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Relationship of increased serum brain natriuretic peptide
levels with hepatic failure, portal hypertension and
treatment in patients with cirrhosis

Sirozlu hastalarda karaciger yetmezligi, portal hipertansiyon ve tedavi ile artmig

B tipi natriuretik peptid arasindaki iligki
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Background/aims: Brain natriuretic peptide is a cardiac ne-
urohormone secreted from ventricles in response to end diasto-
lic pressure and increased volume. It has diuretic, natriuretic
and vasodilator effects. In cirrhosis, a hyperdynamic circulati-
on occurs because of hemodynamic and hemostatic alterations.
The increase in brain natriuretic peptide concentration shows
parallelism with the stage of cirrhosis. The aim of this study is
to investigate the relation of increased brain natriuretic peptide
level with the pathophysiologic components of cirrhosis and tre-
atment. Methods: Ninety-five cirrhotic patients in different sta-
ges (Child-A: 33; Child-B: 25; Child-C:37) and age and sex
matched 86 healthy indivudials were recruited for the study.
Brain natriuretic peptide concentration was measured with
brain natriuretic peptide-Triage test device using fluoresan im-
mun assay method. Results: Brain natriuretic peptide levels of
patients with hepatic cirrhosis were significantly higher compa-
red to control group (288,5+329,2/ 60,2+ 29,5/ p=0.000, respec-
tively). Serum brain natriuretic peptide levels were positively
correlated with Child score (Child A-B-C; 201,2+266/
258,7+233,6/ 386,56+407,7, respectively). A negative correlation
was observed between brain natriuretic peptide and albumin le-
vels (p=0.002). Brain natriuretic peptide concentration was sig-
nificantly correlated with the grade of esophagus varices, and
presence of ascites and collateral circulation (p=0,006; p=0,001;
p=0,002; respectively). Patients receiving with beta-blocker and
diuretic treatments had significantly higher brain natriuretic
peptide levels. Conclusions: High brain natriuretic peptide le-
vels in patients with cirrhosis may be due to hepatocelluler in-
sufficiency or portal hypertension, but a cardiomyopathy deve-
loping insiduously should not be regarded.
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INTRODUCTION

Brain natriuretic peptide (BNP) is a cardiac ne-
urohormone secreted from ventricles in response

Amag: Beyin natriiiretik peptid artmis diyastol sonu basing ve
voliime bagli olarak ventrikiilden salgilanan bir kardiyak néro-
hormondur. Diiiretik, natriiiretik ve vazodilator etkileri vardur.
Sirozda hemodinamik ve hemostatik degisiklikler nedeniyle hi-
perdinamik bir dolasim olmaktadir. Beyin natriiiretik peptid
konsantrasyonundaki artis sirozun evresiyle paralellik goster-
mektedir. Calismamizin amact artmig beyin natriiiretik peptid
diizeyi ile sirozun patofizyolojik komponentleri ve tedavist ara-
sindaki iliskiyi arastirmaktir. Yontem: Calismaya sirozun
farkly evrelerinde bulunan 95 hasta (Child-A: 33; Child-B: 25;
Child-C:37) ve yas ve cinsiyet dagilimi agisindan benzer 86 sag-
ltkly goniillii alindi. Beyin natriiiretik peptid konsantrasyonu
floresan immiin assay yontemi ve beyin natriiiretik peptid-Tria-
ge test cithazi kullanilarak olgiildii. Bulgular: Karaciger siroz-
lu hastalarin serum beyin natriiiretik peptid diizeyleri kontrol
grubundan anlamli derecece yiiksek bulundu (p: 0,000). Child-
Pugh siniflamasina gore de hastalar arasinda anlamli diizeyde
farkliliklar vardr (p=0.045). Serum albumin ve beyin natriiire-
tik peptid diizeyleri arasinda negative korelasyon oldugu goriil-
dii (p=0.002). Beyin natriiiretik peptid konsantrasyonu ile 6zo-
fagus varislerinin derecesi, asit varligi ve kollateral dolasim
arasinda anlamli korelasyon vardr (sirayla p=0,006; p=0,001;
p=0,002). Beta bloker ve diuretic tedavisi alan hastalardaki se-
rum beyin natriiiretik peptid diizeyi almayanlara gore anlamli
derecede daha yiiksek bulundu. Sonug¢: Sirozlu hastalardaki
artmig serum beyin natriiiretik peptid diizeyleri portal hiper-
tansiyon veya hepatoselliiler yetmezlige bagli olabilir, ancak
sinsi geligsen kardiyomyopatinin de etkisinin olabilecegi unutul-
mamalidir.

Anahtar kelimeler: Siroz, B-tipi natritiretik peptid, Child-Pugh
siniflamasi

to end-diastolic pressure, related to volume load.
BNP has diuretic, natriuretic and vasodilator ef-
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fects. Increased serum BNP levels are correlated
with the severity and functional capacity of chro-
nic heart failure. BNP is useful in distinguishing
cardiac dyspnea from non-cardiac causes. It is al-
so useful in screening patients with coronary he-
art disease, hypertension, diabetes, cirrhosis, and
other vascular diseases who are at risk for left he-
art failure (1-4). BNP increases before the symp-
toms of heart failure appear, which allows early
diagnosis (5). BNP increases in both systolic and
diastolic dysfunction, but the increase is more pro-
nounced when both are present (6-8).

BNP level has shown to be increased in patients
with liver cirrhosis. In cirrhosis, intestinal flora
disorder, the transition of intestinal flora to me-
senteric lymph nodes, bacterial translocation, and
decreased hepatic clearance of endotoxins cause
an endotoxemic medium. Consequently, various
mediators (nitric oxide, von Willebrand factor
(VWF), etc.) are released from endothelial cells
and a hyperdynamic circulation occurs (9,10). The-
se changes result in functional and structural car-
diac disorders in patients with liver cirrhosis.
Thickness of the left ventricular wall, diastolic
dysfunction and stress-induced systolic dysfuncti-
on are indicative of cirrhotic cardiomyopathy (11).
BNP increases in correlation with the severity of
this pathology.

As aforementioned, hyperdynamic circulation (al-
so volume overload) and structural cardiac chan-
ges may be related to the increased BNP levels in
patients with liver cirrhosis. The aim of this study
was to determine the association of BNP levels
with the clinical severity of cirrhosis.

Table 1. The different etiologies of cirrhosis

Etiology Number of Etiology Number of
patients patients
HBV 30 Cryptogenic 20
HCV 16 Alcohol 13
HBV+HCV 3 Budd-Chiari 2
HBV+HDV 4 Autoimmune 3
HCV+ALCOHOL 1 Other 3

YILMAZ et al.

MATERIALS AND METHODS

This randomized prospective case controlled study
was conducted in the Gastroenterology Depart-
ment of a university hospital between April-De-
cember 2005. Patients with liver cirrhosis conse-
cutively admitted to the outpatient gastroentero-
logy clinic and healthy controls composed the
study population. Patients who had factors affec-
ting BNP levels such as hypertension, diabetes,
coronary heart disease, and oral contraceptive use
were excluded from the study.

The demographic features of patients, medicati-
ons, etiological factors, and BNP levels were recor-
ded onto the study form.

The diagnosis of liver cirrhosis was made by clini-
cal, laboratory and imaging methods in 90 pati-
ents and with liver biopsy in five patients. The sta-
ge of cirrhosis was classified according to the
Child-Pugh classification, which reflects the seve-
rity of the disease. Moreover, Model for End-Stage
Liver Disease (MELD) scores were calculated and
their correlations with serum BNP levels were de-
termined. Other possible causes of BNP increases
were diagnosed from the patient history, physical
examination, electrocardiography, chest X-ray,
and laboratory assays.

Esophageal varices were detected by endoscopic
examination and graded with Paget classification
(12). Portal-splenic vein diameter and spleen di-
mensions were measured using an ALT-HDI 3500
Doppler-ultrasonography device. The measure-
ment of left ventricle posterior wall thickness was
performed with an ALT HDI 3500 echocardiog-
raphy device.

Biochemical analysis was done with Olympus AU
600 analyzer using nephelometry method. Comple-
te blood count was performed using a spectrophoto-
meter with Beckman Coulter STKS analyzer. Prot-
hrombin time measurement was conducted with
STA Compact brand device by clotting method.

BNP concentrations were determined with a Tria-
ge-BNP device. Blood samples taken into EDTA-

Table 2. Number of patients with different signs of hepatocellular failure and portal hypertension

Group N Group N
Encephalopathy 65 (68%) Esophageal varices grade 1-2-3 42-22-10
Ascites 60 (68%) Collateral 24 (25%)
PT <14 sn/>14 sn 20 (21%) Portal vein diameter <11 mm />11 mm 44/51
Bilirubin <1.9/2-2.99 / >3 51/21/23 Splenic vein diameter <10 mm / >10 mm 52/43
Albumin <2.8/2.81-3.5/>3.5 31/31/33

N: Number of patients. PT: Prothrombin time. Sn: Second.
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containing tubes were added to the test device and
the device was placed in a Triage Meter using flu-
orescent immunoassay (13, 14).

Statistical Analysis

All statistical analysis was performed by SPSS
11.0 (Statistical Package for the Social Sciences)
for Windows. Continuous variables were expres-
sed as mean * standard deviation. Frequent vari-
ables were expressed as percentage. Student-t test
was used in the comparison of two groups nor-
mally distributed. Chi-square test was used for
dichotomous variables. We used ANOVA for the
comparison of three or more groups normally dis-
tributed, and chi-square test was used for catego-
rical variables. Kruskal-Wallis test was used for
the comparison of three or more groups if the as-
sumptions for ANOVA and chi-square were not
fulfilled. In the post-hoc analyses of normally dis-
tributed variables, Turkey-HSD was used. A two-
sided P value <0.05 was considered significant.

RESULTS

A total of 95 patients with hepatic cirrhosis and 86
healthy controls were included into the study. The
mean age of the study population was 45.1+12.3
years, and 58% (105) of them were male. Accor-
ding to Child-Pugh classification, 33 patients were
Child A, 25 were Child B and 37 were Child C. The
different etiologies of cirrhosis are shown in Table
1. Details of hepatocellular failure and portal
hypertension in cirrhotic patients are displayed in
Table 2. Table 3 shows the number of patients on
different medications and their stages.

BNP levels of patients with hepatic cirrhosis were
significantly higher compared to the control group
(288.5+£329.2 vs 60.2+ 29.5; p=0.000). There was al-
so a significant difference among the cirrhotic pati-
ents after classifying them according to the Child-
Pugh classification (p=0.045) (Table 4). In the post
hoc analyses, the BNP levels between Child A and

Table 3. Number of patients on different medications
and their stages
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C groups were found to be significantly different
(p=0.014). Although BNP levels of the Child C gro-
up were higher than in the Child B group, the dif-
ference was not statistically significant. The BNP
levels of the control group and cirrhotic group and
the results of cirrhotic patients with different sta-
ges classified according to Child-Pugh are shown in
Table 4.

When patients were evaluated according to MELD
scores, Child A was 9.8+2.3, Child B 11.3+1.8 and
Child C 18.8+4.3. There was no significant associ-
ation with serum BNP levels (p=0.72).

The BNP levels of patients with alcoholic cirrhosis
(n=13) did not differ from those of other cirrhotic
patients (p=0.298).

Serum BNP levels were significantly higher in pa-
tients with a left ventricle posterior wall thickness
>11 mm compared to patients with a wall thickness
<11 mm (206.4+267 vs 379.7+368, respectively; p:
0.001). There was no significant association betwe-
en QT intervals and serum BNP levels (p=0.109).

There was no statistical difference between BNP
levels of patients with and without a history of he-
patic encephalopathy during the previous three
months (p=0.278). Although patients with prot-
hrombin time >14 seconds had a higher mean BNP
level, this elevation did reach a statistical signifi-
cance (312.5 vs 198.5, respectively; p=0.097). The
relation between bilirubin levels and BNP was al-
so not significant (p=0.205). Lower albumin levels,
an indicator of both hepatocellular failure and por-
tal hypertension, were related to higher BNP le-
vels according to the results of this study (p=0.002)
(Table 5).

Table 4. BNP levels of control and cirrhotic groups

Group n Mean BNP levels P
(min-max)

Control 86 60.2+29.5 (14-169) P: 0.000

Cirrhosis (total) 95 288.5£329.2 (7.4-1594)

Child A 33 (35%) 201.2+266 (15.8-1555)

Child B 25 (26%) 258.7+233.6 (25-1006) P:0.045

Child C 37 (39%) 386.5+407.7 (7.4-1594)

Drug Stage n n

Beta-blocker

(Propranolol 40-80 mg) /day Child A 15 18
Child B 12 13
Child C 15 22

Diuretic

Spironolactone 100-300 mg/ Child A 3 30

day or Furosemide Child B 4 21

40-80 mg/day or both Child C 16 21

Min: Minimum. Max: Maximum. n: Number of patients.

Table 5. Relation between albumin and BNP levels

Albumin n Mean BNP levels p value
<2.8 31(33%) 400.8+433.8 (7.4-1594) 0.02
2.8-3.5 31 (33%) 280+229.2  (46-970)

>3.5 33 (34%) 181+265.6 (15.8-1555)

n: Number of patients.

n: Number of patients.



384

BNP levels were higher in patients with ascites
than in patients without ascites (347.8 vs 186.8,
respectively; p=0.001). There was no difference
between the BNP levels of patients with and wit-
hout splenomegaly (306.2 vs 244.1, respectively;
p=0.804). The Child scores of these two groups we-
re also not statistically different (p=0.247).

The presence of collateral circulation diagnosed
with physical examination or Doppler ultrasonog-
raphy was also related to high BNP levels (367.2
vs 261.9, p=0.002). Patients with esophageal vari-
ces had significantly higher BNP levels than pati-
ents without esophageal varices (310.8+310.7 vs
210+385.7, respectively; p=0.006). Although BNP
levels increased with higher grades of esophageal
varices, the difference was not significant in post-
hoc analyses. BNP levels of patients with varices
are shown in Table 6.

Patients were classified as having a portal vein di-
ameter of >11 mm or not (283+3236.3 vs
294+339.3, respectively; p=0.740) and splenic vein
diameter of >10 mm or not (344.9+420.4 vs
241+222, respectively; p=0.455) as an indicator of
portal hypertension; however, there was no diffe-
rence between the groups.

Patients using beta-blockers (propranolol 40-80
mg) had significantly higher BNP levels than ot-
her patients (364.4+377.7 vs 228.4+274, respecti-
vely; p=0.005). The Child-Pugh classifications of
these two groups were also similar (p=0.832). The-
re was no significant difference regarding mean
MELD scores in patients treated with f-blockers
(n=42) and other patients (13+4.4 vs 14.2+5.7, res-
pectively; p: 0.484). Furthermore, patients recei-
ving diuretics also had significantly higher BNP
levels (411.7£354.7 vs 249.1+313; p=0.001). Table
7 shows the BNP levels of patients using beta-
blocker and diuretic.

DISCUSSION

Our study showed a significant correlation of se-
rum BNP levels with stage of cirrhosis according
to Child-Pugh classification, evidences of hepato-

Table 6. BNP levels of patients with and without varices

YILMAZ et al.

Table 7. Comparison of patients receiving or not recei-
ving beta-blocker and diuretic according to their BNP
levels

Beta blocker (+) n Mean BNP levels P
Child A 15 293.2+366.8 0.005
Child B 12 316.3+x171.1

Child C 15 474+489.8

Total 42 364.4+377.7

Beta blocker (-)

Child A 18 124.5+93.2

Child B 13 205.6+275.5

Child C 22 326.8+340.3

Total 53 228.4+274

Diuretic

Diuretic (+) 23 411.7+354.7 0.001
Diuretic (-) 72 249.1+313

Varices n Mean BNP levels P
No varices 21 (22%) 210+385.7 (7.4-1594) 0.006
Patients with varices 74 (78%)
Grade-1 42 274.7+253.3 (17-1366)
Grade-2 22 347+350.2 (41-1594)
Grade-3 10 382+435.2 (108-1555)

n: Number of patients.

n: Number of patients.

cellular failure, and findings of portal hypertensi-
on and portal hypertension-lowering therapies.

There is little data about the relationship between
BNP levels and the clinical course of hepatic cirr-
hosis. Previous studies showed that two pathologi-
cal conditions, a hyperdynamic circulation secon-
dary to the hemostatic and hemodynamic alterati-
ons in cirrhosis and cardiomyopathy, may be rela-
ted to higher BNP levels in cirrhotic patients (15-
18). Furthermore, higher BNP level is an indicator
of both diastolic and systolic dysfunction (15).

The BNP levels of healthy and cirrhotic patients
were found to be different, and even the Child A
group had higher BNP levels than the control gro-
up in the present study. This finding indicates
that BNP may be an early indicator of cirrhosis in
patients with hepatocellular diseases. Furthermo-
re, BNP levels increase with higher grades of
Child-Pugh classification, indicating that BNP le-
vels are related to the severity of cirrhosis.

Lower albumin levels and prolonged prothrombin
time are indicators of hepatocellular failure. In
the present study, lower albumin levels and pro-
longed prothrombin time, with lack of statistical
significance, were related to higher BNP levels.
This association may be a result of hemodynamic
alterations seen secondary to the liver cirrhosis
that are also correlated with the albumin levels
and prothrombin time. Existence of ascites, colla-
teral circulation and esophageal varices were rela-
ted to increased BNP levels according to the re-
sults of this study. Although there was a lack of
statistical significance, higher variceal grades ten-
ded to be present together with higher BNP levels.
These findings are indicators of high portal vein
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pressure, and cirrhotic patients with portal hyper-
tension had significantly higher BNP levels than
the patients without portal hypertension accor-
ding to the results of this study. All three of these
states are related to volume overload and increa-
sed preload causing myocardial wall tension,
which may result in BNP release. These findings
indicate that BNP may be a prediction tool to fol-
low the clinical progress of cirrhotic patients. BNP
may also be used for pursuing the responses to the
treatment given to these patients. However, furt-
her studies are needed in order to reveal the rela-
tionship between BNP and treatment modalities
in cirrhotic patients.

Cirrhotic cardiomyopathy is an asymptomatic si-
tuation differing from alcoholic cardiomyopathy. It
can cause clinical findings with the occurrence of
hyperdynamic circulation (19,20). Alcoholic cardi-
omyopathy is characterized by a decrease in left
ventricular function regardless of the presence of
hepatic cirrhosis (21,22). These two clinical situ-
ations should be distinguished. There is a decrea-
se in the left ventricular function in alcoholic cirr-
hosis, while beta adrenergic receptor and plasma
membrane dysfunction and increase in intracardi-
ac volume are seen in cirrhotic cardiomyopathy
(16). Henriksen et al. (23) and Wong et al. (15) fo-
und a significant correlation between alcohol use
and BNP concentration in patients with cirrhosis,
and thus alcohol may have an independent effect
on cardiac involvement in cirrhotic patients. The-
re was no statistically significant difference bet-
ween the BNP levels of patients with and without
alcoholic cirrhosis in our study. This may result
from the low number of patients with alcoholic
cirrhosis, or it may suggest that serum BNP levels
are independent of the toxic effects of alcohol on
myocytes and the etiology of cirrhosis (31).

We also evaluated the effects of beta-blocker and
diuretic treatments on BNP levels. Beta-blocker
and diuretics decrease BNP levels by improving
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