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Abstract

Background: Ischemic heart disease (IHD) is a major global health
issue and a leading cause of death. This study compares the effec-
tiveness of percutaneous coronary intervention (PCI) and coronary
artery bypass grafting (CABG) in the management of IHD, focusing
on their impact on revascularization, myocardial infarction (MI), and
post-procedural stroke. This study aimed to evaluate and compare the
effectiveness of PCI and CABG in treating IHD based on an exhaus-
tive literature review of the past 5 years, emphasizing recent advance-
ments and outcomes in IHD management.

Methods: A comprehensive literature review analyzed 32 randomized
controlled trials (RCTs) retrieved from databases such as PubMed,
Cochrane Library, and Google Scholar. The study specifically assessed
the incidences of revascularization, stroke, and MI in patients treated
with either PCI or CABG. The comparison between CABG and PCI
exclusively focused on lesions with a SYNTAX score exceeding 32.

Results: Our findings highlight CABG’s significant efficacy over PCI
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in reducing revascularization and MI. The aggregated Mantel-Haen-
szel (M-H) value for revascularization was 1.85 (95% confidence in-
terval (CI): 1.65 - 2.07), signifying CABG’s advantage. Additionally,
CABG demonstrated superior performance in diminishing MI occur-
rences (M-H =2.71, 95% CI: 1.13 - 6.53). In contrast, PCI was more
effective in reducing stroke (M-H = 0.80, 95% CI: 0.60 - 1.10).

Conclusion: The study confirms CABG’s superiority in reducing
revascularization and MI in IHD patients, highlighting PCI’s effec-
tiveness in reducing stroke risk. These findings underscore the impor-
tance of personalized treatment strategies in IHD management and
emphasize the need for ongoing research and evidence-based guide-
lines to aid in treatment selection for [HD patients.

Keywords: Ischemic heart disease; Revascularization; Percutaneous
coronary intervention, Coronary artery bypass graft surgery; Meta-
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Introduction

Recent epidemiological data reveal that ischemic heart disease
(IHD) affects approximately 126 million individuals globally,
accounting for about 1.72% of the world’s population (1,655
cases per 100,000 people) [1]. As a leading cause of death
worldwide, IHD significantly contributes to the global disease
burden, responsible for 7,249,000 deaths (12.7% of total glob-
al mortality) in 2008 [2]. IHD, also known as coronary artery
disease (CAD), is characterized by reduced blood supply to the
heart muscles, primarily due to the formation of plaque within
coronary arteries. This condition may also be exacerbated by
vessel narrowing and thrombus formation [3, 4].

The management of IHD involves a range of treatment
options, from guideline-directed medical therapy (GDMT) to
various surgical interventions. Myocardial revascularization,
a key treatment strategy, has been shown to significantly en-
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hance patient prognosis and survival rates [5]. This revasculari-
zation can be achieved through percutaneous coronary interven-
tion (PCI) or coronary artery bypass graft surgery (CABG). PCI,
particularly with the advent of the latest drug-eluting stents, cal-
cium modification technologies, and advanced intravascular im-
aging, has evolved rapidly as a primary revascularization meth-
od for patients with severe coronary disease [6, 7]. On the other
hand, CABG, an open-heart surgery technique, involves graft-
ing a section of a blood vessel from the aorta to the coronary
artery to bypass the ischemic region and improve blood supply
[8]. Notably, the likelihood of undergoing CABG increases with
age due to the progression of cardiovascular health issues [9].
The choice of revascularization method is influenced by a
combination of patient preference, cardiac and extracardiac char-
acteristics, and the complexity of coronary vessels, which is of-
ten assessed using the SYNTAX score. For patients with a low
SYNTAX score (< 22), both PCI and CABG are recommended
equally. However, CABG is advised over PCI for those with an
intermediate SYNTAX score (23 - 32). In cases of highly com-
plex coronary architecture (SYNTAX score > 33), CABG is the
only recommended option, with PCI not advised due to increased
risks [10]. This tailored approach to treatment selection under-
scores the need for a personalized strategy in managing IHD, ca-
tering to the specific needs and conditions of individual patients.

Rationale

While existing literature has explored various interventions
for IHD, there remains a scarcity of detailed statistical analy-
sis specifically comparing the efficacies of PCI and CABG.
Previous systematic reviews and meta-analyses have primar-
ily focused on mortality rates and their contributing factors as
the central point of efficacy comparison. This study aims to
fill this gap by re-evaluating and providing a more nuanced
understanding of the efficacy of these treatments. The primary
endpoint for this analysis is the incidence of revascularization
in both PCI and CABG. Additionally, we aim to assess the in-
cidence of post-procedural complications, specifically stroke
and myocardial infarction (MI), as critical secondary end-
points. This approach offers a more comprehensive evaluation
of these interventions, contributing to a deeper understanding
of their roles in IHD management.

Objectives

The primary aims of this study are threefold: 1) to critically
assess and compare the efficacy of PCI and CABG specifi-
cally in the realm of revascularization for patients with IHD;
2) to examine patient outcomes, particularly focusing on the
cumulative incidence of critical cardiovascular events, includ-
ing MI and stroke (SE); and 3) to generate enhanced insights
and develop evidence-based recommendations that will guide
cardiothoracic surgeons and medical practitioners in selecting
the most suitable treatment modality for IHD, thereby improv-
ing patient care and outcomes.

This review has been successfully registered in the interna-
tional database PROSPERO under the ID CRD420245246138.
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Definition

SYNTAX score

The SYNTAX score is an angiographic tool used by cardiolo-
gists, interventionists, and surgeons to assess the degree of
complexity in coronary artery lesions. It helps inform individ-
ualized treatment decisions and provides prognostic data based
on the anatomical disease burden of the heart [11].

Revascularization

Procedures that restore blood flow to the heart muscle are
commonly referred to as revascularization in IHD. These
may include procedures like PCI with stent implantation or
CABG. Revascularization is intended to treat individuals
with impaired cardiac blood flow to relieve symptoms, im-
prove heart health, and reduce the risk of adverse outcomes
[12].

Kaplan-Meier (KM) score

The KM survival curve is defined as the probability of surviv-
ing in a given length of time while considering time in many
small intervals [13].

MI

MI is a term used for an event of heart attack, which is related
to the formation of plaques in the inside walls of the arteries,
resulting in reduced blood flow to the heart and affecting car-
diac muscles due to a lack of oxygen supply [14].

Stroke

Acute, focal neurological impairment that is clinically diag-
nosed as a stroke is caused by vascular injury (hemorrhage,
infarction) to the central nervous system. Stroke is the second
most common cause of death and disability globally [15].

Efficacy

The ability of a particular intervention, such as medication,
medical device, surgical technique, or public health activity, to
produce a positive change (or therapeutic effect) in optimal or
controlled settings is known as efficacy [16].

PCI

PCI is the most commonly used method for improving myo-
cardial perfusion when treating CAD. A stent is inserted to
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Table 1. Inclusion and Exclusion Criteria

Criteria Inclusion Exclusion
Language English, Russian All other languages
Publication timeframe 2019 - 2024 Older

Perspective, case study, reviews, grey literature
No exclusion
Patients with low SYNTAX scores

Type of studies Randomized controlled trials

Region All

Target population Patients with IHD suffering from triple-vessel coronary
artery disease and left main coronary artery occlusion

Context Evaluation of the efficacy of cardiovascular

interventions: PCI and CABG

Other surgical or non-surgical interventions

CABG: coronary artery bypass grafting; IHD: ischemic heart disease; PCI: percutaneous coronary intervention.

scaffold the vessel after a balloon is used to dilate the coro-
nary stenosis [17].

CABG

CABG uses arterial grafts and is more durable than PCI. It
remains the gold standard for extensive CAD, involving three
vessels or the left main stem [18].

IHD

IHD results from a limited blood supply to the heart muscle.
IHD is commonly referred to as “coronary heart disease”,
since coronary blood flow loss brought on by coronary artery
atherosclerosis accounts for more than 95% of cases [19].

Materials and Methods

Eligibility criteria

The selection of studies for this systematic review and meta-
analysis adhered to the stringent PICOS (Population, Interven-
tion, Comparison, Outcome, and Study Design) framework, as
recommended by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [20]. Inclusion and
exclusion criteria are mentioned in Table 1.

Inclusion criteria

1) Peer-reviewed studies published within the last 5 years,
comparing the efficacy of PCI versus CABG, were included.
2) Only RCTs with accessible abstracts and full texts were
considered. 3) Studies in English and Russian were selected to
encompass a broad range of global research. 4) Patient popu-
lations included those with IHD, specifically cases involving
triple-vessel CAD and left main coronary artery occlusion. 5)
Eligibility extended to patients with a degree of stenosis above
70%, or progression from 50% to 70% stenosis within 5 years.
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6) A SYNTAX score of 32 or higher was required for inclu-
sion, signifying a complex coronary artery condition.

Exclusion criteria

1) Studies published before 2018 were excluded to focus on
the most recent and relevant data. 2) Case reports, cohort stud-
ies, and other observational studies were not considered, to
prioritize the highest quality of evidence. 3) RCTs reporting
significant comorbidities were excluded to isolate the effects
of the interventions on the specific conditions of interest. 4)
Patients with a SYNTAX score below 32 were not included,
ensuring a focus on more complex coronary artery cases. 5)
Consistent with SYNTAX trial protocols, patients experienc-
ing acute pre-procedural MI were excluded from considera-
tion.

Information sources

For the comprehensive identification of relevant literature,
an extensive search was conducted across multiple renowned
databases. These included PubMed, Cochrane Library, and
Google Scholar, among others, chosen for their wide range of
scientific and medical publications. Additionally, we expanded
our search to encompass various independent academic jour-
nals known for their contributions to cardiovascular research.
However, it is noteworthy that despite considering these addi-
tional sources, no articles were included from these independ-
ent journals in our final selection due to the unavailability of
full-text versions. This approach in selecting databases and
journals ensured a broad and thorough coverage of the existing
literature, thereby enriching the quality and comprehensive-
ness of our systematic review and meta-analysis.

Search strategy

Our search strategy was carefully formulated to encompass a
wide array of studies pivotal to our research aims. This exhaus-
tive search spanned several databases, leading to the identi-
fication of 32 studies involving a total of 1,039 participants,
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which closely matched our predefined search parameters. We
structured our search criteria to incorporate a balanced mix of
key terms and phrases, targeting areas central to our research
focus.

Moreover, our search was not limited to mere database
exploration. We extended our scrutiny to the reference lists of
all studies included in our review. This additional step was im-
perative in unearthing further studies of relevance, potentially
overlooked in our initial search efforts. Such thoroughness was
instrumental in broadening the scope and enhancing the depth
of our literature review, thereby enriching our understanding
and analysis.

The precision of our search, coupled with the exhaustive
nature of our approach, ensured the inclusion of the most perti-
nent and specific studies in our field. Through this methodical
process, we have established a foundation of comprehensive
and high-quality research integral to our systematic review and
meta-analysis.

For an in-depth overview of our search strategy, detailing
the nuanced approach and specific methodologies employed,
we invite readers to consult Supplementary Material 1 (www.
cardiologyres.org). This document is a testament to our thor-
ough approach, affirming our commitment to a rigorous and
comprehensive exploration of the literature.

Selection process

The selection process for relevant literature was conducted, fo-
cusing on peer-reviewed journals and publications that met our
predetermined inclusion criteria. We prioritized journals with
high-impact factors to minimize publication bias, ensuring the
inclusion of high-quality and influential studies. The Consoli-
dated Standards of Reporting Trials (CONSORT) for clinical
trials and PRISMA for systematic reviews and meta-analyses
are two examples of established publication standards and re-
porting criteria that are frequently followed by high-impact
journals. These recommendations facilitate the identification
and resolution of potential biases in study design, conduct,
and analysis by promoting transparency, completeness, and
accuracy in presenting research techniques and outcomes. To
streamline the selection process, all identified articles were
uploaded to Rayyan.ai, a specialized platform for systematic
review management [21]. This facilitated efficient primary and
secondary screening of the literature.

The initial phase involved the identification and removal
of duplicate studies, which resulted in the exclusion of 66 ar-
ticles, thereby preventing redundancy and potential bias in our
analysis. Subsequently, using the platform’s automation tools,
437 articles were marked as ineligible based on predefined
criteria. This left us with 422 articles that were subjected to
primary screening.

A team of researchers collaboratively undertook the task
of reviewing these articles. This collaborative effort ensured
a comprehensive and unbiased assessment, leading to the
inclusion or exclusion of studies based on a consensus that
adhered strictly to our inclusion and exclusion criteria. Ul-
timately, 32 studies were selected for the final review and
analysis.
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Revascularization

The exclusion of certain studies was based on several key fac-
tors: 1) inadequacy of the study design for our analysis; 2) lack
of alignment with the preferred outcomes of our study; and 3)
identification of a significant risk of bias (ROB). In some cases,
a combination of these factors influenced the decision to exclude
a study. This rigorous selection process was pivotal in ensuring
that only the most relevant, reliable, and high-quality studies
were included in our systematic review and meta-analysis.

Data items

Upon completing the secondary screening of the literature, we
evaluated the 32 selected articles. In line with the PRISMA
guidelines, we developed a PRISMA flow diagram to system-
atically illustrate the study selection process. This diagram,
detailed in Figure 1 [20], visually represents the inclusion and
exclusion of studies from the initial pool to the final selection,
ensuring transparency and clarity in our methodology.

Subsequently, we systematically tabulated the interven-
tions from each study against their respective study popula-
tions and outcomes. This was done to ensure a detailed and or-
ganized synthesis of the data. The synthesis table specifically
highlights the key themes and findings from these outcomes,
providing a clear overview of the study’s results.

In our effort to minimize bias in the analysis, we employed
several strategies: 1) we focused on including high-quality
research, ensuring robustness in our findings; 2) all peer-re-
viewed studies were required to disclose any conflicts of inter-
est, adding a layer of transparency; 3) we addressed potential
biases related to informed consent and peer review processes
in clinical research, thereby upholding ethical standards; 4)
preference was given to meta-analyses over ordinary review
articles, as they offer a more comprehensive and systematic
evaluation of available data; and 5) systematic reviews and
narrative reviews were generally excluded to maintain focus
on primary research studies, by Dickersin, 1997 guidelines for
mitigating publication bias.

To visually summarize the ROB assessment and facilitate
an easy interpretation of the data, a “traffic light” figure was
created. This figure serves as an intuitive tool for quickly un-
derstanding the risk levels across different studies, thus aiding
collaborators and readers in evaluating the reliability of the
findings. The summary of the ROB, indicating potential biases
in the studies, is conveniently included for reference and re-
view by collaborators.

Quality assessment

Systematic review

For the systematic review, publication bias was rigorously ex-
amined in all selected studies, crucial for ensuring the quality
of our assessment. This involved detailed reviews of popula-
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[ Identification of studies via databases and registers ]

Records identified from (n =
1039):
- PubMed (n = 588)
- Google Scholar (n = 436)
- Cochrane (n = 15)

Identification

Records removed before
screening (n = 617):
- Duplicate records removed
(n=66)

Records screened (n = 422)

\ 4

Reports sought for retrieval
(n=70)

—»| Reports not retrieved (n = 38)

v

Screening

Reports assessed for eligibility
(n=232)

Studies included in review
(n=11)

Included

- Records marked as
ineligible by automation tools
(n =439)

- Records removed for other
reasons (n = 112)

v

Records excluded (n = 352):
- Off-topic (n = 192)
- Methodology issues (n =
160)

Reports excluded (n = 21):
- Design mismatch (n = 10)
- Irrelevant outcomes (n = 11)

Figure 1. PRISMA flowchart illustrating the study selection process.

tion demographics, outcome domains, and intervention charac-
teristics for each study. The ROB was independently assessed
using the Cochrane Risk of Bias criteria, a well-established
method in research. We utilized the Cochrane Risk of Bias tool
(2019 version) [22], following the methodology outlined by
Higgins et al (2011). This process involved evaluating poten-
tial biases across five key domains: 1) biases from the rand-
omization process; 2) deviations from intended interventions;
3) missing outcome data; 4) outcome measurement inaccura-
cies; and 5) selection biases in reporting results. This compre-
hensive approach assures a thorough and unbiased evaluation
of the studies under review.

Meta-analysis

In the meta-analysis, the Cochrane Risk of Bias tool (version
3.5.1) was used to evaluate potential biases in the primary stud-
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ies. This tool allowed us to assess seven critical domains of
risk: 1) random sequence generation to counter selection bias;
2) allocation concealment for additional protection against se-
lection bias; 3) blinding of participants and personnel to re-
duce performance bias; 4) blinding of outcome assessment for
minimizing detection bias; 5) analysis of incomplete outcome
data for attrition bias; 6) consideration of selective reporting to
identify reporting bias; and 7) identification of any other bias-
es. Utilizing dichotomous data extracted from 11 studies, this
assessment was integral to the validity of our meta-analysis. To
visually represent our findings, we employed Review Manager
(RevMan version 5.4) [23], producing forest plots that offer a
clear and comprehensive view of our analytical results.

Ethics

An Institutional Review Board approval and ethical compli-
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ance with human or animal studies is not required for a meta-
analysis study, because it is a research methodology that uses
already published and publicly available data.

Results

Data extraction

A structured data collection form was created using Micro-
soft Excel to systematically capture all relevant data points
and outcomes from the included studies. This form was de-
signed to include essential variables such as the clinical trial
phase, publication year, sample size, baseline participant
characteristics, primary outcomes, and any noted adverse
events. Each selected article underwent an independent eval-
uation to ensure accuracy and consistency in data extrac-
tion, facilitating a comprehensive and reliable aggregation
of information critical to the study’s analysis and conclu-
sions. This rigorous data extraction process was integral to
maintaining a high standard of data integrity and validity in
our meta-analysis.

Study characteristics

For the final analysis, a careful manual selection resulted in 11
high-quality studies, all of which were RCTs. This selection
was aimed at ensuring the reliability and relevance of our find-
ings. The duration of follow-up in these studies varied, ranging
from a minimum of 3 months to a maximum of 60 months (5
years). This range allowed us to assess both short-term and
long-term outcomes of the interventions.

The primary endpoint of our analysis focused on the in-
cidence of revascularization in treatments involving PCI and
CABG. Notably, CABG was favored as the more effective in-
tervention in 10 out of 11 studies (91%). Conversely, one study
(9%) presented a negative association with CABG, indicating
a less favorable outcome in certain contexts. The sample sizes
in these trials varied significantly, ranging from as few as 53
participants to as many as 948, providing a broad perspective
on the subject.

For the secondary endpoints of stroke and M1, the data also
revealed insightful trends. PCI was favored for reducing stroke
incidences in four out of five studies (80%), while CABG was
preferred for reducing MI in six out of seven studies (86%).
However, there were instances where one out of five studies
(20%) for stroke and one out of seven studies (14%) for MI
showed either no significant effect or a negative association.
The sample sizes for these secondary endpoints ranged from
49 to 957 participants.

To provide a comprehensive understanding of the out-
comes, we tabulated the results of these studies against their
respective variables of interest, considering the entire range
of sample sizes. Furthermore, the baseline characteristics and
key data points from these 11 studies have been systematically
compiled and are presented in Table 2 [22-32] and Table 3 [22-
26, 28, 30-32]. They offer an organized overview of the study
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characteristics, facilitating an easier comparison and interpre-
tation of the research findings.

ROB assessment

The detailed outcomes of our ROB assessment are comprehen-
sively visualized in Figure 2 [22-32].

Forest plots

For our meta-analysis, forest plots were constructed using
data from 11 distinct studies. These plots were designed to
visually represent the primary outcomes, quantified through
the Mantel-Haenszel (M-H) method under a random effects
model. The confidence intervals (Cls) of 95% were calculated
and depicted along the horizontal axis of each plot. The green
squares on the plots symbolize the point estimations for each
study, providing a clear, concise visual representation of the
data. Central to each forest plot is a vertical line, which signi-
fies the line of no effect, serving as a reference point to easily
discern the direction and magnitude of the effects observed in
the studies. This graphical representation is crucial for intui-
tively understanding and interpreting the aggregated data from
multiple studies, thereby enhancing the clarity and accessibil-
ity of our research findings.

PCI vs. CABG

In our analysis, the sample sizes for the treatment groups
were closely matched, with 5,734 participants receiving PCI
and 5,730 undergoing CABG. The primary endpoint for this
comparison was the incidence of revascularization, evaluated
using KM scores. Notably, a significant majority of the stud-
ies, 10 out of 11 (91%), showed a preference for CABG over
PCI, with only one study (9%) favoring PCI. The aggregated
M-H value, calculated to be 1.85 with a 95% CI of 1.65 - 2.07,
underscored CABG’s superiority. The data exhibited minimal
heterogeneity, primarily attributed to one study with lesser
weight [33]. The heterogeneity metrics were Tau? = 0.00, Chi?
=7.25, degrees of freedom (df) = 10, and 1> = 0%, indicating
a consistent pattern across the studies. The overall effect size
was significant (Z = 10.74, P = 0.001), suggesting that CABG
is more effective in reducing revascularization rates compared
to PCIL.

The individual M-H values from studies such as Stone et
al (2019), Thuijs et al (2019), Ganyukov et al (2020), Giustino
et al (2020), and Holm et al (2020) ranged between 1.83 (CI:
1.39 - 2.41) and 1.84 (CI: 1.30 - 2.59), reinforcing the trend.
Other studies, including Kawashima et al (2021), Fearon et al
(2022), and Wang et al (2023) presented M-H values from 1.56
(CI: 0.96 - 2.51) t0 2.30 (CI: 1.79 - 2.96), further corroborating
the effectiveness of CABG in this context.

This comprehensive analysis establishes a clear positive
association between CABG and improved revascularization
outcomes, suggesting that PCI, in comparison, may lead to less
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Table 3. Patient Demographics and Clinical Characteristics

Stent Incom-
No. Study No.'of Mean age Medical history % Stenosis  Intervention t!lrombo- plete
patients (years) sis (no. of  revascu-
events) larization
1 Stone et al 1,905 66.0+9.6 80.5% of the patients NR Fluoropolymer-based 16 153
(2019) [22] had distal LM-CAD. cobalt-chromium
everolimus-eluting stents
2 Thuijs et al 1,184 >21 Patients with de novo NR Paclitaxel-eluting stents ~ NR NR
(2019) [23] 3VD and LM-CAD
3 Holm et al 1,201 66.2 Stable angina > 50% Umirolimus- 19 155
(2020) [24] pectoris, unstable eluting stents
angina pectoris, or
ACS; LM-CAD
4 Fearon et al 1,500 <65 or ACS NR Zotarolimus- 6 74
(2022) [25] > 65 eluting stents
5 Wang et al 1,800 64.6 + 3VD and/or LM NR Paclitaxel-eluting stents 5.0 £2.2 238
(2023) [26] 10.4
6 Giustino et al 1,905 NR LM-CAD >70% Cobalt-chromium 8 346
(2018) [28] visually or fluoropolymer-based
50% to < everolimus-eluting stents
70% via CA
7 De Winter et 584 > 18 Coronary artery >50% Everolimus- NR NR
al (2023) [30] lesion(s) and the eluting stents
SVG lesion(s)
8 Ganyukovet 155 62+ 7 Femoropopliteal lesions NR Paclitaxel-eluting stents ~ NR NR
al (2020) [32]
9 Ganyukovet 155 62+7 MV-CAD >70% Everolimus- 2.6+0.7 9

al (2021) [31]

eluting stents

LM-CAD: left main coronary artery disease; MV-CAD: multivessel coronary artery disease; 3VD: three-vessel disease; ACS: acute coronary syn-

drome.

favorable clinical results when revascularization is the primary
endpoint of concern (Figs. 3 and 4) [22-32].

Stroke

In evaluating the impact of PCI and CABG on stroke out-
comes, our study involved closely matched sample sizes, with
2,711 patients in the PCI group and 2,699 in the CABG group.
The analysis revealed a clear trend favoring PCI for stroke re-
duction, with four out of five studies (80%) supporting PCI,
while only one out of five (20%) indicated a preference for
CABG. The pooled M-H value for stroke was calculated to be
0.80, with a 95% CI of 0.60 - 1.10, suggesting a lower risk of
stroke with PCI.

The heterogeneity across these studies was minimal,
primarily influenced by one study with lesser weight [33].
The overall heterogeneity metrics indicated a consistent pat-
tern, with Tau? = 0.00, Chi? = 1.19, df = 4, and 12 = 0%. The
calculated effect size was Z = 1.33 (P = 0.18), which, while
significant, had a limited P-value, indicating a need for cau-
tious interpretation. The individual M-H values from studies
such as Fearon et al (2022), Stone et al (2019), and Thuijs et

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

al (2019) ranged between 0.70 (CI: 0.27 - 1.83) and 0.86 (CI:
0.31 - 2.38), further supporting the advantage of PCI in reduc-
ing stroke risk.

This analysis conclusively shows a positive association
between PCI and a reduced risk of stroke, suggesting that
CABG may lead to comparatively less favorable outcomes in
terms of stroke risk when evaluated as a secondary endpoint
(Figs. 5 and 6) [22, 23, 25, 29, 32].

MI

In assessing the impact of CABG and PCI on MI outcomes,
our study analyzed data from a comparable number of patients
in each group, with 3,356 in the PCI cohort and 3,341 in the
CABG cohort. The findings significantly favored CABG, with
six out of seven studies (86%) advocating for its efficacy in re-
ducing post-procedural M1, as opposed to just one out of seven
studies (14%) supporting PCI.

The aggregated M-H value for MI was 2.71, with a 95%
Clof 1.13 - 6.53, suggesting a substantial reduction in the inci-
dence of MI with CABG compared to PCI. The data presented
notable heterogeneity, contributed by multiple studies includ-

www.cardiologyres.org 161
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Figure 2. Cochrane ROB traffic light plot [22-32]. ROB: risk of bias.

ing several iterations by Ganyukov et al [29, 31, 32, 34]. The
heterogeneity metrics showed Tau? = 1.18, Chi? = 86.88, df =
6, and a high I? value of 93%, indicating considerable variabil-
ity across the studies. Despite this, the overall effect size was Z
=2.47 (P < 0.05), which is statistically significant, underscor-
ing a trend favoring CABG.

The individual M-H values from studies such as Holm et

al (2020), Fearon et al (2022), and Stone et al (2019) further
validate this trend, with values ranging from 0.94 (CI: 0.22 -
3.97) t0 9.16 (CI: 6.54 - 12.83), reinforcing the conclusion that
CABG is associated with a lower incidence of post-procedural
MI compared to PCI. This analysis establishes a clear positive
correlation between CABG and reduced MI rates, indicating
that CABG may be the more effective option for minimizing

Experimental Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Stone etal., (2019} 153 948 92 967 166% 1.8301.39,2.41] 2019 —
Thuijs etal.,( 2019) 135 903 90 897 156% 1.58101.19,2.09] 2019 —_—
Ganyukoy et al.,( 2020) 3 53 4 A0 05% 0.69[0.15,3.258] 2020
Giusting et al. { 2020y 17 946 B 957 128% 1.86[1.35,2.52] 2020 I
Holm et al., (2020) 100 A82 59 682 106% 1.84 [1.30,2.59] 2020 —
Y. 1. Ganyukov et al. (2020) 20 a0 16 49 19% 1.38[0.60,3.13] 2020 ]
Kawashima et al., (2021) 38 237 18 233 36% 2.28[1.26,413] 2021
Fearon etal., (2022 45 747 29 743 55% 1.56 [0.96,2.51] 2022
Ganyukov et al., (2023) 18 53 12 83 1.7% 1.76[0.74,4.15] 2023 ]
Wang etal {2023) 220 403 110 847 200% 2.301[1.79,2.96) 2023 —=—
De Winter et al,, {(2023) 137 292 96 2982 11.2% 1.801[1.29,2.52] 2023 —_—
Total (95% CI) 5734 5730 100.0% 1.85[1.65, 2.07] <
Total events 986 594
Heterogeneity: Tau? = 0.00; Chi*=7.26, df =10 (P = 0.70); F= 0% 052 055 é é

Test for overall effect Z=10.74 (P =0.00001)

Favours [PCI] Favours [CABG]

Figure 3. Forest plot for primary endpoint: repeat revascularization [22-32].
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Figure 4. Funnel plot analysis for revascularization.

the risk of MI as a secondary endpoint in IHD treatment (Figs.
7 and 8) [22-25, 29, 31, 32].

Discussion

The current systematic review and meta-analyses aimed at
providing a comprehensive evaluation in identifying the more
efficacious mode of intervention among PCI and CABG in the
context of IHD. The “efficacy” is determined by the relative
decrease in the incidence of revascularization, which was set
as the primary endpoint in our study, and the decrease in the
incidence of post-procedural stroke/SE and MI, the second-
ary endpoints of our study. Various studies on PCI and CABG
were more focused on determining the major adverse cardiac
and cerebrovascular events (MACCEs) among both treatment
groups. We extracted the desirable outcomes from these stud-

ies for revascularization, stroke, and MI.

In the study conducted by Stone et al (2019), a total of
1,905 patients with left main CAD were randomly assigned
to PCI and CABG with 948 and 957 patients in both trials,
respectively. To characterize the long-term outcomes of revas-
cularization of both PCI and CABG, the point estimation for
data extraction was set at a 5-year follow-up. Ischemia-driv-
en revascularization was more frequent after PCI than after
CABG (16.9% vs. 10.0%; difference, 6.9 percentage points;
95% CI: 3.7 - 10.0), hence, showing a more favorable outcome
with CABG than PCI. The overall effect size was found to be
Z =10.74 (P =10.001), which was significant. In another study
by Thuijs et al (2019), which was conducted across 18 North
American and European Hospitals, the SYNTAX score was
used to characterize patients with coronary artery complexity,
with scores of 22 or less defined as low, 22 - 32 as intermedi-
ate, and higher than 32 as greater. The effect size of this study

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Fearon etal. (2022) ToTaT 8 743 89% 0.86(0.31,2.39]
Stone etal,, (20149) 26 948 33 857 338% 0.791(0.47 1.33] —
Thuijs etal. (2019) 35 403 43897 443% 0.80[0.51,1.26] —-
.|, Ganyukov et al. (2020) 4 a0 249 30% 2.041[0.36,11.71]
Y. 1. Ganyukov et al. (2023) 9 53 12 53 499% 0.70(0.27,1.83] S
Total (95% CI) 211 2699 100.0% 0.81[0.60, 1.10] fos
Total events a1 98
Heterogeneity; Tau?= 0.00; Chi*=1.19, df = 4 (P = 0.88) F= 0% 0?1 sz 0?5 é é 110

Testfor overall effect Z=1.33{(P=018)

Favours [PCI] Favours [CABG]

Figure 5. Forest plot for incidence of stroke in PCl vs. CABG [22, 23, 25, 29, 32]. CABG: coronary artery bypass grafting; PCI:

percutaneous coronary intervention.
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Figure 6. Funnel plot analysis for stroke.

was found to be Z = 1.58 (95% CI: 1.19 - 2.09) in favor of
CABG.

Another study by Giustino et al (2020) with a 3-year
follow-up period showed that PCI was associated with higher
rates of any repeat revascularization (12.9% vs. 7.6%; hazard
ratio (HR): 1.73; 95% CI: 1.28 - 2.33; P = 0.0003). Accord-
ing to the study by Holm et al (2020), repeat revascularization
was estimated at 17% after PCI versus 10% after CABG (HR
1.73 (95% CI: 1.25 - 2.40); P = 0.0009), also demonstrating
the relative decrease in the incidence of revascularization with
CABG. A study by Ganyukov et al (2020) also showed similar
outcomes. Kawashima et al (2021) had a sample size of 2.28
(95% CI: 1.26 - 4.13) and Fearon et al (2022) had 1.56 (95%
CI: 1.26 - 4.13) respectively. Repeat revascularization was es-
timated in 17% after PCI versus 10% after CABG (HR 1.73
(95% CI: 1.25 - 2.40); P=0.0009). In contrast to this, the study
by Ganyukov et al (2020) indicated that PCI had a better prog-
nosis than CABG because, at the end of 3 years, the occurrence

of the primary endpoint was 98% and 94.3%, for CABG and
PCI respectively among the included patients. This study had
an effect size of Z = 0.69 (95% CI: 0.15 - 3.250). The study by
Ganyukov et al (2023), Wang et al (2023), and De Winter et al
(2023) also favored CABG, indicating overall that CABG is
more efficacious than PCI. In a study [35] which was a meta-
analysis conducted in 2021, the revascularization rate was also
compared among the treatment groups, but the studies used
were all observational studies. Our meta-analyses used only
RCTs, which eliminates the risk of confounding bias, making
it highly unlikely.

This preference results from several important variables
that demonstrate how much better CABG is than PCI at pro-
ducing more comprehensive and long-lasting revasculariza-
tion. First off, diseased coronary segments can be bypassed
with venous or arterial grafts thanks to CABG, which opens up
new blood vessels that supply the myocardium. When opposed
to PCI, which may have limitations due to the quantity and

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
(Holm et al., 2020) 47 592 18 582 16.0% 275[1.58,4.79] —
Fearon et al. {2022) 39 757 9 743 151% 499[2.32,10.79] —_——
Stone etal,, (2019) 45 548 84 957 16.8% 1.16[0.85, 1.58] ™
Thuijs et al. (2019) 285 903 43 897 16.7% 916 [6.54,12.83] —
Y. Ganyukaoy et al. (2021) 4 53 4 50 11.7% 0.94 [0.22, 3.97] e E—
Wl Ganyukov et al. {(2020) B 50 5 49 127% 1.20[0.34,4.22] L
Y. |, Ganyukav et al. {2023) ] 53 2 53 11.0% 5.22[1.07,25.43] —
Total (95% CI) 3356 3341 100.0% 2.71[1.13,6.53] i
Total events 485 164
Heterogeneity: Tau®=1.18; Chi*= 86.88, df= 6 (P = 0.00001); F= 93% 002 o > a0

Test for overall effect Z=2.22 (P=0.03)

Favours [PCIl Favours [CABG]

Figure 7. Forest plot for incidence of myocardial infarction among PCI vs. CABG [22-25, 29, 31, 32].
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Figure 8. Funnel plot analysis for myocardial infarction.

size of target arteries that can be stented, this method offers
a more thorough treatment of multi-vessel illness. Research
has demonstrated that CABG reduces the need for repeat pro-
cedures by achieving a higher incidence of full revasculariza-
tion, which addresses all major coronary lesions. Furthermore,
CABG is less likely to experience in-stent restenosis, a typi-
cal PCI complication that frequently calls for additional pro-
cedures. The incidence of restenosis after PCI has decreased
with the introduction of drug-eluting stents; however, issues
with late stent thrombosis and the requirement for prolonged
dual antiplatelet medication still need to be addressed since
they may raise the risk of bleeding and other unfavorable out-
comes. The results of CABG have also been further enhanced
by recent developments in perioperative care, graft selection,
and surgical procedures, which makes it a desirable alterna-
tive for patients with CAD who wish to minimize the need
for repeat revascularization. Although little research has been
done, people who have had CABG in the past have a low rate
of STEMI. Based on prior evidence, patients with post-CABG
acute coronary syndrome (ACS) were more likely to present
with NSTEMI (61.9%) or unstable angina (32.7%) than with
STEMI (5.4%) [33].

In the comparative analysis of the efficacy of both treat-
ment groups based on the secondary endpoint, stroke was
interestingly different compared to the incidence of repeat
revascularization. Patients are constantly monitored for stroke
symptoms and signs in the initial postoperative period after
the surgery. This includes checking vital signs, evaluating fo-
cal neurological abnormalities, and performing a neurological
assessment. To confirm the diagnosis, any suspected cases of
stroke are quickly evaluated using imaging tests like computed
tomography (CT) or magnetic resonance imaging (MRI). In
the previous meta-analyses [35], there was no difference ob-
served in the risk of stroke. However, in our meta-analysis,
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4/5 (80%) studies showed a favorable prognosis with PCI as
compared to CABG. A study by Thuijs et al (2019) having an
effect size of 0.80 (95% CI: 0.51 - 1.26) showed less frequent
incidence of stroke among PCI. Previous meta-analyses [36]
reported there was no significant incidence of stroke in PCI
compared to CABG using outdated meta-analyses. For this
outcome, we used clinical outcomes which were updated un-
til the last 5 years, to report the patient prognosis with PCI,
including Stone et al (2019), Fearon et al (2022), and Ganyu-
kov et al (2023). Only 1/5 studies showed different outcomes,
favoring CABG over PCI and carrying the least weight of all.
When compared to the higher incidence linked to CABG, the
observed drop in stroke incidence after PCI highlights a cru-
cial component of the relative efficacy and safety profiles of
both revascularization techniques. There is always a chance
of embolization during CABG, especially when the damaged
coronary arteries and aorta are being operated on. Furthermore,
cerebral hypoperfusion and microembolization can result from
aortic manipulation and cardiopulmonary bypass, which puts
patients at risk for perioperative stroke. The observed differ-
ence in stroke incidence between CABG and PCI highlights
the need to treat patients with CAD according to their specific
requirements.

In the previous meta-analyses, no statistical difference
was observed between the RCTs and observational studies
used in the respective analyses [35]. Our meta-analyses used
only RCTs and showed a statistically significant higher rate
of MI with PCI, indicating a more favorable prognosis with
CABG. In the study of Holm et al (2020), MI was estimated
at 8% after PCI versus 3% after CABG (HR 2.99 (95% CI:
1.66 - 5.39); P =0.0002). A study by Fearon et al (2022) pre-
sented a more significant reduction in MI, with a sample size
of Z =4.99 (95% CI: 2.32 - 10.75). Other studies, Stone et al
(2019) and Thuijs et al (2019), also showed similar outcomes.
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Two other studies conducted by the same author, Ganyukov
et al (2020) and Ganyukov et al (2023), with similar efficacy,
were analyzed as well. Only one study, Ganyukov et al (2021),
showed a negative association with CABG, but this effect size
was overpowered by the other studies mentioned. In CABG,
damaged parts of the coronary arteries are efficiently bypassed
by creating bypass grafts that reroute blood flow around
clogged coronary arteries using venous or arterial conduits.
Offering more robust and permanent revascularization than
PCI lowers the risk of recurrent MI by restoring blood flow
to ischemic cardiac tissue. PCI can effectively relieve acute
ischemia and restore blood flow to the damaged myocardium,
but its effectiveness may be restricted over time by untreated
coronary artery lesions developing residual stenosis, or stent
restenosis. When patients have multiple vessels involved or
severe CAD, these characteristics may increase the likelihood
of recurrent MI after PCI as opposed to CABG.

The current study elaborated that 1) the revascularization
rate is improved with CABG as compared to PCI; 2) there is
a decreased incidence of stroke with PCI, and it also showed
non-inferiority (P = 0.18); and 3) the post-procedural MI rate
was less frequent in CABG. The current study reaffirms the
superiority of CABG over PCI.

Strengths

The meta-analysis was underpinned by the use of up-to-date
RCTs, which significantly mitigates the risk of confounding
factors influencing the outcomes. The rigorous application of
inclusion and exclusion criteria further enhanced the quality
and reliability of the research, effectively minimizing potential
biases. The exclusive use of RCTs also ensured higher ethical
standards, as participants were randomly allocated to treatment
groups, thereby reducing the likelihood of treatment bias. Ad-
ditionally, the strength of this study is reflected in its internal
validity, achieved through the selection of RCTs with smaller
sample sizes, which typically experience lower attrition rates
compared to larger observational studies. This careful selec-
tion process contributes to the robustness and credibility of the
study’s findings.

Limitations

This study aligns with previous research but encounters sever-
al notable limitations that warrant consideration. The relative-
ly small sample size restricts the generalizability of our find-
ings to a broader population, which is crucial as larger sample
sizes often provide more robust and widely applicable results.
Moreover, our review did not differentiate between levels
of vascular wall involvement or conduct subgroup analyses
based on demographic characteristics such as age, gender, and
ethnicity. Numerous studies have demonstrated that these de-
mographic factors can substantially influence outcomes, sug-
gesting that our results might not comprehensively represent
the diverse patient population affected by IHD.

Additionally, the existing literature did not provide suf-
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ficient data to allow for the creation of sub-groups based on
markers for PCI or CABG such as the type of coronary lesion
or ejection fraction. This lack of specific data prevented a nu-
anced analysis of which subsets of patients might benefit more
from one procedure over the other, thereby limiting the depth
of our conclusions.

The study also did not account for the presence of comor-
bidities or other risk factors that often coexist with IHD. These
factors can have a profound impact on treatment efficacy
and patient outcomes. The exclusion of such variables in our
analysis may oversimplify the complex clinical picture of IHD
patients, potentially leading to an incomplete understanding of
the real-world effectiveness of PCI and CABG.

The studies included in this review did not provide dif-
ferentiation between the types or severities of MI and stroke
events. This lack of detailed categorization prevents a nuanced
understanding of how different clinical presentations of MI
and stroke might respond to the interventions studied. Addi-
tionally, the studies did not specify whether diagnoses were
confirmed by specialists such as neurologists, which could in-
fluence the reliability of the diagnostic data reported.

In conclusion, while this study offers valuable insights
into the comparative efficacy of PCI and CABG, the findings
should be interpreted with caution, considering these limita-
tions. Future research with larger and more diverse popula-
tions, including a comprehensive analysis of comorbidities
and demographic factors, is essential for a more nuanced un-
derstanding of the best treatment modalities for THD.

Conclusion

The results of our study demonstrate the enhanced efficacy of
CABG over PCI in treating IHD. CABG’s superiority is par-
ticularly evident in its ability to reduce the frequency of repeat
revascularization and MI, while PCI is more advantageous in
lowering the risk of stroke. CABG provides a more lasting and
comprehensive solution for revascularization, significantly di-
minishing the likelihood of future ischemic episodes, making
it a preferable option for patients with extensive coronary dis-
ease. This study underscores the importance of personalized
treatment strategies based on the individual needs of patients,
taking into account the robust statistical findings. It also high-
lights the urgent need for further research to develop detailed,
evidence-based guidelines that will aid in determining the
most effective treatment modalities for IHD, ensuring patient-
specific, optimal care.
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