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Aims Small studies and observations suggested that exercise training may improve peak oxygen consumption (peakVO2) in
patients with advanced heart failure and left ventricular assist device (LVAD). We investigated whether in this patient
group a supervised exercise training can improve exercise capacity.
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Methods
and results

In this multicentre, prospective, randomized, controlled trial, patients with stable heart failure and LVAD were
randomly assigned (2:1) to 12 weeks of supervised exercise training or usual care, with 12 weeks of follow-up. The
primary endpoint was the change in peakVO2 after 12 weeks (51 patients provided a power of 90% with an expected
group difference in peakVO2 of 3 ml/kg/min). Secondary endpoints included changes in submaximal exercise capacity
and quality of life. Among 64 patients enrolled (97% male, mean age 56 years), 54 were included in the analysis.
Mean difference in the change of peakVO2 after 12 weeks was 0.826 ml/min/kg (95% confidence interval [CI] −0.37,
2.03; p= 0.183). There was a positive effect of exercise training on 6-min walk distance with a mean increase in the
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intervention group by 43.4 m (95% CI 16.9, 69.9; p= 0.0024), and on the Kansas City Cardiomyopa-
thy Questionnaire physical domain score (mean 14.3, 95% CI 3.7, 24.9; p= 0.0124), both after 12 weeks.
The overall adherence was high (71%), and there were no differences in adverse events between groups.
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Conclusion In patients with advanced heart failure and LVAD, 12 weeks of exercise training did not improve peakVO2 but
demonstrated positive effects on submaximal exercise capacity and physical quality of life.
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Graphical Abstract

Exercise training in patients with advanced heart failure and left ventricular assist device (Ex-VAD) trial. 6MWT, 6-min walk test; KCCQ, Kansas
City Cardiomyopathy Questionnaire physical domain score; peakVO2, peak oxygen consumption; RCT, randomized controlled trial.
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Introduction
Evidence-based therapies markedly improved survival in chronic
heart failure (HF)1 and more patients progress to an advanced
stage of HF. Left ventricular assist device (LVAD) therapy has
become an indispensable option for patients with advanced HF.2

However, after LVAD implantation functional capacity remains
limited3 as this growing patient cohort suffers from limited quality
of life (QoL), device-related side-effects, and lack of therapeutic
options.

Exercise training is recommended in patients with HF by current
guidelines1,4 as a safe and effective treatment modality. Exercise
significantly improves exercise capacity, QoL and HF signs and
symptoms, and also has benefits on morbidity, mortality and hos-
pitalization as demonstrated in previous multicentre randomized
controlled trials.5–9 However, in patients with advanced HF and
LVAD, respective evidence is scarce due to lack of prospective
multicentre trials. ..
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.. Several small single-centre trials have previously implied feasi-
bility, safety and a beneficial effect of exercise in patients with
advanced HF and LVAD.10–14 Exercise tends to improve maxi-
mal and submaximal exercise capacity (peak oxygen consumption
[peakVO2], 6-min walk distance), muscle strength and QoL in this
patient cohort. Nevertheless, because of small sample sizes, low
number of training sessions and short intervention periods, avail-
able trials showed conflicting results.

The Exercise training in patients with left Ventricular Assist
Device (Ex-VAD, DZHK11, NCT03369938) trial was designed to
evaluate the effects of supervised exercise training on functional
capacity in patients with LVAD.15 We tested the hypothesis that
12 weeks of supervised exercise training improve peakVO2 in a
multicentre setting.

Methods
A detailed description of the study design has been previously pub-
lished.15 Here, we provide a brief description.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Trial overview
The Ex-VAD trial was a multicentre randomized controlled trial con-
ducted at five German sites (Berlin, Hamburg, München, Düsseldorf,
Leipzig) assessing the effect of supervised exercise training in patients
with LVAD over 6 months. The study was approved by the local ethics
committees at all participating sites. All participants provided written
informed consent.

Patients
Clinically stable patients with advanced chronic HF, optimal therapeu-
tic treatment according to the European Society of Cardiology HF
guidelines, and LVAD support for at least 3 months were eligible to par-
ticipate in the trial. Patients had to be able to perform cardiopulmonary
exercise testing (CPET) for at least 1 min at 20 W, were encouraged
to be physically active and were allowed to perform any kind of leisure
time physical activity.

Randomization
A web-based system was used to assign patients in a 2:1 ratio to
supervised exercise training or usual care alone. Block randomization
was stratified by trial centre and indication for LVAD (bridging vs.
destination therapy); the block length was 6.

Intervention
Patients randomized to exercise training were encouraged to perform
36 supervised training sessions consisting of combined pre-defined
endurance/resistance training three times per week with additional free
exercises to improve flexibility, balance, and coordination. Training ses-
sions were implemented on top of usual care and covered a period of
12 weeks. A detailed training schedule has previously been published.15

Briefly, endurance training was performed on an ergometer, intensity
was based on baseline CPET measures (80–100% of watts at anaer-
obic threshold) and duration was increased stepwise over 12 weeks
of intervention. Resistance training consisted of large muscle group
exercises (upper and lower extremities), intensity and number of rep-
etitions were increased stepwise over the time of intervention.15

Adherence was regularly assessed by staff. Patients needed to com-
plete at least 66% of possible sessions to be considered on-treatment.

Clinical assessments
All patients were assessed at baseline, at 12 and at 24 weeks. Examina-
tions were performed according to standard operating procedures and
included medical history, physical examination, anthropometry, elec-
trocardiogram, blood analysis, CPET, 6-min walk test (6MWT), resting
and dobutamine stress echocardiography, and QoL assessment through
questionnaires, including the Kansas City Cardiomyopathy Question-
naire (KCCQ) and 36-Item Short-Form Health Survey (SF-36). Addi-
tionally, safety visits were performed after 2, 4, 8 and 16 weeks. The
clinical staff members conducting the evaluations were not blinded to
treatment groups.

Cardiopulmonary exercise testing was performed according to
current recommendations and analysed centrally by the CPET Core
Laboratory at Charité Berlin, blinded to trial visit and to treatment
group assignment. PeakVO2 was defined as the highest oxygen uptake
values of the last 30 s prior to termination of the exercise using ..
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.. 10 s-averaged values.15 The anaerobic threshold (VO2AT) was set
by the V-slope method.16 The minute ventilation to carbon dioxide
production (VE/VCO2) slope was calculated using the entire exercise
data.

Echocardiography was performed by experienced and instructed
sonographers. Analyses were performed centrally, blinded to treat-
ment group assignment by the Echocardiography Core Laboratory at
Charité Berlin.

Quality of life analyses were performed by the QoL Core Laboratory
in Göttingen, blinded to treatment group assignment.

Outcomes
The primary endpoint was the change in peakVO2 after 12 weeks.
Secondary endpoints included changes in 6MWT distance, VE/VCO2

slope and the physical QoL domain of the KCCQ and the SF-36 (both
score range 0–100; higher scores reflect better QoL), changes in
echocardiographic parameters of cardiac morphology and function and
change in markers of neuroendocrine activation. Adverse events (AEs)
and serious adverse events (SAEs) were evaluated by an independent
safety committee.

Statistics
Based on previous small single-centre trials and case reports,10–13

the trial protocol15 expected a group difference of 3 ml/min/kg in
peakVO2, a standard deviation of 5 ml/min/kg and a correlation of
0.8 between baseline and week 12. Under these assumptions a total
sample size of 51 patients with 2:1 randomization (34 intervention,
17 control group) provided a power of 90% for a comparison of
group means at the one-sided significance level of 2.5% in an analysis
of covariance (ANCOVA) with baseline adjustment. Considering the
extended duration of the intervention and the multicentre design, a
conservative dropout rate of 20% was expected. Thus, a total number
of 66 patients was intended to be included in the trial. In June 2020,
a blinded sample size review observed a lower drop-out rate (15%)
and a smaller residual variance for the primary endpoint than initially
assumed. Given that statistical assumptions underlying the sample
size calculation were prematurely fulfilled, the blinded review board
decided to stop trial recruitment after 64 patients.

The primary endpoint peakVO2 at week 12 was analysed by
ANCOVA with treatment group, trial centre, indication for LVAD
implantation as factors, and baseline peakVO2 as covariate using the full
analysis set. The null hypothesis was tested one-sided at a significance
level of 2.5%. All patients were analysed according to their random-
ization group. To account for missing values in the primary endpoint
variable, a pre-specified multiple imputation approach was performed
(see also statistical analysis plan in online supplementary Appendix S1).

Secondary endpoints were analysed by means of a Gaussian linear
model for repeated measures (mixed model repeated measures). It
was used to investigate the sustainability of the intervention effect over
12 and 24 weeks adjusted for baseline values and stratification factors.
The model contains main effects for the treatment group, trial visit and
interaction between both. The 95% confidence intervals (CI) for mean
changes between groups were presented.

Furthermore, we performed a per-protocol analysis including only
patients adhering to at least 66% to the scheduled exercise sessions.
Subgroup analyses for the different indications for LVAD implantation
and duration of LVAD therapy were performed. All statistical analyses
were performed using R (Version 4.0.4).

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Results
Inclusion of patients started in December 2017, the last patient
completed the trial in September 2020. After initial exclusions and
withdrawals, 64 patients were enrolled in the trial. Eight patients
discontinued trial participation, 10 were excluded from analysis
due to missing data at 12 weeks (Figure 1). Accordingly, 54 patients
were included in the analysis.

Patients were predominantly male (97%) with a typical risk
and comorbidity profile. Baseline patient demographic and clini-
cal characteristics are shown in Table 1. Between groups, there
were no major differences in baseline characteristics regard-
ing exercise capacity (peakVO2, VO2AT and 6MWT distance),
SF-36 or KCCQ physical domain score, or echocardiographic
parameters.

Adherence
Overall adherence to the training intervention was 71% (n= 41,
95% CI 57, 85). Eleven patients did not reach the required
adherence of 66% of sessions to be considered on-treatment
and were excluded from per-protocol analysis. Adherence
of the patients considered on-treatment was 83% (n= 29,
95% CI 69, 97). ..
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. Primary endpoint and secondary
endpoints
After 12 weeks of intervention, we observed a non-significant
group difference of 0.826 ml/min/kg in peakVO2 (95% CI −0.37,
2.03; p= 0.183) after adjusting for baseline differences (Figure 2).
Analysis of secondary endpoints showed a positive treatment effect
of 43.4 m in 6MWT between groups after 12 weeks (95% CI 16.9,
69.9; p= 0.0024). Likewise, the intervention group scored 14.3
points higher in the KCCQ physical domain compared to the
control group (95% CI 3.65, 24.94; p= 0.0124). There were no
significant differences in SF-36 physical domain score, in ventilatory
efficiency (VE/VCO2 slope) or in other secondary endpoints within
or between groups (online supplementary Table S1).

Safety
The overall number of AEs and SAEs was high (Table 2). Thirty-four
patients (82.9%) in the intervention and 21 (91.3%) in the control
group had at least one AE during the trial participation. In the
intervention group, 14 patients (34.1%) and 11 (47.8%) in the
control group had at least one SAE during the trial. All SAEs
involved hospitalization and were due to typical complications
of HF and LVAD therapy (decompensated HF, stroke, anaemia

Figure 1 Patient recruitment, randomization, and follow-up in the Ex-VAD trial. CPET, cardiopulmonary exercise test.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Baseline characteristics of the Ex-VAD cohort

Characteristic Training
(n= 41)

Control
(n= 23)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 55±12 58±11

Sex (male/female), n 40/1 22/1
Caucasian, n (%) 36 (87.8) 23 (100)
Height, cm 179.6± 7.6 180.4± 6.9
Weight, kg 95.9±17.6 97.4±16.4
BMI, kg/m2 29.7± 5.0 30.1± 5.8
Waist-to-hip-ratio 1.01± 0.1 0.99± 0.1
Heart rate, bpm 72±13 71± 7
Mean arterial pressure, mmHg 85±14 80±12

Cardiovascular risk factors, n (%)
Hypertension 22 (53.7) 14 (60.9)
Dyslipidemia 18 (43.9) 15 (65.2)
Diabetes mellitus 15 (36.6) 9 (39.1)
Familial history of myocardial infarction or stroke 15 (36.6) 8 (34.8)
Smoking

Current 6 (14.6) 4 (17.4)
Ex (>6 months clean) 22 (53.7) 17 (73.9)
Never 12 (29.3) 2 (8.7)

Cardiovascular disease, n (%)
Coronary artery disease 19 (46.3) 12 (52.2)

History of myocardial infarction 17 (41.5) 10 (43.5)
Cardiomyopathy 27 (65.9) 13 (56.5)

Dilated cardiomyopathy 19 (46.3) 11 (47.8)
Heart failure 39 (95.1) 22 (95.7)

Previous decompensation 28 (68.3) 13 (56.5)
Current NYHA functional class

I 12 (29.3) 1 (4.4)
II 20 (48.8) 18 (78.3)
III 7 (17.1) 3 (13.0)

Atrial fibrillation/flutter 15 (36.6) 7 (30.4)
Valvular disease 20 (48.8) 11 (47.8)
Endocarditis 1 (2.4) 0 (0)
Congenital heart disease 2 (4.9) 2 (8.7)
Peripheral artery disease 2 (4.9) 1 (4.4)
Sleep apnoea syndrome 5 (12.2) 2 (8.7)

Comorbidities, n (%)
Hyperuricemia 7 (17.1) 7 (30.4)
Chronic kidney disease 31 (75.6) 17 (73.9)
History of stroke 8 (19.5) 6 (26.1)
Syncope 10 (24.4) 2 (8.7)
Chronic obstructive pulmonary disease 2 (4.9) 5 (21.7)
Asthma 1 (2.4) 0 (0)
Primary pulmonary hypertension 3 (7.3) 1 (4.4)
Depression 5 (12.2) 3 (13.0)
History of cancer 6 (14.6) 3 (13.0)

LVAD history
Years since LVAD implantation, n (%)
<1 year 20 (48.8) 8 (34.8)
1–2 years 7 (17.1) 7 (30.4)
2–3 years 12 (29.3) 2 (8.7)
>3 years 2 (4.8) 6 (26.1)

Type of LVAD device, n (%)
HeartMate II 0 (0) 1 (4.4)
HeartMate 3 20 (48.8) 11 (47.8)
HeartWare HVAD 21 (51.2) 11 (47.8)

Underlying disease for LVAD implantation, n (%)
Chronic heart failure 21 (51.2) 13 (56.5)
Acute myocardial infarction 14 (34.2) 6 (26.1)
Primary cardiomyopathy 21 (51.2) 12 (52.2)
Myocarditis 4 (9.8) 2 (8.7)
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.. Table 1 (Continued)

Characteristic Training
(n= 41)

Control
(n= 23)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LVAD indication, n (%)
Bridging (to transplant/recovery) 24 (58.5) 12 (52.2)
Destination therapy 17 (41.5) 11 (47.8)

Pump flow, L/min 4.6± 0.9 4.6± 0.7

Medication, n (%)
ACE-inhibitor/AT1-receptor blocker 28 (68.3) 13 (56.5)
Sacubitril/valsartan 11 (28.8) 4 (17.4)
Aldosterone antagonist 30 (73.2) 21 (91.3)
Loop diuretic 32 (78.1) 19 (82.6)
Beta-blocker 36 (87.8) 22 (95.7)
Calcium channel blocker 4 (9.8) 5 (21.7)
Amiodarone 22 (53.7) 5 (21.7)
Statin 22 (53.7) 14 (60.9)
Other lipid-lowering agent 1 (2.4) 2 (8.7)
Acetylsalicylic acid 26 (63.4) 19 (82.6)
Thienopyridine (clopidogrel) 3 (7.3) 1 (4.35)
Vitamin K antagonist 40 (97.6) 23 (100)
Heparin 1 (2.4) 1 (4.4)
Insulin 5 (12.2) 5 (21.7)
Oral antidiabetic 3 (7.3) 3 (13.0)
Antiobstructive inhalative drug 4 (9.8) 3 (13.0)
Antidepressant 5 (12.2) 1 (4.4)
Sleep medication/anxiolytic 0 (0) 2 (8.7)
Proton pump inhibitor 37 (90.2) 19 (82.6)
Antibiotic 4 (9.8) 2 (8.7)
Analgesic 3 (7.3) 0 (0)

Laboratory results
NT-proBNP, μg/L, median (IQR) 882.0 (461.0,

1561.0)
770.0 (420.5,

2672.0)
Creatinine, mg/dl 1.4± 0.5 1.4± 0.6
Potassium, mmol/L 4.3± 0.6 4.4± 0.5
Sodium, mmol/L 139± 2.8 138± 6.5
hs-CRP, mg/dl 0.6± 0.8 0.7±1.0
Haemoglobin, g/dl 13.5±1.8 13.1±1.7

CPET
PeakVO2, ml/min/kg 13.2± 3.9 12.5± 4.3
Maximum load level, W 90.3± 31.1 85.4± 35.9
VO2 AT, ml/min 912± 295.7 786.3± 213.0
VO2 AT, ml/min/kg 9.5± 2.6 8.1± 2.0
VE/VCO2 slope 39.3±10.3 41.7± 7.8
RER max workload 1.06± 0.07 1.05± 0.12
RER max (afterload) 1.21± 0.14 1.14± 0.12
6-min walking distance, m 421±115 393± 118
SF-36 physical domain 58.4± 21.8 48.6± 22.4
KCCQ physical domain 69.7±15.2 64.4±19.6
Echocardiography
LVEDD, mm 58.9±12.0 61.9±16.2
IVSD, mm 9.7±1.7 9.7± 1.7
LVPWD, mm 9.3±1.5 9.5± 1.6
LVEDV, ml 182.7± 92.2 211.1± 136.0
TAPSE, mm 11.5± 2.9 10.8± 3.7

Values are presented as mean± standard deviation, unless otherwise indicated.
ACE, angiotensin-converting enzyme; BMI, body mass index; hs-CRP, high-sensitivity
C-reactive protein; IQR, interquartile range; IVSD, interventricular septal diameter; KCCQ,
Kansas City Cardiomyopathy Questionnaire; LVAD, left ventricular assist device; LVEDD, left
ventricular end-diastolic diameter; LVEDV, left ventricular end-diastolic volume; LVPWD, left
ventricular posterior wall diameter; NT-proBNP, N-terminal pro-B-type natriuretic peptide;
NYHA, New York Heart Association; peakVO2, peak oxygen consumption; RER, respiratory
exchange ratio; SF-36, 36-Item Short-Form Health Survey; TAPSE, tricuspid annular plane sys-
tolic excursion; VE/VCO2, minute ventilation to carbon dioxide production VO2 AT, oxygen
consumption at anaerobic threshold.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 2 Primary endpoint and secondary endpoints. Marginal means and 95% confidence interval (CI) for (A) peak oxygen consumption
(peakVO2), (B) 6-min walk test (MWT) distance and (C) Kansas City Cardiomyopathy Questionnaire (KCCQ) physical domain after 12 weeks
for control versus intervention group. Mean difference in the change of peakVO2 after 12 weeks was 0.826 ml/min/kg (95% CI −0.37, 2.03;
p= 0.183). There was no significant change in the 36-Item Short-Form Health Survey physical score and in the minute ventilation to carbon
dioxide production slope between intervention and control group.

Table 2 Safety

Training (n= 41) Control (n= 23)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total AE, n 100 54
During training 3 n.a.
Within 2 h after training 6 n.a.

Patients with at least one AE during trial participation, n (%) 34 (82.9) 21 (91.3)
Total SAE, n 26 18

Planned/unplanned hospitalization, n 3/23 1/17
Cardiovascular hospitalization, n (%) 10 (38.5) 9 (50.0)
Cardiovascular hospitalization with worsening heart failure, n (%) 3 (11.5) 4 (22.2)
Other hospitalization, n (%) 13 (50.0) 5 (27.8)
Death, n (%) 3 (11.5) 0 (0)

Patients with at least one SAE during trial participation, n (%) 14 (34.1) 11 (47.8)

AE, adverse event; SAE, serious adverse event.
Death causes: One patient died because of pump thrombosis, one because of subdural and subarachnoid haematoma (after a fall with head injury), one died of multi-organ
failure due to sepsis based on a driveline infection in addition to right heart failure.

with need of transfusion, infection). There were no statisti-
cally significant differences between groups in total number
of SAEs.

Three AEs occurred during training: one patient had epistaxis,
one had diarrhoea and one an accidental pull of the driveline which
led to a small injury of the driveline exit point and was treated with
medical honey and sterile change of bandage. Six AEs appeared
within 2 h after training: three patients reported problems with
circulation or had an intermittent decrease in kidney function,
which were successfully treated with oral fluids. One reported
ankle pain and one a local allergic reaction to the accelerometer
of the Ex-VAD trial. One patient had a polymorphic ventricular
tachycardia, which was successfully terminated by two shocks of
his implanted defibrillator system. There were no SAEs during
training. ..
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.. In the intervention group, three patients died during the trial
period and no patient died in the control group. One patient died
because of pump thrombosis, one after a fall with head injury and
consecutive subdural and subarachnoid haematoma, and one died
of multi-organ failure due to sepsis following driveline infection in
addition to right HF.

We observed a non-significant difference in driveline infections
with numerically more events in the intervention group (n= 6
[6.0%] vs. n= 2 [3.7%] in the control group).

Subgroup analysis
Subgroup analysis focusing on indication for LVAD implantation
(bridging vs. destination therapy) demonstrated that patients of
the bridging group were younger (mean age 52 vs. 64 years), had
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Table 3 Subgroup baseline data for groups of indication (bridge to transplant/recovery vs. destination therapy)

Bridging Destination therapy
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total Training Control Total Training Control
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n 36 24 12 28 17 11

Male sex, n (%) 34 (94.4) 23 (95.8) 11 (91.7) 28 (100) 17 (100) 11 (100)
Age at baseline, years 52±11 51±11 53±11 62± 10 61±12 63± 8
Height, cm 182± 7 182± 8 182± 7 177± 7 176± 7 179± 7
Weight, kg 99±16 99± 17 98±15 94± 18 92±18 97±18
BMI, kg/m2 30± 5 30± 5 30± 5 30± 6 30± 5 30± 6
Time on LVAD, n (%)
<1 year 16 (44.4) 12 (50.0) 4 (33.3) 12 (42.9) 8 (47.1) 4 (36.4)
>1 year 20 (55.6) 12 (50.0) 8 (66.7) 16 (57.1) 9 (52.9) 7 (63.6)

PeakVO2, ml/min/kg 14± 4 14± 4 12± 3 12± 4 12± 3 13± 6
Maximum load level, W 101± 35 104± 29 94± 46 73± 21 71± 23 76±18
VO2 AT, ml/min 927± 296 1009± 309 757±182 790± 225 773± 216 819± 248
VE/VCO2 slope 38± 9 37± 10 40± 7 43± 10 42±11 44± 8

Values are presented as mean± standard deviation unless otherwise indicated.
BMI, body mass index; LVAD, left ventricular assist device; peakVO2, peak oxygen consumption; VE/VCO2, minute ventilation to carbon dioxide production; VO2 AT, oxygen
consumption at anaerobic threshold.

a higher mean peakVO2 (14 vs. 11 ml/min/kg), higher VO2AT and
a lower mean VE/VCO2 slope at baseline (Table 3). The subgroup
analyses regarding primary and secondary endpoints are presented
in Figure 3A. There was no difference in peakVO2, VE/VCO2 slope
and SF-36 physical domain between groups regarding indication for
LVAD implantation. However, in the intervention group, patients
with LVAD as bridging therapy had a significantly greater increase
in 6MWT distance (p= 0.001) and in KCCQ physical domain
(p= 0.021) than patients with LVAD as destination therapy.

Subgroup analysis focusing on duration of LVAD therapy (<1 year
vs. >1 year) showed no difference in age between groups (Table 4).
However, patients on LVAD therapy for less than 1 year exhibited a
slightly lower weight and thus lower body mass index. At baseline,
there was no difference in peakVO2 between groups, but VO2AT
and VE/VCO2 slope were lower in patients on LVAD therapy
for less than 1 year. The subgroup analyses regarding primary
and secondary endpoints are presented in Figure 3B. Again, there
was no difference in peakVO2, VE/VCO2 slope and SF-36 physical
domain between groups regarding duration of LVAD therapy. In the
intervention group, patients on LVAD therapy for less than 1 year
had a significantly higher increase in 6MWT distance (p= 0.018)
than patients on LVAD therapy for more than 1 year. Yet, patients
on LVAD therapy for more than 1 year showed a significant increase
in KCCQ physical domain (p= 0.007) in the intervention group,
whereas there was no intervention effect in patients on LVAD
therapy for less than 1 year.

Discussion
In this multicentre randomized controlled trial, supervised exercise
training did not increase peakVO2 in patients with advanced HF
and LVAD therapy. Among secondary endpoints, 6MWT distance
as a measure of submaximal exercise capacity and KCCQ physical ..
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. domain as a measure of physical QoL in HF increased significantly

with supervised training (Graphical Abstract).
We chose peakVO2 as primary endpoint since it is a robust and

reproducible parameter and has an important prognostic role in HF
and in LVAD recipients.17 In patients with HF and LVAD, improve-
ment in peakVO2 after exercise training was reported in many
single-centre trials, but the degree of improvement in peakVO2

varied. A meta-analysis by Ganga et al.14 calculated an overall
improvement of 1.46 ml/min/kg in peakVO2 after 6–18 weeks of
supervised exercise training. However, patients in the pooled tri-
als10–12,18 were younger with lower body mass index, and within
6 months after LVAD implantation as bridging therapy. In two of
the included trials,12,18 baseline peakVO2 was noticeably higher
than in Ex-VAD. Also, many trials did not report a control group.
When compared to the control group, Kugler et al.18 demon-
strated a significant positive effect of exercise training on peakVO2.
However, in this single-centre trial patients were included 6 weeks
after LVAD implantation. This early intervention is compara-
ble with a classic rehabilitation programme, which is recom-
mended to all patients after cardiac surgery. Our study focuses
on patients on the ambulatory setting at least 3 months after
LVAD implantation to evaluate the potential beneficial effect of an
additional exercise training programme. Thus, these data under-
line our findings that patients shortly after LVAD implantation may
benefit more from exercise training than patients with long-term
LVAD therapy. Also, patients with LVAD as destination therapy
were underrepresented in previous trials and should further be
investigated.

Training modality has been shown to affect peakVO2 in exercise
interventions in large HF cohorts. The HF-ACTION trial showed
a change in peakVO2 of 0.6 ml/min/kg in the exercise group within
3 months (vs. 0.2 ml/min/kg in the control group) by supervised
aerobic training alone.5 Bouchla et al.19 describe an additional
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Figure 3 Subgroup analysis: change in parameter after 12 weeks separated by (A) indication for left ventricular assist device (LVAD)
implantation (bridging vs. destination therapy), (B) duration of LVAD therapy (<1 vs. >1 year) prior to randomization. 6MWT, 6-min walk
test; KCCQ, Kansas City Cardiomyopathy Questionnaire; peakVO2, peak oxygen consumption; SF-36, 36-Item Short-Form Health Survey;
VE/VCO2, minute ventilation to carbon dioxide production.

Table 4 Subgroup baseline data for time on left ventricular assist device therapy (less vs. more than 1 year)

Time on LVAD<1 year Time on LVAD>1 year
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total Training Control Total Training Control
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n 28 20 8 36 21 15
Male sex, n (%) 27 (96.4) 19 (95) 8 (100) 35 (97.2) 21 (100.0) 14 (93.3)
Age at baseline, years 55±13 54±14 57±11 57± 11 56±11 58± 11

Height, cm 179± 8 178± 8 182± 6 181± 7 181± 7 179± 7
Weight, kg 90±14 90±15 92±13 101± 18 102±18 100±18
BMI, kg/m2 28± 4 28± 4 28± 5 31± 6 31± 5 31± 6
Indication for LVAD, n (%)

Bridging 16 (57.1) 12 (60) 4 (50) 20 (55.6) 12 (57.1) 8 (53.3)
Destination therapy 12 (42.9) 8 (40.0) 4 (50.0) 16 (44.4) 9 (42.9) 7 (46.7)

PeakVO2, ml/min/kg 14± 4 13± 3 14± 6 13± 4 13± 5 12± 3
Maximum load level, W 91± 35 89± 26 97± 55 86± 31 91± 36 79± 21

VO2 AT, ml/min 802± 255 829± 266 727± 218 922± 282 1000± 307 816± 212
VE/VCO2 slope 38± 7 38± 8 38± 6 42± 11 41± 12 44± 8

Values are presented as mean± standard deviation unless otherwise indicated.
BMI, body mass index; LVAD, left ventricular assist device; peakVO2, peak oxygen consumption; VE/VCO2, minute ventilation to carbon dioxide production; VO2 AT, oxygen
consumption at anaerobic threshold.

increase in peakVO2 of 1.0 ml/min/kg within 3 months of training by
combining aerobic and muscle training. Although some small trials
in HF suggest that resistance training does affect peakVO2,

20,21 a
meta-analysis by Jewiss et al.22 demonstrated a mean difference of
1.43 ml/min/kg peakVO2 in combined aerobic/resistance training
versus control and a mean difference of 3.99 ml/min/kg peakVO2

in resistance training versus control. Tucker et al.23 found that
peakVO2 was significantly greater after long versus short-duration
moderate intensity continuous training, which is likely due to

..
..
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..
.. central adaptations. In patients with LVAD, Hayes et al.11 reported

an increase in peakVO2 of 3.0 ml/min/kg after only 8 weeks of
moderate intensity endurance and resistance training. In a case
study, we observed a significant improvement by submaximal
intensity interval training.13 Moreover, recently, Moreno-Suarez
et al.24 demonstrated that in patients with LVAD 12 weeks of
high-intensity interval training (HIIT) increased peakVO2 to higher
degree than moderate continuous training (MCT). However, this
study was single-centre, small (n= 21), did not report a control
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group and the patients presented with a higher baseline peakVO2

than the Ex-VAD cohort. Since the large multicentre SMARTEX
trial8 (n= 261) demonstrated no significant difference between
HIIT and MCT in a HF cohort with similar baseline peakVO2

to the findings of Moreno-Suarez et al., we would suggest to
further investigate the effect of HIIT in LVAD in a multicentre
setting.

In retrospect, our assumed group difference of 3 ml/min/kg
peakVO2 was too ambitious and a more conservative approach
might have been more appropriate (e.g. 10% difference in peakVO2,
based on what is considered clinically meaningful for HF patients).
In addition, the impact of training modality is not fully understood
to date. Some trials in HF showed a trend to increase peakVO2 by
adding inspiratory muscle training to a combined aerobic/resistance
training.25 In our trial resistance training was started after 4 weeks
to ensure patient adherence and motivation. It is unclear whether
an additional inspiratory muscle training or an earlier beginning of
resistance training might have influenced parameters of exercise
capacity. Thus, factors of exercise response should be investigated
further in patients with HF and LVAD.

The 6MWT is a widely used measure of submaximal exercise
capacity.26 In a recent study, 14 m was reported as the minimal clin-
ically important difference (MCID) in patients with HF and reduced
ejection fraction.27 However, MCID depends on the underlying
condition, comorbidities, and the patients’ self-perception. Pre-
vious trials on exercise training in HF demonstrated significant
improvement in 6MWT distance.5,28 In patients with LVAD, a
meta-analysis by Ganga et al.14 did not observe a beneficial effect of
exercise training on 6MWT when compared to controls. This might
have been due to the still modest sample size of the pooled trials
and the fact that some trials did not assess submaximal exercise
capacity. Ex-VAD demonstrated a mean increase of 43.4 m in the
6MWT. This order of magnitude can be considered clinically rele-
vant27 for the group of patients studied in Ex-VAD, and may be very
important for the patients’ well-being and mobility in everyday life.
Furthermore, it is considerably higher than in most pharmacologi-
cal HF trials.29,30

Previous trials have suggested a beneficial effect of exercise
training on QoL.10–12,18 In concordance with these studies, in
our trial the intervention group scored significantly higher in the
KCCQ physical domain (14.3 points, with 5 points considered
clinically meaningful) compared to the control group (Figure 2).
This was due to a small improvement in KCCQ in the inter-
vention group and a significant decrease in KCCQ in the con-
trol group (online supplementary Table S1.). Our results indicate
that exercise training has potential to improve QoL in LVAD
patients.

In accordance with previous trials, Ex-VAD demonstrated that
exercise is safe in patients with LVAD. Still, the overall number
of AEs was high. Previous exercise trials in patients with LVAD
did not report overall AEs, but only AEs during exercise: Ker-
rigan et al.10 reported a syncope in a patient immediately after
completing an exercise session. Marko et al.31 reported an episode
of non-sustained ventricular tachycardia during exercise training.
Ganga et al.14 did not find any relation between aerobic exercise
training and AEs. This is compatible with our results: Although the ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. overall number of AEs was high in both groups – which is indica-
tive for disease severity and multimorbidity of the cohort – there
were only a few events during and shortly after an exercise session
(Table 2). We believe that patient education is the most effec-
tive way to prevent and to reduce AEs. As such, patients need
to learn how to manage fluid and electrolyte intake while train-
ing and how to use training equipment without hurting them-
selves. Electrolytes and kidney function should be monitored care-
fully, especially when starting a training programme. Further clin-
ical application of exercise training will require well-trained and
guided training facilities to recognize and act on AEs from an early
stage on.

Adherence to the exercise protocol is a major concern in
exercise intervention trials. In the present trial the overall adher-
ence was high given the disease severity of the patient cohort. We
noticed a high interest for participation in an exercise intervention.
However, traveling to the training facility was a major limitation for
many patients on a physical and financial level. We suggest that
future trials address this issue.

Ex-VAD is the first trial to compare exercise training in LVAD
used as bridging versus destination therapy. As the number of
patients receiving an LVAD as destination therapy is steadily grow-
ing and life expectancy in this cohort is increasing, we believe that it
is of great importance to further investigate this subgroup of LVAD
recipients.

Limitations
The Ex-VAD trial has several limitations. The assumptions under-
lying the power calculation of the primary endpoint were too
optimistic as a difference in peakVO2 of 3 ml/min/kg could not
be achieved. The staff conducting the evaluations was not blinded
to the treatment group, which could have affected the maxi-
mal exhaustion achieved during CPET. However, the respiratory
exchange ratio at peak exercise did not differ between groups at
baseline and at 12 weeks indicating similar levels of effort during
exercise testing. Selection bias might have affected our findings,
since only rather mobile and motivated patients participated in
the trial. Only very few female participants were included, which
is partly due to the small number of female patients with LVAD
in the outpatient clinics of the recruiting trial sites (approximately
10%). However, further reasons should be investigated. Although
the Ex-VAD trial is the largest trial so far conducted in LVAD
patients and the only one with a multicentre setting known to date,
the patient number is yet small, and a risk of type I error cannot
be excluded.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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