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Abstract

Exercise program has been associated with improved cardiovas-
cular outcomes in patients sustaining coronary artery disease.
However, little is known about the role of exercise after percuta-
neous coronary intervention (PCI). Published literature was
searched from Embase, PubMed, Wanfang Data, Cochrane Data-
base of Systematic Reviews, China National Knowledge Infra-
structure (CNKI) and Central Database. Exercise versus no exer-
cise following PCI in the patients with coronary heart disease
(CHD) was investigated in randomized trials. Left ventricular end
diastolic diameter (LVEDD), left ventricular ejection fraction
(LVEF), 6-minute walking distance (6MWD), cardiac death, my-
ocardial infarction, coronary angioplasty, coronary artery bypass
surgery (CABG), and angina pectoris or restenosis per random-
ized patients were analyzed by meta-analytic procedure to com-
pare the curative effect of exercise program with exclusive exer-
cise program after PCI. Ten randomized controlled trials includ-
ing 1274 subjects (636 in exercise group and 638 in control
group) were analyzed. The meta-analysis demonstrated that
LVEF was significantly improved in exercise group (MD = 2.82,
95% CI [1.50, 4.14], p < 0.05). In contrast, the incidence rate of
cardiac death (RR = 0.24, 95% CI [007, 0.76], p = 0.02), myocar-
dial infarction (RR = 0.23, 95% CI [0.09, 0.57], p = 0.002), coro-
nary angioplasty (RR = 0.47, 95% CI [0.26, 0.84], p = 0.01), an-
gina pectoris (RR = 0.39, 95% CI [0.24, 0.64], p = 0.0002) and
restenosis (RR = 0.36, 95% CI [0.16, 0.83], p = 0.02) were sig-
nificantly lower in exercise group. LVEDD (MD =-2.01, 95% CI
[-4.72, 0.70]), 6MWD (MD = 50.85, 95% CI [-13.24, 114.94)),
and CABG (RD =-0.01, 95% CI [-0.05, 0.03]) were not signifi-
cantly different in the patients with or without exercise (p =0.71).
Trial sequential analysis reflected traditional meta-analysis might
generate a false positive conclusion for MI and cardiac death.
There was no firm evidence to support the beneficial effects of
exercise after PCI for the CHD patients to improve heart function
or to reduce the incidence of adverse cardiovascular events.

Key words: Exercise, percutaneous coronary intervention, coro-
nary heart disease, heart function, cardiovascular events, meta-
analysis.

Introduction

Cardiovascular disease (CVD) is a common cause of socio-
economic and healthcare problems globally. Morbidity,
mortality and disability caused by CVD are on the rise an-
nually, accounting for the world 30% of all-cause mortality
and 10% of disability (Wong et al., 2012). By far, the cor-
onary heart disease (CHD) is the major cause of death
worldwide. Percutaneous coronary intervention (PCI) has

been widely used in the treatment of CHD, which greatly
improves survival rate and quality of life in patients with
CVD, especially angina pectoris or myocardial infarction
(Hillis et al., 2012; Yuan and Chen, 2013). However, PCI
preoperative coronary stenosis or occlusion following the
pathological changes in myocardial ischemia or necrosis
may seriously influence cardiac function, and PCI postop-
erative restenosis and myocardial ischemia may further im-
pact the long-term curative effect of PCI(Buttar et al.,
2005). In addition to strengthening the antithrombotic, ef-
fective rehabilitation exercise training can improve is-
chemic myocardial blood supply, improve the patient's
quality of life, reduce mortality, and prevent development
of the coronary atherosclerosis.

At present, a large number of randomized con-
trolled trials have shown that exercise can delay the process
of atherosclerosis and reduce the incidence of CHD such
as arterial hypertension, diabetes mellitus, and hypercho-
lesterolemia. A systematic review of 63 randomized trials
of exercise-based cardiac rehabilitation, which included
patients suffered a myocardial infarction, or undergone ei-
ther coronary artery bypass graft (CABG) or PCI proce-
dures, reported an absolute reduction in the risk of cardio-
vascular mortality from 10.4% to 7.6% (Abell et al., 2017).
Most studies also showed improvements in quality of life
and a reduction in acute hospital admissions. There were
also other evidence-based studies confirmed that exercise-
based cardiac rehabilitation reduced cardiovascular mortal-
ity and improved quality of life (Anderson et al., 2016;
Fletcher et al., 2018; Lavie et al., 2016). Those findings
raise a question, that is, whether the combination of exer-
cise and PCI results in better outcome than PCI alone.
Therefore, this systematic review was designed to analyze
outcomes of combination of PCI and exercise in compari-
son to PCI alone.

Methods

Search strategy

In this systematic review, randomized controlled trials
(RCT) were searched from Embase (1980-July 2018),
PubMed (1966-July 2018), Wanfang Data (1998 —July
2018), Cochrane Database of Systematic Reviews (Issue 1,
2018), Chinese National Knowledge Infrastructure (CNKI,
1980—July 2018) and Cochrane Central Register of Con-
trolled Trials (CENTRAL). The following keywords were
used for searching databases: coronary disease, CHD,
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sport, exercise, physical fitness, rehabilitation, physical ac-
tivity, training, percutaneous coronary intervention, angio-
plasty, and PCI. The bibliographies of retrieved trials as
well as the review articles were retrieved. If there was a
lack of information or test report was unknown for the
meta-analysis, researchers would write letters to pertinent
authors to get the information and report, so that the inclu-
sion of literature data could be maximized.

Selection of studies

The inclusion criteria were the articles that were associated
with: 1) Patients with established CHD who underwent
coronary stenosis < 50% after PCI; 2) Comparisons of ex-
ercise versus usual care without exercise; 3) More than one
outcome measurements as following: Left ventricular end
diastolic diameter (LVEDD), Left ventricular ejection frac-
tion (LVEF), 6-minute walking distance (6MWD), cardiac
death, myocardial infarction, coronary angioplasty, angina
pectoris, coronary artery bypass surgery (CABG), and
restenosis; 4) Publication in English or Chinese; 5) RCTs.
The articles were excluded based on the four exclusion cri-
teria: 1) Studies related to neither exercise nor PCI; 2) In-
accurate or incomplete report, or providing no outcome
study; 3) Duplicated publications; 4) Observational studies
or case report.

Each aforementioned trials identified by search-
ing activities were distributed to one review topic or topics.
The data that were extracted from review were input in
Thomson Research Software (EndNote X4) to examine
their accuracy. If there were any unclear information, fur-
ther details would be offered by the original reports. “Pend-
ing”, “included” and “excluded (reason)” were listed in the
column of “notes”, and from references, the “pending” re-
ports would be retraced.

Quality assessment

Based on the Cochrane handbook for Systematic Reviews
of Interventions 5.1.0 recommended by Cochrane Collab-
oration, an assessment was made on the quality of the in-
clusive studies. There are 7 aspects included in the evalua-
tion items: allocation concealment, double blind of both
provider and participants, blind of the outcome assessment,
generation of random sequence, selective reporting, in-
complete outcome data and other biases. All documents
conforming to these 7 items were judged as "low risk", "un-
clear risk" as well as "high risk".

Data extraction
One form was designed for the extraction of data, which
included first author, publication year, objects’ features,
follow-up, treatment types and outcome measurements.
The selection of literature, extraction of data and
quality assessment were implemented by the two authors
(HZ and RC). In case of disagreement, it was discussed and
consulted with a third person.

Statistical analysis

The statistical analysis was conducted in Review Manager
(RevMan5.3) produced by Cochrane Collaboration. The
Risk Ratio (RR) and 95% CI showed the meta-analysis re-
sult for binary data classification. Mean difference (MD)

and 95% CI showed the meta-analysis result for continuous
outcomes.

Chi-square test was used to measure the heteroge-
neity among all studies, and the estimation of 1> was also
made. A fixed effect model would be adopted if heteroge-
neity was not significant in all the inclusive studies (P >
0.1, I< 50%); while random model was used if the heter-
ogeneity was statistically significant in all-inclusive stud-
ies (p < 0.1, I>>50%). The subgroup analyses on the basis
of interventions were supposed to be proposed, so that het-
erogeneity sources would be detected, if sources could not
be identified, the combined random effects model was
used. Small-study publication bias was assessed by exam-
ining Begg’s and Egger’s test.

Trial sequential analysis

Trial sequential analysis (TSA) is a method for estimating
sample size, which can adjust random errors and calculate
the sample size, by using the TSA 0.9 Beta (available at
http://www.ctu.dk/tsa). We estimated a diversity-adjusted
and required information size (DARIS), consisted of 2-
sided testing, type I error o = 5% and power = 80%. We
tested the hypothesis that IVUS guidance could yield a
50% relative reduction in the risk of myocardial infarction
and cardiac death, respectively, with an anticipated event
rate of 5% for myocardial infarction and 4% for cardiac
death in the control group. The main results were displayed
in a graph of the cumulative Z curve, and the O'Brien-
Fleming a-spending function was used to determine the
boundaries in this graph for concluding superiority, inferi-
ority, or non-inferiority.

Results

Study selection

Total 502 articles were found with the search strategy. Af-
ter excluding the duplicates, 467 studies were screened,
and 447 impertinent citations were excluded. After the full
texts of 20 inclusive articles and those in pending lists were
reviewed, other 10 articles were excluded. Finally, only 10
published RCTs (Belardinelli et al., 2001; Hofman-Bang et
al., 1999; Kubo et al., 1992; Lee et al., 2013; Mei et al.,
2009; Munk et al., 2009; Niu et al., 2017; Vasiliauskas et
al., 2007; Wang, 2016; Xu et al., 2017) from 1992 to 2017
were included in this meta-analysis, with 6 English articles
and 4 Chinese articles (Figure 1).

Quality assessment and publication bias

Figure 2 and Figure 3 showed the summary of results of
the quality assessment for inclusive studies. One trial was
double-blinded (Belardinelli et al., 2001). There were 5 tri-
als (Belardinelli et al., 2001; Mei et al., 2009; Munk et al.,
2009; Wang, 2016; Xu et al., 2017) reference to randomi-
zation used computer-generated random sequence as well
as random number tables, while other studies no descrip-
tion about how to carry out randomization. None of the in-
cluded trials described how to allocate patients conceal-
ment and there were comparable baselines in 9 trials
(Belardinelli et al., 2001; Hofman-Bang et al., 1999; Kubo
etal., 1992; Lee et al., 2013; Mei et al., 2009; Munk et al.,
2009; Vasiliauskas et al., 2007; Wang, 2016; Xu et al.,
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2017). The blinded data analysis was independent of trial
of each study. The incomplete or selective report did not
exist. Generally, the quality of the studies of this meta-
analysis was moderate.

The P value of Begg's test for LVEF was 1.000, Eg-
ger's test was 0.996. The P value of Begg's test for MI was
0.707, Egger's test was 0.76. Neither Begg's test nor Eg-
ger's test showed the potential for publication bias.
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Figure 1. Flow diagram of study searching strategy.
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Figure 2. Quality assessment summary for included studies.

Characteristics of study selection

The characteristics of the inclusive studies were shown in
Table 1. This meta-analysis involved a total of 1274 CHD
patients (randomized population, 636 in exercise group and
638 in control group) who received PCI. The mean age of
participants ranged between 53 and 61, the sample size was
between 38 and 300 people, and the follow-up time was
between 6 and 38 months. The characteristics of the exper-
imental interventions and control interventions were varia-
ble.

Cardiac function

LVEF

Five RCTs (Belardinelli et al., 2001; Niu et al., 2017,
Vasiliauskas et al., 2007; Wang, 2016; Xu et al., 2017) re-
ported 373 and 362 patients who received PCI in exercise

group and control group, respectively. This meta-analysis
demonstrated that the statistical heterogeneity existed be-
tween the two groups (p = 0.69, I = 0.01%), and thus, the
random effect model was utilized to merge. A statistically
significant difference of LVEF between the two groups
was found (MD = 2.82, 95% CI [1.50, 4.14], p < 0.0001,
Figure 4).

LVEDD

Three RCTs (Belardinelli et al., 2001; Vasiliauskas et al.,
2007; Xu et al., 2017) reported that 212 and 209 patients
received PCI in the exercise group and control group,
respectively. Meta-analysis of these studies demonstrated
that statistically significant heterogeneity existed between
the two groups (p = 0.0008, 12 = 86%), and thus, random
effect model was used to merge. No statistically significant
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difference of LVEDD was found between the two groups
(MD =-2.01, 95% CI [-4.72, 0.70], p = 0.15, Figure 4).
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Figure 3. Methodological quality assessment for each
included study

6MWD

Two RCTs (Vasiliauskas et al., 2007; Xu et al., 2017) re-
ported that 153 and 150 patients received PCI in the exer-
cise group and control group, respectively. Meta-analysis
of the studies demonstrated that statistically significant het-
erogeneity existed between the two groups (p < 0.00001, I?
=99%), and thus, random effect model was used to merge.
No significant difference of 6MWD between the two
groups was found (MD = 50.85, 95% CI [-13.24, 114.94],
p =0.12, Figure 4).

Major adverse cardiovascular events

Cardiac death

Four RCTs (Belardinelli et al., 2001; Lee et al., 2013; Mei
et al., 2009; Niu et al., 2017) reported that, of the 378 and
372 patients who received PCI with or without exercise,
respectively, 3 and 14 patients had cardiac death, respec-
tively. There was no statistically significant heterogeneity
in the two groups (p = 0.39, 12 = 0%), and thus, fixed effect
model was used to merge. A significant difference in the
cardiac death rate between both groups was found (RR =
0.24, 95% CI [007, 0.76], p = 0.02, Figure 5).

Myocardial infarction

Six RCTs (Belardinelli et al., 2001; Lee et al., 2013; Mei
et al, 2009; Munk et al., 2009; Niu et al., 2017,
Vasiliauskas et al., 2007) reported that, of the 444 and 433
patients who received PCI with or without exercise, respec-
tively, 5 and 23 patients had myocardial infarction, respec-
tively. There was no statistically significant heterogeneity

between the two groups (p = 0.51, 1> = 0%), and thus, fixed
effect model was used to merge. A statistically significant
difference in the myocardial infarction rate was found be-
tween the two groups (RR =0.23, 95% CI [0.09, 0.57], p =
0.002, Figure 5).

Coronary angioplasty

Three RCTs(Belardinelli et al., 2001; Mei et al., 2009;
Munk et al., 2009) reported that, of the 229 and 229 pa-
tients who received PCI with or without exercise, 15 and
32 patients had coronary angioplasty, respectively. There
was no significant heterogeneity between the two groups
(P =0.64, I> = 0%), and thus, fixed effect model was used
to merge. A statistically significant difference in the coro-
nary angioplasty rate was found between the two groups
(RR =0.47, 95% CI [0.26, 0.84], p = 0.01, Figure 5).

Angina pectoris

Four RCTs (Mei et al., 2009; Munk et al., 2009; Niu et al.,
2017; Vasiliauskas et al., 2007) reported that, of the 397
and 384 patients who received PCI with or without exer-
cise, 20 and 50 patients had angina pectoris, respectively.
There was no significant heterogeneity between the two
groups (p = 0.43, I =0%), and thus, fixed effect model was
used to merge. A statistically significant difference in the
angina pectoris rate was found between the two groups (RR
=0.39, 95% CI [0.24, 0.64], p = 0.0002, Figure 5).

CABG

Four RCTs (Belardinelli et al., 2001; Hofman-Bang et al.,
1999; Munk et al., 2009; Vasiliauskas et al., 2007) reported
that, of the 220 and 210 patients received PCI with or with-
out exercise, 11 and 12 patients had CABG, respectively.
There was no significant heterogeneity between the two
groups (p = 0.45, 1> =0%), and thus, fixed effect model was
used to merge. No significant difference in CABG rate was
noticed between the two groups (RR = 0.86, 95% CI [0.40,
1.87], p=0.71, Figure 5).

Restenosis

Five RCTs (Belardinelli et al., 2001; Kubo et al., 1992; Lee
et al., 2013; Mei et al., 2009; Vasiliauskas et al., 2007) re-
ported that, of the 359 and 358 patients who received PCI
with or without exercise, 23 and 53 patients had restenosis,
respectively. There was significant heterogeneity between
the two groups (p = 0.06, I = 56%), and thus, random ef-
fect model was used to merge. A statistically significant
difference in the restenosis rate was found between the two
groups (RR = 0.36, 95% CI [0.16, 0.83], p = 0.02, Figure
6).

Trial sequential analysis

As shown Figure 7 and 8, trial sequential analysis for the
evaluation of myocardial infarction revealed that only
48.35% of the required sample size (1814 patients) was ac-
crued in the current analysis. For the assessment of cardiac
death, only 32.82% of the required sample size (2285 pa-
tients) was accrued in the current analysis. The cumulative
Z curves crossed the traditional boundary for superiority,
but did not cross TSA boundary, indicating the traditional
meta-analysis might generate a false positive conclusion.
Therefore, more trials need to be included in the future
analysis in order to confirm the efficacy.
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Table 1. Characteristics of included studies.

Author, year Sample size, Mean age,  Descrip- Exercise Control Outcome measures Follow-up
gender M/F years (SD) tion of PCI interventions interventions
Belardinelli, Exercise: 53(11) PCI with or Begin exercise 25d after Basic daily LVEF; LVEDD; cardiac 6 months
2001 59,49/10 59 (10) without  PCI; 30 min stretching, calis- mild physical death; myocardial infarc-
Control: stent thenics and pedaling; pro-  activities and tion; coronary angio-
59,50/9 gram were supervised by  pharmacologi- plasty; CABG; restenosis
cardiologist 3 times per week  cal therapy
lasted 6 months.
Hofman- Exercise: 53 (7) PCIwith  Begin physical exercise after ~ Usual care Myocardial infarction; 24 months
Bang, 46,37/9 53 (7) stent PCI; 4 times per week lasted CABG
1999 Control: 12 months.
41,36/5
Kubo, 1992 Exercise: 59 (12) PCI Begin exercise 7d after PCI;  No exercise Restenosis 12 weeks
18,14/4 58 (10) 30-40 min treadmill or out-
Control: door walk-run program; 6
20,16/4 times per week lasted 12
weeks
Lee, 2013 Exercise: 58.8 (10.8) PCIwith  Begin exercise after PCI; 10 No exercise  Cardiac death; myocar- 9 months
37,30/7 60.3(8.7) drug-elut-  minute warm-up, 40 minute dial infarction; CABG
Control: ing stent aerobic exercise on a tread-
37,31/6 mill or bicycle ergometer, 10
minute cool-down phase; su-
pervised exercise under pre-
scription for 6 weeks and
community-based / self-man-
aged exercise 6 times per
week over 9 months
Mei J, 2006 Exercise:  67.0 (9.1) PCIwith  Begin exercise after PCI; 10-  Usual care Cardiac death; myocar- 6, 12, 38
150 stent 20 minutes walking every dial infarction; coronary months
Control: time; 2 times per day and 14 angioplasty; CABG;
150 times per week lasted 6 restenosis; angina pec-
months toris
Munk, 2009 Exercise: 57(14) PCIwith  Begin 11 £4 d after PCI; 1  No exercise Myocardial infarction; 6 months
20,17/3 61 (10) drug-elut- hour of interval and pharmaco-  coronary angioplasty;
Control: ing stent or training on treadmill or  logical therapy = CABG;angina pectoris
20,16/4 bare metal treadmill + strength training;
stent 3 times a week lasted 6
months
Niu F, 2017 Exercise: 62.63 (2.23) PCI Begin 30 days after PCI; 20-  Usual care LVEF; cardiac death; 6 months
124,63/61 62.32 (2.53) 30 minutes walking every myocardial infarction;
Control: time; 2 times per week lasted angina pectoris
132,73/59 8-12 months.
Vasiliauskas, Exercise: 58.4 (4.3) PCI with Begin shortly after PCI;  Pharmacologi- LVEF; LVEDD; CABG; 6 months
2007 95 59.5(5.2) balloon Imonth stationary, 3 months  cal therapy  angina pectoris; resteno-
Control: dilatation outpatient, 2 months at sis; 6BMWD
90 home; 4 months 20 to 40 min
treadmill, 2 months
30-60 min treadmill; 7 times
per week lasted 6 months
Wang, 2016 Exercise: 55.28(3.10) PCIwith  Begin exercise after PCI; 30- Pharmacologi- LVEF 6 weeks
29,2019  54.14(4.87) stent 60 minutes treadmill every  cal therapy
Control time; 3-4 times per week
29,19/10 lasted 6 weeks
Xu, 2017 Exercise: 56.40(8.12) PCI Begin exercise after PCI; 1-2  Usual care LVEF; LVEDD; 6MWD 6 months

58,46/132 58.62(7.96)
Control:
60,47/13

months 30 to 40 minutes
walking, 2-3 months 30—40
minutes rehabilitation gym-
nastics exercise; 3 times per
week lasted 3 months.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV. Random,95% CI 1V. Random. 95% Cl
1.1.1 LVEF
Belardinelli2001 573 15 58 493 15 59 9.2% 8.00[2.59, 13.41] =
Niu F2017 48.714 221 132 4542 286 124 11.0% 3.32 [2.69, 3.95] ¥
Vasiliauskas2007 4529 655 95 4459 6.96 90 10.8% 0.70 [-1.25, 2.65] i
Wang YM2016 5383 27 29 5179 206 29 11.0% 2,04 [0.80, 3.28] i
Xu YM2017 619 741 58 578 64 80 10.6% 4.10 [1.66, 6.54] hd
Subtotal (35% CI) 373 362 527% 2.82 [1.50, 4.14] it
Heterogeneity: Tau® = 1.29; Chi* = 12.71, df = 4 (P = 0.01); # = 69%
Test for overall effect: Z = 4.19 (P < 0.0001)
1.1.2 LVEDD
Belardinelli2001 852 4 59 544 6 59 10.8% 0.80 [-1.04, 2.64] [
Vasiliauskas2007 5229 23 95 5499 24 90 11.0% -2.70 [-3.38, -2.02] "
Xu YM2017 496 9.1 68 543 B89 60 10.3% -4.70 [-7.95, -1.45] *
Subtotal (95% Cl) 212 209  32.2% -2.01[-4.72, 0.70] 4
Heterogeneity: Tau? = 4.68; Chi? = 14,29, df = 2 (P = 0.0008); I = 86%
Test for overall effect: Z = 1.45 (P = 0.15)
1.1.3 6MWD
Vasiliauskas2007 520.29 1838 95 436.79 321 90 8.0%  83.50([75.87,91.13] o0
Xu YM2017 4346 249 58 416.5 25.1 60 72% 18.10[9.08, 27.12] o
Subtotal (95% CI) 153 150 15.1% 50.85 [13.24, 114.94] e
Heterogeneity: Tau? = 2120.40; Chi? = 117.64, df = 1 (P < 0.00001); * = 99%
Test for overall effect: Z = 1.55 (P =0.12)
Total (95% Cl) 738 721 100.0% 9.08 [5.02, 13.13] ¢
Heterogeneity: Tau? = 38.65; Chi? = 656.41, df = 9 (P < 0.00001); I = 99% 00 % i - 00
Test for overall eﬁe(_:t: 2=439 (P_< 0.0007) Favours [control] Favours [experimental]
Test for subaroun differences: Chi? = 12.10. df = 2 (P = 0.002). I? = 83.5%

Figure 4. Cardiac function comparison between exercise group and no exercise group.

Discussion

In the present meta-analysis of 10 RCTs comprising a total
of 1274 patients (636 in exercise group and 638 in control
group), we found that combination of exercise and PCI was
associated with a reduced risk of cardiac death, MI, coro-
nary angioplasty, angina pectoris and restenosis in compar-
ison to PCI alone; and that LVEF was significantly im-
proved in the patients with exercise than that in the patients
without exercise. There was no significant difference in
LVEDD, 6MWD or CABG between the two groups of PCI
with or without exercise. In addition, trial sequential anal-
ysis reflected traditional meta-analysis might generate a
false positive conclusion in MI and cardiac death. Findings
of the current analysis did not support the beneficial effects
of exercise after PCI.

CHD is caused by coronary atherosclerotic plaque
formation leading to vascular stenosis or obstruction
caused by the supply area of myocardial ischemia, hypoxia
or necrotic lesions. In recent years, diagnosis and treatment
of coronary heart disease has been in the increasing trend
and improved by the traditional drug treatment as well as
by PCI as the main treatment strategy. After the PCI, exer-
cise rehabilitation has become a secondary postoperative
treatment in addition to the conventional drug therapy. The
guidelines published by WHO in 2007 on “the cardiovas-
cular risk factor evaluation and treatment” recommended
that the incidence of cardiovascular disease and mortality
are closely related to whether the individual exercise re-
gardless of gender, age, and that 33.3% of coronary heart
disease-associated deaths are due to lack of exercise(Back
et al., 2008; Kachur et al., 2017). For patients with CHD
who had PCI and conventional pharmacological therapy,
individualized exercise rehabilitation training, can improve
the patient's cardiac function and reduce the incidence of

adverse cardiovascular events and restenosis (Deniz Acar
etal., 2014). While safety should be concerned, Lavie et al.
(2016) found that the safety of patients with exercise reha-
bilitation following PCI was not an issue in these patients,
and that beneficiary effect of exercise rehabilitation lasted
long-term even after quitting the exercise, which was con-
sistent with the finding of this study.

Cardiac function is important in predicting long-
term prognosis in the patients had PCI. In this regard, if a
patient's heart function improved significantly following
PCI treatment, he/she will have a favored long-term prog-
nosis. LVEF, LVEDD, 6MWD are commonly used for the
evaluation of cardiac function. Cardiac function in the pa-
tients who had exercise rehabilitation 6 months after PIC
was significantly improved compared with the patients re-
ceived conventional treatment group. Long-term standard-
ized exercise rehabilitation can prevent or even reverse the
occurrence of myocardial remodeling, which may improve
patient's heart functions including myocardial contractility,
ejection fraction, and blood supply to the tissues. This was
demonstrated by the significant increase of 6MWD in the
patients had exercise other than the conventional treatment.
Haykowsky et al. (Haykowsky et al., 2011) found that
LVEF was significantly improved in 1029 patients with
acute myocardial infarction who had exercise rehabilita-
tion for 3 months. Jelinek et al (Jelinek et al., 2013) re-
ported that 6MWD and peak oxygen uptake (VO,max)
were significantly improved after a period of 6 weeks of
cardiac rehabilitation in 38 patients with coronary heart
disease. Poortaghi et al. (Poortaghi et al., 2013) conducted
a randomized controlled trial in 40 cases of control or 40
patients with 45 days of rehabilitation training, found that
the exercise capacity and cardiac function were improved
more significantly in experimental group than control

group.
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Experimental Control Risk Ratio Risk Ratio
| | 1 0 T 0,

2.1.1 Cardiac death
Belardinelli2001 0 59 0 59 Not estimable
Lee2013 0 37 1 39 11% 0.35[0.01, 8.35]
Mei J2006 1 150 10 150 7.5% 0.10[0.00, 070 — -
Niu F2017 2 132 3 124 23% 0.63 [0.11, 3.69] =
Subtotal (95% CI) 378 372 10.9% 0.24 [[0.07. 0.76] i
Total events 3 14
Heterogeneity: Chi? = 1.90, df = 2 (P = 0.39); I = 0%
Test for overall effect: Z = 2.42 (P = 0.02)
2.1.2 Myocardial infarction
Belardinelli2001 1 59 3 59 22% 0.33[0.04, 3.11] e
Hofman-Bang1999 0 46 1 41 1.2% 0.30[0.01, 7.12]
Lee2013 0 37 0 39 Not estimable
Mei J2006 1 150 14 150 10.5% 0.07[0.01,054 ¥
Munk2009 1 20 1 20 07%  1.00[0.07, 14.90]
Niu F2017 2 132 4 124 31% 0.47 [0.09, 2.52] e
Subtotal (95% CI) 444 433 17.7%  0.23[0.09, 0.57] ~—
Total events 5 23
Heterogeneity: Chi? = 3.27, df =4 (P = 0.51); I = 0%
Test for overall effect: Z = 3.14 (P = 0.002)
2.1.3 Coronary angioplasty
Belardinelli2001 4 59 11 59 82% 0.36 [0.12, 1.08] — = |
Mei J2006 10 150 17 150 12.7% 0.59 [0.28, 1.24] Tl i
Munk2009 1 20 4 20 3.0% 0.25 [0.03, 2.05] [——
Subtotal (95% CI) 229 229 23.9% 0.47 [0.26, 0.84] -
Total events 15 32
Heterogeneity: Chi? = 0.91, df = 2 (P = 0.64); I = 0%
Test for overall effect: Z = 2.54 (P = 0.01)
2.1.4 Angina pectoris
Mei J2006 9 150 18 150 13.4% 0.50 [0.23, 1.08] =5 |
Munk2009 2 20 4 20 3.0% 0.50 [0.10, 2.43] e
Niu F2017 6 132 11 124 85% 0.51[0.20, 1.34] i
Vasiliauskas2007 3 95 17 90 13.0% 0.17 [0.05, 0.55] —_———
Subtotal (95% CI) 397 384 37.9%  0.39[0.24, 0.64] -
Total events 20 50
Heterogeneity: Chi2 = 2.75, df =3 (P = 0.43); 2= 0%
Test for overall effect: Z = 3.72 (P = 0.0002)
2.1.5 CABG
Belardinelli2001 2 59 5 59 3.7% 0.40 [0.08, 1.98] T
Hofman-Bang1999 5 46 6 41 4.7% 0.74 [0.24, 2.25] v j—
Munk2009 1 20 0 20 04%  3.00[0.13, 69.52]
Vasiliauskas2007 3 95 1 90 08%  2.84[0.30, 26.82] = =l
Subtotal (95% CI) 220 210 9.6% 0.86 [0.40, 1.87] -
Total events 1" 12
Heterogeneity: Chi? = 2.65, df = 3 (P = 0.45); I? = 0%
Test for overall effect: Z = 0.37 (P = 0.71)
Total (95% CI) 1668 1628 100.0% 0.41 [0.30, 0.55] L 4
Total events 54 131 ) : : A
Heterogeneity: Chi* = 14.84, df = 18 (P = 0.67); I’ = 0% {0.01 Ofi 1 1‘0 100;
Test for overall effect: Z = 5.78 (P_': 0.00001) Favours [experimental] Favours [control]
Test for subaroun differences: Chi? = 6.21. df = 4 (P = 0.18). > = 35.6%

Figure 5. Adverse cardiovascular events comparison between exercise group and no exercise group.

Studies have also shown that exercise rehabilitation
can reduce the level of hypersensitive C-reactive protein
(C-RP) and inflammatory cytokines (TNF-a, IL-6) in pa-
tients with coronary heart disease after PCI (Kim et al.,
2008; Munk et al., 2011). Cardiovascular protective factor
(growth differentiation factor — 15) and vascular endothe-
lial nitric oxide synthase were up-regulated after exercise
training, which further improved the coronary artery endo-
metrial relaxation through increasing coronary endothelial
cell nitric oxide levels (Hambrecht et al., 2003; Munk et
al., 2009). Moderate exercise is also conducive to the cor-
onary artery by reducing the risk of atherosclerosis for-
mation. Rehabilitation exercise can improve the autonomic
nervous function, improve the maximum oxygen uptake

capacity of the muscle, reduce the level of myocardial ox-
idative stress, prevent the extracellular matrix collagen
abnormal degradation and fibrosis, and improve ventricu-
lar remodeling and pumping function (Shuichi et al., 2004;
Zheng et al., 2008). By which mechanisms, cardiac func-
tion of the patients with CHD and PCI treatment was sig-
nificantly improved while the incidence rate of the major
adverse cardiac events (MACE) was reduced.

There are some limitations in the current analysis.
Most importantly, the studies enrolled into this review
were heterogeneous. The exercise programs varied that
limited comparability. The degree of cardiac function in
patients with regular exercise programs is related to exer-
cise intensity and energy consumption.
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Kubo1992
Lee2013
Mei J2006

Total events

Belardinelli2001

Vasiliauskas2007

Total (95% CI)

Experimental Control

15 59 17 59
3 18 8 20
1 37 5 39
2 150 9 150
2 95 14 g0
359 358

23 53

Heterogeneity: Chi® = 6.02, df = 4 (P = 0.20); I* = 34%
Test for overall effect: Z = 3.82 (P = 0.0001)

Risk Difference

Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI

Risk Difference
M-H. Fixed. 95% CI

16.5%  -0.03[-0.19, 0.13]
53%  -0.23[-0.51, 0.04]
10.6%  -0.10[-0.22, 0.02]
41.8%  -0.05[-0.09, -0.00]
25.8% -0.13 [-0.21, -0.05]
100.0% -0.08 [-0.13, -0.04]

u
*
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Figure 6. Restenosis comparison between exercise group and no exercise group.
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Therefore, it would be more accurate if the impact
of different exercise intensity, time and frequency on cor-
onary artery restenosis, cardiac function as well as the in-
cidence rate of MACE were analyzed. Various PIC proce-
dures were used by different clinicians, that is, some were
used only with balloon dilatation, while some with stent
implantation, partly performing drug-eluting stents, partly
bare-metal stents. Finally, only few RCT literatures on re-
habilitation exercise therapy has been reported and the total
sample size is small. Therefore, it is necessary to incorpo-
rate more prospective randomized controlled trials with
larger sample size.

Conclusion

This systematic review and meta-analysis showed that ex-
ercise after PCI might be beneficial for patients with CHD
by improving LVEF, reducing risk of cardiac death, myo-
cardial infarction, coronary angioplasty, angina pectoris
and restenosis. Exercise did not significantly affect
LVEDD, 6MWD or CABG in the patients with CHD after
PCI treatment. Nevertheless, due to limited number of
RCTs and lower power of this review, the effect of exercise
on cardiac function and risk of adverse cardiovascular
events after PCI remains to be further confirmed through
more well designed and large sample size of RCTs.
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Key points

e The role of exercise after PCI for CAD patients was
investigated.

¢ A meta-review was conducted based on 10 RCTs.

e There was no firm evidence to support the beneficial
effects of exercise after PCI for CHD patients.
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