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ABSTRACT

Aim: In this prospective randomized trial, we aimed to study the effects of cardiac rehabilitation on
functional capacity, depression, and quality of life, in patients undergoing left ventricular assist device
(LVAD) implantation for the treatment of heart failure. We also aimed to compare the effectiveness of
home and hospital-based exercise programs.

Materials and Methods: 42 patients who had received LVAD implants in our university hospital were
included in the study. After the subjects were randomized into a hospital exercise group (n=20) and a
home exercise group (n=22). They were enrolled in a cardiac rehabilitation program for 8 weeks,
which lasted for one hour, three times per week in the hospital and at home respectively. All subjects
were assessed at baseline and at the end of 8th week. They were assessed using a cardiopulmonary
exercise test (CPET) for peak oxygen consumption (VO2), pulmonary function tests, 6-minute walk
test (6MWT) in addition to Short form 36 (SF-36), Minnesota Living with Heart Failure Questionnaire
(MLHFQ), State Trait Anxiety Inventory (STAI) and Beck Depression Index for depression (BDI) before
and after intervention

Results: In our study, we detected a significant improvement in peak VO, 6MWT values, MLHFQ,
STAI state anxiety sub-score in the hospital exercise group (p<0.05). The home exercise group did not
improve significantly in any of the parameters except in the pain sub-score of SF-36 (p<0.05).
Comparison of the changes seen in the parameters over time, the hospital group showed significantly
more improvement than the home exercise group in peak VO, 6MWT, MLHFQ and trait anxiety sub-
score of STAI (p<0.05).

Age correlated with better gains in FEV1 (r=-0.35, p<0.05) and 6MWT (r=-0.39, p<0.01). Gains in
6MWT correlated with the gains in peak VO2 (r=0.54**, p<0.01). Duration of HF correlated with a
poorer response in the FEV1 (r=0.19, p<0.05) and 6MWT (r=-0.25, p<0.01) gains.

Conclusion: In this study, we detected a positive effect of supervised hospital exercise program on
functional capacity, quality of life and anxiety in patients with implanted LVADs.
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oz

Amag: Bu randomize, prospektif, tek-kér calismanin amaci, sol ventrikil destek cihazi (SVDC)
takilmis olan kalp yetmezligi hastalarinda, kardiyak rehabilitasyonun yasam kalitesi, depresyon ve
fonksiyonel kapasite lzerine olan etkisinin arastirilmasidir. Ayni zamanda, ev egzersiz programinin
etkinliginin hastanede gézetimli egzersiz ile kiyaslanmasi amacglanmistir.

Gereg ve Yéntem: Universitemizde SVDC implantasyonu yapilmis olan 42 hasta ¢alismaya dahil
edildi. Hastalar ev egzersiz grubu (n=22) ve hastane grubu (n=20) olmak lizere iki gruba ayrildiktan
sonra, 8 hafta siren, haftada Ug¢ giin, glinde bir saat olmak (izere kardiyak rehabilitasyon programina
alindi. Hastalar baglangigta ve 8. hafta sonunda degerlendirildi. Hastalarin degerlendiriimesinde
kardiyopulmoner egzersiz testi (KPET), pik oksijen tiiketimi (VOZ2) degeri, solunum fonksiyon testleri, 6
dakika ytrime testi (6DYT), kisa form 36 (KF-36), Minnesota Kalp yetersziligi ile yasam anketi
(MKYYA), State Trait anskiyete 6igedi (STAO), ve Beck depresyon envanteri (BDE) kullanilmistir.

Bulgular: Calismamizda hastane grubunda zaman ile pik VO2, 6DYT, MKYYA, STAO trait alt
skorunda anlamli iyilesme saptanmistir (p<0,05). Ev egzersiz grubunda ise sadece AF-36 anketinin
agr alt skorunda anlamli iyilegsme elde edilmigtir (p<0,05).

incelenen parametrelerin zaman igindeki dedisimleri incelendiginde, pik VO2, 6DYT, MKYYA,
STAO'niin state anksiyete alt skorundaki iyilesmeler, hastane grubunda ev egzersiz grubuna gére
anlamli yiiksek saptanmigtir (p<0,05).

Yas ile 6DYT degisimi arasinda (r: -0,39, p<0,01) ayrica yas ile FEV1’deki degisim arasinda (r: -0,35,
p<0,05) anlamii korelasyon elde edilmistir. Kalp yetmezligi siiresi ile de 6DYT degisimi (r: -0,25,
p<0,01) ve FEV1 degerindeki degisim (r: -0,19, p<0,05) arasinda anlamli korelasyon saptanmistir.

Sonug¢: Calismamizda hastane ortaminda gézetimli kardiyak rehabilitasyon programinin SVDC
takilmis hastalarda pik VO2, alti dakika yliriime mesafesi, Minnesota kalp yetmezlidi ile yasam anketi,
State-Trait anksiyete digeginde olumlu degisime yol acgtigi gbrilmdigtiir.

Anahtar Sézciikler: Kalp nakli, kalp yetersizligi, kardiyak rehabilitasyon.

INTRODUCTION cardiac functions as well as symptoms related to

Heart failure is a major health condition that
results in high mortality and morbidity (1, 2).
While there are many advances in the
management of conditions that might contribute
to heart failure such as hypertension or coronary
heart disease, there seems to be little
improvement in the incidence of heart failure (2).
While patients with heart failure have symptoms
attributable to congestion in both systemic and
pulmonary circulation, they also have problems
such as decreased exercise capacity, lower
quality of life, and higher incidence of depression
and anxiety (3). Heart transplantation is still the
gold standard in the management of heart failure
(2, 4). Since the number of donors is insufficient
and pharmacological interventions that are used
after transplantation have many side effects and
are even contraindicated in some patients, only a
portion of heart failure patients achieve a
successful transplantation. Heart failure patients
without a chance of successful transplantation or
who are on waiting lists benefit from another form
of therapy, namely left ventricular assist device
(LVAD) implantation (5).

Cardiac rehabilitation (CR) is a supervised
rehabilitation program that aims to improve
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heart failure (6). It is proven that CR has
beneficial effects on ameliorating the symptoms
of heart failure, promoting quality of life and
alleviating  depression in  patients  with
cardiovascular disease (6). Despite the empirical
evidence, few studies evaluate the effects of
personalized exercise programs in patients with
LVADs. While some of the past studies enroll
LVAD patients in an early stage after surgery,
usually in inpatient clinics, fewer studies enroll
patients in outpatient rehabilitation programs (7—
9).

This study aimed to investigate the effects of a
supervised, hospital-based outpatient cardiac
rehabilitation program for patients with LVADs,
on quality of life, functional state and depression,
compared with an analogous home exercise
program, especially in the chronic stage. For
ethical reasons, we could not enroll a control
group with no exercise therapy.

MATERIALS and METHODS

This study was approved by ethics committee of
Ege University School of Medicine on 26.09.2014
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with the approval number 14-4.1/10. Sample size
was calculated using a priori power analysis with
the Gpower software for Windows. With an effect
size of 0.9 and alpha value of 0.05, the minimum
required number of patients for each group was
calculated to be 19. Patients were informed about
the study and consent forms were obtained.

Inclusion criteria

Being implanted with an LVAD was the main
inclusion criterion. To differentiate from the acute
increase of exercise capacity as a result of the
LVAD implantation, 6 months after surgery was
chosen as the cutoff time point to include patients
in the study. Those patients who were able to
walk independently and were able to complete
the submaximal exercise test, namely the 6-
minute walk test (6MWT) were invited to join the
study.

Exclusion criteria

Patients without independent  functional
ambulation, who had decompensated heart
failure, who enrolled in an aerobic exercise
program within the last 3 months, who had
comorbidities or mental disorders that would
prevent exercise, or who were otherwise unable
to comply with the exercise program were
excluded from the study.

Evaluation of subjects:

After  obtaining consent, patients were
randomized into 2 groups according to a scheme
formed by a web-based random number
generator (www.randomizer.org). The first group
was deemed the hospital exercise group (case
group), and the other was the home exercise
group (control group).

All subjects underwent a thorough medical
inspection,  sociodemographic and clinical
information including age, marital status,
educational status, causes and duration of heart
failure, date of LVAD implantation, presence/type
of pacemaker, anthropomorphic features,
comorbidities, and pharmacological interventions
were recorded. At the start of the study and at the
end of the 8th week, patients were evaluated with
a cardiopulmonary exercise test (CPET) and their
peak vO2 and pulmonary function tests were
obtained. On each control visit, subjects were
also given questionnaires and scales, including

SF-36 to assess the quality of life, Beck
Depression Index for depression (BDI),
Minnesota Living with Heart Failure

Questionnaire (MLHFQ) and State-Trait Anxiety
Inventory (STAI). All of the measurement indices
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had been previously tested for validity and
reliability of their Turkish versions and was
appropriate to be used in cardiac patients (10—
18).

On evaluation days, patients were asked to dress
suitable for exercise and continue their routine
pharmacological treatment. Patients were also
asked not to consume caffeinated drinks and
alcohol in the 3 hours before and after each
CPET session, and they were asked to have
breakfast at least an hour before the test. For the
patients with a pacemaker, their devices were
arranged to be checked for battery and other
issues in the 15 days leading to the test.

Before each evaluation session, O2 saturations
and ECGs of all patients were recorded. 6-minute
walk test (6MWT) was carried out under the
supervision of a researcher. Patients with a
significant decrease of 02 (<90%) after the
6MWT were not allowed to go forward with the
exercise test. A spirometry based pulmonary
function test was carried out and recorded.
During CPET, patients were assessed for
exertion by Modified Borg scale and also a visual
facial exertion scale. Tests were terminated if a
patient demanded or contraindications to
continuation were observed (19).

Exercise test protocol:

Exercise tests were done using the Master
Screen ® CPX (Viasys Heathcare, Jaeger,
Wirzburg, Germany) device. Protocol started
with a warm-up period of 2 minutes, after which
the treadmill gradually increased in speed in 2-
minute intervals. Protocol started at 3 km/h and
speed did not increase above 10 km/h. The
inclination of the treadmill started at zero degrees
and increased up to 7 degrees. At the end of the
cardiopulmonary exercise test, patients’ peak
VO2 values were recorded. This value was later
used to calculate the rate of rehabilitation
exercises.

Rehabilitation program

All patients were enrolled in the rehabilitation
program 3 days a week for 8 weeks. Their
previous medical treatment modalities remained
the same throughout the program.

Hospital exercise program (Hospital group):
The cardiac rehabilitation program in hospital
setting was supervised by an experienced
physiotherapist, to patient groups of 3 to 6
subjects. Patients were dressed suitable for
exercise and had eaten at least one hour before
sessions.
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At the start of each session patients’ weights,
resting pulses, blood oxygen saturation levels,
and LVAD outputs were recorded.

Breathing and warming exercises: Each
session started with breathing exercises, done in
a sitting position for 5 minutes. Chest and
diaphragm respiration techniques were applied.
Afterwards, stretching exercises and isotonic
contraction exercises for the upper and lower
extremities with 500 grams of weights were
carried out. Patients who could not tolerate
weights, exercised without any weights.

Walking exercises: After breathing and warming
exercises, patients were taken to treadmill for the
aerobic exercise phase. For the first 5 minutes,
patients warmed up with intensities of up to 40%
of peak VO2 values. Afterward, 50-70% of peak
VO2 values were targeted for 30 minutes.
Exercise intensity was increased by 10% every
week, starting with 50% of peak VO2. Fatigue
and exertion levels were evaluated with Visual
Facial Exertion Scale and Modified Borg Scale.
Patients’ pulses were monitored throughout the
session. The session was stopped if subject
reported a Modified Borg Scale value of >7,
breathing rate >40/minute, LVAD output lower
than 3 L, or if they complained of chest pain,
dyspnea, or dizziness.

After 30 minutes, 5 minutes of cooling phase was
overseen (<40% VO2 max) after which, sessions
were terminated.

Home Exercise group (Control group)

All of the evaluation visits were similar in both
groups, carried out at baseline and at week 8. At
the start of the intervention period, all patients in
the home group were enrolled in a one-time
training session for the same rehabilitation
program and were also given instruction
brochures to guide them through the home
exercise sessions. Both verbal and written
directions were also given to instruct subjects in
how to achieve roughly 50% to 70% of peak VO2
value using the Modified Borg scale and how to
assess their LVAD outputs. They were asked to
carry out the exercises 3 days a week and were
given a form to mark the days of the week in
which exercises were completed.

Statistical analysis

Data obtained were analyzed using IBM SPSS
Statistics, Windows version 20.0 (IBM
Corporation, New York, US). Data showing a
normal distribution were tested by Shapiro-Wilk
test and data not having a normal distribution
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were analyzed using nonparametric tests. Chi-
square test was used for the comparison of
nominal data. Comparison of parameters
between two groups was done by Mann-Whitney
U test, and comparison of parameters within the
same group was done by Wilcoxon Signed
Ranks test. Correlation between parameters was
assessed using Spearman Correlation Analysis.
Statistical significance was accepted as p<0.05.

RESULTS

42 adult patients with end-stage cardiac failure
who were implanted with an LVAD were recruited
between October 2014-May 2015, from the
cardiology and cardiovascular surgery
departments of our hospital.

Comparison of groups at the beginning of the
study

50 patients were enrolled in the study and a total
of 42 patients completed 8 weeks of
rehabilitation. 5 patients were excluded from the
hospital exercise group, and 3 from the control
group due to loss in follow-up (2 received a
transplant, 3 died and 3 were unable to complete
the study period). We followed a per-protocol
analysis, so their measurements were not
included in the final analysis.

Demographic analyses and disease
characteristics are presented in Table-1.
Comparison analyses gave no difference

between groups in any parameters at the
baseline of study (p>0.05).

There was no significant difference between
groups in initial pvO,, 6MWT, and pulmonary
function test values (FEV1, FVC, FEV1/FVC, VC)
(p>0.05). MLHFQ, STAI, and BDI scores did not
differ significantly between groups (p>0.05).
Initial SF 36 scores did not differ significantly
except for physical role functioning, vitality, and
emotional role functioning, which  were
significantly worse for the home exercise group
(p=0.03, 0.02, and 0.01 respectively).
Compliance with exercise

When compared with the home exercise group,
the hospital exercise group was found to be
better compliant and having spent more time
doing exercise (p=0.002, MeantSD 18.45+1.9
days for hospital vs 13.45+5.6 for home).
Change in parameters after the intervention
period

Changes in outcomes after the intervention
period between groups are given in Table-2.
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pVO, values and 6 MWT were found to be
significantly better for the hospital group
(p<0.001). Pulmonary function tests improved for
both groups but there was no significant
difference between the two groups.

Among self-reported parameters, MLHFQ
improved significantly for the hospital group,
while in the home exercise group changes were
not significant (p=0.01 and 0.49, respectively).
Correlations between parameters for the
whole study group

A Spearman correlation analysis was performed

to assess the relationship between the clinical
parameters and changes in study parameters
after the rehabilitation program. Younger patients
showed a better gain in FEV1 (r=-0.35, p<0.05)
and 6MWT (r=-0.39, p<0.01). Gains in 6MWT
correlated significantly with the gains in peak
VO2 (r=0.54**, p<0.01). Those patients with
longer duration of HF showed a poorer response
in the FEV1 (r=0.19, p<0.05) and 6MWT (r=-0.25,
p<0.01) gains. We did not find among quality-of-
life scores and the clinical parameters.
Correlation analyses are presented in Table-3.

Table-1. Comparison of patient characteristics of hospital and home groups.

Hospital group (n=20) Home group (n=22) p
Age, year
Mean + SD 48.9+13.3 51.9+121
Median (min-max) 52.5 (22-66) 55 (20-66) 0.33
Gender, n (%)

Female 3(7.1) 4 (9.5)

Male 17 (40.4) 18 (42.8) 0.78
Marital Status, n (%)

Married 17 (40.4) 20 (47.6)

Single 3(7.1) 1(2.3)

Widowed 0 (0) 1(2.3) 0.34
Educational, n (%)

Elementary 7 (16.6) 12 (28.5)

Middle School 9 (21.4) 5(11.9)

Higher 4 (9.5) 5(11.9) 0.28

Time with heart failure, year

Mean + SD 59+3.3 6.5+4.2

Median (min-max) 5 (2-14) 5.5 (2-16) 0.72
Time with LVAD, year

Mean + SD 1.5+0.7 1.5+0.8

Median (min-max) 1.5(0.5-3) 1.6 (0.5-3) 0.94
LVAD type

Heartmate Il 5(11.9) 3(7.1)

Heartware 15 (35.7) 19 (45.2) 0.35
NYHA class, n (%) Class 1 0 (0) 1(2.3)

Class 2 18 (42.8) 17 (40.4)

Class 3 2(4.7) 4(9.5)

Class 4 0 (0) 0 (0) 0.72
BMI, kg/m”

Mean + SD 26.5 +4.8 27.8 £5.5

Median (min-max) 26.6 (17.3-35.2) 27.5 (19-39) 0.51
Obese, n (%) 5(11.9) 8 (19.0) 0.42
Smoking status (%)

Smoking 1(2.3) 0 (0)

Non smoking 7 (16.6) 4(9.5)

Ex-smoker 12 (28.5) 18 (42.8) 0.23
Smoking, pack-year (mean + SD) 34.0+21.6 35.11 +£28.3 0.84
Cause of heart failure, n (%) Dilated 6 (14.2) 4 (9.5)

cardiomyopathy Ischemia 11 (26.1) 14 (33.3)

Hypertension 3(7.1) 2(4.5)

Other 0(0) 2 (4.5) 0.41

Chi-square test. SD: Standard deviation, BMI: Body mass index, LVAD: Left ventricle assist device, Obese: BMI=30 kg/m” *

p<0.05 ** p<0.01
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Table-2. Changes in parameters after 8 weeks (Median (min-max)).

Hospital group a Home group pl= p’=
Week 0 Week 8 P= Week 0 Week 8
Peak VO,, mikgidk | 9.7(5.9-14.3) 11.7(8.3-151) | 0.00% | 10.8(6.0-18.7) | 10.3(6.1-157)  [0.92 0.02*
6 Minute walk test (m) | 305 (120-450) | 405(210-500) | 0.00* [345 (120-480) 360 (240-520) 0.06 0.02%
FEV1 (ml) 2090(1330-4460) | 2170(1330-4450)| 0.57 | 2025(750-3190) | 2080 (710-2170)  [0.79 0.76
FVC (ml) 2560(1960-5460)| 2675(1800-5470)| 0.13 | 2780(830-3990) | 2915(820-4090)  [0.21 0.99
FEV1/FVC (%) 80.1 (53-93) 77.9(52.4-91.9) | 0.92 | 73.6(60-97.7) | 73.9 (65.7-90.5)  [0.60 071
VC (ml) 2250(1340-5700)| 2180(1420-5520)| 0.39 | 2550(970-4310) | 2365(930-4470)  [0.28 0.15
MLHFQ 33.5 (11-95) 28.5(7-91) 001* | 30.5(12-74) 30(11-80) 0.49 0.00%*
State-trait anxiety
index
State score 35 (20-50) 32.5(22-48) 0.06* | 37.5(22-48) 39(20-50) 0.26 0.03*
Trait score 39 (25-52) 34(26-55) 0.02* | 39.5(21-53) 42(22-50) 0.76 0.14
i?;‘;';depres‘s‘io” 7 (0-31) 6 (0-34) 0.17 17 (0-35) 17.5(0-37) 0.90 0.33
SF-36
Physical summary 36.6 (25.2-54.6) | 33.5(26.1-52.4) 0.88 32.7(20.9-51.6) | 50(20-80) 0.26 0.9
Mental summary | 46.7 (35.1-58.7) | 47(36.1-59.3) | 0.31 | 41.8(24.6-52.9) | 45(30-67) 0.10 0.3
Physical functioning | 50 (10-80) 47.5(15-88) 084 | 45(25-70) 43.5(5-90) 0.17 0.1
Physical role 25 (0-100) 25(0-100) 069 | 0(0-100) 23.5(0-100) 0.15 07
Pain 74 (41-100) 84(51-100) 027 | 62(12-80) 72(32-100) 0.01* 0.4
General Health 37 (15-82) 33.5(20-80) 074 | 25(10-87) 30(20-67) 0.09 0.4
Vitality 52.5 (30-85) 50(35-85) 094 | 50(20-75) 50(30-80) 0.16 0.4
Social functioning 62.5 (38-100) 52.5(36-100) 0.54 50 (13-100) 50(37-100) 0.18 0.1
Emotional well being| 66.7 (0-100) 66.7(33-100) 0.64 33.3 (0-100) 33.3(0-100) 0.81 0.5
Mental health 60 (44-80) 63(40-84) 029 | 50 (20-80) 56 (24-87) 0.27 0.8

p1 In-group comparison Wilcoxon test. p2: Intergroup comparison of changes Mann Whitney U test * p<0.05 ** p<0.01

Table-3. Correlation analyses between parameters.

Age (rS) Body Mass Time with Time with Change in peak
Index (rS) HF (rS) LVAD (rS) VO2 (rS)
Change in peak VO2 0.20 0.007 -0.13 0.01 -
Change in 6-minute walk test -0.39** 0.09 -0.25** 0.14 0.54*
Change in FEV1 -0.35* -0.11 -0.19* 0.07 0.14*
Change in FVC -0.14 -0.19 -0.14 -0.03 0.31
Change in FEV1/FVC -0.30 0.01 -0.30 0.06 0.09
Change in VC -0.10 0.18 -0.29 0.20 0.03
MLHFQ 0.13 -0.19 -0.01 -0.08 0.25
Changes in STAI
State score -0.08 -0.06 -0.11 -0.008 0.51
Trait score -0.04 -0.16 -0.18 0.19 -0.21
BDI -0.17 -0.04 -0.16 -0.005 -0.03
SF-36
Physical summary 0.08 -0.14 -0.26 -0.28 0.10
Mental summary -0.22 -0.01 -0.06 -0.07 0.06
Physical functioning -0.07 -0.19 -0.04 -0.26 0.07
Physical role functioning -0.01 -0.22 -0.11 -0.23 0.36
Pain 0.00 -0.15 -0.05 -0.28 -0.13
General Health 0.19 0.05 0.13 0.02 0.16
Vitality 0.23 -0.02 0.04 0.11 0.24
Social functioning 0.00 -0.15 0.04 -0.11 0.09
Emotional well being -0.22 -0.01 -0.21 -0.16 -0.01
Mental health -0.12 -0.02 0.19 0.20 0.04

Spearman correlation analysis rS: Spearman correlation coefficient * p<0.05
**p<0.01 MLHFQ: Minnesota living with heart failure questionnaire, BDI: Beck depression inventory
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DISCUSSION

The goal of cardiac rehabilitation is to improve
the functional and psychosocial status of
patients. Additionally, increasing myocardial
perfusion, performance and slowing disease
progression are among other goals (20). While
LVAD implantation is a common procedure
among patients with heart failure, studies
evaluating efficacy of cardiac rehabilitation in
such patients are scarce and small. Some of
these studies were conducted in order to assess
the safety and feasibility of cardiac rehabilitation
in patients with LVADS. In most of these studies,
patients with LVAD, heart transplantation, heart
failure, and coronary artery disease were
recruited in the same cohort.

There are few studies evaluating the efficacy of
cardiac rehabilitation programs in LVAD patients.
Marko et al. (21) investigated the efficacy of
cardiac rehabilitation in 41 patients in a
retrospective study. Alsara et al. (7) assessed the
results of an early rehabilitation program in 94
patients with LVAD retrospectively. Chu et al.
(22) also conducted a retrospective study for
cardiac rehabilitation in 58 patients with LVAD.
Prospective studies in this field are mainly limited
in patient numbers, ranging from 14 to 26
(23,24). Ouir trial is one of those with the highest
number of patients among these studies.

One differing side of our study is patient
recruitment time after LVAD implantation (min=6
months, max=36 months), which refers to chronic
stage unlike most studies. Most of the previous
studies recruited patients in earlier stages after
the operation. It is known that functional
improvement after LVAD implantation continues
for the first 12 weeks (7). Moreover, even without
cardiac  rehabilitation  programs, functional
improvement was reported in patients with
LVADs in the first 3 months (25). Some of the
reported benefits of cardiac rehabilitation in the
early stages after LVAD operation could be
attributed to physiological recovery. The earliest
recruited patient in our study was 6 months post-
operation, which makes it easier to attribute
observed beneficial effects to cardiac
rehabilitation and shows that functional
improvement is possible even in chronic stage.

There is no consensus about the optimum
intensity, duration, or frequency of cardiac
rehabilitation. While Marko et al. (21) used a 21-
day long hospital-based exercise program that
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consisted of strengthening and aerobic exercises,
Hayes et al. (23) preferred 8 weeks and Kerrigan
et al. (24) preferred a 6-week approach. Since
these approaches were found safe and resulted
in functional improvement in those studies, we
adapted an 8 week long approach with 3 days a
week sessions, similar to the one which was
found safe and efficient in heart failure,
transplantation and LVAD patients in one of the
studies we conducted (9).

The patients were divided into two groups, home,
and hospital exercise groups. While we observed
improvements in functional parameters in the
hospital group, we could not observe the same
effect in the home exercise group. In 2 Cochrane
reviews comparing the effectiveness of home and
hospital-based rehabilitation programs, home
exercises were found as effective as hospital
exercises (6,26). 17 studies that were included in
one of the reviews possessed some differences
compared to our study. Most of the included
studies mainly included NYHA stage 1 patients
who were asymptomatic, and only 5 studies also
included NYHA stage 2 and 3 patients. Most of
our patients were stage 2 (83.2%), with fewer
stage 3 (14.2%) and only one stage 1 patient
(2.3%). With lower functional status, compliance
to exercise programs might be worse. Moreover,
the said review consisted solely of patients with
heart failure, and included no LVAD implanted
patients, and subjects’ adherence to exercise
was assessed with telephone or postal service.
While we didn’t use such methods to check and
strengthen adherence, we used an adherence
form to assess the days subjects completed the
exercises.

In the study conducted by Cowie et al. (27),
adherence to exercise between hospital and
home exercise groups was similar, resulting in
improved functional outcomes in both groups.
The reason for not achieving a significant
increase in pVO2 and other parameters in the
home exercise group in our study may be
attributed to lower compliance to the exercise
program.

Although there is no particular study comparing
adherence to exercise and improvement in
outcome measures in patients with implanted
LVADs, it has been previously shown in other
disease and subject groups that better adherence
to exercise results in more favorable outcomes
(26-29).
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Previous studies have shown that quality of life
increases after LVAD implantation due to
alleviation of symptoms. Jakovlevic et al. (25)
reported that LVAD  patients showed
improvement in quality of life after the
implantation in the first three months, and no
increase beyond three months. Similarly, Kato et
al. (30) stated that they detected improvement for
first three months in quality of life in 33 patients
with LVAD. We could not show any significant
change in SF-36 scales in either group, except
for improvement of pain subscale in the home
exercise group. Yet, there was significant
improvement in MLHFQ in the hospital group
when compared to home exercise. The
discrepancy between MLHFQ and SF-36 can be
explained with SF-36’s being a generic quality of
life questionnaire, whereas MLHFQ being a
guestionnaire developed specifically for heart
failure patients. Specific inventories such as
MLHFQ might be more sensitive to changes in
quality of life in cardiac patients.

Studies in LVAD-implanted patients show a
depression prevalence of 51% (31). Cardiac
rehabilitation is known to have beneficial effects
on depressive symptoms, and our study reveals
similar results. BDI for the hospital exercise
group improved significantly more than the home
group (p<0.05). Moreover, both state anxiety and

trait anxiety sub-scores of STAI in hospital
exercise group improved significantly, while
home control group had no significant

improvement in either BDI or STAI sub-scores
(24). These findings can be explained with
differences in adherence to exercise as well as
improvement in functional capacity. A negative
correlation was found between peak VO2 and
depression in a previous study (32). Our
correlation analyses did not show a significant
correlation between these outcome measures.

Hospital exercise programs do not only
guarantee better adherence, but they also allow
patients to socialize and meet people in similar
conditions to theirs, thus providing a form of
psychosocial support. This may be caused by the
effects of a group setting in contrast to the
individual exercise sessions in the home group,
as have been reported in other disease groups
(32, 33).
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Limitations and strengths of study:

As mentioned above, instead of a control group
without intervention, a home exercise group was
formed, due to ethical issues and the necessity of
cardiac rehabilitation for all patients. Adherence
of patients in the home exercise group to
exercise was monitored by self-report forms
included in exercise brochures. When we
consider that compliance to exercise is reported
to be lower in home-based exercise
interventions, it would be more effective to
monitor patients’ adherence to the exercise
program with more interactive methods such as
telephone calls or teleconference. Due to the
limited timeframe of our study, patients’
outcomes were monitored at 8 weeks,
immediately after the end of study, so this study
does not give us more insight about the long-term
effects of cardiac rehabilitation.

CONCLUSION

LVAD is being increasingly used in patients with
heart failure, and safety and efficacy of cardiac
rehabilitation in this patient group have previously
been shown. We found that a cardiac
rehabilitation program resulted in improvements
in VO2 max, 6MWT, MLHFQ, and STAI scores in
patients with LVAD implantations. Among these
measures, VO2 max, 6MWT, MLHFQ and STAI
scores improved significantly more in the hospital
exercise group. Patients with a shorter duration
of heart failure showed better outcomes in
pulmonary function tests and 6MWT in
correlation analyses. Most of previous studies
reporting similar results in home and hospital-
based exercise programs were found to include
NYHA stage 1 patients with better baseline
functional status. We observed that patients in
our home exercise group had worse adherence
to the exercise program. Since studies involving
patients with LVADs are few and utilize different
outcome measures, comparison is not easy.
More studies assessing the results of different
exercise protocols with longer-term follow-ups
are necessary to decide on the best rehabilitation
program in this group of patients.
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