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A B S T R A C T

Background: Previous studies suggest similar cardiovascular (CV) benefits for either percutaneous coronary 
intervention (PCI) or coronary artery bypass graft (CABG) in patients with left main coronary artery disease 
(LMCAD). However, limited data exist on the influence of prior cerebrovascular disease (CEVD). Thus, we aim to 
compare the CV outcomes in patients with LMCAD and prior CEVD, undergoing either PCI or CABG.
Methods: A comprehensive search from (January 2000 to August 2024) identified three relevant studies. Out
comes analyzed included all-cause mortality, major adverse cardiac and cerebrovascular events (MACCE), 
myocardial infarction (MI), and risk of stroke in patients undergoing either PCI or CABG for LMCAD. Data 
analysis employed a random effects model and presented hazard ratios (HR) along with their 95 % confidence 
intervals (CI).
Results: Three studies involving 760 patients (361 PCI, 399 CABG) were included. PCI was associated with a 
significantly higher risk of MACCE (HR = 2.56; 95 % CI = 1.23–5.37; p = 0.01; I2 

= 86 %) and MI (HR = 2.97; 
95 % CI = 1.72–5.13; p < 0.0001; I2 = 0 %) compared to CABG. No significant differences were observed in all- 
cause mortality (HR = 1.35; 95 % CI = 0.92–1.98; p = 0.12; I2 = 0 %) or recurrent stroke (HR = 0.83; 95 % CI =
0.40–1.70; p = 0.60; I2 = 1 %). The risk of repeat revascularization was higher in PCI, though not statistically 
significant (HR = 3.44; 95 % CI = 0.50–23.60; p = 0.21; I2 = 70 %).
Conclusion: PCI significantly elevates the risk of MACCE and MI in patients with LMCAD and prior CEVD 
compared to CABG. However, risks of all-cause mortality, repeat stroke, and revascularization were non- 
significant. Comorbidities may drive the elevated risk, underscoring the need for tailored strategies in this 
population.

1. Introduction

Cerebrovascular Disease (CEVD) or stroke is one of the most globally 
prevalent diseases, affecting 101 million people in 2019. It also resulted 
in 11.6 % of the total deaths, making it the second-leading cause of death 

worldwide [1]. Multiple studies have established a strong association 
between CEVD and coronary artery disease (CAD), reporting that 
approximately 16.9 % of patients with CAD had prior transient ischemic 
attack or stroke [2,3]. Both diseases share common vascular risk factors 
and a similar pathophysiology, which starts with atherosclerosis. This 
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may diffusely affect multiple vascular beds including coronary and ca
rotid arteries which may explain the association mentioned above.

Patients with prior CEVD are at a higher risk of worse clinical out
comes when undergoing coronary revascularization than patients with 
CAD alone [4,5]. Morikami et al., in their cohort of about 15000 pa
tients, discovered that there was a 34 % higher risk of major adverse 
cardiovascular events (MACE), 22 % higher risk of all-cause mortality, 
and 85 % higher risk of recurrent stroke in patients with stroke and CAD 
when compared with patients with only CAD [4]. Of the two common 
revascularization strategies generally adopted for CAD, percutaneous 
coronary intervention (PCI) is often preferred over coronary artery 
bypass grafting (CABG) due to its lower perioperative risk of stroke [6]. 
This is further reinforced by a meta-analysis that pooled 14 trials and 
revealed that the odds of developing a stroke are approximately 3 times 
higher in patients treated with CABG than in patients treated with 
percutaneous coronary intervention (PCI) [7]. In contrast to this, the 
literature reports that patients with prior CEVD have a greater risk of 
worse clinical outcomes after PCI due to a more extensive CAD. Such 
patients have a consistently higher risk of all-cause mortality and death 
due to a cardiac cause, and hence treatment with CABG can provide a 
better long-term survival [7–9]. These contrasting results make it diffi
cult for healthcare practitioners to ascertain the optimal method of 
revascularization in CEVD patients.

One of the major vessels that supplies the heart with blood is the left 
main coronary artery (LMCA). An atherosclerotic lesion in this vessel 
may be considerably more dangerous as it supplies 75 %–100 % of the 
myocardium depending on the dominance of left coronary circulation 
[10]. As a result, patients suffering from LMCAD may be at a higher risk 
for complications. Studies support this conclusion, reporting that the 
risk of perioperative stroke at all time intervals of follow-up is consis
tently higher in patients with LMCAD than in patients with multivessel 
disease when undergoing CABG [11].

Multiple randomized clinical trials and meta-analyses have already 
been conducted to investigate the difference in clinical outcomes be
tween PCI and CABG, however, patients with prior CEVD were excluded 
as they represented a high-risk population with a significantly greater 
likelihood of developing various adverse events. This meta-analysis aims 
to fill that gap in knowledge by comprehensively collecting data and 
giving an unbiased comparison of clinical outcomes of both revascu
larization strategies (PCI and CABG) in patients with prior CEVD pri
marily in patients of LMCAD.

2. Methods

The current systematic review and meta-analysis were performed 
according to Preferred reporting items for systematic review and meta- 
analyses (PRISMA) guidelines [12]. The protocol for this review was 
registered on the International Prospective Register of Systematic Re
views PROSPERO (CRD42024584442).

2.1. Data sources and search strategy

To retrieve all relevant articles, an extensive literature search was 
conducted on PubMed, Cochran’s Central Library, and Scopus using the 
following search strategy with their keywords and associated MeSH 
terms: “(coronary artery disease OR CAD OR left main coronary artery 
disease OR LMCAD) AND (cerebrovascular disease OR CEVD OR stroke 
OR transient ischemic attack OR TIA OR carotid artery disease OR ca
rotid stenosis OR carotid endarterectomy) AND (PCI OR percutaneous 
coronary intervention) AND (CABG OR coronary artery bypass graft 
surgery)”.

In addition, we thoroughly searched the reference lists of the 
retrieved articles, past review articles, and meta-analyses to find any 
relevant studies that may have been missed in the initial search.

2.2. Study selection

The articles were selected for inclusion based on the following in
clusion criteria. First, we included patients with LMCAD and prior CEVD 
undergoing PCI or CABG with no restriction of study type. Secondly, 
studies defining CEVD as any one of the following TIA, stroke, carotid 
artery disease, or carotid stenosis in patients with CAD undergoing PCI 
or CABG were included. Thirdly, all studies in the English language were 
included. Fourth, studies had to report the primary outcome to be 
included. The primary outcomes were major adverse cardiac and cere
brovascular events (MACCE) and recurrent myocardial infarction (MI).

Our exclusion criteria were as follows: case reports, review articles, 
editorials, and conference articles; Studies for which full articles could 
not be retrieved; and studies on non-human subjects.

The articles retrieved from the systematic search were exported to 
the EndNote Reference Library X7 software, where duplicates were 
screened for and removed. Two independent reviewers, H.U.H.A and A. 
N. evaluated the remaining articles to ensure they met the established 
selection criteria. Initially, articles were shortlisted based on their titles 
and abstracts. Those that appeared relevant underwent a full review. A 
third reviewer, H.A., resolved any disagreements between the reviewers.

2.3. Data extraction

The extracted data included patient demographics as well as 
outcome information. The patients’ demographics included sample size, 
mean age, body mass index (BMI), hyperlipidemia, hypertension, dia
betes, smokers, peripheral vascular disease, and left ventricular ejection 
fraction (LVEF%). Five outcomes were assessed. Firstly, the effect of 
CABG and PCI in patients with prior CEVD on MACCE, followed by 
recurrence of MI, all-cause mortality, recurrent stroke and lastly repeat 
revascularization.

2.4. Statistical analysis

All statistical analysis was performed on Review Manager (Version 
5.4.1, Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014). The outcomes were pooled using a random effects 
model comparing hazard ratio (HR) and corresponding 95 % confidence 
intervals (CI), which were calculated for the primary and secondary 
outcomes reported. Heterogeneity was assessed via Higgin’s I2 test. An I2 

statistic of more than 50 % was considered to have significant hetero
geneity, and a value less than 50 % for I2 was considered acceptable 
[13]. A sensitivity analyses, particularly the leave one out analysis was 
conducted if the heterogeneity was greater than 50 %. A p-value of less 
than 0.05 was considered significant. Furthermore, to explore potential 
sources of heterogeneity across studies, we employed the Meta Essen
tials tool for conducting a meta-regression analysis. This software allows 
for the assessment of relationships between study-level covariates 
(moderators) and the reported effect sizes. Moderators such as mean 
age, percentage of males, left ventricle ejection fraction (LVEF), 
smokers, peripheral artery disease (PAD), hypertension, prior MI, and 
diabetes mellitus were included in the analysis to determine their in
fluence on the incidence of MI and MACCE [14].

2.4.1. Quality assessment
Quality assessment of included RCTs was conducted through the 

Cochrane Risk of Bias Tool [15]. The seven domains of Cochrane’s tool 
was used in our study, which included random sequence generation, 
allocation concealment, blinding of participants and personnel, blinding 
of outcome assessment, incomplete outcome data, selective reporting, 
and other biases. For one observational study, the Newcastle-Ottawa 
Scale (NOS) was employed [16]. This scale evaluates studies based on 
three main criteria: selection of study groups, comparability of groups, 
and ascertainment of outcomes. Studies were classified as having “low,” 
“moderate,” or “high” risk of bias based on their NOS scores. Two 
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independent reviewers (H.U.H.A and M.H.S.) conducted the risk of bias 
assessment, with discrepancies resolved through consultation with a 
third reviewer (A.N).

3. Results

3.1. Literature search results

The PRISMA chart summarizes our literature review [Fig. 1]. The 
search strategy was run through three databases, providing 3567 po
tential articles. After removing duplicates and screening, we evaluated 
articles for inclusion. Our study included three studies, including two 
RCTs and one observational study [17–19].

3.2. Participant characteristics

A total of 760 patients with CAD and prior CEVD were included in 
the review, of which 361 were assigned PCI and 399 were assigned to 
CABG. The mean ages in the PCI and CABG groups were 67.4 and 66.7 
years, respectively. Further details regarding the study and baseline 
characteristics are provided in (Table 1).

3.3. Results of meta-analysis

3.3.1. Risk of major adverse cardiac and cerebrovascular events (MACCE)
All three studies reported data on the risk of MACCE in patients with 

CAD and prior CEVD undergoing PCI in comparison to CABG. Our 
analysis highlighted that patient who underwent PCI experienced a 
significantly increased risk of MACCE compared to those who under
went CABG (HR = 2.56; 95 % CI = 1.23, 5.37; p = 0.01; I2 = 86 %) 
(Fig. 2). Furthermore, due to high heterogeneity, a sensitivity analysis 
was performed by excluding one study at a time, whereby the study by 
Yu Pan et al. was excluded resulting in a significant reduction in the risk 
of MACCE along with a reduction in heterogeneity from an initial value 
of 86 %–0 % was observed (HR = 1.73; 95 % CI 1.28, 2.35; p = 0.0004; 
I2 = 0 %) (Supplementary Fig. 3).

3.4. Myocardial infarction (MI)

A total of two studies reported data on the risk of MI in patients with 
CAD and prior CEVD undergoing PCI in comparison to CABG. PCI was 
associated with a significantly higher risk of myocardial infarction 
compared to CABG (HR = 2.97; 95 % CI = 1.72, 5.13; p < 0.0001; I2 = 0 
%) (Fig. 3).

Fig. 1. PRISMA chart summarizing literature search.

M.H. Shuja et al.                                                                                                                                                                                                                                International Journal of Cardiology Cardiovascular Risk and Prevention 24 (2025) 200370 

3 



3.5. All-cause mortality

All three studies reported data on all-cause mortality. Our analysis 
highlighted a non-significant difference in reducing the risk of all-cause 
mortality between the PCI and CABG (HR = 1.35; 95 % CI = 0.92, 1.98; 
p = 0.12; I2 = 0 %) (Fig. 4).

3.6. Recurrent stroke

All three studies reported data on the risk of recurrent stroke. Our 
analysis highlighted a non-significant difference in reducing the risk of 
recurrent stroke between the PCI and CABG (HR = 0.83; 95 % CI = 0.40, 
1.70; p = 0.60; I2 = 1 %) (Fig. 5).

3.7. Repeat revascularization

The risk of repeat revascularization was higher in patients under
going PCI, although this increase was statistically non-significant (HR =
3.44; 95 % CI 0.50, 23.60; P = 0.21; I2 = 70 %) (Fig. 6). Due to high 
heterogeneity, a leave-one-out analysis was conducted, excluding the 
study by Yu Pan. This exclusion led to a non-significant increase in the 
risk of and decreased heterogeneity, with the I2 value dropping from 70 
% to 0 %. The updated risk estimate for repeat revascularization was HR 
= 1.34, 95 % CI 0.41, 4.42; P = 0.63; I2 = 0 %) (Supplementary Fig. 4).

3.7.1. Regression
The meta-regression analysis for MI did not identify any significant 

associations with the examined covariates. Specifically, the mean age 
(coefficient: − 0.18, p-value: 0.852), percentage of males (coefficient: 
− 0.69, p-value: 0.474), LVEF (coefficient: 0.44, p-value: 0.648), per
centage of current smokers (coefficient: − 0.20, p-value: 0.837), per
centage of patients with peripheral artery disease (PAD) (coefficient: 
− 0.31, p-value: 0.747), percentage of patients with hypertension (co
efficient: − 0.92, p-value: 0.338), percentage of patients with prior MI 
(coefficient: 0.92, p-value: 0.339), and percentage of patients with DM 
(coefficient: − 0.57, p-value: 0.554) did not significantly impact the risk 
of MI. Similarly, the meta-regression analysis for MACCE also showed no 
significant relationships with the variables assessed. The mean age 
(coefficient: − 0.87, p-value: 0.560), percentage of males (coefficient: 
0.14, p-value: 0.925), mean LVEF (coefficient: 0.98, p-value: 0.511), 
percentage of current smokers (coefficient: 0.60, p-value: 0.686), per
centage of patients with PAD (coefficient: − 0.94, p-value: 0.530), per
centage of patients with hypertension (coefficient: − 0.19, p-value: 
0.900), percentage of patients with prior MI (coefficient: 0.80, p-value: 
0.595), and percentage of patients with DM (coefficient: − 1.00, p-value: 
0.504) did not significantly affect the risk of MACCE. Results for all 
meta-regression analyses are represented in Supplementary Table 3. 
Scatter plots are presented in the Supplementary Figs. 6–20.

3.7.2. Risk of bias
All studies included in this meta-analysis exhibited a consistently low 

risk of bias. Notably, both RCTs [17,18] were deemed to have a low risk 
of bias across all evaluated domains. The observational study by Yu Pan 
et al. (2021) [19] received a total score of 7 on the NOS, signifying its 
high quality and suitability for inclusion in this analysis. Detailed as
sessments of bias risk are provided in Supplementary Figures 1 and 2 and 
Table 1.

4. Discussion

This meta-analysis demonstrates that PCI is associated with a 
significantly higher risk of MACCE and MI compared to CABG in patients 
with LMCAD and prior CEVD. However, there were no significant dif
ferences in all-cause mortality, repeat stroke, or revascularization be
tween the two interventions.

LMCAD is characterized by significant obstruction of the left main Ta
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coronary artery, which is critical for supplying blood to a substantial 
portion of the myocardium [20]. This obstruction increases the risk of 
severe ischemia and MI, making effective and durable revascularization 
strategies essential. Patients with LMCAD often have comorbid condi
tions such as hypertension, diabetes, and hyperlipidemia, which 
complicate treatment decisions and affect clinical outcomes. A study 

found that the 10-year mortality rate with just LMCAD was significantly 
worse than those of three arteries [21]. It is crucial to consider that these 
patients frequently present with both CAD and peripheral vascular dis
ease [22]. The shared pathophysiological mechanisms, such as athero
sclerosis and vascular stiffness, contribute to this complexity [23]. 
Additionally, atrial fibrillation associated with CAD may further 

Fig. 2. Comparison of PCI vs CABG on risk of major adverse cardiac and cerebrovascular events (MACCE). Hazard ratio (HR), standard Error (SE), 95 % confidence 
interval (CI), and I2 statistics.

Fig. 3. Comparison of PCI vs CABG on risk of recurrent myocardial infarction. Hazard ratio (HR), standard Error (SE), 95 % confidence interval (CI), and I2 statistics.

Fig. 4. Comparison of PCI vs CABG on risk of all-cause mortality. Hazard ratio (HR), standard Error (SE), 95 % confidence interval (CI), and I2 statistics.

Fig. 5. Comparison of PCI vs CABG on risk of recurrent stroke. Hazard ratio (HR), standard Error (SE), 95 % confidence interval (CI), and I2 statistics.

Fig. 6. Comparison of PCI vs CABG on risk of repeat revascularization. Hazard ratio (HR), standard Error (SE), 95 % confidence interval (CI), and I2 statistics.
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exacerbate the risk of cardioembolic strokes, a form of CEVD [24]. The 
gap in the literature regarding patients with concurrent CEVD and 
LMCAD underscores the importance of this meta-analysis. Many studies 
exclude CEVD patients, leading to uncertainty in treatment decisions 
[23] While CABG is generally effective, it carries a stroke risk of 0.0 %– 
5.2 %, influenced by various factors such as patient characteristics and 
surgical techniques [25–27]. Conversely, PCI, though less invasive, may 
be linked to higher rates of recurrent cerebrovascular events, MI, and 
death in patients with prior strokes [28,29]. Current guidelines from 
cardiovascular societies like the European Society of Cardiology/Eur
opean Association for Cardio-Thoracic Surgery (ESC/EACTS) and 
American College of Cardiology/American Heart Association 
(ACC/AHA) recommend CABG for LMCAD, especially in patients with 
complex coronary anatomy or high SYNergy between PCI with TAXus 
and Cardiac Surgery (SYNTAX) scores, due to its superior long-term 
outcomes [30]. PCI is considered a viable alternative for those with 
lower SYNTAX scores or higher surgical risk. However, there is limited 
guidance for patients with concurrent CEVD, leaving clinicians with 
insufficient direction on balancing stroke risks between PCI and CABG in 
this high-risk group [30]. This systematic review and meta-analysis aim 
to fill this gap by comparing PCI and CABG outcomes specifically in 
LMCAD patients with prior CEVD. Previous meta-analyses have shown 
that PCI and CABG are similarly effective regarding mortality, MI, and 
stroke, but PCI has a higher repeat revascularization rate [31–36]. Our 
analysis provides crucial insights for optimizing treatment strategies and 
guiding clinical decisions in this challenging patient population.

Our analysis demonstrates that PCI is associated with a higher risk 
MI and MACCE compared to CABG in patients with LMCAD and CEVD. 
This increased risk likely reflects the need for more comprehensive 
revascularization, which CABG achieves more effectively. By bypassing 
multiple obstructed arteries simultaneously and leveraging the long- 
term durability of arterial grafts, CABG provides superior revasculari
zation outcomes. In contrast, PCI may exacerbate preexisting vascular 
disease through inflammatory responses and stent-related complica
tions, positioning CABG as the safer option for reducing ischemic events 
and ensuring long-lasting benefits [37].

CABG further minimizes complications such as restenosis and stent 
thrombosis, which are particularly problematic in patients with signif
icant vascular burden. Additionally, its ability to deliver stable and 
durable blood flow is especially advantageous for individuals with 
impaired cerebral circulation due to prior CEVD, offering better pro
tection against both cardiac and cerebrovascular events [30].

Despite these findings, our analysis revealed no significant difference 
between PCI and CABG in terms of all-cause mortality, repeat stroke, or 
repeat revascularization in patients with LMCAD and CEVD. Stroke risk 
following CABG, however, depends significantly on whether the pro
cedure is performed on-pump or off-pump. On-pump CABG, which in
volves the use of a cardiopulmonary bypass machine, requires 
manipulation of the aorta—a process that can dislodge atheromatous 
plaques and increase the risk of embolic events and perioperative stroke 
[38]. In contrast, off-pump CABG eliminates the need for aortic 
manipulation, significantly reducing the risk of embolization and peri
operative stroke [39].

Patients with prior cerebrovascular events, such as transient 
ischemic attacks (TIA) or strokes, exhibit superior outcomes with off- 
pump CABG compared to the on-pump approach. Off-pump CABG has 
been associated with a lower incidence of stroke, delirium, and other 
adverse postoperative neurological outcomes in these high-risk patients 
[40]. For those with heightened neurological risk, off-pump CABG 
provides a clear advantage, reducing the likelihood of postoperative 
complications and making it the preferred surgical strategy.

In our analysis, the impact of off-pump CABG was partially addressed 
in two included studies. Diamond et al. reported that 28.6 % (34/119) of 
CABG patients underwent off-pump surgery, while Wang et al. reported 
a lower rate of 16.5 %. However, Yu Pang et al. did not specify the 
proportion of off-pump procedures, limiting our ability to 

comprehensively assess its influence across the included cohorts. This 
lack of detailed reporting may explain why our analysis did not find 
CABG to be superior to PCI in terms of stroke risk, as the majority of 
CABG patients in the included studies underwent on-pump surgery.

These findings highlight that prior CEVD should not be the main 
reason to favor PCI over CABG. Instead, factors like the complexity of the 
coronary anatomy, SYNTAX score, the likelihood of achieving complete 
revascularization, and the patient’s preferences should be carefully 
evaluated. These considerations should guide the selection of the most 
appropriate revascularization procedure for each case.

This meta-analysis is the first to compare revascularization strategies 
in patients with LMCAD and CEVD, addressing a critical gap in the 
current literature. Our regression analysis yielded consistent findings 
across key covariates such as age, gender, and comorbidities. However, 
several limitations must be acknowledged. Notably, one of the studies 
included participants with both LMCAD and other forms of CAD, which 
may have introduced heterogeneity into our results [18]. Additionally, 
we included a single observational study by Pan et al. [19], which, 
unlike RCTs, is more vulnerable to bias and confounding factors. The 
observational nature of this study introduces potential biases that should 
be considered when interpreting the findings. Selection bias was a 
concern due to the non-random assignment of treatment, which may 
have led to confounding by indication, as decisions to perform PCI or 
CABG could have been influenced by patient characteristics such as 
comorbidities or disease severity. Furthermore, measurement bias was 
present due to inconsistent data collection, including the absence of key 
variables like the SYNTAX score, as well as variability in follow-up du
rations, which could lead to misclassification of outcomes. Confounding 
bias remained as well due to unmeasured factors, such as disease 
severity and clinical judgment, which were not fully adjusted for in the 
models.

Despite these biases, the inclusion of this observational study had 
minimal impact on the heterogeneity of most outcomes. There is evi
dence suggesting that observational studies can complement RCT data 
by improving the external validity of findings, particularly when RCTs 
are scarce or have stringent eligibility criteria. Empirical reviews have 
also shown that meta-analyses of observational studies often yield effect 
estimates comparable to those from RCTs. Thus, while this mixed 
approach introduces inherent heterogeneity, we believe it strengthens 
the comprehensiveness of our analysis [46]. In line with this, its 
exclusion in our analysis notably reduced the heterogeneity observed for 
events MACCE and repeat revascularization, while maintaining the 
overall effect size, suggesting that the results from this study were 
reliable. The high heterogeneity observed in MACCE outcomes is likely 
due to differences in the definitions and measurements of MACCE, as 
well as variability in revascularization techniques across the Pan et al. 
study, making direct comparisons challenging. These factors should be 
carefully considered when interpreting our findings.

5. Conclusion

CABG demonstrates a significant advantage over PCI in reducing the 
risk of MACCE and MI in patients with LMCAD and prior CEVD. Both 
interventions show similar outcomes for all-cause mortality, repeat 
stroke, and repeat revascularization, challenging the notion that PCI is 
preferentially recommended in this patient population due to concerns 
about stroke risk. These findings indicate that treatment decisions 
should consider coronary anatomy, SYNTAX score, and individual pa
tient factors. Further research is needed to explore long-term effects and 
refine clinical guidelines for this high-risk population.

CRediT authorship contribution statement

Muhammad Hamza Shuja: Writing – review & editing, Writing – 
original draft, Conceptualization. Firzah Shakil: Project administration, 
Methodology, Investigation, Conceptualization. Syed Hassaan Ali: 

M.H. Shuja et al.                                                                                                                                                                                                                                International Journal of Cardiology Cardiovascular Risk and Prevention 24 (2025) 200370 

6 



Project administration, Methodology. Qazi Shurjeel Uddin: Validation, 
Supervision. Ayesha Noman: Supervision, Software, Resources. Javed 
Iqbal: Funding acquisition, Conceptualization. Muhammad Ahmed: 
Software. Faiza Sajid: Visualization, Validation. Haya Waseem Ansari: 
Writing – original draft, Visualization. Syed Ahmed Farhan: Resources. 
Huzaifa Ul Haq Ansari: Supervision, Software. Syed Husain Farhan: 
Resources, Project administration. Muhammad Moiz Nasir: Method
ology, Investigation. Sana Qazi: Formal analysis, Data curation. 
Muhammad Majid: Validation, Supervision, Software.

Acknowledgments

Open access funding provided by Qatar National Library.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijcrp.2025.200370.

References

[1] V.L. Feigin, B.A. Stark, C.O. Johnson, G.A. Roth, C. Bisignano, G.G. Abady, et al., 
Global, regional, and national burden of stroke and its risk factors, 1990-2019: a 
systematic analysis for the Global Burden of Disease Study 2019, Lancet Neurol 20 
(10) (2021) 1–26. Available from, https://pubmed.ncbi.nlm.nih.gov/34487721/.

[2] G. Ducrocq, P. Amarenco, J. Labreuche, M.J. Alberts, J.L. Mas, E.M. Ohman, et al., 
A history of stroke/transient ischemic attack indicates high risks of cardiovascular 
event and hemorrhagic stroke in patients with coronary artery disease, Circulation 
127 (6) (2013 Feb 12). Available from, https://pubmed.ncbi.nlm.nih.gov/ 
23277306/.

[3] R. Bhatia, G. Sharma, C. Patel, A. Garg, A. Roy, P. Bali, et al., Coronary artery 
disease in patients with ischemic stroke and TIA, J Stroke Cerebrovasc Dis 28 (12) 
(2019 Dec 1). Available from, https://pubmed.ncbi.nlm.nih.gov/31606321/.

[4] Y. Morikami, M. Natsuaki, T. Morimoto, K. Ono, Y. Nakagawa, Y. Furukawa, et al., 
Impact of polyvascular disease on clinical outcomes in patients undergoing 
coronary revascularization: an observation from the CREDO-Kyoto Registry 
Cohort-2, Atherosclerosis 228 (2) (2013 Jun) 426–431. Available from, https:// 
pubmed.ncbi.nlm.nih.gov/23623262/.

[5] W. Nammas, J.K.E. Airaksinen, H. Romppanen, J. Sia, A. De Belder, P. 
P. Karjalainen, Impact of preexisting vascular disease on the outcome of patients 
with acute coronary syndrome: insights from the comparison of bioactive stent to 
the everolimus-eluting stent in acute coronary syndrome trial, Angiology 68 (6) 
(2017 Jul 1) 513–518. Available from, https://pubmed.ncbi.nlm.nih.gov/ 
27543565/.

[6] S.J. Head, M. Milojevic, J. Daemen, J.M. Ahn, E. Boersma, E.H. Christiansen, et al., 
Stroke rates following surgical versus percutaneous coronary revascularization, 
J Am Coll Cardiol 72 (4) (2018 Jul 24) 386–398. Available from, https://pubmed. 
ncbi.nlm.nih.gov/30025574/.

[7] T. Palmerini, G. Biondi-Zoccai, L.B. Reggiani, D. Sangiorgi, L. Alessi, S. De Servi, et 
al., Risk of stroke with coronary artery bypass graft surgery compared with 
percutaneous coronary intervention, J Am Coll Cardiol 60 (9) (2012 Aug 28) 
798–805. Available from, https://pubmed.ncbi.nlm.nih.gov/22917004/.

[8] S.H. Kang, C.W. Lee, J.B. Lee, P.H. Lee, J.M. Ahn, D.W. Park, et al., Mortality of 
patients with previous stroke undergoing drug-eluting stent implantation, Coron 
Artery Dis 28 (7) (2017) 543–549. Available from, https://pubmed.ncbi.nlm.nih. 
gov/28678143/.

[9] Differences in baseline characteristics and in-hospital outcomes in patients with or 
without prior stroke undergoing percutaneous coronary intervention - PubMed. 
Available from https://pubmed.ncbi.nlm.nih.gov/15879602/.

[10] R. Ramadan, W.E. Boden, S. Kinlay, Management of left main coronary artery 
disease, J Am Heart Assoc 7 (7) (2018 Apr 1). Available from: https://pubmed. 
ncbi.nlm.nih.gov/29605817/.

[11] A.C. Pinho-Gomes, D.P. Taggart, Coronary artery bypass grafting for left main 
disease and the risk of stroke: incidence, aetiology and prevention, Surgeon 15 (3) 
(2017 Jun 1) 155–160. Available from, https://pubmed.ncbi.nlm.nih.gov/ 
27720167/.

[12] M.J. Page, J.E. McKenzie, P.M. Bossuyt, I. Boutron, T.C. Hoffmann, C.D. Mulrow, et 
al., The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews, BMJ (2021 Mar 29). Available from: https://www.bmj.com/content/372/ 
bmj.n71.

[13] J.P.T. Higgins, S.G. Thompson, J.J. Deeks, D.G. Altman, Measuring inconsistency 
in meta-analyses, BMJ 327 (7414) (2003 Sep 4). Available from: https://www.bmj. 
com/content/327/7414/557.

[14] R. Suurmond, H. van Rhee, T. Hak, Introduction, comparison, and validation of 
Meta-Essentials: a free and simple tool for meta-analysis, Res Synth Methods 8 (4) 
(2017 Dec 1) 537–553. Available from: https://onlinelibrary.wiley.com/doi/full/ 
10.1002/jrsm.1260.

[15] RoB 2: A revised Cochrane risk-of-bias tool for randomized trials | Cochrane Bias. 
Available from: https://methods.cochrane.org/bias/resources/rob-2-revised-cochr 
ane-risk-bias-tool-randomized-trials.

[16] Ottawa Hospital Research Institute. Available from: https://www.ohri.ca/progr 
ams/clinical_epidemiology/oxford.asp.

[17] J. Diamond, M.V. Madhavan, J.F. Sabik, P.W. Serruys, A.P. Kappetein, M.B. Leon, 
et al., Left main percutaneous coronary intervention versus coronary artery bypass 
grafting in patients with prior cerebrovascular disease: results from the EXCEL 
trial, JACC Cardiovasc Interv 11 (24) (2018 Dec 24) 2441–2450. Available from: 
https://pubmed.ncbi.nlm.nih.gov/30573053/.

[18] R. Wang, K. Takahashi, S. Garg, D.J.F.M. Thuijs, A.P. Kappetein, M.J. Mack, et al., 
Ten-year all-cause death following percutaneous or surgical revascularization in 
patients with prior cerebrovascular disease: insights from the SYNTAX Extended 
Survival study, Clin Res Cardiol 110 (10) (2021 Oct 1) 1543–1553. Available from: 
https://pubmed.ncbi.nlm.nih.gov/33517534/.

[19] Y. Pan, Y. Mu, Z Sen Liu, Y.C. Zhang, J.Q. He, X.P. Yu, et al., Impact of prior 
cerebrovascular events on patients with unprotected left main coronary artery 
disease treated with coronary artery bypass grafting or percutaneous coronary 
intervention, Chin Med J (Engl) 134 (16) (2021 Aug 20). Available from: https:// 
pubmed.ncbi.nlm.nih.gov/34354005/.

[20] M. Ciurzy′nski, C. Ciurzy′nski, J. Domienik-Karłowicz, E. Julian, D.˛ Abrowski, 
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