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Abstract

Liver cirrhosis substantially increases perioperative morbidity and mortality in patients undergoing cardiac surgery through coagulopa-
thy, portal hypertension, cirrhotic cardiomyopathy, renal dysfunction, and immune dysregulation. Conventional cardiac risk scores
underestimate this risk because these metrics do not incorporate variables related to hepatic function, highlighting the need to integrate
the Child–Turcotte–Pugh (CTP) and Model for End-Stage Liver Disease (MELD) scores. Novel predictive models, such as the Veter-
ans Outcomes and Costs Associated with Liver Disease – Penn (VOCAL-Penn) and Mayo Postoperative Mortality Risk Score (Mayo
scores), demonstrate superior discriminatory performance by incorporating surgery-specific variables. This narrative review synthesizes
the evidence on risk stratification, preoperative optimization, intraoperative management, and postoperative care in patients with liver
cirrhosis undergoing cardiac surgery. A structured, multidisciplinary approach that incorporates systematic hepatic assessment, careful
patient selection using integrated cardiac-hepatic risk models, tailored intraoperative techniques to minimize cardiopulmonary bypass
(CPB)-related injury, and vigilant postoperative organ support can improve outcomes in this high-risk population. This review pro-
vides practical, phase-oriented recommendations with evidence grading, critical discussion of controversies, and acknowledgment of the
limitations inherent in the available literature.
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1. Introduction

Chronic liver disease (CLD), including cirrhosis, rep-
resents an increasing public health burden in aging popu-
lations where classical cardiovascular risk factors such as
arterial hypertension, diabetes, obesity, and smoking fre-
quently coexist [1]. Advances in hepatology and the de-
velopment of antiviral therapies have improved survival
outcomes in patients with CLD and, consequently, have
expanded the population of cirrhotic patients presenting
for cardiac surgical intervention due to significant coro-
nary artery disease or structural valvular pathology requir-
ing surgical correction [1]. This review focuses specifi-
cally on patients with established liver cirrhosis undergo-
ing cardiac surgery. Meanwhile, early-stage CLD with-
out cirrhosis, non-cirrhotic portal hypertension, and acute
liver failure are beyond the scope of this review. This
epidemiological shift has created an unprecedented clin-
ical challenge for cardiac surgeons, as cirrhosis confers
a markedly elevated perioperative risk profile, with an
estimated 4–7 fold increase in mortality compared with
non‑cirrhotic populations; however, liver dysfunction re-
mains conspicuously absent from widely used risk stratifi-
cation models, including European System for Cardiac Op-
erative Risk Evaluation II (EuroSCORE II) and the Soci-
ety of Thoracic Surgeons (STS) calculator [2,3,4,5]. The

pathophysiology underlying this elevated risk is multifac-
torial and complex. Cirrhosis induces a characteristic cir-
culatory phenotype defined by a hyperdynamic circulation
with reduced systemic vascular resistance, latent cirrhotic
cardiomyopathy with impaired contractile reserve that be-
comes unmasked during acute hemodynamic stress, and a
rebalanced but fundamentally fragile coagulation system
characterized by simultaneous bleeding and thrombotic po-
tential [6,7]. Additionally, cirrhotic patients experience
functional renal vasoconstriction despite normal renal per-
fusion pressure and profound immune dysregulation that
predisposes the patients to serious bacterial infections and
sepsis. Cardiopulmonary bypass (CPB) amplifies these un-
derlying abnormalities through massive inflammatory ac-
tivation, progressive hemodilution-induced coagulopathy,
and hepatic ischemia-reperfusion injury [8]. Consequently,
simple extrapolation of cardiac risk assessment strategies
and perioperative management protocols from the general
cardiac surgical population to cirrhotic patients is clini-
cally inappropriate and potentially hazardous. Emerging
evidence increasingly supports an integrated, multidisci-
plinary “heart–liver team” approach that strategically com-
bines conventional cardiac risk models with hepatology-
specific assessment tools, including the Child–Turcotte–
Pugh (CTP) score, Model for End-Stage Liver Disease
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(MELD), MELD-sodium (Na), and novel predictive mod-
els such as Veterans Outcomes and Costs Associated with
Liver Disease – Penn (VOCAL-Penn) and Mayo scores.
This comprehensive approach enables more accurate risk
stratification, guides patient selection for surgical versus
transcatheter or medical management, and informs tailored
perioperative optimization strategies [4,5]. The present re-
view synthesizes contemporary evidence to provide a struc-
tured, phase-oriented practical algorithm for the periop-
erative management of cirrhotic patients undergoing car-
diac surgery, encompassing preoperative risk assessment
and systematic optimization, intraoperative anesthetic and
hemodynamic strategies, CPB management with emphasis
on minimizing tissue injury, and vigilant postoperative care
with early detection of organ-specific complications.

2. Literature Review
2.1 Risk Stratification: Before Surgery Begins
2.1.1 EuroSCORE II and STS

EuroSCORE II and STS calculators are widely used
but systematically underestimate risk in cirrhotic patients
[2,3,4,5]. A patient classified as “low-risk” by standard
scores frequently experiences mortality rates of 10%–20%
because these models do not include variables reflecting
liver synthetic function (albumin, bilirubin, international
normalized ratio (INR)), portal hypertension, or renal sta-
tus in the context of cirrhosis [4,5]. Consequently, dual
risk assessment is recommended for every cirrhotic patient:
a standard cardiac score plus liver-specific tools such as
CTP and MELD [4,9]. The failure of conventional cardiac
risk models in cirrhotic populations stems from fundamen-
tal physiological differences. Cirrhotic patients exhibit al-
tered pharmacokinetics, impaired coagulation reserves de-
spite apparently “normal” laboratory values, and hemody-
namic instability that becomes more pronounced during
surgical stress [6,7]. Additionally, renal function in cirrho-
sis is highly vulnerable to perioperative hypotension and re-
duced cardiac output, yet traditional models do not account
for hepatorenal axis dysfunction [10]. Furthermore, por-
tal hypertension creates unique vascular considerations that
affect both bleeding risk and hepatic perfusion, which stan-
dard scores completely overlook. The presence of varices,
ascites, and encephalopathy, cardinal features of decom-
pensation, is not captured by EuroSCORE II and STS calcu-
lations, despite the profound influence of decompensation
on postoperative outcomes and complications [4,5]. There-
fore, integrating liver-specific assessment tools, including
CTP, MELD, and MELD-Na, into the preoperative evalu-
ation is essential for appropriate patient selection and risk
counseling [4,9,11].

2.1.2 Child–Turcotte–Pugh Classification
The CTP classification profoundly influences periop-

erative outcomes and complication rates in cardiac surgery
[4,5,12]. Patients with CTP A demonstrate acceptable pe-

rioperative mortality (8%–15%) with morbidity related pri-
marily to standard cardiac surgery risks, rather than hep-
atic decompensation [4,12]. Patients with CTP B face
substantially higher mortality (20%–50%), along with in-
creased rates of acute kidney injury, sepsis, hepatic de-
compensation, and prolonged intensive care unit (ICU)
stays [4,5,10,13]. Patients with CTP C experience pro-
hibitive mortality (~70%) due to severe coagulopathy, re-
fractory hypotension requiring massive vasopressor sup-
port, fulminant hepatic failure, and multiorgan dysfunc-
tion [6,7,12,13]. In addition to mortality, CTP status pre-
dicts patterns of postoperative morbidity [4,5,12]. Higher
CTP scores correlate with an increased incidence of peri-
operative bleeding requiring massive transfusion, acute-on-
chronic liver failure (ACLF), hepatorenal syndrome, sepsis
caused by resistant organisms, and prolonged mechanical
ventilation [7,10,12,13]. Furthermore, CTP classification
influences optimal operative timing. CTPA cases generally
tolerate elective scheduling, whereas CTP B cases warrant
accelerated preoperative optimization or consideration of
transcatheter alternatives, such as transcatheter aortic valve
implantation (TAVI) or transcatheter edge-to-edge repair
(TEER) [4,5]. CTP C represents a relative contraindica-
tion except in life-threatening scenarios requiring urgent in-
tervention, where outcomes remain poor despite aggressive
perioperative support [5,12,13].

However, these mortality estimates are derived from
heterogeneous cohorts spanning two decades and may
not fully reflect contemporary practice. Recent ad-
vances in perioperative management, including improved
anesthetic techniques, goal-directed hemodynamic ther-
apy, widespread adoption of viscoelastic-guided transfu-
sion strategies, enhanced critical care protocols, and selec-
tive use of transcatheter alternatives, have likely improved
outcomes, particularly in CTP A and B patients. Therefore,
contemporary mortality rates in high-volume centers with
dedicated multidisciplinary teams may be lower than these
historical benchmarks. Nevertheless, large-scale validation
studies are still needed to establish updated mortality esti-
mates [14].

2.1.3 MELD Score: Superior Risk Prediction for Cardiac
Surgery

TheMELD score demonstrates superior predictive ac-
curacy compared with CTP for forecasting perioperative
outcomes in cardiac surgery [4,5,15]. Patients with MELD
scores <13 achieve perioperative mortality comparable to
that of non-cirrhotic populations when appropriately opti-
mized, with complications that are primarily cardiac rather
than hepatic in nature [4,5]. Patients with MELD scores
13–18 face escalating mortality (15%–35%) with a high in-
cidence of acute kidney injury, sepsis, hepatic decompen-
sation, and coagulopathy-related bleeding complications
requiring aggressive transfusion strategies [4,5,7,10,15].
MELD scores >18–20 represent a prohibitive risk, with
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mortality exceeding 50%–70%, driven by severe hepatore-
nal dysfunction, profound coagulopathy, hemodynamic in-
stability refractory to vasopressor support, and rapid hepatic
decompensation [5,6,7,10,15,16]. These mortality ranges
are wide and derive from heterogeneous retrospective stud-
ies conducted over the past two decades. Advances in sur-
gical techniques, including increased use of off-pump coro-
nary artery bypass grafting (OPCAB), and transcatheter
valve interventions, as well as anesthetic management, such
as improved hemodynamic monitoring and optimized fluid
strategies, and perioperative care, including early renal re-
placement therapy, enhanced infection control, and multi-
disciplinary team management, have likely reduced mor-
tality in contemporary practice, particularly among patients
with MELD scores ≤15. However, the extent of this im-
provement remains uncertain, as most recent studies con-
tinue to report elevated mortality in patients with MELD
scores >15–18, suggesting that fundamental hepatic dys-
function continues to drive adverse outcomes despite mod-
ern advances [17,18].

Importantly, MELD-Na, which incorporates serum
sodium concentration, further refines risk stratification; hy-
ponatremia (<130 mEq/L) indicates severe portal hyperten-
sion and portends particularly poor prognosis, including in-
creased mortality and multiorgan failure [10,11,16]. The
objective nature of MELD variables, derived from routine
laboratory parameters, enables rapid, reproducible risk as-
sessment and facilitates meaningful prognostic discussions
with patients and families regarding realistic surgical can-
didacy and alternative therapeutic options [9,11].

2.2 Advanced Predictive Models: VOCAL-Penn and Mayo
Scores
2.2.1 VOCAL-Penn Cirrhosis Surgical Risk Score

Traditional scoring systems, including CTP, MELD,
and MELD-Na, were not specifically developed for sur-
gical populations and lack surgery-specific variables. The
VOCAL-Penn score was derived and validated using data
from 3785 veterans with cirrhosis who underwent major
surgery across 128 US medical centers, using multivariable
logistic regression to predict 30-, 90-, and 180-day postop-
erative mortality [19].

The VOCAL-Penn model incorporates nine variables:
age, American Society of Anesthesiologists (ASA) clas-
sification (2–4), surgery category, including chest/cardiac
procedures, emergency surgery indication, non-alcoholic
fatty liver disease (NAFLD) cirrhosis as the underlying
etiology, albumin, platelet count, total bilirubin, and obe-
sity (body mass index (BMI) ≥30). Notably, the inclu-
sion of surgery-specific categories represents a major ad-
vance over traditional liver-only scores. In validation co-
horts, VOCAL-Penn demonstrated superior discrimination
compared with existing tools, with a C-statistic of 0.859 for
30-day mortality versus 0.766 for theMayo score and 0.752
forMELD-Na (p = 0.003). Calibration was excellent across

the entire risk spectrum, whereas the Mayo score tended
to overestimate mortality. The VOCAL-Penn calculator is
freely available online (https://www.vocalpennscore.com)
and should be considered for preoperative risk stratification
in cirrhotic patients undergoing cardiac surgery [19].

However, important limitations regarding generaliz-
ability must be acknowledged. The VOCAL-Penn deriva-
tion cohort consisted of 3785 predominantly male veter-
ans (>90% male) from United States (US) Veterans Affairs
medical centers, which may limit applicability to female
patients, non-Western populations, and civilian healthcare
systems with different practice patterns and patient demo-
graphics. The model was developed across a range of sur-
gical procedures, including abdominal, orthopedic, and car-
diothoracic operations, rather than exclusively for cardiac
surgery, which may limit the precision of the model when
applied to cardiac surgical cohorts specifically. External
validation in diverse populations, including female patients,
non-veteran cohorts, and international settings, is needed
to confirm the generalizability of the model across demo-
graphic and geographic contexts [19].

2.2.2 Mayo Risk Score

The Mayo risk score incorporates MELD score, age,
ASA class, and cirrhosis etiology to predict postoperative
mortality. In a large study of patients undergoing major car-
diac and abdominal surgery, the Mayo score was the best
predictor of 1-month and 3-month mortality, with mortal-
ity increasing alongside MELD score, age, and ASA class
[20]. However, recent evidence suggests that the Mayo
score may overestimate surgical risk in contemporary prac-
tice because advances in medical and surgical management
have improved overall outcomes [21]. Nevertheless, the
Mayo score remains a valuable tool for initial risk assess-
ment when integrated with other clinical parameters.

2.2.3 Comparative Performance

In head-to-head comparisons, VOCAL-Penn demon-
strates superior discriminative ability and calibration com-
pared with Mayo, MELD, and MELD-Na scores across
multiple postoperative time points [19]. The addition
of surgery-specific variables, such as procedure type and
emergency indication, as well as cirrhosis-specific factors,
including NAFLD etiology and obesity, likely accounts
for the improved performance of the metric. For cardiac
surgery specifically, including chest and cardiac procedures
as a distinct surgical category in VOCAL-Penn yields more
accurate risk estimates than general surgical scores. How-
ever, it is important to note that VOCAL-Penn was derived
from a predominantly male veteran population undergoing
variousmajor surgeries, not exclusively cardiac procedures,
whichmay limit the generalizability of themodel to specific
cardiac surgical cohorts.
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2.2.4 External Validation of Risk Prediction Models in
Contemporary Cardiac Surgery Cohorts

Recent external validation studies have begun to as-
sess the performance of existing risk prediction mod-
els specifically in cirrhotic patients undergoing cardiac
surgery, providing critical insights into model accuracy
in contemporary practice. Jenkins et al. [22] con-
ducted a multicenter retrospective validation study eval-
uating the discriminative performance of VOCAL-Penn,
MELD, MELD-Na, and CTP scores in 412 cirrhotic pa-
tients who underwent cardiac surgery across five high-
volume North American centers between 2015 and 2023.
This study represents the largest contemporary validation
of risk prediction models specifically in the cardiac surgery
population.

The key findings from Jenkins et al. [22] were as fol-
lows: (1) VOCAL-Penn demonstrated the highest discrim-
ination for 30-day mortality (C-statistic 0.82, 95% confi-
dence interval (CI) 0.77–0.87), significantly outperforming
MELD-Na (C-statistic 0.74, 95% CI 0.68–0.80; p = 0.008)
and CTP classification (C-statistic 0.69, 95% CI 0.63–0.75;
p < 0.001); (2) calibration analysis revealed that VOCAL-
Penn slightly overestimated mortality in low-risk patients
(predicted 3%–5%, observed 2%–3%) but demonstrated
excellent calibration in intermediate- and high-risk cate-
gories; (3) actual 30-day mortality was lower than histori-
cal estimates across all risk categories, with CTP B patients
experiencing 12% mortality compared with historical esti-
mates of 20%–50%, and patients with MELD scores of 13–
18 experiencing 18% mortality compared with historical
estimates of 15%–35%, suggesting meaningful improve-
ments in contemporary perioperative care; (4) subgroup
analysis demonstrated that VOCAL-Penn performance was
consistent across procedure types, including CABG, valve
surgery, and combined procedures, whereasMELD-Na per-
formance was significantly reduced in off-pump CABG
(C-statistic 0.68) compared with on-pump procedures (C-
statistic 0.77); (5) the addition of frailty assessment using
the Clinical Frailty Scalemodestly improved discrimination
(C-statistic increase from 0.82 to 0.84; p = 0.06), suggesting
that incorporation of functional measures may add value.

These validation findings have important clinical im-
plications. First, VOCAL-Penn demonstrates robust per-
formance in contemporary cardiac surgery cohorts and
should be prioritized for preoperative risk assessment in cir-
rhotic patients. Second, contemporary mortality rates ap-
pear lower than historical benchmarks, likely reflecting ad-
vances in surgical technique, anesthetic management, and
perioperative care over the past decade. Third, traditional
liver-specific scores, such as MELD and CTP, alone pro-
vide insufficient discrimination for cardiac surgical risk
stratification and should be supplemented with surgery-
specific tools, such as VOCAL-Penn. Fourth, the modest
incremental value of frailty assessment suggests that mul-
tidimensional risk evaluation incorporating functional sta-

tus may further refine patient selection. Finally, external
validation in diverse populations, including female patients,
non-North American cohorts, and low-volume centers, re-
mains necessary to establish the generalizability of these
findings [17].

2.2.5 Heart–Liver Team: Mandatory Multidisciplinary
Discussion

Cardiac surgery in cirrhotic patients requires com-
prehensive, multidisciplinary evaluation and collaborative
decision-making involving a cardiothoracic surgeon, inter-
ventional cardiologist, hepatologist, cardiac anesthesiolo-
gist, intensivist, and, when appropriate, transplant surgeon
[5,16,19]. This structured team approach addresses critical
questions that isolated specialists cannot adequately resolve
independently [15,16].

The Heart–Liver Team should systematically evalu-
ate disease severity using both cardiac parameters (coro-
nary anatomy, ventricular function) and hepatic parameters
(CTP, MELD, and VOCAL-Penn or Mayo scores), deter-
mine the true urgency and clinical necessity of cardiac in-
tervention, and carefully assess whether transcatheter al-
ternatives (TAVI, TEER, percutaneous coronary interven-
tion (PCI)) might achieve therapeutic goals while avoid-
ing operative risk entirely [5,9,11,19]. The team should
also evaluate candidacy for combined heart–liver trans-
plantation as a potential definitive solution, particularly for
younger cirrhotic patients with otherwise suitable hemody-
namics [16,20]. Critically, the team should formulate re-
alistic mortality and morbidity estimates, neither catastro-
phizing nor providing false reassurance, and ensure that pa-
tients and families understand both the substantial periop-
erative risks inherent to cardiac surgery in cirrhosis and the
potential for meaningful long-term benefit in appropriately
selected candidates [5,16]. This collaborative deliberation
model helps prevent both unsafe overtreatment and inap-
propriate denial of potentially beneficial surgery in suitable
patients [5,19]. The integrated decision-making pathway,
from risk stratification throughmultidisciplinary discussion
to selection of surgical, transcatheter, or medical manage-
ment, is summarized in Fig. 1.

2.3 Preoperative Evaluation and Optimization
2.3.1 Comprehensive Hepatic Assessment

A comprehensive clinical history and physical exam-
ination form the foundational elements of hepatic assess-
ment in patients with suspected or confirmed cirrhosis [16].
The clinician should meticulously document the underly-
ing etiology of hepatic dysfunction, determining whether
cirrhosis is attributable to alcohol-associated liver disease,
viral hepatitis (hepatitis B or C), autoimmune hepatitis, or
metabolic etiologies, including NAFLD, hemochromato-
sis, Wilson disease, or primary biliary cholangitis [20].
Careful documentation of all prior episodes of hepatic de-
compensation is recommended, including variceal bleed-
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Fig. 1. Clinical decision-making algorithm for patients with concomitant cardiac and liver disease. Assessment using CTP, MELD,
and VOCAL-Penn scores is followed by multidisciplinary Heart–Liver Team evaluation to determine suitability for surgery, transcatheter
intervention, medical optimization, conservative management, or liver transplant assessment. CTP, Child-Turcotte-Pugh; MELD, Model
for End-Stage Liver Disease; VOCAL-Penn, Veterans Outcomes and Costs Associated with Liver Disease – Penn.

ing from esophageal or gastric varices, any history of hep-
atic encephalopathy regardless of grade, and the current or
prior presence of ascites, as these historical features pro-
vide critical insight into disease severity and perioperative
risk [16,20,21]. The physical examination should systemat-
ically assess for the presence of cirrhotic stigmata, includ-
ing careful evaluation for jaundice indicating hyperbiliru-
binemia, spider angiomas reflecting portal hypertension
and hyperdynamic circulation, palmar erythema suggesting
hepatic dysfunction, and quantification of ascites severity
through percussion and palpation techniques [16,21].

Laboratory evaluation is essential for objective as-
sessment of hepatic synthetic function and should include
measurement of serum albumin, total and direct bilirubin,
prothrombin time and INR, platelet count, serum sodium
concentration, serum creatinine, and serum prealbumin as
a short-term nutritional marker [9,10,11,16]. Both the
CTP score and the MELD/MELD-Na scores should be cal-
culated and precisely documented in the medical record,
as these complementary scoring systems provide indepen-
dent risk stratification for perioperative outcomes [10,11].
Scores should be recalculated if a significant temporal in-
terval elapses between the initial laboratory assessment
and the scheduled surgical procedure, as dynamic changes
in hepatic and renal function may substantially modify
the perioperative risk profile [9,10,11]. When available,
VOCAL-Penn or Mayo scores should also be calculated to
provide surgery-specific risk estimates.

Radiological imaging, utilizing either abdominal ul-
trasonography with Doppler flow evaluation or contrast-
enhanced computed tomography (CT), should be obtained
to assess hepatic parenchymal morphology, including eval-
uation for cirrhotic features such as nodular contours, het-
erogeneous echogenicity, and architectural distortion [16].
The portal vein should be carefully evaluated on Doppler
interrogation for caliber, luminal diameter, direction, and
velocity of portal venous flow, and for the presence of acute
or chronic portal vein thrombosis, which would signifi-
cantly impact operative feasibility [23]. Additional imag-
ing findings should include splenic size as a marker of por-
tal hypertension-related splenomegaly, volume of ascites,
and systematic surveillance for hepatocellular carcinoma
or other hepatic malignancies, as the detection of neoplas-
tic disease may substantially modify surgical planning and
prognosis [16,24].

Esophagogastroduodenoscopy should be performed
as a screening procedure to identify the presence and grade
the severity of esophageal varices, as variceal hemorrhage
represents one of the most catastrophic perioperative com-
plications in cirrhotic patients [24]. In patients with large
esophageal varices, identified during endoscopic exami-
nation, prophylactic intervention is strongly recommended
before elective surgical procedures to substantially reduce
the risk of massive variceal bleeding. Prophylactic inter-
ventions may include either endoscopic variceal band liga-
tion or initiation of non-selective beta-adrenergic antagonist
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therapy, such as propranolol or carvedilol, to reduce portal
venous pressure gradients [25].

2.3.2 Cardiac Evaluation With Cirrhotic Cardiomyopathy
Screening

Standard cardiac evaluation, including a 12-lead elec-
trocardiogram (ECG), coronary angiography, and transtho-
racic echocardiography, forms the foundation of cardiac as-
sessment in cirrhotic patients being considered for surgery
[6,16]. These diagnostic modalities should provide de-
tailed quantification of left ventricular systolic and dias-
tolic function, comprehensive characterization of right ven-
tricular performance, assessment of diastolic parameters re-
flective of left ventricular filling characteristics, and mea-
surement of pulmonary artery pressures as indicators of
right ventricular afterload and pulmonary hemodynamics
[16,25,26]. Particular clinical attention should be directed
toward the identification and characterization of cirrhotic
cardiomyopathy, a distinct pathophysiological entity char-
acterized by myocardial dysfunction in advanced hepatic
disease, with profound implications for perioperative risk
stratification and adverse cardiac outcomes [6,25].

Diastolic dysfunction represents a cardinal feature of
cirrhotic cardiomyopathy and should be comprehensively
assessed [25,26]. The tissue Doppler imaging-derived ratio
of early mitral inflow velocity to early diastolic mitral an-
nular velocity (E/e' ratio) is a sensitive and specific marker
of diastolic dysfunction, with values exceeding 14 indicat-
ing abnormal diastolic properties and substantially elevated
left ventricular filling pressures with important prognostic
implications [26]. Additional parameters for assessment of
diastolic dysfunction include quantification of the left atrial
volume index normalized to body surface area, detailed
characterization of mitral inflow characteristics such as the
E/A ratio and deceleration time, and measurement of left
atrial longitudinal strain using speckle-tracking echocardio-
graphy to detect subtle atrial dysfunction and predict peri-
operative decompensation [25,26].

Right ventricular systolic dysfunction is common in
advanced cirrhosis and is characterized by impaired con-
tractility, elevated afterload secondary to pulmonary hyper-
tension, and limited tolerance of the hemodynamic stresses
of surgery and anesthesia [6,25]. Comprehensive evalua-
tion of right ventricular systolic function should incorporate
measurement of tricuspid annular plane systolic excursion
(TAPSE), tissue Doppler-derived tricuspid annular systolic
velocity (S') as an independent marker of right ventricu-
lar contractility, and estimation of right ventricular systolic
pressure derived from the peak tricuspid regurgitation jet
velocity [27]. Assessment of the inferior vena cava (IVC)
provides critical information regarding right atrial pressure
and right ventricular function; an IVC diameter greater than
2.1 cm with less than 50% inspiratory collapse suggests
markedly elevated right atrial pressure, severe right ventric-
ular dysfunction, and poor prognosis [27].

Cardiac biomarkers, specifically B-type natriuretic
peptide (BNP) and N-terminal pro-BNP (NT-proBNP), are
useful markers of myocardial dysfunction and independent
predictors of perioperative complications in cirrhotic pa-
tients [25]. Elevated preoperative concentrations of BNP
and NT-proBNP correlate strongly with the severity of cir-
rhotic cardiomyopathy as manifested by diastolic dysfunc-
tion and elevated ventricular filling pressures, and indepen-
dently predict the occurrence of major perioperative cardiac
complications [25]. Dobutamine stress echocardiography,
when technically feasible and clinically indicated, repre-
sents a valuable adjunctive diagnostic modality for further
risk stratification in cirrhotic patients with suspected car-
diomyopathy [6,25]. A blunted inotropic response to in-
creasing doses of dobutamine suggests severe underlying
cardiomyopathy and substantially impaired myocardial re-
serve. Such findings raise significant clinical concern re-
garding the ability of the patient to tolerate surgical hemo-
dynamic stress and may warrant postponement or cancella-
tion of elective procedures [25].

2.3.3 Ascites and Portal Hypertension Management
Ascites should be controlled preoperatively through

dietary sodium restriction and diuretic therapy, typically
spironolactone with or without furosemide. Large-volume
paracentesis with albumin replacement may be required
for tense ascites. Uncontrolled ascites increases intra-
abdominal pressure, impairs diaphragmatic excursion and
ventilation, and predicts higher rates of postoperative res-
piratory complications and prolonged mechanical ventila-
tion. Clinicians should exercise careful clinical judgment
to avoid excessive diuresis, as overly aggressive fluid re-
moval may precipitate hepatorenal syndrome [10].

Non-selective beta-adrenergic blockade is the corner-
stone of pharmacological management of portal hyperten-
sion and should be achieved with agents such as carvedilol
or propranolol to reduce resting heart rate. Beta-blockers
reduce portal venous pressure gradients and substantially
reduce the risk of perioperative variceal hemorrhage; how-
ever, beta-blockade may complicate intraoperative hemo-
dynamic management and blunt compensatory tachycardic
responses to hypovolemia or reduced cardiac output. Pro-
phylactic variceal band ligation should be considered as
an alternative or complementary approach in patients with
large esophageal varices who cannot tolerate or do not ad-
equately respond to beta-blocker therapy [21].

2.3.4 Coagulation and Hematologic Optimization
A critical principle in the management of coagulation

abnormalities in cirrhotic patients is that mild-to-moderate
INR elevation in the range of 1.5 to 1.8 should not be rou-
tinely corrected with empiric fresh frozen plasma (FFP) ad-
ministration, as this range reflects a rebalanced hemostatic
state characteristic of advanced cirrhosis [7]. Routine cor-
rection of mildly elevated INR with FFP transfusions has
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been shown to worsen patient outcomes through multiple
mechanisms, including iatrogenic volume overload, exac-
erbation of ascites formation, and increased risk of hepatic
decompensation [28].

Vitamin K supplementation may be administered in-
travenously when there is clinical suspicion of cholestasis
or vitamin K deficiency. However, vitamin K-refractory
coagulopathy reflects impaired synthetic function rather
than nutritional deficiency. Platelet transfusion should be
considered in cirrhotic patients presenting with platelet
counts below 50,000 cells per μL when active bleeding
is present or anticipated. However, routine prophylactic
platelet transfusion in asymptomatic patients with moder-
ately reduced platelet counts is not indicated [7,28].

Viscoelastic testing modalities, specifically throm-
boelastography (TEG) or rotational thromboelastometry
(ROTEM), represent superior diagnostic techniques com-
pared to conventional laboratory coagulation testing when
available. These point-of-care tests characterize the spe-
cific nature of coagulation defects by assessing the kinet-
ics of clot formation, clot strength, and clot dissolution in
whole blood samples, thereby enablingmore individualized
and targeted transfusion strategies. Utilization of viscoelas-
tic testing to guide transfusion therapy has been demon-
strated to reduce unnecessary transfusions, minimize iatro-
genic volume overload, prevent exacerbation of ascites, and
improve overall perioperative outcomes [28,29].

2.3.5 Hepatic Encephalopathy, Infection, and Nutrition
Optimization

Hepatic encephalopathy should be managed with lac-
tulose and rifaximin as needed to achieve clinical improve-
ment. Preoperative encephalopathy indicates advanced
hepatic dysfunction, predicts difficult weaning from me-
chanical ventilation, and is associated with increased post-
operative delirium and ICU complications. Identifica-
tion and correction of precipitating factors for hepatic en-
cephalopathy are essential and should include evaluation
for constipation, occult infection, intravascular volume de-
pletion, and acute renal failure [16,30]. Sedating medica-
tions should be carefully avoided in cirrhotic patients with
encephalopathy [16].

Comprehensive infection screening should be per-
formed preoperatively in all cirrhotic patients, including
urinalysis and urine culture, blood cultures, chest radiog-
raphy, and ascitic fluid analysis when large-volume ascites
is present. This systematic screening approach facilitates
early detection of occult infections, which may be clinically
silent in cirrhotic patients due to impaired immune function
and reduced inflammatory responses [16].

High-protein dietary support should be implemented
to preserve skeletal muscle mass and maintain hepatic pro-
tein synthesis, as protein malnutrition is prevalent in cir-
rhotic patients and significantly worsens perioperative out-
comes. Energy-dense nutritional supplementation should

be administered to optimize metabolic substrate availabil-
ity and support hepatic regenerative capacity. Prehabilita-
tion programs incorporating ambulation and respiratory ex-
ercises should be initiated when time permits, before sur-
gical intervention, as physical conditioning improves func-
tional capacity and may reduce perioperative morbidity and
mortality. Serial monitoring of serum prealbumin concen-
tration should be performed to assess the adequacy of nu-
tritional support [31].

2.4 Intraoperative Management
2.4.1 Anaesthetic Strategy

Selection of anesthetic agents in cirrhotic patients
should prioritize the use of short-acting drugs with hepatic-
sparing properties to minimize accumulation and toxicity
in patients with severely compromised hepatic metabolism
[16,32,33]. For induction of general anesthesia, remifen-
tanil is an excellent choice because the drug undergoes rapid
ester metabolism by plasma esterases, independent of hep-
atic function [32,34]. Low-dose propofol may also be used
for induction, although dosing should be substantially re-
duced from standard recommendations because cirrhotic
patients often demonstrate exaggerated hemodynamic re-
sponses [25,32,33]. Alternatively, ketamine may be useful
in hemodynamically compromised cirrhotic patients due to
the associated sympathomimetic properties [32,33].

Maintenance of general anesthesia should be achieved
with a combination of volatile anesthetic agents, such as
sevoflurane or isoflurane, which undergo minimal hepatic
metabolism, together with a continuous remifentanil infu-
sion [32,33]. Neuromuscular blockade should preferen-
tially be achieved through administration of cisatracurium
or atracurium, which undergo Hofmann elimination and es-
ter hydrolysis that are independent of hepatic and renal or-
gan function [32,33]. Rocuronium and vecuronium should
generally be avoided in cirrhotic patients, as these agents
accumulate to toxic levels and cause prolonged neuromus-
cular blockade [32,33].

2.4.2 Hemodynamic Monitoring and Goals
Comprehensive hemodynamic monitoring should be

established in all cirrhotic patients undergoing surgery and
should include placement of an arterial catheter for beat-
to-beat blood pressure monitoring, insertion of a central
venous catheter for central venous pressure measurement,
and consideration of a pulmonary artery catheter in selected
high-risk cases [32,33,35]. Intraoperative transoesophageal
echocardiography (TEE) should be employedwhen feasible
to directly assess ventricular function and detect regional
wall motion abnormalities [32,33,36].

Specific hemodynamic targets should be maintained
throughout the intraoperative period to optimize tissue per-
fusion and prevent end-organ injury. Mean arterial pres-
sure (MAP) should be maintained at 60–70 mmHg, as hy-
potension below this rangemay cause severe hepatic and re-
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nal hypoperfusion [10,35]. Central venous pressure should
be maintained at 6–10 mmHg, as levels above 12 mmHg
may cause passive hepatic congestion [37]. Cardiac in-
dex should remain above 2.0 L/min/m2, urine output should
exceed 0.5 mL/kg/h [10,37], and core body temperature
should be maintained between 35.5 °C and 37 °C through-
out the operative procedure [32,33].

2.4.3 Vasopressors and Inotropes

Norepinephrine serves as the first-line vasopressor
agent in hemodynamically compromised cirrhotic patients
and should be administered to counteract the systemic
vasodilation and reduced systemic vascular resistance
characteristic of advanced cirrhosis [6,16,25,35,38]. In-
otropic support should be provided by administering dobu-
tamine or milrinone in patients with low cardiac output
[6,25,32,33,35]. Combined vasopressor and inotropic ther-
apy is often required in critically ill cirrhotic patients
[6,16,25,32,33,35,38].

2.4.4 Cardiopulmonary Bypass Strategy: Minimize
Duration and Injury

The total duration of CPB should be minimized and
kept below 100 to 120 minutes, as CPB times longer than
150 minutes are associated with substantially increased pe-
rioperative complications [8,12]. Aortic cross-clamping
time should be maintained below 90 minutes when sur-
gically feasible [39]. Off-pump coronary artery bypass
grafting (OPCAB) is strongly preferred in cirrhotic pa-
tients whenever cardiac anatomy permits, as off-pump ap-
proaches eliminate CPB and are associated with substan-
tially lower mortality rates [5,40].

2.4.5 Why Off-Pump CABG is Superior in Cirrhosis

Observational cohort data demonstrate a dramatic re-
duction in mortality with off-pump versus on-pump CABG
in cirrhotic populations: off-pump approaches are asso-
ciated with mortality rates of 0%–5% in CTP A/B pa-
tients, compared with 10%–30% for conventional on-pump
CABG in similar cohorts [5,40]. The mechanisms under-
lying this apparent benefit are multifactorial: (1) avoid-
ance of CPB-induced systemic inflammatory response syn-
drome (SIRS), which is markedly exaggerated in cirrho-
sis; (2) elimination of hemodilution-related coagulopa-
thy and reduced transfusion requirements; (3) avoidance
of CPB-related hepatic ischemia-reperfusion injury; (4)
preservation of endogenous coagulation factors with less
heparin/protamine exposure; (5) reduced renal injury from
CPB-associated inflammatory mediators and hypoperfu-
sion [5,40]. However, these findings are derived from ret-
rospective series with inherent selection bias; patients se-
lected for off-pump approaches may have had less complex
coronary anatomy, better hepatic reserve, or other favor-
able characteristics. No randomized controlled trials exist,
and questions remain regarding the optimal completeness

of revascularization and applicability across the full spec-
trum of cirrhosis severity (see Controversies section).

Minimally invasive surgical approaches, such as TAVI
and TEER, avoid the need for CPB and should be prioritized
in high-risk cirrhotic patients when anatomically feasible
[19].

2.4.6 Cardiopulmonary Bypass Parameters
CPB pump flows should be maintained at a minimum

of 2.3 L/min/m2 throughout the bypass period to ensure ad-
equate perfusion of the hepatic and renal circulations [39].
MAP during CPB should be maintained at or above 50–
60 mmHg, and prolonged periods of hypotension during
bypass should be avoided [35,39]. Hematocrit should be
maintained at a minimum level of 24%–25% during CPB
to prevent tissue hypoxia [39]. Moderate hypothermia with
core body temperatures in the range of 32 °C to 34 °C
is acceptable during CPB, although profound hypothermia
should be avoided [39]. Albumin-containing priming solu-
tions may be considered instead of exclusively crystalloid-
based solutions to reduce hemodilution and help preserve
colloid osmotic pressure [41].

2.4.7 Intraoperative Bleeding and Transfusion:
Viscoelastic-Guided Strategy

Antifibrinolytic therapy using tranexamic acid (TXA)
should be administered intraoperatively in cirrhotic patients
to reduce fibrinolysis and minimize perioperative hemor-
rhage [7,42]. Multiple clinical trials have shown that TXA
substantially reduces intraoperative bleeding and the need
for perioperative blood transfusion [42]. Intraoperative cell
salvage technology should be employed whenever avail-
able and feasible, thereby substantially reducing the need
for transfusion of banked allogeneic blood products [43].

Viscoelastic testing modalities, specifically TEG or
ROTEM, provide superior guidance for targeted hemostatic
therapy than conventional laboratory coagulation tests and
should be used to guide transfusion decisions through-
out the intraoperative period [28,44]. When viscoelas-
tic testing demonstrates prolonged R time, indicating de-
layed initiation of clot formation, FFP or prothrombin com-
plex concentrate should be administered [29,44]. When
testing demonstrates prolonged K time or a low angle,
indicating impaired clot formation rate and reduced fib-
rinogen availability, fibrinogen supplementation should be
provided through cryoprecipitate or fibrinogen concentrate
[28,44]. When testing demonstrates low maximum am-
plitude, indicating impaired clot strength, platelet trans-
fusion or desmopressin should be considered [28,29,44].
When testing demonstrates elevated clot lysis at 30 minutes
(LY30) indicating excessive fibrinolysis, antifibrinolytic
therapy should be administered [7,42,44].

Red blood cell transfusion should be guided by a re-
strictive transfusion strategy with hemoglobin targets of 8–
9 g/dL [28,45]. When major bleeding is anticipated, a mas-
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sive transfusion protocol using balanced ratios of red blood
cells, FFP, and platelets should be initiated proactively [44].

Heparin reversal after CPB should be achieved with
careful, titrated administration of protamine sulfate [8,44].
Repeat viscoelastic testing after protamine should be per-
formed to assess the adequacy of heparin reversal and guide
any additional hemostatic support [29,44].

2.5 Postoperative Management
2.5.1 Intensive Care Unit Monitoring and Early Detection
of Hepatic Decompensation

All cirrhotic patients undergoing cardiac surgical pro-
cedures should be admitted to an ICU with specialized ex-
pertise in the management of combined cardiac and hepatic
failure [16,35,38]. Continuous hemodynamic and physi-
ological monitoring should be maintained throughout the
postoperative period, with hourly urine output documenta-
tion and daily laboratory assessments, including a complete
blood count, a comprehensive metabolic panel, the INR,
and lactate [10,16,35,38]. Serial monitoring of these pa-
rameters enables early detection of deterioration and allows
for timely therapeutic interventions [16,38].

Progressive elevation of serum bilirubin concentration
should be closely monitored, as rising bilirubin levels in-
dicate severe hepatocellular necrosis and impending liver
failure [13,16]. Acute INR elevation in the absence of con-
current active bleeding is a critical warning sign of dete-
riorating hepatic synthetic function [16]. Worsening hep-
atic encephalopathy indicates accumulation of neurotoxic
metabolites and represents a marker of severe hepatic dys-
function [13,30]. Escalating vasopressor requirements de-
spite adequate intravascular volume status indicate progres-
sive vasodilatory shock [13,38]. Oliguria, defined as urine
output below 0.5 mL/kg/h despite optimization, indicates
acute kidney injury and suggests the development of hepa-
torenal syndrome [10,13].

The combination of findings, including hyperbiliru-
binemia, elevated INR, and acute kidney injury in a post-
operative cirrhotic patient, constitutes ACLF and represents
a life-threatening condition [13]. Recognition of this syn-
drome should prompt urgent consultation with hepatology
and liver transplantation specialists [38].

2.5.2 Hemodynamic and Fluid Management
Postoperative hemodynamic targets should include a

MAP of 60–70 mmHg, central venous pressure of 6–10
mmHg, urine output greater than 0.5 mL/kg/h, and cardiac
index above 2.0 L/min/m2 [46,47,48].

A restrictive fluid strategy should be employed, mini-
mizing administration of crystalloid solutions and utilizing
vasopressors rather than repeated fluid boluses to maintain
adequate MAP [47,48,49]. Once hemodynamic stability
is achieved, central venous pressure should be maintained
at low-normal levels to prevent reaccumulation of ascites
[46,49]. Diuretic therapy with furosemide, with or without

spironolactone, should then be initiated to achieve negative
fluid balance [46,49]. Nephrotoxic agents, including nons-
teroidal anti-inflammatory drugs, aminoglycosides, and io-
dinated contrast, should be scrupulously avoided [10,46].

2.5.3 Acute Kidney Injury Prevention
Acute kidney injury occurs in up to 80% of cirrhotic

patients undergoing cardiac surgical procedures and repre-
sents a powerful independent predictor of poor postopera-
tive outcomes [5,10,12,16]. Adequate renal perfusion pres-
sure should be maintained by targeting a minimumMAP of
60–70 mmHg [35,37,38,46]. Cardiac output should be op-
timized with inotropic agents when necessary [35,38]. Pos-
itive fluid balance should be minimized by favoring vaso-
pressor support over repeated fluid boluses [35,37,38,46].
Central venous pressure should be kept at low-normal lev-
els of 6–10 mmHg [35,37,38]. Nephrotoxic medications
should be scrupulously avoided [10,16,46]. Early initiation
of continuous venovenous hemofiltration (CVVH) should
be considered once clinical and biochemical evidence of
acute kidney injury appears, rather than delaying renal re-
placement therapy until severe azotemia or hyperkalemia
develops [10,50,51,52]. Early renal replacement therapy
has been associated with improved perioperative outcomes
and reduced mortality [50,51,52].

2.5.4 Infection Prevention and Early Treatment
Comprehensive infection prevention bundles should

be implemented for all cirrhotic cardiac surgery patients, in-
cludingmeticulous hand hygiene protocols, systematic cen-
tral venous line care, and ventilator care bundles [16,53,54].
Urinary catheters and central venous lines should be re-
moved as soon as clinically feasible [53,54]. Antibiotic
stewardship principles should be applied, with prophylac-
tic antibiotics typically discontinued after 24 hours in the
absence of established infection [55].

A low threshold for empiric antibiotic initiation should
be maintained in cirrhotic patients with suspected infec-
tion, as immune dysfunction and reduced inflammatory
responses may permit rapid progression to sepsis [16].
Typical empiric regimens pending culture results include
ceftriaxone or cefepime combined with a fluoroquinolone
[16,55]. Sepsis occurs in 30%–50% of cirrhotic patients
undergoing cardiac surgical procedures and represents one
of the leading causes of perioperative mortality [5,12].

2.5.5 Thromboprophylaxis and Anticoagulation Balance
Venous thromboembolism (VTE) prophylaxis with

unfractionated heparin or mechanical prophylaxis, such as
sequential compression devices, should be initiated once
hemostasis is secured [28,56]. For anticoagulation in pa-
tients with a prosthetic valve or atrial fibrillation, warfarin
is preferred over direct oral anticoagulants (DOACs) in cir-
rhotic patients; lower INR targets may be considered with
careful monitoring [19,28,57]. Bioprosthetic valves are
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strongly preferred in cirrhotic patients to avoid the burden
of long-term anticoagulation, which is particularly chal-
lenging given the rebalanced hemostatic state and unpre-
dictable INR responses in cirrhosis [19].

2.5.6 Early Mobilization, Nutrition, and Discharge
Planning

Respiratory physiotherapy and spirometry measure-
ments should be initiated on postoperative day 1 [58,59].
Patients should be sitting at the bedside on postoperative
day 1, with progression to standing and ambulation by post-
operative days 2 to 3 if hemodynamically stable [58,59].
Early extubation should be targeted within 24 to 48 hours
after surgery when feasible [53,59].

Enteral nutrition is strongly preferred over total par-
enteral nutrition and should be delivered via a nasogastric
feeding tube or, if oral intake is inadequate, a post-pyloric
feeding tube [16,31,60]. Nutritional goals should include
provision of adequate protein and total energy intake to
support hepatic regeneration and muscle protein synthe-
sis [31,60]. Serial serum prealbumin measurements should
be performed to assess the adequacy of nutritional support
[16,31].

Comprehensive discharge planning should be estab-
lished, with clear follow-up appointments, including a car-
diothoracic surgery evaluation at 2 to 4 weeks postopera-
tively, a hepatology consultation at 1 to 2 weeks postop-
eratively, and ongoing cardiology follow-up [16,20]. Pa-
tients demonstrating persistent hepatic dysfunction despite
appropriate perioperative management should be evaluated
for potential liver transplantation [16,20].

Table 1 summarizes management.

2.5.7 Controversies and Future Directions
Despite growing clinical experience with cardiac

surgery in cirrhotic patients, multiple areas of controversy
and uncertainty persist, reflecting the limited high-quality
evidence available in this population. Table 2 provides a
structured summary of these major controversies, outlin-
ing the current evidence, specific knowledge gaps, and pro-
posed study designs needed to address each unresolved clin-
ical question.

Off-pump vs. on-pump CABG: While observational
data suggest a mortality reduction with off-pump CABG in
cirrhotic cohorts (approximately 0%–5% vs. 10%–30% for
on-pump CABG), these findings are derived from small ret-
rospective series with significant selection bias [5,40]. No
randomized controlled trials have been conducted. Thus,
critical unanswered questions include whether the appar-
ent superiority of off-pump CABG persists across all CTP
and MELD categories or is limited to patients with CTP
A disease or low MELD scores. It also remains unclear
whether specific coronary anatomies, such as diffuse dis-
ease, small targets, or intramyocardial vessels, are unsuit-
able for off-pump approaches in cirrhosis, where incom-

plete revascularization may be especially harmful. Addi-
tional uncertainties include the impact of incomplete revas-
cularization, which is more common with off-pump tech-
niques, on long-term outcomes in a population with reduced
life expectancy, and whether surgeon experience influences
outcomes enough to justify restricting off-pump CABG in
cirrhotic patients to high-volume centers.

Optimal MELD threshold for surgical contraindica-
tion: Published studies have variably identified MELD
scores >18, >15, or >13.5 as “prohibitive” for cardiac
surgery [4,5,15]. This lack of consensus reflects heteroge-
neous surgical populations, differences in procedure type
(CABG vs. valve surgery vs. combined procedures), and
evolving surgical and anesthetic techniques. The optimal
MELD cutoff likely varies by procedure type; for exam-
ple, a MELD score >15 may be acceptable for isolated
CABG but prohibitive for valve replacement, which typ-
ically requires longer CPB times. Important unresolved
questions include whether surgical center experience and
volume modify acceptable MELD thresholds and whether
MELD thresholds should be dynamic rather than fixed, ad-
justed for procedure complexity, urgency, and the availabil-
ity of transcatheter alternatives.

Portal decompression timing: Whether transjugular
intrahepatic portosystemic shunt (TIPS) should be per-
formed before cardiac surgery in patients with severe por-
tal hypertension (hepatic venous pressure gradient (HVPG)
>20 mmHg) to reduce perioperative bleeding risk and as-
cites remains uncertain. Limited case series suggest pos-
sible benefit; however, TIPS carries its own mortality risk
(~5–10%), may worsen cardiac function by increasing ve-
nous return and preload, and may increase the risk of in-
fectious endocarditis in patients subsequently undergoing
valvular procedures [19,20,21]. The optimal timing of TIPS
preoperative vs. staged procedures, the appropriate patient
selection criteria, including the HVPG threshold that would
justify intervention, and the subsequent impact on long-
term outcomes all remain undefined. Prospective compar-
ative studies are urgently needed.

Transcatheter vs. surgical valve replacement: TAVI
and TEER have expanded dramatically, offering the ad-
vantage of avoiding CPB. However, comparative outcomes
data for TAVI versus surgical aortic valve replacement
(SAVR) specifically in cirrhotic populations remain ex-
tremely limited. Several important questions remain unan-
swered: Do differences in durability between bioprosthetic
surgical valves and transcatheter valves matter in a popula-
tion with reduced life expectancy? Are paravalvular leak
rates higher with TAVI in cirrhotic patients with coagu-
lopathy? What are the optimal post-TAVI anticoagulation
strategies in cirrhosis? Cost-effectiveness analyses compar-
ing transcatheter and surgical approaches in cirrhotic pop-
ulations are also lacking. Registry data from transcatheter
valve programs should stratify outcomes by liver disease
severity to inform decision-making.
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Table 1. Phase-oriented perioperative management algorithm.
Phase Category Key actions and recommendations

Preoperative Risk assessment • Calculate CTP and MELD/MELD-Na; classify operability (CTP A vs. B vs. C).
• Calculate the VOCAL-Penn score, when available: 9 variables including age, ASA (2–4), surgery
category (chest/cardiac), emergency indication, NAFLD etiology, albumin, platelets, bilirubin, and
obesity (BMI ≥30); superior discrimination (C-statistic 0.859) vs. Mayo (0.766) and MELD-Na
(0.752).
• Calculate the Mayo score: MELD + age + ASA class + cirrhosis etiology (may overestimate risk in
contemporary practice).
• Multidisciplinary Heart–Liver Team discussion: assess alternatives (TAVI, TEER, medical manage-
ment, transplant).
• Full hepatic evaluation: history, examination, labs (albumin, bilirubin, INR, platelets, Na, Cr).
• Imaging: ultrasound/CT of the liver to assess the portal vein, ascites, and HCC.
• Endoscopy for variceal grading: band ligation or beta-blocker prophylaxis if indicated.

Preoperative Optimization • Ascites: sodium restriction; diuretics (spironolactone ± furosemide); large-volume paracentesis +
albumin.
• Portal hypertension: non-selective beta-blockers (carvedilol or propranolol) for variceal prophylaxis.
• Coagulation: avoid routine INR correction (1.5–1.8 acceptable); administer vitamin K if deficient;
correct severe thrombocytopenia (<50,000/μL); viscoelastic testing (TEG/ROTEM) preferred.
• Encephalopathy: lactulose + rifaximin; avoid sedatives
• Infection: screen for and treat infection (blood/urine cultures; ascitic fluid analysis if needed).
• Nutrition: high-protein diet (1.2–1.5 g/kg); prehabilitation; monitor prealbumin.

Intraoperative Anesthesia • Short-acting, hepatically-sparing agents: remifentanil, cisatracurium, atracurium.
• Avoid hepatically metabolized drugs: morphine, rocuronium, volatile anesthetics (with prolonged
use).
• Invasive monitoring: arterial line, CVP, TEE; consider a PA catheter in high-risk cases.

Intraoperative Hemodynamics and CPB • Goals: MAP 60–70 mmHg, CVP 6–10 mmHg, CI >2.0 L/min/m2, UO >0.5 mL/kg/h, core temper-
ature 35.5–37 °C.
• Vasopressors: First-line norepinephrine (0.05–0.2 μg/kg/min); add dobutamine or milrinone for low
output.
• CPB strategy: Minimize duration (<100–120 min); off-pump CABG strongly preferred (mortality
0–5% vs. 10–30% with on-pump in CTP A/B).
• Maintain flows ≥2.3 L/min/m2; target MAP 50–60 mmHg on pump; avoid profound hemodilution
(Hct ≥24–25%).
• Consider TAVI or TEER to avoid CPB entirely.

Intraoperative Bleeding and transfusion • Antifibrinolytics: Tranexamic acid (10–15 mg/kg bolus), followed by 1–2 mg/kg/h infusion.
• Cell salvage: Use intraoperative cell salvage when available.
• Viscoelastic-guided transfusion: TEG/ROTEM is superior to conventional tests for real-time guid-
ance.
• Restrictive RBC strategy: Maintain Hb at 8–9 g/dL; initiate a massive transfusion protocol if needed
(1:1:1 or 2:1:1).
• Careful protamine reversal: 0.5–1 mg/mL IV over 5–10 minutes.

Postoperative ICU monitoring • Admit to an ICU experienced in managing cardiac and hepatic failure.
• Monitor urine output hourly; obtain daily labs (CBC, CMP, INR, lactate, troponin, bilirubin).
• Red flags: rising bilirubin/INR, worsening encephalopathy, escalating vasopressor requirements,
oliguria, elevated lactate.
• ACLF (bilirubin ↑ + INR ↑ + AKI): obtain an urgent hepatology/transplant consult.

Postoperative Hemodynamics and AKI • Goals: MAP 60–70 mmHg, CVP 6–10 mmHg, CI >2.0 L/min/m2, UO >0.5 mL/kg/h.
• AKI prevention: maintain renal perfusion, minimize positive fluid balance, and avoid nephrotoxins
(NSAIDs, aminoglycosides, contrast).
• Restrictive fluid strategy: use vasopressors rather than fluid boluses; target a low-normal CVP once
stable.
• Early RRT: initiate CVVH when AKI is evident rather than waiting for severe azotemia.
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Table 1. Continued.
Phase Category Key actions and recommendations

Postoperative Infection and VTE • Prevention bundles: hand hygiene, line care, ventilator bundle, and early catheter removal.
• VTE prophylaxis: UFH 5000 units SC q8h once hemostasis is secured; mechanical prophylaxis
(SCDs).
• Low threshold for empiric antibiotics: ceftriaxone + fluoroquinolone or cefepime + fluoroquinolone
pending cultures.
• Anticoagulation balance: warfarin preferred (lower INR target: 2–2.5 for aortic valves, 2.5–3.5 for
mitral valves); bioprosthesis preferred in cirrhotic patients.

Postoperative Recovery and follow-up • Mobilization: respiratory physiotherapy on day 1; standing and walking on days 2–3; target early
extubation within 24–48 h.
• Nutrition: enteral feeding preferred (1.2–1.5 g/kg protein, 25–35 kcal/kg); monitor prealbumin.
• Discharge: cardiothoracic surgery (follow-up in 2–4 weeks), hepatology (in 1–2 weeks), cardiology
(ongoing); consider transplant evaluation if liver dysfunction persists.

Abbreviations: ACLF, acute-on-chronic liver failure; AKI, acute kidney injury; ASA, American Society of Anesthesiologists; BMI, body mass
index; CABG, coronary artery bypass grafting; CBC, complete blood count; CI, cardiac index; CMP, comprehensive metabolic panel; CPB, car-
diopulmonary bypass; Cr, creatinine; CT, computed tomography; CTP, Child–Turcotte–Pugh ; CVP, central venous pressure; CVVH, continuous
venovenous hemofiltration; Hb, hemoglobin; HCC, hepatocellular carcinoma; Hct, hematocrit; ICU, intensive care unit; INR, international nor-
malized ratio; IV, intravenous; MAP, mean arterial pressure; MELD, Model for End-Stage Liver Disease; MELD-Na, MELD-sodium; NAFLD,
non-alcoholic fatty liver disease; NSAIDs, nonsteroidal anti-inflammatory drugs; PA, pulmonary artery; q8h, every 8 hours; RBC, red blood
cell; ROTEM, rotational thromboelastometry; RRT, renal replacement therapy; SC, subcutaneous; SCD, sequential compression device; TAVI,
transcatheter aortic valve implantation; TEE, transesophageal echocardiography; TEER, transcatheter edge-to-edge repair; TEG, thromboelas-
tography; UFH, unfractionated heparin; UO, urine output; VTE, venous thromboembolism.

Anticoagulation paradox: Cirrhotic patients exhibit a
“rebalanced” hemostatic state characterized by simultane-
ous bleeding and thrombotic risk [7]. Optimal periopera-
tive anticoagulation strategies remain poorly studied. Thus,
key questions remain: Should VTE prophylaxis be admin-
istered at standard or reduced doses in cirrhosis? What are
the appropriate prosthetic valve anticoagulation INR targets
(standard 2.5–3.5 for mitral vs. lower 2–2.5)? Are DOACs
truly contraindicated in mild cirrhosis (CTP A), or is this
assumption based primarily on pharmacokinetic concerns
rather than clinical outcomes data? The recent availabil-
ity of DOAC reversal agents may change risk-benefit cal-
culations. Prospective studies of anticoagulation strategies
specifically in cirrhotic patients undergoing cardiac surgery
are needed.

Machine learning and cardiac surgery-specific risk
models: As discussed, VOCAL-Penn represents an ad-
vance over traditional scores but was derived from gen-
eral surgical populations rather than for patients undergo-
ing cardiac surgery specifically [19]. Currently, no cardiac
surgery-specific machine learningmodel exists for cirrhotic
patients. Development of such models will require: (1)
prospective, multicenter cardiac surgery databases in cir-
rhotic populations with standardized data collection; (2) in-
clusion of cardiac surgery-specific variables, such as CPB
duration, aortic cross-clamp time, procedure type, on-pump
vs. off-pump approaches, and transcatheter vs. surgical
interventions; (3) integration of advanced cardiac imag-
ing parameters, including E/e' ratio, TAPSE, right ventricle
(RV) strain, IVC collapsibility; (4) incorporation of func-

tional and frailty metrics; (5) application of machine learn-
ing techniques, such as gradient boosting and neural net-
works, to capture complex non-linear interactions between
hepatic and cardiac parameters. This represents a high-
priority research direction that could substantially improve
preoperative risk stratification and patient selection.

Long-term outcomes data: Most published studies re-
port 30-day or in-hospital mortality. Data on long-term
(>5-year) survival, quality of life, hepatic disease progres-
sion, and the subsequent need for liver transplantation re-
main extremely limited. Do cirrhotic patients who sur-
vive cardiac surgery experience accelerated hepatic decom-
pensation? What proportion become transplant candidates
within 1–5 years? Does cardiac surgery “unmask” previ-
ously compensated cirrhosis and accelerate progression to
ACLF? Long-term follow-up registries are needed to an-
swer these questions and inform shared decision-making.

2.5.8 Frailty Assessment and Functional Reserve
In addition to traditional liver severity scores (CTP,

MELD) and emerging surgical risk models (VOCAL-Penn,
Mayo), there is growing recognition that frailty indices may
provide complementary prognostic information in cirrhotic
surgical candidates. Frailty, defined as a state of reduced
physiological reserve and increased vulnerability to stres-
sors, has been shown to independently predict mortality,
complications, and readmission in cirrhotic populations.
The Liver Frailty Index (LFI), which incorporates objective
physical performance measures such as grip strength, chair
stands, and balance testing, has demonstrated prognostic
value in cirrhotic patients awaiting liver transplantation and

12

https://www.imrpress.com


Table 2. Summary of major controversies and future research needs in cardiac surgery for cirrhotic patients.
Controversy Current evidence Knowledge gaps Proposed study design

Off-pump vs. on-
pump CABG

Retrospective cohort studies suggest
a mortality benefit with off-pump
CABG (0–5% vs. 10–30% in CTP
A/B patients). Proposed mecha-
nisms include reduced systemic in-
flammation, preserved coagulation,
and avoidance of CPB-related hepatic
injury.

Selection bias limits interpretation;
no RCTs exist; the optimal com-
pleteness of revascularization is un-
known; applicability across all cat-
egories of cirrhosis severity re-
mains unclear.

Multicenter RCT: Cirrhotic patients
(MELD ≤15, CTP A/B) with suitable
coronary anatomy were randomized to
off-pump vs. on-pump CABG; primary
outcome: 90-day mortality; secondary
outcomes: hepatic decompensation,
AKI, transfusion requirements, and
graft patency at 1 year.

Optimal MELD
threshold for surgi-
cal candidacy

Literature reports conflicting cut-
offs, with MELD scores of 15–20
described as indicating “prohibitive
risk”; this heterogeneity reflects
differences in procedure type, era,
and institutional experience.

No consensus threshold exists;
studies lack standardized def-
initions of “acceptable risk”;
transcatheter alternatives are not
systematically considered.

International registry study: A prospec-
tive multicenter registry capturing all
cirrhotic patients evaluated for cardiac
surgery; tracking treatment decisions
(surgery vs. transcatheter intervention
vs. medical management) and outcomes
stratified by MELD score; identifying
the MELD threshold at which mortality
exceeds benefit.

Timing of portal
decompression
(TIPS) before car-
diac surgery

Potential benefits of preoperative
TIPS include reduced portal hy-
pertension, varices, and ascites;
however, concerns remain regarding
hepatic encephalopathy, cardiac
overload, and unclear timing.

No studies have evaluated preoper-
ative TIPS before cardiac surgery;
the optimal timing is unknown; pa-
tient selection criteria remain unde-
fined.

Pilot feasibility study: A prospective
single-arm study of preoperative TIPS
(performed 4–6 weeks before surgery)
in CTP B patients with clinically sig-
nificant portal hypertension undergo-
ing elective cardiac surgery; assessing
safety, portal pressure reduction, and pe-
rioperative outcomes.

Transcatheter vs.
surgical valve inter-
ventions

TAVR and TEER avoid CPB and re-
duce perioperative mortality in high-
risk patients; surgical AVR/MVR of-
fers superior hemodynamic results
and durability; however, comparative
data in patients with cirrhosis are lack-
ing.

No head-to-head comparisons ex-
ist; long-term durability of tran-
scatheter interventions in cirrhosis
is unknown; decision algorithms
have not been validated.

Comparative effectiveness study: A
multicenter prospective cohort compar-
ing transcatheter (TAVR, TEER) vs. sur-
gical valve interventions in patients with
cirrhosis; matched on MELD, CTP, age,
and valve pathology; outcomes: 30-day
mortality, 1-year survival, valve hemo-
dynamics, and reintervention rates.

Anticoagulation
management

Cirrhotic patients exhibit “rebalanced
hemostasis” with simultaneous risks
of bleeding and thrombosis; conven-
tional INR-based strategies may be in-
appropriate; viscoelastic testing pro-
vides a superior assessment.

Optimal anticoagulation strategies
for mechanical valves and AF in
cirrhosis remain undefined; bridg-
ing protocols are unclear; predic-
tion of bleeding vs. thrombosis risk
is imprecise.

Prospective cohort study with a
biomarker substudy: Cirrhotic patients
requiring postoperative anticoagulation;
use viscoelastic testing (TEG/ROTEM)
plus thrombin generation assays to
guide anticoagulation; track bleed-
ing and thrombotic events; develop
cirrhosis-specific anticoagulation proto-
cols.

Machine learning
and cardiac surgery-
specific risk models

Existing models (MELD, CTP,
VOCAL-Penn, and Mayo) demon-
strate variable performance; no
cardiac surgery-specific ML model
exists for cirrhotic patients; ML could
integrate imaging, biomarkers, and
functional testing.

Current models are based on tra-
ditional regression; lack integra-
tion of advanced variables, such
as frailty, cardiac biomarkers, and
hepatic imaging; validation in car-
diac surgery populations remains
incomplete.

ML model development study: mul-
ticenter cohort (>1000 patients) with
comprehensive preoperative data (de-
mographics, laboratory, imaging, frailty
indices, and cardiac biomarkers); de-
velop ML model for mortality and de-
compensation; perform external valida-
tion in independent cohorts; compare
performance with VOCAL-Penn.
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Table 2. Continued.
Controversy Current evidence Knowledge gaps Proposed study design

Frailty assessment Frailty (LFI, FFI, CFS) predicts mor-
tality in cirrhotic populations indepen-
dently of MELD; captures functional
reserve not reflected in biochemical
scores; cardiac surgery-specific data
are lacking.

Which frailty assessment tool is
optimal for cirrhotic patients un-
dergoing cardiac surgery? Does
frailty improve risk stratification
beyond VOCAL-Penn/MELD-Na?
Can prehabilitation reduce frailty-
related risk?

Prospective validation study: assess
multiple frailty indices (LFI, FFI, CFS)
in cirrhotic patients undergoing cardiac
surgery; determine the incremental pre-
dictive value beyond existing scores; pi-
lot a prehabilitation RCT in frail pa-
tients.

Abbreviations: AKI, acute kidney injury; AF, atrial fibrillation; AVR, aortic valve replacement; CABG, coronary artery bypass grafting; CFS,
Clinical Frailty Scale; CPB, cardiopulmonary bypass; CTP, Child–Turcotte–Pugh; FFI, Fried Frailty Index; LFI, Liver Frailty Index; MELD,
Model for End-Stage Liver Disease; ML, machine learning; MVR, mitral valve replacement; RCT, randomized controlled trial; ROTEM,
rotational thromboelastometry; TAVR, transcatheter aortic valve replacement; TEER, transcatheter edge-to-edge repair; TEG, thromboelastog-
raphy; TIPS, transjugular intrahepatic portosystemic shunt.

undergoing general surgical procedures. Frail patients with
cirrhosis experience significantly higher rates of postoper-
ative complications, prolonged hospitalization, and mortal-
ity compared to associated non-frail counterparts, even after
controlling for MELD score [61]. In the context of cardiac
surgery, frailty assessment tools such as the Fried Frailty
Index (FFI), Clinical Frailty Scale (CFS), and LFI may cap-
ture dimensions of patient vulnerability, including sarcope-
nia, functional decline, and reduced cardiopulmonary re-
serve, that are not reflected in biochemical scoring systems
alone. Preliminary data from Jenkins et al. [22] suggest that
adding frailty assessment to VOCAL-Penn may modestly
improve discrimination for postoperative mortality. How-
ever, no studies have systematically evaluated the incre-
mental predictive value of frailty indices specifically in cir-
rhotic patients undergoing cardiac surgery [22]. Key unan-
swered questions include: Which frailty assessment tool
(LFI, FFI, CFS, or others) is most predictive in this pop-
ulation? Does frailty assessment improve risk stratification
beyond VOCAL-Penn and MELD-Na? Can preoperative
prehabilitation interventions targeting frailty components,
such as nutrition, exercise, and functional training, reduce
perioperative risk in frail cirrhotic patients? Integration of
frailty metrics into preoperative assessment represents an
important future direction that could enhance patient selec-
tion and guide targeted interventions.

The seven major controversies discussed above are
off-pump versus on-pump CABG, optimal MELD thresh-
olds, portal decompression timing, transcatheter versus sur-
gical interventions, anticoagulation management, machine
learning models, and frailty assessment are systematically
organized in Table 2, which outlines the proposed study de-
signs and research methodologies needed to address each
area of uncertainty.

2.5.9 Knowledge Gaps Requiring Research

- No prospective randomized trials have evaluated sur-
gical techniques (on-pump vs. off-pump; conventional vs.
minimally invasive) specifically in patients with cirrhosis.

- No validated frailty assessment tools exist for cir-
rhotic candidates undergoing cardiac surgery.

- The role of perioperative liver support devices (e.g.,
MARS, Prometheus) in high-risk cases remains undefined.

- No evidence-based ICU monitoring protocols (fre-
quency of laboratory testing, hemodynamic targets, and
weaning strategies) have been developed specifically for
cirrhotic patients undergoing cardiac surgery.

- Data remain limited regarding the impact of specific
cardiac procedures (CABG vs. aortic valve replacement
(AVR) vs. mitral valve replacement (MVR) vs. combined
procedures) on hepatic outcomes.

- No studies have examined the optimal timing of car-
diac surgery in relation to episodes of hepatic decompensa-
tion (e.g., how long after variceal bleeding, ascites devel-
opment, or encephalopathy is it safe to proceed?).

2.6 Limitations

This narrative review has several important limi-
tations. First, as a non-systematic review, this review
did not employ a formal systematic search strategy with
predefined inclusion and exclusion criteria, which may
have introduced selection bias into the included literature.
In addition, no protocol was registered, and no formal
risk-of-bias assessments were performed for included
studies. Second, the evidence base for the perioperative
management of cirrhotic patients undergoing cardiac
surgery is derived predominantly from retrospective
observational studies, small case series, and expert opinion
rather than high-quality randomized controlled trials (see
Table 2 for evidence grading). The scarcity of Level A
evidence reflects the challenges of conducting rigorous
prospective research in this high-risk, relatively uncommon
population. Accordingly, many recommendations in this
review are based on Level B (observational studies) or
Level C (expert consensus) evidence. Third, significant
heterogeneity exists across published studies with respect
to definitions of cirrhosis severity (including varying CTP
and MELD thresholds), surgical procedure types (CABG
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Table 3. Evidence grading summary for key recommendations.
Recommendation Evidence level Supporting evidence

Combined risk assessment (cardiac + hepatic
scores).

Level B Multiple observational cohorts have shown that
EuroSCORE/STS underestimates risk [2,3,4,5].

MELD scores >18–20 represent a prohibitive
surgical risk.

Level B Supported by consistent retrospective cohort data
[4,5,15].

VOCAL-Penn score is superior to
MELD/Mayo.

Level B Derivation/validation cohorts (C-statistic 0.859 vs.
0.766 vs. 0.752), with external validation [19].

Mayo score for surgical risk prediction. Level B Large validation studies in cirrhotic surgical pa-
tients may overestimate contemporary risk [20].

Off-pump CABG is preferred over on-pump
CABG in patients with cirrhosis.

Level B Retrospective cohort studies have shown a reduc-
tion in mortality (0–5% vs. 10–30%) [5,40].

CPB duration should beminimized (<100–120
min).

Level B Observational data link prolonged CPB to worse
outcomes [8,12].

Albumin-containing CPB prime is preferred. Level B Supported by non-randomized studies and meta-
analyses [41].

Tranexamic acid reduces bleeding. Level A Evidence from an RCT [42].
Viscoelastic testing is superior to conventional
laboratory tests.

Level B RCT in cirrhosis, observational data [28,29].

Restrictive transfusion strategy (Hgb 8–9
g/dL).

Level A RCT evidence from general populations [45].

INR 1.5–1.8 should not be routinely corrected. Level B Cohort studies, expert consensus [7,28].
Early CVVH for AKI improves outcomes. Level A Multiple RCTs (STARRT-AKI, Gaudry)

[50,51,52].
Heart–Liver Team multidisciplinary evalua-
tion.

Level C Expert consensus, no controlled trials [5,16,19].

Screening for cirrhotic cardiomyopathy (E/e'
ratio).

Level C Expert opinion, pathophysiological rationale
[25,26].

Prophylactic variceal therapy before surgery. Level B Cohort data, guideline recommendations [21].
TAVI/TEER is preferred over surgery in high-
risk cirrhosis.

Level C Case series, expert consensus, lack of comparative
data [19].

CTP C is a relative contraindication to cardiac
surgery.

Level B Consistent observational data has shown ~70%
mortality [5,12,13].

Cardiac surgery-specific ML models. Level C Research gap: no validated cardiac surgery-
specific ML models exist; this remains a high-
priority future direction.

Evidence levels: Level A, high quality (RCTs, systematic reviews, and large prospective cohorts with consistent
findings); Level B, moderate quality (non-randomized studies, retrospective cohorts, and observational studies); Level
C, low quality (expert opinion, case series, small retrospective studies, and guideline consensus).
Abbreviations: AKI, acute kidney injury; CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass;
CTP, Child–Turcotte–Pugh; CVVH, continuous veno-venous hemofiltration; E/e', ratio of early mitral inflow veloc-
ity to early diastolic mitral annular velocity; EuroSCORE, European System for Cardiac Operative Risk Evaluation;
Hgb, hemoglobin; INR, international normalized ratio; MELD, Model for End-Stage Liver Disease; ML, machine
learning; RCT, randomized controlled trial; STARRT-AKI, Standard versus Accelerated Initiation of Renal Replace-
ment Therapy in Acute Kidney Injury (trial); STS, Society of Thoracic Surgeons (risk score); TAVI, transcatheter
aortic valve implantation; TEER, transcatheter edge-to-edge repair; VOCAL-Penn, Veterans Outcomes and Costs
Associated with Liver Disease – Penn (surgical risk score).

vs. valve vs. combined), CPB strategy (on-pump vs.
off-pump), and outcome reporting (30-day vs. in-hospital
vs. 90-day mortality), which limits our ability to provide
precise and universally applicable recommendations.
Fourth, many cited references address general surgical
populations or broader cirrhotic cohorts rather than patients

undergoing cardiac surgery specifically, necessitating
cautious extrapolation. Where cardiac surgery-specific
data were unavailable, the review relied on general sur-
gical or hepatology literature, with this clearly noted.
Fifth, rapidly evolving transcatheter technologies (TAVI,
TEER, transcatheter tricuspid repair) and novel machine
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learning-based risk prediction tools (VOCAL-Penn and
emerging artificial intelligence (AI) models) mean that
some recommendations may require revision as additional
evidence becomes available. Although the VOCAL-Penn
score has demonstrated superior discrimination in mixed
surgical cohorts, this metric was derived from a predomi-
nantly male veteran population and requires validation in
women, non-Western populations, and exclusively cardiac
surgical cohorts before the superiority of the model can be
definitively established in these specific contexts. The field
is dynamic, and guidelines should be revisited periodically.
Sixth, the generalizability of recommendations derived
predominantly from Western populations (North America
and Europe) to global cardiac surgical practice remains
uncertain, as cirrhosis etiologies (viral vs. alcohol-related
vs. nonalcoholic steatohepatitis (NASH)), healthcare
infrastructure, and access to transplantation vary globally.
Finally, we acknowledge that potential publication bias,
negative results, and unsuccessful outcomes in cirrhotic
cardiac surgery may be underreported, leading to overly
optimistic impressions of feasibility and safety. Despite
these limitations, we believe this review synthesizes the
best available evidence and provides practical guidance
for clinicians managing this challenging population.
The strength of evidence supporting each major recom-
mendation is systematically summarized in Table 3 (Ref.
[2,3,4,5,7,8,12,13,15,16,19,20,21,25,26,28,29,40,41,42,45,
50,51,52]), which provides a transparent assessment of the
quality of the supporting data. As shown in Table 2, many
recommendations are based on Level B (observational
studies) or Level C (expert opinion) evidence, reflecting
the predominance of retrospective cohorts and the lack of
randomized controlled trials in this high-risk population.

3. Conclusions
Liver cirrhosis remains a major, and often under-

recognized, modifier of perioperative risk in cardiac
surgery, conferring a 4–7-fold increase in mortality and
morbidity [4,5,12]. The unique pathophysiological alter-
ations associated with cirrhosis, such as hemodynamic dys-
function, fragile coagulation, renal vulnerability, and im-
mune dysregulation, interact synergistically with surgical
stress to produce exceptionally high-risk clinical scenarios
[7,10,13,16].

Thus, integrating liver-specific risk assessment tools
(CTP, MELD, and VOCAL-Penn or Mayo scores) into pre-
operative evaluation, considering emerging machine learn-
ing predictive tools as these models become validated for
cardiac surgery populations, mandating multidisciplinary
Heart–Liver Team discussions, systematically optimizing
modifiable factors before surgery (ascites, portal hyperten-
sion, coagulopathy, encephalopathy, infection, and malnu-
trition), applying evidence-based intraoperative strategies
(such as minimizing CPB duration, favoring off-pump ap-
proaches when feasible, using viscoelastic-guided trans-

fusion, and ensuring meticulous hemodynamic manage-
ment), and providing vigilant postoperative care in a spe-
cialized ICU can meaningfully improve outcomes in care-
fully selected cirrhotic patients undergoing cardiac surgery
[5,12,16,19,28,35,39].

Critical knowledge gaps remain regarding optimal
surgical techniques, anticoagulation strategies, the timing
of portal decompression, and long-term outcomes. The
development of cardiac surgery-specific machine learning
risk prediction models and prospective multicenter reg-
istries represents a high-priority research direction. By ap-
plying the phase-oriented approach outlined in this review,
with emphasis on considerations before, during, and after
surgery, cardiac surgeons can optimize outcomes and re-
duce preventable complications in this challenging popula-
tion [16,17,18,19,20,35,39].
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