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Abstract
AIM: To evaluate plasma levels of nitrite/nitrate (NOx), 
soluble Fas (sFas) antigen, tumor necrosis factor alpha 
(TNF-α) and interleukin-6 (IL-6) in patients with com-
pensated and acute decompensated cirrhosis and to 
evaluate mediators causing acute decompensation in 
liver cirrhosis. 

METHODS: This prospective study was conducted in 
the medical intensive care unit of an academic tertiary 
center. Fifty-five patients with acute decompensation 
(gastrointestinal hemorrhage, encephalopathy, hydropic 
decompensation) and twenty-five patients with compen-
sated liver cirrhosis were included. Blood samples were 
taken for analyses of sFas, Nox, IL-6, TNF-α. Liver en-
zymes and kidney functions were also tested. 

RESULTS: In patients with acute decompensation, plas-
ma sFas levels were higher than in non-decompensated 
patients (15 305 ± 4646 vs  12 458 ± 4322 pg/mL, P  < 
0.05). This was also true for the subgroup of patients 
with alcoholic liver cirrhosis (P  < 0.05). The other media-
tors were not different and none of the parameters pre-
dicted survival, except for ALT (alanine-aminotransfer-
ase). In patients with portal-hypertension-induced acute 
hemorrhage, NOx levels were significantly lower than 
in patients with other forms of decompensation (70.8 ± 
48.3 vs  112.9 ± 74.9 pg/mL, P  < 0.05). When NOx lev-
els were normalized to creatinine levels, the difference 
disappeared. IL-6, TNF-α and sFas were not different 
between bleeders and non-bleeders. In decompensated 
patients sFas, IL-6 and NOx levels correlated positively 
with creatinine levels, while IL-6 levels were dependent 
on Child class.

CONCLUSION: In acute decompensated cirrhotic pa-
tients sFas is increased, suggesting a role of apoptosis in 
this process and patients with acute bleeding have lower 
NOx levels. However, in this acute complex clinical situa-

tion, kidney function seems to have a predominant influ-
ence on mediator levels.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Liver cirrhosis with portal hypertension is characterized 
by several systemic and splanchnic hemodynamic 
changes, such as splanchnic and systemic vasodilation, 
with increased cardiac output and a compensatory 
renal vasoconstriction[1]. A high level of  nitric oxide 
(NOx), a short-lived soluble vasodilating molecule, 
has been proposed as one of  the major endogenous 
vasodilators in portal hypertension[2,3]. Increased serum 
NOx levels in patients with cirrhosis have been reported 
repeatedly[4-10]. It is also thought to be the cause of  some 
of  the complications associated with end stage liver 
disease. Certain complications of  cirrhosis such as the 
hepatopulmonary syndrome may be in part mediated 
by local overproduction of  nitric oxide[11]. In contrast, 
exogenous application of  nitrates is helpful in primary 
prophylaxis of  variceal hemorrhage[12] and the endothelial 
dysfunction in cirrhosis results in impaired release of  
endothelial relaxing factors including NO[13]. Therefore, we 
speculated that changes in NOx levels could lead to acute 
decompensation of  liver cirrhosis. In addition to NOx, 
other mediators such as tumor necrosis factor-α (TNF-α) 
and interleukin-6 (IL-6) have also been associated with the 
hemodynamic alterations in liver cirrhosis[14-18] and might 
therefore influence events of  acute decompensation.

Experimental studies have also suggested that apoptosis 
via the soluble Fas (sFas)/Fas-ligand (FasL) signalling 
system may play an important role in the development of  
liver failure[19]. High levels of  sFas have also been described 
in certain chronic liver diseases[20,21]. However, the effects 
on acute decompensation of  chronic liver diseases are not 
yet known. The aim of  our study was to evaluate serum 



levels of  NOx, cytokines and sFas in patients with portal-
hypertension-associated gastrointestinal hemorrhage and 
to compare these with levels in patients with other forms 
of  acute decompensation or compensated cirrhosis. 

MATERIALS AND METHODS
Patients
A total of  80 consecutive patients with liver cirrhosis with 
(n = 55) and without (n = 25) decompensation entered 
this prospective study at the Department of  Medicine, 
University Hospital Heidelberg between October 1999 
and June 2000. Patients with decompensation had to be 
admitted immediately to the Intensive Care Unit of  the 
medical department. Patients with additional signs of  
infection were excluded from this study to eliminate the 
influence of  the infection per se on serum levels of  NOx, 
cytokines and sFas[22]. The study was approved by the 
ethical committee of  the University of  Heidelberg. After 
signing informed consent patients were enrolled. 

Criteria for decompensation in patients with histologically 
proven cirrhosis were: hydropic decompensation with 
ascites and peripheral edema (hydropic decompensation), 
encephalopathy or portal-hypertension-associated 
gastrointestinal hemorrhage. Patients were categorized 
according to their initial symptoms, and no patient was 
in more than one category. The severity of  liver disease 
was evaluated according to Pugh's modification of  Child's 
criteria. 

Since cytokine levels are influenced by accompanying 
infections, patients with additional signs of  infection were 
excluded. Spontaneous bacterial peritonitis (SBP) was 
defined as infection of  the ascetic fluid, in the absence of  
any intra-abdominal source of  infection, with a neutrophil 
count higher than 250 cells/mm3 ascitic fluid and/or a 
positive culture. Urinary tract infection was considered 
when the polymorphonuclear cell count was higher than 
105/mm3 and/or a positive culture of  urine. Systemic 
infection was diagnosed when two positive blood cultures 
were found. A pneumonia was diagnosed based on a 
positive sputum culture and/or typical chest X-ray.

On admission blood samples for cytokines, NOx and 
soluble Fas were taken. These parameters were measured 
together with routine laboratory tests on admission so as 
to exclude influences of  therapies and disease outcomes on 
cytokine levels. The clinical and biochemical features of  the 
patients are shown in Table 1. Five ml blood was obtained 
on admission in S-monovettes (Sarstedt, Germany). Serum 
was immediately separated by centrifugation (3000 r/min), 
divided into aliquot portions and stored at -25℃ until 
assayed (within 2 mo of  sampling).

Methods
IL-6 and TNF-α were measured in duplicates using 
commercially available EIA assays (CYTImmune Sciences 
Inc. College Park, MD USA). TNF-α assay sensitivity was 
4.8 pg/mL, the intra-assay coefficient of  variation was ± 
8.3%, and the inter-assay coefficient of  variation was ± 
10.8%. For IL-6 the assay sensitivity was 3.4 pg/mL, the 
intra-assay coefficient of  variation was ± 8.1%, and the 

inter-assay coefficient of  variation was ± 10.4%. 
SFas in serum was quantified by a colorimetric ELISA 

kit (Quantikine, R&D Systems GmbH Wiesbaden, 
Germany) according to the manufacturers’ instructions. 
Serum samples (100 µL) were poured into antibody-coated 
wells using multichannel pipettes, then incubated for 2 
h at room temperatures. After washing four times 200 
µL peroxidase-conjugated-polyclonal antibody solution 
was added to each well and incubated for 2 h at a room 
temperature. After washing, the substrate solution (200 
µL) was added to each well and incubated for 30 min. The 
stop solution (50 µL) was then added to the wells and the 
absorbance of  each well was measured at a wavelength 
of  450 nm (Anthos AR 2001). SFas concentrations were 
calculated by comparison of  the optical densities (mean 
of  duplicate patient samples) to those of  the standard run 
on the same plate. For sFas the assay sensitivity was 3.4 
pg/mL, the intra-assay coefficient of  variation was ± 3.8%, 
and the inter-ssay coefficient of  variation was ± 4.5%. 

NOx was determined from total nitrite levels. Total 
nitrite measurements were performed on stored samples 
from all patients, using commercially available kits (Nitric 
Oxide Assay, R&D Systems GmbH Wiesbaden, Germany). 
The assay involved the conversion of  nitrate to nitrite by 
nitrate reductase. The detection of  nitrite is determined 
as a colored azo-dye product of  the Griess reaction that 
absorbs visible light. The concentration of  NO was 
indirectly measured by determining both nitrate and nitrite 
levels in the same sample. Before analyses samples were 
thawed at a room temperature and ultrafiltered through a 
10 000 Molecular Weight cutoff  filter (Microcon YM-10, 
Millipore Corporation, USA) to eliminate proteins. 
Supernatants were placed in microtiter plates in duplicates. 
The steps used in the assay followed manufacturers' 
guidelines. After development, plates were read on a 
microtiter plate scanner (Anthos AR 2001 [550 nm]) and 
the endogenous nitrite and total nitrite concentrations 
were calculated by normalization of  the optical densities 
(mean of  duplicate samples) of  patient samples to those 
of  the standard on the same plate.

The ni trate concentrat ion was deter mined by 
subtracting the endogenous nitrite concentration from the 
total nitrite concentration. The analytic sensitivity of  the 
nitrite assay is typically less than 0.22 µmol/L and of  the 
nitrate reduction assay 0.54 µmol/L. Liver enzymes and 
creatinine levels were measured using standard commercial 

Table 1  Patient characteristics on admission

Characteristics Decompensated cirrhosis
(n  = 55)

Compensated cirrhosis
(n  = 25)

Age (yr) 56.1 ± 14.2 55.6 ± 13.7
Gender (M/F) 34/21       15/10
Etiology of cirrhosis
   Alcoholic 31 (56%) 14 (56%)
   Viral   8 (15%) 2 (8%)
   Others 16 (29%)   9 (36%)
Child Pugh class
   A/B/C 7/24/24 19/6/0
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photometric assays. Because NOx levels correlate with 
kidney function (serum creatinine), they were divided by 
creatinine levels[16].

Statistical analysis
The data were evaluated using descriptive statistical 
methods (mean ± SD, ranges). For comparison of  two 
independent variables the non-parametric Mann-Whitney 
U-test was used. P < 0.05 was considered significant. 
Correlations were assessed by Spearman's test. Statistical 
calculations were performed using SPSS Version 10.0 for 
Windows (SPSS Inc. Chicago, USA).

RESULTS
A total of  80 patients were consecutively analyzed. There 
were more men than women (Table 1). Alcohol was the 
predominant reason for cirrhosis in both groups (56%). 
Liver cirrhosis, as assessed by the Child-Pugh score, 
showed higher stages in the decompensated group. 

Decompensated vs compensated cirrhosis
Serum levels of  soluble Fas, NOx, TNF-α and IL-6 
of  patients with and without hepatic decompensation 
are summarized in Table 2. Among these only sFas was 
different (P < 0.05) between the groups with greater values 
in patients with decompensation. Further differences 
between the groups were aspartate-aminotransferase 
(AST) and alanine-aminotransferase (ALT) levels. In 
decompensated patients the values averaged 99.7 ± 
273.1 U/L and 46.3 ± 153.8 U/L, respectively. The 
corresponding values in compensated patients were 25.2 ± 
15.6 and 20.5 ± 13.9 U/L (P < 0.05). Kidney function, as 
determined by serum levels of  creatinine, was impaired in 
patients with decompensation (1.3 ± 0.9 vs 0.8 ± 0.2 mg/
dL, P < 0.01).

Survival 
Within the follow up period of  two months, 7 patients 
with decompensated livers died, while none of  the 
compensated patients died. In comparison to the 
decompensated survivors, neither sFas, NOx, and TNF-α 
nor IL-6 levels were different. Kidney function was also 
comparable. However, ALT levels were significantly higher 
in patients who died during the observation period (73.6 ± 
74.8 vs 42.0 ± 162.8 U/L, P < 0.01).

Comparison of decompensated patients with and without 
bleeding 
Portal hypertension related gastrointestinal hemorrhage 
was the reason for admission in 21 patients. IL-6, TNF-α 
and sFas levels were not significantly different between 
patients with and without bleeding. However, NOx levels 
were significantly lower in patients with bleeding (70.8 ± 
48.3 vs 112.9 ± 74.9 pg/mL, P < 0.05). At the beginning 
kidney function, as assessed by creatinine levels, was 
poorer in patients with bleeding compared to patients 
without bleeding (0.9 ± 0.4 vs 1.5 ± 1.0 mg/dL, P < 0.05). 
NOx levels are dependent on kidney function and were 
therefore normalized to creatinine levels. This eliminated 

the difference. In the bleeding group, the ratio was 0.88 
± 0.62 vs 1.13 ± 0.95 in decompensated patients without 
bleeding (P = NS). In addition, transaminase levels were 
not different between the patient groups.

Correlation between mediators, transaminases (ALT, AST) 
and creatinine levels in patients with decompensated 
cirrhosis
Serum sFas levels and NOx correlated positively with 
creatinine levels (P < 0.05). Serum TNF-α and IL-6 
levels showed no correlations and none of  the mediators 
correlated with each other, whereas ALT correlated with 
AST (P < 0.001).

Etiology of cirrhosis
In patients with decompensated livers, alcohol was the 
reason for cirrhosis in 31 cases and viral infection was the 
cause in 8 patients. In alcoholic cirrhosis NOx levels were 
higher (104.2 ± 57.5 µmol/L), while in viral hepatitis NOx 
levels were significantly lower (63.9 ± 60.7 µmol/L, P < 
0.05). In patients with alcoholic decompensated cirrhosis 
sFas levels were higher (15711 ± 4406 pg/mL) than in 
patients with compensated alcoholic cirrhosis (14 882 + 
4588 pg/mL, P < 0.05). This again indicates a potential 
role of  apoptosis in deteriorating liver function in these 
patients. The TNF-α and IL-6 levels were similar in both 
groups.

Dependency on liver function
Several reports have found a correlation between liver 
function, as assessed by the Child-Pugh score, and 
cytokine levels. For sFas, TNF-α and NOx no dependency 
on liver function was observed. However, there was 
a clear dependency of  IL-6 levels on liver function. 
With deteriorating liver function, IL-6 levels increased 
significantly (P < 0.05) (Figure 1).

DISCUSSION
Acute decompensat ion of  l iver c ir rhosis is a l i fe 
threatening complication of  a chronic disease. The reasons 
why acute decompensation occurs are not well understood, 
but bacterial infections are thought to be involved in some 
patients[23]. To exclude this possibility and to evaluate the 
role of  different mediators only patients without any signs 

Table 2  Serum levels of soluble Fas (sFas), nitrite/nitrate 
(NOx), tumor necrosis factor alpha (TNF-α) and interleukin-6 
(IL-6) in patients with acute decompensation (hemorrhage, 
encephalopathy, and hydropic decompensation) of liver cirrhosis 
(mean ± SD)

Decompensated cirrhosis
(n  = 55)

Compensated cirrhosis
(n  = 25)

SFas (pg/mL)  15 305 ± 4646  12 458 ± 4322a

NOx (µmol/L)     96.9 ± 68.7    64.2 ± 40.2
TNF-α (pg/mL)    90.9 ± 65.2    73.5 ± 46.5 
IL-6 (pg/mL)      84.8 ± 154.3    180.9 ± 662.2

aP < 0.05 vs decompensated cirrhosis.
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of  infection were enrolled in this study. Our results showed 
that in a large cohort of  decompensated cirrhotic patients 
decompensation was accompanied by increased sFas levels. 
This was independent of  the kind of  decompensation, 
i.e., bleeding or hydropic decompensation and was also 
independent of  Child stage. SFas had no relation to 
outcomes or transaminase levels, but correlated with 
kidney function. 

The data showed that cl inical progression and 
decompensation of  liver disease was accompanied by an 
increase in sFas levels. These results are consistent with 
other studies demonstrating that the clinical progression 
of  HBV from acute to chronic to malignancy is reflected 
by a profile of  steadily increasing sFas levels[21]. Similar 
results were reported in patients with chronic hepatitis 
C[24]. We first describe such a correlation in patients with 
acute decompensation of  chronic liver disease, especially 
in patients with alcoholic cirrhosis. Evidence from in 
vitro studies suggests that sFas can interfere with immune 
cell-mediated Fas/FasL apoptosis induction[25,26]. The 
results therefore indicate that such interference plays a 
progressively enhanced role during the evolution of  the 
disease and the occurrence of  acute decompensation. 

In accordance with other studies we also found 
a dependency of  sFas levels on kidney function[27]. 
In patients with chronic renal failure and in patients 
undergoing dialysis elevated sFas levels have been 
described. Therefore, the elevation of  sFas levels in our 
patients might also be mediated by the degree of  kidney 
failure. This additional factor was not mentioned in several 
other studies where kidney function was not evaluated. 

Among many potential mediators, NOx has emerged 
as the main candidate implicated in the pathogenesis 
of  the hemodynamic alterations in liver cirrhosis. In 
chronic liver diseases NOx is either produced as a result 
of  high systemic endotoxin levels or shares stress of  
endothelial cells. In our study, NOx levels tended to be 
greater in patients with decompensated liver cirrhosis, 
however, this did not reach statistical significance. 
Among the decompensated patients, those with portal 
hypertension associated bleeding (i.e., variceal bleeding, 
portal hypertensive gastropathy and colonopathy) had 
significantly lower NOx levels than patients with other 
forms of  decompensation (i. e., encephalopathy, hydropic 
decompensation). 

NOx levels are determined not only by NO production 
but also by the degree of  kidney dysfunction, the fasting 
state and exogenous nitrate sources[28]. There is an 
inverse correlation of  kidney function and NOx serum 
levels[16]. In our cirrhotic patients with bleeding, kidney 
function at entry was better, as assessed by measuring 
serum creatinine levels, than in patients with other forms 
of  decompensation. We therefore normalized NOx 
levels to serum creatinine levels and found no difference 
in NOx levels in decompensated patients with and 
without bleeding[16], thus changes in NOx levels were 
not responsible for the acute bleeding episode. Kidney 
function was evaluated by creatinine levels. This is 
sufficient, since alterations in kidney functions reflected 
by changes of  creatinine concentrations are accompanied 
by changes in NOx levels[29]. NOx levels were determined 

within 24 h after admission of  the patients. Since NOx 
serum levels have a half-life period of  5 h and serum 
samples from all patients were obtained in similar fashion, 
this should not have influenced our results[30].

In our study NOx levels were determined regardless of  
the fasting state. However, it has to be kept in mind that a 
gastrointestinal bleeding leads to a high intestinal protein 
load and induces encephalopathy in severe cirrhotic 
patients. Thus, our bleeding patients had an endogenous 
protein load, which could have even higher plasma NOx 
levels.

NOx is not the only mediator involved in the 
hyperdynamic circulation in cirrhosis. IL-6 and TNF-α 
are also thought to be involved[14,31,32] and both are able to 
increase NOx levels. In our study there were no differences 
at all between the groups and also patients with bleeding 
had no difference in these cytokine levels compared to 
patients with other forms of  decompensation. Moreover, 
we could not find a dependency of  TNF-α, sFas and 
NOx levels on liver function as assessed by the Child 
classification. Only IL-6 levels showed a dependency on 
liver function. This is in contrast to some studies, where 
such a relation could be observed[10]. Other studies were 
inconsistent[16]. However, serum levels were not corrected 
for kidney function[10]. It has been suggested that some of  
the elevations seen in these mediators are a consequence 
of  liver cirrhosis and its hemodynamic alterations, rather 
than the cause of  them. In fact, IL-6 is cleared mainly in 
the liver[33], and consequently the elevated IL-6 levels might 
be secondary to liver dysfunction.

In summary, we show that IL-6 and TNF-α are not 
altered in acute decompensated patients. SFas and NOx 
levels are different, but dependent of  and correlated with 
kidney function. None of  the mediators alone is able to 
induce acute decompensation. However, in this acute 
complex clinical situation, kidney function seems to have 
predominant influence on mediator levels.
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