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Patients with cardiovascular disease undergoing noncardiac surgery constitute a heterogeneous and
high-risk population in perioperative medicine. The interaction between underlying cardiac
pathology, surgical stress response, and anesthetic interventions creates a complex physiological
milieu that predisposes to adverse cardiovascular outcomes. Despite advances in perioperative care,
cardiovascular complications remain a leading cause of perioperative morbidity and mortality
worldwide. Contemporary management emphasizes individualized risk stratification, targeted
investigations, optimization of pharmacotherapy, and meticulous intraoperative and postoperative
care. Emerging concepts such as myocardial injury after noncardiac surgery (MINS), biomarker-
guided assessment, and multidisciplinary perioperative pathways have significantly influenced
clinical practice. This review provides a comprehensive and detailed discussion of perioperative
anesthetic management in cardiac patients undergoing noncardiac surgery, integrating classical
principles with current evidence and guidelines.
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Introduction

The burden of cardiovascular disease continues to
rise globally, paralleling increased life expectancy
and improved survival from cardiac events(1). As a
result, a significant proportion of patients presenting
for noncardiac surgery have coexisting cardiac
disease, including ischemic heart disease, heart
failure, valvular abnormalities, and arrhythmias.
Epidemiological studies estimate that perioperative
cardiac mortality ranges between 0.5% and 1.5%,
while major adverse cardiac events (MACE) occur in
approximately 2-3.5% of patients undergoing major
surgery(2).

The perioperative period represents a unique
physiological stress characterized by neuroendocrine
activation, inflammatory response, hemodynamic
fluctuations, and alterations in coagulation
pathways(3).

These changes may destabilize previously
compensated cardiac conditions or precipitate new
cardiac events. Importantly, perioperative cardiac
complications are not solely determined by pre-
existing disease but also by intraoperative and
postoperative factors such as hypotension, anemia,
fluid shifts, and pain(4).

Historically, perioperative cardiac evaluation relied
heavily on routine investigations and risk indices.
However, such approaches often led to unnecessary
testing without improving outcomes. Modern
perioperative care has shifted toward a more
individualized and evidence-based approach that
focuses on identifying high-risk patients, optimizing
medical therapy, and minimizing perioperative
physiological stress(5).

Pathophysiology of Perioperative Cardiac
Complications

The development of perioperative cardiac complica-
tions is multifactorial and involves a complex
interplay between increased myocardial oxygen
demand, reduced oxygen supply, and prothrombotic
states. Surgical stress activates the sympathetic
nervous system, leading to increased catecholamine
release. This results in tachycardia, hypertension,
and increased myocardial contractility, all of which
elevate myocardial oxygen consumption(6).

Simultaneously, factors such as hypotension,
hypoxia, anemia, and coronary vasoconstriction
may reduce myocardial oxygen supply.

The imbalance between oxygen supply and demand
is a key mechanism underlying perioperative
myocardial ischemia(7). In patients with significant
coronary artery disease, even minor perturbations
in hemodynamics can precipitate ischemic events.

Another important mechanism is plaque instability.
Surgical stress induces systemic inflammation and
hypercoagulability, which can lead to rupture of
vulnerable atherosclerotic plaques and subsequent
thrombosis(8). This mechanism is particularly
relevant in perioperative myocardial infarction,
which may occur even in the absence of significant
coronary stenosis.

The concept of Myocardial Injury after
Noncardiac Surgery (MINS) has emerged as a
critical paradigm in perioperative medicine. MINS is
defined as an elevation in cardiac troponin levels
within 30 days of surgery that is presumed to be of
ischemic origin. Notably, many patients with MINS
are asymptomatic, yet they have significantly
increased mortality(9). This underscores the
importance of routine postoperative surveillance in
high-risk patients.

Preoperative Assessment

General Principles

Preoperative cardiac assessment aims to identify
patients at increased risk of perioperative
complications and to implement strategies that
mitigate this risk. Importantly, the goal is not
merely to detect disease but to influence
perioperative management in a way that improves
outcomes(10).

A systematic and stepwise approach, as advocated
in major guidelines, ensures rational decision-
making while avoiding unnecessary investigations.
The extent of evaluation depends on the urgency of
surgery, patient comorbidities, and the inherent risk
of the surgical procedure(11).

Active Cardiac Conditions

Active or unstable cardiac conditions represent a
major determinant of perioperative risk and must be
identified early. These include unstable angina,
recent myocardial infarction, decompensated heart
failure, significant arrhythmias, and severe
symptomatic valvular disease(12).

Patients with such conditions require further
evaluation and optimization before elective surgery.
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In many cases, surgery may need to be postponed
until the cardiac condition is stabilized. The
decision-making process should involve a
multidisciplinary team to balance the risks of
delaying surgery against the potential benefits of
cardiac optimization(13).

Heart Failure

Heart failure is a particularly important predictor of
perioperative risk, often conferring a higher risk
than ischemic heart disease(14). Both systolic and
diastolic dysfunction are associated with adverse
outcomes, although the relative impact may vary
depending on the clinical context.

Preoperative assessment should include evaluation
of functional status, volume status, and adequacy of
medical therapy. Biomarkers such as BNP and NT-
proBNP provide valuable prognostic information and
may identify patients at increased risk even in the
absence of overt symptoms(15).

Optimization of heart failure involves ensuring
adequate control of volume status, continuation of
guideline-directed medical therapy, and correction
of precipitating factors such as anemia or infection.
In severe cases, surgery may need to be deferred
until stabilization is achieved.

Valvular Heart Disease

Valvular heart disease significantly influences
perioperative management due to its impact on
cardiac hemodynamics. Among all valvular lesions,
severe aortic stenosis is associated with the highest
perioperative risk because of the fixed obstruction
to left ventricular outflow and the inability to
augment cardiac output in response to stress(16).

Patients with suspected or known valvular disease
should undergo echocardiographic evaluation to
assess severity and guide management. In selected
cases, preoperative intervention such as valve
replacement or transcatheter procedures may be
indicated before major surgery(17).

Surgical Risk Stratification

The intrinsic risk associated with the surgical
procedure is an important determinant of
perioperative cardiac risk. Surgical procedures are
classified into low, intermediate, and high risk based
on the expected incidence of cardiac
complications(18).

High-risk procedures, particularly major vascular
surgeries, are associated with significant
hemodynamic stress and increased risk of cardiac
events. Conversely, low-risk procedures generally
do not require extensive preoperative cardiac
evaluation.

Functional Capacity

Functional capacity is a key indicator of a patient’s
ability to tolerate surgical stress. It reflects the
integrated function of the cardiovascular,
respiratory, and musculoskeletal systems.
Functional capacity is commonly expressed in
metabolic equivalents (METs), with a threshold of 4
METs used to differentiate between adequate and
poor functional capacity(19).

Patients with good functional capacity generally
have a favorable prognosis and may not require
further cardiac testing. In contrast, patients with
poor or unknown functional capacity may require
additional evaluation, particularly if undergoing
high-risk surgery.

Figure 1 : Metabolic Equivalents (MET) Scoring

Risk Indices and Limitations

Risk indices such as the Revised Cardiac Risk Index
(RCRI) are widely used for perioperative risk
stratification. While these indices provide a useful
framework for assessing risk, they have significant
limitations. They are derived from population data
and may not accurately predict risk in individual
patients(20). Moreover, risk indices do not account
for intraoperative and postoperative factors that
significantly influence outcomes. Therefore, they
should be used as part of a comprehensive
assessment rather than as standalone tools.
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Figure 2: Revised Cardiac Risk Index (RCRI)

Biomarkers

Biomarkers have emerged as valuable tools in
perioperative risk assessment. Elevated levels of
BNP, NT-proBNP, and troponin are associated with
increased risk of perioperative cardiac events and
mortality(21).

Biomarkers provide objective and quantifiable
information that complements clinical assessment.
Their use is particularly valuable in patients with
poor functional capacity or ambiguous clinical
findings.

Preoperative Optimization

Optimization of cardiovascular status is a
cornerstone of perioperative management. This
includes pharmacological therapy, correction of
reversible factors, and, in selected cases,
revascularization or valve intervention.

Beta-Blockers

Beta-blockers reduce myocardial oxygen demand by
decreasing heart rate and contractility. Continuation
of chronic beta-blocker therapy is strongly
recommended, as abrupt withdrawal may lead to
adverse outcomes(22). However, initiation of beta-
blockers in the immediate preoperative period
should be approached with caution due to the risk of
hypotension and bradycardia.

Statins

Statins have pleiotropic effects beyond lipid
lowering, including anti-inflammatory properties and
plaque stabilization. Evidence suggests that
perioperative statin therapy reduces cardiovascular
events and improves outcomes(23).

ACE Inhibitors and ARBs

The perioperative management of ACE inhibitors
and ARBs remains controversial. While continuation
may be beneficial in patients with heart failure, it
may increase risk of intraoperative hypotension
(24). Decisions should be individualized based on
indication for therapy and patient-specific factors.

Antiplatelet Therapy

Management of antiplatelet therapy requires
balancing the risk of thrombosis against the risk of
bleeding. Aspirin is generally continued in patients
with established cardiovascular disease unless the
risk of bleeding is prohibitively high(25).

Intraoperative Management

Hemodynamic Stability

Maintenance of hemodynamic stability is the
primary goal during anesthesia. Even brief episodes
of hypotension have been associated with increased
risk of myocardial injury and mortality(26).
Continuous monitoring and prompt correction of
hemodynamic disturbances are essential.

Monitoring

Advanced monitoring techniques are often required
in high-risk patients. Invasive arterial monitoring,
cardiac output monitoring, and transesophageal
echocardiography provide valuable information that
guides management(27).

Anesthetic Technique

The choice of anesthetic technique should be
tailored to the individual patient and surgical
procedure. Both general and regional anesthesia
have advantages and limitations, and the optimal
technique depends on patient-specific factors(28).

Fluid Management

Goal-directed fluid therapy is recommended to
optimize intravascular volume and prevent both
hypovolemia and fluid overload(29). Careful titration
of fluids is particularly important in patients with
heart failure.

Postoperative Management

Postoperative care plays crucial role in determining
overall outcomes. Continuous monitoring allows
early detection of complications such as myocardial
injury, arrhythmias, and heart failure(30).
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Pain control, early mobilization, and prevention of
complications such as thromboembolism and
pulmonary dysfunction are essential components of
postoperative care(31).

Discussion

The perioperative management of patients with
cardiovascular disease undergoing noncardiac
surgery has undergone a substantial paradigm shift
over the past two decades. Traditionally, emphasis
was placed predominantly on preoperative risk stra-
tification using clinical indices & routine investi-
gations. However, accumulating evidence suggests
that such an approach, when used in isolation, is
insufficient to significantly reduce perioperative
morbidity and mortality(1). Contemporary practice
has therefore evolved toward more comprehensive
and individualized model that integrates
preoperative, intraoperative, and postoperative
factors into a unified perioperative strategy.

One of the central themes emerging from recent
literature is the limited predictive accuracy of
traditional risk indices, such as the Revised
Cardiac Risk Index (RCRI). Although these indices
are useful for population-level risk stratification,
their ability to predict individual patient outcomes
remains modest(2). This limitation arises from the
inherent variability in patient physiology, the
subjective nature of certain clinical variables, and
the inability of these indices to account for
intraoperative and postoperative events(3).
Consequently, reliance solely on such scoring
systems may lead to both overestimation and
underestimation of risk.

In response to these limitations, there has been
increasing emphasis on functional capacity
assessment and biomarker-guided evaluation.
Functional capacity, particularly when quantified
objectively through cardiopulmonary exercise
testing (CPET), provides valuable insight into the
patient’s physiological reserve and ability to tolerate
surgical stress(4). However, practical constraints
such as availability, cost, and patient cooperation
limit its widespread application. In this context,
biomarkers such as BNP, NT-proBNP, and troponin
have emerged as powerful adjuncts in risk
stratification. Elevated levels of these biomarkers
reflect underlying myocardial stress and have been
consistently associated with adverse perioperative
outcomes(5).

Importantly, biomarker-based strategies offer an
objective and reproducible method of risk
assessment that complements clinical evaluation.

Another major development in perioperative
medicine is the recognition of myocardial injury
after noncardiac surgery (MINS) as a key
determinant of postoperative mortality. Unlike
classical myocardial infarction, MINS is often
clinically silent and detected only through routine
troponin monitoring(6). Studies have demonstrated
that even minor elevations in troponin levels are
associated with a significant increase in 30-day and
long-term mortality(7). This has led to a growing
consensus that routine postoperative troponin
surveillance should be considered in high-risk
patients, enabling early detection and timely
intervention.

The role of preoperative coronary
revascularization remains controversial. Early
assumptions that prophylactic revascularization
would improve perioperative outcomes have not
been consistently supported by randomized trials
such as the CARP study(8). Current evidence
suggests that preoperative revascularization should
be reserved for patients who meet standard
indications independent of surgery, rather than
being performed solely to reduce perioperative
risk(9). This highlights the importance of optimal
medical therapy, which has been shown to provide
significant cardioprotection through mechanisms
such as plaque stabilization, reduction of
inflammation, and improvement of endothelial
function(10).

Pharmacological optimization forms a cornerstone of
perioperative management. Beta-blockers, statins,
ACE inhibitors, and antiplatelet agents each play a
distinct role in reducing cardiovascular risk.
However, their perioperative use requires careful
consideration of potential adverse effects. For
instance, while beta-blockers reduce myocardial
oxygen demand, inappropriate initiation or
excessive dosing may lead to hypotension and
bradycardia(11). Similarly, continuation of ACE
inhibitors may predispose to intraoperative
hypotension, necessitating individualized decision-
making based on patient characteristics and surgical
factors(12).

Intraoperative management has emerged as a
critical determinant of perioperative outcomes.
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Among various factors, hemodynamic stability—
particularly avoidance of hypotension—has been
consistently identified as a key modifiable risk
factor. Even brief episodes of intraoperative
hypotension have been associated with increased
risk of myocardial injury, acute kidney injury, and
mortality(13). This has led to a paradigm shift
toward proactive hemodynamic management,
including the use of invasive monitoring and goal-
directed therapy in high-risk patients.

Fluid management represents another crucial aspect
of intraoperative care. Both hypovolemia and fluid
overload can have detrimental effects, particularly
in patients with compromised cardiac function(14).
Goal-directed fluid therapy, guided by dynamic
indices of fluid responsiveness, has been shown to
improve outcomes by optimizing preload while
avoiding excessive fluid administration(15).

The choice of anesthetic technique has been
extensively studied, yet no single technique has
been shown to be universally superior. Instead, the
focus has shifted toward achieving hemodynamic
stability and minimizing physiological stress,
regardless of the technique employed(16). Balanced
anesthesia, combining volatile agents, opioids, and
adjuncts, remains a widely accepted approach.

Postoperative care is increasingly recognized as an
integral component of perioperative management.
Many cardiac complications occur in the
postoperative period, often in the setting of
inadequate monitoring or delayed recognition(17).
Continuous monitoring, early mobilization, effective
pain control, and optimization of fluid balance are
essential strategies for reducing postoperative
complications. Multimodal analgesia, by attenuating
the stress response and facilitating early recovery,
plays a particularly important role(18).

A recurring theme across contemporary literature is
the importance of a multidisciplinary approach.
Collaboration between anaesthesiologists, surgeons,
cardiologists, and intensivists enables
comprehensive care that addresses all aspects of
the patient’s condition(19). Such an approach is
particularly valuable in complex cases involving
multiple comorbidities or high-risk procedures.

Recent advances, including enhanced recovery
protocols, point-of-care ultrasound, and artificial
intelligence-based risk prediction models, have
further refined perioperative care(20).

These innovations hold promise for improving
patient outcomes through more precise and
individualized management strategies.

Despite these advances, several challenges remain.
Accurate prediction of individual risk continues to be
elusive, and the optimal integration of various
assessment tools into clinical practice is still
evolving(21). Furthermore, the heterogeneity of
patient populations and surgical procedures limits
the generalizability of existing evidence. Future
research should focus on developing more robust
predictive models, validating biomarker-guided
strategies, and exploring novel therapeutic
interventions.

Conclusion

Perioperative anesthetic management of patients
with cardiovascular disease undergoing noncardiac
surgery is a complex and evolving field that requires
a comprehensive, individualized, and evidence-
based approach. The interplay between patient-
specific factors, surgical stress, and anesthetic
management necessitates careful planning and
meticulous execution at every stage of the
perioperative period.

Preoperative assessment remains the foundation of
perioperative management, with emphasis on
identifying active cardiac conditions, evaluating
functional capacity, and utilizing biomarkers to
refine risk stratification. However, it is increasingly
recognized that preoperative evaluation alone is
insufficient to significantly influence outcomes
unless it is integrated with optimal intraoperative
and postoperative care strategies.

Intraoperative management plays a pivotal role in
determining outcomes, with maintenance of
hemodynamic stability emerging as one of the most
critical factors. Avoidance of hypotension,
optimization of fluid therapy, and appropriate use of
monitoring techniques are essential components of
successful anesthetic management. Equally
important is the judicious use of pharmacological
agents, balancing their benefits against potential
adverse effects.

The postoperative period represents a vulnerable
phase during which many cardiac complications
occur. Early detection of myocardial injury, effective
pain management, prevention of complications, and
close monitoring are essential to improve outcomes.
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The concept of myocardial injury after noncardiac
surgery has underscored the importance of routine
surveillance and timely intervention in high-risk
patients.

A multidisciplinary approach, involving close
collaboration between anesthesiologists, surgeons,
cardiologists, and critical care specialists, is
essential for optimizing patient care. Such
collaboration enables comprehensive decision-
making that takes into account both cardiac and
surgical considerations.

Looking forward, advances in biomarker-guided risk
assessment, enhanced recovery pathways, and
artificial intelligence-based predictive models hold
promise for further improving perioperative
outcomes. However, the ultimate goal remains the
delivery of individualized care tailored to the unique
characteristics of each patient.

In conclusion, successful perioperative management
of cardiac patients undergoing noncardiac surgery
requires a holistic approach that integrates
preoperative assessment, intraoperative vigilance,
and postoperative care. Continued research and
innovation are essential to refine existing strategies
and address the challenges that remain in this
complex and dynamic field.

LIMITATIONS OF THE STUDY

The study has some limitations. Since it is a
narrative review, it does not provide quantitative
analysis or establish cause-and-effect relationships.
The wide variation in cardiac diseases, types of
noncardiac surgeries, and patient risk profiles may
limit the generalizability of the findings. Existing risk
scores may not accurately predict outcomes in
every individual patient.

In addition, the use of biomarkers and advanced
monitoring may be limited by availability, cost, and
resources. Finally, perioperative guidelines and
newer technologies are continuously evolving, so
some recommendations may change with future
evidence.
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