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1  | INTRODUC TION

Cardiac resynchronization therapy (CRT) is indicated by the 
European Society of Cardiology (ESC) as a treatment given to pa-
tients with advanced heart failure, before consideration of heart 
transplantation.1,2 There lies two main classification of CRT de-
vice, the default CRT-P (CRT-Pacemaker), and the addition of im-
plantable cardioverter defibrillator (ICD), which form-up CRT-D 
(CRT-Defibrillator). One unique property of the CRT device is the 
presence of biventricular pacing system, in which CRT-D additionally 
allows the device to identify electrical activity in both ventricles and 

responds accordingly. Initial CRT candidate screening includes those 
diagnosed with heart failure, New York Heart Association (NYHA), 
functional class of III and IV, wide QRS segment (≥120 ms), and the 
presence of Left Bundle Branch Block (LBBB), which signifies car-
diomyopathy.1 Cardiologists would then determine which device is 
suitable for the patients' condition, in which the National Institute 
for Health and Care Excellence (NICE) guideline had clearly shown 
CRT-D is more indicated for those with wider QRS and NYHA func-
tional class below IV, thus, showing better life expectancy.3

The functional impact of CRT implantation has been reported to 
be satisfactory. It was shown that 59% of CRT patients will improve 
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Abstract
Exercise for heart failure patients had been shown to be beneficial in improving func-
tional status, and was reviewed to be safe. In cases of advanced heart failure, Cardiac 
Resynchronization Therapy (CRT) is a promising medical option before being a heart 
transplant candidate. CRT itself is a biventricular pacing device, which could detect 
electrical aberrance in the failing heart and provide a suitable response. Studies have 
shown that exercise has clear benefits toward improving an overall exercise capac-
ity of the patients. Despite its impacts, these randomized clinical trials have varying 
exercise regime, and until now there has not been a standardized exercise prescrip-
tion for this group of patients. The nature of CRT as a pacemaker, sometimes with 
defibrillator, being attached to a heart failure patient, each has its own potential ex-
ercise hazards. Therefore, providing detailed exercise prescription in adjusting to the 
medical condition is very essential in the field of physical medicine and rehabilita-
tion. Being classified as a high-risk patient group, exercise challenges for the complex 
heart failure with CRT patients will then be discussed in this literature review, with a 
general aim to provide a safe, effective, and targeted exercise regime.
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1 level of NYHA functional class in 6 months, along with improve-
ments in exercise capacity.4 In the context of exercise capacity im-
provement, CRT led to faster VO2 kinetics towing to enhanced stroke 
volume response and faster heart rate kinetics with cardiac adapta-
tion.5,6 Other improvement of cardiac conduction caused by chrono-
tropic restoration after unloading ventilatory sensory receptors was 
also reported.6 It is then evident that CRT effectively improves the 
central cardiac function through chronotropic resynchronization, as 
well as peripheral sympathetic tone recovery, ultimately providing a 
general improvement in exercise capacity.5,7,8

Over the years, the role of exercise in CRT patients had been 
highlighted to improve the central cardiac enhancements even 
further through beneficial effects of peripheral circulatory resto-
ration.7,9,10 Exercise training was consistently shown to be safe and 
also effective in maintaining the changes brought about by CRT.10,11 
One of the commonly assessed outcome is the VO2 peak, in which 
studies have shown the increase in VO2 peak in exercise CRT groups 
as compared to control, accruing up to 40% increase against 16% in 
the control CRT group.12 Similar exercise results after CRT were also 
constantly brought about by other studies over the years.10,11,13-15 
These exercise capacity augmentations may be caused by improve-
ments in peripheral blood flow toward skeletal muscles, which re-
sulted in a more efficient aerobic or even anaerobic metabolism 
process.14 On a biomolecular level, regular exercise improves for-
mation basal endothelial nitric oxide and also vasodilation response 
of skeletal muscle vessels.16,17 Additionally, more recent studies 
utilize flow-mediated dilation (FMD) to assess arterial response to 
shear stress in the peripheral circulation, with concurring results of 
peripheral endothelial function improvement.18 Nevertheless, mac-
roscopic improvements of the exercise were also evident in the pe-
ripheral skeletal muscles conversion of type II to type I muscle fiber, 
ultimately resulting in improvements of both exercise capacity and 
quality of life in performing activities of daily living.13,16 Studies have 
consistently shown that regular exercise may be the key to reversing 
the muscle atrophy and exercise adaptation of skeletal muscles in 
heart failure patients, reflected in increased maximal workload.18-21

In the context of exercise in CRT-D recipients, it is essential to 
determine shock threshold as it was mentioned that ICD shocks are 
associated with reduced quality of life, hence, would affect exercise 
compliance and physical activity.10,22,23 Recent Cochrane meta-anal-
ysis had shown that studies on exercise in ICD recipients have better 
effects toward receiving appropriate shocks, however, this result 
was still inconclusive because of low level of available evidence.10,11 
Studies had mentioned that resting parasympathetic tone was found 
to raise along with exercise, and this would further protect against 
ventricular arrhythmias.8,10 It could then be drawn out that exercise 
in implantable cardiac device recipients would provide its beneficial 
effects through amelioration of autonomic tone.8,22

With all these facts unfolded, it could be seen that exercise is 
safe and beneficial for CRT patients, and what lies beyond is how 
to effectively prescribe these exercise training. Being the core of 
physical medicine and rehabilitation field, in order to achieve tar-
geted goals with tailor-made exercise regimen, a detailed exercise 

prescription should comprise of exercise frequency, intensity, type, 
and time. This review was made with an aim to discuss and bring 
forward the present evidence on the complete exercise prescrip-
tion for CRT patients that had been used in the existing randomized 
controlled trials, beginning from initial assessment after implanta-
tion, exercise testing, exercise training, and home exercise safety. 
Therefore, with all these, physicians would be able to achieve a com-
prehensive care in this essential CRT patient group, ultimately im-
proving their quality of life.

2  | INITIAL A SSESSMENT

Exercise prescription for Cardiac Resynchronization Therapy (CRT) 
patients would firstly require local examination of operative out-
come. This includes skin healing, which then should be responded by 
restriction of upper extremity motions.22 However, after 24 hours of 
device implantation, light upper extremity motion will be required 
to obtain a positive effect on joint immobilization.24 It was shown 
through a meta-analysis of exercises in patients with CRT and CRT-D 
that there is a 5% chance of device malfunction during the first 
12 months after implantation, and 1.8% chance of infection at the 
implantation site, which then highlights the need of wound moni-
toring.4,9 The next step is the assessment of the implanted cardiac 
device, which will also influence the prescription of the exercise.

For patients with CRT-D devices, it is important to know the 
shock threshold and trigger (at a certain pulse rate).22 Thus, it can 
be seen that the concept of exercise prescription in this group of 
patients can adapt to the ICD exercise protocol.25 For years, it has 
been stated by the American Association of Cardiovascular and 
Pulmonary Rehabilitation (AACVPR) that the exercise protocol is 
safe when performed on ICD users.25 However, training supervisors, 
including physiatrists, need to know the device settings. Normally, 
the device is programmed to recognize the abnormal pulse rate when 
there are shockable rhythms, such as ventricular tachycardia or ven-
tricular fibrillation (VT/VF).22 Exercise will generally continue to use 
pulse rate as a marker of exercise effectiveness (in achieving target 
heart rate). It is very important to note that the exercise must be 
targeted to only reach a pulse rate 10-15 times below the rate that 
will trigger shock.22,24,25 Despite the fact that current CRT-D and 
ICD devices are more advanced in detecting aberrant rhythms, such 
as the dual-chamber discriminator of PR Logic™ algorithm, informing 
the patients regarding shock threshold and shock appropriacy were 
proven to improve their quality of life.26,27 Comprehensive discus-
sion with cardiologists regarding medication is important in order 
to set endpoints as well as exercise prescription, knowing the fact 
that CRT patients are mostly in an advanced heart failure stage.22 In 
cases where neurohumoral blockers are used, utilizing Borg would 
then be the most fitting.20,28,29

Aside from shock burden, rate responsiveness of the device 
should be carefully observed in prescribing exercise in CRT pa-
tients.20,23,30 As stated by AACVPR, the increase in pulse rate 
during exercise is a very important factor to consider because of its 
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relationship with cardiac output and oxygen uptake.25 This could be 
the case only if the patient uses a pacemaker with a rate-responsive 
mode, which means an increase in pulse frequency as a response to 
increased activity.31,32 It is also important to note that some sensors 
from pacemakers can be triggered with body movements (through 
accelerometers detecting body vibration), as well as metabolic and 
physiological changes, all of which could change during exercise pe-
riod.24,25,31,32 Thus, extra attention must be given during exercise 
testing before personalized exercise prescription is given to this spe-
cial population.22

The main distinctive feature of CRT devices is the presence of 
three sensor leads, located in the right atrium, right ventricle, and 
coronary sinus, as well as the ability to pace both ventricles (biven-
tricular pacing).24 Studies had shown that not all heart failure pa-
tients may have good response to CRT, some group is acknowledged 
as ‘nonresponders’ and this accrues up to 20%-30% of the candi-
dates.22,33 Whereas response to CRT device is generally evaluated 
in 3-6 months postimplantation, studies had shown that exercise 
training could safely be done in all phases of CRT implantation, even 
prior to its implantation, regardless of their response to the CRT 
as evaluated in future visits.13,33-35 Several recent studies on heart 
failure have shown that exercise training by itself would be bene-
ficial through a series of peripheral changes, even in those receiv-
ing mild central cardiac function improvement from CRT.36,37 One 
particular study had successfully proven that significant VO2 peak 
improvement in CRT ‘nonresponders’ was highly correlated with 
knee extensor muscle strength, consequently displaying the role of 
peripheral improvements.35 In a glance, these peripheral effects that 
are exerted by exercise training include histologic peripheral skeletal 
muscle changes, muscle sympathetic nerve activity through mech-
anoreflex and metaboreflex sensitivity, and finally improving nitric 
oxide endothelial reactivity, leading to enhancement of heart rate 
variability.8,22,38,39

3  | IDE AL TR AINING TIME

Taking reference to the exercise prescription after recent interven-
tion for implantation of intracardiac pacing devices by American 
College of Sports Medicine (ACSM), there are two after implantation 
timings to be considered. The first is 24 hours after implantation, 
as it has been shown that light exercises could prevent complica-
tions of immobilization in prolonged bed rest or other complicated 
cases. Adhering to the exercise guidelines of heart failure patients, 
it should be noted that light exercises could be initiated when the 
patient is hemodynamically stable, and could tolerate daily activities 
without severe restriction caused by symptoms. Whereas the sec-
ond timing is 3-4 weeks after implantation, with the prohibition to 
heavy upper extremity activities, such as swimming, bowling, heavy 
lifting, or golf. On the other hand, exercise or lower extremity physi-
cal activity is permitted.24

There are still few controlled trials that investigates the impact 
of exercise training in CRT patients, and even fewer that clearly 

describes the exercise prescription.9,22,40 Patwala et al uses stable 
criteria for heart failure within 1 month, these includes no admission 
to hospital with heart failure symptoms, no change in treatment, and 
no change in NYHA class, only if all these criteria are met would the 
training begin.13

The same stable criteria within 1 month were also used by 
Conraads et al, and subsequent research by Belardinelli et al used a 
longer stable criteria for 2 months before their study inclusion.12,14 
The patients must also have no postoperative complications to 
upper extremity motions, as strenuous upper extremity training 
may dislodge the recently implanted leads.9,24 Although there are 
no studies that indicate the ideal timing, it can be concluded from 
existing studies that patients must reach clinical stability before ini-
tiating exercise, preferably 1 week after the implantation to account 
for postimplantation healing and familiarization.9,12-14,24

4  | E XERCISE TESTING

Generally, it is known that the target of exercise testing is to evaluate 
maximal functional capacity and provide a specific exercise prescrip-
tion.28,41 However, there lies another specific purpose of testing in 
CRT patients who are essentially patients with heart failure, which is 
to observe their chronotropic response.42 More objective outcome 
measurement such as VO2 peak (the peak rate of oxygen consump-
tion recorded from the average consumption within the last 15 sec-
onds of testing) could be attained only by using cardiopulmonary 
exercise testing (CPET), and its applicability in heart failure subjects 
require some endpoint modifications.41,43,44

Although exercise protocols in CRT patients are usually identi-
cal with management of heart failure, the presence of pacemaker 
itself is an unique characteristic in this group of patients.41 Thus, a 
study has shown that there is a specified exercise testing that can 
be used by CRT patients, namely, the Chronotropic Assessment 
Exercise Protocol (CAEP) with treadmill.9 This protocol is specifically 
designed to assess patients with rate-responsive pacemakers.45

The CAEP protocol will start with 1.5 METs, with a calculation 
of 1 MET (3.5 ml O2/kg/min). The patient will go through 2 minutes 
at each stage with an increase of 1 MET at each stage for the first 
10 minutes.9 Thus, this protocol will give patients the opportunity to 
complete several stages of exercise, and test chronotropic responses 
to the submaximal capacities that exist in the range of common daily 
activities. That study had also obtained a conversion formula with 
comparison to the Bruce protocol, in obtaining predicted heart rate 
at each stage under the following formula:46

In addition, Haennel et al also showed the importance of noticing 
changes in heart rate within 3-5 minutes of the recovery time after 
exercise testing.9 Essentially, changes in heart rate have been shown 
to be related to hemodynamics during postexercise recovery.9 Other 

HRstage =

[

220 − age − HRrest
]

×

[

METSstage − 1
]

METSpeak − 1
+ HRrest
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than CAEP, treadmill exercise testing could also utilize the modi-
fied Naughton or Balke protocol, which is also considered safe in 
CRT patients.15,28,47 It is challenging for heart failure subjects to 
achieve maximal capacity as a result of their symptoms, therefore, 
often times in cardiopulmonary exercise testing (CPET) environ-
ment, patients with low peak respiratory exchange ratio (pRER) of 
<1.05 will have self-interrupted test termination.44 Nevertheless, 
subjective symptoms such as leg fatigue and breathlessness can be 
readily utilized for a test termination criteria, as reported by other 
studies.43,44,47

A scientific statement from American Heart Association re-
garding exercise testing standard have shown that the use of 
cycle ergometer for exercise testing is also viable, especially in 
the advanced, aging population of CRT patients.28,29 Although the 
Naughton protocol is treadmill based, it could also be used in a cycle 
ergometer.47 It was shown that pedaling speeds of 50-80 rpm could 
achieve the highest values of VO2 and heart rate, with initial output 
of 10 or 25 W, followed by increase of 25 W every 2 or 3 minutes 
until endpoints are attained.28 One drawback of the cycle is that 
oxygen uptake is significantly higher in treadmill testing as proven 
by a cross-over study.47 This may be caused by the presence of 
steady state between stages which allows recovery, as compared 

to a continuous 10-W/min step protocol for cycle ergometer, and 
also the presence of local leg muscle fatigue which is reached before 
VO2max is achieved.28,45,47

Another modality which could be used for exercise testing is the 
6-minute walking test, which requires subjects to walk continuously 
on a 30-m track for a whole duration of 6 minutes.28 Despite the fact 
that VO2max correlates of this test are only modest (r ≈ 0.50), this 
test is better implemented in the clinical setting and could routinely 
be performed during follow-up.15,28 Additionally this test could be 
readily used in ambulatory patients with chronic disease, and it is ev-
ident that CRT recipient population is highly suitable, owing to aging 
frailty and heart failure.19,28

Obese individuals or other comorbidities that disallow patients 
to sustain relatively high-power output in the early stages of the pro-
tocol, the Naughton protocol will not be possible.45 Other studies 
have mentioned the use of modified Balke protocol, where instead 
of a steady speed of 3.3 mph (5.31 km/h) along all the stages, a slow 
increments of speed at 0% grade in the first 5 minutes at the start of 
the test are used.45 It was shown that protocols which have a more 
linear or ramp pattern of workload increase have been found to 
produce a more continuous increase in cardiorespiratory response, 
leading to more accurate measurement of VO2max.45 Table 1 shows 

TA B L E  1   Comparison between safe exercise testing protocols in CRT patients9,45-47

Time (min)

CAEP Naughton Modified Balke Bruce

Grade 
(%)

Stage 
(#)

Speed 
(mph)

Grade 
(%)

Stage 
(#)

Speed 
(mph)

Grade 
(%)

Stage 
(#)

Speed 
(mph)

Grade 
(%)

Stage 
(#)

Speed 
(mph)

0-1 0 0 1.0 0 1 1.0 0 1 0.5 10 1 1.7

1-2 0 0 1.0 0 1 1.0 0 2 1.0 10 1 1.7

2-3 2 1 1.0 0 1 1.0 0 3 1.7 10 1 1.7

3-4 2 1 1.0 Rest 0 4 2.2 12 2 2.5

4-5 3 2 1.5 Rest 0 5 2.7 12 2 2.5

5-6 3 2 1.5 Rest 0 6 3.3 12 2 2.5

6-7 4 3 2.0 0 2 1.5 1 7 3.3 14 3 3.4

7-8 4 3 2.0 0 2 1.5 2 8 3.3 14 3 3.4

8-9 5 4 2.5 0 2 1.5 3 9 3.3 14 3 3.4

9-10 5 4 2.5 Rest 4 10 3.3 16 4 4.2

10-11 6 5 3.0 Rest 5 11 3.3 16 4 4.2

11-12 6 5 3.0 Rest 6 12 3.3 16 4 4.2

12-13 8 6 3.5 0 3 2.0 7 13 3.3 18 5 5.0

13-14 8 6 3.5 0 3 2.0 8 14 3.3 18 5 5.0

14-15 10 7 4.0 0 3 2.0 9 15 3.3 18 5 5.0

15-16 10 7 4.0 Rest 10 16 3.3 20 6 5.5

16-17 10 8 5.0 Rest 11 17 3.3 20 6 5.5

17-18 10 8 5.0 Rest 12 18 3.3 20 6 5.5

18-19 10 9 6.0 3.5 4 2.0 13 19 3.3 22 7 6.0

19-20 10 9 6.0 3.5 4 2.0 14 20 3.3 22 7 6.0

20-21 10 10 7.0 3.5 4 2.0 22 7 6.0

21-22 10 10 7.0

22-23 15 11 7.0
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differences between the three safe protocols and standardized 
Bruce protocol.

In patients with a set rate mode of CRT-P, it is very important 
to remember that the exercise testing cannot always be monitored 
with heart rate.9,25 Therefore, the safe exercise test to be carried out 
is a submaximal capacity testing, namely, the 6-minute walk test by 
American Thoracic Society.48 Exercise test termination will be sub-
jective complaints, quantitatively assessed by the Borg scale.20 This 
6-minute walk submaximal exercise testing protocol is in accordance 
with the European Society of Cardiology (ESC) statement on exercises 
for patients with heart failure, and is applicable when treadmill test-
ing is not possibly performed.20 Table 2 sums the contraindications 
from the exercise tests (A), exercise (B), and increased risk (C) in 
heart failure exercises, which should be noted before prescribing.20

5  | PRESCRIBING AEROBIC E XERCISE

Although there are lack of evidence on aerobic endurance training 
prescription for CRT patients, heart failure patients could undergo 
both continuous and interval training. However, the existing evi-
dence shows that continuous training seems to be safe, whereas not 
much controlled trials have been performed on interval training.22 
The discussion in this section will summarize and explore existing 
studies on the aerobic exercise protocols used.

In general, the recommended exercise frequency is 3-5 days/
week.9,22 The three existing controlled trials have also shown that 
all of these programs must be supervised, and are safely carried out 
in a hospital-based gym setting. This frequency is found the same 
in all three studies, namely, three times per week.12-14 Additionally, 
there is one report that shows efficacy of a protocol which is slightly 
milder from those for heart failure patients with ICD, which is 

twice every week for 2 hours.49 The protocol may be considered 
more safe as it has lesser frequency than the commonly prescribed 
3-5 days/week, instead it requires a longer exercise time of 2 hours. 
Therefore, a critical review from Haennel et al does not recommend 
that particular prescription of 2 hours per session as a result of lack 
of evidence-based safety.9

For heart failure patients, ESC had stated that exercise intensity 
should obtain range of exercise Heart Rate Reserve (HRR), which 
could be calculated by taking the difference of basal heart rate and 
peak heart rate. It has been said that the main objective of this ex-
ercise is to achieve 40%-70% of exercise HRR and 10-14/20 on the 
Borg scale RPE (rating of perceived exertion).20 Taking the statement 
in mind, Haennel et al recommend that the target of the exercise 
in CRT-P device patients to be modified to the resting heart rate 
added with 40%-60% of HRR.9 The use of training targets range 
would vary in between. Patwala et al used a target that increases 
in each exercise phases, ie, the first phase of 4 weeks will aim to 
reach 80% of peak HR, the next 4 weeks is 85%, and the last 4 weeks 
reaching 90%.13 Bellardinelli on the other hand had used VO2 as ex-
ercise target. That particular study mentioned that exercise intensity 
should reach 60% of the VO2 peak.14 Another alternative as shown 
by Conraads et al, with target heart rate of 90% exercise heart rate 
achieved in ventilatory threshold during CPET.12 Two of these three 
studies had used gas analyzers in their CPET protocol, but it could 
be seen that 6-minute walk test is still appropriate for use, and heart 
rate or Borg scale is sufficient to obtain good exercise intensity.9,20 
Maximal heart rate determination is also required, especially in pa-
tients with CRT-D implanted, where shock thresholds may differ be-
tween patients. As mentioned earlier, the general rule is to have the 
exercise heart rate to be 10-20 beats below the threshold.9,14,20,50

Another general guide for aerobic modality in post device im-
plantation heart failure patients would be to maintain the standing 

TA B L E  2   Summary table of various contraindications and risks to exercise testing and training20

(A) Contraindications to exercise testing 
& training (B) Contraindications to exercise training (C) Increased risk for exercise training

1. Early phase after acute coronary 
syndrome (up to 2 days)

1. Progressive worsening of exercise tolerance or 
dyspnea at rest over previous 3-5 days

1. >1.8 kg increase in body mass over the 
previous 1-3 days

2. Untreated life-threatening cardiac 
arrhythmias

2. Significant ischemia during low-intensity exercise 
(<2 METs, <50 W)

2. Concurrent, continuous, or intermittent 
dobutamine therapy

3. Acute heart failure (during the initial 
period of hemodynamic instability)

3. Uncontrolled diabetes 3. Decrease in systolic blood pressure with 
exercise

4. Uncontrolled hypertension 4. Recent embolism 4. NYHA functional class IV

5. Advanced atrioventricular block 5. Thrombophlebitis 5. Complex ventricular arrhythmia at rest or 
appearing with exertion

6. Acute myocarditis and pericarditis 6. New-onset atrial fibrillation/atrial flutter 6. Supine resting heart rate >100 b.p.m.

7. Symptomatic aortic stenosis 7. Pre-existing co-morbidities limiting 
exercise tolerance

8. Severe hypertrophic obstructive 
cardiomyopathy

9. Acute systemic illness

10. Intracardiac thrombus
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position, hence, walking would be more preferred.22 As body mo-
tion detected by accelerometer would trigger rate-adaptive pacing, 
it is important to initially test and supervise these exercises, before 
safely prescribing them.9,23 These three prospective studies have 
also shown a mutual exercise goal of achieving overall endurance, 
which eventually leads to walking and cycling exercise being the 
most effective.12-14 It also appears that these exercise modes do ad-
here to the training recommendations by ESC in patients with heart 
failure, with the properties of medium to high intensity, and the 
presence of steady-state conditions.20

6  | SAFET Y OF HOME-BA SED E XERCISE 
PROGR AM

The next step that ensues after prescribing hospital-based exercise 
is also to prepare a personalized home-based exercise program. 
To begin with, strenuous and strengthening exercise in upper ex-
tremities is usually not recommended for CRT patients. Whereas not 
many studies had shown efficacy of home-based program, Smolis 
Bak et al have shown direct improvement in endurance and quality 
of life after home-based telemonitoring. Exercise duration is 5 times 
a week for a total of 8 weeks, comparing the effects of home based 
with monitoring against control (no monitoring).15

Smolis Bak administered home exercise regimen which includes 
extremities range of motion exercise, strengthening isometric ex-
ercise for small muscle groups, coordination, and respiratory ex-
ercises. Before beginning the regimen, electrocardiography (EKG) 
results must first be sent to the monitoring center, as well as que-
ries on subjective symptoms and drug compliance. During exer-
cise, the EKG is recorded and sent to the monitoring center for a 
direct interactive feedback. The study did not show any data on 
number of shocks that occurred during exercise, but up to half of 
the total sample (n = 52) in each groups had undergone a condi-
tion that requires hospitalization (43.8% in monitoring and 51.7% 
in control group).15

The study had also shown improvements in Left Ventricular 
Ejection Fraction (LVEF) in both groups, with and without monitor-
ing. Interestingly, in 12 months, LVEF improvement in control group 
(24.9 ± 7.2 to 31.7 ± 10.6, P = .001) was found to be slightly higher 

than in the exercise group (25.3 ± 7.4 to 28.9 ± 9.1, P = .0213), al-
though intergroup differences did not seem to be statistically sig-
nificant.15 Despite the fact that the study had not shown impacts 
toward prognosis, the rate of readmission should be a general con-
cern, and monitoring could improve exercise safety at home.

7  | ADVERSE E VENTS OF E XERCISE

Despite most studies have revealed safety of mild-to-moderate ex-
ercise training in the heart failure population, several adverse events 
have been reported by HF-ACTION, being the largest multicenter, 
randomized, controlled trial on exercise intervention in heart fail-
ure patients.7,10,22,51 The most prevalent cardiac-related adverse 
event was worsening of heart failure, whereas for general adverse 
event, the most common is inappropriate shocks.19,51 Additionally, 
all of these prevalence were not significantly different in the usual 
care as compared to the exercise intervention group.51 Therefore, it 
could be drawn out that these adverse events may not be particu-
larly caused by exercise, instead it is a multifactorial events occurring 
in the course of heart failure. The FRAIL-HF cohort had reported 
that hospitalized congestive heart failure patients were 70.2% frail, 
hence, there is a superimposition of progressive CHF symptoms 
and aging frailty.19 Therefore, it would be essential to perform mul-
tidisciplinary care in CRT patients to achieve the best functional 
outcome.29

8  | CONCLUSION

It can be concluded that exercise provides significant improvement 
in heart failure patients after implantation of CRT.4 Prescribing ex-
ercise to this patient group was also found to be safe, and thus is 
recommended for CRT patients who have been medically stable for 
the past 1 month.9 Regardless of response to the CRT device, aero-
bic exercise training has been shown to both be safe and effective 
to provide adequate functional capacity improvement, therefore, is 
highly recommended.13,33-35

To date, there are still no standard guidelines for providing aer-
obic exercise to patients with CRT, but this current literature review 

CRT exercise protocol

Frequency • 3-5 days/week
• 30-50 minutes/session

Intensity • 80% of Heart Rate Reserve
• Maximal intensity in Borg scale of 14 of 20
• 10-20 beats below shock threshold for CRT-D

Type • 5- to 10-minute warm-up stretches (lower extremities)
• 20- to 30-minute aerobic ergocycle
• 5- to 10-minute cooling down

Time After 1 month medically stable preceding the implantation of CRT

CRT mode Rate adaptive pacing mode

TA B L E  3   Suggested exercise protocol 
in CRT patients
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has included an exercise protocol which could safely be performed 
for the patient group.12-14 Generally, exercise frequency is 3-5 days/
week, with exercise duration of 30 minutes to 1 hour. Although 
there are various ways of determining exercise intensity, achieving 
80% of the patients' HRR is a sufficient target, which could be as-
sessed by performing 6-minute walk test.20 Because CRT patients 
are principally heart failure patients with pacemakers, the Borg 
scale could always be used, in which achieving exercise intensity up 
to 10-14 of 20 would result in a positive exercise effect.20 Exercise 
modalities that could be used are walking aerobic exercises (either a 
treadmill or normal walking) and static cycling (ergocycle). It is also 
important to note that in CRT-D (defibrillator) patients, an additional 
exercise testing will be needed to determine the maximum heart 
rate during exercise, which should be targeted 10-20 beats below 
the shock threshold.9,12-14,20,50 Table 3 depicts the general exercise 
prescription for CRT patients.

Exercise can be given for 8-12 weeks, where home exercise can 
also be given to provide more sustained effects. However, existing 
evidence on the home-based program safety must be accompanied 
by telemonitoring, especially in monitoring EKG before and during 
exercise.15 Further studies will be required in examining the effec-
tiveness of other types of exercises, such as breathing and mild 
strengthening exercises, that are safe for CRT patients.
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