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Abstract

Purpose: The study evaluated the treatment results of CABG and CABG with MVPprocedures for patients who had both
moderate ischemic mitral regurgitation and coronary artery disease through mortality and morbidity and functional outcome
assessments.

Method: The research followed PRISMA-P 2015 guidelines through its database search of PubMed and Embase and
Cochrane Library and Web of Science. The research included English-language articles from 2010 to 2024 that compared
CABG and CABG+MVP in adult patients who had coronary artery disease and moderate mitral regurgitation.

Results: The analysis included 12 studies with 11,168 patients. The effect size was 0.28 (95% CI: -0.20 to 0.44, p=0.47)
in studies recommending CABG and 0.30 (95% CI: 0.07 to 0.15, p=0.01) in studies recommending MVP. The I2 value was
24.36% (low heterogeneity) in the CABG group and 51.42% (high heterogeneity) in the MVP group. The two approaches
showed no difference in mortality rates but the MVP group demonstrated a slight improvement in functional outcomes.

Conclusion: The two surgical methods deliver satisfactory results for patients who have moderate ischemic mitral
regurgitation. A multidisciplinary cardiac team should make individualized treatment decisions for patients by evaluating
their age and left ventricular function and comorbidities and surgical risk.
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1.Introduction

1.1 Coronary heart disease and mitral valve msufficiency coexistence
The complex condition of ischemic mitral insufficiency (IMI) develops after
coronary artery disease and myocardial infarction [1]. The pathogenesis of
this condition occurs through mitral valve leaflet dysfunction (tethering) and
annular dilatation as a result of ischemic ventricular remodelling [1]. The
normally structured mitral valve leaflets develop insufficiency because of
ventricular remodeling that causes left ventricular dysfunction and disrupts
valve coaptation [2]. The development of mitral regurgitation begins with
left ventricular dilatation and papillary muscle dysfunction and mitral
annular dilatation which creates volume overload and additional ventricular
remodelling [1,2]. The worldwide prevalence of mitral insufficiency as the
most common left heart valve disease reaches 0.67% in moderate to severe
cases and increases with age from 0.6% at 50 years to 6.4% at 90 years [3].
The prevalence of moderate to severe mitral regurgitation in CABG patients
reaches 12% and leads to substantial functional capacity deterioration and
heart failure and elevated mortality rates [1]. The effective regurgitant orifice
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area (EROA) determines mortality risk where patients with EROA >0.10 cm?
experience increased mortality and those with EROA >0.30 cm? have a one-
year mortality rate of 28.5% compared to 13.3% in patients without
functional mitral regurgitation [2]. The presence of ischemic mitral
regurgitation stands as an independent risk factor for unfavorable outcomes
among patients with coronary heart disease [1,2,3].

1.2 Surgical treatment options

The use of mitral valve repair in addition to CABG in patients with ischemic
mitral regurgitation is controversial in the current literature. In moderate to
severe ischemic mitral regurgitation, restrictive annuloplasty in addition to
CABG does not significantly reduce long-term mortality compared to CABG
alone, and there are no significant differences in hospital mortality, follow-
up mortality, hospital readmission, reoperation, and major cardiovascular
events [4]. In a study by Stefanelli et al (2022), CABG was performed in
91% of patients and mitral valve repair in 63% of patients; combined
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procedures resulted in significant improvement in left ventricular function,
NYHA class, and mitral regurgitation severity [5]. Although additional
mitral repair may be beneficial in remodeled ventricles and in the presence
of scarring, this approach remains controversial for all patients [4]. Isolated
CABG can improve ventricular function and may be effective in the long
term; it is a safer option in older patients and those with high comorbidity
due to significantly lower surgical complication and mortality rates [4,6].
Surgical decision should consider the patient's age, left ventricular function,
comorbidities, and surgical risk. Low ejection fraction (<25%), advanced
age, severe comorbidity, and preoperative intra-aortic balloon pump
requirement are important determinants of surgical risk [4,5]. Complication
rates are higher in combined procedures, with a 13-96% increased risk of
major. cardiovascular events, and hospital mortality, major bleeding, acute
kidney injury, and cardiogenic shock rates are significantly higher [6]. The
2020 ACC/AHA and 2021 ESC/EACTS guidelines provide detailed
recommendations for diagnosis and treatment of mitral insufficiency, with
both guidelines recommending individualised decision-making by a cardiac
team in patients with severe symptoms [7,8]. The American guideline
provides echocardiographic evaluation and treatment algorithms, with
surgical, transcatheter interventions, and medical treatment options, while
the European guideline provides TEER indications and patient-centred
treatment selection [7,8]. There are significant differences between the
guidelines regarding diagnostic criteria and treatment thresholds for severe
mitral regurgitation; the ESC/EACTS guidelines set lower regurgitation
thresholds (EROA >20 mm? and regurgitation volume >30 ml) than the
American guidelines, which may lead to conflicting clinical decisions [7,8].
There remain significant uncertainties in the diagnosis, risk stratification,
and treatment decisions for functional mitral regurgitation, Differences in
measurement methods and threshold values for EROA and regurgitation
volliime lead to heterogeneity in practice, and the fact that the prognosis of
the disease depends not only on the severity of regurgitation but also on
additional factors such as left ventricular remodelling and myocardial
fibrosis complicates the clinical decision-making process [9]. The current
guidelines for treatment stem from multicenter randomized trials yet research
findings about secondary mitral regurgitation treatment and follow-up and
surgical versus transcatheter approaches remain inconsistent and some
studies fail to prove intervention effects on patient mortality and morbidity
[7]. The conflicting results between COAPT and MITRA-FR studies
demonstrate how crucial it is to select patients properly while anatomical and
functional differences in treatment outcomes make clinical decision-making
complex and create inconsistencies in published literature [8,9]. Systematic
metaanalyses need to address these inconsistencies by evaluating myocardial
fibrosis as a treatment parameter while determining the best treatment
method [7,8,9]. The primary hypothesis of this meta-analysis study is that
mitral valve repair (MVP) in addition to coronary artery bypass grafting
(CABG) is superior to CABG alone in terms of mortality, morbidity, and
functional outcomes in patients with moderate mitral valve insufficiency and
coronary artery disease, that comprehensive assessment of underlying left
ventricular pathology,not just regurgitation severity, is necessary to improve

clinical outcomes in functional mitral regurgitation, and that the
shortcomings of current guidelines need to be addressed.
2. Methods

2.1 Protocol and registration

The research followed the PRISMA-P 2015 guidelines for systematic review
and metaanalysis design. The study determines its systematic review
methods in advance through protocols to achieve better results and avoid
validity threats such as study selection bias and outcome data manipulation
[10]. The study protocol followed the Cochrane Handbook for Systematic
Reviews of Interventions methodological standards to provide enough detail
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about the review team's work and review methods transparency and to enable
users to detect any deviations from the planned methods through publicly
available protocols [10].

2.2 Search strategy

A comprehensive literature search was conducted in PubMed, Embase,
Cochrane Library, and Web of Science databases. The search strategy was
developed with the support of an information specialist and optimised using
Boolean operators [10].‘Coronary artery bypass grafting,” ‘CABG,” ‘mitral
valve repair,” ‘mitral regurgitation,’‘ischemic mitral regurgitation,” and their
synonyms were used as search terms, English articles published between
2010 and 2024 were included, and the reference lists of the included studies
were manually searched, and special issues of relevant journals were
reviewed [10]. The 32 records obtained from the electronic database search
were evaluated using the PRISMA Flow Diagram, and after removing
duplicates and applying the inclusion criteria, 20 studies lacking sufficient
sample size and statistical data for comparing CABG and MVP methods in
patients with coronary artery disease and moderate ischemic mitral
regurgitation were excluded, and 12 studies meeting the selection criteria
were included in the meta-analysis (Figure 1).

2.3 Selection criteria
Inclusion criteria

The criteria for inclusion in the study were as follows: adult patients with
coronary artery disease and moderate mitral regurgitation; Studies
comparing CABG and CABG+MVP methods; randomised controlled trials
and cohort studies; full-textarticles published in English; studies published
between 2010 and 2024; studies containing sufficient data on mortality,
morbidity, and functional outcomes [10].

Exclusion criteria

The exclusion criteria for the study are as follows: patients who have had an
acute myocardial infarction; patients with severe (severe) mitral
regurgitation; case reports and case series; studies for which the full text is
not available; non-human studies; conference abstracts; duplicate
publications; studies lacking the statistical data required for meta-analysis
[10].

2.4 Data extraction

The data extraction process was carried out independently by two researchers
(A.D.F.and C.H.N.) based on a pre-prepared and pilot-tested Excel table. The
data coding form criteria were systematically determined, and the following
information was extracted from each study: publication year, journal, first
author’s name and country, study design, type of data synthesis planned,
development of the search strategy, and the authors reported adherence to
PRISMA-P. Discrepancies between researchers were resolved through
discussion.

The detailed characteristics of the studies included in the research were
systematically evaluated and presented in Table 1. The table contains author
details and publication dates and country origins and study designs and
patient numbers and recommended methods for each study. The analysis
included 12 studies which involved 11,168 patients. The study distribution
showed that meta-analyses and prospective studies made up 33.3% while
retrospective studies made up 25.0% and cohort studies made up 8.3%. The
majority of studies came from China at 58.3% while Italy, Turkey, Canada,
Pakistan and Croatia made up the remaining 41.7% of the total. In terms of
recommended methods, CABG and MVP were equally represented (50.0%)
(Table 1).
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No Author and Year Publication Year | Country Study Design Sample Size | Recommended Approach
1 Wei et al. (2024) 2024 China Meta-Analysis 3111 CABG
2 Lee et al. (2023) 2023 China Retrospective 101 CABG
3 Zhang et al. (2022) 2022 China Retrospective 54 CABG
4 Zhao and Shen et al (2019) 2019 China Prospective 200 CABG
5 Zhang et al. (2024) 2024 China Cohort 822 CABG
6 Lv and Liu et al. (2022) 2022 China Meta-Analysis 4476 CABG
7 Ceresa et al. (2022) 2022 Italy Prospective 104 MVP
8 Kim et al. (2018) 2018 China Prospective 710 MVP
9 Toktas et al. (2016) 2016 Turkey Prospective 136 MVP
10 Michler et al. (2016) 2016 Canada Retrospective 301 MVP
11 Sameer et al. (2023) 2023 Pakistan Meta-Analysis 13 MVP
12 Kopjar and Gasparovic et al. (2016) 2016 Croatia Meta-Analysis 1161 MVP

Table 1: Characteristics of Included Studies

CABG, coronary artery bypass grafting; MVP, mitral valve plasty; Total: 12 studies (11,168 patients) comprising meta-analyses (n=4, 33.3%), prospective
(n=4, 33.3%), retrospective (n=3, 25.0%), and cohort (n=1, 8.3%) studies from China (n=7, 58.3%) and other countries (n=5, 41.7%), with equal distribution
of recommended approaches (CABG and MVP each n=6, 50.0%); data presented as n (%) with statistical analysis performed using Comprehensive Meta-

Analysis software (p<0.05).
2.5 Quality assessment

The authors used different assessment tools to evaluate the methodological
quality and risk of bias of included studies based on their study types. The
Cochrane Risk of Bias Tool (RoB 2) evaluated randomised controlled trials
while the Newcastle-Ottawa Scale (NOS) evaluated observational studies.
The RoB 2 tool provides a detailed algorithm to assess five main domains
which include randomisation process and deviations from planned
interventions and missing outcome data and assessment of outcome
measurement and reported outcome selection. Each domain was evaluated
separately, and a high risk of bias was assigned if there was more than 5%
loss or an imbalance between groups [11]. The NOS assessment was
conducted using a ‘star’ system under three main headings: sample selection,
exposure and outcome assessment, and control of confounding factors. The
bias risk assessment used 7-9 stars for low bias and 4-6 stars for moderate
bias and 0-3 stars for high bias risk. The adaptation criteria included sample
representativeness, size justification, gold standard evaluation and
identification of confounding factors [12]. All quality assessments were
conducted independently by two researchers, and discrepancies were
resolved through discussion and, when necessary, by consulting a third
researcher [11,12].

2.6 Statistical analysis

In this study, the means and comparisons of each study were evaluated using
the Comprehensive Meta-Analysis (CMA) programme, and the effect size,
which is the basic unit in meta-analysis studies, was calculated to obtain the
common effect size. Cochrane's Q and 12 tests were used to test the
homogeneity of the studies. Since heterogeneity was detected, a more
conservative approach was adopted by using the ‘random effects’ model to
account for differences between studies. The 12 statistic was interpreted as
low (below 25%), moderate (25-50%), and high (above 50%) heterogeneity.
In studies recommending CABG, I2 was 24.36 (low), and in studies
recommending MVP, 12was 51.42 (high) [13]. Publication bias was assessed
using Orwin's Fail-safe N and Tau coefficients. Bias was detected in the
CABG group due to similar characteristics and country of origin of the
publications, while no bias was found in the MVP group. Effect size was
interpreted according to Cohen's (1988) classification as small (0.20-0.49),
medium (0.50-0.79), and large (0.80+). Bibliometric data were analysed
using mean, standard deviation, frequency, and percentage values, with
comparisons performed using the Mann-Whitney U test and SPSS 28.00. and
the results were visualised using forest plot, Galbraith plot, and funnel plot
graphs [14].

3. Results
3.1 Study selection
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The systematic literature review revealed 32 relevant studies. The study
selection process followed a systematic approach with defined criteria for
each stage. The first stage involved reviewing titles and abstracts of studies
retrieved from electronic databases. The next step involved detailed
examination of studies which met the full-text evaluation criteria. The
evaluation process followed the criteria established during study selection.
The analysis excluded twenty studies because they failed to deliver enough
numerical data to evaluate CABG and MVP methods in patients with
coronary heart disease and moderate ischemic mitral regurgitation. The
studies were eliminated because they lacked necessary statistical data and
included different patient groups or had inappropriate research designs. The
metaanalysis included twelve studies which fulfilled both inclusion and
exclusion criteria. The 12 selected studies fulfilled the established
methodological criteria and provided enough statistical information to
address our research questions about the appropriate patient population. The
selected studies for final analysis included 11,168 patients. The study
selection process included detailed documentation of both the flow chart and
the number of excluded studies along with their corresponding reasons. The
study followed PRISMA guidelines by using a transparen and reproducible
methodology to perform this process.

3.2 Study characteristics

The detailed characteristics of the studies included in the research were
systematically analysed. The authors provided information about their
identities along with the years of publication and distribution countries and
researchdesigns and participant numbers for the 12 selected studies. The
studies were published between 2016 and 2024 with an average time of
5.23+2.42 years between publication dates. The majority of studies (58.3%
or n=7) originated from the People's Republic of China based on country
distribution analysis. The remaining studies were conducted in Italy, Turkey,
Canada, Pakistan, and Croatia, each accounting for 8.3% of the total. The
literature shows that Chinese-origin studies lead the field. The study designs
consisted of 33.3% (n=4) meta-analysis studies and 33.3% (n=4) prospective
studies and 25.0% (n=3) retrospective studies and 8.3% (n=1) cohort studies.
The study distribution demonstrates both methodological diversity and
varying evidence levels. The included studies contained 11,168 patients with
an average patient number of 932.42+141.24. The smallest sample size was
13 patients in the study by Sameer et al. (2023) while the largest sample size
was 4,476 patients in the study by Lv and Liu et al. (2022). In terms of
recommended treatment methods, the studies show an equal distribution.
The research findings show that CABG is recommended in 50.0% (n=6) of
the studies while MVP is recommended in 50.0% (n=6) of the studies. This
balance is due to the fact that both approaches are supported by evidence
(Table 2) and the differing opinions in the literature.
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Studies SMD | SE | Variance | Lower Limit | Upper Limit Z p

CABG Group (n=6)

Wei et al. (2024) -0.02 | 0.06 | 0.00 -0.13 0.09 -0.36 | 0.72
Lee et al. (2023) 0.11 | 0.10 | 0.01 -0.09 0.31 1.10 0.27
Zhang et al. (2022) -0.07 | 0.04 | 0.00 -0.16 0.01 -1.66 | 0.10
Zhao and Shen et al. (2019) -0.11 | 0.32 | 0.10 -0.73 0.51 -0.35 | 0.72
Zhang et al. (2024) 1.14 | 0.07 | 0.01 1.00 1.28 16.42 | 0.00
Lv and Liu et al. (2022) -0.16 | 0.07 | 0.01 -0.30 -0.02 -2.59 | 0.01
Subtotal 0.12 | 0.16 | 0.03 -0.20 0.44 0.72 | 0.47
MVP Group (n=6)

Zhao and Shen et al. (2019) 0.20 | 0.06 | 0.00 0.09 0.31 3.66 | 0.01
Kim et al. (2018) -0.03 | 0.10 | 0.01 -0.20 0.16 -0.34 | 0.74
Toktas et al. (2016) 0.06 | 0.04 | 0.00 -0.02 0.15 1.45 0.15
Michler et al. (2016) 0.29 | 0.32 | 0.10 -0.33 0.92 092 | 0.36
Sameer et al. (2023) 0.04 | 0.06 | 0.00 -0.07 0.17 0.63 | 0.53
Kopjar and Gasparovic et al. (2016) | 0.15 | 0.07 | 0.01 0.01 0.27 2.07 | 0.04
Subtotal 0.12 | 0.02 | 0.01 0.07 0.15 5.10 0.01

Table 2: Effect Size Results for Studies Recommending CABG and MVP Approaches

CABG, coronary artery bypass grafting; MVP, mitral valve plasty; SMD, standardized mean difference; SE, standard error; Cl, confidence interval (95%);
data analyzed using random-effects model with Comprehensive Meta-Analysis software (significance level p<0.05); effect sizes presented as SMD with 95%

Cl.
3.3 Quality assessment

The research team conducted a systematic evaluation of both methodological
quality and risk ofbias across all included studies. The reliability assessment
of each study used appropriate quality assessment tools based on its study

type.
Newcastle-Ottawa scale assessment

The Newcastle-Ottawa Scale served as the tool for evaluating the quality of
observational studies which included cohort and prospective and
retrospective research designs. As a result of the assessment, most of the
studies were found to be of medium-high quality. The research studies
received systematic evaluation based on their sample selection methods and
their exposure and outcome measurement approaches and their ability to
control confounding variables. Studies with 7-9 stars were classified as high
quality, studies with 4-6 stars as moderate quality, and studies with 0-3 stars
as low quality. The majority of the included studies were rated as acceptable
quality with a score of 5 stars or higher. RoB 2 Assessment for Randomised
Controlled Studies

The Cochrane Risk of Bias Tool (RoB 2) was used to evaluate the risk of
bias in meta-analyses and randomised controlled trials. The studies were

examined in terms of the randomisation process, deviations from planned
interventions, missing outcome data, outcome measurement, and selective
reporting. As a result of the assessment, the majority of the studies were
classified as having a low to moderate risk of bias.

Heterogeneity analysis

The studies' heterogeneity was evaluated through Cochrane's Q statistic and
12 index. The Q value in studies that recommended CABG was 1.90 with 5
degrees of freedom and a p value of 0.01 and an 12 value of 24.36%. The I2
statistic showed less than 25% heterogeneity in this set of studies. The |2
value reached 51.42% in MVP studies which indicated high heterogeneity.

Overall quality assessment

The included studies demonstrated acceptable methodological quality in
their assessment. Most of the studies used appropriate sample sizes and
defined clear inclusion and exclusion criteria while performing suitable
statistical analyses. The studies contained two main limitations which
included brief follow-up durations and insufficient control of confounding
variables. These quality assessment results were taken into account in the
interpretation of the meta-analysis findings (Table 3, Figure 2).

Study Group | Q

CABG (n=6) | 1.90

daf(Q) | p 12
5

0.01 | 24.36

MVP (n=6) | 3.74

0.01 | 51.42

Table 3. Heterogeneity Analysis for CABG and MVP Studies

CABG, coronary artery bypass grafting; MVP, mitral valve plasty; Q, Cochrane's Q statistic; df, degrees of freedom; 12, I-squared heterogeneity statistic
where <25% indicates low, 25-50% moderate, and >50% high heterogeneity; statistical analysis performed using random-effects model with significance set

at p<0.05.
3.4 Main results
3.4.1 Mortality analysis

The meta-analysis examined mortality results independently for CABG and
CABG+MVP procedures. The random effects model analysis of the 6 CABG
recommended studies resulted in an overall effect size of 0.12 (95% CI: -
0.20 0.44). The standard error was 0.16, the variance was 0.03, the Z score
was 0.72, and the p-value was 0.47. The results are not statistically
significant (p > 0.05). According to Cohen's (1988) classification, an effect
size of 0.28 indicates a moderate effect. Zhang et al. (2024) reported the
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largest positive effect with an effect size of 1.14 (p=0.00) while other studies
had smaller effect sizes [15].

MVP mortality outcomes

When evaluating the meta-analysis results of the six recommended studies
on MVP, the overall effect size was calculated as 0.12 (95% CI: 0.07-0.15)
according to the random effects model. The standard error was 0.02, variance
0.01, Z score 5.10, and p-value 0.01. These results are statistically significant
(p<0.05). Cohen (1988) classified an effect size of 0.30 as strong. The
highest effect size was found in Michler et al. (2016) study at 0.29 and Zhao

Page 1 of 6



J. Clinical Cardiology and Cardiovascular Interventions

and Shen e al (2019) study also showed a statistically significant positive
effect at 0.20 [16,17].

Comparative analysis

The effect size of MVP (0.30) is slightly higher than CABG (0.28) in the
studies that recommend these two treatment approaches. However, the
clinical significance of this difference is limited. The achievement of
statistical significance in the MVP group (p=0.01) suggests that this
approach may have a more consistent effect on mortality outcomes (Table 2,
Figure 2).

3.4.2 Morbidity Analysis

Postoperative complications and major morbidity outcomes were
systematically evaluated for both treatment approaches in the study. The
morbidity. analysis evaluated hospital complications alongside long-term
side effects and their impact on patients' quality of life.

Postoperative complication profile

The postoperative complication rates between CABG and MVP approaches
showed majordifferences between the two groups. The major morbidity rates
were lower in studies that recommended MVP but this finding was affected
by the diverse nature of the studies. The research evaluated major
complications including in-hospital mortality and major bleeding and acute
kidney injury and cardiogenic shock and the need for reoperation.

Heterogeneity and reliability analysis

The heterogeneity analysis of the studies recommending MVP resulted in a
Qvalue of 3.74, a degree of freedom of 5, a p value of 0.01, and an 12 value
of 51.42%. The I? statistic exceeds 50% which indicates substantial
heterogeneity among the studies within this group. The high heterogeneity
arises from the diverse research methods alongside patient population
differences and different follow- up periods.

Major morbidity outcomes

The forest plot analysis demonstrated that major morbidity results were more
beneficial for the MVP approach. The MVP group demonstrated lower rates
of cardiovascular complications as well as renal failure development and
long-term rehospitalization rates. The high heterogeneity value requires
careful interpretation of these results.

Clinical significance

The morbidity analysis shows that the MVP approach has potential safety
benefits. The results should be interpreted with caution because of

Copy rights@ Melike Elif Teker Acikel,

selection criteria exist. There is a need for more homogeneous studies,
particularly in terms of long-term follow-up results and quality of life
parameters (Table 3, Figure 3).

3.4.3 Functional Results

The functional results of all studies included in the study were
comprehensively evaluated in terms of echocardiographic parameters and
left ventricular ejection fraction (LVEF) improvement. The researchers
conducted functional assessment to evaluate the objective impact of both
treatment methods on heart function.

Echocardiographic parameter analysis

The systematic review of all studies showed that their effect sizes spanned
between 0.21 and 0.46. The highest effect size was found in the study by
Zhang et al. (2024) at 0.46 (95% ClI: -0.03 to 0.95), while the lowest effect
size was reported in the study by Lv and Liu et al. (2022) at 0.21 (95% CI: -
0.21 t0 0.63). Wei and colleagues (2024) reported the second highest effect
size of 0.42 [15,18,19].

LVEF improvement results

The majority of studies demonstrated positive effect sizes when analyzing
left ventricular ejection fraction improvement through forest plot analysis.
The studies by Lee et al. (2023) and Sameer et al. (2023) produced
outstanding results with an effect size of 0.35. The studies by Zhang et al.
(2022) and Kopjar and Gasparovic et al. (2016) showed similar positive
effects with an effect size of 0.32 [17,20,21,22].

Weight Distribution and Reliability

The study by Zhang et al. (2022) had the highest weight distribution at
16.57% while Michler et al. (2016) study had the second highest weight
distribution at 13.05%. The study by Lee et al. (2023) had the lowest
contribution with a weight of 4.69%. This weight distribution is consistent
with the sample sizes and methodological qualities of the studies [20].

General functional evaluation

According to the results, the effect size levels and weights of the
studiesrecommending CABG and MVP methods are distributed at similar
levels. The average effect size level is 0.28, indicating a moderate effect.
These results suggest that the studies included in the meta-analysis provide
strong functional outcomes for both CABG and MVP methods at a general
level. It was assessed that the weights were distributed evenly across the
studies for both treatment approaches and that the results are reliable (Table
4, Figure 3).

methodological differences between studies and inconsistent patient
No. Study Name Effect Size | CI Lower Limit | CI Upper Limit | Weight
1 Zhang et al. (2024) 0.46 -0.03 0.95 5.28%
2 Wei et al. (2024) 0.42 0.01 0.83 7.84%
3 Lee et al. (2023) 0.35 -0.18 0.88 4.69%
4 Zhang et al. (2022) 0.23 -0.06 0.52 16.57%
5 Ceresa et al. (2022) 0.26 -0.14 0.66 8.08%
6 Lv and Liu et al. (2022) 0.21 -0.21 0.63 7.35%
7 Zhao and Shen et al. (2019) 0.32 -0.12 0.76 6.78%
8 Kim et al. (2018) 0.26 -0.15 0.67 7.84%
9 Toktas et al. (2016) 0.24 -0.20 0.68 6.71%
10 | Michler et al.(2016) 0.28 -0.04 0.60 13.05%
11 | Sameer et al. (2023) 0.35 -0.11 0.81 7.54%
12 | Kopjar and Gasparovic et al. (2016) | 0.32 -0.08 0.72 8.27%

Table 4: Effect Size Analysis of Individual Studies

Cl, confidence interval (95%); effect sizes presented as standardized mean differences calculated using random-effects model; weights represent the
relative contribution of each study to the overall meta-analysis based on inverse variance method,; statistical analysis performed using Comprehensive

Meta-Analysis software with significance level set at p<0.05.
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4.5 Heterogeneity Analysis

The evaluation of study heterogeneity stands as a crucial step for obtaining
reliable and generalizable results in meta-analysis. The research team
performed independent heterogeneity analyses for both treatment
approaches while conducting systematic assessments of statistical
heterogeneity levels.

CABG group heterogeneity results

The 12 index together with Cochrane's Q statistic evaluated inter- study
heterogeneity in studies that supported CABG. The |2 test result of 24.36
(low) in this group indicates a low level of heterogeneity. An |2 statistic
below 25% is considered low, between 25% and 50% is moderate, and above
50% is high heterogeneity. The low heterogeneity in the CABG group
indicates that the studies have a more homogeneous methodological
structure and that the results are more reliable [13].

MVP group heterogeneity results

The same statistical methods were used to determine inter-study
heterogeneity in the recommended studies for MVP. The I2 test result of
51.42 (high level) in the studies examined in this study indicates that the level
of heterogeneity is high. The high heterogeneity indicates that the studies in
the MVP group Show greater variability in terms of methodological,
population, and treatment protocols.

Sources of heterogeneity

The publications reviewed showed substantial differences in their
characteristics. The People's Republic of China produced 58.3% of the
publications (n=7) while Croatia, Italy, Canada, Pakistan and Turkey
produced 8.3% of the publications (n=1). The publications included cohort
studies at 8.3% while meta- analyses made up 33.3% and prospective studies
comprised 33.3% and retrospective studies accounted for 25%. The
methodological diversity between studies represents a main source of high
heterogeneity especially in the MVP group. Geographical and
Methodological Distribution The Chinese origin of all studies that
recommended CABG explains the low heterogeneity observed in this group.
The common feature of these publications being China-based implies the use
of similar patient populations and treatment protocols. In contrast, studies
recommending MVP (Ceresa 2022, Kim 2018, Toktas 2016, Michler 2016,
Sameer et al. 2023, Kopjar and Gasparovic 2016) were conducted in different
countries and using different methodologies (Table 1).

4.6 Publication Bias

The evaluation of publication bias in meta-analyses remains essential to
ensure the validity and reliability of results. The study used Orwin's Fail-safe
N and Tau coefficient calculations to test for publication bias and performed
separate analyses for each treatment group.

CABG Group Publication Bias Results

In studies recommending CABG, publication bias was observed in the group
examined according to Orwin's Fail-safe N and Tau coefficients. This
situation stems from the similar characteristics and country of origin of the
publications. When examining the geographical distribution of the studies,
the fact that all six studies recommending CABG originated from China is
the main explanation for the publication bias observed in this group.

MVP group publication bias results

The studies that support MVP recommendations show no evidence of
publication bias according to Orwin's Fail-safe N and Tau coefficients. This
can be explained by the wider geographical distribution of studies in the
MVP group and the fact that they were conducted by different groups of
researchers.

Relationship between geographical distribution and publication bias
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When the general characteristics of the publications are examined, a clear
asymmetry is observed in the country distribution of the studies. There are 7
studies (58.3%) from China, while Croatia, Italy, Canada, Pakistan, and
Turkey each have one study (8.3%). The main reason for publication bias
stems from the geographical concentration of studies in the CABG group.

Methodological diversity and publication bias

The study distribution by method reveals that meta-analysis studies comprise
33.3% (n=4) of the total while prospective studies and retrospective studies
each account for 33.3% (n=4) and cohort studies comprise 8.3% (n=1). The
equal proportion of CABG and MVP studies using the recommended method
(50.0%) suggests an overall balanced literature review but the risk of
publication bias remains because of geographical concentration.

Conclusions and recommendations

The results of publication bias analysis require special attention during
interpretation particularly in the CABG group. Future meta-analyses should
include studies from diverse geographic locations and language evaluation
to reduce publication bias (Table 5).

4. Discussion
4.1 Summary of main findings

The meta-analysis assessed CABG and CABG+MVP treatments for patients
with moderate ischemic mitral regurgitation and coronary artery disease to
Show both methods achieved acceptable results with unique benefits and
limitations. Patients who received CABG surgery as a standalone procedure
achieved acceptable survival results during the long term. The study by
Ceresa et al. (2022) showed that mitral valve reserve improved at both 6
months and 12 months and left ventricular ejection fraction increased [23]
while Seese et al. (2022) reported 30-day survival rates of 95.8% and 89.6%
at 1 year and 76.6% at 5 years with low reintervention rates (0.2%) [24]. The
STICH study revealed patients who received CABG treatment experienced
a 16% lower mortality rate during 9.8 years of follow-up but isolated CABG
provided the same prognosis as optimal medical therapy for patients with
moderate-to-severe mitral regurgitation [25]. Michler et al. (2016) reported
equivalent 2-year mortality rates but observed higher serious neurological
events and supraventricular arrhythmias in the combined approach [16] and
Toktas et al. (2016) found greater improvements in regurgitant volume and
NYHA class in the CABG+MVR group [26]. Noly et al. (2022) found that
mitral valve surgery failed to enhance survival rates in patients with severe
ischaemic mitral regurgitation and advanced left ventricular remodelling
while surgical risks and complication rates remained high [27]. The
development of functional mitral stenosis after mitral valve repair led to
worse outcomes in long-term follow-ups [28] but repair provided better
results than replacement in non-ischaemic mitral regurgitation cases [29].

4.2 Interpretation of clinical results

The two surgical methods show no difference in mortality rates according to
our meta-analysis results and Lv and Liu et al. (2022) analyzed 4,476 patients
to find no significant difference in perioperative mortality and long-term
survival between the two groups [18]. The recent meta-analysis conducted
by Sameer et al. (2023) demonstrated that CABG patients experienced lower
early mortality rates (RR: 0.47, 95% CI: 0.31-0.70). In Kim et al. (2018)
study the CABG group experienced early mortality at 3.7% while the
CABG+MVS group had a mortality rate of 11.2% which led to increased
occurrences of low cardiac output syndrome and other complications
[21,30]. The combined approach demonstrates clear disadvantages regarding
morbidity according to Lee et al. (2023) because postoperative atrial
fibrillation occurred in 62.5% of the MVs group compared to 37.5% and
blood transfusions were needed by 75% of MVs patients but only 40% of
CABG patients and hospital stays were longer for the MVs group. Zhang et
al. (2024) found that CABG+MVP patients required longer operation times
(5.65+£1.02 vs 4.13+0.85 hours) and IABP use was higher in this group
[20,15]. The combined approach provides better functional outcomes than
the single approach. The NYHA score improvement was statistically higher
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in the CABG+MVR group according to Sameer et al. (2023) meta-analysis
(MD: 0.39, 95% CI: 0.06-0.72) yet the two groups showed no difference in
ejection fraction [21].

4.3 Comparison with the literature

Kopjar and Gasparovic et al. (2016) conducted a meta-analysis of 1161
patients to find no survival benefit between the two approaches but
permanent mitral regurgitation was significantly worse in the CABG-only
group (60% vs 14%; P<0.001), and additional valve repair was shown to
reduce the rate of permanent MR [22]. In Wei et al. (2024) network meta-
analysis of 6,139 patients, MVr and CABG+MVr reduced 30-day mortality
and the methods with the greatest decrease in 30-day mortality according to
the SUCRA ranking were MVr (96.7%) and CABG+MVr (70.8%) [19].
Nappi et al. (2024) observed equivalent long-term mortality rates between
MVR and MVr (OR 1.12, 95% CI: 0.85-1.48; p=0.43) but higher hospital
death rate was found in the MVR group. The incidence of mitral
regurgitation recurrence rose from 32.6% at 2 years to 55.9% at 5 years in
patients who underwent restrictive annuloplasty alone and the total event rate
was significantly lower in the RMA combined with subvalvular repair [31].
Lee et al. (2023) analyzed a systematic review of CABG with and without
mitral valve repair in patients with moderate ischemic mitral regurgitation
without any difference in short-term or long-term mortality between the two
groups, but long-term mortality was lower in patients with left ventricular
ejection fraction <40% who received CABG with MVR [32]. A large data
study by Montisci et al. (2022) showed that CABG provided a survival
advantage in elderly patients with multivessel disease, and artificial
intelligence based analyses indicated reduced complication rates in particular
subgroups who received CABG plus valve repair [33]. Lin et al. (2021)
reported no difference in survival rates between robotic CABG and
conventional CABG, thus indicating that the surgical approach has a minimal
impact and patient choice remains essential [34].

4.4 Pathophysiological Explanation

The pathophysiology of ischemic mitral regurgitation explains why different
treatments have different outcomes. Pienta et al. (2023) explained that
ischemic mitral regurgitation is a multifaceted condition that occurs after
coronary artery disease and myocardial infarction due to impaired mitral
valve leaflet function (tethering) and annular dilatation caused by ischemic
ventricular remodeling [1]. As emphasised by Benfari et al. (2021),
functional mitral regurgitation develops as a result of ventricular remodelling
associated with left ventricular dysfunction and impaired valve coaptation in
structurally normal mitral valves, This condition is associated with
mechanisms such as left ventricular dilatation, papillary muscle dysfunction,
and mitral annulus dilatation [2]. According to Russo et al. (2022), the main
mechanism of functional mitral regurgitation is the displacement of the
papillary muscles away from the mitral annulus due to ventricular
enlargement, leading to apical/posterior tethering of the leaflets. in this
process, loss of coaptation between the valve leaflets occurs, and annular
dilatation and geometric distortions cause tenting (tenting) and loss of
coaptation in the mitral valve [35]. As noted by Zoghbi et al. (2022), the
pathophysiology of functional mitral regurgitation is based on an imbalance
between valve leaflet tethering and reduced closing forces, and in ischemic
cases, ventricular remodelling and tethering increase due to myocardial
infarction, causing mitral regurgitation severity to form a ‘biphasic’ pattern
in the early and late systolic phases [36]. Left ventricular mechanical
dyssynchrony increases tethering through the incoordinated movement of the
papillary muscles, while the dilation of the mitral annulus with left atrial
dilatation and the ‘atriogenic leaflet tethering’ mechanism exacerbate
functional mitral regurgitation. this pathophysiological understanding
suggests that left ventricular reverse remodelling and load reduction may
reduce functional mitral regurgitation [35]. The research by Ceresa et al.
(2022) confirms that functional mitral regurgitation is mainly a ventricular
disease and that intervention on the valve alone is not always necessary,
suggesting that left ventricular remodelling and changes in mitral valve
reserve may be sufficient in many patients with isolated CABG [23].
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4.5 Compliance with Guideline Recommendations

Our current findings appear consistent with current guideline
recommendations, According to Otto et al. (2021) the 2020 ACC/AHA
Guidelines state that a heart team should make individualized decisions for
patient with severe mitral regurgitation who remain symptomatic despite
heart failure therapy particularly noting conflicting data on surgical
outcomes in patients with secondary mitral regurgitation [7]. The
ESC/EACTS guidelines according to Vahanian et al. (2021) emphasize the
importance of selecting appropriate patients because COAPT and MITRA-
FR studies have produced conflicting results which complicate clinical
decision-making and generate inconsistencies in the literature [8]. Grant et
al. (2024) stress the need for individualized decision-making and a
multidisciplinary heart team in the Enhanced Recovery After Surgery
consensus and state that a patient-centered approach is a key component of
the treatment process. The study also points out the inconsistencies in
surgical outcomes in patients with mitral insufficiency and the lack of
consistency in treatment strategies across different risk groups [37].
Frazzetto et al. (2025) review that current guidelines recommend
individualized treatment decisions and a multidisciplinary cardiac team
approach and emphasize the need for patient specific decisions based on
mechanism, surgical risk, and anatomical suitability [38]. As emphasized by
Lopes et al. (2021), there are significant uncertainties in the diagnosis, risk
stratification, and treatment decision-making processes for functional mitral
insufficiency. differences in the threshold for severe regurgitation and
treatment approaches in American and European guidelines create
contradictions in clinical decisions, and it is noted that the prognosis of the
disease depends not only on the severity of regurgitation but also on
additional factors such as left ventricular remodelling and myocardial
fibrosis [9]. The study by Vajapey and Kwon et al. (2021) and Guarracino et
al. (2021) highlights that clinical practice inconsistencies occur because of
different results from randomised studies and a patient-specific,
multidisciplinary team-based approach is recommended for cardiac surgery
patients [39,40].

4.6 Limitations

The research contains multiple crucial limitations that need to be addressed.
The included studies show substantial heterogeneity because the 12 value
reached 51.42% in studies that recommend MVP. The heterogeneity exists
because researchers employed different methodologies while working with
patients who had different characteristics and used distinct surgical
approaches. The observational nature of 66.7% of included studies increases
both selection bias and confounding factor influence because they consisted
of retrospective and prospective and cohort studies. The studies presented
different follow-up durations which ranged from 17 months to 78 months
thus making it challenging to compare long term results. Additionally, the
fact that all studies recommending CABG were of Chinese origin introduces
geographical bias and affects the generalisability of the results. The grading
system for mitral regurgitation and surgical indication criteria were not
standardized across studies which resulted in different patient selection.

4.7 Clinical Implications

The results of this meta-analysis provide important clinical guidance for
surgical decision-making in patients with moderate ischemic mitral
regurgitation and coronary artery disease. In terms of patient selection
criteria, the combined CABG+MVP approach may be considered in patients
with left ventricular ejection fraction <40%, young patients with low surgical
risk, and patients with high myocardial viability; however, isolated CABG is
a safer option in patients with advanced age, high comorbidity, and low EF
(<25%). The surgical decision making process should be individualised by a
multidisciplinary cardiac team based on a comprehensive assessment of
factors such as the patient's age, left ventricular function, comorbidities,
surgical risk, general performance status, symptom level, ventricular size,
mitral annulus width, and myocardial viability. In the risk- benefit analysis,
the advantages of the combined approach in reducing residual mitral
regurgitation and improving functional capacity should be balanced against
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the increased risk of early mortality, longer surgery duration, increased
morbidity, and neurological complications; and considering that the long-
term survival advantage has not been proven, isolated CABG should be
considered an adequate and safe option in most patients.

5. Conclusion

The study is consistent with studies recommending both methods. The effect
size of the six studies recommending the MVP method was calculated as
0.30.The effect size value of the six studies recommending CABG was
calculated as 0.28. Although there was no significant difference in the
results, the studies recommending the MVP method were found to have a
stronger effect. The fact that the six studies recommending CABG were
conducted in China, the low level of heterogeneity, the high sample size,
and the low publication years indicate that this method should be considered.
The effect size value of the six studies recommending the MVP method was
calculated as 0.30. The effect size value of the n=6 studies recommending
CABG was calculated as 0.28. Although there was not much difference in
the results, it was seen that the studies recommending the MVVP method had
a stronger effect. In addition to the stronger results of the studies
recommending the MVP method, the average publication time of around 6
years and the fact that the publications were conducted by different
researchers in different countries take this method one step further.

However, there is no significant difference between the two methods in terms
of effect size.

Declarations:
Ethics approval and consent to participate:

This study was approved by the Sisli Etfal Training and Research Hospital
Clinical Research Ethics Committee (Decision No: 2828). The requirement
for informed consent was waived by the ethics committee (if applicable).

Consent for publication:
Not applicable.
Authors' Contributions:

Melike Elif Teker Acikel: Project conceptualization, study design,
comprehensive literature search, data extraction, quality assessment,
statistical analysis, interpretation of results, creation of figures and tables,
drafting of the manuscript, and critical revision of the final version.

Nazmi Alperen Gul: Support in literature screening, data verification,
contribution to methodological assessment, and review/editing of the
manuscript.

ismail Koramaz: Clinical expertise contribution, supervision of data
interpretation, critical revision for important intellectual content, and final
approval of the manuscript.

All authors read and approved the final version of the manuscript.
Funding:

None.

Conflicts of Interest:

The authors declare no conflicts of interest.

Data availability:

Available upon reasonable request.

References

1. Pienta MJ, Theurer P, He C, et al.( 2023). Contemporary
management of ischemic mitral regurgitation at coronary
artery bypass grafting. Ann Thorac Surg.;115(1):88-95.

Auctores Publishing — Volume 8(16)-562 www.auctoresonline.org
ISSN:2641-0419

10.

11.

12.

13.

14.

15.

Copy rights@ Melike Elif Teker Acikel,

Benfari G, Antoine C, Essayagh B, et al. (2021).Functional
mitral regurgitation outcome and grading in heart failure
with reduced ejection fraction. JACC Cardiovasc
Imaging.;14(12):2303-2315.

Figlioli G, Sticchi A, Christodoulou MN, et al.
(2025).Global prevalence of mitral regurgitation: a
systematic review and meta-analysis of population-based
studies. J Clin Med.;14(8):2749. Published 2025 Apr 16.
Nappi F, Antoniou GA, Nenna A, et al. (2022).Treatment
options for ischemic mitral regurgitation: A meta-analysis. J
Thorac Cardiovasc Surg.;163(2):607-622.e14.

Stefanelli G, Bellisario A, Meli M, Chiurlia E, Barbieri A,
Weltert L. (2020).Outcomes after surgical ventricular
restoration for ischemic cardiomyopathy. J Thorac
Cardiovasc Surg. 2022;163(3):1058-1067.

Ullah W, Gul S, Saleem S, et al. (2022).Trend, predictors,
and outcomes of combined mitral valve replacement and
coronary artery bypass graft in patients with concomitant
mitral valve and coronary artery disease: a National Inpatient
Sample database analysis. Eur Heart J Open.;2(1):0eac002.
Published 2022 Jan 13.

Otto CM, Nishimura RA, Bonow RO, et al. (2020).
ACC/AHA Guideline for the Management of Patients With
Valvular Heart Disease: Executive Summary: A Report of
the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice
Guidelines. Circulation.;143(5):e35-e71.

Vahanian A, Beyersdorf F, Praz F, et al. (2021).
ESC/EACTS Guidelines for the management of valvular
heart disease. Eur Heart J.;43(7):561-632.

Lopes BBC, Kwon DH, Shah DJ, et al.(2021). Importance
of myocardial fibrosis in functional mitral regurgitation:
from outcomes to decision-making. JACC Cardiovasc
Imaging. 2021;14(4):867-878.

Frost AD, Hrobjartsson A, Nejstgaard  CH.
(2015).Adherence to the PRISMA-P reporting guideline
was inadequate in systematic review protocols. J Clin
Epidemiol. 2022;150:179-187.

Crocker TF, Lam N, Jorddao M, et al. (2023).Risk-of-bias
assessment using Cochrane's revised tool for randomized
trials (RoB 2) was useful but challenging and resource-
intensive: observations from a systematic review. J Clin
Epidemiol.;161:39-45.

Carra MC, Romandini P, Romandini M.(2025). Risk of bias
evaluation of cross-sectional studies: adaptation of the
newcastle-ottawa scale. J Periodontal Res. Published online
April 28,

Patsopoulos NA, Evangelou E, loannidis JP.(2008).
Sensitivity of between-study heterogeneity in meta-analysis:
proposed metrics and empirical evaluation. Int J
Epidemiol.;37(5):1148-1157.

Cohen, J. (1988). Statistical power analysis for the
behavioral sciences (2nd ed.). Routledge.

Zhang K, Fu W, Liu K, et al. (2024).Coronary artery bypass
grafting plus mitral valve plasty may not provide more
advantage in patients with coronary heart disease and
moderate ischemic mitral regurgitation: an inverse
probability of treatment weighting retrospective cohort
study. Braz J Cardiovasc
Surg.;e20230254(e20230254):€20230254. Published 2024
Nov 28

Page 4 of 6


https://www.sciencedirect.com/science/article/pii/S0003497522012243
https://www.sciencedirect.com/science/article/pii/S0003497522012243
https://www.sciencedirect.com/science/article/pii/S0003497522012243
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2021.05.017
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2021.05.017
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2021.05.017
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2021.05.017
https://www.mdpi.com/2077-0383/14/8/2749
https://www.mdpi.com/2077-0383/14/8/2749
https://www.mdpi.com/2077-0383/14/8/2749
https://www.mdpi.com/2077-0383/14/8/2749
https://www.sciencedirect.com/science/article/pii/S0022522320312629
https://www.sciencedirect.com/science/article/pii/S0022522320312629
https://www.sciencedirect.com/science/article/pii/S0022522320312629
https://www.sciencedirect.com/science/article/pii/S0022522320312368
https://www.sciencedirect.com/science/article/pii/S0022522320312368
https://www.sciencedirect.com/science/article/pii/S0022522320312368
https://www.sciencedirect.com/science/article/pii/S0022522320312368
https://academic.oup.com/ehjopen/article-abstract/2/1/oeac002/6506570
https://academic.oup.com/ehjopen/article-abstract/2/1/oeac002/6506570
https://academic.oup.com/ehjopen/article-abstract/2/1/oeac002/6506570
https://academic.oup.com/ehjopen/article-abstract/2/1/oeac002/6506570
https://academic.oup.com/ehjopen/article-abstract/2/1/oeac002/6506570
https://academic.oup.com/ehjopen/article-abstract/2/1/oeac002/6506570
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.11.035
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.11.035
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.11.035
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.11.035
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.11.035
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.11.035
https://pmc.ncbi.nlm.nih.gov/articles/PMC9410571/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9410571/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9410571/
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2020.10.027
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2020.10.027
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2020.10.027
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2020.10.027
https://www.sciencedirect.com/science/article/pii/S0895435622001755
https://www.sciencedirect.com/science/article/pii/S0895435622001755
https://www.sciencedirect.com/science/article/pii/S0895435622001755
https://www.sciencedirect.com/science/article/pii/S0895435622001755
https://www.sciencedirect.com/science/article/pii/S0895435623001634
https://www.sciencedirect.com/science/article/pii/S0895435623001634
https://www.sciencedirect.com/science/article/pii/S0895435623001634
https://www.sciencedirect.com/science/article/pii/S0895435623001634
https://www.sciencedirect.com/science/article/pii/S0895435623001634
https://onlinelibrary.wiley.com/doi/abs/10.1111/jre.13405
https://onlinelibrary.wiley.com/doi/abs/10.1111/jre.13405
https://onlinelibrary.wiley.com/doi/abs/10.1111/jre.13405
https://onlinelibrary.wiley.com/doi/abs/10.1111/jre.13405
https://academic.oup.com/ije/article-abstract/37/5/1148/867019
https://academic.oup.com/ije/article-abstract/37/5/1148/867019
https://academic.oup.com/ije/article-abstract/37/5/1148/867019
https://academic.oup.com/ije/article-abstract/37/5/1148/867019
https://api.taylorfrancis.com/content/books/mono/download?identifierName=doi&identifierValue=10.4324/9780203771587&type=googlepdf
https://api.taylorfrancis.com/content/books/mono/download?identifierName=doi&identifierValue=10.4324/9780203771587&type=googlepdf
https://www.scielo.br/j/rbccv/a/wWbg7CL5fK3CpSfSKRKRwKg/?format=html&lang=en
https://www.scielo.br/j/rbccv/a/wWbg7CL5fK3CpSfSKRKRwKg/?format=html&lang=en
https://www.scielo.br/j/rbccv/a/wWbg7CL5fK3CpSfSKRKRwKg/?format=html&lang=en
https://www.scielo.br/j/rbccv/a/wWbg7CL5fK3CpSfSKRKRwKg/?format=html&lang=en
https://www.scielo.br/j/rbccv/a/wWbg7CL5fK3CpSfSKRKRwKg/?format=html&lang=en
https://www.scielo.br/j/rbccv/a/wWbg7CL5fK3CpSfSKRKRwKg/?format=html&lang=en
https://www.scielo.br/j/rbccv/a/wWbg7CL5fK3CpSfSKRKRwKg/?format=html&lang=en
https://www.scielo.br/j/rbccv/a/wWbg7CL5fK3CpSfSKRKRwKg/?format=html&lang=en

J. Clinical Cardiology and Cardiovascular Interventions

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Michler RE, Smith PK, Parides MK, et al. (2016).Two-year
outcomes of surgical treatment of moderate ischemic mitral
regurgitation. N Engl J Med.;374(20):1932-1941

Zhang K, Fu W, Dai Q, Zheng J, Biekan J, Wang Y, Yan P,
Gu X, Mu J, Dong R. (2022).The number of myocardial
infarction segments connected to papillary muscle is
associated with the improvement in moderate ischemic
mitral regurgitation. Cardiovasc Diagn Ther.;12(6):828-839.
Lv J, Liu K, Lu R, He R, Chen S. (2022).Coronary artery
bypass on survival in patients with moderate ischemic mitral
regurgitation: meta-analysis. Derivacion de la arteria
coronaria en supervivencia de pacientes con insuficiencia
valvular mitral isquémica moderada: un meta-analisis. Cir
Cir.;90(2):180-186.

Wei Z, Dong S, Li X, Chen Y, Liu S, Song B.
(2024).Comparison of various surgical approaches for
moderate-to-severe ischemic mitral regurgitation: a
systematic review and network meta-analysis. Rev
Cardiovasc Med.;25(11):425. Published 2024 Nov 25.

Lee J, Kajimoto K, Yamamoto T, Amano A, Tabata M.
(2023).Concomitant mitral valve surgery versus no
intervention in patients with moderate ischemic mitral
regurgitation undergoing coronary artery bypass grafting: a
propensity  score analysis. Juntendo lji  Zasshi.
2023;69(1):32-41. Published Feb 22.

Sameer MA, Malik BA, Choudry MOU, et al.
(2023).Comparison of coronary artery bypass grafting
combined with mitral valve repair versus coronary artery
bypass grafting alone in patients with moderate ischemic
mitral regurgitation: a meta-analysis. Cureus.;15(4):e37238.
Published 2023 Apr 7.

Kopjar T, Gasparovic H, Mestres CA, Milicic D, Biocina B.
(2016).Meta-analysis of concomitant mitral valve repair and
coronary artery bypass surgery versus isolated coronary
artery bypass surgery in patients with moderate ischaemic
mitral regurgitation. Eur J Cardiothorac Surg.;50(2):212-
222.

Ceresa F, Micari A, Rubino AS, et al.(2022). Analysis of
changes in "mitral valve reserve" after coronary artery
bypass grafts in patients with functional mitral regurgitation.
J Cardiothorac Surg.;17(1):255. Published 2022 Oct 5.
Seese L, Deitz R, Dufendach K, et al. (2022).Midterm
outcomes of isolated coronary artery bypass grafting in the
setting of moderate ischemic mitral regurgitation. J Surg
Res.;278:317-324.

Liga R, Colli A, Taggart DP, Boden WE, De Caterina R.
(2023).Myocardial revascularization in patients with
ischemic cardiomyopathy: for whom and how. J Am Heart
Assoc.;12(6):e026943.

Toktas F, Yavuz S, Ozsin KK, Sanri US. (2016).Mitral valve
repair for ischemic moderate mitral regurgitation in patients
undergoing coronary artery bypass grafting. Saudi Med
J.;37(8):853-859.

Noly PE, Pagani FD, Obadia JF, et al. (2022).The role of
surgery for secondary mitral regurgitation and heart failure
in the era of transcatheter mitral valve therapies. Rev
Cardiovasc Med.;23(3):87.

Auctores Publishing — Volume 8(16)-562 www.auctoresonline.org
ISSN:2641-0419

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Copy rights@ Melike Elif Teker Acikel,

Kim JH, Lee SH, Joo HC, et al.(2021). Long-term clinical
impacts of functional mitral stenosis after mitral valve
repair. Ann Thorac Surg.;111(4):1207-1215.

Fan Q, Li X, Cao G, Yu P, Zhang F.( 2021). Outcome of
mitral valve repair or replacement for non-ischemic mitral
regurgitation: a systematic review and meta-analysis. J
Cardiothorac Surg.;16(1):175. Published 2021 Jun 15.

Kim BJ, Kim YS, Kim HJ, et al.(2018). Concomitant mitral
valve surgery in patients with moderate ischemic mitral
regurgitation undergoing coronary artery bypass grafting. J
Thorac Dis.;10(6):3632-3642.

Nappi F. (2024).Comparing surgical techniques and results
of secondary ischemic mitral regurgitation: a state-of-the-art
literature review. Ann Transl Med.;12(5):91.

Li X, Hou B, Hou S, Jiang W, Liu Y, Zhang H.
(2024).Efficacy of mitral valve repair in combination with
coronary revascularization for moderate ischaemic mitral
regurgitation: a systematic review and meta-analysis of
randomized controlled trials. Int J Surg.;110(6):3879-3887.
Published 2024 Jun 1.

Montisci A, Palmieri V, Vietri MT, et al. (2022).Big Data in
cardiac surgery: real world and perspectives. J Cardiothorac
Surg.;17(1):277. Published 2022 Oct 29

Lin TH, Wang CW, Shen CH, et al. Clinical outcomes of
multivessel coronary artery disease patients revascularized
by robot-assisted vs conventional standard coronary artery
bypass graft surgeries in real-world practice. Medicine
(Baltimore). 2021;100(3):e23830.

Russo E, Russo G, Cassese M, et al. (2022).The role of
cardiac resynchronization therapy for the management of
functional  mitral  regurgitation.  Cells.;11(15):2407.
Published 2022 Aug 4.

Zoghbi WA, Levine RA, Flachskampf F, et al.(2022). Atrial
Functional Mitral Regurgitation: A JACC: Cardiovascular
Imaging Expert Panel Viewpoint. JACC Cardiovasc
Imaging.;15(11):1870-1882.

Grant MC, Crisafi C, Alvarez A, et al. (2024).Perioperative
Care in Cardiac Surgery: A Joint Consensus Statement by
the Enhanced Recovery After Surgery (ERAS) Cardiac
Society, ERAS International Society, and The Society of
Thoracic Surgeons (STS). Ann Thorac Surg.;117(4):669-
689.

Frazzetto M, Sanfilippo C, Briguglio F, et al. Mitral
Transcatheter Edge-to-Edge Repair in Acute Ischemic
Mitral Regurgitation: Current Evidence and Future
Perspectives. Rev Cardiovasc Med. 2025;26(4):33396.
Published 2025 Apr 21.

Vajapey R, Kwon D.( 2021). Guide to functional mitral
regurgitation: a contemporary review. Cardiovasc Diagn
Ther.;11(3):781-792.

Guarracino F, Habicher M, Treskatsch S, et al.
(2021).Vasopressor Therapy in Cardiac Surgery-An Experts'
Consensus Statement. J Cardiothorac Vasc
Anesth.;35(4):1018-1029.

Page 5 of 6


https://www.nejm.org/doi/abs/10.1056/NEJMoa1602003
https://www.nejm.org/doi/abs/10.1056/NEJMoa1602003
https://www.nejm.org/doi/abs/10.1056/NEJMoa1602003
https://pmc.ncbi.nlm.nih.gov/articles/PMC9808117/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9808117/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9808117/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9808117/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9808117/
https://www.scielo.org.mx/scielo.php?pid=S2444-054X2022000200180&script=sci_arttext&tlng=en
https://www.scielo.org.mx/scielo.php?pid=S2444-054X2022000200180&script=sci_arttext&tlng=en
https://www.scielo.org.mx/scielo.php?pid=S2444-054X2022000200180&script=sci_arttext&tlng=en
https://www.scielo.org.mx/scielo.php?pid=S2444-054X2022000200180&script=sci_arttext&tlng=en
https://www.scielo.org.mx/scielo.php?pid=S2444-054X2022000200180&script=sci_arttext&tlng=en
https://www.scielo.org.mx/scielo.php?pid=S2444-054X2022000200180&script=sci_arttext&tlng=en
https://pmc.ncbi.nlm.nih.gov/articles/PMC11607506/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11607506/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11607506/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11607506/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11607506/
https://www.jstage.jst.go.jp/article/jmj/69/1/69_JMJ22-0021-OA/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jmj/69/1/69_JMJ22-0021-OA/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jmj/69/1/69_JMJ22-0021-OA/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jmj/69/1/69_JMJ22-0021-OA/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jmj/69/1/69_JMJ22-0021-OA/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jmj/69/1/69_JMJ22-0021-OA/_article/-char/ja/
https://www.cureus.com/articles/148565-comparison-of-coronary-artery-bypass-grafting-combined-with-mitral-valve-repair-versus-coronary-artery-bypass-grafting-alone-in-patients-with-moderate-ischemic-mitral-regurgitation-a-meta-analysis.pdf
https://www.cureus.com/articles/148565-comparison-of-coronary-artery-bypass-grafting-combined-with-mitral-valve-repair-versus-coronary-artery-bypass-grafting-alone-in-patients-with-moderate-ischemic-mitral-regurgitation-a-meta-analysis.pdf
https://www.cureus.com/articles/148565-comparison-of-coronary-artery-bypass-grafting-combined-with-mitral-valve-repair-versus-coronary-artery-bypass-grafting-alone-in-patients-with-moderate-ischemic-mitral-regurgitation-a-meta-analysis.pdf
https://www.cureus.com/articles/148565-comparison-of-coronary-artery-bypass-grafting-combined-with-mitral-valve-repair-versus-coronary-artery-bypass-grafting-alone-in-patients-with-moderate-ischemic-mitral-regurgitation-a-meta-analysis.pdf
https://www.cureus.com/articles/148565-comparison-of-coronary-artery-bypass-grafting-combined-with-mitral-valve-repair-versus-coronary-artery-bypass-grafting-alone-in-patients-with-moderate-ischemic-mitral-regurgitation-a-meta-analysis.pdf
https://www.cureus.com/articles/148565-comparison-of-coronary-artery-bypass-grafting-combined-with-mitral-valve-repair-versus-coronary-artery-bypass-grafting-alone-in-patients-with-moderate-ischemic-mitral-regurgitation-a-meta-analysis.pdf
https://academic.oup.com/ejcts/article-abstract/50/2/212/1748646
https://academic.oup.com/ejcts/article-abstract/50/2/212/1748646
https://academic.oup.com/ejcts/article-abstract/50/2/212/1748646
https://academic.oup.com/ejcts/article-abstract/50/2/212/1748646
https://academic.oup.com/ejcts/article-abstract/50/2/212/1748646
https://academic.oup.com/ejcts/article-abstract/50/2/212/1748646
https://link.springer.com/article/10.1186/s13019-022-01993-6
https://link.springer.com/article/10.1186/s13019-022-01993-6
https://link.springer.com/article/10.1186/s13019-022-01993-6
https://link.springer.com/article/10.1186/s13019-022-01993-6
https://www.sciencedirect.com/science/article/pii/S0022480422002293
https://www.sciencedirect.com/science/article/pii/S0022480422002293
https://www.sciencedirect.com/science/article/pii/S0022480422002293
https://www.sciencedirect.com/science/article/pii/S0022480422002293
https://www.ahajournals.org/doi/abs/10.1161/JAHA.122.026943
https://www.ahajournals.org/doi/abs/10.1161/JAHA.122.026943
https://www.ahajournals.org/doi/abs/10.1161/JAHA.122.026943
https://www.ahajournals.org/doi/abs/10.1161/JAHA.122.026943
https://pmc.ncbi.nlm.nih.gov/articles/PMC5018701/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5018701/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5018701/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5018701/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11178038/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11178038/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11178038/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11178038/
https://www.sciencedirect.com/science/article/pii/S0003497520315277
https://www.sciencedirect.com/science/article/pii/S0003497520315277
https://www.sciencedirect.com/science/article/pii/S0003497520315277
https://link.springer.com/article/10.1186/s13019-021-01563-2
https://link.springer.com/article/10.1186/s13019-021-01563-2
https://link.springer.com/article/10.1186/s13019-021-01563-2
https://link.springer.com/article/10.1186/s13019-021-01563-2
https://pmc.ncbi.nlm.nih.gov/articles/PMC6051835/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6051835/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6051835/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6051835/
https://journals.lww.com/atm/fulltext/2024/10000/comparing_surgical_techniques_and_results_of.8.aspx
https://journals.lww.com/atm/fulltext/2024/10000/comparing_surgical_techniques_and_results_of.8.aspx
https://journals.lww.com/atm/fulltext/2024/10000/comparing_surgical_techniques_and_results_of.8.aspx
https://journals.lww.com/international-journal-of-surgery/fulltext/2024/06000/efficacy_of_mitral_valve_repair_in_combination.68.aspx
https://journals.lww.com/international-journal-of-surgery/fulltext/2024/06000/efficacy_of_mitral_valve_repair_in_combination.68.aspx
https://journals.lww.com/international-journal-of-surgery/fulltext/2024/06000/efficacy_of_mitral_valve_repair_in_combination.68.aspx
https://journals.lww.com/international-journal-of-surgery/fulltext/2024/06000/efficacy_of_mitral_valve_repair_in_combination.68.aspx
https://journals.lww.com/international-journal-of-surgery/fulltext/2024/06000/efficacy_of_mitral_valve_repair_in_combination.68.aspx
https://journals.lww.com/international-journal-of-surgery/fulltext/2024/06000/efficacy_of_mitral_valve_repair_in_combination.68.aspx
https://link.springer.com/article/10.1186/s13019-022-02025-z
https://link.springer.com/article/10.1186/s13019-022-02025-z
https://link.springer.com/article/10.1186/s13019-022-02025-z
https://journals.lww.com/md-journal/fulltext/2021/01220/clinical_outcomes_of_multivessel_coronary_artery.29.aspx
https://journals.lww.com/md-journal/fulltext/2021/01220/clinical_outcomes_of_multivessel_coronary_artery.29.aspx
https://journals.lww.com/md-journal/fulltext/2021/01220/clinical_outcomes_of_multivessel_coronary_artery.29.aspx
https://journals.lww.com/md-journal/fulltext/2021/01220/clinical_outcomes_of_multivessel_coronary_artery.29.aspx
https://journals.lww.com/md-journal/fulltext/2021/01220/clinical_outcomes_of_multivessel_coronary_artery.29.aspx
https://www.mdpi.com/2073-4409/11/15/2407
https://www.mdpi.com/2073-4409/11/15/2407
https://www.mdpi.com/2073-4409/11/15/2407
https://www.mdpi.com/2073-4409/11/15/2407
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2022.08.016
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2022.08.016
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2022.08.016
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2022.08.016
https://www.sciencedirect.com/science/article/pii/S0003497523013176
https://www.sciencedirect.com/science/article/pii/S0003497523013176
https://www.sciencedirect.com/science/article/pii/S0003497523013176
https://www.sciencedirect.com/science/article/pii/S0003497523013176
https://www.sciencedirect.com/science/article/pii/S0003497523013176
https://www.sciencedirect.com/science/article/pii/S0003497523013176
https://pmc.ncbi.nlm.nih.gov/articles/PMC12059755/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12059755/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12059755/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12059755/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12059755/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8261742/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8261742/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8261742/
https://www.sciencedirect.com/science/article/pii/S1053077020312672
https://www.sciencedirect.com/science/article/pii/S1053077020312672
https://www.sciencedirect.com/science/article/pii/S1053077020312672
https://www.sciencedirect.com/science/article/pii/S1053077020312672

J. Clinical Cardiology and Cardiovascular Interventions Copy rights@ Melike Elif Teker Acikel,

Ready to submit your research? Choose Auctores and benefit from:

This work is licensed under Creative . . o
T Commons Attribution 4.0 License fast; convenient online submission
rigorous peer review by experienced research in your field
rapid publication on acceptance
authors retain copyrights
unique DOI for all articles
immediate; unrestricted online access

To Submit Your Article Click Here:

YV V VYV VY

DOI:10.31579/2641-0419/562

At Auctores; research is always in progress.

Learn more https://auctoresonline.org/journals/clinical-cardiology-and-
cardiovascular-interventions

Auctores Publishing — Volume 8(16)-562 www.auctoresonline.org
ISSN:2641-0419 Page 6 of 6


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=19
https://auctoresonline.org/journals/clinical-cardiology-and-cardiovascular-interventions
https://auctoresonline.org/journals/clinical-cardiology-and-cardiovascular-interventions

