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Abstract

This comprehensive review article delves into the critical role of cardiovascular disorders in liver transplantation
(LT) candidates, focusing on coronary artery disease (CAD), cirrhotic cardiomyopathy (CCM), and structural
heart disease. It examines the prevalence and implications of these conditions on LT outcomes, emphasizing
the necessity of a thorough preoperative cardiac evaluation and risk stratification. The article explores various
aspects of cardiac risk in LT, including CAD, CCM, and coexisting structural heart diseases. It highlights the
importance of diagnostic techniques such as echocardiography, stress testing, cardiac catheterization, and CMR
in the evaluation process. The review aligns with current guidelines from major cardiac societies and discusses
the implications of CCM and structural heart disease on LT. It also assesses the role of cardiac biomarkers
in predicting postoperative outcomes and explores functional cardiopulmonary assessment tools. Finally, the
article considers the intraoperative and postoperative cardiac risks associated with LT, concluding with the
significant impact of cardiovascular management in improving LT outcomes.

2. Introduction

Liver transplantation (LT) has emerged as a pivotal treatment
modality for end-stage liver disease and certain liver cancers. The
success of LT, however, is intricately linked to the cardiovascular
health of candidates. Cardiovascular disorders, prevalent in LT
candidates, play a critical role in shaping preoperative evaluation
and perioperative management strategies. This review delves
into the complex interplay between LT and cardiovascular
conditions, highlighting the significance of thorough cardiac
evaluation and risk stratification in enhancing patient outcomes
and optimizing transplant resource utilization.

2. Prevalence and Impact of Cardiovascular Conditions in
LT Candidates

Cardiovascular disorders in LT candidates, encompassing
coronary artery disease (CAD), cirrhotic cardiomyopathy (CCM),

and structural heart disease, present unique risks and challenges.
CAD's prevalence in LT populations is notable, often associated
with demographic factors such as older age and comorbidities,
critically influencing postoperative complications and mortality
[1-3]. CCM, characterized by a spectrum of cardiovascular
aberrations in patients with end-stage liver disease (ESLD),
includes diastolic dysfunction and stress-induced systolic
dysfunction, posing significant management challenges during
LT [4-7]. Additionally, structural heart diseases, often coexisting
with liver conditions, can profoundly impact perioperative
outcomes, with conditions like ventricular failure and severe
valvular disease contributing to early postoperative mortality [8-
11]. The identification and management of these conditions are
therefore pivotal in the LT process.
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3. Cardiovascular Risk Assessment in LT Candidates

The cardiovascular risk assessment in LT candidates is complex,
requiring a comprehensive and multidisciplinary approach.
This process involves evaluating hemodynamic perturbations,
coagulation abnormalities, and other complications that could
have fatal implications for patients with underlying cardiac
illness [14,15]. Diagnostic techniques play an essential role
in this assessment, with echocardiography being crucial for
identifying structural heart diseases and assessing cardiac
function [12]. Non-invasive stress testing, although limited
in predictive value, especially in patients with non-alcoholic
ESLD, helps in identifying significant CAD [16]. Cardiac
catheterization becomes critical when non-invasive tests are
inconclusive or indicate significant disease [15]. Additionally,
Cardiac Magnetic Resonance (CMR) offers valuable insights
into myocardial viability and function in complex cases [17].
Adhering to guidelines and recommendations from authoritative
bodies like the American College of Cardiology/American
Heart Association (ACC/AHA) and the European Society of
Cardiology/European Society of Anaesthesiology (ESC/ESA)
is crucial in this process. These guidelines underscore the
importance of a comprehensive cardiac evaluation, with specific
recommendations tailored to the risk profiles of LT candidates
[18,19]. Consequently, the assessment significantly influences
LT candidacy and outcomes.

4. Cirrhotic Cardiomyopathy (CCM) in LT

Cirrhotic Cardiomyopathy (CCM) represents a unique cardiac
risk in LT candidates, characterized by a range of cardiovascular
aberrations in patients with end-stage liver disease (ESLD).
Clinically, CCM encompasses manifestations such as diastolic
dysfunction and stress-induced systolic dysfunction, with the
potential to evolve into heart failure indicative of decompensated
CCM. This condition also includes electrophysiological
abnormalities and structural changes like left-ventricular
hypertrophy and biatrial enlargement [4-7]. The pathophysiology
of CCM involves complex interactions between the liver, heart,
and kidneys, characterized by systemic inflammation, autonomic
dysfunction, and activation of vasodilatory factors, resulting in
a hyperdynamic circulation with high cardiac output and low
peripheral vascular resistance [22-24]. The impact of CCM on
LT is significant, especially in the perioperative period, with
associated complications predisposing patients to cardiovascular
complications during and after LT [25,26]. Up to 21% of deaths
following LT are attributed to heart failure, often related to
underlying cardiovascular disease [27,28]. Accordingly, careful
preoperative cardiac assessment and perioperative management
are vital to managing CCM-related risks in LT candidates.

5. Structural Heart Disease in LT Candidates

Structural heart diseases in LT candidates, such as CAD
and pulmonary hypertension (PH), significantly influence
transplantation outcomes. The prevalence of CAD ranges from
20% to 28%, while PH varies from 5% to 10% among these
patients, with shared risk factors like alcohol use and non-
alcoholic fatty liver disease (NAFLD) contributing to their
development [15]. Preoperative screening is essential for
assessing risk and planning management, with echocardiography
playing a central role in grading valvular lesions and determining

right ventricular systolic pressure (RVSP). In cases where RVSP
exceeds 45 mm Hg, right heart catheterization may be required
[29]. The presence and severity of structural heart diseases can
significantly impact intraoperative and postoperative recovery,
with CAD patients exhibiting a 1-year mortality rate of 40%
post-LT [30]. Stress echocardiography has been useful in
excluding patients with significant disease [15].

6. Predictive Tools and Techniques

Predicting perioperative cardiac risk in LT is challenging due to
the complexity of variables involved. Risk factor analysis has
correlated preoperative cardiac risk factors with postoperative
cardiac events, with key risk factors including age, diabetes,
known cardiac disease, and NASH. For example, studies of
LT patients over three years found these factors predictive
of post-transplant cardiac events [32,33]. Advanced cardiac
disease history was also predictive of early post-transplant
mortality in high-MELD LT patients [34]. Dobutamine
Stress Echocardiography (DSE) is used to detect occult CAD
and predict postoperative cardiac outcomes. A normal DSE
predicts a low risk for postoperative cardiac events [35].
Echocardiography-based studies indicate that left ventricular
hypertrophy (LVH) and diastolic dysfunction are predictive
of postoperative mortality, graft failure, and heart failure [37,
38]. Cardiac biomarkers such as Troponin T (TnT), Troponin I
(Tnl), and Brain Natriuretic Peptide (BNP) play a pivotal role in
assessing myocardial injury and heart failure in LT candidates.
Their preoperative levels have shown predictive value for major
cardiac events and postoperative mortality [39-41]. Functional
cardiopulmonary assessments, including the 6-minute walk
test and cardiopulmonary exercise testing (CPET), are critical
for evaluating cardiopulmonary reserve in LT candidates, with
their results providing insights into pre-transplant survival and
postoperative outcomes [42,43].

7. Intraoperative and Postoperative Cardiac Risks

Liver transplantation (LT) is a procedure that imposes significant
intraoperative cardiac risks due to its complex nature, involving
substantial blood loss, fluid shifts, and critical events such as
organ reperfusion. These challenges can precipitate prolonged
hypotension and severe post-reperfusion syndrome, both of
which are critical in determining post-transplant outcomes
[45, 46]. Studies have shown that variables like intraoperative
mean arterial pressure (MAP) are predictive of adverse
outcomes, including post-transplant mortality and graft failure,
emphasizing the importance of maintaining stable hemodynamic
during surgery [6].

The management of postoperative cardiac events is a crucial
aspect of LT care. Postoperative cardiac complications, including
myocardial injury following non-cardiac surgery (MINS), pose
significant risks. Elevated postoperative troponin levels, for
instance, have been linked to higher mortality rates [47]. The
prevalence of MINS in LT patients is notable, correlating with
higher rates of cardiovascular and all-cause mortality, primarily
influenced by severe ESLD and hemodynamic instability during
surgery [48]. The importance of continuous monitoring and
intervention strategies cannot be overstated. These include
regular cardiac biomarker assessments and vigilant monitoring
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of hemodynamic parameters. Such strategies are instrumental
in early detection and management of cardiac complications,
thereby reducing the risk of postoperative mortality and
improving overall patient outcomes.

8. Conclusions and Future Directions

This review has underscored the complex and significant role
of cardiovascular risks in liver transplantation. The prevalence
and impact of conditions like CAD, CCM, and structural heart
disease highlight the necessity of comprehensive cardiovascular
care in LT. The challenges in preoperative cardiac evaluation,
coupled with the predictive value of cardiac biomarkers and
functional assessments, emphasize the need for meticulous
preoperative planning and perioperative management. However,
gaps in current research point to the need for further studies,
particularly in refining risk assessment tools and management
protocols. Future research should focus on enhancing predictive
models for cardiovascular complications in LT, developing more
effective preoperative assessment techniques, and optimizing
perioperative management strategies. The evolving nature
of cardiovascular care in LT underscores the importance of
multidisciplinary collaboration and adherence to continuously
updating guidelines. As advancements in medical technology
and research continue to emerge, the field of LT is poised to
benefit from improved cardiovascular risk management, leading
to better patient outcomes and more effective use of transplant
resources.
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