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ABSTRACT

Background: The aim of this study was to assess the prevalence of frailty and other impairments in potential left
ventricular assist device (LVAD) and heart transplantation (HTx) candidates by performing a preoperative
comprehensive geriatric assessment (CGA) and reviewing the treatment recommendations resulting from the
CGA.

Methods and results: This cross-sectional study included 73 patients aged >40 years who received a CGA as part of
the patient selection procedure for LVAD and HTx. In every patient, a conclusion comprising frailty and other
impairments was formulated based on the medical, mental, functional, and social domains and recommendations
were made. The mean age was 58 years (range 40-71) and 70 % were male. In 97 % of patients, at least one
impairment was identified by the CGA. The most common impairments were polypharmacy, high morbidity
burden, reduced renal function, osteopenia, depression, poor quality of life, reduced functionality, (risk of)
malnutrition, reduced grip strength and high caregiver burden. A small proportion of the potential LVAD and
HTx candidates were frail (7 % according to Fried’s frailty criteria, 6 % according to the Edmonton Frail Scale)
and 39 % were pre-frail. The domains for which most impairments were found and the domains for which most
treatment recommendations were given matched well, with the functional domain as the frontrunner.
Conclusion: This study showed that most of the potential candidates for LVAD or HTx have impairments on at
least one domain of the CGA. Impairments and associated risks can contribute to the decision making process for
candidacy for LVAD and HTx.

1. Introduction

failure guidelines, compliance with therapy and adequate social support
are important elements of this therapeutic regime [2,7]. Furthermore, it

The lifetime risk of heart failure is high [1]. When chronic end-stage
heart failure remains refractory in spite of individualized optimal
medical and conventional device therapy, advanced therapies can be
considered in selected patients, including heart transplantation (HTx)
and left ventricular assist device (LVAD) [2].

Although LVAD implantation and HTx improve survival and quality
of life [3,4], there is also a high risk of complications, leading to an
intensive postoperative therapeutic regime and a thorough follow-up
[5,6]. As recommended in the European Society of Cardiology heart

is important that patients on LVAD support understand the technology,
are able to undertake the burdensome self-care and to react appropri-
ately to pump malfunction [2,8]. This requires substantial cognitive and
functional skills [9]. Current literature refers to frailty [10] as an
important predictor of outcomes after LVAD implantation [11-15].
Given the high risk of negative outcomes after LVAD or HTx, an
adequate preoperative selection of potential candidates is necessary.
Even when performed by a specialized, multidisciplinary team, patient
selection is complex and unique to each patient [2]. The comprehensive
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geriatric assessment (CGA) is a multidisciplinary assessment that sys-
tematically examines a patient according to the medical, mental, func-
tional and social domains and can determine the degree of frailty
[16,17]. Recent studies showed that a CGA is potentially of added value
in the evaluation and treatment of patients with heart failure [18,19]. A
recent study showed that having limitations in multiple domains of the
CGA was significantly associated with adverse outcomes in patients with
heart failure [20]. Awareness of the presence of capabilities and limi-
tations in the individual patient may lead to improved patient selection
for advanced therapies such as LVAD or HTx, and gives the potential to
optimize and individualize treatment to improve the preoperative level
of fitness. A few studies showed beneficial effects of a prehabilitation
program on functionality and frailty in patients awaiting HTx, however,
no studies have reported the impact on outcomes of LVAD or HTx yet
[21]. In addition, care goals can be explored, social or mental support
offered, the risk of complications such as delirium reduced and advice
given on post-operative rehabilitation [22]. However, little is known
about the yield of CGA in patients who are considered for advanced
invasive therapy with LVAD or HTx in terms of found impairments and
potential recommendations. Therefore, the aim of this study was to
assess the prevalence of frailty and other impairments identified by a
CGA in potential LVAD and HTx candidates. A secondary aim was to
study which treatment recommendations resulted from the CGA.

2. Methods
2.1. Study design and setting

This is a single center, cross-sectional study in a collaboration be-
tween the Department of Geriatrics, Cardiology and Cardiothoracic
Surgery at the University Medical Centre Utrecht, a tertiary referral
hospital for advanced heart failure in the Netherlands.

The study has been conducted in accordance with the Declaration of
Helsinki and is approved by the local medical ethics committee (refer-
ence number MvdL/mb/20/500551).

2.2. Study population

Cardiologists in second-line care can refer patients to tertiary-line
care in the University Medical Centre Utrecht to consider therapies for
advanced heart failure, when the patient progresses from stable heart
failure to advanced heart failure. The criteria of the acronym “I need
help” were often used for this purpose, which contains many of the core
components for defining advanced heart failure, as recommended by the
European heart failure guidelines [2,23,24]. Before a patient enters the
screening program for LVAD or HTx, an experienced team of cardiolo-
gists makes an informal preselection of patients who appear unsuitable
for LVAD or HTx based on clinical appearance. Reasons for rejecting a
patient in advance include severe frailty determined by global clinical
impression, evident lack of motivation or the presence of a contraindi-
cation such as an active malignancy. These patients were not included in
this study. Patients that were not rejected in advance were subsequently
included in the screening program. The screening program for LVAD and
HTx included cardiopulmonary stress testing, prognostic stratification
and invasive hemodynamic measurements. Careful selection for LVAD
and HTx was conducted according to predefined criteria [24,25]. All
patients over 40 years of age who were screened as potential candidate
for LVAD implantation or HTx were included for additional screening at
the geriatric outpatient clinic. As biological age is expected to exceed
chronological age in chronic heart failure [26,27], the inclusion limit for
screening at the geriatric outpatient clinic was set at 40 years. Patients
intubated and/or sedated in the intensive care unit at the moment of
screening were excluded from study participation, since it was not
possible to perform a CGA under those conditions. Five patients who did
not provide informed consent to participate in the study were also
excluded.
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2.3. Comprehensive geriatric assessment

A CGA was performed in every patient as part of the patient selection
procedure for LVAD and HTx, including patients screened for HTx with
LVAD in situ. Depending on the clinical situation of the patient, the CGA
was performed at the geriatric outpatient clinic or during admission on
the cardiology ward. A CGA-trained physician or nurse practitioner
performed the CGA, which included evaluation of the patient’s medical,
mental, functional, and social capabilities and problems. The CGA was
based on the Dutch national guideline for CGA and adapted where
appropriate for the specific population with advanced heart failure,
using the Minnesota Living with Heart Failure Questionnaire to assess
quality of life and Fried’s frailty criteria to determine frailty. An over-
view of the components of the CGA, test instruments, corresponding
references, ranges, and cut-off points is shown in online supplementary
Table S1, [9,18,28]. In every patient, a conclusion comprising frailty
and other impairments was formulated on the four mentioned domains
and a plan of care was created around patient-centered goals. The
treatment recommendations were grouped into the prespecified cate-
gories as mentioned in Table 2 of the manuscript and Supplementary
Table S2.

The findings of the CGA were discussed in a multidisciplinary team
including cardiologists, cardiothoracic surgeons, anesthesiologists,
specialized heart failure nurses, intensivists and at least one geriatrician.
During this deliberation, it was assessed whether a patient is a suitable
candidate for LVAD or HTx. If the patient was deemed suitable for HTx,
the patient was placed on the waiting list for Htx. If the patient was
deemed suitable for LVAD implantation, the clinical situation deter-
mined the duration until LVAD implantation.

2.4. Frailty assessment

In this study, Fried’s frailty criteria (Supplementary Table S3) were
used to determine frailty as recommended by the Frailty Heart Work-
group of the American Society of Transplantation [29,30].

In addition, we used the Edmonton Frail Scale (EFS) as a second and
multi-domain instrument to assess frailty (Supplementary Table S4)
[31]. Rolfson et al. demonstrated that the EFS is a valid tool for deter-
mining frailty when compared to the CGA and the EFS is used in several
cardiac populations, including heart failure patients, in literature
[32-35].

2.5. Demographic data

Demographic data included age, sex, etiology of the cardiomyopa-
thy, previously implanted LVAD in potential HTx candidates and the
Interagency Registry for Mechanically Assisted Circulatory Support
(INTERMACS) profile [36]. INTERMACS (IM) uses a classification sys-
tem of profiles (IM profile 1-7) to represent the severity of heart failure,
which ranges from advanced New York Heart Association class 3 heart
failure (IM 7) to critical cardiac shock (IM 1).

2.6. Statistical analysis

Continuous demographics are presented as mean and standard de-
viation (SD). Categorical demographics are expressed as number and
corresponding percentage. Outcomes of the CGA, i.e. the impairments
and treatment recommendations are also presented as means for
continuous variables and numbers for categorical variables. The out-
comes of the CGA were stratified by the presence of an LVAD (LVAD in
situ vs. no LVAD in situ), age (40-59 years vs. >60 years), and IM profile
(IM 1-3 vs. IM 4-6). The 60-year limit was chosen because of a median
age of 59, creating roughly two equally sized groups. Differences in
impairments and treatment recommendations were determined with the
Student’s t-test or Mann-Whitney U test for continuous variables and the
chi-square test or Fisher’s exact test for categorical variables. For all
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tests, a p-value < 0.05 was considered statistically significant. Analyses
were performed using the Statistical Package for the Social Sciences
version 26 (SPSS Inc., Chicago III, United States).

3. Results

Data is presented for 73 potential LVAD and HTx candidates who
consented to participate in this study between November 2020 and
November 2021. Details on patient inclusion are presented in Fig. S1 of
the Supplementary Material.

3.1. Demographics

Demographics of patients screened for LVAD or HTx are shown in
Table 1. The mean age of the study population was 57.9 SD 7.4 years
(range 40-71) and 51 patients (70 %) were male. Half of the patients
(52 %) were screened for HTx, 45 % for LVAD, and in two patients both
options were still open at the moment of the CGA.

4. Impairments resulting from the CGA
4.1. Frailty

According to Fried’s frailty criteria, most patients were non-frail (54
%), 39 % of patients were pre-frail and 7 % were frail. According to the
EFS, the majority of patients (86 %) were indicated non-frail. Six pa-
tients (9 %) were pre-frail and four (6 %) mildly frail (Table 1).

4.2. Medical status

The mean Charlson Comorbidity index score was 2.1 SD 0.9. In one
third of the patients the Charlson Comorbidity index was >3, indicating
a high morbidity burden. Half of the patients had a BMI > 25. Patients
used an average of 7.3 chronic medications per day. Polypharmacy (>5
medications) was present in 77 % of the patients and hyper-
polypharmacy (>10 medications) in 14 %. Bone mineral density was
reduced in 63 % of the patients. Renal and liver function were impaired
in respectively 29 % and 24 % of the patients.

4.3. Cognitive and psychological status

In 29 % of the patients depressive symptoms were present and in 14
% cognitive impairment. The majority of patients reported a reduced
quality of life with almost half of the patients describing their quality of
life as poor (44 %).

4.4. Functional status

Almost half of the patients (47 %) required assistance in the
(instrumental) activities of daily living, mostly because of physical
limitations due to heart failure. About one third (34 %) of patients were
at risk of malnutrition and in 8 % of patients malnutrition was actually
present. The Timed Up & Go test was abnormal in 6 % of the study
population indicating impaired mobility. Muscle strength (handgrip
strength corrected for age and sex) was impaired in more than half of the
patients (58 %).

4.5. Social status

A large proportion of patients needed care while living at home: 20 %
of patients received caregiver assistance, 18 % household help and 4 %
professional care. A quarter (27 %) of the caregivers experienced a high
caregiving burden.

Fig. 1 shows the distribution of impairments resulting from the CGA
across the different domains (medical, mental, functional and social). A
total of 417 impairments were identified during this study. Most
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Table 1
Results of the comprehensive geriatric assessment in patients screened for left
ventricular assist device or heart transplantation.

Demographics N = %
73
Screening during hospitalization 28 38.4
Screening for HTx 38 52.1
LVAD 33 45.2
Both HTx/LVAD 2 2.7
Previously implanted LVAD in 25 65.8
potential candidates for HTx
Age Years [Mean - SD] 57.9-7.4
Sex Male 51 69.9
Etiology cardiomyopathy Dilated 34 46.6
Ischemic 30 41.1
Congenital 2 2.7
Hypertrophic 4 5.5
Other 3 4.1
INTERMACS profile 2 4 5.5
3 10 13.7
4 23 31.5
5 12.3
6 1 1.4
Not applicable due to 26 35.6
LVAD
Frailty
Edmonton Frail scale No frailty 59 85.5
Pre-frail 6 8.7
Mild frail 4 5.8
Moderate frail 0
Severe frail 0
Missing 4 5.5
Fried frailty criteria No frailty 39 54.2
Pre-frail 28 38.9
Frail 5 6.9
Missing 1 1.4
Medical domain
BMI kg/m? [Mean - SD] 25.7-3.8
>25 32 50.8
Missing 10 13.7
BSA m? [Mean - SD] 1.98-0.21
Missing 10 13.7
Smoking status Former 43 58.9
Current 1 1.4
Alcohol use status Current 33 46.5
Missing 2 2.7
Comorbidity CCI [Mean - SD] 2.1-0.9
High morbidity burden CCl>3 22 30.1
Medication use Number [Mean - SD] 7.3-2.4
Polypharmacy 54 77.1
Hyperpolypharmacy 10 14.3
Missing 3 4.1
Reduced renal function eGFR < 60 21 28.8
Reduced liver function MELD-score > 14 17 23.9
Missing 2 2.7
Bone mineral density Normal bone mineral 18 36.7
density
Osteopenia 26 53.1
Osteoporosis 5 10.2
Missing 24 32.9
Mental domain
Mood Depression 21 29.2
Missing 1 1.4
MMSE [Mean - SD] 28.9-0.8
MoCA [Mean - SD] 27.2-2.0
Impaired cognition MMSE <240or MOCA <25 10 13.8
Resilience Evaluation Scale [Mean - SD] 26.8-5.2
<21 9 12.5
Missing 1 1.4
Quality of life Good 20 27.4
Moderate 21 28.8
Poor 32 43.8
Functional domain
Dependence in ADL 11 15.1
Dependence in iADL 30 41.1
Dependence in (i)ADL 34 46.6
Nutritional status At risk of malnutrition 25 34.2

(continued on next page)
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Table 1 (continued)

Demographics N= %
73
Malnutrition 6 8.2
Reduced 4-meter gait speed 0
Missing 8 11.0
Reduced TUGT 4 6.1
Missing 7 9.6
Reduced handgrip strength corrected 42 57.5
for age and sex
Mobility >1 fall in previous 6 7 9.7
months
Missing 1 1.4
Use of walking aid 5 6.8
Social domain
Living situation At home without care 41 57.7
At home with household 13 18.3
help
At home with help from 14 19.7
caregiver
At home with professional 3 4.2
care
Missing 2 2.7
Educational level Primary and secondary 27 37.5
school
Secondary vocational 18 25.0
education
Bachelor’s/master’s 27 37.5
degree
Missing 1 1.4
Employed Yes 26 35.6
No 38 52.1
Retired 9 12.3
In a relationship Yes 59 80.8
Having children Yes 58 79.5
Caregiver burden Low caregiver burden 34 54.0
High caregiver burden 17 27.0
No caregiver 12 19.0
Missing 10 13.7

Missing values are indicated for each variable in the table.

Ranges for instruments are available in Table S1 of the supplement.

ADL, activities of daily living; BMI, body mass index; BSA, body surface area;
CCI, charlson comorbidity index; eGFR, estimated glomerular filtration rate;
HTX, heart transplantation; iADL, instrumental activities of daily living; LVAD,
left ventricular assist device; MELD, model for end-stage liver disease; MMSE,
mini mental state examination; MoCA, montreal cognitive assessment; TUGT,
timed up and go test.

impairments were related to the functional domain (37 %) and the
medical domain (37 %).

4.6. Treatment recommendations resulting from the CGA

The treatment recommendations, that are part of the integrated care
plan that resulted from the CGA, are divided into 13 categories, see
Table 2. The mean number of treatment recommendations per patient
was 3.6 SD 1.6.

In one in eight patients (12 %), the suitability for HTx or LVAD im-
plantation was determined negative or ambiguous. Of the five patients
with an ambiguous advice, one patient was non-frail and the other four
were pre-frail according to the Fried’s frailty criteria. According to the
EFS, four patients were non-frail and one pre-frail. Clinical factors of
frailty status that led to an ambiguous advice were social or financial
vulnerability, (a risk of) malnutrition, obesity (BMI 31.2), problems with
cognition, decreased functional reserves, and the need of mental support
to improve coping strategies. Of the three patients with a negative
advice, one was indicated as non-frail by Fried’s frailty criteria, one
person as pre-frail and one person as frail. On the EFS, one person scored
non-frail, the other two mildly frail. Findings that indicated this frailty
status that led to a negative advice included a high morbidity burden,
limited physical reserves, malnutrition, social vulnerability, cognitive
impairment, mental problems, and decreased functionality and
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mobility.

Most recommendations were given for the following categories:
recommendations regarding education (regarding the intervention and
clinical course postoperatively), patient counselling, shared decision
making and advance care planning (40 %), recommendations regarding
delirium risk and prevention (36 %), recommendations regarding
mobility and fall prevention (34 %), and recommendations regarding
malnutrition or weight reduction (33 %).

Fig. 2 presents to which domains (medical, mental, functional and
social) the treatment recommendations belong. A total of 163 treatment
recommendations were provided. Most recommendations were related
to the functional domain (36 %), followed by the mental domain (30 %)
and medical domain (27 %).

4.7. Stratifications

Liver function was more often impaired in patients without LVAD in
situ than in patients with LVAD (36 vs. 4 %). Quality of life was more
often poor in the group without LVAD in situ (57 vs. 19 %). The group
with LVAD in situ required more often assistance in activities of daily
living (mainly requiring assistance with showering) than the group
without LVAD in situ (27 vs 9 %). There was a trend of increased
dependence in instrumental activities of daily living in patients without
an LVAD in situ compared with patients with an LVAD in situ, with those
without LVAD needing more help with household tasks, shopping and
travelling, but this difference was not statistically significant (p = 0.07).
There was also a trend of increased frailty in patients without an LVAD
in situ when compared to patients with an LVAD in situ, however, again
this difference was not statistically significant (p = 0.07) (Supplemen-
tary Table S5).

Patients older than 60 years used a significantly greater amount of
chronic medications (8.1 vs. 6.5), and hyperpolypharmacy was more
common (25 vs. 5 %), compared to patients younger than 60 years old.
Renal function was more often impaired in patients over 60 years old (41
vs. 18 %) (Supplementary Table S6).

There was a trend of increased frailty, and decreased functionality
and mobility in patients with IM profile 1-3 compared to patients with
IM profile 4-6, however, the difference was not statistically significant
(Supplementary Table S7).

In Supplementary Tables S8-S10 the differences in treatment rec-
ommendations for all the stratifications are presented.

5. Discussion

This study demonstrated that a small proportion of the potential
LVAD and HTx candidates were frail, while over a third of patients were
pre-frail (39 %). In 97 % of patients, at least 1 impairment was identified
by the CGA. The most common impairments were polypharmacy, high
morbidity burden, reduced renal function, osteopenia, depression, poor
quality of life, reduced functionality, (risk of) malnutrition, reduced grip
strength and high caregiver burden. Quality of life was worse in the
group without LVAD in situ and the group with LVAD in situ required
more often assistance in activities of daily living. Older patients more
often had hyperpolypharmacy. The most common treatment recom-
mendation that resulted from the CGA concerned recommendations
regarding education, patient counselling, shared decision making and
advance care planning. The domains for which most impairments were
found and the domains for which most treatment recommendations
were given matched well, with the functional domain as frontrunner.

In recent years, it has been recognized that heart failure is a multi-
domain condition [18]. Gorodeski et al. previously emphasized that the
role of frailty, depression, cognitive impairment, nutrition, social envi-
ronment, and care goals are each relevant to the implementation and
success of medical therapy in this population [18]. The symptoms of
heart failure and the physical domain of frailty (decreased exercise
tolerance, symptoms of fatigue, and cachexia) correspond partly
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Social domain

e 3.4% Need help from
caregiver

e 0.7% Need professional help

e 4.1% High caregiver burden

Gnctional domain

e 8.2% Dependence in (i)ADL

o 7.4% (At risk of)
malnutrition

e 7.7% Obesity

e 1.0% Reduced TUGT

* 10.1% Reduced handgrip
strength

e 1.7% Recent fall

{ 1.2% Use of walking aid
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Medical domain \

e 0.2% Current smoking

e 15.3% (Hyper)polypharmacy
e 5.3% High morbidity burden
e 5.0% Reduced renal function
e 4.1% Reduced liver function
e 7.4% Osteopenia and
osteoporosis

4

Mental domain

5.0% Depression

2.4% Impaired cognition

2.2% Reduced mental resilience
7.7% Poor quality of life

Fig. 1. The distribution of impairments resulting from the comprehensive geriatric assessment across the different domains (medical, mental, functional and social).
()ADL, (instrumental) activities of daily living; TUGT, timed up and go test. All impairments were classified according to the domain to which they relate (medical,
mental, functional and social). Of the impairments, frailty was not subdivided into any of the domains because all domains together lead to frailty.

Table 2
Treatment recommendations resulting from the comprehensive geriatric
assessment.

Treatment recommendations categories: N= %
73

Eligibility for LVAD/HTx intervention 67 91.8
Positive 59 88.1
Negative 3 4.5
Ambiguous 5 7.5
Missing 6 8.2

Recommendations regarding diagnosis and treatment of 13 17.8
osteoporosis and sarcopenia

Recommendations regarding other somatic problems 15 20.5

Recommendations regarding medication modifications 15 20.5

Recommendations regarding (the analysis of) cognition 9 12.3

Recommendations regarding (the analysis of) mood and mental 14 19.2
support for both patients and relatives

Recommendations regarding delirium risk and prevention 26 35.6

Recommendations regarding malnutrition and weight reduction 24 32.9

Recommendations regarding mobility and fall prevention 25 34.2

Recommendations regarding intoxications 1 1.4

Recommendations regarding (cardiac) rehabilitation 9 12.3

Recommendations regarding patient’s care needs and 12 16.4
strengthening of social and financial support

Recommendations regarding education, patient counselling, shared 29 39.7
decision making and advance care planning

Other recommendations 1 1.4

HTx, heart transplantation; LVAD, left ventricular assist device.

because frailty and heart failure share common pathological pathways
of low-grade inflammation and metabolic stress [9]. This may explain
the difference in the number of pre-frail potential candidates according
to the Fried’s frailty criteria and the EFS: the Fried’s frailty criteria
partially overlap with symptoms of end-stage heart failure and this is
less the case with the EFS. It is difficult to distinguish frailty and other
impairments as symptoms of end-stage heart failure that may be
reversible after LVAD or HTx from frailty and impairments that are
(partially) independent of the heart failure. In case of reversibility, HTx
or LVAD intervention will be considered to be more suitable than in case
of irreversible impairments. Previous studies have already shown that
frailty assessed by Fried’s frailty criteria and handgrip strength improve
significantly after LVAD and HTx [21]. There is also evidence that
cognition, anxiety, and depression improve after LVAD implantation
[29,37,38].

To the best of our knowledge, no other studies have been published
in which a CGA was performed in potential candidates for LVAD or HTx.
There are also no studies with treatment recommendations resulting
from (individual components of the) CGA in this population. One study
found a modest beneficial effect of a shared decision-support interven-
tion on the quality of decision-making among patients and caregivers
considering LVAD therapy [39]. In recipients of HTx, a positive effect of
cardiac rehabilitation and nutritional supplementation was found on
major adverse cardiac events and in-hospital mortality and sepsis,
respectively [40,41]. Studies have been conducted in which a CGA was
performed in the heart failure population [42,43], however, extrapola-
tion of these findings to our study is hampered due to differences in heart
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Social domain

e 7.4% Recommendations
regarding patient's care
needs and strengthening of
social and financial support

G\ctional domain

e 14.7% Recommendations
regarding malnutrition and
weight reduction

* 15.3% Recommendations
regarding mobility and fall
prevention

* 5.5% Recommendations
regarding (cardiac)

\ rehabilitation
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e 8.0% Recommendations regarding
diagnosis and treatment of osteoporosis
and sarcopenia

* 9.2% Recommendations regarding
medication modifications

s 9.2% Recommendations regarding other
somatic problems

* 0.6% Recommendations regarding

intoxications

Medical domain

Mental domain \

5.5% Recommendations regarding

(the analysis of) cognition

8.6% Recommendations regarding

(the analysis of) mood and mental
support

16.0% Recommendations regarding
delirium risk and prevention /

Fig. 2. The distribution of the treatment recommendations resulting from the comprehensive geriatric assessment across the different domains (medical, mental,
functional and social). All treatment recommendations were classified according to the domain to which they relate (medical, mental, functional and social). The
treatment recommendations related to the eligibility for LVAD/HTx and recommendations regarding education, patient counselling, shared decision making and
advance care planning, were not assigned to one specific domain as all domains taken together result in whether a person is appropriate for the intervention and are
input for an advance care planning (ACP) conversation. In ACP conversations, the healthcare professional discusses with the patient what goals of care fit with the
patient’s values, beliefs and health status. This way, appropriate care and treatment is determined for the short term and direction is given for appropriate care and

treatment in future scenarios.

failure severity and mean age of the study population. Studies in which
some individual components of the CGA have been assessed showed that
depression, anxiety, non-compliance, malnutrition, multimorbidity,
psychiatric problems, reduced functionality, social support, cognition
and quality of life are frequent in patients (screened for) LVAD or HTx
[44-48]. Again, comparison with the results of the current study is
complicated by the differences in percentage of patients with an LVAD in
situ and timing of the trajectory of LVAD implantation or heart trans-
plantation, ranging from screening for LVAD and HTx (current study) to
actual implantation or transplantation and many years of follow-up.

The past 10 years, an increasing amount of research has been con-
ducted on the prevalence of frailty in patients undergoing LVAD or HTx.
In the most recent systematic review frailty was found in 21 % of LVAD
patients [49]. A recent study (2022) in patients who underwent LVAD
implantation found that one week prior to surgery, 54 % of the patients
were frail according to Fried’s frailty criteria [50]. This rate is higher
than the 9 % frailty according to Fried’s criteria in patients without
LVAD in situ in the current study. In the current study, informal pre-
screening has already taken place, with the cardiologist already
deciding not to screen for LVAD and HTx for obviously very vulnerable
patients. In two recent studies of 60 and 99 patients on the HTx waiting
list, 11 and 31 % of the patients appeared to be frail according to the
Fried’s frailty criteria [46,51]. A direct comparison between the current
study and other studies is limited by the fact that frailty is dynamic and
heterogeneity exists with respect to heart failure severity, presence of an
LVAD, INTERMACS profile, age etc.

6. Strengths and limitations

This study was the first to perform a CGA in this specific group of
patients with end-stage heart failure. A large amount of information was
collected on this inception cohort of patients at the time of screening for
LVAD and HTx, in different domains, through interviews, the use of
multiple testing instruments and additional (laboratory/radiological)
examination. The CGA was performed by well-trained healthcare pro-
fessionals in geriatrics, ensuring the quality of the data of this study.

This study also has a few limitations. For eight patients it was not
possible to perform the 4-meter walk test because they were immobile.
These values were considered missing in the analyses, leading to a po-
tential overestimation of walking speed and mobility in the study pop-
ulation. Second, delirium risk was often estimated during the CGA based
on clinical features, but not in a systematic, quantifying way using a
diagnostic instrument. For this reason, we were unable to assess an
increased delirium risk as an impairment. The distribution of impair-
ments and treatment recommendations resulting from the CGA across
the four domains would be more congruent if delirium risk was included
as an impairment. Third, the study population was relatively heteroge-
neous including patients screened for both LVAD and HTx, both with
and without LVAD in situ, screened at the geriatric outpatient clinic or
during admission on the cardiology ward. Stratifications were per-
formed to gain more insight into the effect of different patient charac-
teristics on identified impairments and treatment recommendations.
However, the stratification by IM profile included only 47 patients,
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which may have created a power problem.
7. Clinical implications and future research

This study has demonstrated that, despite the relatively young pop-
ulation already informal pre-selected by cardiologists, impairments are
common in all four domains of the CGA. Decision making regarding
patient selection for LVAD and HTx is complex and unique for each
patient. The comprehensive information obtained through a CGA can be
incorporated into this (complex) decision making. Discussion of goals of
care with patients and near-ones ensures that the intervention matches
the patient’s values. Social and mental support can be provided. Im-
pairments are also potential targets for improving physical fitness before
surgery, with exercise, physical rehabilitation and nutritional supple-
mentation potentially effective in improving preoperative frailty in pa-
tients with heart failure; however, no studies have reported the impact
of prehabilitation on the outcomes after LVAD or HTx yet [21]. Also,
based on these impairments, recommendations can be made for post-
operative rehabilitation or prevention of complications like delirium. A
geriatrician is trained to translate findings from the CGA into the above
mentioned multidisciplinary interventions. It is recommended that
future research investigate the effect of these multidisciplinary in-
terventions on the patient-selection process and outcomes of LVAD and
HTx.

Previous studies have shown that components of the CGA (frailty,
cognition and depression) are of prognostic value for mortality after
LVAD and HTx [52,53]. Future research should examine the prognostic
value of impairments identified by the CGA in order to further optimize
the decision making process. Also, the reversibility of impairments after
LVAD implantation or HTx should be investigated.

8. Conclusion

This study showed that in 97 % of the potential candidates for LVAD
and HTx at least 1 impairment was identified by the CGA. A small
proportion of potential candidates were indicated as frail, yet over a
third of patients appeared pre-frail. The domains for which most im-
pairments were found and the domains for which most treatment rec-
ommendations were made matched well, with the functional domain as
frontrunner. Impairments and associated risks can contribute to the
decision making process concerning candidacy for LVAD and HTx, and
are potential targets for improving pre-operative fitness. The prognostic
value of these impairments needs further investigation.
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