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Abstract

Introduction: Cardiac rehabilitation is a component of heart failure (HF)
management, but its effect on ventricular arrhythmias is not well under-
stood. We analyzed the antiarrhythmic effect of a 9-week hybrid compre-
hensive telerehabilitation (HCTR) program and its influence on long-term
cardiovascular mortality in HF patients taken from the TELEREHabilitation in
Heart Failure Patients (TELEREH-HF) trial.

Material and methods: We evaluated the presence of non-sustained ven-
tricular tachycardia (nsVT) and frequent premature ventricular complexes
> 10 beats/hour (PVCs > 10) in 24-hour ECG monitoring at baseline and after
9-week HCTR or usual care (UC) of 773 HF patients (NYHA I-1ll, LVEF < 40%).
Functional response for HCTR was assessed by changes — delta (A) — in peak
oxygen consumption (pVO,) as a result of comparing pVO, from the begin-
ning and the end of the program.

Results: Among 143 patients with nsVT, arrhythmia subsided in 30.8% after
HCTR. Similarly, among 165 patients randomized to UC who had nsVT 34.5%
did not show it after 9 weeks (p = 0.481). There was no significant differ-
ence in the decrease in PVC > 10 over 9 weeks between randomization arms
(14.9% vs. 17.8%, respectively p = 0.410). Functional response for HCTR in
pVO, > 2.0 ml/kg/min did not affect occurrence of arrhythmias. Multivari-
able analysis did not identify HCTR as an independent factor determining
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improvement of nsVT or PVCs > 10. However, only in the HCTR group, the achievement of the antiarrhythmic
effect significantly reduced the cardiovascular mortality in 2-year follow-up (p < 0.001).

Conclusions: Significant improvement in physical capacity after 9 weeks of HCTR did not correlate with the
antiarrhythmic effect in terms of incidence of nsVT or PVCs > 10. An antiarrhythmic effect after the 9-week
HCTR affected long-term cardiovascular mortality in HF patients.

Key words: ventricular arrhythmia, heart failure, telerehabilitation.

Introduction

Hybrid cardiac telerehabilitation is a novel
component of heart failure (HF) management but
its effect on ventricular arrhythmias (VA) is not
well understood [1].

Ventricular arrhythmia is a common problem in
patients with HF regardless of etiology. A number
of studies have reported that 70-95% of HF pa-
tients have frequent premature ventricular com-
plexes (PVCs), and 40-80% will manifest runs of
non-sustained ventricular tachycardia (nsVT) [2].
The increase in VA represents a significant cause
of morbidity and mortality.

According to the latest European Society of
Cardiology (ESC) guidelines, all stable HF pa-
tients should participate in cardiac rehabilitation
programs [3]. Cardiac rehabilitation is shown to
improve physical capacity, quality of life and psy-
chological well-being, which affect the prognosis
by reducing mortality and hospitalization rate.
One of the most important core components
of rehabilitation is regular and tailored exercise
training [3].

The problem of VA in the context of cardiac re-
habilitation in HF patients should be considered
in two aspects:

—occurrence of arrhythmias triggered by the exer-
cise training, which acutely impacts the rehabil-
itation safety,

— potentially antiarrhythmic effect of the total
rehabilitation process and its prognostic signif-
icance.

The first aspect has been discussed in some
publications [4, 5], including previously published
TELEREH-HF study results [6-8]. In the current
study, we focus on the second aspect.

To date, studies on the influence of exercise
training on VA in HF patients have been limited
to small sample sized, non-randomized, mostly
retrospective and single-center studies [4, 5, 9].
Moreover, there are still no papers that evaluate
whether the reduction of VA after several weeks
of the rehabilitation cycle affects the long-term
prognosis.

Therefore the aim of the present study was to
assess the antiarrhythmic effect of a 9-week hy-
brid comprehensive telerehabilitation (HCTR) pro-
gram and its influence on long-term cardiovascu-
lar mortality in the population of HF patients from

the TELEREHabilitation in Heart Failure Patients
(TELEREH-HF) randomized clinical trial.

Material and methods

The design and primary results of the TEL-
EREH-HF study (Clinical Trials.gov NCT 02523560)
have been published elsewhere [6, 7]. Briefly, the
TELEREH-HF study was a randomized, prospective,
multicenter (5 centers in Poland), open-label, par-
allel group-controlled trial comparing HCTR and
UC in HF patients. This study enrolled 850 clinical-
ly stable HF patients New York Heart Association
(NYHA) class -l and left ventricular ejection frac-
tion (LVEF) < 40%) after a cardiovascular hospital-
ization within 6 months prior to randomization.
Eligible patients were randomized in a 1 : 1 ratio
to either HCTR plus UC or to UC only, using a web-
based randomization system.

The study conduct was guided by good clini-
cal practice, in accordance with the Declaration of
Helsinki and the regulations applicable in Poland.
The trial was approved by the local ethics commit-
tee. Each patient provided written informed con-
sent. TELEREH-HF inclusion and exclusion criteria
were previously described elsewhere [6, 7].

Intervention

The HCTR intervention encompassed telecare,
telerehabilitation and remote monitoring of car-
diovascular implantable electronic devices. The
HCTR group patients underwent a 9-week HCTR
program consisting of two stages: an initial stage
(1 week) conducted in hospital and a basic stage
(8 weeks) of home-based HCTR 5 times weekly.
The telerehabilitation program encompassed three
training modalities: endurance aerobic Nordic
walking training, respiratory muscle training, and
light resistance and strength exercises. A more
detailed description of the intervention has been
published previously [6, 7].

Holter electrocardiography

24-hour Holter ECG monitoring (12-channel,
Holter digital recorder Lifecard CF Del Mar Reyn-
olds Medical UK/USA) was performed as part of
the patients’ assessments at entry and after com-
pleting the 9-week training program (HCTR group)
or completing the 9-week observation (UC group).
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24-hour Holter recordings (Holter ECG) were as-
sessed using the analysis system Pathfinder SL,
Spacelabs Healthcare.

The essential condition for including the pa-
tient in this analysis was to obtain good quality
Holter ECG for each patient. Rigorous quality con-
trol was performed on all Holter ECG studies by
a trained physician.

Holter analysis methods

In our study we focused on the occurrence of
prognostically significant VA. We considered the
presence of non-sustained ventricular tachycardia
(nsVT) and frequent premature ventricular com-
plexes > 10 beats per hour (PVCs > 10) on Holter
ECG as factors linked to an increased risk for car-
diac mortality in HF patients [10, 11]. We conduct-
ed quantitative (number of PVCs) and qualitative
(presence or absence of nsVT) analysis of VA at
baseline (H-0) and after 9 weeks (H-9) in both
HCTR and UC groups. We assessed the differences
in VA incidence before and after the 9-week tel-
erehabilitation (HCTR group) or before and after
the 9-week observation (UC group) in each group
(within-group analysis) and between the groups.

After Holter ECG monitoring assessment at H-0
and H-9 for nsVT and PVCs > 10, we divided HCTR
and UC group patients into three subgroups: im-
provement, no change and worsening based on
presence or absent of nsVT or PVCs > 10 in H-0
and H-9.

The improvement effect on nsVT was defined
as presence of nsVT at baseline Holter ECG (H-0:
nsVT+) and absence in Holter ECG after 9 weeks
of HCTR or after a 9-week observation in UC (H-9:
nsVT-).

Patients with absence of nsVT at baseline Holter
ECG (H-0: nsVT-) and presence after 9 weeks (H-9:
nsVT+) were assigned to the worsening subgroup.

Analogously, we defined patient subgroups for
quantitative analysis of VA: improvement as the
presence of PVCs > 10 at baseline Holter (H-O:
PVCs > 10 (+)) and absence after 9 weeks (H-9:
PVCs > 10 (-)), and worsening as H-0: PVCs > 10 (-)
and H-9: PVCs > 10 (+), respectively.

Functional response for HCTR was assessed by
changes —delta (A) — in peak oxygen consumption
(pVO,) in the cardiopulmonary exercise test (CPET)
as a result of comparing pVO, from the beginning
and the end of the program.

In uni- and multivariable analyses 14 demo-
graphic and clinical factors (gender, age, HF eti-
ology, LVEF pVO,, ApVO,, A percent predicted
pVO, (%pVO,), N-terminal fragments of B-type
natriuretic peptide level (NT-proBNP), estimated
glomerular filtration rate, basic cardiac rhythm,
presence/absence of diabetes mellitus, NYHA
functional class, presence/absence of cardiac re-

synchronization therapy or implantable cardio-
verter defibrillator) were considered.

Statistical analysis

Descriptive statistics were used to report the
characteristics of the patients at baseline. The
continuous variables are presented as means +
SD or as medians and inter-quartile ranges for
normally and non-normally distributed data. The
categorical variables are presented as counts and
percentages. For between-group comparisons
Student’s t-test, the Wilcoxon rank-sum test, the
x? test of independence or Fisher’s exact test was
used, as appropriate. The ordinal variable (NYHA)
was compared using Cochran-Mantel-Haenszel
modified ridit scores (row mean scores statistic).
In the main analysis for improvement or deterio-
ration estimated on the basis of nsVT or PVC, pa-
tients were first stratified into 2 categories accord-
ing to their demographic or clinical characteristics.
For this purpose, continuous variables (age, LVEF,
pVO,) were dichotomized (NT-proBNP according
to the worst tertile vs. the other two tertiles). Sub-
sequently, the relative benefit of improvement
(RB) or relative risk of worsening (RR) with their
95% confidence limit (CL) of the subgroups was
calculated and the homogeneity of RR or RB was
assessed by the Breslow-Day test. After that, mul-
tivariable logistic regression analysis was used
to identify independent improvement or deterio-
ration predictors. Variables were selected in the
stepwise selection manner. Cardiovascular sur-
vival curves were constructed using Kaplan-Meier
methods and compared by the log-rank test with
Bonferroni correction to the raw p-values of the
paired tests. A significance level of 0.05 was re-
quired to allow a variable into the model and for
a variable to stay in the model. Areas under the
receiver operating characteristics curves (C-statis-
tic) were calculated with 95% confidence intervals
(95% Cl). Two-tailed p-values of 0.05 or less were
considered to indicate statistical significance. SAS
software, version 9.4, was used for all analyses.

Results

We evaluated 1562 Holter ECG recordings of
781 patients (two recordings for each patient).
Seven hundred seventy-two Holter ECG record-
ings were from the HCTR arm and 790 from the
UC arm. Due to the poor quality Holter ECG re-
cording, we excluded 4 patients from each group.
Finally, 764 Holter ECG recordings from the HCTR
arm and 782 from the UC arm were included in
our subanalysis (Figure 1).

Study arms were not significantly different in
terms of demographic data, baseline clinical param-
eters and treatment. Patients’ characteristics and
clinical data at baseline are presented in Table I.
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Assessed for eligibility (n = 2333)

Did not meet inclusion/exclusion (n = 836)

Y

Y

Y

Unwilling to participate (n = 647)

Randomized 1 : 1 (n = 850)

Y

HCTR group (n = 425)

UC group (n = 425)

Did not undergo HCTR (n = 27) <

Started HCTR (n = 398)

Discontinued HCTR
Death (n = 2)
Another reason (n = 10)

A

Y

Discontinued UC
Death (n=2)
Another reason (n = 28)

Y

Y

Completed HCTR
Data at 9 weeks (n = 386)

Completed observation
Data at 9 weeks (n = 395)

Patients with poor quality
Holter ECG (n = 4)

Y

Patients with poor quality
Holter ECG (n = 4)

Y

Y

Patients with evaluated two Holter ECGs
(at baseline and after 9-week HCTR) (n = 382)

Patients with evaluated two Holier ECGs
(at baseline and after 9-week UC) (n = 391)

Figure 1. Study flow diagram

HCTR — hybrid comprehensive telerehabilitation, UC — usual care, ECG — electrocardiography.

Non-sustained ventricular tachycardia and
PVCs > 10 in HCTR vs. UC group

An improvement effect in nsVT was found in
44 (30.8%) patients in the HCTR group and 57
(34.5%) patients in the UC group and the differ-
ence between groups was not statistically signifi-
cant (p = 0.481). A worsening effect on nsVT was
observed in 23% and 20.3% patients (p = 0.487),
respectively.

There were also no statistically significant
differences between HCTR and UC groups in the
improvement (p = 0.41) or worsening (p = 0.964)
effect on PVCs > 10 (Table II).

Demographic/clinical characteristics and
effect on nsVT in HCTR vs. UC group

Comparison of the improvement in nsVT in the
HCTR and UC groups depending on the 14 demo-
graphic and clinical characteristics did not show
significant differences between groups (Table IlI).

Comparison of the worsening in nsVT in the
HCTR and UC groups depending on the 14 demo-
graphic and clinical characteristics also did not
show significant differences between groups (Ta-
ble IV).

Demographic/clinical characteristics and
effect on PVCs > 10 in HCTR vs. UC group

Comparison of the improvement in PVCs > 10
in the HCTR and UC groups depending on 14 de-
mographic and clinical characteristics did not
show significant differences between groups.

The univariable analysis revealed LVEF > 35% in
the UC group as a statistically significant predictor
of the improvement effect on PVCs > 10. Further-
more, LVEF > 35% was significantly more predic-
tive in the UC group than HCTR group (12.9% vs.
29.1%, p = 0.03) (Table V).

Comparison of the worsening in PVCs > 10
in the HCTR and UC groups depending on the
14 demographic and clinical characteristics did
not show significant differences between groups.
The statistically significant predictor of the wors-
ening effect on PVCs > 10 in univariable analysis
was the presence of CRT in the UC group (16.35
vs. 42.9%, p = 0.009) (Table VI).

Improvement/worsening effect on nsVT or
PVCs > 10 in the entire population

Finally, multivariable analysis of the entire pop-
ulation (both HCTR and UC groups) that includ-
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Table 1. Baseline characteristics

Characteristic HCTR (n = 382) UC (n = 391) P-value
Males, n (%) 342 (89.5) 347 (88.7) 0.727
Age, mean + SD [years] 62.1 +10.8 61.9 +10.3 0.701
Left ventricular ejection fraction, mean + SD [%] 31.0 +6.9 30.3 £7.0 0.168
Atrial fibrillation or atrial flutter, n (%) 76 (19.9) 73 (18.7) 0.666
BMI, mean + SD [kg/m?] 28.8 £5.1 29.1 4.7 0.397
Heart failure etiology, n (%):
Ischemic 253 (66.2) 249 (63.7) 0,458
Nonischemic 129 (33.8) 142 (36.3)
Medical history, n (%):
Myocardial infarction 226 (59.2) 217 (55.5) 0.303
Angioplasty 185 (48.4) 178 (45.5) 0.418
Coronary artery bypass grafting 58 (15.2) 63 (16.1) 0.722
Hypertension 226 (59.2) 250 (63.9) 0.172
Diabetes mellitus 129 (33.8) 134 (34.3) 0.883
Stroke 21 (5.5) 28 (7.2) 0.343
Chronic kidney disease 71 (18.6) 63 (16.1) 0.364
Hyperlipidemia 189 (49.5) 170 (43.5) 0.095
Depression* (22.9) 87 (26.6) 0.275
Functional status according to New York Heart
Association class, n (%):
I 51(13.4) 48 (12.3) 0.387
Il 271 (70.9) 267 (68.3)
il 60 (15.7) 76 (19.4)
Treatment, n (%):
B-Blocker 367 (96.1) 383 (97.9) 0.124
Angiotensin-converting enzyme inhibitors/ 357 (93.5) 367 (93.9) 0.817
angiotensin-receptor blockers
Digoxin 47 (12.3) 50 (12.8) 0.839
Loop diuretics 279 (73.0) 306 (78.3) 0.091
Spironolactone/eplerenone 316 (82.7) 320 (81.8) 0.748
Aspirin/clopidogrel 218 (57.1) 222 (56.8) 0.735
Anticoagulants 113 (29.6) 119 (30.4) 0.796
Novel oral anticoagulants 61 (16.0) 54 (13.8) 0.399
Statins 318 (81.9) 321 (82.1) 0,954
Cardiovascular implantable electronic devices 301 (78.8) 319 (81.6) 0,330
Implantable cardioverter-defibrillator 190 (63.1) 206 (64.6) 0.964
Cardiac resynchronization therapy with 4 (1.3) 4(1.3)
pacemaker function
Cardiac resynchronization therapy and 104 (34.5) 105 (32.9)
cardioverter-defibrillator

BMI - body mass index (calculated as weight in kilograms divided by height in meters squared). *Defined by a Beck Depression Inventory-I
score of more than 13 points. HCTR — hybrid comprehensive telerehabilitation; UC — usual care.

ed HCTR and UC as explanatory variables was
performed (Table VII). In relation to nsVT, female
gender (OR = 2.39, 95% Cl: 1.07-5.34, p = 0.034)
and LVEF > 35% (OR = 2.95, 95% Cl: 1.72-5.06,
p < 0.0001) were the only independent factors of
the improvement effect and NYHA Il was the only

independent factor of the worsening effect (OR =
1.81, 95% Cl: 1.05-3.12, p = 0.032). In relation to
PVCs > 10, age < 62 years (OR = 2.13, 95% ClI:
1.28-3.52, p = 0.03) and NYHA | or Il (OR = 2.23,
95% Cl: 1.03-4.86, p = 0.042) were the only in-
dependent factors of the improvement effect and
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Table II. Hybrid comprehensive telerehabilitation vs usual care: impact (improvement, no change, worsening) on
non-sustained ventricular tachycardia (nsVT) and premature ventricular complexes > 10 beats per hour (PVCs > 10)

Holter ECG monitoring results HCTR (n = 382) UC (n = 391) P-value
H-0 H-9
nsvT (+) All patients 143 (37.4%) 165 (42.2%) 0.176
nsvT (-) 44 (30.8%) 57 (34.5%) 0.481
nsVT (+) No change 99 (69.2%) 108 (65.5%)
nsvVT (-) All patients 239 (62.6%) 226 (57.8%) 0.176
nsVT (+) 55 (23.0%) 46 (20.3%) 0.481
ns VT () No change 184 (77.0%) 180 (79.7%)
PVC > 10 (+) All patients 221 (57.8%) 242 (61.9%) 0.252
PVC > 10 (-) 33 (14.9%) 43 (17.8%) 0.410
PVC > 10 (+) No change 188 (85.1%) 199 (82.2%)
PVC > 10 (-) All patients 161 (42.2%) 149 (38.1%) 0.252
PVC > 10 (+) 36 (22.4%) 33 (22.2%) 0.964
PVC>10 (-) No change 125 (77.6%) 116 (77.8%)

H-0 — Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation, Improvement — (+) in H-0 and () in
H-9, nsVT — non-sustained ventricular tachycardia, nsVT (+) — presence of nsVT in ECG Holter, nsVT (=) — absence of nsVT in ECG Holter,
PVCs — premature ventricular complexes, PVC > 10 (+) — presence PVCs > 10 beats per hour in ECG Holter, PVC >10 (=) — absence of PVCs
> 10 beats per hour in ECG Holter; UC, usual care, Worsening — (=) in H-0 and (+) in H-9.

diabetes mellitus was the only independent fac-
tor of the worsening effect (OR = 3.41, 95% Cl:
1.95-5.97, p < 0.001).

It is worth emphasizing that the overall prog-
nostic association of clinical and demographic
variables with the improvement/worsening of
nsVT or PVCs > 10 was weak to moderate as indi-
cated by the model C statistics in the 0.54 to 0.64
range (Table VII).

Functional effectiveness of HCTR versus
improvement/worsening effect in relation
to nsVT or PVCs > 10

In all the analyses presented above, we took
into account the importance of the physical ca-
pacity improvement/lack of improvement after
9 weeks of telerehabilitation (A pVO,) in CPET
> 2.0 ml/kg/min and A% pVO, > 6%. Functional
response after 9 weeks of HCTR did not affect the
occurrence of nsVT or PVCs > 10 (Tables II-VI).

Improvement effect on nsVT and long-term
prognosis

In the HCTR group, the achievement of an an-
tiarrhythmic effect significantly reduced the car-
diovascular mortality in 2-year follow-up; logrank
p < 0.001 (Figure 2, Table VIII). In the UC group,
favorable effects in terms of prognosis were not
observed.

Discussion

Our study is the first large, randomized trial
with a control group that attempts to analyze the

impact of home-based cardiac telerehabilitation
on the incidence of prognostically significant VA
in HF patients with reduced LVEF.

To the best of our knowledge, this is the first
study to evaluate the impact of 9-week telereha-
bilitation on VA and its influence on long-term
cardiovascular mortality in a large group of HF
patients. Previously published results of the
TELEREH-HF study demonstrated improvements
in functional outcomes evaluated by pVO, in
CPET, after 9 weeks of HCTR [6]. The main find-
ing of the current subanalysis is that when com-
pared to 9-week UC, the 9-week HCTR was not
associated with changes in VA that would raise
safety concerns: changes in the occurrence of
nsVT and frequent PVCs > 10 were similar af-
ter 9 weeks after both types of management in
HF patients. There was no significant difference
between HCTR and UC groups regarding the im-
provement/worsening of the above-mentioned
arrhythmias after 9 weeks of performing both
procedures.

The fact that arrhythmias did not worsen con-
firms previously published data on the safety of
the tested modalities. However, the lack of im-
provement in arrhythmias in the HCTR group may
raise questions and requires consideration. It
should be explained why, on the one hand, prog-
nostically significant improvement in physical ca-
pacity after 9 weeks of HCTR did not correlate with
the antiarrhythmic effect in terms of incidence of
nsVT. On the other hand, the antiarrhythmic effect
after the 9-week HCTR significantly reduced car-
diovascular mortality in long-term follow-up.
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Table 1ll. Comparison of improvement effect on nsVT (nsVT (+) in H-0 and nsVT(-) in H-9) in the HCTR and UC
groups depending on the demographic and clinical characteristics — univariable analysis and group heterogeneity
in terms of relative benefit analysis

Variable HCTR uc Relative benefit  P-value: P-value:
H-0: nsVT (+) H-0: nsVT (+) [95% ClI] HCTR vs. heterogeneity
N =143 N =165 uc of relative
benefits
_ 44 (30.8%) 57 (34.5%) 0.89[0.64-1.23]  0.481

Gender:
Male 37 (28.7%) 50 (33.1%) 0.87 [0.61-1.23] 0.425 0.795
Female 7 (50.0%) 7 (50.0%)  1.00[0.47-2.10]  1.000

Age [years]:
<62 21 (36.2%) 27 (32.9%) 1.10 [0.69-1.74] 0.687 0.248
> 62 23 (27.1%) 30 (36.1%) 0.75[0.48-1.18]  0.205

Heart failure etiology:
Ischemic 25 (28.1%) 32 (33.0%) 0.85[0.55-1.32]  0.469 0.743
Nonischemic 19 (35.2%) 25 (36.8%) 0.96 [0.59-1.54] 0.857

Left ventricular injection fraction (%):
<35 27 (25.5%) 35 (27.8%) 0.92 [0.60-1.41] 0.692 0.582
> 35 17 (45.9%) 22 (56.4%) 0.81[0.52-1.27] 0.362

pVO, [ml/kg/min]:
<14 13 (29.5%) 22 (32.8%) 0.90 [0.51-1.59] 0.715 0.907
> 14 31 (31.3%) 35 (36.1%) 0.87 [0.59-1.29] 0.480

A pVO, [ml/kg/min]:
<20 31 (29.5%) 42 (34.7%) 0.85[0.58-1.25] 0.406 0.577
220 13 (35.1%) 12 (33.3%) 1.05 [0.56-2.00] 0.871

A % pVO, (%):
<6 29 (30.5%) 42 (37.2%) 0.82 [0.56-1.21] 0.314 0.341
>6 15 (31.9%) 12 (27.3%)  1.17[0.62-2.22]  0.628

NT-proBNP (tercile):
1+2 25 (32.5%) 39 (41.9%) 0.77 [0.52-1.16] 0.205 0.231
3 19 (28.8%) 18 (25.0%)  1.15[0.66-2.00]  0.616

Estimated glomerular filtration rate

[ml/min]:
<60 13 (25.0%) 14 (26.9%) 0.93[0.48-1.78] 0.823 0.892
> 60 31 (34.1%) 43 (38.1%) 0.90 [0.62-1.30] 0.556

Basic cardiac rhythm:
Sinus rhythm 33 31.7%) 41 (32.5%) 0.98 [0.67-1.43] 0.896 0.302
Atrial fibrillation 11 (28.2%) 16 (42.1%)  0.67[0.36-1.25]  0.201

Diabetes mellitus:
Yes 12 (24.0%) 17 (30.4%) 0.79 [0.42-1.49] 0.464 0.675
No 32 (34.4%) 40 (36.7%)  0.94[0.65-1.36]  0.735

New York Heart Association class:
/1 37 (31.1%) 47 (35.6%) 0.87[0.61-1.24]  0.449 0.818
I 7 (29.2%) 10 (30.3%) 0.96 [0.43-2.16] 0.926

Cardiac resynchronization therapy:
Yes 13 (29.5%) 12 (25.0%) 1.18[0.60-2.31]  0.624 0.321
No 31 (31.3%) 45 (38.5%) 0.81[0.56-1.18] 0.273

Implantable cardioverter defibrillator:
Yes 18 (23.7%) 34 (35.8%) 0.66 [0.41-1.07] 0.087 0.088
No 26 (38.8%) 23 (32.9%) 1.18 [0.75-1.85] 0.468

H-0 — Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation; heterogeneity of relative benefits,
p-value for null hypothesis testing equality of relative benefits in subgroups, pVO, — peak oxygen consumption, nsVT — non-sustained
ventricular tachycardia, nsVT (+) — presence of nsVT in ECG Holter, nsVT (=) — absence of nsVT in ECG Holter, NT-proBNP — N-terminal
fragments of B-type natriuretic peptide; Relative benefit, the ratio of benefits of the HCTR group and the UC group, UC — usual care.
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Table IV. Comparison of worsening on nsVT [nsVT (=) in H-0 and nsVT(+) in H-9] in the HCTR and UC groups de-
pending on the demographic and clinical characteristics — univariable analysis and group heterogeneity in terms
of relative risk analysis

Variable HCTR uc Relative risk P-value: P-value:
H-0: nsVT (=)  H-0: nsVT (-) [95% CI] HCTR vs. heterogeneity
N =239 N =226 uc of relative
risks
_ 55(23.0%) 46 (20.4%) 1.13[0.80-1.60]  0.487
Gender:
Male 50 (23.5%) 43 (21.9%) 1.07 [0.75-1.53] 0.711 0.407
Female 5 (19.2%) 3(10.0%)  1.92[0.51-7.28]  0.451
Age [years]:
<62 22 (18.6%) 22 (19.6%) 0.95 [0.56-1.61] 0.847 0.372
>62 33 (27.3%) 24 (21.1%) 1.30 [0.82-2.05] 0.266
Heart failure etiology:
Ischemic 42 (25.6%) 28 (18.4%) 1.39[0.91-2.12]  0.124 0.083
Nonischemic 13 (17.3%) 18 (24.3%) 0.71[0.38-1.35] 0.293
Left ventricular injection fraction (%):
<35 38 (26.9%) 31 (21.4%) 1.26 [0.83-1.91] 0.271 0.422
> 35 17 (17.3%) 15 (18.5%) 0.94 [0.50-1.76] 0.839
pVO, [ml/kg/min]:
<14 21 (30.0%) 13 (21.0%) 1.43[0.78-2.61] 0.236 0.319
> 14 34 (20.1%) 33 (20.2%) 0.99 [0.65-1.52] 0.977
ApVO, [ml/kg/min]:
<20 27 (19.0%) 36 (21.1%) 0.90 [0.58-1.41] 0.654 0.235
>20 27 (28.1%) 10 (19.6%) 1.43[0.76-2.72]  0.257
A% pVO, (%):
<6 32 (22.5%) 35 (20.6%) 1.09 [0.72-1.67] 0.677 0.980
>6 22 (22.9%) 11 (21.1%)  1.08[0.57-2.06]  0.805
NTproBNP (tercile):
1+2 42 (23.6%) 28 (17.8%) 1.32 [0.86-2.03] 0.196 0.213
3 13 (21.3%) 18 (26.1%) 0.82[0.44-1.53]  0.524
Estimated glomerular filtration rate
[ml/min]:
<60 17 (18.9%) 15 (21.4%) 0.88 [0.47-1.64] 0.690 0.319
> 60 38 [25.5%) 31 (19.9%) 1.28 [0.85-1.95] 0.240
Basic cardiac rhythm:
Sinus rhythm 48 (24.0%) 38 (19.9%) 1.21[0.83-1.76] 0.327 0.412
Atrial fibrillation 7 (18.9%) 8(23.5%)  0.80[0.33-1.98]  0.634
Diabetes mellitus:
Yes 20 (25.3%) 19 (24.4%) 1.04 [0.60-1.79] 0.890 0.707
No 35 (21.9%) 27 (18.2%) 1.20[0.76-1.88]  0.427
New York Heart Association class:
/1l 45 (22.2%) 32(17.5%) 1.27[0.84-1.90]  0.250 0.347
il 10 (27.8%) 14 (32.6%) 0.85 [0.43-1.68] 0.645
Cardiac resynchronization therapy:
Yes 17 (26.6%) 16 (26.2%) 1.01[0.56-1.82]  0.966 0.676
No 38 (21.7%) 30 (18.2%) 1.19[0.78-1.83] 0.416
Implantable cardioverter defibrillator:
Yes 28 (24.6%) 20 (18.0%) 1.36 [0.82-2.27] 0.231 0.318
No 27 (21.6%) 26 (22.6%) 0.95 [0.59-1.54] 0.851

H-0 - Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation; heterogeneity of relative risks, P-value
for null hypothesis testing equality of relative risks in subgroups, pVO, — peak oxygen consumption, nsVT — non-sustained ventricular
tachycardia, nsVT (+) — presence of nsVT in ECG Holter, nsVT (=) — absence of nsVT in ECG Holter, NT-proBNP — N-terminal fragments of
B-type natriuretic peptide, relative risk — the ratio of risks of the HCTR group and the UC group, UC — usual care.
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Table V. Comparison of improvement in PVC > 10 (PVC > 10 (+) in H-0 and PVC > 10 () in H-9) in the HCTR and UC
groups depending on the demographic and clinical characteristics — univariable analysis and group heterogeneity
in terms of relative benefit analysis

Variable HCTR uc Relative benefit  P-value: P-value:
H-0: H-0: [95% CI] HCTR vs. heterogeneity
PVC>10(+) PVC=>10(+) uc of relative
N =221 N = 242 benefits
_ 33 (14.9%) 43 (17.8%) 0.84[0.55-127]  0.411

Gender:
Male 31 (15.2%) 40 (17.9%) 0.85 [0.55-1.31] 0.460 0.835
Female 2 (11.8%) 3(16.7%)  0.71[0.13-3.72]  1.000

Age [years]:
<62 21 (23.6%) 25 (21.5%) 1.09 [0.66-1.82] 0.728 0.225
> 62 12 (9.1%) 18 (14.3%) 0.64[0.32-1.27]  0.193

Heart failure etiology:
Ischemic 18 (12.2%) 27 (16.9%)  0.72[0.41-1.25]  0.240 0.388
Nonischemic 15 (20.5%) 16 (19.5%) 1.05 [0.56-1.98] 0.872

Left ventricular injection fraction (%):
<35 25 (15.7%) 27 (14.4%)  1.09[0.66-1.80]  0.739 0.046
> 35 8 (12.9%) 16 (29.1%)*  0.44[0.21-0.95] 0.030

pVO, [ml/kg/min]:
<14 6 (8.2%) 13 (14.6%) 0.56 [0.22-1.41] 0.209 0.326
> 14 27 (18.2%) 30 (19.7%) 0.92 [0.58-1.48] 0.742

ApVO, [ml/kg/min]:
<20 22 (13.9%) 34 (19.0%) 0.73 [0.45-1.20] 0.212 0.138
220 11 (18.0%) 6 (11.3%) 1,59 [0.63-4.02] 0.316

A% pVO, (%):
<6 20 (13.8%) 33 (18.9%) 0.73[0.44-1.22] 0.225 0.178
>6 13 (17.6%) 7(12.3%)  1.43[0.61-3.35]  0.404

NTproBNP (tercile):
1+2 24 (17.8%) 25 (18.2%) 0.97 [0.59-1.62] 0.920 0.316
3 9 (10.5%) 18 (17.1%) 0.61[0.29-1.29]  0.187

Estimated glomerular filtration rate

[ml/min]:
<60 10 (12.3%) 13 (17.3%) 0.71[0.33-1.53] 0.380 0.596
> 60 23 (16.4%) 30 (18.0%) 0.91 [0.56-1.50] 0.723

Basic cardiac rhythm:
Sinus rhythm 28 (16.7%) 32 (16.7%) 0.99 [0.63-1.58] 0.982 0.121
Atrial fibrillation 5 (9.4%) 11 (22.0%) 0.43[0.16-1.15]  0.078

Diabetes mellitus:
Yes 14 (17.11) 12 (13.9%) 1.22 [0.60-2.49] 0.576 0.195
No 19 (13.7%) 31(19.9%) 0.69[0.41-1.16]  0.156

New York Heart Association class:
/1l 31 (16.9%) 37 (19.7%) 0.86[0.56-1.33]  0.495 0.475
I 2 (5.3%) 6 (11.1%) 0.47 [0.10-2.22] 0.463

Cardiac resynchronization therapy:
Yes 11 (16.9%) 9(12.2%)  1.39[0.62-3.15]  0.425 0.147
No 22 (14.1%) 34 (20.2%) 0.70[0.43-1.14] 0.144

Implantable cardioverter defibrillator:
Yes 20 (16.9%) 26 (18.8%) 0.90 [0.53-1.53] 0.694 0.737
No 13 (12.6%) 17 (16.4%) 0.77 [0.40-1.51] 0.447

H-0 — Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation, heterogeneity of relative benefits —
p-value for null hypothesis testing equality of relative benefits in subgroups, pVO, — peak oxygen consumption, NT-proBNP — N-terminal
fragments of B-type natriuretic peptide, PVCs — premature ventricular complexes, PVC > 10 (+) — presence of PVCs > 10 beats per hour in
ECG Holter, PVC > 10 (=) — absence of PVCs > 10 beats per hour in ECG Holter, relative benefit — the ratio of benefits of the HCTR group
and the UC group, UC — usual care.
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Table VI. Comparison of worsening in PVCs > 10 [PVC > 10 (-) in H-0 and PVC > 10 (+) in H-9] in the HCTR and UC
groups depending on the demographic and clinical characteristics — univariable analysis and group heterogeneity
in terms of relative risk analysis

Variable HCTR uc Relative risk P-value: P-value:
H-0: H-0: [95% ClI] HCTR vs. heterogeneity
PVC>10(-) PVC>10(-) uc of relative
N =161 N = 149 risks
_ 36 (22.4%) 33 (22.1%) 1.01[0.67-1.53]  0.964
Gender:
Male 32 (23.2%) 28 (22.8%) 1.02 [0.65-1.59] 0.935 0.854
Female 4 (17.4%) 5(19.2%) 0.90 [0.28-2.97] 1.000
Age [years]:
<62 17 (19.5%) 13 (16.7%) 1.17 [0.61-2.26] 0.633 0.562
>62 19 (25.7%) 20 (28.2%)  0.91[0.53-1.56]  0.735
Heart failure etiology:
Ischemic 28 (26.7%) 24 (27.0%)  0.99[0.62-1.58]  0.963 0.946
Nonischemic 8 (14.3%) 9 (15.0%) 0.95 [0.40-2.30] 0.913
Left ventricular injection fraction (%):
<35 21 (23.9%) 23 (27.4%) 0.87 [0.52-1.45] 0.597 0.345
> 35 15 (20.5%) 10 (15.4%) 1.34 [0.65-2.76] 0.432
pVO, [ml/kg/min]:
<14 12 (29.3%) 11 (27.5%) 1.06 [0.53-2.13] 0.860 0.853
> 14 24 (20.0%) 22 (20.4%) 0.98[0.59-1.65]  0.944
ApVO,[ml/kg/min]:
<20 18 (20.2%) 29 (25.7%) 0.79 [0.47-1.32] 0.364 0.070
>2.0 18 (25.0%) 4 (11.8%) 2.12[0.77-5.80] 0.117
A% pVO, (%):
<6 19 (20.6%) 26 (24.1%)  0.86[0.51-1.45]  0.563 0.323
>6 17 (25.6%) 7 (17.9%) 1.37 [0.30-3.02] 0.422
NTproBNP (tercile):
1+2 19 (15.8%) 23 (20.4%) 0.78 [0.45-1.35] 0.370 0.123
3 17 (41.5%) 10 (27.8%)  1.49[0.79-2.83]  0.209
Estimated glomerular filtration rate
[ml/min]:
<60 18 (29.5%) 14 (29.8%) 0.99 [0.55-1.78] 0.975 0.959
> 60 18 [18.0%) 19 (18.6%)  0.97[0.54-1.73]  0.908
Basic cardiac rhythm:
Sinus rhythm 30 (22.1%) 30 (23.8%) 0.93 [0.59-1.44] 0.736 0.433
Atrial fibrillation 5(21.7%) 3(13.6%)  1.59[0.43-5.89]  0.699
Diabetes mellitus:
Yes 16 (34.0%) 20 (41.7%) 0.82[0.49-1.37]  0.444 0.228
No 20 (17.5%) 13 (12.9%) 1.36 [0.72-2.60] 0.343
New York Heart Association class:
1711 29 (20.9%) 24 (18.9%) 1.10 [0.68-1.79] 0.688 0.460
11 7 (31.8%) 9 (40.9%) 0.78 [0.35-1.72] 0.531
Cardiac resynchronization therapy:
Yes 7 (16.3%) 15 (42.9%) 0.38[0.17-0.83] 0.009 0.002
No 29 (24.6%) 18 (15.8%)  1.56[0.92-2.64]  0.096
Implantable cardioverter
defibrillator:
Yes 20 (27.8%) 12 (17.7%) 1.57 [0.83-2.97] 0.154 0.057
No 16 (18.0%) 21 (25.9%) 0.69[0.39-1.23]  0.210

H-0 — Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation, heterogeneity of relative risks —
p-value for null hypothesis testing equality of relative risks in subgroups, pVO, — peak oxygen consumption, NT-proBNP — N-terminal
fragments of B-type natriuretic peptide, PVCs — premature ventricular complexes, PVC > 10 (+) — presence of PVCs > 10 beats per hour in
ECG Holter, PVC > 10 () — absence of PVCs > 10 beats per hour in ECG Holter, relative risk — the ratio of risks of the HCTR group and the
UC group, UC — usual care.
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Table VII. Independent factors determining improvement/worsening effect in nsVT /PVCs > 10 in HCTR + UC
groups — multivariable analysis

Clinical variables 0Odds ratio [95% ClI] P-value C-statistic [95% Cl]

LVEF > 35% vs. < 35%

Gender: female vs. male

< 0.0001
0.034

2.95[1.72-5.06]
2.39[1.07-5.34]

0.620[0.561; 0.679]

NYHA class at base — Il vs. /Il 1.81[1.05-3.12] 0.546 [0.500; 0.592]
Age < 62 years

NYHA class at base — /11 vs. llI

2.13[1.28-3.52]
2.23[1.03-4.86]

0.625 [0.562; 0.687]

DM (+) vs. DM (-) 3.41[1.95-5.97] < 0.001 0.641 [0.575; 0.707]

95% Cl — 95% confidence interval, DM (+) — presence of diabetes mellitus, DM (=) — absence of diabetes mellitus, LVEF - left ventricular
injection fraction, nsVT — non-sustained ventricular tachycardia, nsVT (+) — presence of nsVT in ECG Holter, nsVT (=) — absence of nsVT in
ECG Holter, NYHA — New York Heart Association, PVCs — premature ventricular complexes, PVC > 10 (+) — presence of PVCs > 10 beats per

hour in ECG Holter, PVC > (=) — absence of PVCs > 10 beats per hour in ECG Holter.

Heart failure, VA and safety of exercise
training

Changes in the electrical and mechanical func-
tion of the failing heart, including left ventricular
remodeling, fibrosis, regional hypertrophy and in-
creased vascular resistances, can predispose a HF
patient to VA [1, 12].

One of the factors responsible for VA in HF pa-
tients is the activation of neurohormonal mech-
anisms. Sympathetic stimulation and down-regu-
lation of the parasympathetic system contribute
not only to the proarrhythmic environment, but
also to changes in the mechanical function of the
heart muscle that lead to myocardial remodeling
and fibrosis, which in turn increase the risk of ar-
rhythmias [1].

Considering the above, it should be noted that
physical effort during exercise training can lead to
an acute increase in the susceptibility to VA by ac-
tivating the sympathetic nervous system, decreas-
ing vagal activity and increasing hemodynamic
overload of the cardiovascular system [13, 14].

These considerations underscore the impor-
tance of the exercise training plan in terms of
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Figure 2. Kaplan-Meier plot of cardiovascular mor-
tality by randomized treatment arm and nsVT

nsVT — non-sustained ventricular tachycardia, HCTR —
hybrid comprehensive telerehabilitation, UC — usual care.

its type (endurance, resistance and strength), in-
tensity (aerobic versus anaerobic); method (con-
tinuous versus intermittent/interval); setting
(center-based versus home-based); application
(systemic, regional and respiratory muscle) and

Table VIII. Cardiovascular death; multiple comparisons of the pairs of survival curves using the Bonferroni correc-

tion of the raw p-values

nsVT P-value

Strata comparison x? Raw Bonferroni
HCTR, worsening effect HCTR, improvement effect 12.0127 0.0005 0.0032
HCTR, worsening effect UG, worsening effect 0.0755 0.7835 1.0000
HCTR, worsening effect UC, improvement effect 4.8831 0.0271 0.1627
HCTR, improvement effect UG, worsening effect 10.2235 0.0014 0.0083
HCTR, improvement effect UC, improvement effect 1.2201 0.2693 1.0000
UG, worsening effect UG, improvement effect 3.8069 0.0510 0.3063

Adjustment for multiple comparisons for the logrank test, nsVT — non-sustained ventricular tachycardia, HCTR — hybrid comprehensive

telerehabilitation, UC — usual care.
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control (supervised versus non-supervised) [15].
This highly systematic approach to training makes
it safe as a therapeutic strategy in HF patients.

Previously published results of the TELEREH-HF
study confirmed the safety of HCTR when it is in-
dividually tailored to the patient’s clinical presen-
tation and needs [6]. In comparison with UC, HCTR
is safe due to not being associated with exacerba-
tion of VA.

These findings should further encourage the
implementation of telerehabilitations at the pa-
tient’s home.

In this substudy, we analyzed another is-
sue; namely, we sought to determine whether
a 9-week safe and functionally effective exercise
training program activates mechanisms affecting
the frequency of occurrence of potentially prog-
nostically significant VA.

Heart failure, exercise training and the
incidence of prognostically significant VA

The beneficial effects of long-term moderate
exercise on preventing arrhythmias include the
improvement in autonomic balance in favor of the
vagal component, the improvement in baroreflex
sensitivity, the improvement in left ventricular
dysfunction through the enhancement of myocar-
dial perfusion and contractility, and the improve-
ment in the endothelium-dependent dilation of
coronary arteries [16].

Despite this pathophysiological evidence, there
are very few available studies assessing whether
the improvement effect of exercise training on
functional outcomes results in a positive effect
on VA in HF patients. Moreover, in published trials
evaluating the effect of the rehabilitation process
on VA, we found a small number of patients with
a reduced LVEF < 40% [4, 9].

The available studies are further limited by
their methodology as they are mostly single cen-
tered retrospective studies, hindered by small
numbers of subjects and lack of randomization or
a control group.

Hertzeanu et al. concluded that a long-term
(36 or 60 months) rehabilitation program de-
creases neuroadrenergic activity, the arrhythmo-
genic effect of catecholamines and consequently
the incidence of VA in post-myocardial infarction
patients with left ventricular dysfunction (LVEF
< 40%), compared with similar patients who were
not in any rehabilitation program [9]. Comparing
the above results to ours, we should point out that,
on the one hand, we were concentrated only on
potentially prognostically significant arrhythmias
(nsVT and PVC frequency), and, on the other hand,
the period of exercise training in the TELEREH-HF
study was shorter (9 weeks). Perhaps it was too
short to achieve the advantageous impact on the

neuroadrenergic activity and trigger the beneficial
effect on preventing VA.

Boukhris et al. assessed the impacts of out-pa-
tient rehabilitation on ventricular repolarization
indexes (QTc, QTc dispersion) and VA in patients
suffering from coronary artery disease with type 2
diabetes (8% of them had LVEF less than 30%) [4].
They concluded that rehabilitation resulted in im-
provement in the majority of ventricular repolar-
ization indexes in the studied population, decreas-
ing the frequency of VA. The relatively small and
heterogeneous sample of the study (122 patients),
the fact that the ECG Holter analysis focused only
on Lown classes and the lack of a control group for
the intervention make it difficult to directly com-
pare these results to our study. Moreover, different
protocols and models of rehabilitation and their
different intensity, duration, comprehensiveness
make them difficult to compare to the results ob-
tained in our study.

Predictors determining improvement and
the worsening effect of HCTR in VA

The multivariable analysis of the entire popula-
tion (both HCTR and UC groups) did not identify
HCTR as an independent factor determining both
improvement and the worsening effect in terms of
nsVT or PVCs > 10, after 9 weeks of both therapeu-
tic strategies. It should be mentioned, however,
that it identified independent factors associated
with an improvement effect such as female sex,
age < 62 years, LVEF > 35% and NYHA class | or Il.
These variables are not unexpected and were pre-
viously identified in other reports [5]. Unfortunate-
ly, none of these studies focused on the occurrence
of prognostically significant VA evaluated as in our
study (nsVT, PVCs > 10). This also supports the no-
tion that healthier HF subjects (relatively young,
with better functional class and higher LVEF) have
lower risk of arrhythmic events [5].

We found no previous reports indicating the
worsening effect of rehabilitation on VA. Howev-
er, it should be noted that the multivariable anal-
ysis of the entire population (both HCTR and UC
groups) identified independent factors associated
with the worsening effect, namely, NYHA class IlI
at baseline and diabetes mellitus. This is in line
with the notion that high NYHA functional class
is a marker of high-risk patients and was inde-
pendently related to an increased risk of death
from cardiovascular origin [5, 17]. Briongos-Figue-
ro et al. found that cardiovascular mortality risk
was highest in NYHA class Il compared with
NYHA | and NYHA Il patients [17].

Also, it is becoming increasingly apparent that
diabetes mellitus impacts the electrical conduc-
tion system of the heart, leading to brady- and
tachyarrhythmias, including life-threatening VA.
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The relationship between diabetes and arrhyth-
mias is complex and multifactorial, including auto-
nomic dysfunction, atrial and ventricular remodel-
ing and molecular alterations [18].

Movahed et al. concluded that diabetes could
be an independent risk marker of VA and using
multivariate analysis, diabetes remained inde-
pendently associated with ventricular fibrillation
[19]. The presence of diabetes negates the ben-
eficial effects of rehabilitation on QT dispersion
as an independent predictor for VA and sudden
cardiac death [7].

Prognostically significant improvement
of physical capacity and long-term
cardiovascular mortality

Considering the physical capacity assessed on
the basis of CPET results as a prognostic signifi-
cance parameter of the effect of HCTR, we com-
pared it with the effect of HCTR on nsVT or PVCs
> 10 treated also as a prognostic significance
parameter. According to Tabet et al. we assumed
ApVO, = 2.0 ml/kg/min and A% pVO, > 6% after
9 weeks of telerehabilitation as the prognostical-
ly significant improvement of physical capacity in
CPET [20]. In our study, being assigned to the HCTR
group, and achieving prognostically significant
improvement of physical capacity in CPET, did not
correlate with the antiarrhythmic effect in terms of
incidence of nsVT or PVCs > 10. On the other hand,
in the HCTR group alone, the antiarrhythmic effect
in terms of incidence of nsVT significantly reduced
cardiovascular mortality in long-term follow-up. It
means that significant improvement in physical
capacity after 9 weeks of HCTR is insufficient to
reduce cardiovascular mortality in long-term fol-
low-up. The achievement of an antiarrhythmic ef-
fect in the HCTR group is the necessary condition
to significantly reduce cardiovascular mortality in
long-term follow-up in HF patients.

The question is why in our study the functional
improvement after telerehabilitation did not af-
fect the occurrence of nsVT or PVCs > 10. Perhaps
the period of 9 weeks of telerehabilitation is suffi-
cient to improve physical capacity but too short to
trigger the beneficial effect of long-term moderate
exercise on preventing arrhythmias, particularly
the improvement in autonomic balance in favor
of the vagal component and the improvement in
baroreflex sensitivity [15, 16].

In conclusion, significant improvement in
physical capacity after 9 weeks of HCTR did not
correlate with the antiarrhythmic effect in terms
of incidence of nsVT or PVCs > 10, and this im-
provement is insufficient to reduce cardiovascu-
lar mortality in long-term follow-up. Only through
the achievement of the antiarrhythmic effect in
terms of incidence of nsVT after the 9-week HCTR

is cardiovascular mortality significantly reduced in
long-term follow-up in HF patients.
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