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Abstract

Purpose: Physical activity improves outcomes across a broad spectrum of cardiovascular
disease. The safety and effectiveness of exercise-based interventions in patients with implantable
cardioverter-defibrillators (ICDs) including cardiac resynchronization devices (CRT-Ds) remains
poorly understood.

Methods: We identified clinical studies using the following search terms: “implantable
cardioverter-defibrillators™; “ICD”; “cardiac resynchronization therapy”; “CRT”; and any one of
the following: “activity”; “exercise”; “training”; or “rehabilitation”; from 1/1/2000 — 10/1/2015.
Eligible studies were evaluated for design and clinical endpoints.

Results: A total of 16 studies were included: 8 randomized controlled trials, 5 single-arm trials, 2
observational cohort trials, and 1 randomized crossover trial. A total of 2547 patients were
included (intervention groups = 1215 patients, control groups = 1332 patients). Exercise
interventions varied widely in character, duration (median 84 d, range 23 — 168 d), and follow-up
time (median 109 d, range 23 d — 48 mo). Exercise performance measures were the most common
primary endpoints (87.5%), with most studies (81%) demonstrating significant improvement. ICD
shocks were uncommon during active exercise intervention with 6 shocks in 635 patients (0.9%).
ICD shocks in follow-up were less common in patients receiving any exercise intervention (15.6%
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vs 23%, OR 0.68, 95% CI: 0.48-0.80, A< .001). VO2 peak improved significantly in patients
receiving exercise intervention (1.98 vs 0.36 mL/kg/min, P< .001).

Conclusion: In conclusion, exercise interventions in patients with ICDs and CRT-Ds appear safe
and effective. Lack of consensus on design and endpoints remains a barrier to broader application
to this important patient population.

We performed a systematic review and meta-analysis of exercise-based interventions in patients
with implantable cardioverter-defibrillators including cardiac resynchronization devices. After
review of 649 articles, 16 studies with 2547 patients were included. Most studies demonstrated
significant improvement in exercise performance. Device shocks were less common in patients
receiving any exercise intervention.
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Exercise; implantable cardioverter defibrillator; review; meta-analysis

Implantable cardioverter defibrillators (ICDs) including those with cardiac
resynchronization therapy capability (CRT-Ds) are recommended for selected patients at risk
for ventricular arrhythmias.12 Approximately 80% of patients receive devices for primary
prevention, usually based on a history of systolic heart failure despite optimal medical
therapy, while the remainder includes survivors of sudden cardiac arrest.3# In the United
States, approximately 100 000 ICDs are implanted annually, and more than 1 million
patients are living with these devices.

For patients with cardiovascular disease including heart failure and coronary artery disease,
aerobic exercise provides significant benefits with improvement in exercise capacity and
quality of life.:” However, despite guidelines recommending exercise training, there is
significant underutilization of this important therapy.8 Patients with ICDs introduce several
concerns regarding exercise, including increased burden of ventricular arrhythmias, ICD
shocks, and sudden death. In some cases, physical activity can precipitate ventricular
arrhythmias or supraventricular arrhythmias that result in 1CD therapy.® The risk for
cardiovascular complications during exercise testing and training may be higher in patients
with a history of life-threatening arrhythmias or cardiac arrest.10 However, regular exercise,
such as cardiac rehabilitation, may exert a protective effect for patients whose cardiac
substrate supports indications for ICDs and CRT-Ds.11:12 Accordingly, we performed a
systematic review and meta-analysis of trial-level data with the purpose of evaluating
exercise interventions in patients with ICDs and CRT-Ds in order to characterize study
design, safety, and effectiveness of exercise in affected patients.

METHODS

Data Sources and Searches

A protocol for the systematic review was developed prospectively and registered with the
International Prospective Register of Systematic Reviews (PROSPERO) at http:/
www.crd.york.ac.uk/prospero/, registration number CRD42015027422. Following PRISMA
guidelines!? for systematic reviews, we performed a systematic literature search of the
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MEDLINE/PubMed, Google Scholar, and Embase, and Cochrane Library databases for
articles using the following terms: “implantable cardioverter-defibrillators”; “ICDs”;
“cardiac resynchronization therapy”; “CRT”; AND any one of the following: “activity”;
“exercise”; “training”; or “rehabilitation.” We limited dates to 1/1/2000 — 10/1/2015 to
evaluate contemporary practice. No language requirement was placed on the search.

After the initial sample was obtained, we evaluated study titles and abstracts to identify
potentially relevant studies and then obtained the full text articles to confirm which studies
would be included in the systematic review. When the literature search was complete, we
engaged in manual reference mining of our sample of articles.

Study Selection

Prespecified inclusion criteria involved characteristics of the studies themselves and the data
presented. Studies included must have reported empirical data regarding an intervention or
program targeting physical activity, rehabilitation programs, or exercise training specifically
intended for patients with ICDs. Both clinical trials and observational studies were eligible
for inclusion. Case studies, editorials, opinion pieces, commentaries, and reviews or meta-
analyses without original data or analysis were excluded. We excluded trials which
examined device-guided exercise optimization (eg, atrial-ventricular delay optimization
during exercise) or studies which evaluated exercise capacity without a cardiovascular
training component.

Data Extraction and Analysis

Two authors (DAS and DBK) independently reviewed the initial list of eligible studies, with
any disagreements resolved with consultation among all 4 authors. We noted the
methodology and results, with a focus on the sample size, intervention, and assessment of
endpoints. Then the major limitations of each study were formally assessed. Possible
sources of bias in the included studies were noted, including funding sources,
methodological limitations (including lack of detail reporting of methods). Qualitative
analysis was then performed on these studies to evaluate the type and duration of exercise
intervention, type of primary and secondary endpoints, and outcomes. Data was evaluated at
a trial-level.

The primary quantitative outcome for this review is ICD shock during follow-up. This
outcome was assessed in all studies which reported the outcome in both the intervention and
control arm as well as in the subset of studies with a RCT design. ICD shock was
categorized as a dichotomous variable and evaluated in a standard 2x2 table with Fisher’s
exact test using STATA version 12.1 software (StataCorp). Odds ratio (OR) and 95%
confidence intervals (Cl) were generated from these analyses. Change in peak \'/02 was

analyzed in all studies which reported the outcome and evaluated with the #test statistic. A
sensitivity analysis was performed.
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Study Selection and Evaluation

The primary literature search yielded 649 studies (Figure 1). After evaluating study titles, 75
study abstracts were screened. Of these, 25 full-text articles were assessed for eligibility. We
excluded 9 studies which did not meet our primary entry criteria (ie, focus was not
rehabilitation program or did not provide description of intervention). Of the remaining 16
studies, 8 were RCTSs, 5 were single-arm studies, 2 were observational cohort trials, and 1
was a randomized crossover trial. These 16 studies were included for qualitative analysis.
For quantitative analysis, 9 of these 16 studies were excluded as they did not report patient
level ICD shock data. Of the remaining 7 studies, 5 were RCTs, and 2 were observational
cohort studies. Table 1 describes the trial design, study locations, intervention, patient
population, primary and secondary endpoints, primary and secondary outcomes, and funding
sponsor.

Patient Characteristics

Intervention

A total of 2547 patients (median sample size 52, range 24 — 1053) were included with 1215
patients receiving exercise interventions and 1332 control patients. Patients predominately
had New York Heart Association (NYHA) class Il and 111 heart failure. The mean ages of
patients in the studies ranged from 52-69 yr (median 60), a high percentage were males
(82.7%), and mean left ventricular ejection fractions ranged from 24-43% (median 33%).

Characteristics

Exercise interventions varied widely in character (Table 1). Studies included both inpatient
and outpatient training with varied methods including aerobic exercise (walking, running,
cycling, rowing, arm ergometry, calisthenics, and Nordic walking), strength training,
stretching, and psychoeducational counselling including cognitive behavioral therapy. Home
telemonitoring was also used in several studies. Exercise programs generally consisted of
several weekly sessions (predominately 3 times weekly) for 25 to 90 min/session, offered
over several wk. Most studies also described methods of avoiding ICD interventions which
generally included targeting a maximal heart rate during exercise of 10 to 30 beats/min
lower than the ICD therapy rate threshold, or alternatively, adjusting the ICD therapy rate to
be higher than the maximal achieved heart rate during exercise. Of note, in the largest trial,23
patients were excluded if the ICD tachycardia detection limit was set below the target heart
rate for exercise training (determined by 70% of heart rate reserve [peak heart rate during
exercise testing minus resting heart rate times a percent]). The median duration of exercise
intervention was 84 d (range of 23-168 d) and the median total follow-up was 109 d (range
23 d - 48 mo).

Qualitative Analysis

Exercise performance measures were the most common primary endpoint (87.5%) with a
majority of studies reporting VO2 peak (75%) (Table 2). Other primary outcome measures

included median intensity of exercise in metabolic equivalents (METS) as estimated from
patient reported activity and frequency (12.5%), improvement in exercise test time during
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treadmill exercise testing (6.25%), functional class (12.5%), quality of life measures (6.3%),
and ICD shocks (12.5%). The primary endpoint was found to be statistically significantly
improved in the majority of studies (81%). Most studies reported ICD shocks and/or anti-
tachycardia pacing (ATP) during exercise intervention (81%). In these studies, ICD
interventions were uncommon during exercise with 6 ICD shocks and 2 antitachycardia
pacing (ATP) events in 635 patients. Only 1 ICD shock was described as inappropriate (not
further described) with all other shocks and ATP were appropriate for VT,

Cochrane risk of bias assessment tool was used to evaluate the quality of publications (SDC
Figure). Among the RCTs, 2 studies reported random sequence generation while 2 other
studies reported blinding of outcome assessment. There was no selective or incomplete
reporting. There was no significant other bias noted in the studies.

Quantitative Analysis

A total of 7 studies reported the burden of ICD shocks during follow-up in both an
intervention and control arm 18:19.23.26-29 (Taple 3). From these studies, ICD shocks were
less common in patients receiving any exercise intervention (15.6% vs 23%, odds ratio [OR]
0.68; 95% Cl, 0.48-0.80, £<.001, Figure 2). Among this group, 5 RCTs were included for
evaluation of ICD shock rates.19:23.26-28 Dyring the follow-up period of RCT trials, patients
receiving exercise interventions had a lower rate of ICD shocks (15.2% vs 20.1%, OR 0.70;
95% ClI, 0.53-0.92, P=.013, Figure 3). The rate of ATP was not consistently reported and
was therefore not included in the quantitative analysis.

Change in VO2 peak with exercise intervention compared to control (usual care) was
reported in 7 studies. VO2 peak improved significantly in patients receiving exercise

intervention (1.98 vs 0.36 mL/kg/min, £< .001). Within this group, 6 studies were RCTs
and demonstrated significant improvement in VO2 peak with exercise intervention (2.15 vs

0.54 mL/kg/min, P< .001).
Since data from Piccini et al?3 provided a significant proportion of patients, sensitivity

analysis was performed excluding these data. After this exclusion, there were no significant
changes in the above outcomes.

DISCUSSION

This systematic review and meta-analysis found that exercise training appears to be safe and
effective for patients with ICDs and CRT-Ds. A significant strength of this review is the
wide search criteria and large number of papers screened for inclusion. Exercise
interventions in the evaluated studies varied widely, but all included regular cardiovascular
activity, with a reassuring safety profile specifically regarding ICD shocks. While the
primary endpoint definition varied, most studies found improvements using objective
measurements such as peak V0, Taken together, these findings support broader application

of exercise training among patients with ICDs, though standardization of protocols is
necessary for more rigorous future study.
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These conclusions extend prior reviews in this area. A review by Isaksen et al identified nine
studies of exercise training in a total of 1889 patients with 1CDs.30 They report a low burden
of ICD therapies during exercise training as well as an improvement in aerobic fitness with
exercise training. One limitation of this review was that the results from the large HF-
ACTION trial?3 had not yet been published. The more recent analysis from Pandey et al
included the HF-ACTION trial results and evaluated a total of 6 trials (5 RCT, 1 non-RCT).
31 They found that exercise training in patients with heart failure and 1CDs improved
cardiorespiratory fitness and was associated with a lower likelihood of ICD shocks. While
both trials had similar findings to our study, our current review provides a more
comprehensive evaluation of the available literature by assessing all available trials,
including parallel-arm and single-arm studies.

Though fear of ICD therapies is a natural concern in this patient population, our review
illustrates that, with appropriate programming and patient monitoring, ICD discharges were
extremely rare both during exercise activity and in follow up in the entire cohort. In fact,
patients receiving an exercise intervention had fewer device shocks compared with those
who did not engage in an exercise program. Exercise training may decrease both appropriate
and inappropriate shocks by modifying autonomic tone with subsequent reductions in
ventricular arrhythmia, sinus tachycardia, rapid atrial fibrillation, and other supraventricular
tachycardias. While catecholamine levels are higher during exercise, chronic exercise blunts
this effect.32:33 Exercise also increases resting parasympathetic tone which protects against
ventricular arrhythmias 34:35 and sudden death.38 Furthermore, guidelines for ICD
programming have also advanced significantly in recent years, which should reduce the
likelihood of both inappropriate therapies and appropriate shocks for self-limited arrhythmia
during exercise programs.

Importantly, exercise interventions that improve exercise capacity and decrease ICD shock
burden can have significant benefits for patients’ quality of life. Patients receiving ICD
shocks have been shown to have significant decrease in mental health and physical
functioning. 37 ICD shocks are associated with decreased physical activity, 38 as well as
increased anxiety and depression.3? Furthermore, a decrease in ICD shocks and ventricular
arrhythmias may reduce myocardial and cerebral ischemia by limiting exposure to
hypotensive events. 4043 There are several potential benefits of exercise training following
ICD or CRT-D implantation including familiarization with the device, instruction about
physical activity, psychological support, and improvement in exercise capacity. 8

Consensus documents suggest that patients perform a symptom-limited cardiopulmonary
exercise stress test or similar evaluation (eg, conventional exercise test or 6-min walk test)
prior to initiation of an exercise training program.8:44 Pre-exercise testing allows for
evaluation of the chronotropic response to exercise, effectiveness of medications, and the
risk of reaching a heart rate in the ICD intervention zone. We recognize that formal exercise
testing prior to initiating an exercise program may not always be practical given resource
and time constraints, and we would emphasize that providers should be aware of a patient’s
programmed ICD intervention zone in order to provide a safe exercise prescription. The
American Heart Association statement suggests that the exercise prescription for patients
with defibrillators should be limited to a maximal heart rate that is at least 10 to 15
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beats/min lower than the intervention zone for the defibrillator. Heart rate monitoring during
the exercise program can help avoid any inappropriate interventions.

Our analysis includes several potential limitations. First, study design varied greatly and
made direct comparison difficult, with limited options for quantitative analysis. The large
number of observational and nonrandomized studies provided an overall relatively low
quality of included studies. Confounding by indication, where healthier individuals would be
more likely to be enrolled in exercise programs, in the observational studies may
overestimate the benefits of exercise training and underestimate the risks of device shocks.
Additionally, selection bias may be present as only published studies were able to be
included, though lack of consistent endpoint definition made formal analysis of publication
bias difficult.

In conclusion, exercise training in patients with ICDs and CRT appears safe and effective
based on our review of the relatively scant available literature. However, lack of consensus
on design and endpoints limits broader application in this important patient population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Records identified through
database and personal searching
(n =649)

) 4
Records screened
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Records excluded

(n=75)

X

Full-text articles assessed
for eligibility

Y

(n=50)

(n=25)

A 4

Studies included in
qualitative synthesis
(n=16)

A 4
Studies included in
longitudinal synthesis
(n=7)

5 RCT studies

Figurel.

Y

Full-text articles excluded, with reasons
(n=9)

2 study repeated same cohort (Berg 2015;
Christensen 2015)

5 studies did not perform an exercise
intervention (Dougherty 2010, Kim 20089,
Lewin 2009, Flo 2012, Morken 2013)

2 studies with mixed device/no device
patients (Nishi 2007, Zeitler 2015)

Full-text articles excluded from longitudinal
synthesis
(n=9)
7 studies did not report ICD shock data

PRISMA flow diagram of study selection process. Abbreviations: ICD, implantable

cardioverter defibrillator.
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Figure 2.
Frequency of shocks in all trials reporting shock outcomes. Abbreviation, OR, odds ratio.

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Steinhaus et al.

25%

20%

15%

10%

5%

0%

OR=0.7
P=0.013

Intervention W control

Figure 3.
Frequency of shocks in randomized controlled trials reporting shock outcomes.

Abbreviation: OR, odds ratio.
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Table 1.
Design and Interventions of Included Studies
Study .
; : Patient . .
(A\\(uthor, Design Intervention Population L ocation Funding Sponsor
ear)
Supervised exercise training
— program for 90 min, 3 times/wk .
Vanhees et al \?vlirgﬁlﬁi:tror?i’cal for 3 mo consisting of cycling, svilt%airs)?ctnlr?gélsyc%%rt?g?gd Belgium Not specified
(2001)4 control running, arm ergometry, rowing, 16 patients
isotonic calisthenics, and P
relaxation
Cardiac rehab for 2 hr, 2
: . times/wk, individually prescribed -
FZ'BC;; t1§t al (I;x’ra(l)r;gg\r/\:rzed aerobic exercise with education 16 ICD patients UK E;'J:]sgagssrt
( ) and cognitive behavioral
intervention
Observational series of patients
Kamke - undergoing monitored ergometry ] o
(2003)16 Single-arm and inpatient rehabilitation 118 ICD patients Germany Not specified
program
Supervised exercise training Supported by grants
Single-arm program offered for 90 min, 3 92 ICD patients, from the Flemish Fund
Vanhees ng] historiycal times/wk for 3 mo consisting of compared with a matched Belgium for Scientific Research
(2004)7 control cycling, running, arm ergometry, control group of 473 9 and the Research
rowing, calisthenics, strength patients without ICD Council of the
training, and relaxation University of Leuven
: . P . 82 patients receiving new
E;%\ggslfi COot;]s;zr?/atlonal %ﬁﬁerrlirt:;él#?g:jon, exercise not ICDs; 28 (34% us Not stated
( ) P participated in OCR
52 men, NYHA class 1
Supervised exercise training and I1l, ischemic CM
P . with defibrillator (+
Bze(;gredllrglelll RCT program for 1 hr 3 times/wk for 8 CRT); 30 intervention (15 ILtJeéIy and None
(2006) wk at 60% peak VO, ICD, 15 CRT-D) and 22
control patients (12 ICD,
10 CRT-D)
17 patients receiving
CRT (13 CRT-P, 4 CRT-
Supervised exercise training D), with NYHA class IlI-
Conraads et al program for 1 hr, 3 times/wk for 4 | 1V, ischemic and :
(2007)20 RCT mo consisting of cycling and nonischemic CM; 8 Belgium None reported
walking intervention, 9 control;
matched HF cohort, 9
intervention, 10 control
NIH, NINR, K01
NR07989 and the
Dougherty et Supervised exercise training 10 patients with new Research & Intramural
| 2%08 51 Single-arm program for 3 hr/wk and home ICDs within previous 6 us Funding Program at the
al ( ) walking 2 hr/wk for 8 wk mo University of
Washington, School of
Nursing
Supervised exercise training
Patwala et al program for 30 min, 3x weekly 50 patients undergoing e
(2009)?? RCT for 3 mo consisting of treadmill new CRT UK Not specified
walking and cycling
Supervised exercise training ] :
program for 15-30 min, 3x hﬁg”éﬁ’;st;eﬂt_s.\v,v Ilt_r\]/EF HF-ACTION trial
Piccinietal | RCT (posthoc | %70t BRSPS | <360, whohad ICDs at | analyss e by a
(2013)% analysis) ! baseline for primary

sessions, with home-based
exercise 40 minute sessions 5
times/ wk after completing 18

endpoint and all ICDs in
sensitivity analysis)
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training

s Desi Interventi Patient L ocati Fundi
(Yu or, esign ntervention Population ocation unding Sponsor
ear)
supervised sessions; treadmill
walking and cycling
Comprehensive cardiac
rehabilitation and supervised 45 consecutive patients
ek et al exercise training program selected for a
Smialek et a . consisting of 2-wk inpatient phase | comprehensive cardiac i
(2013)* Single-arm 1 and 12-wk outpatient phase 2, rehabilitation program 6 Poland Not specified
interval endurance training, wk after ICD
resistance training, and implantation
respiratory muscle exercises
Novo Nordisk
Foundation; the Oticon
Foundation; the Danish
Heart Foundation; the
AP Mgller and
Chastine Mc-Kinney
Mgller Foundation;
Comprehensive cardiac Egmgt?gﬁpiﬁge Tryg
Berg et al rehabilitation and supervised 196 patients with new Au ustinusv
25 RCT exercise training program for 12 ICDE Denmark Fot?ndation' Krista and
(2015) wk; 1 yr of psycho-educational the Vi ,
counseling e Viggo Eetersens
Foundation; The
Danish Cardiovascular
Research School
(DaCRA); King
Christian X Foundation
and Copenhagen
University Hospital,
Rigshospitalet
Home aerobic training program .
Dou for 1 hr, 5 times/wk for 8 wk, . . NIH National Heart,
gherty et RCT followed b - 160 patients with new Lung, and Blood
2% y home aerobic us ;
al (2015) maintenance f ICDs Institute grant 5R01
program for 150 HL084550-01A2
min/wk for 16 wk
Exercise training in hospital rehab
unit for 3 wk on average with
el home telemonitored training : .
aslnz(z)(l)lis?;k et RCT program 5times/wk for 8 wk (vs Séssamnﬁs}:v;ﬁz Q\R(.:._"S Poland Not specified
hospital rehabilitation alone);
isometric, respiratory and range-
of-motion exercises
. . 111 patients with NYHA National Science
Piotrowicz et RCT E;r:iiteée?n?lgémﬁigfg?_'z% min class 11-111, LVEF <40%; Poland Centre, Poland (grant
al (2015)28 o Ntk 72 patients had ICD or number NN404
; 9 CRT-D 107936).
Western Norway
Regional Health
Supervised exercise training Authority, Norway
Isaksen et al Observational program 3 x weekly for 60 min 38 patients with ICD or Norwa: (grant number 911748)
(2015)% cohort for 12 wk; aerobic interval CRT-D Y and by a limited grant

from Diacor, Oslo
(Guidant/Boston
Scientific).

Abbreviations: CM, cardiomyopathy; CRT-D, cardiac resynchronization therapy defibrillator; HF, heart failure; ICD, implantable cardioverter-
defibrillator; LVEF, left ventricular ejection fraction; NIH, National Institutes of Health; NINR, National Institute of Nursing Research; NYHA,
New York Heart Association; OCR, outpatient cardiac rehabilitation; RCT, randomized controlled trial; UK, United Kingdom; US, United States;

VOZ' oxygen uptake.
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Table 2.

Primary and Secondary Outcomes of Included Studies

Page 16

VO,, METs)

mean exercise time (min:sec)
increased from 9:10+5:18 to
10:15+5:56 (P=.04),

Study Statistically
Primary Secondary . Significant Secondary
(AYlgar}()’r’ Endpoint Endpoints Primary Outcome Results Outcomes
(P<.05)
; Peak VO, i db
\ggfﬁ etal | peak Vo, None specified ea 2 Inereasec by No, =08 None
(2001) 3.2+4.3 mL/kg/min (20£32%)
Mean exercise time (min:sec)
Change in exercise increased by 16% (from
test time, frequency of 9:55+2:33t0 11:11+2:17) and
ICD discharges, maintained at 12 wk; no
Fitchet et al frequency of episodes of ICD discharges
2003)15 ventricular None specified during exercise; 2 ICD Yes, P=.001 None
( ) arrhythmias, and discharges during study; 3
change in scale scores episodes of ATP (in 2
for anxiety and patients); improvement in
depression anxiety and depression scale
scores
21 ICD therapies in 19 patients
Kamke et Incidence of ICD — 7 appropriate shocks, 1
112003)16 shocks during None specified inappropriate shock, 7 Not evaluated | None
al) ) exercise program appropriate ATP, 6
inappropriate ATP
; Peak VO., by 2.643.5
Vanheels7 etal, | peak Vo, None specified eak VO, by Yes, P=.001 None
(2004) mL/kg/min (15+20%)
OCR participation
associated with fewer
Median intensity of patients with shocks,
regular exercise levels OCR nparticipation associated appropriate shock,
Davids et al (METS); OCR with higher average METs 5.3 inappropriate shock,
(2005)18 participation; both ICD Shocks (IQR 3.5-6.0) vs 3.5 (IQR 3.5- | Yes: A<02 shocks during exercise,
determined by 5) appropriate shocks
telephone survey during exercise, and
inappropriate shocks
during exercise
Work rate, QOL
significantly improved
in exercise trained
Functional Peak VO. higher in exercise CRT-D group, with no
Belardinelli Peak VO capacity, QOL, 2 MGnerin exercis Yes, A<.001 significant
et al (2006)19 2 hospital group, 18.9+2.7 vs 16.1+2.2 P improvement in
readmission mL/kg/min exercise trained ICD
group; hospital
readmission lower in
exercise trained groups.
Maximal workload and
Maximal workload, Peak VO~ higher i . circulatory power
Conraads et . circulatory power, €al o NIgher in exercise improved. No
al (2007)20 Peak VO2 !_VEF, ) group, 19.3+.2 vs 13.840.9 Yes, P=.005 S|gn|f|c_ant effect_on
intraventricular mL/kg/min LVEF, intraventricular
delay, QOL conduction delay, and
QOL
Peak VO, increased from N
2 Heart rate variability
Cardiopulmonary 25?8?929 EO 260)i113 improved
i ivi Heart rate mL/kg/min (P=.78); METs - (predominately non-
Dougherty et | fitness and activity i : Varied (see o
exercise time, peak variability, QOL, increased from 6.63+2.61 to : significant); QOL
al (2008t | P hsCRP 7.0+2.94 mL/kg/min (P=.33); | Previous cell)

results mixed; hsCRP
non-significantly
reduced at 8 wk
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et al (2015)%7

test duration;
echocardiographic
measures

QoL measures

did not persist at 12 mo;
echocardiographic parameters
including LV end systolic and
end diastolic dimension, and
LV ejection fraction improved
in both groups with no

Study Statistically
Primary Secondary : Significant Secondary
(@uetar}?r, Endpoint Endpoints Primary Qutcome Results Outcomes
(P<.05)
NYHA class, .
. exercise duration, | Exercise training improved I YHA class, exercise
(P;é‘(’)"g)lfzet al | peak Vo, %Salgh?ee;/?)rfal other | peak VO, by 1.37+2.49 vs Yes, P=.022 cardiopulmonary
cardiopulmonary -0.01+1.49 f|_tne_sf§, ang QoL d
fitness significantly improve:
Exercise training did
Composite S } not significantly
. : endpoint of death, No change in incidence of all improve incidence of
Piccini et al Incidence of all-cause mvocardial cause shocks, 20% vs 22% No. P=45 composite endpoint of
(2013)% ICD shocks myace; (Cox proportional hazards HR e P P
infarction, or 0.90 [0.69-1.18], P=.45) death, myocardial
worsening HF ' ’ R infarction, or
worsening HF
No deaths, no complications or
adverse events during
rehabilitation program and
exercise; several events during
home phase, not during
exercise (7 patients with non-
Evaluate safety and sustained VT without
effec_tlveness of early intervention, 2 patients with
cardiac rehab VF and appropriate shock, 1
program;hNYHA g patient with inappropriate ICD
status, echo No distinction shock for AF); improvement in istinoti
Smialek et al parameters, treadmill between primary several hemodynamic Varied (see Nrci)rr? ;Srt";%téo: eggm?n
(2013)% spiroergometric and secondary measures LVEF (30.09+£12.75 previous cell) gnd oi%ts Y
exercise test, Polish endpoints vs 35.43+13.4%; P=.002), P
version of the y
eak VO, (21.3£9.2 vs
SF-36c(QOL), and P 2 (
Beck Depression 24.2+10.3 mL/kg/min; P=.
Inventory 007), and duration of exercise
(9.14+3.7 vs 9.53+3.8 min; A<.
05); improved depression score
(14.81+9.27 vs. 12.83+10.75;
P=.020); improved QOL (A<.
05), and improved NYHA
class (A<.001)
Peak V02 higher in exercise
group, 23.0+8.9 vs 20.9+7.8 No significant
. mL/kg/min (P=.004, corrected . difference in ICD
82(3‘19-5623 Peak VOZ’ QOL ICD shocks P=.015); QOL score higher in \g\ll(?gu(ssiill) shocks or ATP; No
( ) exercise group at 6 mo p shocks during exercise
66.7+22.0 vs 61.9+24.1; and training or testing.
12 mo 63.5+23.7 vs 62.1+24.4
(P=.015, corrected P=.059)
No significant
differences in ICD
. . shocks or ATP; ATP
. LCD 'ttf’n?.raptl'es, Peak VO, higher in exercise during exercise in 1
Dougherty et | Peak VO, at 8 and ar?(sjpl alizations, group at 8 wk 26.7+7.0 vs Yes (see patient in intervention
26 SEL i . ignifi
al (2015) 24 weeks musculoskeletal 23.9+6.6 (P=.002), and 24 wk | Previous cell) -} areup: No frzgf?égﬁzgtcy
symptoms 26.9+7.7 vs 23.446.0 (A<.001) of hospitalizations;
minor musculoskeletal
symptoms in 5 patients
Peak VOZ’ peak VCO2 and Significant
; treadmill test duration improvement in QOL
P.eak VO,, peak improved in exercise group at z?grnbi(f)itchagtr(:jl:?fz;’ggseno
Smolis-Bak VCO,, and treadmill 3-4 mo (/<.05) but differences |\, (see between groups; No

previous cell)
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Study Statistically
Primary Secondary : Significant Secondary
(Author, Endpoint Endpoints Primary Outcome Results Outcomes
Year) (P < .05)
significant difference between
groups.
Workload duration I
. Significant
Piotrowicz et . ginstsa:rﬁiT’QeC'\)/:YVT Peak VO, higher in exercise improvement in
Ao | TEkVO, (SF-36), safety, group 18.4+4.1vs 17.43.4 | Yes, 20004 | workload duration and
adherence and mi/kg/min difference ?nSI(gE)ILlcan
acceptance of NW
Significant
improvement in
Isaksen et al y g:recrisrgecf;;sist; ' Peak VOZ higher in exercise g(gti:ri'gglgvygdlsl.oad "
(2015)2° Peak VO, endothelial ' group 18.4+3 vs 16.2+2.7 Yes, <.05 significant
function mL/kg/min improvement in flow-
mediated vasodilation
in exercise group.

Abbreviations: AF, atrial fibrillation; ATP, antitachycardia pacing; CM, cardiomyopathy; CPET, cardiopulmonary exercise test; CRT-D, cardiac
resynchronization therapy defibrillator; HF, heart failure; HR, hazard ratio; hsCRP, high sensitivity C-reactive protein; ICD, implantable
cardioverter defibrillator; LVEF, left ventricular ejection fraction; METSs, metabolic equivalent; NYHA, New York Heart Association; OCR,
outpatient cardiac rehabilitation; SF-36, Short Form Health Questionnaire; QOL, quality of life; RCT, randomized controlled trial; SF-36, short

form VC 02, carbon dioxide production; VOZ’ oxygen uptake; VT, ventricular tachycardia; 6BMWT, 6-min walk test.
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Table 3.
Frequency of ICD Shocks by Study

1CD Shocks

ICD Shocks Control

Study (Author, Intervention Group,

Year) Study Type N Intervention,n  Control,n  Group, % (n) % (n)
Davids et al (2005)!8 Observational cohort 82 28 54 25% (7) 50% (27)
Isaksen et al (2015)2° Observational cohort 35 24 11 16.7% (4) 45.5% (5)
Belardinelli et al (2006)° RCT 52 30 22 0% (0) 36.4% (8)
Piccini et al (2013)2% RCT (post-hoc) 1053 546 507 19.8% (108)  22.3% (113)
Dougherty et al (2015)2%  RCT 160 84 76 3.6% (3) 5.3% (4)
Smolis-Bak et al (2015)27 RCT 52 26 26 3.8% (1) 19.2% (5)
Piotrowicz et al (2015)%2  RCT 72 56 16 1.8% (1) 12.5% (2)

Abbreviations: ICD, implantable cardiac defibrillator; RCT, randomized controlled trial.
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