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Background/Aims: Several prognostic markers for heart failure (HF) have been 
determined but the importance of liver function tests (LFTs) remains unknown. 
The aim of this study was to determine the prognostic significance, if any, of ab-
normal LFTs in acute decompensated HF.
Methods: All adult patients (> 18 years of age) who were admitted to a community 
hospital with a diagnosis of acute decompensated HF during the period January 
2008 to December 2009 were identified. Exclusion criteria included acute coro-
nary syndrome, active hepatobiliary disease, renal failure (serum creatinine ≥ 2 
mg/dL), and malignancy. The primary end point was readmission secondary to 
acute exacerbation of HF. The Cox proportional hazard model was used for statis-
tical analyses.
Results: Univariate analysis showed that serum total bilirubin (TB, p < 0.01), 
serum B-type natriuretic peptide (p < 0.05), ejection fraction (EF, p < 0.05), and 
heart rate (p < 0.05) were significant predictors of hospital readmission second-
ary to acute decompensated HF. Multivariate analysis showed that high serum 
TB (> 1.3 mg/dL) on admission was an independent predictor (p < 0.05) of hospital 
readmission secondary to HF. The ‘at-risk’ group—patients with serum TB > 1.3 
mg/dL and/or EF < 35% on admission—had a readmission rate that was 87% ± 
20% (p < 0.05) higher than those with neither criterion.
Conclusions: In patients with acute decompensated HF, elevated serum TB on 
admission with or without low EF (< 35%) predicts a worse prognosis and early fu-
ture readmission, secondary to HF.
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INTRODUCTION

Heart failure (HF) is the most common cause of hos-
pitalization among people older than 64 years in the 
United States [1,2]. About 25% of these patients are 
readmitted within 30 days after discharge [2]. Several 
risk factors for readmission secondary to HF have 
been identified in previous clinical studies.

To improve mortality and shorten hospital stays, 

there is a need to identify predictors of poor prognosis, 
at earlier stages of HF, so that more aggressive therapy 
can be initiated sooner. Abnormal liver function tests 
(LFTs) on admission are common in HF patients, sec-
ondary to passive hepatic congestion and low perfu-
sion to the liver, resulting from altered hemodynamics 
[3,4].

The role of abnormal LFTs in determining poor 
prognosis and early future readmission secondary to 
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HF has not been extensively investigated previously. 
The aim of this study was to determine the prognostic 
significance of abnormal LFTs in HF for early future 
readmission, secondary to acute exacerbation of HF.

METHODS

Patient enrollment
This was a retrospective study in which the medical 
records of all patients older than 18 years admitted 
to a community hospital in Scranton, Pennsylvania, 
with acute exacerbation of HF during the period Janu-
ary 2008 to December 2009 were reviewed. Acute 
exacerbation of HF was diagnosed based on clinical 
findings, chest X-ray, serum B-type natriuretic pep-
tide (BNP) levels, and transthoracic echocardiography. 
Patients with acute coronary syndrome, active hepato-
biliary disease, renal failure (serum creatinine ≥ 2 mg/
dL), and malignancy on admission were excluded. 
All study subjects were followed retrospectively until 
December 2010 to monitor for readmission secondary 
to HF. Readmitted patients were identified using the 
diagnostic codes in the hospital medical records.

Patients were not followed prospectively because 
this was a retrospective study. The primary end point 
was readmission or in-hospital death, secondary to 
acute exacerbation of HF. In total, 187 patients were 
recruited initially; 17 were then excluded based on the 
exclusion criteria. This study was approved by the In-
stitutional Review Board.

Baseline examinations
Blood samples for basal metabolic profile and LFTs 
were drawn from the peripheral vein of the patients at 
the time of hospital admission. Plasma concentrations 
of BNP in the venous blood samples were determined 
using point-of-care fluorescence immunoassay with a 
Triage BNP test kit (Biosite Diagnostics Inc., San Di-
ego, CA, USA). Serum aspartate transaminase, serum 
alanine transaminase, serum alkaline phosphatase, 
serum total bilirubin (TB), and serum direct bilirubin 
were tested at the hospital’s core laboratory. Hyper-
bilirubinemia was defined as serum TB > 1.3 mg/dL. A 
transthoracic echocardiogram was performed during 
the study hospital admission or within the 4 months 

prior to the study admission.

Statistical analysis
The Cox proportional hazard model was used to de-
termine clinical variables that were independent pre-
dictors of survival. Links with readmission times were 
analyzed and p values were calculated using the log-
rank method; the Breslow method was used for ties in 
the data. Clinical variables with a p value ≤ 0.05 in the 
univariate analysis were examined using multivariate 
analysis in a Cox proportional hazard model.

Two variables were transformed prior to analysis. 
Ejection fraction (EF; corrected) was recorded as the 
number of 5% steps below 50% or zero if EF ≥ 50%. 
The other transformed variable, serum TB (corrected), 
was recorded as the number of mg/dL beyond 1.0 mg/
dL. Negative values were recorded as zero for both 
variables.

RESULTS

The mean age of the patients was 78.5 ± 11 years. Of the 
170 patients, 42% were males. The means, medians, 
and standard deviations of the study variables for the 
total population are presented in Table 1. In total, 122 
patients were readmitted secondary to acute decom-
pensated HF during the study period. Serum TB (p 
< 0.01), serum BNP (p < 0.05), EF (p < 0.05), and heart 
rate (p < 0.05) were found to be significant predictors 
of hospital readmission secondary to acute decompen-
sated HF on univariate analyses (Table 2). Multivari-
ate analysis showed that serum TB (> 1.3 mg/dL) on 
admission was an independent predictor (p < 0.05) of 
hospital readmission secondary to HF (Table 3). One pa-
tient died in the hospital due to cardiac arrest and one 
patient was transferred to a hospice. The remaining 
patients were discharged from the hospital after ap-
propriate treatment of their congestive HF.  LFTs were 
performed on admission and data were extracted from 
patient medical records. LFTs were neither checked 
at the time of discharge nor during postdischarge  
follow-up.

Age, gender, systolic blood pressure, diastolic blood 
pressure, serum sodium, serum creatinine, serum 
alkaline phosphatase, and serum aspartate transami-
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nase on admission were not significant predictors of 
readmission secondary to HF.

We stratified the population into two nonoverlaping 
groups: group A consisted of patients with serum TB 
>1.3 mg/dL on admission and group B, of patients with 
serum TB ≤ 1.3 mg/dL. The resulting Kaplan-Meier 
curve (Fig. 1) shows the percentages of the populations 
that were not readmitted over time. In fact, patients 
with serum TB > 1.3 mg/dL on admission had a read-
mission rate that was 78% ± 20% (p < 0.01) higher at 
any given time than those with serum TB ≤ 1.3 mg/dL 
(of 31 patients with TB > 1.3 mg/dL, 29 were readmitted 
during the study period; of 121 patients with serum 
TB ≤ 1.3 mg/dL, 80 patients were readmitted during 
the study period).

Further analysis was performed by considering the 
two most significant covariates. The population was 
again split into two groups. The first (group 1) con-
sisted of patients with serum TB > 1.3 mg/dL and/or an 
EF < 35% on admission, and this represented the ‘at-
risk’ stratum. The second group (group 2) consisted of 
all other patients, with serum TB ≤ 1.3 mg/dL and EF 

≥ 35%. The ‘at-risk’ group had a readmission rate that 
was 87% ± 20% (p < 0.05) higher than those without 
either criterion (of the 74 patients with serum TB > 1.3 
mg/dL and/or an EF < 35% on admission, 64 were read-
mitted during the study period). In group 2 (serum TB 
≤ 1.3 mg/dL and EF ≥ 35%), of the 70 patients, 39 were 
readmitted during the study period. A Kaplan-Meier 
curve is shown in Fig. 2.

DISCUSSION

Congestive hepatopathy is a common manifestation of 
acute decompensated HF. Although typically asymp-
tomatic, it is characterized by abnormal LFTs. The 
most common biochemical abnormality in congestive 
hepatopathy, secondary to acute decompensated HF, 
is a mildly elevated serum bilirubin level, occurring 
in ~70% of cases [4]. The precise cause of this hyper-
bilirubinemia is unclear. Several contributing factors 
have been proposed, including hemolysis, pulmonary 
infarction, medication, and hepatocellular dysfunc-

Table 1. Baseline characteristics of the study population

Characteristic Mean ± SD Median First quartile Third quartile

Age, yr      78.59 ± 10.97 81  72.00       87.00

Male, %      42 NA   0.00        1.00

Ejection fractiona     0.38 ± 0.15    0.40  0.25       0.50

Alkaline phosphatase, IU/L      110.32 ± 177.41  88.00 68.00     115.00

Aspartate transaminase, IU/L      33.26 ± 25.08   26.00 20.00      35.50

Alanine transaminase, IU/L     31.00 ± 35.42   22.00  16.00      34.00

Total bilirubin, mg/dLb      0.40 ± 0.90    0.70   0.00       0.03

B-natriuretic peptide, pg/mL      1,094.54 ± 1,261.01 646.89 411.52 1,318.50

Serum creatinine, mg/dL       1.35 ± 0.44    1.30 1.03        1.50

Serum sodium, mEq/L  138.80 ± 4.45 140.00 136.25    142.00

Pulse pressure       61.31 ± 20.96  60.00 46.00     74.50

Systolic blood pressure, mmHg    132.81 ± 27.57 130.00 112.00    150.00

Diastolic blood pressure, mmHg      71.50 ± 14.47  70.00 60.00      80.00

Heart rate, beats per min     89.02 ± 18.41   88.00 76.00    100.00

Total sample size, 170.
NA, not available.
aEjection fraction: corrected; number of 5% steps below 50% or zero if ejection fraction ≥ 50%.
bTotal bilirubin: corrected; the number of mg/dL beyond 1.0 mg/dL.
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tion. Serum bilirubin levels were reported to correlate 
with right atrial pressures but not with cardiac output 
[5]. Batin et al. [6] showed that serum aspartate trans-
aminase and serum bilirubin had better prognostic 
significance in chronic HF.

Ischemic liver injury occurs when there is imbal-
ance between oxygen delivery and demand [7]. Serum 

bilirubin has been shown to be more sensitive to he-
modynamic disturbance than transaminases in pa-
tients with left HF [8]. One study showed that serum 
bilirubin had prognostic significance in patients with 
chronic HF with left ventricular EF ≤ 40% [9]. Our 
study included patients who had both systolic and dia-
stolic dysfunction and the diagnosis of HF was based 

Table 2. Univariate analysis of clinical variables for hospital readmission secondary to acute decompensated heart failure

Study variable HR SE of HR
95% CI of HR

p value
Lower Upper

Total bilirubina 1.29 0.0924  1.07347  1.542037 0.006

Ejection fractionb 1.09 0.0345  1.019569  1.167214 0.012

B-natriuretic peptide 1 0  1.000029  1.000289 0.016

Heart rate 1.01 0.00523  1.000649  1.021376 0.038

Serum sodium 1.03 0.0202 0.991841  1.073573 0.120

Alkaline phosphatase 1 0.00047 0.999768  1.001611 0.140

Serum creatinine 1.27 0.192 0.86995  1.846552 0.220

Pulse pressure 1 0.00433 0.995264  1.012302 0.390

Alanine transaminase 1 0.00332 0.995672  1.008715 0.510

Systolic blood pressure 1 0.00331 0.995194  1.008191 0.610

Age 1 0.00813 0.987889  1.01988 0.640

Aspartate transaminase 1 0.00413 0.993765  1.009984 0.660

Male 0.936 0.184 0.652372  1.341972 0.720

Diastolic blood pressure 0.998 0.00625 0.986216  1.010677 0.790

Ejection fraction 0.231 0.612 0.069285 0.763013 0.016

Total bilirubin 1.2 0.0838  1.020969  1.418001 0.027

HR, hazard ratio; SE, standard error; CI, confidence interval.
aTotal bilirubin: corrected; the number of mg/dL beyond 1.0 mg/dL.
bEjection fraction: corrected; number of 5% steps below 50% or zero if ejection fraction ≥ 50%.

Table 3. Multivariate analysis of clinical variables for hospital readmission secondary to acute decompensated heart failure

Study variable HR
95% CI of HR

p value
Lower Upper

Ejection fractiona 1.060 0.981 1.160 0.140

B-natriuretic peptide 1 1                  1 0.440

Total bilirubinb 1.240  1.006 1.540 0.044

Heart rate 1.010 0.982 1.040 0.430

HR, hazard ratio; CI, confidence interval.
aEjection fraction: corrected; number of 5% steps below 50% or zero if ejection fraction ≥ 50%.
bTotal bilirubin: corrected; the number of mg/dL beyond 1.0 mg/dL.
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principally on the clinical judgment of different clini-
cians (using clinical, biochemical, and radiological 
data). Other biochemical liver tests may be elevated, 
based on the severity of the damage to the liver, sec-
ondary to HF. The degree of elevation of transami-
nases in ischemic liver injury due to decreased cardiac 
input correlates with the extent of zone 3 necrosis 
seen in liver biopsy specimens [10]. Follow-up LFTs on 
discharge or during postdischarge follow-up would 
strengthen the results of our study; this could perhaps 
be performed as part of a future prospective study.

Our data suggest that in patients with acute decom-
pensated HF, elevated serum TB on admission, with 
or without low EF (< 35%), predicted worse prognosis 
and early future readmission, secondary to HF. El-
evated serum bilirubin levels could probably serve as 
a surrogate marker of elevated right heart pressures 
in congestive HF. In the absence of expensive and in-
vasive hemodynamics data, it could serve as a useful 
predictor of future outcomes in this complex patient 
subset.

A limitation of our study is that its nonrandomized, 
retrospective nature and inclusion of only a single 
community hospital. More prospective follow-up stud-
ies with larger sample sizes are needed to confirm our 
results.
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Figure 1. The Kaplan-Meier survival curves show significant 
differences in heart failure readmissions between the 
groups. Upper curve, of the 121 patients with serum total 
bilirubin (TB) ≤ 1.3 mg/dL, 80 were readmitted within the 
study period. Lower curve, of the 31 patients with TB > 1.3 
mg/dL, 29 were readmitted during the study period.
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Figure 2. The Kaplan-Meier survival curves show significant 
differences in heart failure readmissions between the 
groups. Upper curve, of the 70 patients with serum total 
bilirubin (TB) ≤ 1.3 mg/dL and ejection fraction (EF) ≥ 35%, 
39 were readmitted during the study period. Lower curve, 
of the 74 patients with serum TB > 1.3 mg/dL and/or an EF 
< 35% on admission, 64 were readmitted during the study 
period.

KEY MESSAGE 

1. Elevated serum bilirubin is the most common 
biochemical abnormality in congestive hepa-
topathy secondary to acute decompensated heart 
failure.

2. In the absence of expensive and invasive hemo-
dynamics data, serum bilirubin can serve as a 
useful predictor of future outcomes in patients 
with acute decompensated heart failure.
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