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Abstract

Background: The present study aimed to analyze the effects of exercise-based cardiac rehabilitation (CR) on physical performance
after myocardial revascularization. In addition, we compared the type and duration of exercise-based CR protocols to determine which
ones produced the best performance improvements. Methods: This systematic review and meta-analysis was conducted and reported in
accordance with PRISMA statement. A systematic search of PubMed, Web of Science, SPORTDiscus and ProQuest, was performed in
July 2020. Studies that met the following criteria were included: (i) participants submitted to myocardial revascularization (i.e., coronary
artery bypass grafting (CABG) and percutaneous coronary intervention (PCI)), (ii) participants submitted to exercise-based CR, and (iii)
participants submitted to protocols for assessing physical performance before and after the exercise-based CR. Results: Thirteen and
eleven studies evaluating the effects of exercise-based CR after myocardial revascularization were included in the systematic review and
meta-analysis, respectively. Exercise-based CR increased physical performance after myocardial revascularization (mean effect size (ES)
0.75; 95% confidence interval (CI) 0.62, 0.88), particularly when aerobic (ES 0.85; 95% CI 0.68, 1.01) and combined training (ES 1.04;
95% CI 0.70, 1.38) lasting 8—12 weeks (ES 1.20; 95% CI 0.87, 1.53) was prescribed. Conclusions: The present systematic review and
meta-analysis indicates that exercise-based CR increases physical performance after myocardial revascularization. The prescription of
physical training for these patients should emphasize aerobic and combined training lasting at least 8—12 weeks, which is more effective
in improving physical performance. Impact: Our findings demonstrate the effectiveness of physical training in improving physical
performance after myocardial revascularization.
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1. Introduction dures can be performed in the context of acute or chronic is-
chemic heart disease, and the choice of the appropriate pro-
cedure depends on predicted surgical mortality, complexity

of the coronary anatomy, and comorbidities [8].

Ischemic heart disease is a major cause of morbidity
and mortality worldwide. Manifested by unstable angina
pectoris and acute myocardial infarction, this syndrome is

caused by a decreased blood supply to the heart muscle due
to either narrowing of the vessels that supply the heart or
blood clot. Chest pain during rest is the primary symptom
that initiates diagnosis and treatment of this syndrome [1—
3]

The initial approach should address pain relief and
early risk stratification and include a haemodynamic assess-
ment, antithrombotic and anticoagulant therapy, monitor-
ing and early treatment of arrhythmias, and a decision on
whether to use invasive or conservative strategies [4]. The
main invasive methods for treating ischemic heart disease
include coronary artery bypass grafting (CABG) and per-
cutaneous coronary intervention (PCI) [5-8]. These proce-

CABG is a technique based on revascularization that
involves diverting blood flow to other arteries to increase
the blood supply to the heart muscle [9], while PCI, com-
monly known as coronary angioplasty, is performed by in-
flating a balloon to allow blood to flow through the vessel
again, followed by the insertion of coronary stents into the
vessel to ensure it remains open [10].

Cardiac rehabilitation (CR) programs are helpful for
patients undergoing cardiac surgeries, including CABG and
PCI. These programs may include a variety of therapies,
with exercise training being a central and strongly indi-
cated element [11-14]. CR promotes several benefits, such
as increased cardiovascular function and physical perfor-
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mance, decreased cardiovascular symptoms and cardiovas-
cular morbidity and mortality, and improved quality of life
[14-16].

Among the different physical training protocols avail-
able, it is worth mentioning, at this point, aerobic training,
resistance training, combined training and high intensity in-
terval training (HIIT). Aerobic training is designed to in-
crease endurance, the term aerobic training generally refers
to training in oxidative metabolism as opposed to glycolytic
metabolism [17]. Resistance training consists of exercise
designed to improve muscular fitness (strength, power, hy-
pertrophy, and/or endurance) through exercise against ex-
ternal resistance [18]. Finally, combined training corre-
sponds to protocols involving a combination of aerobic and
resistance exercises, whereas HIIT involves repeated bouts
of high-intensity effort followed by various recovery times
[19].

Recent systematic reviews assessed the effect of CR in
different cardiovascular conditions, such as coronary heart
disease, heart valve surgery, and cardiac surgery [14,20,21].
However, the benefits of exercise-based CR, including the
best exercise training protocol, specifically after myocar-
dial revascularization, are still not well established. There-
fore, this systematic review and meta-analysis aimed to an-
alyze the effects of exercise-based CR on physical perfor-
mance after myocardial revascularization (i.e., CABG and
PCI). In addition, we compared the type and duration of
exercise-based CR protocols to determine which ones pro-
duce the best performance improvements.

2. Materials and methods
2.1 Search strategy

This systematic review and meta-analysis were con-
ducted and reported according to the guidelines outlined
in the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analysis) statement [22,23]. A system-
atic search of electronic databases, including PubMed, Web
of Science, SPORTDiscus and ProQuest, was performed in
July 2020 without any date restrictions. The search strategy
used combinations of the following keywords: myocardial
revascularization, exercise-based cardiac rehabilitation, ex-
ercise, exercise-based rehabilitation, cardiac rehabilitation,
physical training, physical exercise, exercise rehabilitation,
physical activity and cardiorespiratory fitness.

2.2 Study selection

Studies that met the following criteria were included
in this systematic review and meta-analysis: (i) participants
submitted to myocardial revascularization (i.e., CABG and
PCI), (ii) participants submitted to exercise-based CR and
(iii) participants submitted to protocols for assessing phys-
ical performance before and after the exercise-based CR.
Reviews, abstracts, case studies, and letters were not in-
cluded, although this bibliography was consulted. Stud-
ies involving experimental research models were excluded.

Based on the search and inclusion/exclusion criteria, 13 and
11 studies were selected for inclusion in the systematic re-
view and meta-analysis, respectively (Fig. 1). Two studies
were not included in the meta-analysis. The first did not
present data as mean and standard deviation [24], whereas
the second did not assess physical performance before and
after the exercise-based CR [25]. Notably, several studies
measured more than one physical performance variable or
performed more than one physical training protocol. Thus,
each performance variable or physical training analyzed in
a given study will be presented as a trial, and therefore the
number of trials reported will be greater than the number of
studies.

Records identified through database searching:
Pubmed (n = 3589)
Web of Science (n = 2410)
SPORTDiscus (n = 80)
ProQuest (n =2994)

Total (n =9073)
l Records excluded
(n = 4455)
-
Records after removing
duplicates (n =4618)
\
Records excluded

l (n=4271)

Records after reading titles (n = 347)

e 2
—/

l Records excluded
(n=296)
-
Records after reading abstracts (n = 51) ]
\
l Records excluded
(n=38)

Records elegible for inclusion in

systematic review (n = 13) and meta-

N analysis (n = 11)

Fig. 1. Summary of the study selection process. The stages
of the study selection process are highlighted with the number of
studies selected and the number of studies excluded at each stage.

2.3 Data grouping

The characteristics of the exercise-based CR proto-
cols included in the systematic review and meta-analysis
are shown in Table 1 (13 studies, 16 trials), while the stud-
ies selected for the systematic review are shown in Table 2
(13 studies, 42 trials). The studies selected for inclusion
in the meta-analysis (11 studies, 39 trials) were initially di-
vided to analyze the effect of exercise-based CR on patients
undergoing CABG (6 studies, 15 trials) or PCI (5 studies,
10 trials). Then they were grouped according to the char-
acteristic of the exercise-based CR performed: combined
training (aerobic and resistance exercises) (6 studies, 17
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trials), aerobic training (3 studies, 15 trials), and HIIT (2
studies, 6 trials). The studies were then divided according
to the duration of the exercise-based CR as follows: less
than 8 weeks (3 studies, 8 trials) or 8—12 weeks (5 studies,
22 trials). Once the physical performance was assessed us-
ing different protocols (i.e., 6-minute walk test, cardiopul-
monary exercise testing on a cycle ergometer, Bruce proto-
col on a treadmill), we divided the reported variables into
four categories: maximum oxygen consumption (6 studies,
11 trials), distance travelled (3 studies, 5 trials), exercise
duration (3 studies, 6 trials) or workload (3 studies, 5 tri-
als). This categorisation allowed us to analyze and compare
performance measured in different studies. Thus, increased
distance travelled, maximal oxygen consumption, exercise
duration, and workload indicate improved physical perfor-
mance.

2.4 Risk of bias assessment

The risk of bias was assessed by two independent re-
viewers using an adapted Assessment, Development and
Assessment Rating of Recommendations (GRADE) instru-
ment [26,27]. When there was disagreement between the
two evaluators, a third evaluator was consulted for reso-
lution. This approach allowed us to evaluate the risk of
bias in each study included in the present systematic re-
view. Domains reflecting allocation concealment, blinding
of participants and personnel, incomplete outcome data, se-
lective outcome reporting, and other sources of bias were
evaluated. Inadequacy in one of these domains reduced the
methodological quality of each study according to the fol-
lowing sequence: high, moderate, low and very low.

2.5 Statistical analysis

The mean and standard deviation values of the physi-
cal performance indexes in both the exercise rehabilitation
and control trials were obtained from data provided in the
consulted research papers. Heterogeneity was evaluated us-
ing the x? test for homogeneity and the /? statistic. The
effect size (Cohen’s d or Hedges’ g) was calculated for the
physical performance indexes in each study. A weighted-
mean estimate of the effect size (ES) was calculated to ac-
count for differences in the sample sizes, along with the
mean unweighted ES and associated 95% confidence inter-
val (CI). When CI included zero, ES was considered not
significant. Threshold values for ES were defined as negli-
gible (<0.2); small (0.20-0.49); moderate (0.50—0.79); and
large (>0.8) [28].

3. Results

3.1 Systematic review

In total, 9073 studies were identified through the
database and reference searches. After the selection pro-
cess based on eligibility criteria, 13 and 11 studies were in-
cluded in the systematic review and meta-analysis, respec-
tively (Fig. 1).

&% IMR Press

Exercise-based CR protocols of all 13 studies included
in the systematic review and meta-analysis are summarized
in Table 1, including the type of exercise, duration of the
training protocol, weekly frequency, intensity and dura-
tion of the exercise sessions. The studies mainly investi-
gated aerobic and combined training, with a duration vary-
ing from 3 to 24 weeks and a frequency of 2 to 6 times
per week (Table 1, Ref. [24,25,29-39]). It is noteworthy to
mention that the intensity of aerobic training was controlled
in several different ways, including peak oxygen consump-
tion, anaerobic threshold, percentage of maximum heart
rate, percentage of reserve heart rate, and perceived exer-
tion scale. Meanwhile, when reported, resistance training
was controlled by the percentage of one-repetition maxi-
mum (1RM), ranging from 30 to 60%. Most studies started
exercise-based cardiac rehabilitation within one month af-
ter myocardial revascularization. However, two studies in-
cluded patients up to 1 year after coronary artery bypass
graft surgery.

Table 2 (Ref. [24,25,29-39]) characterizes the stud-
ies included in the systematic review, including groups,
sample size, age, type of surgery, training protocol, train-
ing duration, protocol, analyzed variables and results. The
main variables used to assess physical performance were
maximum oxygen consumption, exercise duration, distance
travelled and workload obtained through cardiopulmonary
exercise test (on a cycle ergometer or treadmill) and the
6-minute walk test. Overall, the results demonstrate that
patients undergoing myocardial revascularization (either
CABG or PCI) have increased physical performance after
exercise-based CR.

3.2 Meta-analysis
3.2.1 Exercise-based cardiac rehabilitation

In total, 11 studies (39 trials and 3865 individuals)
were included in the meta-analysis. The mean effect size
was 0.75 (95% CI1 0.62, 0.88), which indicates that exercise-
based CR had a moderate and significant effect on physical
performance after CABG and PCI (p < 0.05; Fig. 2). Ac-
cording to a fixed-effects analysis, heterogeneity was ob-
served among these studies (/2 = 72.5%; QO = 138.1, df =
38, p=0.000).

3.2.2PCI

After pooling the data from ten trials (5 studies, 3358
individuals), the mean effect size 0.64 (95% C1 0.59, 0.69),
which indicates that exercise-based CR had a moderate and
significant effect on physical performance after PCI (p <
0.05; Fig. 3). According to a fixed-effects analysis, no het-
erogeneity was observed among these studies (12 = 7.7%;
0=9.7,df=9,p=0.371).
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Fig. 2. Forest plot of physical performance following physical training in patients undergoing myocardial revascularization

(CABG and PCI). SMD, standardized mean difference.
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Table 1. Exercise-based cardiac rehabilitation protocol of the studies included in systematic review and meta-analysis.

Exercise-based cardiac rehabilitation

References . Training duration Frequency Session duration .
Exercise - - . Intensity
(weeks) (x/week) (min)
Aerobic and resistance training Aerobic exercise: 30-60% HR,-¢s:
- 5 min warm up Resistance exercise: 30-60% 1RM
Aikawa et al. [29] - 30 min treadmill and cycloergometer 24 3 90

- 20 min free weights

- 5 min relaxation

Aerobic training (bicycle)

- 10 min warm-up .
Arak-Lukman et al. [30] . . . 12 3 50 80% of anaerobic threshold

- 30 min aerobic exercise

- 10 min cool-down

Aerobic and resistance training
- 10 min warm-up calisthenics and stretching
Aron et al. [31] - 30-45 min aerobic exercise 12 3 45-60 11-14 on the Borg (6 to 20 scale)
- 5-10 min resistance exercise
- 5-10 min cool-down

. . o Aerobic exercise: 55-65% HRcserve and
Aerobic and resistance training
4-6 on the Borg scale
Hermes et al. (1) [32] - 30 min aerobic exercise on a treadmill and bike 12 2 60 Resistance exercise: 50% I1RM
- 20 min resistance exercise

- 10 min stretching and relaxation

. . L. L L. Aerobic exercise: 55-65% of HRreserve and
Aerobic and resistance training with inspiratory muscle training 46 e B :
—6 on the Borg scale

- Inspiratory muscle training Resistance exercise: 50% 1RM
Hermes et al. (2) [32] ) ) ] ) . 12 2 60

- 30 min aerobic exercise on a treadmill and bike

- 20 min resistance exercise

- 10 min stretching and relaxation

Tliou ef al. [33] Aerobic training 47 35 60 70-80% HRcserve
- Callisthenics and bike or treadmill

Aerobic training (cycle ergometer, treadmill and rowing)
- 5-10 min warm-up

Jelinek et al. [34] - 15-20 min endurance training 6 3 45-70 55-70% VO2pear and 11-13 on the Borg scale
- 10—15 min strength/resistance training

- 5-10 min cool-down/relaxation
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Table 1. Continued.

Exercise-based cardiac rehabilitation

References . Training duration Frequency . . . .
Exercise ——~ Session duration (min) Intensity

(weeks) (x/week)

High-intensity interval training
- 10 min warm-up
- High-intensity interval training (4 min: cycle ergometer or
Munk et al. [35] . ) . 24 3 60 60—70% HR a2 or 80-90% HR1ax
running and 3 min: active recovery)
- 5 min cool-down
- 10 min abdominal and spine resistance exercises

- 5 min stretching and relaxation

High-intensity interval training
- Warm-up
. - Aerobic exercise: low, moderate and high intensity
Nilsson et al. [36] - 12 2 50 50-90% HR a0z
- Flexibility
- Strength exercise
- Cold down and stretching

Cardiac rehabilitation program

o)

2,

(i

4

Ss3id NI

- Warm-up
Rechcinski et al. [37] - 10-30 min cycling 3 6 - Cycling: Workload 10W—-100W

- 3045 min walking

- Resistance exercise

Moderate-to-high intensity inspiratory muscle training Aerobic exercise: 4-6 on the Borg scale.
Santos et al. (1) [38] . A . 12 2 60 ) i

Aerobic and resistance exercises Resistance exercise: 50% 1RM

Low intensity inspiratory muscle training Aerobic exercise: 4-6 on the Borg scale.
Santos et al. (2) [38] . . . 12 2 60 . )

Aerobic and resistance exercises Resistance exercise: 50% 1RM
Szmigielska et al. [24] Cycle ergometer interval training 8 3 45 60-80% HR/cserve and 11-16 on the Borg scale
Chuang et al. [25] Submaximal endurance training exercise (Virtual Reality) 12 2 30 85% HRynaz or 75% VO2peak
Wosornu et al. (1) [39] Aerobic training 24 3 12-60 Not reported
Wosornu et al. (2) [39] Resistance training 24 3 12-60 Not reported

1RM, one-repetition maximum; HR,.s¢, resting heart rate; HR;,, 42, maximal heart rate; HRcserve, heart rate reserve; VOzpeak, peak oxygen consumption.
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Table 2. Characteristics of the studies included in the systematic review.

N Outcomes
References Groups Age Surgery
(3/9) Test protocol Variables Results
. 9 ) . Pre: 459 4+ 94
Aikawa et al. (1) [29] 66 CABG 6-min walk test Distance (m)
(5/4) Post: 547 4 83*
. 9 . Pre: 9.7 £ 4.1
Aikawa et al. (2) [29] 66 CABG 1RM - Biceps Muscle strength (kg)
5/4) Post: 12.5 £ 4.9
. 9 . Pre: 19.3£9.3
Aikawa et al. (3) [29] 66 CABG 1RM - Quadriceps Muscle strength (kg)
(5/4) Post: 24.4 £ 9.1%*
CABG . . . . . . Pre:11.8 £3.3
Arak-Lukman et al. (1) [30] GIL: VOgpear >19 7 55.1 £10.1 Bicycle cardiopulmonary testing Exercise duration (min)
PCI Post: 15.1 £ 3.0%*
CABG . ) ) . Pre: 151.4 £ 329
Arak-Lukman et al. (2) [30] GIL: VOgpear >19 7 55.1 £10.1 Bicycle cardiopulmonary testing Maximal load (W)
PCI Post: 184.3 £ 21.1*
CABG . . ) VO, at maximal load Pre: 20.5 £ 1.1
Arak-Lukman et al. (3) [30] GI: VO2pear >19 7 55.1 +£10.1 Bicycle cardiopulmonary testing 4.
PCI (mL-kg *-min ") Post: 23.9 + 3.3*
CABG . . ) . N Pre: 134.8 £ 14.3
Arak-Lukman et al. (4) [30] GI: VO2pear >19 7 55.1 +£10.1 Bicycle cardiopulmonary testing Heart rate at maximal load (beats.min™ ")
PCI Post: 147.7 + 12.2*
CABG . . . . . . Pre: 7.5 +2.4
Arak-Lukman et al. (5) [30]  GII: VOgpear 11-19 24 61.1+£7.8 Bicycle cardiopulmonary testing Exercise duration (min)
PCI Post: 11.4 £ 1.9*%
CABG . . ) . Pre: 106.5 £ 26.7
Arak-Lukman et al. (6) [30]  GII: VOopear 11-19 24 61.1£7.8 Bicycle cardiopulmonary testing Maximal load (W)
PCI Post: 1454 £ 21. 2*
CABG ) . ) VO, at maximal load Pre: 155+ 2.4
Arak-Lukman et al. (7) [30]  GIL: VOgpear 11-19 24 61.1 £7.8 Bicycle cardiopulmonary testing I
PCI (mL-kg “'min ) Post: 18.9 4 3.2%
CABG . . ) . — Pre: 126.2 £ 10.1
Arak-Lukman et al. (8) [30]  GIL: VOgpear 11-19 24 61.1 +7.8 Bicycle cardiopulmonary testing Heart rate at maximal load (beats.min™ ")
PCI Post: 138.5 4+ 16.0*
CABG ) . ) . ) . Pre: 3.5 +£2.7
Arak-Lukman et al. (9) [30]  GIII: VOazpear <11 5 64.6 £ 8.9 Bicycle cardiopulmonary testing Exercise duration (min)
PCI Post: 7.8 £ 5.0%
Arak-Lukman et al. (10)[30] GIILVOspoar <11 5 646489 P9 Bicvele cardiopul testi Maximal load (W) Pre: 70.0 £ 25.5
rak-Lukman et al. : ca . . icycle cardiopulmonary testin aximal loa
2peck PCI Y P T feng Post: 114.0 + 51.8*
CABG . . . VO5 at maximal load Pre: 8.7 £ 2.1
Arak-Lukman et al. (11) [30]  GIII: VOazpear <11 5 64.6 £ 8.9 Bicycle cardiopulmonary testing N
PCI (mL-kg ~'min ") Post: 12.8 £+ 4.9*
CABG . . i . — Pre: 107.4 £20.1
Arak-Lukman et al. (12) [30] GIII: VOazpear <11 5 64.6 £ 8.9 Bicycle cardiopulmonary testing Heart rate at maximal load (beats.min™ ")
PCI Post: 121.6 £+ 11.8*
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Table 2. Continued.

References

Outcomes

Test protocol

Variables Results

Aronetal. (1) [31]

Aron et al. (2) [31]

Hermes et al. (1) [32]

Hermes et al. (2) [32] CR + inspiratory muscle training

Tliou et al. (1) [33]

Tliou et al. (2) [33]

Jelinek et al. (1) [34]

Jelinek et al. (2) [34]

Jelinek et al. (3) [34]

Jelinek et al. (4) [34]

Munk et al. (1) [35]

Munk et al. (2) [35]

Munk et al. (3) [35]

Munk et al. (4) [35]

Nilsson ez al. (1) [36]

N
Groups —— Age Surgery
379
150
Off pump 65.3 +10.3 CABG
(110/40)
145
On pump 649+ 9.5 CABG
(113/32)
12
CR 59.5+8.7 CABG
(10/2)
552+79 CABG
(7/5)
N 1821
Early rehabilitation 56.1£11.5 PCI
(1578/243)
. 1311
Late rehabilitation 573+£11.2 PCI
(1076/235)
22
CABG 62.5+9.9 CABG
(18/4)
22
CABG 62.5+9.9 CABG
(18/4)
16
PCI 649+ 88 PCI
(13/3)
16
PCI 649 + 88 PCI
(13/3)
20
- 57+ 14 PCI
17/3)
20
- 57+ 14 PCI
17/3)
20
- 57+ 14 PCI
17/3)
20
- 57+ 14 PCI
17/3)
PCI
- 86 57+9
CABG

Treadmill exercise test - Bruce protocol
Treadmill exercise test - Bruce protocol
Exercise stress test
Exercise stress test
6-min walk test
6-min walk test
6-min walk test
6-min walk test

Ergospirometry - 20 W/min ramp protocol

Ergospirometry - 20 W/min ramp protocol Ventilatory threshold (mL-kg ' min~')

Ergospirometry - 20 W/min ramp protocol
Ergospirometry - 20 W/min ramp protocol

Running protocol

Pre: 37.0 £ 11.0
Post: 38.9 £ 11.6*
Pre: 36.0 £ 11.1
Post: 38.2 4+ 12.0*
Pre: 26.0 £ 5.6
Post: 35.7 £ 4.9*%
Pre: 25.5 3.7
Post: 27.2 + 4.1
Pre: 105 4+ 35.5
Post: 133 444
Pre: 105 £ 38
Post: 130 £ 46
Pre: 504.3 £ 93.5
Post: 565.8 4 98.8*
Pre: 119+ 1.6
Post: 12.9 + 1.6*
Pre: 548.1 + 62.0
Post: 589.0 £ 78.1*
Pre: 12.6 £ 1.0
Post: 13.3 + 1,3*
Pre: 232 £ 5.7
Post: 27.1 £ 8.0*
Pre: 15.6 £5.0
Post: 20.4 £ 7.1*
Pre: 180 4= 49
Post: 202 4 46
Pre: 153 4+ 26
Post: 154 4 34
Pre: 31.9+ 7.6
Post: 35.9 + 8.6*

Grip strength

Grip strength
VOzpear (mL-kg ' min ')
VOspear (mLkg -mint)

Workload (W)

Workload (W)

Distance (m)
VOapeak (mLkg ' min™")

Distance (m)
VO2pear (mL-kg *-min 1)

VO2pear (mL-kg *min ')

Workload (W)
HRpeqr (beats.min™ o)

VOapear (ML-Kg™!-min")
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Table 2. Continued.

N Outcomes
References Groups _— Age Surgery
(A3/9) Test protocol Variables Results
i PCI . . . Pre: 569 + 104
Nilsson et al. (2) [36] - 86 57+9 Running protocol Exercise duration (s)
CABG Post: 645 + 107*
o L 49 . . Pre: 7.3 + 3.0
Rechcinski et al. (1) [37] Imcomplete revascularization 58£10 PCI Treadmill exercise test - Bruce protocol Workload (MET)
(36/13) Post: 8.8 + 2.9%
o o 141 . . Pre: 7.6 £2.8
Rechcinski ef al. (2) [37] Complete revascularization 58+9 PCI Treadmill exercise test - Bruce protocol Workload (MET)
(89/52) Post: 9.2 + 2.9%
12 . . . 4. Pre:19.3 £ 09
Santos et al. (1) [38] IMT + CT 55.0+£ 7.0 CABG Treadmill cardiopulmonary exercise test VOazpeqr (mL-kg -min ")
(8/4) Post: 23.6 £ 1.1%*
12 . . Pre: 412.9 + 53.1
Santos et al. (2) [38] IMT +CT 55.0+7.0 CABG 6-min walk test Distance (m)
(8/4) Post: 537.9 £ 56.8*
12 . . . 4. Pre:19.1 £ 0.8
Santos et al. (3) [38] Sham-IMT + CT 56.6 £55 CABG Treadmill cardiopulmonary exercise test VOzpeqr (mL-kg ™ -min)
9/3) Post: 22.3 4+ 0.4*
Sham 12 ) . Pre: 403.1 &+ 50.9
Santos et al. (4) [38] 56.6 £55 CABG 6-min walk test Distance (m)
IMT + CT 9/3) Post: 459.1 + 53.0*
. 72 . Pre: 90
Szmigielska et al. (1) [24] PCI 55.7+8.5 PCI Exercise test (cycle ergometer) Workload (W)
(72/0) Post: 120*
o 59 . Pre: 90
Szmigielska et al. (2) [24] CABG 564+ 89 CABG Exercise test (cycle ergometer) Workload (W)
(59/0) Post: 120*
. o . Non-VR: 3.7 = 0.8
Chuang et al. [25] Trained 20 65.7 £ 144 CABG Endurance training sessions Speed (mph)
VR: 4.6 + 1.4%
. 15 ) . ) . ) Pre: 791.2 4 306.5
Wosornu et al. (1) [39] Aerobic 57+9 CABG Treadmill exercise test - Balke II protocol ~ Exercise duration (min)
(15/0) Post: 891.4 4 287.9*
20 . . ) . . Pre: 800.4 £+ 290.5
Wosornu ef al. (2) [39] Power 60 + 6 CABG Treadmill exercise test - Balke II protocol ~ Exercise duration (min)
(20/0) Post: 900.3 4 300.8*

1RM, one-repetition maximum; VO2, oxygen consumption; VOspeqk, peak oxygen consumption; HReqr, heart rate peak; IMT + CT, inspiratory muscle training + combined; Non-VR, no

virtual reality; VR, virtual reality. * indicates statistical difference between groups.
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3.2.3 CABG

After pooling the data from 15 trials (6 studies, 428
individuals), the mean effect size was 1.01 (95% CI 0.61,
1.41), which indicates that exercise-based CR had a large
and significant effect on physical performance after CABG
(p < 0.05; Fig. 3). According to a random-effects analy-
sis, heterogeneity was observed among these studies (12 =
84.1%; O = 88.1, df = 14, p = 0.000).

3.2.4 Combined training

After pooling the data from 17 trials (6 studies, 556
individuals), the mean effect size was 1.04 (95% CI 0.70,
1.38), which indicates that combined training had a large
and significant effect on physical performance after CABG
and PCI (p < 0.05; Fig. 4). According to a random-effects
analysis, heterogeneity was observed among these studies
(I? = 85.9%; Q = 113.5, df = 16, p = 0.000).

3.2.5 Aerobic training

After pooling the data from 15 trials (3 studies, 3183
individuals), the mean effect size was 0.85 (95% CI 0.68,
1.01), which indicates that aerobic training had also a large
and significant effect on physical performance after CABG
and PCI (p < 0.05; Fig. 4). According to a random-effects
analysis, heterogeneity was observed among these studies
(I? = 56.0%; Q = 31.85, df = 14, p = 0.004).

3.2.6 High intensity interval training

After pooling the data from six trials (2 studies, 106
individuals), the mean effect size was 0.55 (95% CI 0.37,
0.73), which indicates that HIIT had a moderate and signif-
icant effect on physical performance after CABG and PCI
(p < 0.05; Fig. 4). According to a fixed-effects analysis,
no heterogeneity was observed among these studies (/2 =
0.0%; Q0 =4.47,df =5, p = 0.483).

3.2.7 Exercise-based CR duration: <8 weeks

After pooling the data from eight trials (3 studies, 3360
individuals), the mean effect size was 0.65 (95% CI 0.60,
0.69), which indicates that exercise-based CR lasting <8
weeks had a moderate and significant effect on physical
performance after CABG and PCI (p < 0.05; Fig. 5). Ac-
cording to a random-effects analysis, heterogeneity was ob-
served among these studies (/2 = 58.7%; Q = 5.53, df =7,
p=0.033).

3.2.8 Exercise-based CR duration: >8 and <12 weeks

After pooling the data from 22 trials (5 studies, 441
individuals), the mean effect size was 1.20 (95% CI 0.87,
1.53), which indicates that exercise-based CR lasting >8
and <12 weeks had a large and significant effect on phys-
ical performance after CABG and PCI (p < 0.05, Fig. 5).
According to a random-effects analysis, heterogeneity was
observed among these studies (/2 = 83.3%; O =125.9, df =
21, p=0.000).
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3.2.9 Physical performance variables: maximum oxygen
consumption

After pooling the data from 11 trials (6 studies, 204
individuals), the mean effect size was 1.33 (95% CI 0.78,
1.88), which indicates that exercise-based CR had a large
and significant effect on oxygen consumption after CABG
and PCI (p < 0.05; Supplementary Fig. 1). According
to a random-effects analysis, heterogeneity was observed
among these studies (/2 = 82.8%; Q = 58.0, df = 10, p =
0.000).

3.2.10 Physical performance variables: distance travelled

After pooling the data from five trials (3 studies, 59
individuals), the mean effect size was 0.98 (95% CI 0.47,
1.48), which indicates that exercise-based CR had a large
and significant effect on distance travelled after CABG
and PCI (p < 0.05; Supplementary Fig. 1). According
to a fixed-effects analysis, no heterogeneity was observed
among these studies (I2 = 47.3%; Q0 =759, df =4, p =
0.108).

3.2.11 Physical performance variables: exercise duration

After pooling the data from six trials (3 studies, 157
individuals), the mean effect size was 0.81 (95% CI 0.37,
1.25), which indicates that exercise-based CR had a large
and significant effect on exercise duration after CABG
and PCI (p < 0.05; Supplementary Fig. 1). According
to a random-effects analysis, heterogeneity was observed
among these studies (/2 = 58.7%; O = 12.11, df =5, p =
0.033).

3.2.12 Physical performance variables: workload

After pooling the data from five trials (3 studies, 3342
individuals), the mean effect size was 0.63 (95% CI 0.56,
0.71), which indicates that exercise-based CR had a mod-
erate and significant effect on workload after CABG and
PCI (p < 0.05; Supplementary Fig. 1). According to
a fixed-effects analysis, no heterogeneity was observed
among these studies (/2 = 31.0%; Q0 =580, df =4, p =
0.215).

3.3 Risk of bias

The risk of bias was assessed in the 13 included stud-
ies. Twelve studies did not present any major risk of
bias. Only one study showed the absence of allocation.
Thus, 92.3% of the studies showed consistent control of
the risk of bias and were classified as good quality studies
(Supplementary Table 1).

4. Discussion

The present study confirms that exercise-based CR
significantly affected physical performance after myocar-
dial revascularization. More specifically, aerobic and com-
bined training were the most efficient exercise-based CR
protocols for improving performance in patients who un-
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Study SMD 95% CI  Weight (%)

Iliou et al (1) 33
liou et al (2) 33
Jelinek et al (3) 3

. 0.70  0.63,0.77  52.59
. 059 0.51,0.67 38.50
—— 0.57 -0.14,127 047
Jelinek et al (4) 3 +— 059 -0.12,1.30 047
Munk et al (1) 35 + 0.55 -0.08,1.18  0.59
Munk et al (2) 35 + 0.77 012,141  0.57
Munk et al (3) 3 T 045 -0.17,1.08  0.60
Munk et al (4) 35 —>— 0.03 -0.59,0.65 0.6l
Rechcinski et al (1) 37 + 050 0.10,091 145
Rechcinski et al (2) 37 = 0.56 032,080  4.16
Overall (2 = 7.7%, p = 0.371) ’ 0.64  0.59,0.69 100.00

-6.76 0 6.76
CABG
Study SMD  95% CI Weight (%)
Aikawa et al (1) 2 —— 0.99 001,198  6.01
Aikawa ef al (2) 2 - 0.62 -033,157 6.18
Aikawa et al (3) 2 -+ 0.55 -0.39,1.50  6.20
Aron et al (1) 3! . 0.17 -0.06,039 9.17
Aron et al (2) 3! * 0.19 -0.04,042 9.16
Hermes ef al (1) 3 —— 1.84 088,281  6.09
Hermes et al (2) 3 —— 0.44 -038,125 6.81
Jelinek ef al (1) % - 0.64 003,125 7.77
Jelinek ef al (2) —— 0.63 002,123 7.77
Santos et al (1) 3 | —=—— 428 278,577 408
Santos ef al (2) 3 e 227 123,332 5.75
Santos ef al (3) 3 | ———— 506 336,676 351
Santos ef al (4) 3 —— 1.08 022,194 658
Wosornu et al (1) 3° T+ 034 -0.38,1.06 7.23
Wosornu et al (2) —— 034 -0.29,0.96 7.69
Overall (I2 = 84.1%, p = 0.000) ¢ 101 061,141 100.00
| : |
-6.76 0 6.76

Fig. 3. Forest plot of physical performance following physical training in patients undergoing CABG or PCI. SMD, standardized

mean difference.
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Combined training

Study SMD 95% CI  Weight (%)
Aikawa et al. (1) 2 —— 099 001,198 497
Aikawa et al. (2) 2 —_— 0.62 -0.33, 1.57 5.13
Aikawa et al. (3) 2 e 0.55  -0.39,1.50  5.15
Aron et al. (1) 3! -~ 0.17 -0.06, 0.39 8.17
Aron et al. (2) 3! |-0- ; 0.19 -0.04,042 8.16
Hermes et al. (1) 32 — 1.84 0.87,2.81 5.04
Hermes et al. (2) o 043  -037,125 574
Jelinek et al. (1) 34 e 0.50  -0.01, 1.01 7.13
Jelinek et al. (2) 34 - 057 011,102 737
Jelinek et al. (3) 3 Bt 0.44  -0.06,0.93 7.19
Jelinek et al. (4) 3 ; —_— 3.62 2.38,4.85 4.02
Rechcinski ez al. (1) 37 =l 0.51 0.11,0.91 7.58
Recheinski ef al. (2) 37 = 0.56 032,080  8.14
Santos et al. (1) 38 | —_— 4.28 2.78,5.77 3.23
Santos ef al. (2) 38 —— 227 123,332 473
Santos et al. (3) 38 | ——5.06 3.36, 6.75 2.74
Santos et al. (4) 3 —— 1.08 022,194 551
Overall (2 =85.9 %, p = 0.000) ‘ 1.04 0.70,1.38  100.00
T : T

-6.76 0 6.76
Study SMD  95%CI Weight (%)
Arak-Lukman et al. (1) 30 —— 1.05  -0.08,2.17 1.97
Arak-Lukman et al. (2) 30 —%*— 1.19 0.04,2.34 1.89
Arak-Lukman et al. (3) 30 —_— 1.38 0.20, 2.57 1.79
Arak-Lukman ef al. (4) % 1 097  -0.15,2.09  2.00
Arak-Lukman et al. (5) % | 1.80  1.13,248 495
Arak-Lukman et al. (6) 30 |——— 1.61 0.96,2.27 521
Arak-Lukman et al. (7)3° -‘:-0— 1.20 0.58, 1.82 5.75
Arak-Lukman et al. (8) 30 — 092 032,151  6.08
Arak-Lukman et al. (9)3° ——%o— 1.07  -0.28,2.42 1.41
Arak-Lukman et al. (10) 30 —_—— 1.08  -0.27,2.42 1.40
Arak-Lukman et al. (11)30 -—Et— 1.09  -0.26,2.44 1.40
Arak-Lukman et al. (12) 30 ——+— 0.86  -0.45,2.17 1.48
Iliou et al. (1) 3 . 0.70 0.63, 0.77 30.39
Iliou et al. (2) 3 . 0.59 0.51, 0.67 29.84
Wosornu et al. (1)3° —— 034 -038,1.06 4.42
Overall (2 =56.0 %, p = 0.004) ‘ 0.85 0.68, 1.01 100.00

T : T
-6.76 0 6.76
High-intensity interval training

Study SMD 95% CI  Weight (%)
Munk et al. (1) 35 - 0.55  -0.08,1.18  7.96
Munk et al. (2) 3% —— 0.77 0.12, 1.41 7.67
Munk et al. (3) 3 T 045 -0.17,1.08  8.06
Munk et al. (4) 3% - 0.03 -0.59, 0.65 8.29
Nilsson et al. (1) 3¢ "' 0.49 0.19,0.79 34.58
Nilsson et al. (2) 3¢ - 0.72 0.41,1.03 33.45
Overall (2= 0.0%, p = 0.483) ‘ 0.55 0.37,0.73  100.00

-6.76 0 6.76

Fig. 4. Forest plot of physical performance following combined, aerobic and HIIT training in patients undergoing myocardial
revascularization (CABG and PCI). SMD, standardized mean difference.
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Exercise-based CR duration: < 8 weeks

Study SMD  95%CI Weight (%)

070  0.63,0.77 53.16
0.59 0.51,0.67 38.92
063 002,123  0.65
Jelinek et al. (2) 3 061 001,122  0.65
Jelinek et al. (3) 3 1 0.56 -0.14,1.27 047

Iliou et al. (1) 3 .
Jelinek ef al. (4) 3 T 0.59 -0.12,1.30 047

Iliou et al. (2) 3
Jelinek et al. (1) 34

Rechcinski ef al. (1) 37 0.50 0.10,0.91 1.47
Rechcinski et al. (2) 37 0.56 0.32,0.80 4.20
Overall (12 = 58.7%, p = 0.033) 0.65  0.60,0.69 100.00

-6.76 0 6.76

Exercise-based CR duration: 8-12 weeks

Study SMD  95%CI Weight (%)
Arak-Lukman et al. (1) 39 + 1.05 -0.08,2.17 3.82
Arak-Lukman et al. (2) 30 —— 1.19  0.04,2.34  3.75
Arak-Lukman ef al. (3) 30 — 1.38  0.20,2.57  3.65
Arak-Lukman ef al. (4) 30 T 097 -0.15,2.09 3.85
Arak-Lukman et al. (5) 30 - 1.80  1.13,2.48 538
Arak-Lukman et al. (6) 30 ———— 1.61  0.96,227 546
Arak-Lukman et al. (7) 30 — 120 0.58,1.82  5.59
Arak-Lukman et al. (8) 30 — 092 0.32,1.51 5.67
Arak-Lukman et al. (9) 30 -—— 1.07 -0.28,2.42 3.20
Arak-Lukman et al. (10) 39 - 1.08 -0.27,2.42 3.20
Arak-Lukman et al. (11) 30 -+ 1.09 -0.26,2.44 3.20
Arak-Lukman et al. (12) 30 - 0.86 -045,2.17 3.30
Aron et al. (1) 3! = : 0.17 -0.06,0.39 6.75
Aron et al. (2) 3! -+ 0.19 -0.04,042 6.74
Hermes et al. (1) 32 _— 1.84 0.88,2.81 4.34
Hermes et al. (2) 32 —— 043 -037,125 4.89
Nilsson et al. (1) 3¢ * 049 0.19,0.80 6.58
Nilsson et al. (2) 3 = 072 041,1.03  6.57
Santos et al. (1) 3% : —— 428 278,577 2.84
Santos et al. (2) 38 :'—+— 227 123,332 408
Santos et al. (3) 38 : ———506 336,675 2.43
Santos et al. (4) 38 — 1.08  0.22,1.94 471
Overall (12 = 83.3%, p = 0.000) ’ 1.20 0.87,1.53 100.00
T ' I
-6.76 0 6.76

Fig. 5. Forest plot of physical performance following physical training with duration <8 weeks and between 8—12 weeks in patients
undergoing myocardial revascularization (CABG and PCI). SMD, standardized mean difference; CR, cardiac rehabilitation.

derwent myocardial revascularization (i.e., CABG or PCI). Although international guidelines emphasize exercise
In addition, the duration of the exercise-based CR was also prescription for CR [16], it is unclear which training pro-
an issue in these patients, as the results show that more ef-  gram is the safest or whether there is any training protocol
fective improvements require at least 8 to 12 weeks. that could negatively affect CR patients. Thus, this study
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evaluated, for the first time, the differences between three
programs of exercise (i.e., combined training, aerobic train-
ing, and HIIT) on physical performance in patients submit-
ted to myocardial revascularization.

The American Heart Association and the American
Association of Cardiovascular and Pulmonary Rehabilita-
tion have recommended that aerobic training (e.g., walk-
ing, treadmill, cycling, stair climbing, rowing) should be
performed for 20—-60 minutes per session, 3—5 sessions per
week, and at an intensity of 40-80% VOqp.qr (peak oxy-
gen uptake) or HR,, 4, (maximum heart rate), based on a
maximal exercise test. For resistance training (calisthenics,
hand weights, pulleys, dumb-bells, free weights, machine
weights), the recommendation is 1-3 sets or 10—15 repeti-
tions for 8—10 different exercises, 3 sessions per week (on
non-consecutive days) at 50% of the one-repetition max-
imum (IRM) progressing to 60-70% 1RM [40,41]. Our
findings support these recommendations and indicate that
aerobic or combined training may be more effective for CR
patients.

After a careful selection and quality assessment, three
guidelines on CR were included in a recent systematic re-
view: the International Council of Cardiovascular Preven-
tion and Rehabilitation (2016), National Institute for Health
and Care Excellence (2013) and Scottish Intercollegiate
Guideline Network (2017). By consensus, the three guide-
lines indicated that the CR should focus on exercise train-
ing, nutritional counseling, risk factor modification, psy-
chological management, and patient education. Specifi-
cally for regular physical activity, the counseling is to per-
form physical exercise 20—30 minutes a day, choosing the
exercise modality of your preference and gradually pro-
gressing the duration and intensity of sessions to increase
physical performance [42].

The meta-analysis demonstrated that two exercise
training protocols (aerobic and combined) effectively pro-
moted improvements in the physical performance of pa-
tients undergoing myocardial revascularization. In a com-
parative analysis of effect sizes, the combined training
showed the greatest effect size (1.06), followed by aerobic
training (0.79). Moreover, as expected, it was found that
physical performance increases proportionally to the train-
ing duration, since a period of 8-12 weeks had a greater
effect than training lasting up to 8 weeks (ES = 1.33 and
0.64, respectively).

Scientific evidence indicates that physical training re-
sults in improvements in physical performance, being a
key component of CR. Countless reasons explain the im-
provements in physical performance induced by exercise
training, such as the positive effect of training on muscle
strength and mobility in elderly patients [43], the restoration
of sensitivity to autonomic modulation in recently heart-
transplanted subjects [44], and the improvements in car-
diopulmonary fitness [45], and utilization of energetic sub-
strates [46].
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Aerobic training is an intervention recommended in
all international guidelines; however, differences are evi-
dent in the intensity and duration of exercise and frequency
of training sessions that are recommended. The most con-
tentious issue in cardiac patients is related to exercise in-
tensity, as the lower and upper safe and effective limits are
still debated in several guidelines worldwide [16]. Stud-
ies indicate that higher intensity exercise generally results
in more evident increases in cardiorespiratory fitness [47],
but it may be associated with an increased risk of cardiac
events [48] or not be personally acceptable and/or sustain-
able for some patients. Thus, the individualized prescrip-
tion of physical exercise must take into account the optimal
intensity, acceptability, and safety [49].

It is important to note that the population evaluated
in this review consists of patients who have already under-
gone an invasive cardiac remodeling procedure; they are in
a group with higher cardiac risk and are less susceptible to
adaptation to HIIT than other individuals. One of the rea-
sons that corroborate this statement is the small number of
studies that used HIIT (2 studies, 6 trials), probably due to
the individual assessments of the patients’ ability to adhere
to the training or to caution being used in prescribing this
type of training to these patients.

The meta-analysis showed that combined training ef-
fectively improved physical performance in patients after
myocardial revascularization, even though resistance train-
ing is not routinely included in exercise-based CR guide-
lines to the same level as aerobic exercise prescription [16].
In this sense, dynamic resistance training is also benefi-
cial for patients participating in CR, leading to an increase
in physical strength and improved independence in activi-
ties of daily living and positively influencing quality of life
[50]. Evidence indicates that combined training results in
a greater increase in muscle mass and a reduction in body
fat compared to aerobic training alone [51]. Thus, the pre-
scription of resistance training to an exercise-based CR pro-
gramme may also optimize responses to aerobic training as
a result of increased muscle strength, leading to more fa-
vorable effects on exercise performance [51].

In general, exercise-based CR can be part of the mul-
tidisciplinary approach during the late postoperative pe-
riod since exercise is part of the prevention and treatment
of chronic diseases that are risk factors for coronary syn-
dromes. The exercise prescription must respect patient
wellness and limitations and authorities’ recommendations
and be evidence-based to optimize adherence and, conse-
quently, the training results.

The present systematic review and meta-analysis in-
dicates that exercise-based cardiac rehabilitation increases
physical performance after myocardial revascularization.
The prescription of physical training for these patients
should emphasize aerobic and combined training lasting 8—
12 weeks, which are more effective in improving physical
performance.
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