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A B S T R A C T   

Background: Invasive management of stable coronary artery disease is still a controversial topic. 
The purpose of this umbrella review was to synthesize systematic reviews (SRs) that evaluate the 
benefits and harms of percutaneous coronary intervention (PCI) versus optimal medical therapy 
(OMT) in patients with stable coronary artery disease. 
Methods: We systematically searched PubMed/MEDLINE, Embase, and CENTRAL from 2018 to 
August 7, 2022. We included SRs with meta-analyses of randomized controlled trials (RCTs) that 
evaluated the question of interest. We assessed the methodological quality of the SRs with the 
AMSTAR-2 tool. We summarized the results of the outcomes for each SR. We calculated the 
degree of overlap of the RCTs included in the SRs using the corrected covered area (CCA). 
Results: We found 10 SRs with meta-analyses. The SRs included 3 to 15 RCTs. The degree of 
overlap among the SRs was very high (CCA > 15%). No SR evaluated the certainty of the evidence 
using the GRADE system and 9 out of 10 had critically low methodological quality. The SRs 
reported heterogeneous results for the outcomes of all-cause mortality, myocardial infarction, 
revascularization, and angina. On the other hand, for the outcomes of cardiovascular mortality 
and stroke, all SRs agreed that there were no differences between PCI and OMT alone. 
Conclusions: We found 10 SRs on the use of PCI compared to OMT alone for patients with stable 
coronary artery disease. However, none had high methodological quality, none evaluated the 
certainty of the evidence using the GRADE approach, and the results were inconsistent for several 
outcomes. This variability in evidence may result in divergent clinical decisions for the man-
agement of stable coronary artery disease among healthcare professionals. It is necessary to 
perform a high-quality SR using the GRADE approach to clarify the balance of benefits and harms 
of PCI.   
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1. Background 

Coronary artery disease is the accumulation of atherosclerotic plaque in the epicardial arteries. According to the World Health 
Organization, it is the leading cause of death worldwide, responsible for 16% of deaths [1]. This disease is dynamic and can present in a 
stable or unstable form. Stable coronary artery disease is characterized by the progressive accumulation of atherosclerotic plaque in 
the coronary arteries, while unstable disease typically occurs when there is a rupture or erosion of the plaque. Clinically, stable 
coronary artery disease presents as chest, neck, jaw, shoulder, or arm pain or discomfort, which typically occurs during physical 
exertion and is relieved by rest or nitrates within 5 min [2]. Elevated cholesterol levels, hypertension, smoking, diabetes, sedentary 
lifestyle, poor dietary choices, advanced age, and chronic inflammation are factors that can accelerate plaque build-up in the coronary 
arteries [3]. This accelerated plaque accumulation can cause an individual to progress from stable coronary artery disease to acute 
coronary syndrome. 

The goal of treatment for stable coronary artery disease is to reduce the risk of cardiovascular complications and improve the 
quality of life of affected individuals. To achieve this goal, measures must be taken to modify lifestyle, such as following a healthy diet, 
exercising regularly, or quitting smoking. In addition, optimal medical therapy (OMT) should be used, which may include antith-
rombotics, hypolipidemics, angiotensin-converting enzyme inhibitors, beta-blockers, short-acting nitrates, and other medications [4]. 
Revascularization therapy is also available through percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG). 
PCI is a minimally invasive technique in which a stent is placed in the blocked artery to keep it open and improve blood flow. On the 
other hand, CABG is surgery that involves using a section of a patient’s artery or vein or a donor’s to create a bypass around the 
obstruction and restore blood flow. Revascularization is recommended in certain subgroups of patients with coronary artery disease 
who do not adequately respond to medical treatment, have a certain degree of obstruction in the coronary arteries, or have symptoms 
that limit their quality of life [5]. The choice between PCI and CABG depends mainly on the affected arteries, cardiac function and 
patient comorbidities [5]. 

Regarding the use of PCI for stable coronary artery disease, while systematic reviews (SRs) have been published, they present 
heterogeneous results among themselves [6,7]. This makes it difficult to evaluate the balance between potential benefits and harms. 
SRs often suffer from methodological limitations, particularly with regards to protocol registration, study selection, and data 
extraction [8]. The issue of low-quality SRs is not limited to any particular field and has also been observed in the field of cardiology. 
Even in high-impact journals, nearly 70% of SRs were found to exhibit low or critically low quality [9]. Umbrella reviews are a type of 
SR that seek to synthesize the information provided by other SRs, which can help improve understanding of the results and facilitate 
clinical decision-making. With this in mind, the present umbrella review aimed to synthesize SRs that evaluate the benefits and harms 
of PCI compared to OMT alone in patients with stable coronary artery disease. This review will allow us to select SRs that provide the 
most information on clinical outcomes, more recent searches, and a greater number of studies included. The results will help improve 
decision-making by healthcare professionals. 

2. Methods 

We followed the guidelines of the Preferred Reporting Items for Systematic and Meta-Analysis (PRISMA) 2020 (Additional file 1). 

2.1. Eligibility criteria 

We conducted an umbrella review. We included SRs with meta-analyses of randomized controlled trials (RCTs) published since 
2018 that evaluated the benefits and harms of PCI compared to OMT alone in patients with stable coronary artery disease. We also 
included those SRs that evaluated more specific questions on the same topic. We did not include SRs without meta-analysis. 

2.2. Literature search 

We conducted a systematic search in PubMed/MEDLINE, Embase, and CENTRAL from January 1, 2018, to August 7, 2022. We 
chose this search period to find SRs that have included recent RCTs. We did not apply language restrictions. We grouped the main terms 
into two categories: “stable coronary artery disease” and “percutaneous coronary intervention”. In addition, we applied search filters 
for SRs recommended by Cochrane adapted for each database [10]. The complete search strategy can be found in additional file 2. 

2.3. Study selection 

The records identified from the search strategy were imported into the Rayyan program where duplicate articles were removed. 
Two authors (AHCL and AGGU) independently reviewed the titles and abstracts of the articles and selected those potentially eligible. 
The selected studies were reviewed in full text by two authors (DFG and KGT) independently. Any discrepancies were resolved with a 
third author (DRSM). For those articles that were not available in full text, we intended to contact the authors by email. 

2.4. Data extraction 

Two authors independently (FCB and DFG) extracted the following data of interest from each article on a Microsoft Excel sheet: 
author, publication year, search date, number of meta-analyzed RCTs, details on the question (population, intervention, control group, 
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and evaluated outcomes), the tool used to assess the risk of bias, protocol registered in PROSPERO, results of the meta-analyses for each 
outcome of interest (number of studies, effect measure, point estimate, and confidence interval, I2 heterogeneity), use of the GRADE 
(Grading of Recommendations, Assessment, Development, and Evaluations) approach, and other analyses (subgroups, sensitivity, 
publication bias). In the case of an SR evaluating more than one question, we only extracted the studies from the meta-analysis that 
answered the question of interest. Any discrepancies were resolved with a third author (DRSM). 

2.5. Risk of bias 

For each SR, two authors (ANSM, DFG, AGGU, KGT) independently evaluated the methodological quality of the included articles 
using the AMSTAR-2 tool (A Measurement Tool to Assess systematic Reviews) [11]. This tool has 16 items of which 7 are critical. The 
rating of overall confidence can be high, moderate, low, or critically low depending on the number of critical and non-critical items 
met. In addition, we calculated the SR score, considering that each item that is met is one point, and adding these points. 

2.6. Synthesis 

We described the results of the reviews in tables and figures. In addition, we calculated the corrected covered area (CCA), a measure 
that allows evaluating the degree of overlap between the RCTs included by the SRs. The overlap can be low (0–5%), moderate (6–10%), 

Fig. 1. Flow diagram summarizing the process of literature search and selection.  
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high (11–15%), or very high (>15%) [12]. 

3. Results 

3.1. Study selection 

After eliminating duplicate articles, we evaluated 194 records by title and abstract, of which 23 were reviewed in full text, and 
finally included 10 SRs with meta-analyses of RCTs [6,7,13–20] (Fig. 1). The reasons for the exclusion of the reviews evaluated in full 
text are in additional file 3. 

3.2. Characteristics of the SRs 

Of the 10 included SRs, 9 conducted their literature search between April 2018 and November 2021, and one did not mention its 
search period [15]. Only 2 SRs had a protocol registered in PROSPERO [13,18]. The number of meta-analyzed RCTs was 3–15. Seven 
SRs evaluated the risk of bias: 6 with the Cochrane tool [6,14,15,17–20] and 1 with the Jadad score [7,13]. None of the SRs used the 
GRADE approach to evaluate the certainty of the evidence. Eight SRs were self-funded and two reported receiving funding. 

Out of the 10 SRs, 9 included patients with stable coronary artery disease, and one included patients with chronic total occlusion 
[6]. The intervention in 5 SRs was exclusively PCI, in 4 it was exclusively or predominantly PCI, and one study evaluated PCI guided by 
fractional flow reserve using second-generation drug-eluting stents [20]. 

Two SRs included studies that had a stent implantation rate of more than 50% in PCI and used statins in at least 50% of patients [13, 
16], the others did not specify other inclusion criteria. In all SRs, the comparator was OMT (Table 1). Most studies evaluated all-cause 
mortality and myocardial infarction as outcomes. 

The 10 SRs included 37 RCTs [21–57], which are detailed in additional file 4. In general, we found that the CCA was 16.8%, 

Table 1 
Characteristics of systematic reviews included (n = 10).  

Author (year) Search period Number of 
RCTs meta- 
analyzed 

Population Intervention Control 
group 

Risk of bias Funding 

Qian (2022) [6] January 2010 
to November 
2021 

12 Chronic total occlusion 
or significant coronary 
artery stenosis 

Exclusively PCI Optimal 
medical 
therapy 

Cochrane 
Risk of Bias 
tool 

National Natural 
Science 
Foundation of 
China and 
Soochow 
University 

Soares (2021) 
[13] 

April 2020 7 Chronic coronary 
syndromes, obstructive 
coronary artery disease, 
and myocardial 
ischemia 

Exclusively or 
predominantly with PCI 

Optimal 
medical 
therapy 

Jadad score Self-funded 

Chacko (2020) 
[14] 

November 
2019 

15 Stable coronary artery 
disease 

Exclusively or 
predominantly with PCI 

Optimal 
medical 
therapy 

Cochrane 
Risk of Bias 
tool 

Self-funded 

Shah (2022) 
[15] 

NR 10 Chronic angina and 
stable coronary artery 
disease 

Exclusively PCI Optimal 
medical 
therapy 

Cochrane 
Risk of Bias 
tool 

Self-funded 

Lerman (2021) 
[16] 

January 2005 
to 31 May 
2020 

6 Stable obstructive 
coronary artery disease 

Exclusively PCI Optimal 
medical 
therapy 

No Self-funded 

Laukkanen 
(2021) 
[17] 

November 
2012 to 21 
March 2020 

11 Stable coronary artery 
disease 

Exclusively PCI Optimal 
medical 
therapy 

Cochrane 
Risk of Bias 
tool 

Self-funded 

Davari (2022) 
[18] 

December 
2020 

7 Stable coronary artery 
disease 

Exclusively PCI Optimal 
medical 
therapy 

Cochrane 
Risk of Bias 
tool 

Self-funded 

Vij (2021) [19] January 2000 
to June 2020 

7 Stable ischemic heart 
disease 

Exclusively or 
predominantly with PCI 

Optimal 
medical 
therapy 

No Self-funded 

Zimmermann 
(2019) 
[20] 

April 2018 3 Patients with stable 
coronary stenoses 

Exclusively PCI guided 
by FFR using second- 
generation drug-eluting 
stents 

Optimal 
medical 
therapy 

Cochrane 
Risk of Bias 
tool 

Canada Research 
Chairs 
Programme 

Barbarawi 
(2021) [7] 

May 2020 15 Stable coronary artery 
disease with significant 
stenosis 

Exclusively or 
predominantly with PCI 

Optimal 
medical 
therapy 

No Self-funded 

RCT: randomized controlled trial; PCI: percutaneous coronary intervention; FFR: fractional flow reserve; NR: not reported.   
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indicating a very high degree of overlap (>15%) between the clinical RCTs included by the SRs. The degree of overlap between each SR 
is shown in Fig. 2. 

3.3. Methodological quality assessment 

When evaluating the methodological quality of the SRs with the AMSTAR-2 tool, we found scores between 5 and 13. Nine of the 10 
SRs were rated as critically low methodological quality, except for the Davari-2022 study, which had low quality. None of the studies 
met the “source of funding of primary studies” item. In addition, 9 out of 10 SRs did not meet the “consideration of the risk of bias when 
interpreting the results of the review” item, and 8 out of 10 SRs did not meet the “impact of risk of bias of single studies on the results of 
the meta-analysis” item. The full evaluation is detailed in Table 2. 

3.4. Comparison of the effect of PCI versus OMT alone on clinical outcomes 

Of the 10 SRs with meta-analyses of RCTs, 9 evaluated the effect of PCI on all-cause mortality. Eight SRs found no significant 
differences between PCI and OMT, while one found that PCI decreased mortality compared to OMT [6]. Similarly, 8 SRs evaluated 
cardiovascular mortality and none found significant differences between PCI and OMT [7,14–20]. 

All of the included SRs evaluated myocardial infarction as an outcome. Three SRs found a statistically significant result indicating 
that PCI reduced the risk of developing myocardial infarction by 36%–14% compared to OMT [6,19,20]. However, heterogeneity was 
important in two of these SRs (I2 between 41% and 62%) [6,19] and the third SR did not report heterogeneity [20]. In addition, in 6 of 
the 7 SRs that did not find significant differences, the point effect value tended to decrease the risk of myocardial infarction [7,13–18] 
(Fig. 3). 

The risk of stroke was evaluated in four SRs [6,17–19], but none found statistically significant differences between PCI and OMT 
(Fig. 3). 

Five SRs evaluated revascularization as an outcome [6,7,15,17,18], of which 2 reported that the risk of PCI revascularization 
decreased significantly (by 42%–48%) compared to OMT [15,17] although with important heterogeneity (I2 between 79% and 93.8%) 
(Fig. 3). 

In addition, 4 SRs evaluated angina as an outcome [7,15,17,18], of which two did not report statistically significant differences [17, 
18], one reported a statistically significant reduction in angina (OR: 1.55; 95% CI: 1.14 to 2.10) [15] and one found a reduction in 
hospitalization for unstable angina (RR: 0.46; 95% CI: 0.32 to 0.67) [7]. On the other hand, only one SR reported that there were no 
statistically significant differences in the quality of life of those who were intervened with PCI versus OMT (MD = 10.44; 95% CI: 
− 1.84 to 22.73) [6] additional file 5. No SR evaluated other safety outcomes between PCI and OMT. 

3.5. Other analyses: publication bias, sensitivity, subgroups 

Three studies evaluated publication bias with a funnel plot for all-cause mortality [6,7,14]. The included SRs performed the 
following subgroup analyses: 3 evaluated according to stent type [15,17,19], 2 according to diabetes [7,20], 1 according to publication 
date and type of PCI [17], and 1 according to age, sex, previous myocardial infarction, smoking, and fractional flow reserve status [20]. 
In addition, the SRs performed the following sensitivity analyses: 4 consecutively eliminated RCTs [7,13–15], 3 evaluated according to 

Fig. 2. Corrected covered area among the included systematic reviews.  
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Table 2 
Methodological quality assessment using the AMSTAR-II tool.   

Items Qian 
(2022) 

Soares 
(2021) 

Chacko 
(2020) 

Shah 
(2022) 

Lerman 
(2021) 

Laukkanen 
(2021) 

Davari 
(2022) 

Vij (2021) Zimmermann 
(2019) 

Barbarawi 
(2021) 

1 PICO description Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
2 Protocol registered before the 

commencement of the review 
No Yes Yes No No No Yes No No No 

3 Study design included in the review No Yes Yes Yes Yes No Yes Yes Yes No 
4 Adequacy of the literature search No Yes No No No Yes Yes No Yes Yes 
5 Two authors study selection Yes Yes Yes Yes No No Yes Yes Yes Yes 
6 Two authors study extraction Yes Yes Yes No Yes No Yes Yes Yes Yes 
7 Justification for excluding individual studies No No No Yes No No Yes No Yes No 
8 Included studies descripted in detail No Yes Yes Yes No Yes Yes No No Yes 
9 Risk of bias for the single studies being 

included in the review 
Yes No Yes Yes Yes Yes Yes No Yes No 

10 Source of funding of primary studies No No No No No No No No No No 
11 Appropriateness of meta-analytical methods Yes Yes Yes Yes Yes Yes Yes No Yes Yes 
12 Impact of risk of bias of single studies on the 

results of the meta-analysis 
No No Yes No No No No No No Yes 

13 Consideration of risk of bias when 
interpreting the results of the review 

No No Yes No No No No No No No 

14 Explanation and discussion of the 
heterogeneity observed 

No No Yes Yes Yes Yes Yes No Yes Yes 

15 Assessment of presence and likely impact of 
publication bias 

No No Yes No No Yes Yes No No No 

16 Funding sources and conflict of interest 
declared 

Yes Yes Yes Yes Yes Yes Yes No Yes Yes  

Final score 6 9 13 9 7 8 13 5 10 9  
Final rating Critically 

low 
Critically 
low 

Critically 
low 

Critically 
low 

Critically 
low 

Critically low Low Critically 
low 

Critically low Critically low  
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follow-up time [14,15,18], 1 according to sample size [15], 1 according to the type of allocation concealment and blinding of the 
results [17], 1 according to randomization time [20], 1 by including only nonprocedural myocardial infarction [7] and 1 according to 
the risk of bias and excluding CABG [14]. 

4. Discussion 

This umbrella review included 10 SRs of RCTs that evaluated the effect of PCI compared to OMT in patients with stable angina. In 
general, all SRs evaluated a similar question, except for the study by Qian which included studies in patients with chronic total 
coronary occlusion, and the study by Zimmermann which only evaluated PCI intervention guided by fractional flow reserve using 
second-generation drug-eluting stents. We observed a very high degree of overlap among the SRs, signifying a notable redundancy in 
the literature, as multiple SRs with comparable research questions and incorporating similar articles have been published on this 
subject. 

Fig. 3. Results of the included systematic reviews according to outcomes. 
* Qian [6] includes studies in patients with chronic total coronary occlusion.** Zimmermann [20] only includes fractional flow reserve-guided PCI 
using secondgeneration drug-eluting stents as an intervention. 
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Regarding the results of the SRs, we found that meta-analyses show heterogeneous results for all-cause mortality, myocardial 
infarction, revascularization, and angina outcomes, a finding that is to be expected since each SR included different RCTs. The 
variability in RCT inclusion across SRs can also be attributed to the inherent complexities in the SR process, wherein authors face 
multiple decision points that may lead to the inclusion of different RCTs, even in high-quality SRs. These decision points encompass 
various factors, including the efficacy of search strategies, the clarity of inclusion criteria and protocols, challenges encountered during 
the selection process, limited availability of full-text articles, and, as identified in our analysis, variations in methodological quality 
according to the AMSTAR-2 assessment. In addition to heterogeneity between SRs, we also found significant heterogeneity in the meta- 
analyses (high I2), particularly for myocardial infarction and revascularization outcomes. This heterogeneity may be due to the clinical 
and methodological variability of the included RCTs. The factors that could influence clinical variability are mainly the selection of the 
population of interest (disagreements in angiographic criteria for defining stable coronary artery disease), the type of intervention 
received (exclusively PCI or in combination with other therapies), and differences in the OMT received by each patient. In addition, it 
is important to note that the OMT may have changed according to the year of the trial due to new developments, however, we did not 
observe a clear tendency according to the year of publication of the SRs. The factors that could influence methodological heterogeneity 
are the risk of bias in each included study (mostly with a high risk of bias) and the methodological design (some without random 
sequence assignment and most without information about blinding). Also, it is imperative to recognize that even trials with identical 
initial methodologies may diverge in their enrolled patient populations. On the other hand, for cardiovascular mortality and stroke 
outcomes, all SRs agreed that there are no differences between the two treatments and that there is low statistical heterogeneity. 

In order to make a decision on the use of an intervention, it is necessary to evaluate all possible critical and important outcomes of 
benefits and harms that have been established, including all-cause mortality, admissions (myocardial infarction, stroke, etc.), pro-
cedural interventions, acute renal failure, patient-reported outcomes (angina, depression, quality of life, etc.), and other adverse 
outcomes of importance related to the use of PCI (hospital stay, bleeding, etc.) [58]. However, most SRs only analyzed a limited 
number of outcomes, and none evaluated outcomes related to the use of PCI, except for stroke. Additionally, SRs must use the GRADE 
system to evaluate how much confidence is placed in the obtained results. The GRADE approach allows a systematic evaluation of the 
certainty of the evidence, meaning how much confidence is placed in the results obtained. It is a valuable tool for both researchers and 
clinicians, as it facilitates a clear understanding of the certainty of the results derived from SRs. The application of the GRADE 
methodology increases the credibility of the results, allowing stakeholders to make more informed, evidence-based decisions. How-
ever, we found that none of the SRs used this approach. 

It is also important to consider that an SR should conduct planned subgroup analyses and meta-regression from the protocol to 
evaluate potential sources of heterogeneity, and sensitivity analyses to evaluate the consistency of the results. However, only a limited 
number of SRs conducted these types of analyses, and ideally authors should provide explanations regarding the selection of variables 
for these analyses. Future SRs should consider planning for groups of importance that may modify the association between successful 
PCI and patient outcomes, such as diabetes, multivessel disease, more severe disease, previous myocardial infarction, among others 
[59]. It is also important for SRs to evaluate publication bias through graphical and statistical methods. 

In this context, we could choose the best SR based on certain criteria, but these have limitations. For example, one could choose the 
SR that includes the largest number of RCTs or the one with the most exhaustive bibliographic search and the most rigorous meth-
odology, but these solutions may lead to the exclusion of the most recent studies, which is a significant limitation in an area where new 
studies are constantly being published. Another aspect to consider is the date of the SR. We found that the last SR was carried out by 
Quian et al. [6]; however, it was a study with critically low-reliability results. These approaches to selecting the SR with the best 
characteristics may lead to a loss of information, but this leads to better efficiency in the context of overproduction and allows for a 
simpler and more reliable result. In general, we recommend interpreting the results for each outcome and trusting SRs with the best 
methodological quality and the largest number of included studies. Furthermore, the heterogeneity found highlights the need for 
personalized treatment decisions in stable coronary artery disease, considering each patient’s unique characteristics and requirements. 
Conflicting results and significant heterogeneity emphasize the complexity of this clinical field. Clinicians should weigh individual 
patient factors, comorbidities, and preferences when making treatment choices. 

On the other hand, to enhance the quality of academic publications, it is advisable for publishers and researchers to refrain from 
publishing articles that closely resemble existing works as this may lead to greater use of human and economic resources. A possible 
solution to facilitate this is the publication of SR protocols in an international registry like PROSPERO. Another valuable perspective is 
that, given the numerous arbitrary decision-points involved in conducting SRs, it can be beneficial for multiple research groups to 
independently undertake SRs on the same topic. This approach allows for an examination of whether different groups arrive at the 
same conclusions and provides an opportunity for systematic overviews to elucidate the distinctions, strengths, and weaknesses of 
various approaches. 

5. Strengths and limitations 

This umbrella review has several strengths. We conducted a comprehensive systematic search in the main databases. We only 
included SRs with meta-analyses of RCTs. We independently carried out the selection, extraction, and analysis of the methodological 
quality of each study. In addition, our findings will be useful for planning future high-quality SRs [60]. However, the information 
provided by this work has some limitations. Most of the included SRs had methodological shortcomings, including lack of use of 
GRADE approach, lack of protocol registration, failure to report funding sources of included RCTs, and failure to consider the impact of 
risk of bias when interpreting results. We found that the SRs included different numbers of studies and found contradictory findings for 
some outcomes, even though most evaluated the same question. 
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6. Conclusion 

In this umbrella review, we found 10 SRs of RCTs that compared PCI versus OMT alone for patients with stable coronary artery 
disease. We found that the CCA value was very high, indicating an overproduction of SRs on the topic. However, most of the SRs were 
of low methodological quality and had conflicting results for the outcomes of all-cause mortality, myocardial infarction, revascu-
larization, and angina. On the other hand, all SRs found no differences in the outcomes of cardiovascular mortality and stroke. A high- 
quality SR on this topic that evaluates all important outcomes of benefits and harms and uses the GRADE approach to assess the 
certainty of the evidence is needed. 
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[28] R. Hambrecht, C. Walther, S. Möbius-Winkler, S. Gielen, A. Linke, K. Conradi, et al., Percutaneous coronary angioplasty compared with exercise training in 
patients with stable coronary artery disease, Circulation 109 (2004) 1371–1378. 

[29] S. Bangalore, D.J. Maron, S.M. O’Brien, J.L. Fleg, E.I. Kretov, C. Briguori, et al., Management of coronary disease in patients with advanced kidney disease, 
N. Engl. J. Med. 382 (2020) 1608–1618. 

[30] P. Xaplanteris, S. Fournier, N.H.J. Pijls, W.F. Fearon, E. Barbato, P.A.L. Tonino, et al., Five-year outcomes with PCI guided by fractional flow reserve, N. Engl. J. 
Med. 379 (2018) 250–259. 

[31] W.A. Hueb, G. Bellotti, S.A. de Oliveira, S. Arie, C.P. de Albuquerque, A.D. Jatene, et al., The Medicine, Angioplasty or Surgery Study (MASS): a prospective, 
randomized trial of medical therapy, balloon angioplasty or bypass surgery for single proximal left anterior descending artery stenoses, J. Am. Coll. Cardiol. 26 
(1995) 1600–1605. 

[32] A.F. Parisi, E.D. Folland, P. Hartigan, A comparison of angioplasty with medical therapy in the treatment of single-vessel coronary artery disease, N. Engl. J. 
Med. 326 (1992) 10–16. 

[33] E.D. Folland, P.M. Hartigan, A.F. Parisi, Percutaneous transluminal coronary angioplasty versus medical therapy for stable angina pectoris: outcomes for 
patients with double-vessel versus single-vessel coronary artery disease in a veterans affairs cooperative randomized trial. This study was supported by the 
cooperative studies program (study no. 267) of the u.s. department of veterans affairs, Washington, D.C, J. Am. Coll. Cardiol. 29 (1997) 1505–1511. 

[34] Chamberlain. Coronary, Angioplasty versus medical therapy for angina: the second Randomised Intervention Treatment of Angina (RITA-2) trial, Lancet 350 
(1997) 461–468. 

[35] R.F. Davies, A.D. Goldberg, S. Forman, C.J. Pepine, G.L. Knatterud, N. Geller, et al., Asymptomatic cardiac Ischemia Pilot (ACIP) study two-year follow-up, 
Circulation 95 (1997) 2037–2043. 

[36] T. Engstrøm, H. Kelbæk, S. Helqvist, D.E. Høfsten, L. Kløvgaard, L. Holmvang, et al., Complete revascularisation versus treatment of the culprit lesion only in 
patients with ST-segment elevation myocardial infarction and multivessel disease (DANAMI-3—PRIMULTI): an open-label, randomised controlled trial, Lancet 
386 (2015) 665–671. 

[37] P.C. Smits, M. Abdel-Wahab, F.-J. Neumann, B.M. Boxma-de Klerk, K. Lunde, C.E. Schotborgh, et al., Fractional flow reserve–guided multivessel angioplasty in 
myocardial infarction, N. Engl. J. Med. 376 (2017) 1234–1244. 

D.R. Soriano-Moreno et al.                                                                                                                                                                                          

https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref2
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref2
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref3
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref3
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref4
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref4
https://www.ahajournals.org/doi/epub/10.1161/CIR.0000000000001038
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref6
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref6
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref7
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref7
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref8
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref8
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref9
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref9
https://training.cochrane.org/handbook/current/chapter-04
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref11
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref11
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref12
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref12
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref13
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref13
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref13
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref14
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref14
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref15
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref15
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref16
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref16
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref17
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref17
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref18
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref18
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref19
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref19
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref20
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref20
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref21
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref21
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref22
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref22
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref23
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref23
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref24
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref25
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref25
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref25
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref26
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref26
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref27
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref27
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref28
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref28
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref29
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref29
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref30
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref30
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref31
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref31
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref31
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref32
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref32
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref33
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref33
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref33
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref34
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref34
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref35
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref35
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref36
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref36
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref36
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref37
http://refhub.elsevier.com/S2405-8440(24)03241-9/sref37


Heliyon 10 (2024) e27210

11

[38] B. Pitt, D. Waters, W.V. Brown, A.J. van Boven, L. Schwartz, L.M. Title, et al., Aggressive lipid-lowering therapy compared with angioplasty in stable coronary 
artery disease, N. Engl. J. Med. 341 (1999) 70–76. 

[39] R. Al-Lamee, D. Thompson, H.-M. Dehbi, S. Sen, K. Tang, J. Davies, et al., Percutaneous coronary intervention in stable angina (ORBITA): a double-blind, 
randomised controlled trial, Lancet 391 (2018) 31–40. 

[40] S.Y. Choi, B.G. Choi, S. Rha, M.J. Baek, Y.G. Ryu, Y. Park, et al., Percutaneous coronary intervention versus optimal medical therapy for chronic total coronary 
occlusion with well-developed collaterals, J. Am. Heart Assoc. Cardiovasc. Cerebrovasc. Dis. 6 (2017) e006357. 

[41] J.Y. Choi, S.-W. Rha, B.G. Choi, S.Y. Choi, J.K. Byun, W.Y. Jang, et al., Percutaneous coronary intervention for chronic total occlusion in single coronary arteries, 
Tex. Heart Inst. J. 48 (2021) e197023. 

[42] E.H. Choo, Y.-S. Koh, S.M. Seo, J.M. Lee, H.Y. Kim, H.-J. Park, et al., Comparison of successful percutaneous coronary intervention versus optimal medical 
therapy in patients with coronary chronic total occlusion, J. Cardiol. 73 (2019) 156–162. 

[43] L. Guo, L. Zhong, K. Chen, J. Wu, R.-C. Huang, Long-term clinical outcomes of optimal medical therapy vs. successful percutaneous coronary intervention for 
patients with coronary chronic total occlusions, Hellenic J. Cardiol. 59 (2018) 281–287. 

[44] S.A. Juricic, M.B. Tesic, A.R. Galassi, O.N. Petrovic, M.R. Dobric, D.N. Orlic, et al., Randomized controlled Comparison of optimal medical therapy with 
percutaneous recanalization of chronic total occlusion (COMET-CTO), Int. Heart J. 62 (2021) 16–22. 

[45] A. Ladwiniec, V. Allgar, S. Thackray, F. Alamgir, A. Hoye, Medical therapy, percutaneous coronary intervention and prognosis in patients with chronic total 
occlusions, Heart 101 (2015) 1907–1914. 

[46] S.-W. Rha, B.G. Choi, M.J. Baek, Y gi Ryu, H. Li, S.Y. Choi, et al., Five-year outcomes of successful percutaneous coronary intervention with drug-eluting stents 
versus medical therapy for chronic total occlusions, Yonsei Med. J. 59 (2018) 602–610. 

[47] T. Tao, H. Wang, S.-X. Wang, Y.-T. Guo, P. Zhu, Y.-T. Wang, Long-term outcomes of high-risk elderly male patients with multivessel coronary disease: optimal 
medical therapy versus revascularization, J. Geriatr. Cardiol. JGC 13 (2016) 152–157. 

[48] G.S. Werner, V. Martin-Yuste, D. Hildick-Smith, N. Boudou, G. Sianos, V. Gelev, et al., A randomized multicentre trial to compare revascularization with optimal 
medical therapy for the treatment of chronic total coronary occlusions, Eur. Heart J. 39 (2018) 2484–2493. 

[49] J.H. Yang, B.S. Kim, W.J. Jang, J. Ahn, T.K. Park, Y.B. Song, et al., Optimal medical therapy vs. Percutaneous coronary intervention for patients with coronary 
chronic total occlusion – a propensity-matched analysis, Circ. J. 80 (2016) 211–217. 

[50] J.S. Hochman, G.A. Lamas, C.E. Buller, V. Dzavik, H.R. Reynolds, S.J. Abramsky, et al., Coronary intervention for persistent occlusion after myocardial 
infarction, N. Engl. J. Med. 355 (2006) 2395–2407. 

[51] Z.R. Yousef, S.R. Redwood, C.A. Bucknall, A.N. Sulke, M.S. Marber, Late intervention after anterior myocardial infarction: effects on left ventricular size, 
function, quality of life, and exercise tolerance: results of the Open Artery Trial (TOAT Study), J. Am. Coll. Cardiol. 40 (2002) 869–876. 
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