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Abstract
Background: Liver cirrhosis is divided into two stages: compensated stage and another advanced stage which
includes both decompensated cirrhosis and acute-on-chronic liver failure. The immune system is of major impor‑
tance in cirrhosis pathophysiology. Sustained bacterial translocation from the intestine to systemic circulation causes
a chronic systemic inflammatory syndrome. Inflammatory markers are emerging in the scope of cirrhosis and its
complications due to their deleterious effects on disease progression and prognosis. The aim of the study was to
assess the value of leukotriene B4 (LTB4) as a marker of decompensated cirrhosis and to evaluate its relation to disease
progression and complications.
Results: The current study was conducted on 80 candidates in the Alexandria Main University Hospital, Tropical
Medicine Department; they were categorized into three groups: group I (n = 30) compensated cirrhotic patients,
group II (n = 30) decompensated cirrhotic patients, and group III (n = 20) apparently healthy individuals. Serum LTB4
was measured by ELISA. LTB4 showed statistically significant higher values in the decompensated group than the
compensated group (p = 0.007) and the control group (p = 0.002). However, there was no statistically significant
difference between the compensated group and the controls (p = 0.510). LTB4 correlated positively with the ChildPugh score (p = 0.003). Moreover, it correlated positively with the MELD-Na score (p = 0.012). There was a significant
correlation between the degree of ascites and serum LTB4 (p < 0.001). However, there was no significant correlation
between hepatic encephalopathy and LTB4 (P > 0.204).
Conclusion: Serum LTB4 could be used as a sensitive biomarker of decompensation in cirrhotic patients.
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Background
Chronic HCV infection is often asymptomatic and ultimately leads to cirrhosis [1]. The clinical course of cirrhosis is divided into two stages: compensated and
decompensated [2]. Progression of a compensated stage
to a decompensated one has a significantly negative effect
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on the prognosis and is related to an abrupt decrease in
survival probability to less than 3–5 years [3].
Our concepts on the pathophysiology of cirrhosis progression have undergone major changes and the axis
formed by the bowel, liver, and immune system became
of major importance [4]. Sustained bacterial translocation from the intestinal lumen to the systemic circulation
and organs triggers the innate immune system and results
in a chronic systemic inflammatory syndrome which may
be a mechanism for decompensation and multiorgan dysfunction [5].
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LTB4 is a pro-inflammatory compound that displays
strong chemoattractant properties. Increased LTB4 has
been found in lots of inflammatory and allergic diseases
and levels correlate with disease activity in some of these
[6]. However, leukotriene B4 role in decompensated cirrhosis has not been studied in depth.
Aim of the work

The aim of this study was to assess the value of LTB4 as a
marker of decompensated cirrhosis and to study its relation to complications and disease progression.
Subjects

This study was conducted on 80 candidates in the Alexandria Main University Hospital, Tropical Medicine
Department; subjects were divided into three groups:
group I (n = 30) compensated cirrhotic patients, group
II (n = 30) decompensated cirrhotic patients, and group
III (n = 20) apparently healthy individuals. The age of the
candidates ranged between 21 and 79 years old.
Exclusion criteria

Patients with concurrent allergic diseases, diabetes mellitus, obesity, malignancies, and history of anti-inflammatory and immunosuppressive drugs were excluded from
the study.

Methods
All patients were subjected to thorough history taking
and proper clinical examination. Laboratory investigations included complete blood count, liver function tests,
renal function tests, erythrocyte sedimentation rate and
C reactive protein (CRP), viral hepatitis markers B and C,
polymerase chain reaction test for HCV RNA, and serum
alpha-fetoprotein. Triceps fold thickness and basal metabolic index were estimated in addition to Child-Pugh
classification and MELD score calculation. Serum LTB4
was measured by the ELISA kit named Human Leukotriene B4 (LTB4) ELISA kit. Ultrasound abdomen and
triphasic CT scan were done for patients with ultrasound
positive focal hepatic lesions.
Data were analyzed using the IBM SPSS software package version 20.0. The used statistical tests were chi-square
test, Monte Carlo correction, Student’s t test, F-test
(ANOVA), Mann-Whitney test, Kruskal-Wallis test, and
Spearman’s coefficient. Receiver operating characteristic
curve (ROC (was generated by plotting sensitivity (TP)
on Y-axis versus 1-specificity (FP) on X-axis at different
cutoff values. The area under the ROC curve denotes the
diagnostic performance of the test. Area more than 50%
gives acceptable performance and area about 100% is the
best performance for the test.
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Ethical approval

The ethical committee of the Faculty of Medicine, Alexandria University, approved this study. Written informed
consent was obtained from all patients.

Results
This study was conducted on 80 candidates in the Alexandria Main University Hospital, Tropical Medicine
Department; subjects were divided into three groups.
Regarding their demographic data, see Table 1.
Group I included 30 compensated cirrhotic patients.
They were 63.3% males and 36.7% females. Their mean
age was 48.0 ± 11.06 years old. All the patients were
HCV positive.
Group II included 30 decompensated cirrhotic patients.
They were 50% females and 50% males. Their mean age
was 55.47 ± 12.62 years old. All the patients were HCV
positive.
Group III control group included 20 apparently healthy
individuals. They were 35.0% males and 65% females.
Their mean age was 55.47 ± 12.62 years old.
Regarding LTB4 results, in the control group, it ranged
6.21–47.45 ng/L with a mean of 19.83 ± 13.17 ng/L. In
compensated cirrhosis group, it ranged 9.11–58.73 ng/L
with a mean of 9.11–58.73 ng/L. On the other hand, LTB4
in the decompensated cirrhosis group ranged between
13.62 and 346.1 ng/L with a mean of 47.34 ± 65.18 ng/L.
LTB4 showed a statistically significantly higher value in
the decompensated cirrhosis group than the compensated cirrhosis group (p = 0.007) and the control group (p
= 0.002). However, there was no statistically significant
difference between the compensated cirrhosis group and
the control groups with p = 0.510 (Table 1, Fig. 1). Going
through lab results (Table 1), bilirubin was statistically
significantly higher in group II than group I (p < 0.001).
Albumin was statistically significantly lower in group II
than group I (p < 0.001). INR was statistically significantly
higher in group II than group I (p < 0.001).
In the current work, we assessed serum creatinine
and serum sodium in the studied groups. Creatinine
was statistically significantly higher in group II than
group I with (p = 0.007). There was a positive correlation between serum level of creatinine and LTB4 where
p = 0.035. As regards serum sodium, it was statistically
significantly lower in group II than group I and III (p =
0.001); however, there was no statistically significant difference between group I and III (p = 0.798). There was a
statistically significant correlation between serum level of
sodium and LTB4 where p = 0.040. LTB4 showed higher
values in patients with lower sodium levels.
Regarding serum CRP, it was statistically significantly higher in the patients than in the control group.
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Table 1 Comparison between the three studied groups (n = 80) according to demographic data and other different parameters
Group I (n = 30)

Group II (n = 30)

Group III (n = 20)

Test of Sig.

P

Male

19

15

7

0.143

Female

11

15

13

χ2 = 3.886

28.0–70.0

36.0–79.0

21.0–45.0

F = 39.150*

< 0.001*

-

Gender

Age (years)
Min-Max
Mean ± SD

Median (IQR)

48.0 ± 11.06

45.50(39.0–57.0)

55.47±12.62

28.60±5.36

54.0(45.0–67.0)

28.0(25.50–31.0)

Degree of ascites
Mild

-

9

-

30

Moderate

-

9

-

30

Massive

-

12

-

40

-

17

-

χ2 = 23.721*

< 0.001*

0.20–1.40

0.50–9.0

0.80–1.20

H = 29.980*

< 0.001*

3.50–4.30

1.60–3.0

4.0–5.50

F = 245.85*

< 0.001*

0.80–1.50

1.10–2.50

0.90–1.40

F = 45.043*

< 0.001*

10.0–18.0

24.0–50.0

1.0–5.0

H = 69.618*

< 0.001*

A

30

0

NA

0

15

χ2 = 60.00*

< 0.001*

B
C

0

15

Min-Max

6.0–18.0

10.0–30.0

NA

10.43 ± 3.07

20.23 ± 4.03

t = 10.592*

< 0.001*

Mean ± SD

6.21–47.45

H = 11.517*

0.003*

Hepatic encephalopathy
Total bilirubin (mg/dl)
Min.-Max.
Serum albumin (g/dl)
Min.-Max.
INR
Min.-Max.
CRP
Min.-Max.
Child-Pugh Classification

MELD/Na score

Median (IQR)

10.0 (9.0–12.0)

20.0 (18.0–22.0)

9.11–58.73

13.62–346.1

Serum Leukotriene B4 (ng/L)
Min.-Max
Mean ± SD

Median (IQR)

21.12 ± 11.0

17.90(12.63–28.69)

47.34 ± 65.18

24.27(19.59–39.35)

19.83 ± 13.17

13.11(9.13–27.23)

Group I: Compensated liver cirrhosis due to chronic HCV infection
Group II: Decompensated liver cirrhosis due to chronic HCV infection
Group III: Healthy controls
INR International normalization ratio, CRP C-reactive protein, χ2 Chi-square test, H Kruskal-Wallis test, pairwise comparison bet. the 2 groups were done using post hoc
test (Dunn’s for multiple comparisons test), F ANOVA test, pairwise comparison bet. the 2 groups were done using post hoc test (Tukey), t Student’s t test, p p value for
comparing between the studied groups
*Statistically significant at p ≤ 0.05

Moreover, it was statistically significantly higher in group
II than group I (p = 0.001). There was a statistically significant positive correlation between CRP and LTB4
(p < 0.006) (Table 1, Fig. 2).
All patients in the decompensated cirrhosis group
were suffering from different degrees of ascites. Twelve
out of thirty patients presented with a massive degree
of ascites. The rest of the patients, half of them, had
moderate ascites and the other half had a mild degree

of ascites assessed by ultrasound (Table 1). The relation between LTB4 and degree of ascites was assessed
and results showed a positive correlation between
LTB4 and the degree of ascites (p < 0.001). Serum LTB4
levels in patients with massive ascites ranged 32.39–
346.1 ng/L. It was lower in patients with moderate
ascites ranging 20.54–27.81 ng/L. The lowest values
were in patients with a mild degree of ascites ranging
13.62–19.88 ng/L.
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Fig. 1 Comparison between the three studied groups (n = 80) according to serum LTB4

Seventeen out of thirty decompensated patients were
suffering from hepatic encephalopathy (Table 1). In these
patients, LTB4 ranged 13.62–346.1 ng/L compared to
patients without hepatic encephalopathy where LTB4
ranged 9.11–140.8 ng/L. There was no significant correlation between hepatic encephalopathy and LTB4
(p > 0.204).
As regards the Child-Pugh classification, in group
I, all patients were Child A class. Group II included 15
patients with Child score B and 15 patients with Child
score C (Table 1). There was a statistically significant difference between groups I and II (p < 0.001). The Child
classification showed a statistically significant correlation
with LTB4 (p = 0.003) (Fig. 3).
MELD/Na score calculation was done; it ranged 6.0–
18.0 in the compensated cirrhosis group. On the other
hand, MELD/Na score ranged 10.0–30 in the decompensated group (Table 1). It was statistically significantly
higher in decompensated cirrhosis group than in compensated group (p < 0.001). The relation between LTB4
and Meld/Na score showed a statistically significant correlation (p < 0.012) (Fig. 4).
ROC curve was done to estimate the cutoff point
of LTB4 to discriminate compensated cirrhosis from
decompensated cirrhosis. The ROC curve for Serum
LTB4 was significant (p 0.002*) and showed that the

cutoff level of LTB4 discriminating decompensated
patients from compensated patients was > 16.2 ng/L,
with a sensitivity of 93.33%, specificity of 43.33%, positive
predictive value of 62.2%, and negative predictive value
of 86.7% with a diagnostic accuracy of 66.7%. (Table 2,
Fig. 5)

Discussion
There is now much evidence that inflammatory mediators have direct deleterious effects in the pathophysiology
of liver cirrhosis and its complications [7]. Several studies have shown several circulatory chemokines involved
in leukocyte migration and chemotaxis to be increased in
decompensated cirrhotic patients, which correlated with
survival [8].
Leukotrienes are potent biological mediators implicated in lots of disease processes. LTB4 is a pro-inflammatory compound that displays strong chemoattractant
properties. Increased LTB4 has been found in lots of
inflammatory and allergic diseases and levels correlate
with disease activity in some of these [9].
In the current study, serum LTB4 value was elevated
with worsening severity of liver disease measured by
Child-Pugh classification and MELD/Na score. LTB4 was
significantly higher in decompensated cirrhosis group
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Fig. 2 Correlation between serum leukotriene B4 and CRP in total cases (n = 60)

Fig. 3 Correlation between LTB4 and Child Score in cirrhotic patients (n = 60)

than the compensated group and controls (p = 0.003).
However, there was no significant difference between
compensated cirrhosis group and controls (p = 0.510).
LTB4 showed a statistically significant correlation with
Child class (p = 0.003). Moreover, LTB4 values showed a
significant positive correlation with MELD/Na score (p =
0.012). This proves the idea of systemic inflammation in
cirrhosis which may be a mechanism for decompensation
and multiorgan dysfunction.
Our results showed that LTB4 cutoff value to discriminate compensated cirrhosis from decompensated cirrhosis was > 16.2 ng/L with a sensitivity of 93.33% and
specificity of 43.33%.

In addition to our study, Becares et al. study [10], quantified serum LTB4 in a cohort of 26 patients with cirrhosis divided into 3 groups: group I healthy volunteers (n =
5), group II decompensated stable patients (n = 11), and
group III ACLF (n = 10). Becares et al. study [10] concluded that ACLF patients display significantly higher
neutrophil recruitment to a site of inflammation than
healthy volunteers in addition to increased plasma levels
of the chemotactic LTB4 according to cirrhosis disease
severity which was compatible with our findings.
Another study discussing the value of LTB4 in chronic
liver disease is Asano et al.’s study [11], which measured
LTB4 using peripheral blood mononuclear cells (PBMC)
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Fig. 4 Correlation between LTB4 and MELD/Na score in cirrhotic patients (n = 60)

Table 2 Agreement (sensitivity, specificity) for LTB4 to diagnose decompensated cirrhosis group (n = 30) from compensated cirrhosis
group (n = 30)
AUC

Serum leukotriene B4

0.728

P

0.002

*

95% C.I

Cut offa

Sensitivity %

Specificity %

PPV %

NPV %

Accuracy of the test %

0.601–0.855

> 16.2

93.33

43.33

62.2

86.7

66.7

AUCArea under a curve, p value Probability value, CI Confidence Intervals, NPV Negative predictive value, PPV Positive predictive value
*Statistically significant at p ≤ 0.05
a

Cutoff was chosen according to the Youden index

in patients with fulminant hepatitis (FH) and other liver
diseases. The production rate of LTB4 was elevated in 16
of 17 FH patients. However, in discordance to our study,
LTB4 was below the detectable level in patients with
chronic hepatitis. Asano et al. concluded that enhanced
LTB4 production may indicate the primed state of PBMC
and their role in the development of massive liver necrosis and of other organ failures in FH.
Serum sodium was measured and results showed statistically lower values in Child B and C than Child A
patients (p < 0.001) and controls (p < 0.001); however,
there was no statistically significant difference between
group I and III (p = 0.798). This was in agreement with
James et al.’s study [12], who evaluated serum sodium
among 97 decompensated patients, 42 had serum sodium
levels ≥136 mEq/L, while 32 had serum sodium levels
between 131 and 135 mEq/L and 23 patients had serum
sodium level ≤130 mEq/L. Serum sodium levels were
associated strongly with the severity of liver disease as
assessed by Child-Pugh and MELD score. Patients with
serum sodium levels ≤130 mEq/L had increased mortality (30.4% with p = 0.002). In our study, serum sodium
showed a significant negative correlation with LTB4 (p =
0.040*).

Regarding CRP, it was statistically significantly higher
in Child B and C patients (p < 0.001) than Child A
patients. This was compatible to Lai et al.’s study [13]
where patients with class B and C scores showed the
highest level of high-sensitivity C-reactive protein when
compared with class A patients or healthy subjects. Lai
et al. [13] aimed to assess the association of liver cirrhosis
with increased inflammatory responses and the relation
between CRP and the severity of the liver disease. In our
study, LTB4 correlated positively with CRP values with p
= 0.006.
LTB4 correlated positively with the degree of ascites
(mild – moderate – massive) with p < 0.001. LTB4 relation to ascites was studied in Ouwendijk et al. study [14];
they collected ascitic fluid from six patients with liver cirrhosis and isolated macrophages that were labeled with
14C-arachidonic acid. After stimulation of these cells, the
main substances formed were LTB4 and LTC4. This suggests that human peritoneal macrophages are capable of
producing LTs and prostaglandins. Moreover, it supports
the idea that the production of these substances might
play a role in some of the complications of patients with
liver cirrhosis and ascites.
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Fig. 5 ROC curve for LTB4 to discriminate compensated cirrhosis patients (n = 30) from decompensated cirrhosis patients (n = 30)

Other leukotrienes studied in cirrhosis and its related
complications are cysteinyl leukotrienes and their metabolite leukotriene E4 (LTE4). According to Moore et al.’s
study [15], urinary LTE4 was elevated in patients with
HRS compared with normal controls and with renal failure alone. Urinary LTE4 was also elevated in subjects
with decompensated liver disease; it showed high results
in cirrhosis with ascites and even higher results in severe
hepatocellular dysfunction; however, it was normal in
compensated liver disease. They concluded that LTE4
production is increased in HRS and that this may be one
of the factors involved in its pathogenesis.

Conclusions
Serum LTB4 could be used as a sensitive biomarker of
decompensation in cirrhotic patients. Furthermore, the
significant correlation of serum LTB4 with Child-Pugh
class, MELD/Na score, and CRP could suggest that it can
be used as a tool to follow up the clinical outcomes of
patients with liver cirrhosis and prioritize listing for liver
transplantation.
Abbreviations
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