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ABSTRACT

Objective: Heart failure (HF) is a major health burden that commonly affects liver function. 
Therefore, cardiohepatic syndrome (CHS) has been defined to describe the relationship 
between the heart and the liver. In this study, we aimed to evaluate the effect of CHS on 
long-term mortality in HF with reduced ejection fraction (HFrEF).

Methods: Patients followed at the outpatient HF clinic of our hospital with HFrEF between 
2010 and 2018 were retrospectively analyzed. CHS was defined as elevation of at least two 
of three cholestasis parameters (total bilirubin, alkaline phosphatase, and gamma-glutamyl 
transferase) above the upper limit of normal. Patients were divided into two according to the 
presence of CHS. The endpoint was all-cause mortality. Patients were followed up for a median 
of 4.4 (3.3–5.9) years.

Results: A total of 469 patients were included in the study. The mean age of the group was 52.2 
± 11.9 years and 75.5% of the patients were males. About 22.4% (n = 105) of the patients 
had CHS. Patients with CHS were older and had more comorbidities than patients without CHS. 
Furthermore, significantly worse left and right ventricular functions were observed in CHS (+) 
group. All-cause mortality was significantly higher in CHS (+) group (61.9% vs. 19.5%, P < 
0.001). Multivariate analysis revealed the presence of CHS (HR: 2.92, 95% CI: 2.09–4.07, P < 
0.001) as an independent predictor of long-term mortality.

Conclusion: The presence of CHS is associated with increased long-term mortality in 
outpatients with HFrEF. As an easy parameter to assess from routine laboratory parameters, 
CHS should be used to evaluate the long-term prognosis of patients with HFrEF.

Keywords: Alkaline phosphatase, cardiohepatic syndrome, gamma-glutamyl transferase, heart 
failure with reduced ejection fraction, mortality, total bilirubin

ÖZET

Amaç: Kalp yetersizliği, karaciğer fonksiyonlarını sıklıkla etkileyen önemli bir sağlık sorunudur. 
Bu nedenle, kalp ve karaciğer arasındaki ilişkiyi belirtmek için kardiyohepatik sendrom 
(KHS) tanımlanmıştır. Bu çalışmada, düşük ejeksiyon fraksiyonlu kalp yetersizliği (DEF-KY) 
hastalarında KHS’nin uzun dönem mortalite üzerine olan etkisini değerlendirmeyi amaçladık.

Yöntem: Hastanemiz kalp yetersizliği polikliniğinde 2010-2018 yılları arasında DEF-KY ile takip 
edilen hastalar retrospektif olarak incelendi. KHS, üç kolestaz parametresinden (total bilirubin, 
alkalen fosfataz, gama-glutamil transferaz) en az ikisinin normalin üst sınırının üzerinde olması 
olarak tanımlandı. Hastalar KHS varlığına göre ikiye ayrıldı. Çalışmanın sonlanım noktası tüm 
nedenlere bağlı ölüm olarak belirlendi. Hastalar ortanca 4,4 (3,3–5,9) yıl takip edildi.

Bulgular: Çalışmaya toplam 469 hasta (yaş ortalaması 52,2 ± 11,9 yıl; %75,5’i erkek) dahil 
edildi. Hastaların %22,4’ünde (n = 105) KHS vardı. KHS (+) hastalar daha yaşlıydı ve daha fazla 
komorbiditeye sahipti. Ayrıca KHS (+) grupta anlamlı olarak daha kötü sol ve sağ ventrikül 
fonksiyonları gözlendi. Tüm nedenlere bağlı mortalite, KHS (+) grupta anlamlı olarak daha 
yüksekti (%61,9’a karşı %19,5, P < 0,001). Çok değişkenli analiz, KHS varlığını (HR: 2,92, %95 
güven aralığı: 2,09–4,07, P < 0,001) uzun dönem tüm nedenlere bağlı mortalitenin bağımsız 
bir belirleyicisi olarak ortaya koydu.

Sonuç: KHS varlığı, ambulatuar DEF-KY’li hastalarda artmış uzun dönem mortalite ile ilişkilidir. 
Rutin laboratuvar parametrelerinden değerlendirilmesi kolay olan KHS, DEF-KY’li hastaların 
uzun dönem prognozunu değerlendirmek için kullanılabilir.

Anahtar Kelimeler: Alkalen fosfataz, kardiyohepatik sendrom, gama-glutamil transferaz, 
düşük ejeksiyon fraksiyonlu kalp yetersizliği, mortalite, total bilirubin
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Heart failure (HF) is an important cause of morbidity and 
mortality. At present, the incidence of HF in Europe is about 

5/1000 person-years in adults.1,2 The true prevalence is likely to 
be higher, as studies often include cases of HF that have been 
diagnosed.3 Based on studies generally in hospitalized patients, it 
is believed that approximately 50% of patients with HF have HF 
with reduced ejection fraction (HFrEF).4,5

The relationship between chronic HF and liver is well-defined.6,7 
The term cardiohepatic syndrome (CHS) describes liver or heart 
damage that occurs due to the pathology of the other. Liver has 
dual blood supply and receives approximately 25% of the cardiac 
output.8 Therefore, the liver is more susceptible to decreased 
cardiac output and hepatic arterial flow. Congestion in liver 
usually occurs in chronic HF due to increased right-sided cardiac 
and thus the hepatic venous pressure.9 The previous studies 
have shown that chronic HF is predominantly characterized by 
a cholestatic enzyme pattern while elevated transaminases are 
predominantly observed in acute HF. Continuous congestive 
stress causes an increase in serum gamma-glutamyl transferase 
(GGT), alkaline phosphatase (ALP), and total bilirubin (TB) levels 

known as cholestatic parameters.10,11 GGT level has prognostic 
value in HF patients regardless of age and N-terminal pro-
brain natriuretic peptide.12 Elevated TB in chronic HF has been 
reported as an independent predictor of cardiovascular death and 
all-cause mortality.13 High ALP values were related to increased 
long-term mortality in chronic HF.11 Recently, these parameters 
were evaluated together and CHS was defined as elevations in 
at least two of the three cholestatic parameters by Stolz et al.14

There is no information about the effect of CHS defined in this 
way on prognosis of patients with HFrEF. In this study, we aimed 
to evaluate the effect of CHS presence on long-term mortality 
in ambulatory patients with HFrEF.

Materials and Methods

Patients followed at the outpatient HF clinic of our hospital with 
HFrEF (left ventricular ejection fraction, LVEF ≤40%) between 
01.2010 and 01.2018 were retrospectively analyzed. Patients that 
were ≥18 years of age and receiving guideline-recommended 
optimal treatment were included in the study. Patients 
hospitalized for HF in the last 3 months, patients with chronic liver 
diseases, bone diseases, malignancies and end-stage renal disease 
(estimated glomerular filtration <15 mL/min/1.73 m2), and 
patients with missing laboratory data to assess CHS were excluded 
(Figure 1). Four hundred and sixty-nine patients constituted the 
final study cohort. Ethics Committee approval was obtained from 
Haydarpaşa Numune Training and Research Hospital (Approval 
Number: HNEAH-KAEK 2022/KK/118, Date: 30.05.2022) and 
the study conformed to the Declaration of Helsinki.

Clinical, medical, biochemical, echocardiographic, and mortality 
data were obtained from the medical records. The primary 
endpoint of the study was all-cause mortality. Patients were 
followed until January 2022 or to the occurrence of death.

ABBREVIATIONS
ALP	 Alkaline phosphatase
CHS	 Cardiohepatic syndrome
CI	 Confidence interval
GGT	 Gamma-glutamyl transferase
HF	 Heart failure
HFrEF	 Heart failure with reduced ejection fraction
HR	 Hazard ratio
LVEF	 Left ventricular ejection fraction
MELD-XI	 Model for end-stage liver disease excluding 

international normalized ratio
NYHA	 New York Heart Association
TB	 Total bilirubin

Figure 1. Flowchart of the study.
CHS, Cardiohepatic syndrome; HF, Heart failure; HFrEF, Heart failure with reduced ejection fraction.
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Assessment of Cardiohepatic Syndrome
TB, GGT, and ALP levels were measured with a commercially 
available device. TB, GGT, and ALP were considered abnormal if 
>1.2 mg/dL; >39 U/L (female) and >59 U/L (male); and >105 
U/L (female) and >130 U/L (male), respectively.

In line with pre-existing studies, CHS was defined as the elevation 
of at least two of three laboratory cholestasis parameters.14 
Patients were classified according to the presence of CHS.

The Model for End-Stage Liver Disease excluding international 
normalized ratio (MELD-XI) was also evaluated using the 
following formula: 5.11 × ln (TB [mg/dL]) + 11.76 × ln (creatinine 
[mg/dL]) + 9.44.15

Statistical Analysis
R 4.01 software (R Foundation for Statistical Computing, Vienna, 
Austria) with “ipw,” “ggplot,” “rms” packages was used for 
statistical analysis. Two-sided P < 0.05 was considered significant. 
Categorical data were presented as numbers (percentages) and 
continuous data were reported as mean ± standard deviation 
or median (25th–75th percentile). Pearson’s Chi-square test was 
performed to compare categorical data. Continuous data were 
compared with Student’s t-test or Mann–Whitney U test. 
Survival rates of the groups were compared using the log-rank 
test. Kaplan–Meier curves were used to display the survival 
probabilities of the groups. Cox regression analysis was used to 
define predictors of all-cause mortality and results are presented 
as hazard ratios (HR), 95% confidence intervals (CI), and p values. 
CHS was included in the Cox model as a dichotomic variable. All 
predictors were kept in the model, and no predictors were removed 
based on statistical significance. Variables with a missing value 
of more than 5% were excluded from the model. The predictive 
performances of models were evaluated using likelihood ratio, 
adjusted R2 value, and Akaike information criterion.

Results

Table 1 presents the characteristics of the study group. The 
mean age was 52.2 ± 11.9 years and 75.5% (n = 354) of the 
patients were males. The mean LVEF of the group was 26.2 ± 
7.5%. Coronary artery disease was present in 45.6% (n = 214) 
of the patients.

Abnormality in at least one cholestatic liver parameter was 
present in 47.3% (n = 222) of the study group. One hundred 
and five patients (22.4%) had CHS. Elevations in all cholestatic 
liver parameters were present in 27 (12.2%) patients. The most 
common parameters with simultaneous elevations in serum 
levels leading to the diagnosis of CHS were ALP and GGT (44 
patients, 19.8%).

CHS (+) patients were significantly older and had more 
comorbidities except atrial fibrillation than patients without 
CHS. New York Heart Association (NYHA) functional class at 
enrollment showed no difference between groups. Although 
groups were similar regarding medical treatment, utilization of 
device therapy (implantable cardioverter defibrillator and cardiac 
resynchronization therapy) was significantly more frequent in 
the CHS (+) group.

In terms of laboratory parameters, all three cholestatic liver 
parameters were significantly higher and serum albumin level 

was significantly lower in CHS (+) group. No difference was 
observed in the other laboratory parameters among group.

Echocardiographic variables of the groups differed significantly. 
Patients with CHS had significantly lower LVEF, tricuspid annular 
plane systolic excursion, and tricuspid lateral annular systolic 
velocity than patients without CHS. Severe tricuspid regurgitation 
was more common in CHS (+) group. Significantly higher systolic 
pulmonary artery pressure and inferior vena cava diameter were 
observed in patients with CHS.

One hundred and thirty-six patients (29%) died during a 
median follow-up period of 4.4 (3.3–5.9) years. Mortality rate 
was significantly higher in CHS (+) group (61.9% vs. 19.5%, 
P < 0.001). Survival curves of the groups are illustrated in the 
Figure 2. The presence of CHS was identified as an independent 
predictor of long-term all-cause mortality (HR: 2.92, 95% CI: 
2.09–4.07, P < 0.001) besides age, LVEF, TAPSE, and MELD-XI 
score in multivariate analysis (Table 2). Performance comparison 
of models including CHS and MELD-XI revealed that CHS 
outperformed MELD-XI with increased likelihood ratio and 
adjusted R2 value without an increase in Akaike information 
criterion (Table 3). Furthermore, it can be observed in Table 3 that 
reduced model with age, LVEF, TAPSE, and CHS is comparable in 
performance to full model. We also studied the additive effect 
of cholestatic liver parameters on mortality and the analysis 
revealed that predicted mortality increases as the number of 
elevated cholestatic parameters increases (Figure 3).

Discussion

The present study demonstrated that CHS was common in HFrEF 
and its presence was an independent predictor of all-cause long-
term mortality in this patient group.

HF is a syndrome with multi-system involvement and the 
patients with HFrEF encounter various organ dysfunctions (e.g., 
renal, hepatic, gastrointestinal system) throughout their life span 
that result in impaired quality of life and increased mortality.16,17 
Liver dysfunction is quite common in HF and has been known 
for a long time, yet the data about its clinical importance is 
sparse. Hypoperfusion and hepatic congestion lead to CHS, 
or cardiac hepatopathy, in HF. The latter is thought to be the 
primary pathology in chronic HF patients and characterized by 
predominant elevations in cholestatic liver parameters rather 
than liver transaminases.18,19 With a prevalence of 22.4% in the 
present study group, CHS was common in ambulatory patients 
with HFrEF. Poelzl et al. 11 studied 1032 ambulatory patients with 
chronic HF and reported that cholestatic profile (i.e., defined as 
in our study) was present in 19.2% of the patients, in line with 
our findings.

The previous literature reports prognostic importance of isolated 
elevations of cholestatic liver parameters with inconsistent 
results. TB, not ALP, was found as one of the most significant 
predictors of prognosis in a post hoc analysis of a large cohort of 
chronic HF patients in which 59.5% of the group had HFrEF.13 
Furthermore, a post hoc analysis of PARADIGM-HF trial reported 
TB as the strongest predictor of cardiovascular death and HF 
hospitalizations among liver function parameters (where ALP 
and liver transaminases were available, GGT was not evaluated).20 
On the other hand, in a study of 1087 patients with stable HF, 
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Table 1. Baseline Characteristics of the Study Group
Total Population (n = 469) CHS (-) Group (n = 364) CHS (+) Group (n = 105) P

Age, Years 52.2 ± 11.9 51.6 ± 12 54.2 ± 11.7 0.04
Male 354 (75.5) 279 (76.6) 75 (71.4) 0.27

NYHA Class I/II
	 III/IV

366 (78)
103 (22)

285 (78.3)
79 (21.7)

81 (77.1)
24 (22.9)

0.33

CAD 214 (45.6) 149 (40.9) 65 (61.9) <0.001
ICD/CRT 188 (40.1) 134 (36.8) 54 (51.4) <0.01
Hypertension 208 (44.3) 134 (36.8) 74 (70.5) <0.001
Diabetes Mellitus 187 (39.9) 128 (35.2) 59 (56.2) <0.001
CKD 130 (27.7) 75 (20.6) 55 (52.4) <0.001
Atrial Fibrillation 83 (17.7) 59 (16.2) 24 (22.9) 0.12

Medications
ACEI/ARB 372 (79.3) 295 (81) 77 (73.3) 0.09

Beta-blocker 446 (95.1) 344 (94.5) 102 (97.1) 0.27

MRA 367 (78.3) 279 (76.6) 88 (83.8) 0.12

Ivabradine 137 (29.2) 107 (29.4) 30 (28.6) 0.87

Digoxin 105 (22.4) 77 (21.2) 28 (26.7) 0.23

Loop Diuretics 390 (83.2) 299 (82.1) 91 (86.7) 0.27

Thiazide 210 (44.8) 163 (44.8) 47 (44.8) 0.99

Laboratory Parameters
WBC (×103/µL) 8.8 ± 2.8 8.9 ± 2.7 8.4 ± 3 0.07

Hemoglobin (g/dL) 13.6 ± 1.7 13.6 ± 1.7 13.4 ± 1.7 0.20

Creatinine (mg/dL) 1.0 ± 0.4 1.0 ± 0.5 1.0 ± 0.2 0.71

AST (IU/L) 41.1 ± 41.1 42.8 ± 44.6 35.5 ± 24.8 0.11

ALT (IU/L) 30.2 ± 32.7 30.1 ± 35.2 30.7 ± 22 0.87

TB (mg/dL) 0.9 ± 0.8 0.7 ± 0.6 1.5 ± 1.0 <0.001
ALP (IU/L) 86.1 ± 37.8 72.1 ± 21.6 134.7 ± 41.3 <0.001
GGT (IU/L) 67.8 ± 70.9 47.6 ± 43.3 137.8 ± 98.3 <0.001
Albumin (g/dL) 4.0 ± 0.5 4.1 ± 0.5 3.9 ± 0.6 <0.001
Echocardiographic Parameters
LVEF (%) 26.2 ± 7.5 26.9 ± 7.5 23.7 ± 7.1 <0.001
LVEDD (mm) 62.3 ± 8.6 62.1 ± 8.5 62.9 ± 9.0 0.41

LVESD (mm) 50.9 ± 10.3 50.7 ± 10 51.4 ± 11.3 0.50

LAAP (mm) 43.9 ± 7.1 43.4 ± 7.1 45.7 ± 6.5 <0.01
RVD (mm) 37.1 ± 7.5 36.5 ± 7.3 39.2 ± 8.0 0.001
TAPSE (mm) 18.6 ± 4.8 19.1 ± 4.8 16.8 ± 4.3 <0.001
RV S’ Velocity (cm/s) 10.4 ± 3.0 10.7 ± 3.0 9.5 ± 2.6 <0.001
Severe MR 89 (19) 63 (17.3) 26 (24.8) 0.08

Severe TR 50 (10.7) 28 (7.7) 22 (21) <0.001
sPAP (mmHg) 35.6 ± 22.6 33.6 ± 20.2 42.8 ± 28.5 <0.001
IVC (mm) 17.7 ± 5.5 17.3 ± 5.3 19.2 ± 5.7 <0.01
All-cause Mortality 136 (29) 71 (19.5) 65 (61.9) <0.001
Categorical data are presented as numbers (percentages) and continuous data are presented as mean±standart deviation.
ACEI/ARB, Angiotensin-converting enzyme inhibitor/Angiotensin receptor blocker; ALP, Alkaline phosphatase; ALT, Alanine aminotransferase; AST, Aspartate 
aminotransferase; CAD, Coronary artery disesase; CKD, Chronic kidney disease; CRT, Cardiac resynchronization therapy; GGT, Gamma-glutamyl transferase; ICD, 
Implantable cardioverter defibrilator; IVC, Inferior vena cava; LAAP, Left atrium anteroposterior diameter; LVEDD, Left ventricular end-diastolic diameter; LVEF, 
Left ventricular ejection fraction; LVESD, Left ventricular end-systolic diameter; MR, Mitral regurgitation; MRA, Mineralocorticoid receptor antagonist; NYHA, New 
York Heart Association; RVD, Right ventricular basal diameter; RVS’, Tricuspid lateral annular systolic velocity; sPAP, Systolic pulmonary artery pressure; TAPSE, 
Tricuspid annular plane systolic excursion; TB, Total bilirubin; TR, Tricuspid regurgitation; WBC, White blood cell. Bold p values indicate statistical significance.
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Table 2. Cox Regression Analysis for Long-term All-cause Mortality Prediction
Variables Full Model Reduced Model

Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P
Age 1.24 (0.99–1.56) 0.06 1.25 (1.01–1.56) 0.04
Male Gender 0.69 (0.44–1.29) 0.11

NYHA Class III-IV 1.19 (0.77–1.85) 0.43

Coronary Artery Disease 1.42 (0.99–2.05) 0.07

Hypertension 0.87 (0.59–1.29) 0.50

Diabetes Mellitus 0.84 (0.58–1.21) 0.35

Atrial Fibrillation 0.67 (0.43–1.04) 0.07

Hemoglobin 0.99 (0.77–1.27) 0.94

Creatinine 1.04 (0.91–1.19) 0.55

Albumin 1.0 (0.81–1.25) 0.94

MELD-XI 1.79 (1.49–2.15) <0.001 1.60 (1.32–1.94) <0.001
CHS 3.25 (2.25–4.72) <0.001 2.92 (2.09–4.07) <0.001
LVEF 0.65 (0.50–0.85) <0.001 0.65 (0.52–0.82) <0.001
TAPSE 0.63 (0.51–0.78) <0.001 0.60 (0.49–0.73) <0.001
Bold P values indicate statistical significance.
CHS, Cardiohepatic syndrome; CI, Confidence interval; LVEF, Left ventricular ejection fraction; MELD-XI, Model for End-stage Liver Disease excluding 
international normalized ratio; NYHA, New York Heart Association; TAPSE, Tricuspid annular plane systolic excursion.

Figure 2. Kaplan–Meier curve demonstrating increased mortality in the presence of cardiohepatic syndrome (CHS).
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GGT and TB were found to be associated with disease severity but 
only GGT was found to be an independent predictor of prognosis. 
However, they also mentioned that addition of TB to GGT 
improves the risk stratification of these patients.21 Poelzl et al. 

11 reported that ALP and GGT, not TB, were significantly related 
to mortality in chronic HF with better prediction of survival if 
used together. ALP and GGT were also the most common 
combination leading to CHS diagnosis in our study. None of these 
studies evaluated the combined effect of these three parameters 
in different combinations. Our study revealed that elevation in 
at least two of these three parameters, that is, CHS, predicts 
all-cause long-term mortality in ambulatory HFrEF patients. It 
also showed that CHS outperforms MELD-XI score in prognostic 

predictive ability which is also a common parameter used to 
evaluate liver function.

Patients with CHS in our study had lower left and right ventricular 
systolic function which are well-known parameters associated 
with poor prognosis in HFrEF.16 They also had higher estimated 
systolic pulmonary artery pressure and inferior vena cava diameter. 
Severe tricuspid regurgitation was more common in CHS (+) 
group, all of which are indirect measures of increased right-sided 
pressures. Although no association was found between CHS and 
NYHA functional class, these findings may reflect more severe 
disease in patients with CHS and support the literature that 
hepatic congestion is the main pathophysiological mechanism 
causing liver dysfunction in chronic HF. While CHS might develop 

Table 3. Performance Comparison of Full and Reduced Models
Likelihood Ratio R2 AIC

Full Model 128 0.246 1660

Reduced Model 1 114 0.222 1650

Reduced Model 2 98.2 0.193 1666
Full model= Age, gender, NewYork Heart Association functional class, coronary artery disease, hypertension, diabetes mellitus, atrial fibrillation, hemoglobin, 
creatinine, albumin, cardiohepatic syndrome, Model for End-stage Liver Disease excluding international normalized ratio (MELD-XI), left ventricular ejection 
fraction, tricuspid annular plane systolic excursion. Reduced model 1= Age, left ventricular ejection fraction, tricuspid annular plane systolic excursion, 
cardiohepatic syndrome. Reduced model 2= Age, left ventricular ejection fraction, tricuspid annular plane systolic excursion, MELD-XI. AIC, Akaike information 
criterion.

Figure 3. Hazard ratio plot displaying the additive effect of cholestatic liver parameters on mortality 
prediction with cubic spline regression. CHS, Cardiohepatic syndrome.
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due to low cardiac output and increased hepatic congestion, this 
study showed that its effect on long-term mortality after its 
occurrence is independent from these parameters.

This study has several limitations. Inherent biases exist and 
causality cannot be established due to its retrospective 
observational design. Although patients with known liver 
diseases before enrollment were excluded from the study, some 
patients might have been missed. Furthermore, medications 
that might affect liver enzymes were not evaluated in this study. 
Liver function tests were assessed only once at the recruitment. 
N-terminal pro-brain natriuretic peptide levels of the patients 
were not evaluated. Furthermore, changes in medical and device 
therapy were not tracked during follow-up which might have 
impact on survival.

Conclusion

Liver dysfunction evaluated with CHS is common in stable HFrEF 
patients and the presence of CHS is associated with long-term 
all-cause mortality in this patient group. As a cost-effective 
and easily available parameter from three routine laboratory 
tests without any formula, the presence of CHS can be used to 
identify high-risk patients followed with HFrEF in daily clinical 
practice.
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