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Abstract

Background : Liver stiffness has been claimed to be increased in 
patients with heart failure.

Aims : To determine the magnitude of this increase in liver stiff-
ness, and to clarify whether it is related to the degree of heart fail-
ure or not.

Methods : Twenty-six patients were prospectively collected, and 
divided in groups CHF (those with compensated chronic heart 
failure) and AHF (those with acute decompensated heart failure). 
Patients underwent routine blood chemistries, pro-BNP determi-
nation, echocardiography and transient elastography during out-
patient care (group CHF) or at hospital admission (group AHF). 
Blood chemistries, pro-BNP and transient elastography were re-
peated in patients in group AHF before being discharged.

Results : Correlation between liver stiffness and pro-BNP levels 
was statistically significant (Rho = 0.747, p = 0.001). Patients in 
group CHF had lower values of liver stiffness and pro-BNP when 
compared with patients in group AHF at admission. Median liver 
stiffness and pro-BNP values were 6.5 vs 14.4 kPa (p = 0.009) and 
1511 vs 3535 pg/ml (p = 0.025) respectively. After clinical com-
pensation, liver stiffness decreased in all patients in group AHF. 
Liver stiffness was 14.4 kPa at admission and 8.2 kPa at discharge 
(p = 0.008). Pro-BNP values also decreased from a median of 
3535 pg/ml to a median of 1098 pg/ml (p = 0.025).

Conclusions : Patients with heart failure have increased liver 
stiffness, that appears to be related with the severity of heart fail-
ure. (Acta gastro enterol. belg., 2013, 76, 246-250).
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natriuretic peptide.

Introduction

Transient elastography (Fibroscan®) (TE) is a non-
invasive tool that determines hepatic stiffness, and it is 
a useful mean to estimate liver fibrosis in patients with 
chronic liver disease (1-3). It has been studied mainly 
in patients with chronic hepatitis C (4,5), but also in 
other chronic liver diseases such as hepatitis B (6), 
 alcoholic liver disease (7,8), non-alcoholic fatty liver 
disease (9,10), autoimmune hepatitis, primary biliary cir-
rhosis (11,12), primary sclerosing cholangitis (11) and 
hemochromatosis (2,13-16). However, liver fibrosis is 
not the only determinant of liver stiffness (LS). Several 
authors have also reported that LS may be increased in 
relation to necroinflammatory activity (17-19), cholesta-
sis (20) and infiltrative diseases of the liver (21,22). 

Hepatic congestion may also produce liver damage, 
and chronic hepatic congestion can lead to the develop-
ment of liver fibrosis. In fact, recently published articles 
have described the relation between LS and hepatic con-
gestion (23-29). The aims of our study were to deter-

mine the magnitude of the increase in LS in patients with 
heart failure, and to study the relationship of LS with 
other parameters of heart failure. N-terminal pro brain 
natriuretic peptide (pro-BNP) was used as a surrogate 
marker of heart failure, as its levels reflect both systolic 
and diastolic function (they are released from the heart 
in response to pressure and volume overload) (30-32) – 
in fact, authoritative guidelines on the clinical diagnosis 
and management of both acute and chronic heart failure 
recommend measuring pro-BNP (33-34). 

Patients and methods

A total of 26 patients with advanced heart failure were 
prospectively collected. None of them had previous his-
tory of liver disease, and all of them were treated accord-
ing to the usual standard of care. The study was approved 
by the Institutional Review Board of the Universidad de 
Navarra, and written informed consent was obtained in 
all cases.

Patients were divided in two groups. Group CHF in-
cluded 12 patients with compensated chronic heart fail-
ure, who attended the outpatient clinic. All of them had 
left ventricular failure with secondary right heart failure. 
Etiology included ischemic disease in 5 patients, valvu-
lopathy in 4 patients, dilated cardiomyopathy in 1 patient 
and both ischemic and valvular disease in 2 patients. 

Group AHF included 10 patients with acute decom-
pensated heart failure that were admitted to the hospi-
tal. 3 patients had primary right heart failure and 7 left 
ventricular failure with secondary right heart failure. Eti-
ologies included ischemic disease en 5 patients, valvu-
lopathy in 2 patients, dilated cardiomyopathy in 1 patient 
and pulmonary hypertension related to advanced lung 
disease in 2 patients. These patients admitted to hospital 
had NYHA class 3 – 4, that improved after clinical com-
pensation to a NYHA class ≤ 2 in all cases. 

Four subjects were excluded of the analysis. LS could 
not be determined in 2 patients because no reliable data 
were obtained due to bad acoustic window. Another 
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system SONOS 5500 (Philips, Andover, Massachusetts) 
and an ultrasound transducer probe S3 (1.6 to 3.2 MHz). 
Right and left ventricular ejection fractions, as well as 
estimated pulmonary artery systolic pressure, were re-
corded.

Statistical analysis

Non-parametric methods were used for statistical 
analysis : Spearman correlation for describing Pro-BNP 
and LS correlation, Mann-Whitney test for the compari-
son between groups CHF and AHF, and Wilcoxon test 
for the comparison between results obtained in patients 
from group AHF at admission and at discharge. Data are 
presented as median (range).

Results

Baseline data (Table 1)

Except for the NYHA class there was no difference 
regarding age and biochemical data, including liver en-
zymes, between the two groups. Patients in group CHF 
had lower values of TE and pro-BNP when compared 
with patients in group AHF at admission : 6.5 (5.0-10.8) 
and 14.4 (8.3-18.8) kpa (p = 0.009), and 1511 (671-
1918) and 3535 (1798-6878) pg/ml (p = 0.025), respec-
tively. There was no significant difference regarding the 
hemodynamic data measured by echocardiography in the 
2 groups. 

 patient had pericardial disease and the last one had nor-
mal pro-BNP values despite severe heart failure, with LS 
at hospital admission being 75 kPa. No control subjects 
were included in the study.

Data collection

Patients underwent routine blood chemistries : cell 
blood count, creatinine, sodium, potassium, bilirubin, as-
partate aminotransferase (AST), alanine aminotransfer-
ase (ALT), alkaline phosphatase, gamma glutamyl trans-
peptidase (GGTP), albumin, pro-BNP determination, 
echocardiography and TE during outpatient care (group 
CHF) or at hospital admission (group AHF). Patients in 
group AHF had also blood chemistries, pro-BNP and TE 
repeated before being discharged. 

TE was performed with Fibroscan® (Echosens), that 
consists of a 5 MHz ultrasound transducer probe mount-
ed in the axis of a vibrator. It generates low amplitude 
and low frequency vibrations that induce an elastic shear 
wave that propagates through the underlying liver tissue 
at a velocity that is directly related to tissue stiffness. Data 
obtained are expressed in kilopascals (kPa) ; a minimun 
of 10 determinations, with a success rate of at least 66% 
and an IQR less than 25% were required to consider the 
test as reliable. Normal LS values in healthy subjects in 
different studies range from 4.5 to 5.5 kPa (35-38). Pro-
BNP was analyzed by using a commercially available 
immunoassay (Elecsys proBNP, Roche Diagnostics) and 
echocardiography was performed with the ultrasound 

Table 1. — Baseline data of patients included in the two groups of patients

normal
values

CHF group 1

n = 12
AHF group 1

n = 10 
p-value 2

Age (years) 71.5 (66-82) 78 (68-82) 0.447

NYHA class 0 2 (1-2) 3 (3-4) < 0.001

Bilirubin (mg/dL) 0-1.2 0.9 (0.6-1.2) 1.1 (0.5-2.5) 0.630

AST (U/L) 1-25 14 (10-17) 11 (8-14) 0.201

ALT (U/L) 1-29 11 (10-16) 12 (10-21) 0.711

Alkaline phospatase (U/L) 28-207 96 (66-131) 101 (63-117) 0.806

GGTP (U/L) 0-38 22 (15-50) 47 (34-73) 0.141

Albumin (mg/dL) 3500-4500 4385 (3977-4667) 3930 (3360-4270) 0.063

Creatinine (mg/dL) 0.4-1.1 1.1 (1.0-1.2) 1.2 (1.0-1.5) 0.379

Sodium (mEq/dL) 134-146 141 (139-143) 140 (135-142) 0.286

Potassium (mEq/dL) 3.5-5.0 4.4 (4,1-4,8) 4.2 (3.9-4.6) 0.325

Liver stiffness (kPa) 4.5-5.5 6.5 (5.0-10.8) 14.4 (8.3-18.8) 0.009

Pro-BNP (pg/mL) < 200 1511 (671-1918) 3535 (1798-6878) 0.025

Ejection fraction (LV) 3 > 0.55 0.33 (0.25-0.40) 0.42 (0.28-0.50) 0.184

Ejection fraction (RV) 4 > 0.55 0.55 (0.50-0.56) 0.45 (0.40-0.54) 0.072

PSBP (mmHg) 5 < 30 50 (29-60) 57 (51-73) 0.074
1 Data are presented as median (range).
2 p-values showing statistical significance are presented in bold.
3 Ejection fraction (left ventricle). n = 19 (11 of CHF group + 8 of AHF group).
4 Ejection fraction (right ventricle). n = 19 (11 of CHF group + 8 of AHF group).
5 Pulmonary systolic blood pressure. n = 19 (11 of CHF group + 8 of AHF group).
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charge (p = 0.008). Absolute changes ranged from 0.1 to 
14.4 kPa ; the individual values are shown in Figure 2 
(only nine patients are included in the analysis, as one 
of them had no TE performed before being discharged). 
Pro-BNP values also decreased in all but one patient, 
from a median of 3535 (1798-6878) pg/ml to 1098 (652-
4972) pg/ml (p = 0.025). 

Discussion

Although recent studies have shown that LS is in-
creased in patients with decompensated heart fail-
ure (23,25-27), data are scarce and little is known about 
the magnitude of this change. We also lack information 
about the relationship between these two phenomena. 
Our study confirms that patients with heart failure have 
increased LS, and that the increase in LS appears to be re-
lated to the severity of heart failure. Nevertheless, despite 
providing useful information, our study presents major 
limitations. Number of patients included is small and 
some values are lacking in a few patients. In addition, 
we cannot establish a direct relationship between hepatic 
venous congestion and increased LS values, as no data 
regarding caval/hepatic veins or central venous pressure 
was prospectively recorded.

Millonig et al. (25) observed in a recent study, that 
included 10 patients with advanced decompensated heart 
failure, high LS values, that decreased after successful 
cardiac recompensation. Elevated LS values before clini-
cal compensation correlated with the presence of caval 
vein dilation but no significant correlation was seen with 
serum BNP levels. Coli et al. (26) also published a recent 
study that showed increased LS in patients with acute de-
compensated heart failure when compared with a control 
group. In this second study both LS and pro-BNP im-
proved after treatment of heart failure. Finally, Hopper et 
al. (27) observed elevated LS in all the cardiac dysfunc-
tion groups, although changes in volume status did not 

Liver stiffness and markers of heart failure

At inclusion in the study, median LS in the whole 
population (CHF and AHF groups) was 9.0 (5.5-14.8) 
kPa and median pro-BNP was 2031 (1026-4572) pg/ml. 
Median ejection fraction (left ventricle) was 0.35 (0.28-
0.45) and median estimated pulmonary artery systolic 
pressure was 55 (36-60) mmHg. Correlation between 
liver stiffness and pro-BNP levels was statistically sig-
nificant (Rho = 0.747, p = 0.001), as shown in Figure 1.

Evolution after treatment of acute decompensated heart 
failure (Table 2)

After clinical compensation, LS decreased in all pa-
tients of the AHF group, with a median of 14.7 (8.3-
18.8) kPa at admission and 8.2 (5.1-11.2) kPa at dis-

Table 2. — Blood chemistries, liver stiffness and Pro-BNP values in patients included in AHF group at admission and after 
treatment of acute decompensated heart failure

normal
values

Admission 1 Discharge 1,2 p-value 3

Bilirubin (mg/dL) 0-1.2 1.1 (0.5-2.5) 0.8 (0.5-1.4) 0.116

ASAT (U/L) 1-25 11 (8-14) 12 (9-15) 0.752

ALAT (U/L) 1-29 12 (10-21) 10 (7-23) 0.750

Alkaline phospatase (U/L) 28-207 101 (63-117) 98 (81-120) 0.091

GGTP (U/L) 0-38 47 (34-73) 36 (15-101) 0.116

Creatinine (mg/dL) 0.4-1.1 1.2 (1.0-1.5) 1.5 (1.0-1.9) 0.443

Sodium (mEq/dL) 134-146 140 (135-142) 139 (135-140) 0.635

Potassium (mEq/dL) 3.5-5.0 4.2 (3.9-4.6) 4.3 (3.8-5.0) 0.476

Liver stiffness (kPa) 4.5-5.5 14.4 (8.3-18.8) 8.2 (5.1-11.2) 0.008

Pro-BNP (pg/mL) < 200 3535 (1798-6878) 1098 (652-4972) 0.025
1 Data are presented as median (range).
2 Discharge after clinical compensation of acute decompensated heart failure.
3 p-values (Wilcoxon) showing statistical significance are presented in bold.

Fig. 1. — Correlation between liver stiffness and pro-BNP. 
* Chronic compensated heart failure.
• Acute decompensated heart failure.
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 patients with heart failure without acute decompensation 
is due to persistence of some degree of hepatic conges-
tion, to development of chronic liver damage secondary 
to cardiac dysfunction or both. 

In conclusion, patients with heart failure have in-
creased LS, that appears to be related with the severity 
of heart failure. Thus, TE is not valuable for the staging 
of chronic liver diseases in patients with this associated 
condition.
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