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Predictive scoring systems for
mortality in heart transplant
patients with liver cirrhosis

Hyo-Hyun Kim? & Young-Nam Youn?**
To compare the Model for End-Stage Liver Disease (MELD), MELD-XI, and Child-Turcotte-Pugh (CTP)
scores for risk prediction in patients with cirrhosis undergoing heart transplantation. This study
enrolled 66 consecutive patients (26 males; median age, 46 [18-68] years) with liver cirrhosis who
underwent heart transplantation at our institution from 1994 to 2022. Potential preoperative outcome
predictors and the preoperative MELD, MELD-XI, and CTP scores were calculated. The median follow-
up duration was 45.2 months. The MELD (p=0.01) and MELD-XI scores (p < 0.01) were significantly
different between survivors and non-survivors. Cox regression analysis showed that high MELD (hazard
ratio [HR] 1.07; 95% confidence interval [Cl], 1.03-1.11; p<0.01), MELD-XI (HR, 1.16; 95% Cl, 1.06—
1.21; p<0.01), and CTP scores (HR, 1.43; 95% Cl, 1.20-1.75; p=0.01) were associated with the risk of
all-cause mortality. Receiver operating characteristic curve analysis revealed that the optimal cut-off
values of MELD, MELD-XI, and CTP scores were 12.2, 12.0, and 7.5, respectively (sensitivity: 69.2,
61.5, and 69.2%; specificity: 68.6, 60.0, and 62.9%, respectively) for all-cause mortality (area under the
curve: 0.75, 0.69, and 0.73, respectively). Patients with advanced heart failure and liver cirrhosis have
high mortality and morbidity rates after heart transplantation. However, these scoring systems can be
used as risk stratification tools in patients with liver cirrhosis undergoing heart transplantation.
Research registration unique identifying number: Research Registry (UIN: resarchregistry10791).
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Abbreviations

AIC Akaike Information Criterion

CT Computed tomography

CTP Child-Turcotte-Pugh scoring system
HF Heart failure

HR Hazard ratio

HTx Heart transplantation

IQR Interquartile range

IRB Institutional Review Board

LMM Linear mixed-effects model

MELD  Model for End-Stage Liver Disease
ROC Receiver operating characteristic
UNOS  United Network for Organ Sharing

Heart transplantation (HTx) is considered the only curative therapy for patients with end-stage heart failure
(HF)L. Organ scarcity has a major adverse impact on the morbidity and mortality of patients awaiting HTx
since extended waiting periods are associated with a higher risk of adverse outcomes?~* Mechanical circulatory
support systems have been shown to prevent irreversible end-organ dysfunction and death in patients awaiting
HTx*¢. However, severe end-organ dysfunction occurrence prior to mechanical circulatory support is an
established risk factor for poor outcomes after mechanical circulatory support and HTx”.

Significant liver dysfunction is common in patients with advanced HE. The extent of fibrosis or the presence of
cirrhosis may help in post-transplant risk prognostication, especially in patients with restrictive cardiomyopathy
and limited hepatic reserve, which is evidenced by persistent hepatic dysfunction despite relief from congestion.
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The predictive capabilities of hepatic congestion have been mainly considered in pediatric patients, as in the case
of candidate patients for the Fontan circulation procedure®!'. However, organ scarcity continues to have a major
adverse effect on morbidity and mortality in adult patients awaiting HTx, and alternative predictive systems
might have to be considered. Therefore, this study aimed to compare the efficacy of scoring systems in predicting
prognosis after HTx in adult patients with liver cirrhosis.

Methods

A total of 251 consecutive patients underwent HTx between January 1994 and June 2022 at the Severance
Cardiovascular Hospital in Seoul, Republic of Korea. We included only patients with liver cirrhosis at the time of
HTx in the study. Data on age, sex, diagnosis of heart disease, allograft ischemic time, cardiopulmonary bypass
time, renal and liver function tests, liver fibroscan results before and after transplantation, and clinical outcomes
were retrieved.

Ethics statements

The study was conducted in accordance with the principles of the Declaration of Helsinki and The International
Society for Heart and Lung Transplantation ethics statement. This study was approved by the Ethics Committee/
Institutional Review Board (IRB) of the Severance Cardiovascular Hospital, Republic of Korea (IRB number:
4-2018-0426), and the need for informed consent was waived due to the retrospective nature of the study. In
addition, this study was registered at Research (UIN: researchregistry10791, www.researchregistry.com).

Diagnosis of liver cirrhosis

The diagnosis of cirrhosis was determined based on a combination of ultrasound sonography, abdominal
computed tomography (CT), and fibroscan findings. These diagnostic modalities were used collectively to assess
and confirm the presence of cirrhosis in the study population. Ultrasonographic findings of liver cirrhosis are
characterized by a coarsened heterogeneous echo pattern, increased parenchymal echogenicity, and liver surface
nodularity. The sonographic diagnosis could be made with a combination of these ultrasound criteria; coarse
echo pattern, increased echogenicity, and nodularity. Histopathological evaluation of liver tissue biopsy samples
has been the standard diagnostic approach, but risks associated with biopsy increase in patients with suspected
liver fibrosis, making repeat testing difficult. In fact, the histological examination was not performed due to
these practical challenges. To overcome these shortcomings of histologic and blood tests, fibroscan, which uses
the elasticity change of liver tissue due to fiber accumulation, is used to further diagnose liver cirrhosis (Metavir
classification)'2.

Three score calculations
Laboratory results were obtained <24 h before HTx, and the United Network for Organ Sharing (UNOS)-
modified Model for End-Stage Liver Disease (MELD) scores were calculated using the following formula:

[MELD =9.57 (log,creatinine) +3.78 (log bilirubin) +11.21 (log International Normalized Ratio) +6.43].

The standard MELD score was calculated using the formula described by Kamath et al.'* As per the UNOS
modification, the variable lower limit was set at 1.0, and the creatinine upper limit was set at 4.0 mg/dL. Patients
who received preoperative renal replacement therapy were assigned a creatinine of 4.0 mg/dL'.

MELD-XI was calculated as follows: [MELD-XI=11.76 (log creatinine) +5.11 (log,bilirubin) +9.44], where
total bilirubin and creatinine are considered equal to 1.0 if the raw laboratory values are <1.0.

The Child-Turcotte-Pugh (CTP) scoring system was designed by Child and Turcotte in 1964 to aid in
selecting patients who would benefit from elective surgery for portal decompression. Their original scoring
system used five clinical and laboratory criteria to categorize patients: serum bilirubin, serum albumin, ascites,
encephalopathy, and prothrombin time. We calculated the total points (range: 5-15) by adding a score for each
parameter as a continuous variable; no categorical variables were used (grades A, B, or C) (Supplementary Table
S1).

HTx and immunosuppression

All HTx procedures were performed via median sternotomy using previously described cardiopulmonary
bypass techniques. Postoperative management in the intensive care unit was the same as that for routine patients
undergoing cardiac surgery. All recipients received basiliximab (Simulect’) induction therapy, followed by
triple maintenance immunosuppressive therapy [tacrolimus (Prograf’), mycophenolate mofetil (CellCept),
and corticosteroids (Solondo’)]. Patients received basiliximab induction (20 mg intravenous infusion) on
postoperative days 0 and 4. Immediately after surgery, 500 mg of methylprednisolone was administered,
which was reduced to 125 mg, 8 or 12 hourly for 2 days, along with tacrolimus and mycophenolate mofetil
administration. On postoperative day 7, 1 mg/kg/day of prednisolone was administered and tapered to 5 mg/
day weekly.

Statistical analyses

Clinical characteristics of the cohort are summarized as means (standard deviation), medians (interquartile
range), or numbers (percentage), as appropriate. Baseline characteristics were compared between survivors and
non-survivors using two-sample t-tests, Wilcoxon rank-sum tests, or chi-square tests.

For each outcome, patient characteristics and hemodynamic parameters were individually entered into a
multivariable Cox proportional hazards regression model, including age, sex, body mass index, preoperative
hemodynamic profile, left ventricular ejection fraction, creatinine, prior cardiac surgery, total albumin, total
bilirubin, international normalized ratio, liver stiffness measurement score, Metavir classification, New York
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Heart Association class, extracorporeal membrane oxygenation insertion, ascites, and MELD, MELD-XI, and
CTP scores.

The Kaplan-Meier method was used to generate survival curves according to liver cirrhosis. Cause-specific
hazards were computed using Cox proportional hazard regression models for survival outcomes. Receiver
operating characteristic (ROC) curves were used to assess specific cut-off values for the scoring systems. The
Contal and Oquigley method and spline curve were also used to determine the cutoff point for the three
predictive scoring systems for survival outcomes.

Statistical analysis was performed using a linear mixed-effects model (LMM) to analyze the overall changes
in hematologic parameters. The significance level was set at p <0.05. The IBM SPSS Statistics (version 25.0, IBM
Corp., Armonk, NY, USA) and R packages (version 4.2.2) were used for all statistical analyses.

Results

Patients characteristics

This study evaluated all data on patients who underwent HTx at the Severance Cardiovascular Hospital from
January 1994 to June 2022. Among the 251 patients who underwent HTx, 213 (84.9%) were adults. Of the 84
patients (39.4%) with suspected liver cirrhosis who underwent HTx, 18 were excluded because of unconfirmed
or incomplete diagnosis of liver cirrhosis (n=16) or incomplete laboratory data (n=2). Therefore, 66 patients
who fulfilled the inclusion criteria with a confirmed preoperative diagnosis of liver cirrhosis (Metavir
classification > F4, Fibroscan score > 14.0 kPa, and ultrasound examination) before HTx were included in this
retrospective study (Fig. 1).

Demographics and baseline data

The baseline patient characteristics are shown in Table 1. The mean patient age at surgery was 40.4+14.0
years; 39.4% of the patients were male. The etiology of HF was dilated cardiomyopathy (57.4%), ischemic
cardiomyopathy (14.7%), valvular disease (11.5%), and other causes, including congenital, restrictive, and
infiltrative cardiomyopathy (16.4%). At the time of admission, 86.9% of the patients presented with New York
Heart Association class III or IV, indicative of an advanced state of cardiac disease. Of the patients, 8.1% required
preoperative extracorporeal membrane oxygenation for circulatory support. Most patients presented with low
left ventricular ejection (28.93 +17.88%) and high right ventricular systolic pressure (48.7 +12.26 mmHg).

The intraoperative characteristics of the patients are presented in Table 2. All the patients underwent
orthotopic heart transplantation using the bicaval technique. The mean time for aortic cross-clamp was
107.48£20.21 min (interquartile range (IQR), 72-165), and the mean time for cardiopulmonary bypass was
181 +70.22 min (IQR, 95-250). The intensive care unit length of stay ranged from 3 to 45 days after HTx. There

Heart transplantation (HTx)

Between 1994 and 2022 (N=251)

. Exclusion

Congenial patients (N=38)
L

Adult patients underwent HTx

(N=213)
Exclusion (N=147)
| * - No preoperative liver cirrhosis (N=129)
. - Missing data (N=18)
Pre-existing
| cirrhotic patients (N=66)
- .
Survivors Non-survivors
(N=46) (N=20)
Fig. 1. Flow diagram of the study sample selection.
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Variables Survivors (n=46) | Non-survivors (n=20) | P-value
Age, years 40.94+16.92 40.92+18.21 0.80
Sex, Male 18 (39.1) 8 (40.0) 0.62
Body mass index (kg/m?) 21.75+4.54 23.37+5.96 0.29
Hypertension 4(8.7) 4(20.0) 0.40
Diabetes mellitus 6(13.0) 2(10.0) 0.49
Hyperlipidemia 0 2(10.0) 0.27
Smoking history 12 (26.1) 2(10.0) 0.18
CKD 5(10.9) 6(30.0) 0.12
Old CVA 3(6.5) 2(10.0) 0.61
CAOD 13 (28.3) 4(20.0) 0.27
NYHA III-IV 41 (89.1) 16 (80.0) 0.51
ECMO support 5(10.9) 0 0.01
LVEE % 28.33+£16.86 29.39+19.11 0.46
RVSP, mmHg 49.60+16.89 46.71+8.96 0.18
Laboratory data

Creatinine 0.91+£0.30 1.77£1.70 <0.01
Bilirubin 1.65+2.18 5.08+9.77 0.01
Albumin 3.54+0.61 3.24+0.71 0.87
AST 69.86+105.82 88.77+106.43 0.61
ALT 51.53+83.51 117.46+214.01 0.01
INR 1.29+0.48 1.36+0.34 0.48
Diagnosis of heart failure

Congenital heart disease 6(13.0) 3 (15.0)

Dilated cardiomyopathy 28 (60.9) 10 (50.0)

Ischemic cardiomyopathy 6(13.0) 4(20.0) 0.43
Valvular heart disease 4(8.7) 3(15.0)

Others 2(4.3) 0

Cause of liver cirrhosis

Cardiac 43 (93.5) 19 (95.0) 0.61
Hepatitis 3(6.5) 0(0)

Alcoholism 0(0) 1(5.0)

Liver stiffness measure (LSM) score, kPa | 14.82+1.67 16.54+1.61 0.114
Metavir classification 0.077
4 46 (100) 20 (100)

Risk assessment

MELD score 10.60+4.20 16.39+6.90 0.01
MELD-XI score 11.76£3.64 18.21+£9.34 <0.01
CTP score 7.22+1.36 12.23+1.24 0.03

Table 1. Preoperative data. ALT, alanine transaminase; AST, aspartate aminotransferase; CAOD, coronary
artery obstructive disease; CKD, chronic kidney disease; CTP, Child-Turcotte-Pugh; CVA, cerebrovascular
accident; ECMO, extracorporeal membrane oxygenation; INR, international normalized ratio; LVEF, left
ventricular ejection fraction; MELD, Model for End-Stage Liver Disease; NYHA, New York Heart Association
Classification; RVSP, right ventricular systolic pressure.

were 20 mortality cases, who were defined as the non-survivor group (sepsis, 10; major bleeding, 4; chronic graft
rejection, 3; and sudden collapse events, 3).

Preoperative liver profiles, according to the distinct scoring systems, are shown in Table 1. The MELD,
MELD-XI, and CTP scores were significantly higher in the non-survivor group than in the survivor group as
precondition status for HTx.

Survival post-heart transplant

The mean and median follow-up periods were 4.78+1.71 years and 4.22 years (1.3-10.1 years), respectively.
Kaplan-Meier curves demonstrated significant differences in post-transplant survival according to preexisting
liver cirrhosis (Fig. 2). In the early period after HTx, the difference between the two groups was statistically
significant (p=0.035). There were two early deaths. Patients with preexisting liver cirrhosis were found to be at
risk for major bleeding (one gastrointestinal and one mediastinal) because of severe coagulopathy. The difference
between the two groups observed up to one-year post-heart transplantation is sustained beyond one year, with
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Variables Survivors (n=46) | Non-survivors (n=20) | P-value
Intraoperative data

ACC time (min) 100.50+17.26 110.38 +£27.03 0.07
CPB time (min) 172.58 £50.01 228.85+80.47 0.04
Postoperative data

Ventilation time, h 60.09+148.12 116.27 £120.77 0.05
Drainage loss, mL (24 h) | 327.31+26.98 401.75+39.60 0.37
ICU stay, days 12.44+7.11 16.41+7.74 0.16
Hospital stay, days 55.84+30.63 89.65+68.26 0.05
Cause of death

Sepsis 10 (50.0)

Major bleeding 4(20.0)

Graft rejection 3(15.0)

Sudden collapse 3(15.0)

Table 2. Intra- and postoperative data. ACC, aortic cross-clamp time; CPB, cardiopulmonary bypass time;
ICU, intensive care unit.
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Fig. 2. Kaplan-Meier survival curves in liver cirrhosis and non-liver cirrhosis groups.
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the survival gap between the groups remaining consistent. This suggests that the initial survival disparity has a
long-term effect on overall survival outcomes. Five-year survival rates were 79.8% and 72.4% in the non-liver
cirrhosis and liver cirrhosis groups, respectively.

Relation between predictive scoring systems and post-transplant mortality

The Cox proportional hazards regression model included preoperative serological and hemodynamic profiles.
The MELD, MELD-XI, and CTP scores remained independently and directly related to the incidence of all-cause
death during the follow-up period (hazard ratio [HR] for MELD score, 1.07; MELD-XI score, 1.16; CTP score,
1.43). Table 3 shows a detailed risk analysis of patients undergoing HTx with preexisting liver cirrhosis.

Cut-off values of predictive scoring systems for post-transplant mortality
ROC curve analysis
The cut-off values for overall post-transplant were 12.2 in the MELD score (AUC+SD=0.75+0.08, p=0.01,
sensitivity: 69.2%, specificity: 68.6%), 12.0 in the MELD-XI score (AUC+SD =0.68 £0.09, p=0.04, sensitivity:
61.5%, specificity: 60.0%), and 7.5 in the CTP score (AUC+SD=0.73+0.09, p=0.02, sensitivity: 69.2%,
specificity: 62.9%) (Fig. 3A, Supplementary Table S2).

When these cut-off values were applied to patients, the high predictive scoring and overall survival showed
a signiﬁcant correlation in the three scoring systems (MELD score, p=0.02; Fig. 3B; MELD-XI score, p=0.02;
Fig. 3C; and CTP score, p=0.04; Fig. 3D).

Contal and Oquigley method analysis

When categorized into two groups based on the MELD score of 18.09, the difference in survival rate between
the two groups was the largest (Supplementary Table S3) (p=0.003). When the MELD-XI score was 17.65, the
CTP score was 7, and the difference in survival rate was the largest between the two groups (p=0.009 and 0.008,
respectively).

Spline curve analysis

To assume a non-linear relationship between predictive score systems and mortality risk, the spline method was
used for analysis. We presented Akaike Information Criterion (AIC) values and spline curves according to each
degree of freedom (adjusting the degree of flexibility of the spline curve). In the case of the MELD, MELD-XI,
and CTP scores, it had the smallest AIC value when the degree of freedom was 1 (Fig. 4A, B, and C, respectively).
In other words, it seems appropriate to use the general Cox proportional hazards model without considering the
spline method.

Change in predictive scoring systems over time after HTx

The individual tree of the distinct scoring system was measured to evaluate time-related changes postoperatively
and at follow-up. In all patients with preexisting liver cirrhosis, there were significant decreases in the MELD
(R?=0.0912) and MELD-XI scores over time (R*=0.0637, Fig. 5). However, no significant difference was
observed in the CTP scoring system (R?=0.1478). In the LMM analysis, we showed a trend of improvement

Univariate Multivariate

Variables HR | 95% CI P-value | HR | 95% CI P-value
Age, years 1.01 | 0.96-1.04 0.98

Sex, male 0.98 | 0.27-3.61 |0.98

Body mass index (kg/m?) 1.07 | 0.94-121 |1.07

LVEF (%) 1.00 | 0.97-1.04 |0.85

Creatinine 422 |1 0.79-22.6 |0.09

Prior cardiac surgery 20.37 | 0.01-164.1 | 0.99

Total serum albumin 0.46 | 0.16-1.34 | 0.16

Total serum bilirubin 1.14 | 0.95-1.37 |0.17

PTINR 1.39 1 0.36-5.36 | 0.63

NYHA II-IV 1.70 | 0.56-5.22 | 0.35

ECMO support 0.01 | 0.01-11.66 | 0.99

Non-cardiac liver cirrhosis | 1.44 | 0.98-1.73 | 0.69

Ascites, moderate to 0.87 | 022-346 | 0384

MELD score 1.21 | 1.06-1.39 | 0.01 1.07 | 1.03-1.11 | <0.01
MELD-XI score 1.18 | 1.04-1.35 |0.01 1.16 | 1.06—-1.21 | <0.01
CTP score 1.69 | 1.04-2.76 | 0.03 1.43 | 1.20-1.75 0.01

Table 3. Cox regression analysis of all-cause mortality. CI, confidence interval; CTP, Child-Turcotte-Pugh;
ECMO, extracorporeal membrane oxygenation; HR, hazard ratio; INR, international normalized ratio;
LVEE left ventricular ejection fraction; MELD, Model for End-Stage Liver Disease; NYHA, New York Heart
Association; PT, Prothrombin time.
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Fig. 3. (A) Receiver operating characteristic curve to determine the cut-off values of scoring systems in liver
cirrhosis cohorts. (B) Kaplan-Meier plots of MELD score. (C) Kaplan-Meier plots of MELD-XI score. (D)
Kaplan—Meier plots of CTP score.

in all three scoring systems after HTx compared with that preoperatively in the patients with liver cirrhosis.
Furthermore, the MELD scoring system was reduced with the steepest slope.

The survivor group had significantly lower MELD, MELD-XI, and CTP scores than the non-survivor group,
which were related to a lower incidence of perioperative complications. Furthermore, hemodynamic changes
were correlated with trends in these scoring systems. Postoperatively, diastolic dysfunction improved in the
survivor group, as shown by the reduced left atrial volume index and E/E’ (Supplementary Table S4).

Discussion

In the present study, approximately 30% of all pre-transplant patients with severe HF presented with liver
cirrhosis, and it was observed that most patients with cirrhosis had abnormal liver findings on CT and abdominal
sonography, which is consistent with previous reports on patients with HTx. Moreover, the present study
found that distant scoring systems (MELD, MELD-XI, and CTP scores) can be useful predictors of mortality.
Furthermore, the present study found that hemodynamic parameters improved after HTx, and it showed that
the scoring systems improved over time.

The prognostic importance of abnormal liver function tests varies among previous studies'®"'” However,
the unfavorable predictive value of abnormal liver function tests has been described in patients with chronic
HF or acute decompensated HF'®. In a clinical trial, total bilirubin was among the most significant predictors
of mortality in a large cohort of patients with chronic HF!°. However, the study did not describe the prognostic
value of the three scoring systems, which considers total bilirubin, in pre- and post-HTx patients. The present
study was able to derive individual cut-off values for the three scoring systems and found that these systems were
meaningful in predicting prognosis. Furthermore, our study investigated the changes in these scores over time
and showed that the changes were consistent with the clinical results.
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Fig. 4. Spline curve analysis to determine a cut-off point of scoring systems in liver cirrhosis cohorts. (A)

MELD score (Akaike information criterion; AIC, 149.19 in degree of freedom; df=1, 151.10 in df=2, 152.99 in
df 3). (B) MELD-XI score (AIC 147.18 in df=1, 148.85 in df=2, 150.39 in df=3). (C) CTP score (AIC 158.2 in
df=1, 159.51 in df=2, 159.65 in df=3).

Evidence of significant liver dysfunction is frequently found in patients with advanced HF?. The etiology
of liver dysfunction may be directly related to HF, manifesting as congestive hepatopathy, cardiac cirrhosis, or
other liver diseases. Patients with liver dysfunction clinically present with jaundice, ascites, elevated bilirubin
and transaminase levels, low albumin levels, and abnormal hepatic imaging?!~?? Inadequate hepatic synthetic
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Fig. 5. Comparison of changes in individual scoring systems over time using Spaghetti plot after heart
transplantation in patients with preexisting liver cirrhosis. Blue line: MELD score. Orange line: MELD-XI
score. Grey line: CTP score.

function with abnormal albumin levels, coagulation factors, and acute-phase proteins have been associated with
a generally increased risk of bleeding and infection. Our study, as well as some other studies, have demonstrated
that abnormalities in liver function correlate with poor outcomes in patients with HE. Furthermore, cardiohepatic
dysfunction is associated with increased mortality. In the present study, the CTP score was the most sensitive
predictor with the highest HR.

Additionally, patients with mild liver cirrhosis can better tolerate cardiac surgery than those with advanced
liver cirrhosis (Child class B and C or Child score > 8), in whom cardiac surgery with cardiopulmonary bypass
is completely contraindicated®®. Major postoperative complications are reported in >80% of patients with
advanced liver cirrhosis, with a reported in-hospital mortality rate of 50-100%2%. However, the clinical outcomes
of HTx in patients with liver cirrhosis have not been reported in the literature.

In the current study, the mortality rate was acceptable in these patients. Furthermore, liver cirrhosis had
no significant effect on the survival rate 1 year postoperatively. Once HF was surgically corrected, systemic
congestion was corrected, right-sided filling pressure decreased, hypoperfusion improved, and finally, the
exacerbated liver function also improved (Graphical abstract). Thus, considering the global critical donor
shortage, isolated HTx provides an alternative to combined heart and liver transplantation in patients with end-
stage HF and liver cirrhosis. In addition, the cut-oft values of the scoring systems derived from the present study
could be a useful tool in pre-heart transplant evaluation.
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Predicting Mortality in Patients with Liver Cirrhosis Undergoing Heart Transplantation

ROC cutoff values of predictive scoring systems for post-transplant mortality
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A predictive scoring system (MELD score, MELD-XI score, and CTP score) can have clinical application to

predict mortality in patients with liver cirrhosis undergoing heart transplantation

Fig. 6. Graphic abstracts. MELD, MELD-XI, and CTP scores predict mortality risk in liver cirrhosis patients
undergoing heart transplantation, with MELD-XI showing the strongest association.

Limitations

The cohort included in this retrospective analysis was not representative of the entire HTx population, and the
study was limited by the small sample size and lack of preoperative liver biopsies. Direct data on portal venous
pressure or hepatic venous pressure gradient (HVPG) values were not available, these variables were excluded
from the risk factor analysis. In this study, functional liver abnormalities were reliably identified in high-risk
patients using scoring systems. However, these parameters are dynamic and may change during HF therapy and
disease progression.

Conclusions

Patients with advanced HF and liver cirrhosis are known to have high mortality and morbidity rates after HTx.
However, these scoring systems (MELD, MELD-XI, and CTP scores) can be a useful tool for risk stratification in
patients with liver cirrhosis undergoing HTx (Fig. 6).
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