frail

(n=71)

p

Demographics

Not hospitalized (at home) 12 (42.9) 46 (64.8) 0.046

Sex (female) 11 (39.3) 18 (25.4) 0.170

Age 49.3§15.4 52§13.5 0.399

Body mass index (kg/m2) 23§3.8 25.7§4.2 0.005

Brachial circumference (cm) 25.5§4.1 27.8§4.4 0.024

Charlson comorbidity index 2§1 2.1§1 0.740

Baseline situation

Number of drugs taken by the

patient

8.2§3.2 9.1§3.2 0.234

VAD 2 (7.1) 4 (5.6) 0.777

Days in intensive care unit (1 year

before)

3.9§7.6 3.4§12.4 0.873

Barthel scale 94.6§9.6 99§3.9 0.027

Heart failure etiology

Ischemic 2(7.1) 21 (29.6) 0.052

Dilated (non-ischemic) 8 (28.6) 18 (25.4)

Others 18 (64.3) 32 (45.1)

Hemodynamic and analytic

values

Right atrial pressure (mmHg) 11.7§6.4 9.1§6.3 0.083

Wedge pulmonary pressure

(mmHg)

21.9§8.3 17.1§8.1 0.012

Hb (g/L) 12.3§2.4 13.9§2 0.001

eGFR (ml/min/1,73m2) 63.8§23.4 62.4§25.6 0.794

Nt-proBNP (pg/mL) 6557.8§8828.63871.7§5077.9 0.140

Albumin 4§0.6 4.1§0.5 0.224

Bilirrubin 1§0.8 1.1§0.8 0.465

Geriatric syndromes

FFP score 3.5§0.7 0.8§0.7 <0.001
SPPB score 7.1§2.7 10§1.8 <0.001
Grip (kg) 20.5§9.4 30§9.8 <0.001
PHQ9 score 9.4§6.2 6§6.1 0.014

Depression 22 (75.9) 33 (47.8) 0.011

MoCA score 25§4.4 25.1§4.2 0.860

MLHFQ score 59.4§21.1 46.1§24.6 0.016

eGFR = estimated glomerular filtration rate; FFP = Fried frailty pheno-

type; Hb = hemoglobin; MoCA = Montreal Cognitive Assessment;

MLHFQ = Minnesota Living with Heart Failure Questionnaire;

PHQ9 = Patient Health Questionnaire; SPPB = Short Physical Perfor-

mance Battery; VAD = ventricular assist device.
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or severe right ventricular failure. It also included patients
with protein-losing enteropathy because of a dysfunctional
Fontan connection. Emergency list 0: National preference.
This included patients with short-term VAD, extracorporeal
membrane oxygenation (ECMO) without multiorgan failure
and patients with medium-term and long-term VAD that was
dysfunctional owing to mechanical impairment or thrombo-
embolism.10 The primary end point was all-cause mortality
1 year after HT. Secondary end points included inhospital
outcomes (need of reintubation, intensive care unit stay, hos-
pital stay, primary graft failure, infection, cytomegalovirus
(CMV) infection and rejection) and other 1-year post-trans-
plant outcomes (infection, C cytomegalovirus infection, rejec-
tion, readmissions). We evaluated patients at inclusion, every
3 months until HT and 3, 6, and 12 months after HT. Frailty
was present with FFP ≥3. We also assessed depression with
Patient Health Questionnaire (depression if Patient Health
Questionnaire 9 ≥5), cognitive impairment with Montreal
Cognitive Assessment (cognitive impairment if Montreal
Cognitive Assessment ≤26), quality of life with Minnesota
Living with Heart Failure Questionnaire, (scoring from zero
to 105 being 0: no limitation; 105:maximum limitation) and
Barthel’s index for activities of daily living (<40 severe func-
tional disability, 40 to 60 moderate functional disability, >60
mild or no functional disability). We defined 2 variables
according to frailty and event prediction: baseline frailty, and
pretransplant frailty (the last frailty measurement before
transplant). Median time between baseline and pretransplant
frailty was 3 months (25 percentile 0 months, 75 percentile
6 months), mean 3.8 § 4.9 months. Post-transplant frailty
was defined as 12-, 6-, or 3-month post-transplant frailty (the
latest available).

The study was conducted in accordance with the World
Medical Association Declaration of Helsinki and approved
by the Ethics Committee of Gregorio Mara~n�on General
Hospital, Madrid, Spain. All patients provided informed
consent.

To compare the differences in binary variables, we used the
chi-square test with the Fischer correction when necessary.
For continuous variables, we assessed normality using the
Kolmogorov-Smirnov test. Waiting time, length of stay, intu-
bation hours, and intensive care unit days were not normal
variables and are expressed as median (quartile 1 to quartile 3)
and compared with the Mann−Whitney U. Normal quantita-
tive variables are expressed as mean § SD and were com-
pared with the Student’s t test. Events while waiting and after
HT are presented using Kaplan−Meier curves. We analyzed
univariate mortality using the log-rank test. Multivariable Cox
regression analyses (backward selection) were performed to
determine mortality predictors and to assess the independent
association of frailty with mortality. All variables with
p <0.10 in univariate analyses were included in multivariable
analyses. Statistical analysis was performed with SPSS, ver-
sion 22.0 (IBM, Armonk, New York).
Results

Of 99 patients (mean age 54.8 years, 70 men [70.7%]),
28 were frail (28.3%). Compared with nonfrail patients,
frail patients had lower Barthel’s index, more advanced
heart disease (hospitalized when listed and higher wedge
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
pulmonary pressure), higher rates of depression, and worse
quality of life (Table 1).

A total of 85 patients received HT. Mean time on waiting
list was 0.5 § 0.01 years, with a minimum of 9 days and
maximum of 1.7 years (median 0.5 years). Waiting time
was longer in nonfrail patients than in frail patients
(0.6 years [0.3 to 0.8] vs 0.2 years [0.1 to 0.4], p = 0.001).
Compared with nonfrail patients, frail patients increased
their priority status while waiting more frequently (6-month
priority increase 50.0% vs 9.6% years p <0.001) (Figure 1).
Nine patients died before HT and 4 were delisted (Figure 2).
Mortality on the waiting list was independently associated
with pulmonary wedge pressure: hazard ratio (HR) 1.07,
95% confidence interval (CI) 1 to 1.14, p = 0.04 but not
with baseline frailty (HR 1.22, 95% CI 0.24 to 6.33,
p = 0.81) or baseline grip strength (HR 1.01, 95% CI 0.95
to 1.08, p = 0.682). A total of 56 patients had ≥1 follow-up
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Figure 1. Kaplan−Meier curves for priority increase in waiting list according to the presence of baseline frailty.
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visits before HT, 10 of them did rehabilitation, none of
them were frail.

Fifteen patients were transplanted in emergency list 0
(national priority). Four with ECMO, 2 with Impella, 4 with
short-term mechanical assist device, 3 with dysfunctional
long-term VAD, and 2 were prioritized for hypersensitization
(one with a long-term VAD). Frail patients were transplanted
more frequently in emergency list 0 than nonfrail patients
(32% vs 11.7%, p = 0.033). There were no relevant differen-
ces between frail and nonfrail regarding being transplanted
with ECMO/Impella short VAD, or inotropes (Table 2).

Baseline frailty was associated with reintubation rate
(frailty 5 [20.8%] vs no frailty 3 [5.2%], p = 0.003). Reha-
bilitation efforts were also similar in frail and nonfrail
patients. The other inhospital and 1-year outcomes were
Figure 2. Flow chart according to th

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
similar in patients with and without baseline frailty
(Tables 3 and 4). All-cause mortality was similar between
baseline-frail and nonfrail patients (Figure 3) (actuarial
mortality 25% vs 25.4%, p = 0.979) and baseline frailty
was not an independent predictor of mortality (HR 0.99,
95% CI 0.41 to 2.37, p = 0.98). Pretransplant frailty was not
a predictor of mortality either (HR 0.91, 95% CI 0.29 to
2.82, p = 0.87) (Figure 3). Baseline grip strength neither
influenced 1-year mortality (HR 0.99, 95% CI 0.94 to 1.04,
p = 0.6) nor actuarial mortality (HR 1, 95% CI 0.96 to 1.03,
p = 0.78).

Frailty evolution is shown in Figure 4. A total of 16
transplant recipients died. Of the remaining 69 HT recipi-
ents, 65 underwent frailty evaluation during follow-up.
Patients without baseline frailty (n = 49) did not develop it
e presence of baseline frailty.

Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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Table 2

Clinical events according to the presence of baseline frailty: Severity at the

time of transplantation

Frail at

inclusion (25)

Non-frail at

inclusion (60)

P

Time on waiting list (days) 91 (42-156) 202 (105-307) 0.001

Iv inotropes 9/25 (36%) 18/60 (30%) 0.588

ECMO/Impella/Levitronix 5/25 (20%) 5/60 (8.3%) 0.150

Emergency list 0*

(at transplantation)

8/25 (32%) 7/60 (11.7%) 0.033

ECMO = extracorporeal membrane oxygenation; iv = intravenous.

* Emergency list 0: National preference. This included patients with short-

term ventricular assist devices, ECMO without multiorgan failure, and

patients with medium- and long-term VAD that was dysfunctional owing to

mechanical impairment or thromboembolism. Sometimes an exception

could be requested for certain clinical situations such as sensitization.

Table 3

Clinical events according to the presence of baseline frailty: In-hospital

outcomes

Frail at

inclusion (25)

Non-frail at

inclusion (60)

P

Need of reintubation 5/24 (20.8%) 3/58 (5.2%) 0.03

ICU stay (days) 8 (5-18.5) 7 (5 -10) 0.466

Hospital stay (days) 22 (17-34) 22 (16-36) 0.996

Rehabilitation 17/25 (68%) 37/59 (62.7%) 0.644

Primary graft failure 7/25 (28%) 9/59 (15.3%) 0.174

Infection 9/24 (37.5 %) 18/59 (30.5 %) 0.538

Cytomegalovirus infection 5/24 (20.8 %) 6/58 (10.3%) 0.205

Rejection 4/24 (16.7 %) 6/58 (10.3%) 0.468

ICU = intensive care unit.

Figure 3. (A) Kaplan−Meier curves for the cumulative survival during fol-

low-up. (B) Kaplan−Meier curves for 1-year post-transplant survival

according to pretransplant frailty.

Figure 4. Frailty evolution assessed by FFP before and after heart transplantation

tion of those patients score during follow-up (mean FFP).

Table 4

Clinical events according to the presence of baseline frailty: 1-year post-

transplant outcomes

Frail at

inclusi�on (25)

Non-frail at

inclusi�on (60)

P

Death 5/25 (20%) 11/60 (18.3%) 0.858

Readmissions 12/18 (66.7%) 32/53 (60.4%) 0.635

Infection 14/25 (56%) 31/60 (51.7%) 0.715

Cytomegalovirus infection 9/25 (36%) 22/60 (36.7%) 0.954

Rejection 5/25 (20%) 13/60 (21.7%) 0.864

Heart Failure/Frailty Is Reversible After Heart Transplantation 31
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after HT. Of 16 patients with baseline frailty, 2 were still
frail at the end of follow-up. In a similar way to the
improvement in frailty, patients improved their grip
strength (p = 0.024). However, this improvement did not
. Each line represents the different scores of FFP at inclusion and the evolu-

Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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reach statistical significance for each of the groups,
although there was a tendency in the frail group.
Discussion

Our study shows that frailty is common in HT candi-
dates. Frail patients wait less for HT, increase their priority
more frequently, and are more frequently transplanted in
national emergency. This unintentional prioritization proba-
bly led to similar survival than nonfrail patients. Also,
frailty is reversible after transplant.

Although frailty has traditionally been considered a geri-
atric syndrome, young patients (<65 years) can develop
frailty because of accelerated aging and co-morbidity.11 In
this context, frailty might be reversible.12 In addition, youn-
ger populations with end-stage heart disease may also
Table 5

Summary of studies assessing frailty influence on heart transplant outcomes

First author

name, year

N Type of study Frailty measurement %

Jha,2016* 120 advanced HF

46 HT recipients

Single-center

Prospective

Modified FFP 33

l

Macdonald,

2021*

140 HT recipients Single-center

Prospective

Modified FFP + MoCA 31

H

Seese,2021 36,790 HT recipients Retrospective Multidomain approach

Varughese,2021 113 advanced

HF

48 HT listed

32 HT

recipients

Single-center

Retrospective

M

a

Aili, 2022* 343 advanced HF

208 HT listed

152 HT recipients

Single-center

Prospective

Modified FFP

Modified FFP + MoCA

28

38

Lee, 2022 44 advanced HF

25 HT listed

14 HT recipients

Single-center

Prospective

SPPB

FFP

FRS

FELICITAR 99 HT listed

85 HT recipients

Multi-center

Prospective

FFP %

*Australian cohort. Jha, Macdonald and Aili published results from the same co

HF = heart failure; HT = heart transplantation; FELICITAR = Frailty Evaluation

Results; FFP = Fried frailty phenotype; FRS = Frailty Risk Score; ICU = intensiv

cal Performance Battery.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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develop frailty. Jha et al4 reported 33% of frail patients in
an Australian population with advanced HF. A more recent
analysis of the same cohort reported a 31% of frail 6 months
before HT.5 Our results are consistent with this high preva-
lence of frailty in the relatively young population of HT
recipients.

Few data are available regarding the influence of frailty
on HT outcomes. A summary of the published studies can
be listed in Table 5. In the Australian cohort,4,5,13 the
authors found lower overall survival in frail patients com-
pared with nonfrail patients, and longer hospital stays. On
the contrary, we report similar overall and post-transplant
survival in frail and nonfrail patients, and we did not find
differences inhospital stays. These discrepancies could be
because of some modifications in the physical definition of
frailty and, also, because of a different proportion of
Frailty Time from frailty

assessment to HT

Influence on outcomes

% (base-

ine)

○ No data ○ Overall 337 days mortality:

41% frail vs. 21 % non-frail

○ Post-transplant survival: 52%

frail vs. 100% non-frail, (non-

significant difference).

% (prior to

T)

○ Frail patients: 3.1§2.1

months

○ Non-frail patients:

3.3§1.9 months

○ Post-transplant mortality: 26%

frail vs. 5% non-frail

○ Frail patients higher rates of

mortality

ultidomain

pproach

○ Frailty tended to be associated

with increased probability of

death

%

%

○ Median time: 5 months

(2-9 months) (in both

groups, frail and non-

frail)

○ Frail patients higher rates of

mortality

○ No data ○ Frailty associated with overall

mortality

(baseline) ○ Frail patients: 3.03

(1.4-5.2) months

○ Non-frail patients: 6.73

(3.5-10.2) months

○ Overall mortality: 25% frail vs.

25.4 % non-frail, non.signifi-

cant difference.

○ Post-transplant mortality: 20%

frail vs. 18.3% non-frail, non.

significant difference

hort of patients in different timing.

after List Inclusion, Characteristics, and Influence on Transplantation And

e care unit; MoCA = Montreal Cognitive Assessment; SPPB = Short Physi-

Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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Heart Failure/Frailty Is Reversible After Heart Transplantation 33
transplanted patients (only 35% of Australian patients were
finally transplanted vs 86% in our cohort).4 Moreover, in
our cohort there are differences in waiting time between
frail and nonfrail patients. We found that frail patients
waited less for HT than nonfrail patients, increased their
priority more frequently, and were more commonly trans-
planted in national emergency priority. This unintentional
prioritization is probably because of a more advanced car-
diac disease represented by cardiac cachexia with lower
body mass index and brachial circumference than nonfrail
patients.14 These patients would suffer adverse events while
waiting and, subsequently, transplanted before because of
deterioration. This prioritization implies an increase in the
risk of reintubation, but it does not increase long-term mor-
tality. Our data suggest that HT reverses frailty, suggesting
that frailty assessed by FFP in this young population mainly
represents “cardiac” frailty. Thus, a sicker population
requires closer follow-up and earlier transplantation.

Other studies showed adverse post-transplant outcomes
using a multidomain approach to assess frailty.15,16 How-
ever, we believe that including multimorbidity, depen-
dency, and age to assess frailty is not representative of
frailty as an independent clinical entity, but of the global
assessment that is usually carried out before HT.15,16

In patients who underwent left VAD (LVAD), frailty has
been associated with adverse outcomes. A handgrip
strength <25% of body weight increases postoperative
complication rates and mortality after LVAD implanta-
tion.17 A meta-analysis of 13 studies including 3,435
patients who underwent LVAD showed that frailty was a
predictor of longer intubation, hospital stay, and long-term
mortality.18

Frailty considered as a physical phenotype is a dynamic
entity.19 Thus, frailty could be reversible or lead to disabil-
ity (irreversible) when no restorative action is
performed.20,21 In patients listed for HT restorative inter-
ventions before HT are known as “prehabilitation”22 and in
HT recipients may improve post-transplant outcomes.23

Also, frailty could be reversible with cardiac therapies and
the improvement in the underlying heart disease. Our
FELICITAR cohort represents a young population with this
phenotype, and we report an 88% of frailty reversion 1-year
after HT that could be influenced both by a pretransplant
improvement and by HT. We have not shown that prehabi-
litation has an influence on our results. However, the lack
of data on post-transplant rehabilitation limits these conclu-
sions. Previous HF studies found frailty reversion with
LVAD17,24−26 and sacubitril-valsartan.27 In patients who
underwent LVAD or HT a significant improvement in
frailty score postintervention has been described.25

FELICITAR is the first prospective study that suggests
that there is no association between frailty and prognosis
after HT. However, our study has some limitations, because
of its descriptive nature, operator/observer-dependent
biases, some subjective items of FFP, and lack of data on
post-transplant rehabilitation. In addition, our sample size
might not be large enough to find some relevant differences
in outcomes between frail and nonfrail patients. Our youn-
ger frail cohort may also represent a more resilient popula-
tion and there could be doubts about the suitability of FFP
in this population. However, the choice of the FFP was
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
made in accordance with international recommendations
and we believe that our data reinforce the idea that this
scale allows detection of “cardiac” frailty and, thus, severity
in this population. This would reinforce the idea of different
subgroups of frail patients.28

In conclusion, frailty is common in HT candidates but is
reversible in most patients after HT and is not associated
with 1-year mortality. This could be because of a shorter
time in waiting list because of unintentional prioritization.
Frailty alone should not be considered an exclusion crite-
rion for HT.
Declaration of Competing Interest

The authors have no competing interests to declare.

Acknowledgment

The authors acknowledge p-investiga for their statistical
analysis assistance.
1. Santos-Eggiman B, Cu�enoud P, Spagnoli J, Junod J. Prevalence of
frailty in middle-aged and older community-dwelling Europeans liv-
ing in 10 countries. J Gerontol A Biol Sci Med Sci 2009;64:675–681.

2. Vid�an MT, Blaya-Novakova V, S�anchez E, Ortiz J, Serra-Rexach JA,
Bueno H. Prevalence and prognostic impact of frailty and its compo-
nents in non-dependent elderly patients with heart failure. Eur J Heart
Fail 2016;18:869–875.

3. Afilalo J, Karunananthan S, Eisenberg MJ, Alexander KP, Bergman H.
Role of frailty in patients with cardiovascular disease. Am J Cardiol
2009;103:1616–1621.

4. Jha SR, Hannu MK, Chang S, Montgomery E, Harkess M, Wilhelm K,
Hayward CS, Jabbour A, Spratt PM, Newton P, Davidson PM, Mac-
donald PS. The Prevalence and prognostic significance of frailty in
patients with advanced heart failure referred for heart transplantation.
Transplantation 2016;100:429–436.

5. Macdonald PS, Gorrie N, Brennan X, Aili SR, De Silva R, Jha SR, Fri-
tis-Lamora R, Montgomery E, Wilhelm K, Pierce R, Lam F, Schnegg
B, Hayward C, Jabbour A, Kotlyar E, Muthiah K, Keogh AM, Granger
E, Connellan M, Watson A, Iyer A, Jansz PC. The impact of frailty on
mortality after heart transplantation. J Heart Lung Transplant
2021;40:87–94.

6. Kobashigawa J, Shah P, Joseph S, Olymbios M, Bhat G, Dhital K,
Eisen H, Kransdorf E, Patel J, Skorka R, Pinney S, Wilson ME, Hall
S, Heart Frailty Workgroup. Frailty in heart transplantation: report
from the heart workgroup of a consensus conference on frailty. Am J
Transplant 2021;21:636–644.

7. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener
J, Seeman T, Tracy R, Kop WJ, Burke G, McBurnie MA, Cardiovas-
cular Health Study Collaborative Research Group. Frailty in older
adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci
2001;56:M146–M156.

8. Ayesta A, Astiz MTV, Masa MJV, Segovia J, Cos�ıo MDG, Mart�ınez-
Sell�es M. Rationale and design of the FELICITAR registry (Frailty
Evaluation After List Inclusion, Characteristics and Influence on
Transplantation and Results). Clin Cardiol 2018;41:293–299.

9. Ayesta A, Valero Masa MJ, Vid�an MT, Luna-L�opez R, Segovia-
Cubero J, Garc�ıa-Cos�ıo MD, P�erez G�omez L, P�erez PC, V�azquez
L�opez-Ibor J, Nuche J, Mart�ınez-Sell�es M. Prevalence and characteri-
zation of frailty, depression, and cognitive impairment in patients
listed for heart transplantation: results of the FELICITAR prospective
registry. Clin Transplant 2021;35:e14391.

10. S�anchez-Enrique C, Jorde UP, Gonz�alez-Costello J. Heart transplant
and mechanical circulatory support in patients with advanced heart
failure. Rev Esp Cardiol (Engl Ed) 2017;70:371–381.

11. Hamczyk MR, Nevado RM, Barettino A, Fuster V, Andr�es V. Biologi-
cal versus chronological aging: JACC focus seminar. J Am Coll Car-
diol 2020;75:919–930.
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0002
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0002
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0002
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0002
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0002
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0002
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0003
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0003
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0003
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0011


34 The American Journal of Cardiology (www.ajconline.org)
12. Nowak KL, Rossman MJ, Chonchol M, Seals DR. Strategies for
achieving healthy vascular aging. Hypertension 2018;71:389–402.

13. Aili SR, De Silva R, Wilhelm K, Jha SR, Fritis-Lamora R, Montgomery
E, Pierce R, Lam F, Brennan X, Gorrie N, Schnegg B, Jabbour A, Kotlyar
E, Muthiah K, Keogh AM, Jansz PC, Hayward C, Macdonald PS. Valida-
tion of cognitive impairment in combination with physical frailty as a pre-
dictor of mortality in patients with advanced heart failure referred for
heart transplantation. Transplantation 2022;106:200–209.

14. Driggin E, Chung A, Concha D, Stanton L, Topkara VK, Maurer MS,
Fried JA, Latif F, Takeda K, Sayer G, Uriel N, Clerkin KJ. The impact
of pre-transplant weight loss on survival following cardiac transplanta-
tion. Clin Transplant 2022;36:e14831.

15. Seese L, Hirji S, Sultan I, Gleason T, Kilic A. Frailty screening tool for
patients undergoing orthotopic heart transplant. Ann Thorac Surg
2021;111:586–593.

16. Varughese RA, Theou O, Li Y, Huang X, Chowdhury N, Famure O,
Selzner N, MacIver J, Mathur S, Kim SJ, Rockwood K, Singer LG.
Cumulative deficits frailty index predicts outcomes for solid organ
transplant candidates. Transplant Direct 2021;7:e677.

17. Chung CJ, Wu C, Jones M, Kato TS, Dam TT, Givens RC, Templeton
DL, Maurer MS, Naka Y, Takayama H, Mancini DM, Schulze PC.
Reduced handgrip strength as a marker of frailty predicts clinical out-
comes in patients with heart failure undergoing ventricular assist
device placement. J Card Fail 2014;20:310–315.

18. Tse G, Gong M, Wong SH, Wu WKK, Bazoukis G, Lampropoulos K,
Wong WT, Xia Y, Wong MCS, Liu T, Woo J, International Health
Informatics Study (IHIS) Network. Frailty and clinical outcomes in
advanced heart failure patients undergoing left ventricular assist
device implantation: a systematic review and meta-analysis. J Am
Med Dir Assoc 2018;19:255–261. .e1.

19. Gill TM, Gahbauer EA, Allore HG, Han L. Transitions between frailty
states among community-living older persons. Arch Intern Med
2006;166:418–423.

20. Pollack LR, Litwack-Harrison S, Cawthon PM, Ensrud K, Lane NE,
Barrett-Connor E, Dam TT. Patterns and predictors of frailty
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
transitions in older men: the Osteoporotic Fractures in Men Study. J
Am Geriatr Soc 2017;65:2473–2479.

21. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in
elderly people. Lancet 2013;381:752–762.

22. Durrand J, Singh SJ, Danjoux G. Prehabilitation. Clin Med (Lond)
2019;19:458–464.

23. Gimeno-Santos E, Coca-Martinez M, Arguis MJ, Navarro R, Lopez-
Hernandez A, Castel MA, Romano B, Lopez-Baamonde M, Sandoval
E, Farrero M, Sanz M, Bofill A, Martinez-Palli G. Multimodal preha-
bilitation as a promising strategy for preventing physical decondition-
ing on the heart transplant waiting list. Eur J Prev Cardiol
2020;27:2367–2370.

24. Flint KM, Matlock DD, Lindenfeld J, Allen LA. Frailty and the selec-
tion of patients for destination therapy left ventricular assist device.
Circ Heart Fail 2012;5:286–293.

25. Jha SR, Hannu MK, Newton PJ, Wilhelm K, Hayward CS, Jabbour A,
Kotlyar E, Keogh A, Dhital K, Granger E, Connellan M, Jansz P,
Spratt PM, Montgomery E, Smith A, Harkess M, Tunicliff P, David-
son PM, Macdonald PS. Reversibility of frailty after bridge-to-trans-
plant ventricular assist device implantation or heart transplantation.
Transplant Direct 2017;3:e167.

26. Maurer MS, Horn E, Reyentovich A, Dickson VV, Pinney S,
Goldwater D, Goldstein NE, Jimenez O, Teruya S, Goldsmith J,
Helmke S, Yuzefpolskaya M, Reeves GR. Can a left ventricular
assist device in individuals with advanced systolic heart
failure improve or reverse frailty? J Am Geriatr Soc 2017;65:
2383–2390.

27. Cacciatore F, Amarelli C, Maiello C, Mattucci I, Salerno G, Di Maio
M, Palmieri V, Curcio F, Pirozzi F, Mercurio V, Benincasa G, Golino
P, Bonaduce D, Napoli C, Abete P. Sacubitril/valsartan in patients
listed for heart transplantation: effect on physical frailty. ESC Heart
Fail 2020;7:757–762.

28. Cogswell R, Alam A, Joseph SM. Letter by Cogswell et al. regarding
article, “polypharmacy in older adults hospitalized for heart failure”.
Circ Heart Fail 2021;14:e008160.
Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0012
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0012
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0016
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0016
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0016
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0016
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0020
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0020
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0020
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0021
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0021
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0021
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0021
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0022
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0022
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0024
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0024
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0024
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0024
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0024
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0024
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0025
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0025
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0025
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0026
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0026
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0026
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0026
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0026
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0026
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0029
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0029
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0029
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0029
http://refhub.elsevier.com/S0002-9149(23)00674-4/sbref0029
www.ajconline.org

	Frailty Is Common in Heart Transplant Candidates But Is Not Associated With Clinical Events and Is Reversible After Heart Transplantation
	Methods
	Results
	Discussion
	Declaration of Competing Interest
	Acknowledgment


