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ABSTRACT:

Background: Coronary artery bypass grafting (CABG) remains the gold standard for the management of
complex coronary artery disease despite advances in percutaneous coronary intervention. As the surgical
population becomes increasingly older and medically complex, frailty has emerged as an important
predictor of postoperative morbidity, mortality, prolonged hospitalization, and healthcare costs. Evaluating
the clinical and economic value of incorporating frailty assessment into routine preoperative care is
therefore of growing importance.

Objective: To review the current evidence on the role of frailty assessment in patients undergoing CABG,
with particular emphasis on its impact on clinical outcomes, risk stratification, and cost-effectiveness.

Methods: A comprehensive review of the published literature was conducted using peer-reviewed studies
addressing frailty assessment, CABG outcomes, and economic evaluation. Relevant evidence on
epidemiology, frailty assessment tools, perioperative outcomes, healthcare resource utilization, and cost-
effectiveness was synthesized to provide an integrated overview of current knowledge.

Results: Frailty was consistently associated with increased postoperative complications, prolonged
intensive care and hospital stays, higher readmission rates, impaired functional recovery, and increased
short- and long-term mortality following CABG. Validated frailty assessment instruments, including
phenotype- and deficit-based models and the Risk Analysis Index, improved preoperative risk stratification
beyond conventional surgical risk scores. Evidence also indicated that routine frailty screening facilitates
individualized perioperative management, targeted prehabilitation, and optimized resource allocation.
Economic evaluations suggest that incorporating frailty assessment into preoperative pathways is a cost-
effective strategy by reducing postoperative complications, shortening hospital stay, and improving quality-
adjusted life years while lowering overall healthcare expenditure.

Conclusion: Frailty is a significant independent determinant of outcomes after CABG and should be
incorporated into routine preoperative evaluation. Integrating validated frailty assessment tools into clinical
practice may improve patient selection, enhance perioperative decision-making, optimize healthcare
resource utilization, and provide both clinical and economic benefits. Further prospective multicentre
studies are required to establish standardized frailty assessment protocols and strengthen the evidence
supporting their routine implementation in cardiac surgery.

1. Introduction

Coronary artery disease remains one of the leading
causes of morbidity and mortality worldwide [1]. It
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results from atherosclerotic narrowing or occlusion of the
coronary arteries, leading to reduced myocardial
perfusion. Among available treatment strategies,
coronary artery bypass grafting is widely used for
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patients with severe or multivessel disease, particularly
when optimal medical therapy and percutaneous
coronary intervention are insufficient to achieve
adequate revascularization [2.3].

CABG involves the surgical construction of alternative
conduits commonly using the internal mammary artery,
radial artery, or saphenous vein to bypass obstructed
coronary segments and restore blood flow to the
myocardium. The procedure has been shown to improve
survival, relieve angina, and enhance quality of life [2.4].
Although the global volume of CABG procedures has
declined somewhat in recent years owing to the rapid
evolution of PCI, CABG remains the most commonly
performed form of cardiac surgery worldwide [5.6].
However, the clinical profile of the “typical” CABG
candidate has changed considerably over the past few
decades. Patients presenting for surgery today are older
and carry a greater burden of comorbidity, including
diabetes mellitus, hypertension, chronic kidney disease,
and heart failure all of which add complexity to both the
operative course and postoperative recovery [7].

One factor that has emerged as a critical determinant of
how well a patient tolerates and recovers from surgery is
frailty [8]. Frailty is not synonymous with chronological
age: rather. it denotes a biological state of diminished
physiological reserve that leaves an individual
disproportionately vulnerable to physical stressors [9].
Clinically, it manifests as reduced strength and
endurance and an impaired capacity of the body to
recover after an insult [8]. Recent studies suggest that up
to 60% of elderly patients presenting for CABG may be
frail for these patients, the perioperative course is
frequently complicated by infection, prolonged
ventilatory dependence. delirium. and even death [10]

Because of these risks, preoperative recognition of frailty
has assumed growing clinical importance. Frailty
assessment allows clinicians to more accurately
characterize a patient’s fitness for surgery. thereby
supporting shared, well-informed treatment decisions
[11]. Beyond its clinical value, frailty assessment may
also yield meaningful economic benefits, as identifying
at-risk patients early can reduce downstream healthcare
expenditure through better-targeted perioperative
optimization and resource allocation [12]. For these
reasons, evaluating the cost-effectiveness of frailty-
based preoperative assessment in CABG is an important
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and timely undertaking, as it helps establish whether such
interventions yield sufficient clinical and economic
benefit to justify their routine adoption [12,13].

2. Importance of CABG in Modern Cardiac Care

Despite the expanding role of less invasive
revascularization techniques and continued advances in
medical therapy, CABG retains a central place in the
management of advanced coronary artery disease and
remains the most frequently performed cardiac operation
worldwide [14]. It is particularly beneficial for patients
with complex multivessel disease, diabetes mellitus, or
left wventricular dysfunction, in whom surgical
revascularization has been shown to confer more durable
outcomes and a lower need for repeat procedures
compared with PCI [15]. Long-term outcome data
continue to support this survival and durability advantage
in appropriately selected patients, a pattern echoed in
large national cardiac surgery database reports [16].

Importantly, the benefits of CABG are contingent on
appropriate patient selection and a thorough preoperative
workup. As the population ages, an increasing proportion
of patients presenting for cardiac surgery are elderly and
carry substantial comorbid disease burden, underscoring
the need for preoperative evaluation strategies that
extend beyond conventional risk models [17].

3. Frailty Assessment in Preoperative Evaluation

Conventional surgical risk-prediction models such as the
European System for Cardiac Operative Risk Evaluation
(EuroSCORE) have traditionally focused on
chronological age, comorbid disease, and -cardiac
function [15,18]. While informative, these models do not
adequately capture the physiological vulnerability that
characterizes frailty. To address this gap., several
dedicated frailty assessment instruments have been
developed and validated in surgical populations.

Two conceptual frameworks underlie most of these tools:
the physical phenotype model, which characterizes
frailty through measurable deficits such as slow gait
speed, weak grip strength, unintentional weight loss,
exhaustion. and low physical activity, and the deficit-
accumulation model, which quantifies frailty as the
cumulative burden of age-related health deficits across
multiple domains [19]. Building on these frameworks,
mstruments such as the Risk Analysis Index (RAI)
incorporate age, functional status, weight loss,
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comorbidity, and cognitive impairment into a composite
frailty score [20]. Incorporating structured frailty
assessment into routine preoperative evaluation allows
surgical teams to better stratify risk, individualize
perioperative  planning, and potentially reduce
postoperative complications [19,21].

4. [Epidemiology of Frailty in CABG Patients

Frailty is increasingly recognized as a clinically
important entity among patients undergoing CABG,
reflecting reduced physiological reserve and heightened
susceptibility to the physiological stress of surgery [22].
Interest in its epidemiology has grown substantially in
recent years, driven largely by the demographic shift
toward an older surgical population [23]. Reported
prevalence varies considerably across studies, ranging
from approximately 20% to 50%, and is particularly high
among patients older than 65 years. a pattern consistent
with the natural age-related decline in muscle strength,
mobility, and cognitive function [24]. Additional
contributors to frailty in this population include multiple
coexisting conditions such as diabetes mellitus,
hypertension, chronic kidney disease., chronic
obstructive pulmonary disease, and heart failure [25].

The epidemiological significance of frailty in CABG
populations stems largely from its strong association
with adverse surgical outcomes [10]. Frail patients face
a markedly elevated risk of infection, acute kidney
injury, cerebrovascular events, prolonged ventilatory
support, and impaired wound healing [26.,27]. Frailty has
also been shown to independently predict operative and
long-term mortality after cardiac surgery, even after
adjustment for conventional risk factors [28]. In addition,
frailty is associated with longer hospital and intensive
care unit stays and higher readmission rates relative to
non-frail patients, all of which add measurably to the
burden borne by healthcare systems [29].

Frailty prevalence among CABG patients also appears to
vary by demographic and socioeconomic factors. Several
studies report higher frailty scores among women than
men, potentially reflecting differences in muscle mass,
nutritional status, and comorbidity profile [22.30].
Socioeconomic  determinants, limited access to
healthcare, poor nutritional status, and physical
inactivity, have similarly, been linked to a higher risk of
frailty, and geographic variation in prevalence has been
reported, likely reflecting regional differences in the
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burden of comorbid disease among aging populations
[31].

From a public health perspective, the growing
recognition of frailty among CABG candidates
highlights the importance of early detection and
proactive management [10]. Incorporating frailty
assessment into the standard preoperative evaluation
supports a more individualized approach to care,
potentially including targeted nutritional support,
prehabilitation and physical therapy, and adjustment of
surgical timing according to a patient’s physiological
readiness [32]. Such strategies may improve patient
outcomes while reducing the broader burden of disease
on healthcare systems.

5. Clinical Significance of Frailty in CABG

Frailty has a well-documented association with both
short- and long-term mortality following CABG [33].
Multiple clinical studies demonstrate that frail patients
experience substantially higher mortality than their non-
frail counterparts, and, critically, this association persists
even after adjusting for established risk factors such as
age, comorbidity, and cardiac function [34]. This
independent predictive value underscores the importance
of incorporating frailty assessment into routine
preoperative risk stratification, alongside validated
instruments such as the Clinical Frailty Scale [35].

Frailty is also strongly associated with prolonged
hospitalization. Frail patients typically require longer
stays in intensive care and general wards, largely
reflecting delayed recovery and a higher complication
burden [36]. Beyond the acute postoperative period, frail
patients often experience persistent limitations in
mobility and activities of daily living, as well as an
elevated risk of postoperative neurocognitive decline,
which can meaningfully affect long-term quality of life
[37].

From a health-system perspective, the association
between frailty and adverse CABG outcomes translates
directly into increased resource utilization, longer
hospital stays, higher readmission rates, and greater
requirements for intensive postoperative care, all of
which increase the overall cost of treatment [38]. This
consistent link between frailty and resource use is a
central justification for incorporating structured frailty
screening into preoperative pathways [13].
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6. Parameters Relevant to Frailty and CABG
Outcomes

6.1 Demographic Parameters

Demographic characteristics form an essential baseline
in understanding outcomes after CABG. These include
patient age, sex. body mass index, smoking status, and
socioeconomic background [39]. Age is of particular
importance, as advancing age is strongly associated with
increasing frailty and, in turn. a more complicated
recovery trajectory [40]. Sex-related differences in
cardiovascular physiology, body mass index as a marker
of nutritional reserve, and smoking history as a
determinant of cardiovascular risk each contribute
additional, independent influence on recovery [41].
Collectively, these findings support the integration of
frailty assessment alongside conventional demographic
risk factors to improve outcome prediction after CABG.

6.2 Clinical Parameters

Clinical parameters describe the burden of coexisting
disease in patients undergoing CABG, including
hypertension, diabetes mellitus, chronic kidney disease,
chronic obstructive pulmonary disease, and prior
myocardial infarction, as well as left ventricular ejection
fraction as a marker of cardiac function [42]. Patients
with a greater burden of comorbidity are at higher risk of
postoperative complications and are more likely to incur
higher healthcare costs [43]. Evaluating these clinical
parameters alongside frailty status provides a more
complete picture of overall surgical risk and supports
individualized treatment planning [44].

6.3 Frailty Assessment Parameters

Frailty assessment parameters are intended to capture a
patient’s physiological wvulnerability before surgery.
Physical parameters include gait speed, grip strength,
exhaustion, unintentional weight loss, and low physical
activity [12]. Functional parameters, including basic and
instrumental activities of daily living, capture a patient’s
capacity for independent function [45]. Cognitive status
and nutritional indices, such as serum albumin, further
refine the preoperative assessment [45]. Together, these
parameters support more appropriate patient selection
and more informed perioperative decision-making.

5004

6.4 Surgical Parameters

Surgical parameters relevant to postoperative outcomes
and cost include the technique employed (on-pump
versus off-pump), number of grafts, total operative time,
cardiopulmonary bypass time, and aortic cross-clamp
time [46]. As the length and technical complexity of
surgery increase, so too does the risk of complications
and associated healthcare costs [47]. Evaluating these
parameters alongside frailty status helps clarify how
surgical complexity interacts with physiological
vulnerability to shape postoperative recovery and
resource use [48].

7. Health Economic Burden of CABG

Direct medical costs constitute a substantial proportion
of the overall cost of CABG [49]. These costs begin
before surgery, with diagnostic workup such as coronary
angiography. and continue through the operative period,
encompassing operating room time, specialized surgical
equipment, cardiopulmonary bypass support, grafting
materials, anesthesia, and professional fees [50].
Postoperative costs, including intensive care, ventilatory
support, and nursing care, add further to the overall
economic burden, and any prolongation of hospital stay
increases total treatment costs accordingly [51].

Complications represent another major driver of the
economic burden of CABG [52]. Infection. bleeding,
stroke, arrhythmia, and renal failure each may necessitate
additional investigations, treatment, and prolonged
intensive care, extending the rehabilitation process.
These complications occur disproportionately among
frail and elderly patients, compounding the cost burden
on healthcare systems [53].

Indirect costs also contribute meaningfully to the total
economic burden of CABG [54]. These include lost
productivity resulting from prolonged recovery,
disability, or premature death, as well as the costs
associated with rehabilitation, physical therapy, and
ongoing follow-up [55]. Some patients are unable to
return to their prior functional baseline, which can affect
their capacity to work or live independently and may
generate an ongoing need for supportive care [54].

Hospital readmissions further compound this economic
burden. CABG patients may require readmission if
complications arise or their clinical condition
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deteriorates, generating additional costs for both patients
and the broader healthcare system [56].

8. Economic Evaluation Methodology and Evidence
for Frailty Screening

Robust cost-effectiveness analysis in cardiac surgery
typically relies on decision-analytic —modeling,
commonly decision-tree or Markov approaches, that
synthesize costs and quality-adjusted life years (QALYs)
over an appropriate time horizon, informed by best-
practice methodological guidance [57]. Applying this
framework, recent economic modeling has demonstrated
that routine frailty assessment before CABG in older
patients, incorporating instruments such as the RAI can
be a cost-effective strategy relative to usual care,
generating favorable incremental cost-effectiveness
ratios by preventing costly downstream complications
and reducing unnecessary resource utilization [58].

These findings are consistent with the broader literature
comparing revascularization strategies, which has
generally found CABG to be an economically reasonable
option relative to medical therapy and PCI in patients
with complex disease, provided that perioperative risk is
appropriately managed [59]. Established methodological
standards for reporting and interpreting cost-
effectiveness analyses, including appropriate
characterization of uncertainty and transparent reporting
of assumptions, remain essential to ensuring that such
economic evaluations are valid and generalizable to real-
world practice [60].

9. Conclusion

Frailty has emerged as a critical determinant of surgical
outcome in older adults undergoing coronary artery
bypass grafting. Incorporating frailty assessment into
preoperative evaluation provides clinicians with a more
complete understanding of a patient’s physiological
reserve, thereby improving risk stratification and
supporting more informed, individualized treatment
decisions. From a health-economic perspective, the
available evidence indicates that frailty assessment not
only improves clinical outcomes but is also a cost-
effective addition to preoperative care pathways. Wider
adoption of validated screening instruments, such as the
Risk Analysis Index, may therefore enhance both the
clinical and economic value of CABG in an increasingly
older and more comorbid surgical population.
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