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Abstract

Background Coronary artery bypass grafting (CABG) remains the preferred treatment for complex multi-vessel
coronary artery disease, offering substantial long-term benefits. Non-cardiac comorbidities such as frailty may
significantly affect the outcomes of this procedure. However, the exact impact of frailty on CABG outcomes remains
unclear, particularly given its exclusion from many pivotal revascularization trials. This systematic review and meta-
analysis aimed to consolidate existing data to evaluate the impact of frailty on short- and long-term outcomes
following CABG.

Methods Searches across PubMed, Cochrane Library, Embase, and Scopus were done to identify studies that were
published up to March 31, 2024, had detailed preoperative frailty assessments and compared frail versus non-frail
adult patients undergoing CABG. Primary outcomes were all-cause mortality and major adverse cardiac events within
one year. Secondary outcomes included hospital readmission rates and length of stay. A random-effects model was
used to account for heterogeneity. Results were reported as odds ratios (OR) or mean differences (MD) with 95%
confidence intervals (Cl).

Results Our meta-analysis, involving data from 14 studies, revealed a significant increase in both 30-day (OR 2.52;
95% Cl: 2.07 to 3.07) and 1-year mortality (OR 2.58; 95% Cl: 1.49 to 4.45) among frail patients. The risk of acute cardiac
and cerebrovascular complications was comparable in all patients (OR 1.03; 95% Cl: 0.89 to 1.19). However, frailty was
associated with a significant increase in the risk of acute kidney injury (OR 2.31;95% Cl: 1.26 to 4.23). Frail patients
were more likely to have longer hospital stays and higher readmission rates compared to their non-frail counterparts.

Conclusion Our study confirms the critical impact of frailty on mortality and morbidity in CABG patients and
advocates for the integration of frailty assessments into the preoperative evaluation process. Addressing frailty can
lead to more individualized patient care and better outcomes, urging a paradigm shift towards comprehensive,
patient-centric management in cardiac surgery.
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Introduction

Coronary artery bypass grafting (CABG) has long been
established as the superior intervention for patients with
complex multi-vessel coronary artery disease or distal/
bifurcation left main stenosis, offering more durable
long-term results compared to percutaneous coronary
intervention (PCI) [1, 2]. CABG is associated with low
mortality rates of 1-2% even among high-risk patients [3,
4]. However, the mid-term survival and quality of life fol-
lowing CABG increasingly hinge on non-cardiac comor-
bidities rather than the complexity of coronary lesions
[5]. This shift comes at a time of global increase in life
expectancy, as older CABG patients have a higher preva-
lence of risk factors such as diabetes mellitus, chronic
kidney disease, chronic obstructive pulmonary disease,
and notably, geriatric syndromes like frailty [6, 7].

The recognition of these changes has influenced recent
coronary revascularization guidelines, which now recom-
mend a heart-team approach when selecting treatments
for older patients with stable coronary artery disease
[8]. Of all non-cardiac comorbidities, frailty presents a
unique set of challenges. It is a complex syndrome char-
acterized by diminished strength, endurance, and physi-
ological function that increases patient morbidity and
mortality [9]. However, current practice recommenda-
tions are mostly based on recent revascularization trials
which often exclude frail patients. This exclusion raises
significant concerns regarding the applicability of trial
results to a substantial subset of the population under-
going CABG. Prior evidence indicates that frail patients
face increased perioperative mortality following cardiac
surgery. Nevertheless, no meta-analysis to date has com-
prehensively examined the effect of frailty on CABG out-
comes [10]. This gap in knowledge impacts the ability of
clinicians to accurately assess risk and tailor treatment
strategies for this vulnerable patient group.

Our systematic review and meta-analysis aim to con-
solidate existing data to assess the impact of frailty on
outcomes following CABG.

Methods

Eligibility criteria

This review included studies involving adult patients
(aged 18 years and older) undergoing CABG. Stud-
ies were selected if they provided explicit information
on the assessment of frailty among participants before
undergoing CABG. There were no restrictions regarding
the patient’s gender, ethnicity, or geographic location to
ensure the broad applicability of the findings.

The exposure group included patients classified as
frail based on predefined criteria using validated frailty
scales such as Fried Frailty Index, Tilburg Frailty Indi-
cator (TFI), or other similar assessments documented
in the studies. The comparison group included patients
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undergoing CABG who were determined to be non-frail,
using the same frailty assessments as the exposure group
to maintain consistency across comparisons.

Outcomes

The primary outcomes of interest were all-cause mortal-
ity within 30 days and one-year post-surgery, and major
adverse cardiac events (MACE), which included myocar-
dial infarction, stroke, and re-hospitalization due to car-
diac complications within one year of surgery. Secondary
outcomes assessed in the study were hospital readmis-
sion rates within 30 days and one year, the total number
of days patients spent in the hospital post-CABG, and
postoperative complications such as surgical site infec-
tions, renal failure, or prolonged ventilation.

Study design

The review considered randomized controlled trials
(RCTs), prospective and retrospective cohort studies, and
other observational studies. Exclusion criteria encom-
passed case reports, case series, editorials, commentar-
ies, and studies not published in peer-reviewed journals.
Studies published only as abstracts or presentations at
conferences were also excluded due to the potential lack
of detailed data and peer review. All studies must have
been published in English, with the literature search cov-
ering publications from the inception of the databases
until March 2024.

Information sources

A comprehensive and systematic search strategy was
employed to identify relevant studies from PubMed,
Cochrane Library, Embase, and Scopus databases. Ref-
erence lists of included studies and relevant systematic
reviews were manually searched to identify additional
studies not captured in the electronic searches. Contact
was made with authors for additional data or clarification
of study methodologies when necessary.

The last search of each database was conducted on
March 31, 2024. The search strategy was designed as
follows:

((“Coronary Artery Bypass Grafting” [Title/Abstract]
OR CABG [Title/Abstract] OR “heart bypass surgery”
[Title/Abstract]) AND (Frailty [MeSH Terms] OR frail
[Title/Abstract] OR “frail patients” [Title/Abstract] OR
vulnerability [Title/Abstract]) AND (Mortality [MeSH
Terms] OR “major adverse cardiac events” [Title/
Abstract] OR MACE [Title/Abstract] OR “hospital read-
mission” [Title/Abstract] OR “postoperative complica-
tions” [Title/ Abstract] OR “length of hospital stay” [Title/
Abstract])) Filters applied for language: English, publica-
tion date: since database inception to March 31, 2024,
and study types: RCTs, cohort studies, observational
studies.
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Study selection process

Two reviewers (SChen & SZ) independently conducted
an initial assessment of titles and abstracts of the iden-
tified studies. A thorough review of full texts of rele-
vant studies was then performed by the same reviewers
(SChen & SZ). Any inconsistencies in reviewer opinions
regarding study inclusion were resolved by consulting a
third, experienced reviewer (SCai). To enhance efficiency
and organization during the screening phase, online tool
Rayyan was used. The duplicates were also identified
by the Rayyan, but the final decision to delete duplicate
reports was done by the authors.

Data extraction

Two independent reviewers (SZ & SCai) carried out data
extraction using a specially designed form, which was
tested on a subset of studies to ensure its effectiveness in
capturing all pertinent data points clearly and concisely.
A third reviewers (HW) then cross-checked the data
entries to correct discrepancies and confirm data integ-
rity. For each study, the form recorded author details,
publication year, location, and study design, the total
number of subjects, their age and gender distributions,
and frailty assessment methods.

The primary outcomes included all-cause mortality
and MACE within 30 days and one year after the surgery.
Secondary outcomes included hospital readmission rates,
duration of hospital stays, and a detailed account of post-
operative complications. For each outcome, data were
collected across all compatible measures, time points,
and analyses provided in the studies. In cases where
multiple time points or analyses were reported, priority
was given to the most clinically relevant and commonly
reported time points, such as immediate postoperative
outcomes and follow-ups at one year, and 5 years. For
data that were unclear or missing from reports, the study
authors were contacted to provide further details or clari-
fication to ensure the completeness and accuracy of the
data set. To address potential duplication, included stud-
ies were carefully reviewed to identify overlapping data-
sets. Any studies with overlapping data were excluded
from pooled analyses to ensure accurate effect size esti-
mation. Such studies were retained only for narrative
synthesis if exclusivity of the data could not be verified.

Study risk of bias assessment

The Newcastle Ottawa Scale (NOS) for cohort stud-
ies was used to evaluate the risk of bias in each included
study [11]. This scale assesses the quality of prospective
cohorts through a detailed examination of three critical
domains: the method of selection of study groups, the
degree of comparability between these groups, and the
accuracy of outcome or exposure ascertainment. Stud-
ies are awarded up to nine stars across these domains,
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with up to four stars for selection, two for comparabil-
ity, and three for outcome assessment. A study scoring
7 to 9 stars is typically considered to have a low risk of
bias, indicating high methodological quality. Studies with
the score of 4 to 6 are considered as having a moderate
risk of bias, suggesting some methodological concerns
that could affect the results, while a score below 4 stars
denotes a high risk of bias, pointing to significant issues
that could substantially skew the outcomes. Two inde-
pendent reviewers conducted the bias assessment for
each study and any disagreements were resolved through
discussion or consultation with a senior reviewer to reach
a consensus.

Statistical analysis

Meta-analyses were conducted using STATA version 14.2
software [12]. A random-effects model was used due to
the anticipated methodological and clinical heterogene-
ity. The results were presented as pooled odds ratios (OR)
with 95% confidence intervals (CI) for dichotomous out-
comes such as mortality, readmissions, adverse cardiac
and cerebrovascular events, and mean differences (MD)
with 95% CI for continuous outcomes like the length of
hospital stay.

To determine which studies were eligible for each syn-
thesis, we tabulated the characteristics of the interven-
tions from each study and compared them against the
planned groups for each synthesis as outlined in our pro-
tocol. We employed forest plots to visually display the
meta-analysis results, where individual study effects were
represented by squares sized according to the study’s
weight, and their 95% ClIs were depicted by horizontal
lines. The overall effect size and its CI were indicated by
a diamond shape at the bottom of each plot. The I? sta-
tistic, along with the chi-squared test, was used to iden-
tify the presence and extent of statistical heterogeneity
among the studies.

Given that the number of studies included in each
analysis was less than ten, subgroup analyses were not
performed, and traditional methods of assessing publica-
tion bias like funnel plots were not applicable. Instead, we
used the Doi plot and Luis Furuya-Kanamori (LFK) index
as alternative methods to evaluate the potential presence
of publication bias [13]. These tools provide both a visual
and statistical means to detect asymmetry in the meta-
analysis results, offering valuable insights even with a
smaller sample of studies.

Results

The initial database searches yielded a total of 958 records
across various databases. Specifically, we retrieved 190
citations from PubMed, 506 from Embase, 244 from
Scopus, and 18 from Cochrane Central. Of them, 427
duplicate records were removed, and 531 citations
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underwent primary screening, and 497 records were fur-
ther excluded due to irrelevance or failure to meet pre-
liminary criteria. Full text of 32 articles were retrieved for
secondary screening. Of these, 18 reports were excluded
for reasons such as not being randomized controlled tri-
als (n=11), intervention included valve replacements
surgeries (n=4), or reporting irrelevant outcomes (n=3).
Ultimately, 14 studies met al.l the inclusion criteria for
the systematic review, and 13 were deemed suitable for
the inclusion in meta-analysis (Fig. 1) [14—23].
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Characteristics of included studies

The characteristics of the included studies are shown in
Table 1. The included studies spanned a diverse range
of cohorts, methodologies, and geographical locations.
Studies varied from retrospective to prospective cohort
designs and included a considerable number of partici-
pants ranging from a few hundred to over two million.
Most studies focused on elderly populations typical of
CABG patients, with mean ages generally in the mid-
sixties to early seventies. Gender distribution across the
studies predominantly skewed towards males, which is

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers

[ Identification of studies via databases and registers J

Fig. 1 PRISMA flowchart
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reflective of the higher incidence of coronary artery dis-
ease in this demographic. Body mass index (BMI) was
reported in several studies, with averages suggesting that
most patients were in the overweight category. Comor-
bid conditions such as diabetes mellitus, hypertension,
and dyslipidaemia were commonly reported, underscor-
ing the complex medical profiles often seen in CABG
patients. Other significant comorbidities included heart
failure, cerebrovascular disease, and atrial fibrillation,
which are critical considerations for surgical outcomes
and postoperative recovery.

Outcomes assessed ranged from early and long-term
mortality rates to more specific complications like major
adverse cardiac and cerebrovascular events (MACCE),
Acute Kidney Injury (AKI), readmissions and lengths
of hospital and ICU stays. The Newcastle-Ottawa Scale
(NOS) was utilized to determine the risk of bias within
each study, with scores varying from moderate to low
risk, indicating a generally reliable and valid collection
of data for drawing conclusions on the researched topics.
This variability in study design, participant demograph-
ics, and assessed outcomes enriches the analysis but also
introduces heterogeneity that must be carefully inter-
preted within the context of broader clinical implications.
Only one studies was not included in the meta-analysis
as it did not specifically report the desired outcomes.
The study findings showed that frailty syndrome did not
affect kinesiophobia among patients after CABG. The
level of kinesiophobia was significantly higher among
women compared to men.

Frailty assessment tools

Frailty assessment tools were designed to measure vul-
nerability in patients and predict adverse outcomes, par-
ticularly in surgical contexts such as CABG. Tools like the
Frail Scale and Clinical Frailty Scale (CES) focused pri-
marily on physical and functional domains, while others,
including the Essential Frailty Toolset (EFT) and Frailty
Index-Laboratory (FI-LAB), integrated physiological and
biochemical parameters for a broader assessment. Tools
such as the Tilburg Frailty Indicator (TFI) and Johns
Hopkins ACG Indicator adopted a multidimensional
approach, incorporating physical, psychological, and
social dimensions. These tools shared a common objec-
tive: to stratify risk and guide clinical decision-making.
However, they differed in their depth of assessment—
ranging from quick screening instruments like the Frail
Scale to comprehensive evaluations like the TFI—and
in their reliance on subjective assessments, objective lab
values, or electronic health record data.

Clinicians chose tools based on the clinical setting and
patient needs. For emergency or preoperative contexts,
rapid tools like the Frail Scale, EFT, or CFS were practi-
cal. For comprehensive evaluations, the TFI and CFS
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were more suitable for long-term planning. Data-driven
systems with access to electronic health records effi-
ciently utilized tools like the VA-FI or HFRS. Outcome-
specific considerations were also important: the EFT,
CFS, and FI-LAB were particularly effective for predict-
ing mortality, while the TFI and HERS were better suited
for evaluating long-term care needs. This diversity of
tools provided clinicians with the flexibility to select the
most appropriate method, balancing practicality, preci-
sion, and the specific clinical context. Though detailed
reporting on each tool is beyond the scope of this review,
more insights can be found in the article by Sutton et al.,
which critically evaluates the reliability and validity of
these instruments [24].

Mortality

Nine studies with 350 patients reported data on the
30-day mortality outcome. Frailty was associated with a
statistically significant increase in short-term mortality
risk, with a pooled OR of 2.52, with a 95% CI from 2.07 to
3.07, and a 95% prediction interval (PI) from 1.36 to 4.68,
(Fig. 2A). The analysis showed considerable heterogene-
ity (I* = 98%, tau® = 0.058), suggesting notable variability
across studies (Q=380.64, p<0.001). However, the DOI
plot showed major asymmetry with LFK index of -7.32
(Fig. 3). Similarly, frailty correlated with increased 1-year
mortality that was reported in four studies. A random-
effects model resulted in the OR of 2.58 (95% CI: 1.49 to
4.45) with a 95% PI ranging from 0.24 to 27.79 (Fig. 2B),
with significant heterogeneity (I* = 93%, tau® = 0.228)
among the studies (Q=41.91, p<0.001). Long-term out-
comes, assessed at 5 years post-CABG, were pooled from
two studies, with OR of 1.81 (95% CI: 1.71 to 1.93), with-
out heterogeneity (I> = 0%, tau® = 0), further confirming a
consistent effect across studies (Q=0.36, p=0.548). Frail
patients had increased risk of death across all time points
in the pooled analysis. Sensitivity analysis by leaving out
1 study at a time, did not significantly alter the pooled
effect size obtained for mortality at 30 days and 1 year.

Adverse cardiac and cerebrovascular events

In the meta-analysis evaluating acute cardiac and cere-
brovascular events following CABG, four studies were
included. The pooled odds ratio (OR) was 1.03 (95% CI:
0.89-1.19), indicating no significant increase in risk for
these events among CABG patients. The analysis dem-
onstrated no heterogeneity across studies, with a predic-
tion interval from 0.75 to 1.42, supporting consistency of
findings across different studies. Statistical tests for over-
all effect (z=0.39, p=0.695) and homogeneity (Q=2.19,
p=0.533) further confirmed the stability and uniformity
of the effect size. However, it is notable that nearly 97% of
the weight in this analysis was attributed to a single study
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Fig. 2 Forest plot showing the association between frailty and mortality (30 days, 1 year and 5 year)
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Fig. 4 Forest plot showing the association between frailty and complications (AKI)

(Kim et al., 2020), with the remaining three studies con-
tributing minimal weight.

Acute kidney injury (AKI)

The analysis concerning acute kidney injury (AKI)
included data from four studies, revealing a significantly
elevated risk associated with frailty, with the pooled OR
of 2.31, with a 95% CI from 1.26 to 4.23 (Fig. 4). How-
ever, this outcome displayed substantial heterogeneity (I*
= 92%), with a prediction interval ranging widely from
0.15 to 34.65, suggesting that the effect size might vary
significantly across different settings or study conditions.
The test for overall effect showed a significant increase
in risk (z=2.70, p=0.007), while the test of homogeneity

indicated significant variability among the studies
(Q=36.98, p<0.001). The Pooled effect size for AKI did
not differ significantly in the sensitivity analysis by leav-
ing out one study at a time.

Hospital readmission

The meta-analysis assessing the risk of hospital read-
mission in frail patients after CABG incorporated data
from five studies. The analysis reported a pooled OR of
2.04 with a 95% CI from 1.25 to 3.34, indicating a statisti-
cally significant increased risk of readmission. Moderate
heterogeneity was observed (I* = 55.5%) and the test for
overall effect was significant (z=2.85, p=0.005), affirming
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the higher likelihood of readmission among frail patients
compared to their non-frail counterparts (Fig. 5A).

Duration of stay in hospital

Four studies reported data on the mean duration of hos-
pital stays. As shown in Fig. 5B, frailty was associated
with longer hospital stays post-CABG, with a mean dif-
ference (MD) of 1.084 days (95% CI: 0.580 to 1.588). This
result showed extremely high heterogeneity (I* = 99.98%),
with the prediction interval ranging from —1.358 to
3.525, suggesting substantial variability across studies.
The finding suggests that frailty contributes to prolonged
hospitalization.

Mean ICU stay

Intensive Care Unit (ICU) duration of stay was reported
un three studies, with the pooled MD of 0.315 days (95%
CI: -0.067 to 0.696), although this increase was not statis-
tically significant (z=1.62, p=0.1059). Heterogeneity was
substantial (I* = 90%), indicating considerable variation in
the ICU stays reported by the studies (Fig. 5C). The wide
prediction interval from —4.409 to 5.038 also reflects
this variability, suggesting that while some frail patients
may require longer ICU stays, the effect is not consistent
across all settings or patient groups.

Discussion
The findings from our meta-analysis clearly highlight
the pronounced impact of frailty on various outcomes in
patients after CABG. Specifically, our study reveals that
frailty is associated with a significantly increased risk of
death across all time points, higher risk of AKI, longer
hospital stays, and increased rate of hospital readmission.

Our results reported an increased risk of 30-day mor-
tality among frail patients, with a pooled odds ratio of
2.86. This finding is consistent with previous research
that has identified frailty as a critical predictor of poor
postoperative outcomes in cardiac surgery patients. A
study by Afilalo et al. also noted heightened mortality
risks associated with frailty, reinforcing the crucial nature
of this condition as a determinant of immediate postop-
erative survival [25]. Furthermore, our analysis extended
these observations to long-term outcomes, demonstrat-
ing that frailty continues to influence survival rates up to
five years after the surgery, with a pooled odds ratio of
1.81. This finding provides an important update to the
existing body of research, since previous studies tended
to focus more on short-term outcomes. Our results sug-
gest that the effects of frailty persist well beyond the ini-
tial recovery period, emphasizing the need for ongoing
management strategies tailored to frail individuals.

While previous studies have explored the relation-
ship between frailty and postoperative complications,
our study specifically investigated adverse cardiac and
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cerebrovascular complications. We found a non-sig-
nificant increase in the risk of MACCE, with a pooled
odds ratio of 1.37. Although not statistically significant,
the direction of the effect is consistent with previous
studies suggesting that frail patients undergoing vari-
ous surgical procedures, including cardiac surgery, may
experience increased incidence of multi-system compli-
cations [26-28]. In the context of AKI, our findings are
particularly notable, with a significant pooled odds ratio
of 2.86, pointing to almost three-time higher odds of
AKI in frail patients. This aligns with other studies that
have similarly reported an increased incidence of AKI in
frail patients following cardiac procedures [29, 30]. Our
results reinforce the vulnerability of this population to
severe complications such as AKI, which can drastically
affect outcomes and healthcare costs.

Moreover, our analysis indicates that frail patients are
likely to experience longer hospital stays post-CABG,
with an average increase of 1.3 days compared to their
non-frail counterparts. This finding is in agreement
with the broader literature that consistently shows pro-
longed recovery times among frail individuals due to
their reduced physiological reserves and increased care
needs [31-34]. Lastly, the increased likelihood of hospital
readmission among frail patients, as demonstrated by an
odds ratio of 1.77 for readmission, suggest that frailty not
only affects immediate and long-term mortality but also
impacts the broader trajectory of recovery and rehospi-
talization. This cycle of readmission is a critical issue, as
it indicates potential gaps in the continuum of care for
these high-risk patients.

The increased risks associated with frailty in CABG
patients can be attributed to a combination of physi-
ological, psychological, and systemic factors [35]. Frailty
is marked by diminished physiological reserves and
impaired stress responses, leading to exacerbated post-
surgical complications such as prolonged hospital stays,
proinflammatory state, and AKI Frail patients often
have coexisting cognitive impairments which complicate
postoperative recovery and adherence to medical advice,
potentially leading to increased incidences of delirium
and extended hospitalization. Furthermore, frail individ-
uals may lack adequate social support, which can hinder
their ability to manage postoperative care and result in
higher readmission rates [36, 37]. Additionally, standard
surgical recovery protocols may not be adequately suited
for frail patients, leading to suboptimal management and
higher risks of drug interactions due to polypharmacy,
further contributing to the observed outcomes. These
factors collectively underscore the need for tailored
healthcare strategies to mitigate these risks and improve
recovery outcomes for frail patients undergoing CABG.

This meta-analysis demonstrates several strengths.
Utilizing a random-effects model, the study effectively
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Fig. 5 Forest plot showing the association between frailty and readmission rates and length of hospital stay
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manages the inherent heterogeneity among the included
studies, which differ in design, demographics, and frailty
assessments. Furthermore, the systematic review process
was rigorously conducted according to established proto-
cols, ensuring a thorough and reproducible selection and
analysis of relevant studies.

However, the study has some limitations. Notably,
there was a significant heterogeneity observed in several
outcomes like 30-day mortality and complications. This
indicates variability in study designs or frailty defini-
tions, which could skew the interpretation of the results.
Inclusion of predominantly high-income country studies
may also limit the applicability of the findings to lower-
income settings where different healthcare systems and
patient demographics prevail. Additionally, relatively
small number of studies in some analyses could impact
the robustness of the findings. Finally, as the meta-analy-
sis is based on published studies, it may be susceptible to
publication bias, potentially omitting studies with non-
significant findings.

The implications for clinical practice are significant,
particularly concerning the management of frail patients
undergoing CABG. The increased risk of mortality, com-
plications, and longer hospital stays, highlighted in this
review, further emphasize the crucial need for preop-
erative frailty assessments to identify high-risk patients
who might benefit from customized perioperative care
strategies. Implementing specialized care pathways that
involve multidisciplinary teams could address the unique
needs of these patients, potentially improving outcomes
and reducing complication rates and readmissions. Addi-
tionally, these findings emphasize the need for enhanced
post-discharge support and monitoring to prevent high
readmission rates. This highlights the importance of con-
tinuous care coordination between hospital teams and
primary care providers.

Future research should focus on further exploring the
mechanisms by which frailty influences CABG outcomes
to inform the development of targeted interventions. It is
essential to standardize the definition and measurement
of frailty to decrease heterogeneity and enhance result
comparability across studies. Further research should
focus on assessing the effectiveness of specific inter-
ventions, designed to reduce frailty-associated risks in
CABG patients, such as preoperative optimization pro-
grams, personalized rehabilitation plans, and enhanced
postoperative surveillance. Additional research is needed
in various geographic and economic settings to verify the
generalizability of the findings and to examine how dif-
ferences in healthcare systems might affect outcomes for
frail patients.
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Conclusion

This meta-analysis confirms that frailty significantly
elevates the risk of adverse outcomes in patients under-
going CABG. Our findings highlight the urgent need to
recognize frailty as a crucial prognostic factor in CABG
and to adjust clinical practices accordingly. Incorporat-
ing comprehensive frailty assessments into the preopera-
tive evaluation and developing customized management
strategies may potentially improve postoperative out-
comes for this vulnerable population.
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