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Background: Many studies have reported potential benefits of percutaneous coronary intervention (PCI) 
versus optimal drug therapy (ODT) for patients with stable coronary heart disease but with inconsistent 
results. To examine this, an explicit systematic review and meta-analysis was conducted to compared the 
clinical outcomes of PCI and ODT in these patients. 
Methods: The following terms were combined to search relative articles through databases PubMed, 
Cochrane Central Register of Controlled Trials, Embase, and Web of Science published from January 2010 
to November 2021 according to Participants, Intervention, Control, Outcomes, Study (PICOS) criteria: 
“coronary heart disease”, “stable coronary heart disease”, “stable angina pectoris”, “percutaneous coronary 
intervention”, “PCI”, “percutaneous transluminal coronary angioplasty”, “drug therapy”, “optimized drug 
treatment”, and “optimized drug therapy”. The meta-analysis was performed by RevMan 5.2, and the 
Cochrane risk of bias tool was used to evaluate the quality of the included studies. 
Results: A total of 12 articles were included in the final analysis. There were 4,288 cases of PCI patients 
and 4,261 cases of ODT patients. The results showed that, when comparing PCI with ODT, there was a 
significant difference in the probability of myocardial infarction [relative risk (RR) =0.63; 95% confidence 
intervals (CI): 0.45–0.90] and the patient mortality (RR =0.51; 95% CI: 0.40–0.64). However, there was no 
significant difference in the prevalence of stroke (RR =1.33; 95% CI: 0.82–2.17), revascularization (RR =0.86; 
95% CI: 0.46–1.62) and patient quality of life (MD =10.44; 95% CI: −1.84 to 22.73). Performance bias and 
detection bias were all unclear in the included studies and should be warned. 
Discussion: Compared with ODT, PCI reduced the mortality and myocardial infarction rate of patients 
with CTO or severe coronary artery stenosis. However, the incidence of stroke, revascularization, and quality 
of life of patients were not significant different between PCI and ODT. Performance bias and detection bias 
should be cautioned.
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Introduction

In patients with stable coronary artery disease, complicated 
chronic total occlusion (CTO) or significant coronary 
artery stenosis is a powerful factor leading to patient death 
(1-3). Approximately 20% of patients with stable coronary 
artery disease have CTO or significant coronary artery 
stenosis (4). Although the technology required for coronary 
CTO intervention has improved, only 5% of CTO patients 
are treated with percutaneous coronary intervention 
(PCI), the rest of the patients were treated with drugs (5).  
PCI is a treatment method for improving myocardial 
blood perfusion by dredging stenotic or even occluded 
coronary lumen through cardiac catheterization. Previous 
observational studies have shown that recanalization of 
CTO using PCI improves patient survival, reduces the need 
for coronary artery bypass grafting (CABG), and reduces 
the incidence of future myocardial infarction (MI) (6,7).

Therefore, although the guidelines recommend that 
CTO patients consider PCI to improve their survival and 
quality of life (8-10), the PCI rate of CTO patients is still 
very low. For CTO patients, the question of whether PCI 
or drug therapy should be the preferred treatment option 
remains controversial. Some research reports doubt the 
potential benefits of PCI (11-15). Therefore, the purpose 
of this meta-analysis is to compare the results of PCI and 
optimal drug therapy (ODT) on CTO lesions or significant 
coronary artery stenosis and provide a more comprehensive 
understanding of the effectiveness of each treatment. 
We present the following article in accordance with the 
PRISMA reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-222/rc).

Methods

Search strategy

The following databases were searched: PubMed, Cochrane 
Central Register of Controlled Trials, Embase, and Web 
of Science. Literature in all languages was included in the 
search. Meta-analyses, and systematic reviews were also 
hand-searched to find relevant literature that might have 
been missed by the initial search. The following search 
terms were used: “coronary heart disease”, “stable coronary 
heart disease”, “stable angina pectoris”, “percutaneous 
coronary intervention”, “PCI”, “percutaneous transluminal 
coronary angioplasty”, “drug therapy”, “optimized drug 
treatment” and “optimized drug therapy”. The retrieval 
time was from January 2010 to November 2021.

Inclusion and exclusion criteria

To be included in this meta-analysis, a study fulfilled the 
following inclusion criteria: (I) research involving patients 
with stable coronary heart disease who require medication 
or PCI; (II) research that measured and compared the 
difference between medication and PCI treatment results; 
and (III) the outcomes evaluated included all causes of 
mortality, cardiogenic death, stroke, cerebrovascular 
accident (CVA), MI, revascularization, and patient life 
quality. A study was excluded if it fulfilled the following 
exclusion criteria: (I) research subjects included underage 
patients; (II) the research included animal experiments; and/
or (III) the study did not involve comparison of the efficacy 
of drug treatment and PCI.

Paper screening and data extraction

The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses statement methodology was adhered to. 
According to Participants, Intervention, Control, Outcomes, 
Study (PICOS) criteria, two reviewers independently 
evaluated the title and abstract of each article to determine 
whether it was eligible to be selected for the study. If any 
reviewer believed that the article met the criteria, the full 
text was reviewed. If there was a disagreement about the 
qualifications of the article, the two reviewers discussed 
whether the qualifications of the article could be agreed. 
If the two reviewers failed to reach agreement, a third 
reviewer made the decision. If additional information was 
needed about the article, the reviewers contacted the author 
of the corresponding article.

The patients included in the articles were divided into 
two groups: the PCI group, and the ODT group. The 
data was also independently extracted by two reviewers in 
accordance with the pre-established data tables. Data for 
the author name, the country where the author’s paper 
is signed, publication time, journal name, and patient 
demographics were extracted. Data were also extracted 
for the probability of MI, mortality rate, number of stroke 
events, rate of revascularization, and patient quality of life. 
The two reviewers exchanged views on the data tables and 
discussed the differences in the data they extracted, and 
negotiate unified data.

Quality assessment

ReMan 5.3 was used to analysis the data including 1-year 
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success rate, 2-year success rate, total sample size, and 
various subgroups. The weighted average success rate 
was calculated using Stata 15.0 software. The criteria for 
treatment success were based on clinical examination and 
imaging examination. Clinical examination criteria included 
the absence during follow-up of spontaneous pain, night 
pain, hot or cold pain, occlusion pain, percussion pain, 
gingival or sinus canal swelling, fistula, discomfort, and 
loosening. The imaging examination criteria included no 
new lesions, no transmission image of apex or reduction of 
original apical transmission image, and no closure of apical 
openings.

Statistical analysis

According to the Cochrane ROB 2.0 principle, and 
heterogeneity between studies was assessed using I2 
statistics, with 25%, 50%, and 75% representing low, 
medium, and high heterogeneity, respectively. If I2<50% 
and P>0.1 between studies, a fixed effect model was used. 
If I2>50% and P<0.1 from chi-square analysis showed 
study heterogeneity, meta-analysis was performed 
using a random effects model and the possible source 
of heterogeneity was assessed using subgroup analysis. 

Sensitivity analysis removed the included literature one by 
one to determine whether the pooled effect values were 
stable and reliable.

Results

Search results and study characteristics

There were 934 records confirmed from the database, 42 
duplicate records were removed, 892 records were obtained 
by screening, 676 records were obtained after 216 records 
were excluded due to data unclear, and 607 articles were 
obtained after retrieval. After excluding reviews, case 
reports, articles without study indicators, articles that did 
not meet the criteria, and incomplete data articles according 
to the inclusion and exclusion criteria, 12 available articles 
were finally obtained. The process is shown in Figure 1. 
Among the 12 articles available, 9 articles reported cardiac 
infarction, 10 articles reported mortality events, 6 articles 
reported stroke events, 8 articles reported revascularization, 
and only 2 articles reported the quality of patient life. 
All selected articles contained a clear diagnosis and clear 
inclusion and exclusion criteria. The basic characteristics 
included articles are shown in Table 1.

Records identified from:
Databases (n=934)
Registers (n=0)

Records screened (n=892)

Reports sought for retrieval (n=676)

Reports assessed for eligibility (n=607)

Studies included in review (n=12)

Records removed before screening:
Duplicate records removed (n=42)
Records marked as ineligible by automation tools (n=0)
Records removed for other reasons (n=0)

Records excluded no quantitative statistics of major 
measures (n=216)

Reports not retrieved (n=69)

Reports excluded:
Incomplete data (n=286)
Non-English literature (n=309)
etc.

Identification of studies via databases and registers
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Figure 1 Flow diagram of the search, screening, and inclusion process.
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Table 1 Basic characteristics of the study articles

Author Country Year Journal PCI group (n) ODT group (n)

Choi et al. (16) Korea 2021 Texas Heart Institute Journal 388 343

Choi et al. (11) Korea 2017 Journal of the American Heart Association 305 335

Choo et al. (12) Korea 2019 Journal of Cardiology 424 474

De Bruyne et al. (17) Belgium 2014 The New England Journal of Medicine 447 441

Guo et al. (18) China 2018 Hellenic Journal of Cardiology 125 201

Juricic et al. (19) Serbia 2021 International Heart Journal Association 50 50

Ladwiniec et al. (13) UK 2015 Heart 405 667

Rha et al. (20) Korea 2018 Yonsei Medical Journal 412 410

Tao et al. (21) China 2016 Journal of Geriatric Cardiology 143 98

Werner et al. (14) Germany 2018 European Heart Journal 259 137

Xaplanteris et al. (22) Belgium 2018 The New England Journal of Medicine 447 441

Yang et al. (23) Korea 2016 Circulation Journal 883 664

PCI, percutaneous coronary intervention; ODT, optimal drug therapy.

Risk of bias

Only 6 articles described random sequence generation, and 
6 articles did not describe random sequence generation. 
Seven articles reported allocation concealment, and 5 articles 
did not report allocation concealment. None of the articles 
reported the double-blind evaluation of personnel and 
participants and the blinded outcome. All articles described 
incomplete outcome data, selective reporting, and other 
biases. The evaluation results are shown in Figure 2.

Incidence of cardiac infarction

According to the study screening criteria, a total of  
9 articles were included in the analysis of the probability of 
MI in PCI and ODT for patients with stable coronary heart 
disease. The cases included 3,409 patients treated with PCI 
and 3,070 patients treated with ODT. The analysis results 
showed (P=0.09; I2=41%; RR =0.63; 95% CI: 0.45–0.90; 
Figure 3), indicating that the probability of MI between the 
two groups was heterogenous, so the random effects model 

Figure 2 Literature quality evaluation details. The yellow circle with a “?” indicates that the risk is unclear; the red circle with a “−” indicates 
that the risk is high; the green circle with a “+” indicates that the risk is low. 
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Figure 3 Forest plot of incidence of cardiac infarction. Comparison of incidence of cardiac infarction between the percutaneous coronary 
intervention group and the optimal drug therapy group. Statistical method: Mantel-Haenszel of random effects model. PCI, percutaneous 
coronary intervention; ODT, optimal drug therapy; 95% CI, 95% confidence interval.

Figure 4 Forest plot of mortality rate. Comparison of mortality rate between the percutaneous coronary intervention group and the optimal 
drug therapy group. Statistical method: Mantel-Haenszel of the random effects model. PCI, percutaneous coronary intervention; ODT, 
optimal drug therapy; 95% CI, 95% confidence interval.

was used for combined analysis. The comprehensive effect 
size test result was Z=2.54 and P=0.01, therefore the meta-
analysis results showed that the PCI and ODT for their 
respective treatment groups had statistically significant 
effects on MI.

Mortality rate

A total of 10 articles were included to analyze the impact 
of PCI and ODT on the mortality of stable coronary heart 
disease. These articles included 4,113 patients treated 
with PCI and 4,010 patients treated with ODT. The 
heterogeneity analysis results showed (P=0.04; I2=49%;  

RR =0.51; 95% CI: 0.40–0.64; Figure 4), indicating a certain 
degree of heterogeneity in mortality between the two groups, 
therefore a random effects model was used for combined 
analysis. The comprehensive effect size test result was Z=5.77 
and P<0.00001, so the meta-analysis results indicated that 
the PCI and ODT treatment for their respective groups had 
statistically significant effects on mortality.

Stroke incidence 

A total of 6 articles were included to analyze the impact 
of PCI and ODT of stable coronary heart disease on the 
occurrence of stroke. The articles included 2,142 patients 
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treated with PCI and 2,068 patients treated with ODT. 
The heterogeneity analysis results showed (P=0.55; I2=0%; 
RR =1.33; 95% CI: 0.82–2.17; Figure 5), indicating that 
there was a certain homogeneity in the probability of stroke 
between the two groups, therefore the fixed effects model 
was used for joint analysis. The results of the comprehensive 
effect size test were Z=1.17 and P=0.24, therefore the meta-
analysis results implied that the effects of PCI and ODT for 
their respective treatment groups on stroke incidence was 
not statistically significant.

Revascularization

A total of 8 articles were included that analyzed the impact 
of PCI and ODT on stable coronary heart disease on 
revascularization. The articles included 3,430 patients 

treated with PCI and 3,399 patients treated with ODT. 
The heterogeneity analysis results showed (P<0.00001; 
I2=97%; RR =0.86; 95% CI: 0.46–1.62; Figure 6), indicating 
that there was a certain heterogeneity in revascularization 
between the two groups, therefore the random effects 
model was used for combined analysis. The result of the 
comprehensive effect size test was Z=0.46 and P=0.65, 
therefore the meta-analysis results implied that PCI and 
ODT treatment had no statistically significant effects on 
revascularization for their respective treatment groups.

Quality of life

Only 2 articles included analyzed the impact of PCI and 
ODT of stable coronary heart disease on the quality of 
life of patients. The articles included 309 patients treated 

Figure 5 Forest plot of stroke incidence. Comparison of stroke incidence between the percutaneous coronary intervention group and the 
optimal drug therapy group. Statistical method: Mantel-Haenszel of the fixed effects model. PCI, percutaneous coronary intervention; 
ODT, optimal drug therapy; 95% CI, 95% confidence interval.

Figure 6 Forest plot of revascularization. Comparison of revascularization between the percutaneous coronary intervention group and the 
optimal drug therapy group. Statistical method: Mantel-Haenszel of the random effects model. PCI, percutaneous coronary intervention; 
ODT, optimal drug therapy; 95% CI, 95% confidence interval.
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with PCI and 187 patients treated with ODT. The analysis 
results heterogeneity showed (P=0.02; I2=81%; MD =10.44; 
95% CI: −1.84 to 22.73; Figure 7), indicating that there 
was a certain heterogeneity in the quality of life of patients 
between the two groups, therefore the random effects 
model was used for combined analysis. The comprehensive 
effect size test result was Z=1.67 and P=0.10, therefore the 
meta-analysis results implied that PCI and ODT treatment 
had no statistically significant impact on the quality of life 
of patients in their respective treatment groups.

Publication bias

The mortality rate with the largest number of included 
research articles was selected for publication bias analysis. 
The funnel plot of mortality showed asymmetry, implying 
that there may be publication bias (Figure 8) and with a  
P value <0.05. 

Risk of bias

In the included studies, 5 articles had a low risk of random 
sequence generation bias (14,16,17,19,22), 1 article had 

a high risk of random sequence generation bias (21), and  
6 articles had an unclear risk of random sequence generation 
bias (11-13,18,20,23). The hidden bias of allocation for  
6 articles was low risk (14,16,17,19,20,22), the for 1 article 
was high risk (21), and for 5 articles was unclear (11-13,18,23). 
The blinding bias of participants and personnel and the risk 
of blinding bias in outcome assessment in all articles was 
unclear. In addition, all studies were judged to have a low-risk 
of incomplete outcome data bias, selective reporting bias, and 
other biases (Figure 9).

Discussion

The incidence of stable coronary heart disease in the 
male population is 2–11%, the incidence in the female 
population is 3–9%, and the incidence is closely related to 
the increase in age (24). With the continuous development 
of PCI equipment and technology, the symptoms, quality 
of life, and prognosis of patients with stable coronary heart 
disease have been significantly improved (25). With the 
continuous improvement of the clinical application and 
treatment strategies of new drugs, drug therapy has also 
made significant progress in the treatment of stable angina 
pectoris (26-28). Although PCI is a minimally invasive 
operation, complications and even death may occur during 
and after the operation. PCI has complications such as stent 
shedding, stent thrombosis, and contrast nephropathy. In 
addition, drug therapy is still needed after PCI to prevent 
complications after PCI, which makes PCI surgery much 
higher risk and cost than drug therapy. In the selection of 
treatment strategies for stable coronary heart disease for 
patients with CTO, whether the efficacy of PCI treatment 
is better than drug treatment has always been a hot topic of 
discussion.

There is no standard definition of stable coronary artery 
disease (CAD). The trials included in this meta-analysis have 
different angiographic definitions of significant coronary 

Figure 7 Forest plot of life quality. Comparison of life quality between the percutaneous coronary intervention group and the optimal drug 
therapy group. Statistical method: inverse variance of the random effects model. PCI, percutaneous coronary intervention; ODT, optimal 
drug therapy; 95% CI, 95% confidence interval.

Figure 8 Funnel plot analysis of possible publication bias in mortality 
subgroup. RR, relative risk; SE, standard error of the mean.
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artery stenosis, and only a few studies clearly describe the 
clinical symptoms of angina. Therefore, it may not reflect 
the stable CAD patients of the same population included in 
other trials. In addition, with advances in medical therapy, 
high-dose statins, and antiplatelet therapy have been used as 
standard care. Some studies (29,30) are recently published 
trials and show that there is no significant difference in 
all-cause mortality between PCI and ODT treatments. 
This lack of difference may underscore the progress and 
increasing use of effective medications for patients with 
stable CAD.

Research has reported that PCI is not significantly better 
than the best medical treatment to reduce the risk of all-
cause mortality, cardiogenic death, and MI risk. However, 
another study confirmed that successful PCI treatment in 
CTO patients is associated with a higher long-term survival 
rate and a reduced risk of MI (31). Our meta-analysis used 
12 studies, and the results of the analysis support that CTO 
patients benefit more after PCI treatment, and the mortality 
and MI rate of patients who underwent ODT was higher 
than those treated with PCI. The results of our meta-
analysis at least have no evidence that PCI is not suitable 
for the treatment of CTO but shows that there may be 
some benefits. Our analysis results are consistent with some 
conclusions already reported (32).

This meta-analysis has several limitations. First, the 
literature included in this meta-analysis had research 
flaws, such as inconsistent types of stents used by patients, 
differences in drugs and dosages taken, and different 
follow-up times. Second, with the development of medical 
technology, some of the included trials cannot represent 
the curative effect of the currently defined treatment, which 

limits the results of the study. Third, the severity of vascular 
disease in patients with stable coronary heart disease varied, 
and the basic data included in the study was insufficient for 
further subgroup analysis. An explicit systematic review 
and meta-analysis were useful to evaluate the effect of PCI 
compared with ODT in patients with stable coronary heart 
disease. Large-scale, multi-center clinical studies are still 
needed to evaluate the efficacy of PCI and ODT in patients 
with stable coronary heart disease.

Conclusions

For patients with stable coronary heart disease and chronic 
coronary total occlusions, PCI is better than ODT at 
reducing the incidence of cardiogenic death and MI. 
However, PCI was not found to reduce the incidence of 
stroke. While our findings suggest that the incidence of 
revascularization and the improvement of the quality of life 
of patients are better with PCI than ODT, further studies 
are needed to confirm the efficacy of these treatments. 
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