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Abstract  Aim: Assess the serum levels of S100β in the diagnosis of hepatic encephalopathy and its sensitivity and 

specificity in the diagnosis of different types of hepatic encephalopathy. Also, compare these results with ammonia levels in 

the same groups of patients. Patients and Methods: It was a cross-sectional study carried out on 60 patients (36 males and  

24 females) of hepatic cirrhosis post chronic hepatitis C viral infection along with 60 ages and sex-matched healthy subjects 

(34 males and 26 females). The patients group classified into; Compensated group, Decompensated with covert hepatic 

encephalopathy group, and Decompensated with grade I-II hepatic encephalopathy. The studied groups were subjected to 

thorough clinical history and examination, neuropsychological testing, plasma ammonia level, and serum S100β. Results: 

There was a significant increase of S100β throughout the studied groups (16.75, 38.15, 57.00, and 86.20 ng/ml), P-value 

<0.001. Also, there was a significant increase of ammonia throughout the studied groups (21.50, 81.00, 98.50, and 188.50 

µg/dl), P-value <0.001. Serum S100β >77.5 ng/ml has a sensitivity of 80% and specificity of 85% for hepatic encephalopathy 

diagnosis while plasma ammonia >165 ug/dl sensitivity of 75% and specificity of 100%. S100β >42 ng/ml has a sensitivity of 

90% and specificity of 65% for the diagnosis of covert hepatic encephalopathy while plasma ammonia >92 ug/dl with the 

sensitivity of 65% and specificity of 75%. Conclusion: S100β candidate to be diagnostic serum marker of minimal hepatic 

encephalopathy. 
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1. Introduction 

Minimal Hepatic Encephalopathy (MHE) is a frequent 

complication of liver disease and is considered as one of the 

worsts manifestations, severely affecting the life of patients 

and caregivers. Moreover, cognitive impairment results in 

the use of more healthcare resources than other liver diseases 

[1,2]. MHE incidence is ranging between 20% and 80% of 

patients with cirrhosis [3,4]. 

Only 50% of clinicians had screened their patients for 

MHE, and 38% had never studied their patients with liver 

cirrhosis using psychometric assessment. MHE impairs 

patients’ quality of life (QoL), increases the occurrence of 

disability, and has a negative effect on their daily activities 

[5]. In the presence of MHE, QoL indicators, such as the 

capacity to drive a car, and the incidence of sleep disorders 

were impaired [6]. 
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S100β is a 10.4 kDa protein that is primarily synthesized 

in the brain by the end feet (EF) processes of the astrocytes, 

and it belongs to a superfamily of low molecular weight 

acidic calcium-binding proteins of the EF-hand type [7]. It 

was termed S100 because it is partially soluble in a 100% 

saturated solution of ammonium sulfate, and it’s protein 

consists of two subunits (α and β) [8]. This protein is 

primarily metabolized in the kidney, excreted in the urine, 

and it does not seem to show circadian variation [9]. 

S100β normally is low or undetectable in serum; however, 

elevated serum levels have been detected in a number of 

neuropathological conditions and suggest it is a candidate to 

become a diagnostic and prognostic parameter for various 

neurological disorders [10]. 

Although S100β is not entirely specific for the central 

nervous system (CNS), it is present in the brain at much 

higher concentrations than in other tissues (80%-90% of the 

total pool is found within the brain), and so, this protein can 

be used as an early marker of brain damage [7]. 

Astrocytes are keys in homeostasis regulation in the CNS, 

being activated after brain injury and releasing S100β [11]. 

Increased levels of S100β in patients with acute or chronic 

liver failure, and HE might reflect an early stage of 

intra-cerebral changes before the development of marked 
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cerebral edema [12,13]. 

Moreover, it has been proposed that increased serum 

concentrations of S100β could predict covert hepatic 

encephalopathy [14]. However, cutoff serum levels and their 

sensitivity and specificity in the diagnosis of different types 

of hepatic encephalopathy, especially low grade or minimal 

hepatic encephalopathy, are not identified. So; this study 

aimed to assess the serum levels of S100β in the diagnosis of 

hepatic encephalopathy and its sensitivity and specificity in 

the diagnosis of different types of hepatic encephalopathy. 

Also, compare these results with ammonia levels in the same 

groups of patients.  

2. Patients and Methods 

It was a cross-sectional study carried out on 60 healthy 

subjects (control), and 60 patients of hepatic cirrhosis post 

chronic hepatitis C viral infection attended to Hepatology, 

Gastroenterology, and Infectious Diseases Department, 

Al-Zahraa University Hospital, Al-Azhar University, in the 

period from November 2018 to August 2019. The patients 

were 36 males and 24 females their ages mean±SD 53.42 ± 

6.17 years while the control group were 34 males and 26 

females their ages mean±SD 51.90 ± 5.48 years. 

Inclusion Criteria: Adult patients diagnosed as hepatic 

cirrhosis post-chronic hepatitis C viral infection, proved by 

clinically, biochemistry and ultrasonography divided into 3 

groups as regard clinical evaluation, liver function tests, and 

psychometric evaluation into; 20 patient as Compensated 

cirrhosis group, 20 patient as Decompensated cirrhosis   

with covert hepatic encephalopathy group and 20 patient   

as Decompensated cirrhosis with grade I-II hepatic 

encephalopathy group. Control group; includes 60 healthy 

subjects ages and sex-matched. 

Exclusion Criteria: High grade of encephalopathy, severe 

malnutrition, neurological diseases, use of psychoactive 

drugs, and presence of renal failure, respiratory failure, or 

cardiac failure diseases. 

Informed consent was taken from both patients and 

controls after explaining the purpose and implication of the 

study, which was approved by the local ethical committee. 

The studied population subjected to clinical history 

taking, thorough clinical examination, and the following 

neuropsychological testing; (is an established methodology 

for quantifying cognitive impairment due to various form of 

encephalopathy, including low –grade or minimal hepatic 

encephalopathy). These tests directly measure cognitive 

functions that are directly relevant to activities of daily living 

[15]. 

We used the following tests:  

1-Mini Mental State Examination: It is the most 

commonly used test for screening cognitive function. It 

provides measures of orientation, registration, immediate 

memory, short –term memory, as well as language function 

[16]. 

2.a: The line drawing test: For the assessment of the test 

result, the whole route is divided into small sections, and 

each touching or crossing the border in a section is counted. 

The number of mistakes and the time needed to go through 

the labyrinth; both are test results. 

2.b: The circle dotting test: is the simplest test of the 

battery. It is a test of pure motor speed, most prominent 

positive peaked. The subjects are asked to put a dot in each of 

the 100 circles given on the sheet after they have prepared by 

dotting the 20 circles at the top of the sheet first. Test result is 

the time needed. 

3-P300 wave measurement: it is defined as the difference 

in mili- seconds between the presentation of the infrequent 

target stimulus and the most prominent positive peak. 

Laboratory investigations 

Seven ml of peripheral venous blood was withdrawn 

from each individual and divided into three aliquots; 2 ml of 

whole blood was collected in EDTA tube for measurement 

of ammonia, another 2 ml of whole blood was collected in 

sodium citrate tube for prothrombin time determination. 

The remaining part was collected in serum separator tube, 

centrifuged at 3500 rpm for 10 min serum was divided into 

two portions; first one for measurements of liver function 

tests [(alanine transaminases (ALT), aspartate transaminase 

(AST), albumin (Alb), total bilirubin (T. Bili), alkaline 

phosphatase (ALK)] and serum Creatinine, the second part 

of serum was stored at -20°C for S100β detection. 

Liver function tests and serum creatinine were done  

using Cobas C311 (Roche, Germany). Prothrombin time 

measurements were performed on a diagnostic full 

automated coagulation analyzer (Stago, France). Serum 

sodium was done by AVL automatic electrolyte analyzer 

(Roche). 

Plasma Ammonia was assayed with a Kinetic enzymatic 

method using the Ammonia kit (Cat. No. MG220 001, Lot: 

AMMS0108018) and was measured on 8897 photometer 

5010; Germany. 

Serum S100β was assayed with human protein S100β kit 

using enzyme-linked immunosorbent assay (ELISA) 

(Bioassay Technology Laboratory, Cat. No E3669 Hu, Lot: 

201907011, standard curve range: 0.5 ng/ml – 300 ng/ml, 

sensitivity: 0.22 ng/ml, intra-assay coefficient of variation 

percent (CV %), < 8% and inter-assay CV %, < 10%). with 

ELISA System AS 1851 Das; Italy (reader) and 16041412 

Bio Tek; USA (washer). 

Statistical Analysis 

We calculate sample size according to Raosoft, and all 

statistical calculations were done using SPSS (statistical 

package for the social science version 26.00) statistical 

program, at 0.05, 0.01, and 0.001 level of probability [17]. 

Quantitative data with parametric distribution were done 

using Analysis of variance t-test to the comparison between 

two groups, and One Way ANOVA test followed by post hoc 

analysis using LSD to the comparison between three groups 

test, Quantitative data with non-parametric distribution were 
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done using Analysis of variance Mann Whitney test to 

comparison between two groups, and Kruskal Wallis test 

used to the comparison between three groups test. Pearson 

linear correlation coefficient (r) was estimated to show   

the relationship between parameters, Receiver operating 

characteristic curve (ROC) was used to assess the best cut off 

point with its sensitivity, specificity, positive predictive 

value (PPV), negative predictive value (NPV) and area under 

the curve (AUC) done by using Medcalc (version 15.80). 

The confidence interval was set to 95%, and the margin of 

error accepted was set to 5%. The P-value was considered 

non- significant (NS) at the level of > 0.05, significant at the 

level of < 0.05, 0.01 and highly significant at the level of   

< 0.001 [18]. 

3. Results 

The main clinical characteristics of the studied patients 

and control group showed in the table (1), there were highly 

significant decrease in serum albumin levels, prothrombin 

concentrations and serum sodium levels in patients group in 

comparison to the healthy control group, while; there were a 

highly significant increase in serum bilirubin, prothrombin 

time, international normalization ratio (INR), AST, ALK, 

ammonia, and S100β in patients group in comparison to   

the healthy control group. Also, there were significant 

increases in ALT and creatinine levels in patients groups in 

comparison to the control group. Child scores ranged from 5 

to 14 in the patients group, with a median of 8.5. 

There were highly significant decreases in T. Bili, PT, 

INR, and AST in the compensated group in comparison to 

decompensated and hepatic encephalopathy groups. Also, 

there were highly significant gradual decreases in albumin 

and sodium levels throughout all studied groups (Table 2). 

As regards S100β levels, there were highly significant 

gradual increases throughout the studied groups, reach the 

highest levels in hepatic encephalopathy patients (16.75, 

38.15, 57.00, and 86.20 ng/ml), P-value <0.001. Also, there 

was a significant increase in ammonia levels throughout the 

studied groups (21.50, 81.00, 98.50, and 188.50 µg/dl), 

P-value <0.001 (Table 2).  

Table 1.  Laboratory and Clinical characteristics of the studied groups 

Variables 
Control group Patients group 

Test value P-value Sig. 
No. = 60 No. = 60 

ALB (g/l) 
Median (IQR) 4.20 (3.90-4.60) 2.85 (2.42-3.50) 

195.00ǂ <0.001 HS 
Range 3.7 – 4.9 1.5 – 4.9 

T. BIL (mg/dl) 
Median (IQR) 0.6 (0.5 - 0.8) 1.5 (0.90 - 2.5) 

253.00ǂ <0.001 HS 
Range 0.3 – 0.9 0.4 – 5.6 

PT 
Median (IQR) 12.75 (12.30-13.02) 18.00 (16.50-20.00) 

121.50ǂ <0.001 HS 
Range 12 – 13.7 12.3 – 28 

PC 
Median (IQR) 100.00 (100.00-100.00) 59.00 (47.00-65.00) 

95.000ǂ <0.001 HS 
Range 100 – 100 35 – 100 

INR 
Median (IQR) 1.00 (1.00-1.00) 1.40 (1.22-1.80) 

152.000ǂ <0.001 HS 
Range 1 – 1 1 – 2.2 

ALT (U/L) 
Median (IQR) 20.00 (16.00-22.00) 21.00 (18.00-34.50) 

861.500ǂ 
 

0.042 
S 

Range 11 – 26 12 – 89 

AST (U/L) 
Median (IQR) 

Range 

20.00 (18.00-21.25) 

12 – 41 

42.00 (33.25-60.00) 

14 – 107 
206.000ǂ <0.001 HS 

ALK (U/L) 
Median (IQR) 

Range 

73.50 (63.00-82.50) 

50 – 92 

90.00 (80.00-109.00) 

57 – 167 
540.500ǂ <0.001 HS 

Creatinine (mg/dl) 
Median (IQR) 

Range 

0.60 (0.50- 0.80) 

0.5 – 0.9 

0.70 (0.60-1.10) 

0.4 – 2 
777.500ǂ 0.007 S 

Na (mmol/L) 
Median (IQR) 

Range 

141.50 (140.00-143.0) 

138 – 145 

136.00 (133.00-139.00) 

125 – 144 
264.000ǂ <0.001 HS 

Ammonia (µg/dL) 
Median (IQR) 

Range 

21.50 (19.00-25.00) 

18 – 28 

106.50 (85.25-164.50) 

50 – 250 
741.000ǂ <0.001 HS 

Child (score) 
Median (IQR) 

Range 

-- 

-- 

8.50 (6.00- 10.75) 

5 – 14 
NA NA NA 

S100β (ng/ml) 
Median (IQR) 

Range 

16.75 (12.65-20.10) 

6 – 22 

62.65 (42.45-78.77) 

30.1 – 155.1 
741.000ǂ <0.001 HS 

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS). NA: non attenable. 

‡: Mann Whitney test 
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Table 2.  Comparison of the laboratory findings among the studied groups 

Variables 
Control group 

Compensated 

group 

Decompensate

d group 
HE group Test 

value 

P- 

value 
Sig. 

No. = 60 No. = 20 No. = 20 No. = 20 

ALB (g/l) 
Mean ± SD 4.19 ± 0.36a 3.78 ± 0.52b 2.74 ± 0.50c 2.37 ± 0.43d 

85.756ǂ <0.001 HS 
Range 3.7 – 4.9 2.7 – 4.9 1.6 – 3.8 1.5 – 3 

T.BIL 

(mg/dl) 

Median (IQR) 0.6 (0.5  –  0.8)a 0.85 (0.7 - 1)b 2 (1.5  –  3.7)c 1.80 (0.9 - 2.8)c 

50.939ǂ <0.001 HS 
Range 0.3 – 0.9 0.4 – 2.1 0.5 – 5.6 0.7 – 4.7 

PT 
Median (IQR) 

12.75 

(12.30-13.02)a 

15.60 

(13.00-17.00)b 

20.00 

(16.92-21.00)c 

19.00 

(18.00-20.00)c 70.054ǂ <0.001 HS 

Range 12 – 13.7 12.3 – 18.8 15.7 – 24 16 – 28 

PC 
Median (IQR) 

100.00 

(100.00-100.00)a 

73.00 

(62.25-97.75)b 

50.00 

(42.00-60.75)c 

49.00 

(47.00-60.00)c 
77.910ǂ <0.001 HS 

Range 100 – 100 50 – 100 35 – 77 36 – 69 

INR 
Median (IQR) 1.00 (1.00-1.00)a 1.15 (1.00-1.30)ab 

1.80 

(1.40-1.90)c 
1.60(1.42-1.77)c 

78.582ǂ <0.001 HS 

Range 1 – 1 1 – 1.6 1.1 – 2.2 1.3 – 2.2 

ALT (U/L) 
Median (IQR) 

20.00 

(16.00-22.00)a 

20.00 

(15.00-36.25)a,b 

25.50 

(20.25-40.75)b 

20.00(18.00-23.0

0)a 9.276ǂ 0.026 S 

Range 11 – 26 12 – 56 14 – 89 12 – 55 

AST (U/L) 
Median (IQR) 

20.00 

(18.00-21.25)a 

34.50 

(22.75-47.00)b 

51.00 

(36.25-70.00)c 

44.00 

(37.50-61.50)c 53.09ǂ <0.001 HS 

Range 12 – 41 14 – 71 21 – 100 20 – 107 

Na (mmol/l) 
Mean ± SD 141.53 ± 1.96a 139.80 ± 2.80b 135.00 ± 3.85c 132.55 ± 3.41d 

45.247

• 
<0.001 HS 

Range 138 – 145 135 – 144 125 – 139 128 – 139 

Ammonia 

(µg/dl) 

Mean ± SD 
21.50 

(19.00-25.00)a 

81.00 

(62.75-98.00)b 

98.50 

(86.25-129.75)c 

188.50 

(136.00-237.50)d 
82.37ǂ <0.001 HS 

Range 18 – 28 50 – 120 55 – 165 113 – 250 

S100β 

(ng/ml) 

Mean ± SD 
16.75 

(12.65-20.10)a 

38.15 

(35.60-47.75)b 

57.00 

(46.20-73.35)c 

86.20 

(78.02-116.22)d 
83.052ǂ <0.001 HS 

Range 6 – 22 30.1 – 76 37.3 – 88.9 60.6 – 155.1 

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS) 

•: One Way ANOVA test; ‡: Kruskal Wallis test. Different small superscript letter indicates significant difference between groups 

Table 3.  Neuropsychological tests result in the studied groups 

Neuropsychological tests 
Control group 

No. = 60 

Compensated 

group 

No. = 20 

Decompensated 

group 

No. = 20 

HE group 

No. = 20 
Test value 

P- 

value 
Sig. 

MMSE (score) 
Mean ± SD 25.73 ± 1.01a 26.90 ± 1.94b 24.65 ± 0.49c 23.25 ± 0.44d 

38.694• <0.001 HS 
Range 25 – 28 25 – 30 24 – 25 23 – 24 

Line drawing 

(minute) 

Median (IQR 3 (3 - 3)a 3 (3 - 4)b 5 (5 - 6)c 13.5 (13 - 15)d 

82.210ǂ <0.001 HS 
Range 3 – 3 3 – 4 5 – 7 11 – 15 

Serial dotting 

(minute) 

Median (IQR 1.5 (1.5 – 1.5)a 1.5 (1.5 - 2)b 3 (3 - 4)c 11 (11 - 12)d 

82.305ǂ <0.001 HS 
Range 1.5 – 1.5 1.5 – 2 3 – 5 11 – 12 

P300 (wave/sec 
Mean ± SD 294.00 ± 2.03a 297.30 ± 5.48a 327.25 ± 11.53b 486.60 ± 12.60c 

2442.344• <0.001 HS 
Range 290 – 295 290 – 310 315 – 350 460 – 499 

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS) 

•: One Way ANOVA test; ‡: Kruskal Wallis test. Different small superscript letter indicates significant difference between groups 

Also, there were significant increases in ALT levels in the 

decompensated group in comparison to compensated and 

hepatic encephalopathy groups. While, there were no 

significant differences in T. Bili, PT, PC, INR, and AST 

levels in comparison of decompensated group and hepatic 

encephalopathy group (Table 2). 

As regard neuropsychological evaluation of the studied 

groups, there was a gradual deterioration of the cognitive 

functions of the studied patients in comparison to healthy 

subjects and, in comparison, to each other, as shown in serial 
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dotting test, line drawing test and MMES score. At the  

same time, there was significant prolongation in P300  

wave measurement in comparison to the decompensated 

group without overt hepatic encephalopathy and hepatic 

encephalopathy group (327.25 ± 11.53 and 486.60 ± 12.60 

wave/sec) respectively P-value = 0.000 (Table 3). 

Table 4.  Levels of ammonia and S100β sensitivity and specificity to diagnose overt HE 

Parameter AUC Cut off Point Sensitivity Specificity PPV NPV P-value 

Ammonia (µg/dl) 0.939 >165 75.0 100.0 100.0 80.0 <0.001 

S100β (ng/ml) 0.891 >77.5 80.0 85.0 84.2 81.0 <0.001 

 

Figure 1.  Serum level S100β and ammonia can accurately diagnose overt hepatic encephalopathy. The AUC is shown for the performance of the serum 

S100β levels and ammonia for discriminating hepatic encephalopathy patients from the decompensated patients without encephalopathy. The vertical axis 

represents the sensitivity and the horizontal axis represents the 100-specificity 

Table 5.  Levels of ammonia and S100β sensitivity and specificity to diagnose covert HE 

Parameter AUC Cut of Point Sensitivity Specificity PPV NPV P-value 

Ammonia (µg/dl) 0.730 >92 65.0 75.0 72.2 68.2 <0.001 

S100β (ng/ml) 0.820 >42 90.0 65.0 72.0 86.7 <0.001 

 

Figure 2.  Serum level S100β can accurately diagnose covert hepatic encephalopathy. The AUC is shown for the performance of the serum S100β levels for 

discriminating decompensated patients without encephalopathy from the compensated patients. The vertical axis represents the sensitivity and the horizontal 

axis represents the 100-specificity 
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Table 6.  Correlations between S100β and all the studied parameters among patients groups 

Variables 

S100β (ng/ml) 

Compensated group Decompensated group HE group 

r P-value r P-value r P-value 

Ammonia (µg/dl) 0.382 0.096 0.255 0.278 0.603** 0.005 

ALB (g/l) -0.441 0.052 0.008 0.975 0.408 0.074 

T.BIL (mg/dl) -0.305 0.190 -0.260 0.268 -0.259 0.271 

PT -0.003 0.990 -0.116 0.625 -0.376 0.102 

PC -0.085 0.722 0.070 0.769 0.224 0.343 

INR 0.023 0.924 -0.229 0.332 -0.252 0.284 

ALT (U/L) 0.055 0.816 -0.099 0.679 0.292 0.211 

AST (U/L) 0.187 0.430 -0.113 0.636 0.342 0.140 

ALK (U/L) 0.353 0.126 -0.054 0.820 -0.326 0.161 

Creatinine (mg/dl) -0.193 0.415 0.066 0.781 0.033 0.889 

Na (mmol/l) -0.031 0.898 -0.217 0.358 0.151 0.525 

Child (score) -0.613** 0.004 -0.266 0.258 0.525* 0.017 

Serial dotting (minute) 0.026 0.913 0.121 0.612 -0.496* 0.026 

Line draw (minute) 0.035 0.882 -0.030 0.900 0.335 0.149 

P300 (wave/sec) 0.124 0.604 0.363 0.116 -0.174 0.462 

MMSE (score) 0.235 0.319 -0.209 0.376 0.110 0.644 

*Significant correlation. ** Highly significant correlation 

Table 7.  Correlations between ammonia and all the studied parameters among patients groups 

Variables 

Ammonia (µg/dl) 

Compensated LC group Decompensated LC group HE group 

r P-value r P-value r P-value 

S100β (ng/ml) 0.382 0.096 0.255 0.278 0.603** 0.005 

Age 0.223 0.344 0.259 0.269 0.179 0.449 

ALB (g/l) 0.054 0.823 -0.308 0.187 0.383 0.095 

T.BIL (mg/dl) -0.378 0.100 0.182 0.441 -0.448* 0.048 

PT -0.216 0.360 -0.050 0.835 -0.430 0.058 

PC 0.250 0.288 -0.120 0.613 0.268 0.253 

INR -0.133 0.577 0.112 0.638 -0.337 0.146 

ALT (U/L) -0.674** 0.001 -0.117 0.623 -0.050 0.833 

AST (U/L) -0.504* 0.024 -0.111 0.642 -0.108 0.649 

ALK (U/L) 0.064 0.788 0.107 0.653 -0.207 0.382 

Creatinine (mg/dl) -0.086 0.718 -0.019 0.938 0.191 0.419 

Na (mmol/l) -0.430 0.059 -0.135 0.571 0.056 0.815 

Child (score) -0.162 0.494 -0.357 0.123 0.340 0.142 

Serial dotting 

(minute) 
0.140 0.557 -0.248 0.292 -0.168 0.478 

line draw (minute) 0.416 0.068 0.198 0.402 0.101 0.672 

P300 (wave/sec) 0.303 0.194 -0.041 0.863 -0.010 0.966 

MMSE (score) 0.571** 0.009 -0.055 0.819 -0.090 0.705 

*Significant correlation. ** Highly significant correlation 
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Figure 3.  Linear regression shows correlation between S100β and ammonia at Hepatic encephalopathy group 

 

Figure 4.  Linear regression shows correlation between S100β and Child at HE group 

 

Figure 5.  Linear regression shows correlation between S100β and serial dotting at HE group 
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Figure 6.  Linear regression shows correlation between S100β and Child at Compensated group 

 

Figure 7.  Linear regression shows correlation between ammonia and T. BIL at HE group 

 

Figure 8.  Linear regression shows correlation between ammonia and ALT at compensated group 
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Figure 9.  Linear regression shows correlation between ammonia and AST at compensated group 

 

Figure 10.  Linear regression shows correlation between ammonia and MMSE (score) at compensated group 

ROC curve analysis determines >77.5 ng/ml serum level 

of S100β, the best cut off for diagnosis of hepatic 

encephalopathy with the sensitivity of 80% and specificity  

of 85% (Table 4 and Figure 1). ROC curve analysis 

determines >42 ng/ml serum level of S100β, the best cut off 

for diagnosis of covert hepatic encephalopathy with the 

sensitivity of 90% and specificity of 65% (Table 5 and 

Figure 2).  

ROC curve analysis determines >165 ug/dl serum level  

of ammonia, the best cut off for diagnosis of hepatic 

encephalopathy with the sensitivity of 75% and specificity  

of 100% (Table 4 and Figure 1). ROC curve analysis 

determines >92 ug/dl serum level of ammonia the best cut off 

for diagnosis of covert hepatic encephalopathy with the 

sensitivity of 65% and specificity of 75% (Table 5 and 

Figure 2). 

There was a highly significant positive correlation 

between S100β levels and ammonia levels in the hepatic 

encephalopathy group. Also, there were significant 

correlations between S100β levels, Child score (positive 

correlation), and serial dotting test (negative correlation) in 

the same group (Table 6 and Figures 3, 4 & 5). 

While there was a highly significant negative correlation 

between S100β levels and Child score in the compensated 

group (Table 6 and Figure 6).  

There was a highly significant positive correlation 

between ammonia levels and S100β levels in the hepatic 

encephalopathy group. While there was a significant 

negative correlation between ammonia level and total 

bilirubin in the same group (Table 7 and Figure 7). While 

there were highly significant negative correlations between 

ammonia levels and ALT and MMSE in the compensated 

group. Also, there was a significant negative correlation 

between ammonia levels and AST levels (Table 7 and 

Figures 8, 9 & 10). 
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4. Discussion 

Minimal hepatic encephalopathy (MHE) worsens the 

domains of activity, emotional function, and global scoring 

on the chronic liver disease questionnaire. MHE also alters 

appetite in cirrhosis and, consequently, the liver function 

impairment, a condition of malnutrition occurred adversely 

impacting the quality of life [19]. 

Wiltfang et al. [14] and Saleh et al. [20] in their study 

conclude that serum S100β may be a useful surrogate marker 

to screen for patients with mild cognitive impairments due to 

portosystemic encephalopathy in cirrhotic patients before 

they progress to the more advanced stage of hepatic 

encephalopathy, and seems to be superior to the gold 

standard of arterial ammonia. 

In the present study, there were significant differences   

in S100β levels among all studied groups (healthy   

controls, cirrhotic patients without hepatic encephalopathy, 

decompensated cirrhotic patients with covert 

encephalopathy and decompensated cirrhotic patients with 

overt encephalopathy [14,20]. 

These results were in consistent with Duarte-Rojo      

et al. [21] who found that S100β values were different 

among all groups, and differences remained significant 

between healthy controls and compensated cirrhotic patients 

with non-hepatic encephalopathy (P <0.001), and also 

between compensated cirrhotic patients with non-hepatic 

encephalopathy and cirrhotic patients with covert hepatic 

encephalopathy (P = 0.016), but not between covert and 

overt hepatic encephalopathy. However, they found that, 

cirrhotic patients with HE S100β was higher than in patients 

without HE [0.18 (0.14-0.28) ng/ml vs 0.11 (0.06-0.14) 

ng/ml, P < 0.001]. 

This difference may be due to unequal small numbers   

of the studied groups in their study (healthy controls = 15 

subjects, compensated cirrhosis = 22 patients, covert 

encephalopathy = 10 patients, and overt encephalopathy = 

14 patients). 

Moreover, the results of the HE psychometric evaluation 

in Duarte-Rojo et al. [21] revealed that there was a clear 

deterioration in the performance of the critical flicker 

frequency and psychometric hepatic encephalopathy score 

tests in the group with cirrhosis and cirrhosis with covert 

hepatic encephalopathy or hepatic encephalopathy, as well 

as worsening in the individual psychometric hepatic 

encephalopathy score tests with a statistically significant 

difference. 

These results were consistent with the current study; there 

was a gradual deterioration of the cognitive functions of the 

studied patients in comparison to healthy subjects and, in 

comparison, to each other, as shown in MMES score, line 

drawing test, and serial dotting test. Patients with minimal 

hepatic encephalopathy had a significant impairment of daily 

functioning, such as social interaction, alertness, emotional 

behavior, sleep, work, home management, recreation, and 

pastimes compared with cirrhotic patients who did not have 

MHE [22]. 

The current study showed that S100β serum levels have a 

sensitivity of 90% and specificity of 65% in the diagnosis of 

covert encephalopathy and have a sensitivity of 80% and 

specificity of 85% in the diagnosis of overt encephalopathy. 

These results were in comparable with Wiltfang et al. [14] as 

they reported sensitivity 56.5% and specificity 100% of 

elevated serum S100β to predict subclinical portosystemic 

encephalopathy, Saleh et al. [20] found that sensitivity and 

specificity of elevated serum S100β were 51.7% and 91.3% 

in the diagnosis of hepatic encephalopathy and also, 

Duarte-Rojo et al. [21] found that elevated serum levels of 

S100β have a sensitivity of 83.3% and specificity of 63.6% 

for the diagnosis of covert encephalopathy and hepatic 

encephalopathy. 

The present study showed there were significant 

elevations of plasma ammonia levels among compensated 

cirrhotic, decompensated with covert encephalopathy and 

overt encephalopathy patients in comparison to control 

group and to each other, with poor sensitivity (65%) and 

specificity (75%) of ammonia plasma levels in the diagnosis 

of covert hepatic encephalopathy in comparison to S100β. 

These results were in agreement with Saleh et al. [20]  

who found that plasma ammonia levels were significantly 

elevated in cirrhotic patients, hepatic encephalopathy grade I 

and hepatic encephalopathy grade II in comparison to control 

group with no significant increase in ammonia levels in 

hepatic encephalopathy grade I and grade II. Also, Wiltfang 

et al. [14] concluded that serum S100β serum levels were 

superior on plasma ammonia levels in screening cirrhotic 

patients with mild cognitive impairment. 

There was a highly significant positive correlation 

between S100β levels and ammonia levels in the hepatic 

encephalopathy group. While, there were significant 

correlations between S100β levels, Child score (positive 

correlation), and serial dotting test (negative correlation) in 

the same group. Also, in the total population in Duarte-Rojo 

et al. [21] study, S100β was found to have a moderate 

correlation both with PHES. In the subgroup of patients with 

cirrhosis, S100β showed moderate correlations with PHES 

as well as with Child score. 

Das et al. [23], studied the relationship of progression of 

MHE to overt HE in relation to the severity of liver 

dysfunction and found that the rate of progression to overt 

HE was much higher in patients with MHE and a CTP 

score >6 than in those with MHE and a CTP score< 6. 

5. Conclusions 

- S100β candidate to be diagnostic serum marker of 

minimal hepatic encephalopathy with good sensitivity and 

specificity. 

6. Recommendations 

- Use of S100β and neuropsychological tests in the 

screening of early cognitive impairments in patients with 
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decompensated cirrhotic patients. 
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