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Abstract: Fecal calprotectin is considered a valid marker of intestinal inflammation and its high level in patients with HE
may be explained by small intestinal bacterial overgrowth. This study aimed to assess the role of fecal calprotectin in diagnosis
and follow up of patients with hepatic encephalopathy. Fifteen patients with uncomplicated liver cirrhosis, 30 patients with
liver cirrhosis complicated by hepatic encephalopathy (HE) and 15 healthy subjects were enrolled. All participants were
subjected to: clinical examination, laboratory investigations (CBC, liver function tests, kidney functions, HBs Ag and HCV
Antibody), fecal calprotectin concentration, abdominal ultrasound. Severity of HE was assessed according to West–Haven
criteria. Patients with HE was managed using metronidazole and rifaximin and fecal calprotectin concentrations were
reassessed. The level of fecal calprotectin is significantly higher in patients with Child-Pugh class B (116±12 mg/kg) versus
that in class A (66±15 mg/kg) (p<0.01). FC concentrations showed the lowest value in the cirrhotic group (66+15 mg/kg)
followed by low grade HE (195+12mg/kg) and the highest value in the high grade HE group (489+23mg/kg) (p<0.01). A
significant decrease in FC concentrations occurred in HE group after receiving treatment, reaching a level of 273+42.68 mg/kg
versus 364+83.12 mg/kg before rifaximin. In conclusion: Fecal calprotectin can be used in diagnosis of HE. Significant high
levels of fecal calprotectin in high grade HE patients and its reduction following effective treatment could consider fecal
calprotectin as a follow up marker in association with clinical signs in patients with HE.
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1. Introduction
Hepatic
encephalopathy
(HE)
is
a
complex
neuropsychiatric syndrome associated with acute, subacute
and chronic liver failure, involving increased neural
inhibition by activation of the GABA/benzodiazepine
inhibitory neurotransmitter system [1]. Diagnosis of HE
continues to be a clinical problem as patients may present
with mild cognitive impairment. It is important to diagnose
HE early because adequate treatment of the condition reduces
morbidity and mortality [2].
Calprotectin is a calcium and zinc-binding protein,
representing more than 60% of the cytosolic proteins in
neutrophils. The presence of calprotectin in feces
quantitatively relates to neutrophil migration into the

gastrointestinal (GI) tract [2]. Therefore, it is considered a
valid marker of intestinal inflammation because it is released
during cell activation and death as the GI tract of cirrhotic
patients shows various alterations of its mucosal barrier
including infiltrates of neutrophils, calprotectin might be a
promising diagnostic parameter to diagnose the onset and
course of HE. The high level of fecal calprotectin (FC) in
patients with HE may be explained by small intestinal
bacterial overgrowth. A significant association emerged
between elevated FC and HE grading as measured by West–
Haven criteria [3]. This study aimed to assess the role of
fecal calprotectin in diagnosis and follow up of HE in chronic
HCV patients.
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2. Patients and Methods
45 patients with liver cirrhosis were enrolled from Ain
Shams University hospital during the period from September
2015 to March 2016. Patients were divided into two groups:
15 patients with uncomplicated liver cirrhosis and 30 patients
with liver cirrhosis complicated by hepatic encephalopathy.
They received metronidazole 250 mg/6 hours and rifaximin
400mg 3 times daily [4]. A third group included 15 healthy
non cirrhotic subjects as a control group.
An informed written consent was obtained from each
participant or responsible family members. The study
protocol was consistent with the ethical guidelines of
Helsinki.
Patients with inflammatory bowel disease, coeliac disease,
colorectal carcinoma, active GI bleeding, certain drugs (e.g.
non-steroidal anti-inflammatory drugs, anticoagulants,
antibiotic therapy, proton pump inhibitors), food allergy and
ongoing alcohol abuse were excluded from the study. Also,
all patients with diarrhea were excluded from this study as GI
infections may cause elevated fecal calprotectin.
All participants were subjected to: clinical examination,
laboratory investigations (CBC, liver profile, kidney
functions, HBs Ag and HCV Ab), abdominal ultrasound and
fecal calprotectin concentration measurement before and
after treatment of HE.
FC was done by enzyme linked immunosorbent assay
(ELISA) (Calprest, Dynex Elisa Eurospital, Trieste, Italy).
Samples were collected in disposable plastic containers and
stored within 6 hours at -20°C until analysis. Results are
expressed in mg of calprotectin per kilogram of wet feces.
The median value in healthy adults is about 25 mg/kg,
samples giving values above 50 mg/kg are regarded as
positive [5].
The diagnosis of liver cirrhosis was based on clinical,
laboratory and radiological findings.

83

Severity of HE were assessed according to West–Haven
criteria [6].
Statistical Methodology: Analysis of data was done by
IBM computer using SPSS. Description of quantitative
variables as mean, SD and range, description of qualitative
variables as number and percentage, Chi-square test was
used to compare qualitative variables between groups.
Unpaired t-test was used to compare quantitative variables,
in parametric data (SD<50% mean). Mann Whitney
Willcoxon test was used instead of unpaired t-test in nonparametric data (SD>50% mean). One way analysis of
variance (ANOVA) test was used to compare more than
two groups as regard quantitative variable.
Spearman Correlation co-efficient test was used to rank
variables versus each other positively or inversely. ROC
Curve was used to find out the best cut off value, and validity
of certain variable. p value >0.05 insignificant, p<0.05
significant, and p<0.01 highly significant.

3. Results
60 subjects included in the study. 15 non-complicated
cirrhotics and 30 cirrhotic patients complicated with hepatic
encephalopathy and 15 healthy control subjects.
Among uncomplicated cirrhotics, 12 patients were males
(80%) and 3 were females (20%), their mean age was 51.6±8
years. among HE patients, 15 were males (50%) and 15 were
females (50%), their mean age was 52.5±4 years. Among
healthy control subjects, six were males (40%) and nine were
females (60%), their mean age was 50.5±9 years (p>0.05).
According to West-Haven criteria, 3 HE patients (10%)
were grade 0, 9 patients (30%) were grade I, 8 patients
(28.67%) were grade II, 7 patients (23.33%) were grade III
and 3 patients (10%) were grade IV.
Laboratory data of the studied patients were summarized
in table 1.

Table 1. Laboratory data of the studied groups.
Test value
HB (gm/dl)
Platelets (103/mm3)
WBCs (103/mm3)
PT (Seconds)
INR
Bilirubin (mg/dl)
ALT (IU/L)
AST (IU/L)
Albumin (gm/dl)
Na+ (mmol/L)
K+ (mmol/L)
RBS (mg/dl)
Creatinine (mg/dl)
BUN (mg/dl)

HE n=30
9.1±0.8
75+20
4.6±1.6
18.5+2
1.8±0.4
2.9±0.3
80±39
61±23
2.2±0.3
126±2
3.6±0.4
135±75
1.15± 0.6
27±11

Uncomplicated Cirrhosis n=15
9.9±2
100±20
4±1.3
15.2±1.6
1.4±0.6
1.5±0.3
49+22
53+20
3.5±1.1
137±1.1
4±0.3
148±41
0.86±0.2
21.5±8

Fecal calprotectin levels were significantly higher in
uncomplicated cirrhotic patients and patients with HE in
comparison to healthy control. Also, it was significantly

Healthy controls n=15
12.6±1
352±38
5.5±1
12.1±2
1±0.04
0.85±0.2
22.6±4
25±15
3.9±1.2
135±1
4.1±0.4
114±7.7
0.83±0.2
15.1±3

higher in patients with hepatic encephalopathy in comparison
to cirrhotics with significant reduction of FC levels after
completion of treatment (table 2, figure 1).
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Table 2. The level of fecal calprotectin in the studied groups.
Test value
Calprotectin (mg/kg)

control n=15
31.2±9

Cirrhosis n=15
76±15

HE before treatment n=30
364±83

HE after treatment N=30
273±42

P value
<0.001

Figure 1. Fecal calprotectin levels in the different studied groups.

Among the uncomplicated cirrhotics, 12 patients were child A with FC concentration 66±15 mg/kg and 3 were child B with
FC levels 116±12 mg/kg (p<0.01).
On comparing FC concentrations in different grades of HE according to West-Haven criteria, fecal calprotectin levels were
significantly higher in patients with grades 2-4 in comparison to grades 0-1 (p<0.01).
Table 3. The level of fecal calprotectin in HE group according to grades measured by West-Haven criteria.
Grade of HE
Level of fecal calprotectin

0
N=3
195±12

1
N=9
239±19

2
N=8
430±11

3
N=7
468±14

4
N=3
489±23

P value
<0.01

In the studied patients, there is a statistical significant inverse correlation between FC and serum albumin in uncomplicated
cirrhotic patients. Also, there is a significant negative correlation between FC and serum Na+ in HE patients (table 4).
Table 4. Correlation between fecal calprotectin and laboratory data among studied patients.
Variables
Age
HB
Platelets
WBCs
PT
INR
Bilirubin
ALT
AST
Albumin
Na+
K+
Random blood sugar
Creatinine
BUN

Uncomplicated Cirrhotics
R
p value
0.11
>0.05
0.13
>0.05
0.02
>0.05
0.03
>0.05
-0.17
>0.05
-0.15
>0.05
0.1
>0.05
0.03
>0.05
0.07
>0.05
-0.46
<0.05
0.19
>0.05
0.05
>0.05
0.1
>0.05
0.05
>0.05
0.12
>0.05

On constructing ROC curve, fecal calprotectin has a
sensitivity of 90% and specificity of 60% in diagnosing HE
with a PPV and a NPV of 67% and 94% respectively at cutoff value of 280 mg/kg with AUC of 0.72.
After receiving HE treatment, fecal calprotectin at cut-off

HE
R
0.15
0.16
0.04
0.08
-0.11
-0.19
0.14
0.07
0.01
-0.16
-0.39
0.03
-0.15
-0.17
-0.22

p value
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
<0.05
>0.05
>0.05
>0.05
>0.05

value 190 mg/kg has sensitivity of 95% and specificity of 43%
with PPV and NPV of 50% and 96% in predicting response
to treatment with area under the curve (AUC) of 0.47 (table 5,
figure 2, 3).
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Table 5. Validity of calprotectin in diagnosis of HE and follow up response to treatment.
Variables
HE before treatment
HE after treatment

Best cut
280
190

AUC*
0.72
0.47

Sensitivity
90%
95%

Specificity
60%
43%

PPV**
67%
50%

NPV***
94%
96%

*AUC: Area under the Curve
**PPV: Positive predictive value
***NPV: Negative predictive value

4. Discussion

Figure 2. ROC curve for diagnostic performance of FC in HE patients.

Figure 3. Roc curve for performance of FC as a follow up marker in HE
patients.

Fecal calprotectin is considered as a valid marker of
intestinal inflammation because it is released during cell
activation and death [3].
The high level of FC in patients with HE may be explained
by small intestinal bacterial overgrowth. Gupta and
colleagues studied the role of bacterial overgrowth of the
small intestine among patients with minimal HE, 55.9% of
patients with cirrhosis had minimal HE [7].
To address these issues, we examined whether fecal
calprotectin represented a useful diagnostic tool for liver
cirrhosis and hepatic encephalopathy. This may help assessing
HE severity which may be subjective when using clinical
criteria alone. We also examined whether, it is a useful marker
for follow up response to treatment in HE patients.
In the present study, FC concentrations were significantly
higher in cirrhotic patients (76±15 mg/kg) and HE patients
(364±83 mg/kg) compared to control group (31.2±9 mg/kg).
This was in agreement with Gundling et al. [8] who reported
that the median FC were significantly higher in cirrhotic
patients (65.8mg/kg) compared to control group (17.5 mg/kg)
(p < 0.001). Also, Yagmur et al. [9] found significantly
elevated FC in patients with advanced disease and a trend
towards higher levels of FC in subjects with alcoholic cirrhosis.
It was supposed that elevated FC in cirrhotic patients may
be caused by a regional intestinal inflammation [8]. Small
intestinal bacterial overgrowth in patients with liver cirrhosis
and intestinal barrier dysfunction in liver cirrhosis leads to
infiltration of the intestinal mucosa with neutrophils and
transmucosal passage of bacteria [10]. Gupta et al. [7],
studied the role of small intestinal bacterial overgrowth in
patients with minimal HE. He reported that among patients
with minimal HE, 38.6% had small intestinal bacterial over
growth. The prevalence of small intestinal bacterial over
growth was higher in patients with Child- Pugh classes B and
C (69.2%) compared to those in class A (30.8%).
The present study found that FC concentration was
significantly higher in Child B (116±12 mg/kg) compared to
Child A (66±15 mg/kg). This agreed with Salem et al. [11],
who found increase FC with increased severity of liver
disease, 52. 19± 16.99, 182.5± 74.81, 311.47±90.92 mg/kg in
Child A, B and C respectively.
In the present study, FC levels were significantly higher in
patients with grades 2-4 in comparison to grades 0-1 (p<0.01).
Similar result was reported by Gundling et al. [8] who
elicited a correlation between elevated FC concentrations and
HE grading as measured by West–Haven criteria and critical
flicker frequency (both P < 0.001; sensitivity = 0.94 and 0.93,
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specificity = 0.95 and 0.89 respectively). He concluded that
FC may serve as a screening tool to identify cirrhotic patients
with HE. Furthermore, assessment of FC may facilitate the
grading of HE-severity which may be sometimes subjective
when using only clinical criteria.
We found a significant inverse correlation between fecal
calprotectin versus serum (r=-0.39, p<0.05), this may be
explained by the fact that serum sodium level is lower in
advanced liver disease.
On constructing ROC curve, FC at cut-off value of 280
mg/kg showed a sensitivity of 90% and specificity of 60%
with PPV and NPV of 67% and 94% for diagnosing HE in
cirrhotic patients with AUC of 0.72.
A single study elicited that FC can differentiate HE patients
with grading 0 and 1 from those with grading 2 and 3 according
to the West–Haven criteria with a sensitivity of 0.94 and a
specificity of 0.95 using an optimal cut-off value 164 mg/kg [8].
In present study, we followed up patients with HE after
treatment, the level of Fecal calprotectin was significantly
reduced (p<0.001) in HE group after receiving treatment,
reaching to a level of 273±42.68 mg/kg versus 364±83.12
mg/kg before treatment.
We found that FC at cut-off value 190 mg/kg has a high
sensitivity (95%) in predicting response to treatment but with
a low specificity (43%), PPV and NPV of 50% and 96%
respectively and area under ROC curve of 0.47. This
reduction of fecal calprotectin after treatment may indicate
that it might be of benefit in association with clinical signs
for follow up HE patients during treatment.
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5. Conclusion
Fecal calprotectin was significantly elevated in hepatic
encephalopathy patients compared to both cirrhotic patients
and healthy control, reaching the highest value in the high
grade HE group. FC can be used as a diagnostic marker for
hepatic encephalopathy and may be of help in assessing
severity of the disease. Reduction of Fecal calprotectin in
patients with hepatic encephalopathy after treatment could
consider fecal calprotectin as a follow up marker in association
with clinical signs in patients with hepatic encephalopathy.
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