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Abstract 

Background: Chronic liver diseases (CLD) are a common 
cause of morbidity and mortality in children. Neurologic affec-
tion in CLD may be due to brain accumulation of ammonia and 
lactate; altered permeability of the blood-brain barrier and neu-
roinflammation. Chronic portal vein thrombosis (PVT), with a 
development of Porto-systemic shunts through which several 
neurotoxins can pass to the systemic circulation, may affect the 
neurocognitive functions. 

Aim of Study: The aim of this study was to assess and 
manage the cognitive dysfunction in children with CLD and in 
those with chronic PVT. 

Patients and Methods: The study was a cross sectional one 
that included 150 children, recruited over a period of three years 
(August, 2020 – August, 2022), who were categorized into 
three groups, group 1 included 60 patients with CLD, group 2 
included 30 patients with chronic PVT and group 3 which in-
cluded 60 apparently healthyage matched children. All children 
underwent assessment of the cognitive performance using the 
Arabic Version of the Revised Wechsler Intelligence Scale for 
Children (WISC-IV) followed by treatment of patients showed 
cognitive dysfunction by either lactulose or rifaximin for three 
months duration. The cognitive performance of affected chil-
dren was reassessed after the end of treatment. 

Results: 98.3% of the healthy control group had normal in-
telligence versus 70% of PVT group and 63.3% among those 
with CLD. The presence of CLD significantly increases the risk 
of below normal intelligence scale by 34.16 folds while PVT 
significantly increases that risk by 25.29 folds. After treatment 
with lactulose, the cognitive performance of 50% of CLD pa-
tients and 66.7% of PVT patients have been improved with a 
statistically significant difference (p-value=0.011 and p-value 
=0.034 respectively). While after treatment with rifaximin, the 
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cognitive performance of 16.7% of CLD group have been im-
proved with non-significant (p-value=0.317). 

Conclusion: Chronic liver diseases and PVT in children 
significantly increase the risk of cognitive dysfunction which 
can be improved with lactulose. 

Key Words: Chronic liver diseases – Portal vein thrombosis – 
Cognitive dysfunction – Lactulose – Rifaximin. 

Introduction 

THE term chronic liver disease (CLD) implies 
a long standing irreversible change in the hepatic 
structure that may end in complications like cir-
rhosis leading to premature death [1]. Liver disease 
chronicity is determined either by duration of the 
liver disease (>6 months) or by evidence of physi-
cal stigmata of CLD, clubbing, spider telangiectasia 
and hepatosplenomegaly [2,3]. 

The causes of liver disease in pediatric patients 
vary with age. Some are associated with certain age 
groups, such as biliary atresia (BA) and idiopathic 
neonatal hepatitis, which are observed only at birth 
or shortly thereafter [2,3,4]. Conversely, Wilson dis-
ease is typical of older children, especially adoles-
cents [4]. Chronic viral hepatitis specially hepatitis 
B and C viruses (HBV) and (HCV) are the most 
common causes prevalent in children between 1 
year to 12 years of age. They are important public 
health problems with broad clinical spectrums, from 
asymptomatic infection to cirrhosis and hepatocel-
lular carcinoma [5]. 

The major cause of deaths in patients with CLD 
is due to end stage liver disease and hepatic failure 
and the only way to treat these patients is by liver 
transplantation [1]. 

In children, PVT is a significant clinicopatho-
logic entity that all physicians should be aware with 
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[6,7]. Several etiological causes, either of local or 
systemic origin, might be responsible for PVT de-
velopment, although more than one factor is often 
identified. Furthermore, PVT clinical presentation 
is different in the context of acute or chronic on-
set and depends on the development and the extent 
of a collateral circulation. Intestinal congestion and 
ischemia, with abdominal pain, rectal bleeding, ab-
dominal distention, and splenomegaly are common 
features of acute PVT. In contrast, chronic PVT can 
be completely asymptomatic, or characterized by 
splenomegaly, pancytopenia, varices, and, rarely, 
ascites [6]. 

Neurologic damage in CLD seems to be mul-
tifactorial primarily attributable to the following: 
brain accumulation of ammonia, manganese, and 
lactate; altered permeability of the blood-brain bar-
rier; recruitment of monocytes after microglial acti-
vation; and neuroinflammation, that is, direct effects 
of circulating systemic proinflammatory cytokines 
such as tumor necrosis factor, IL-1β, and IL-6 [8]. 

Two types of neurological dysfunction can oc-
cur in CLD: 1) Extrapyramidal signs related to the 
accumulation of manganese in the basal ganglia and 
2) Milder degrees of cognitive impairment known 
as minimal hepatic encephalopathy (MHE) [9]. 

The diagnosis of MHE may have clinical im-
portance, as its presence may result in substantial 
impairment in occupational and psychosocial func-
tioning, activities of daily living and overall quality 
of life. Moreover, MHE could be a preceding stage 
of overt neurological manifestations of hepatic en-
cephalopathy [10]. 

Patients and Methods 

The present study was conducted as a prospec-
tive cross-sectional studyin Pediatric Hepatolo-
gy, Gastroenterology and Nutrition Department 
of National Liver Institute, Menoufia University. 
Informed written consent was obtained from legal 
guardians. The study procedures were carried out 
and approved by the Ethical Committee of National 
liver institute and in accordance with the declaration 
of Helsinki. The present study included included 
150 children recruited over a period of three years 
(August, 2020 – August, 2022). The children were 
divided into three groups; group (1) included 60 pa-
tients with CLD, group (2) included 30 patients of 
chronic PVT and group (3) which included 60 ap-
parently healthy children with matched age and sex. 

Children with previous or current hepatic en-
cephalopathy, Children with neurological or psy-
chiatric disease, children with Wilson’s disease, 
children with Endocrinal disorders e.g. Diabetes 
mellitus and hypothyroidism, Children with chron-
ic hematological conditions e.g. β-thalassemia and 
sickle cell anemia andchildren on intestinal anti-
septics therapy were excluded from the study. Each  

patient underwent: Full history taking, thorough 
clinical examination, laboratory investigations, 
abdominal ultrasonography (US) which was per-
formed using Xario and Nemio US devices (Toshi-
ba, Tokyo, Japan). 

The study was carried out through two stages: 
Stage 1: Assessment of the cognitive perfor-

mance using The Arabic Version of the Revised 
Wechsler Intelligence Scale for Children WISC-IV; 
[11], which comprises 10 subsets, grouped into two 
general areas: Verbal scales and performance scales. 
The verbal scales measure general knowledge, lan-
guage, reasoning, and memory skills, while the per-
formance scales measure spatial, sequencing, and 
problem-solving skills [12,13]. (Table 1). 

Table (1): Indexes of the Wechsler Intelligence Scale for Chil-
dren [13]. 

Verbal Index Performance 

1- Information 	 1- Picture Completion 
2- Comprehension 	 2- Matrix Reasoning 
3- Similarities 	 3- Visual Puzzles 
4- Vocabulary 	 4- Symbol Search 
5- Arithmetic 	 5- Coding 

The tests were carried out by a specialist, using 
a complex set of test materials. Testing requires ap-
proximately ninety minutes. Raw scores on each 
test converted to standard scores with a mean of 10 
and a standard deviation of 3. Scale scores in the 
Verbal battery will be summed and converted to a 
Verbal IQ score; the same was done for the Perfor-
mance scale scores which yield the Performance IQ 
score. In turn, the Verbal and Performance IQ scores 
summed and converted to obtain the Full-Scale IQ 
score which is considered average if the score is 
90-109, high Average 110-119, very high 120-129, 
extremely high more than 130, low average 80-89, 
very low 70-79 and extremely low if the score less 
than 69 [13]. 

Stage 2: Management of the cognitive dysfunc-
tion:it included children with CLDs and those with 
chronic PVT who showed cognitive dysfunction in 
the stage one. These children were randomly di-
vided into two groups: Lactulose group: Received 
Lactulose, manufactured by E.P.I.CO. (0.3ml/kg/ 
8 hours) for 3 months duration [14] and Rifaximin 
group: Received rifaximin, Gastrobiotic manufac-
tured by Al Andalous company (20mg/kg/day into 2 
doses) for 3 months duration [15]. At the end of the 
three months duration, the cognitive performance of 
those children was reassessed in the same way in 
stage one. 

The duration of the treatment regimen was de-
cided as 3 months because it`s the adjusted period 
of lactulose and rifaximin to be effective for prima-
ry prevention of HE in patients with CLD [16-20] and 
in those with PVT [14]. 
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Statistical analysis: 
Data was collected and entered to the computer 

using SPSS (Statistical Package for Social Science) 
program for statistical analysis, (version 13; Inc., 
Chicago. IL). 

Types of statistics were used: 

a- Descriptive statistics e.g., number (N) and 
percent (%) for qualitative data, mean and standard 
deviation (SD) for quantitative data. 

b- Analytic statistics e.g. Chi-square test has 
been used to measure association between qualita-
tive variables. Student t-test has been used to com-
pare mean and SD of 2 sets of quantitative normally 
distributed data, while Mann Whitney test will be 
used when this data is not normally distributed. One-
way analysis of Variance (ANOVA) test has been 
used for comparison between three or more groups 
having quantitative normally distributed data, while 
Kruskal-Wallis test has been used when this data is 
not normally distributed. Pearson’s correlation has 
been used to study correlation between two varia-
bles having normally distributed data, while Spear-
man’s correlation has been used when this data is 
not normally distributed. Fisher exact test has been 
used for 2x2 qualitative variables when more than  

25% of the cells have expected count less than 5. 
Probability of error (p-value): Is considered statisti-
cally significant when it is less than 0.05. 

Results 

Children in this study were divided into three 
main groups namely: Group 1 (60 patients with CLD, 
Their mean of age was 10.38±2.19 years and 56.7% 
were females), group 2 (30 patients with chronic 
PVT, Their mean of age was 7.87±2.86 years and 
70% were females) and 60 apparently healthy chil-
dren as group 3, Their mean of age was 9.3±2.57 
years and 60% were females. Analysis of children 
with CLD revealed that cryptogenic liver diseases, 
Autoimmune hepatitis (AIH) and congenital hepatic 
fibrosis (CHF) were the most detected causes (30%, 
25% and 11.7% respectively). (Fig. 2). 

This study showed a statistically significant dif-
ference between the studied groups regarding (WIS-
IV). 98.3% of the healthy control group had normal 
intelligence versus 70% of PVT group and 63.3% 
among those with CLD. The presence of CLD sig-
nificantly increases the risk of below normal intelli-
gence scale by 34.16 folds while PVT significantly 
increases that risk by 25.29 folds. (Table 2). 

Table (2): Comparison between studied groups regarding Wechsler Intelligence Scale-IV (WIS-IV). 

Parameter 
CLD group 
N=60 (%) 

WIS-IV: 
Extremely low 5 (8.3%) 
Very low 2 (3.3%) 
Low average 15 (25%) 
Average 37 (61.7%) 
High average 1 (1.7%) 

Normal 38 (63.3%) 
Below normal 22 (36.7%) 
COR 34.16 
95% CI 4.42 – 264 

PVT group 
N=30 (%) 

1 (3.3%) 
0 (0%) 
8 (26.7%) 
21 (70%) 
0 (0%) 

21 (70%) 
9 (30%) 
25.29 
3.02 – 211.76 

Control group χ2 p 
N=60 (%) 

0 (%) 
0 (0%) 
1 (2%) 
52 (86.7%) 
7 (11.7%) 

59 (98.3%) 
1 (1.7%) 
1 (reference) 

MC 

MC 

<0.001 

<0.001 

CI : Confidence interval. 
CLD: Chronic liver disease. 
COR: Crude odds ratio. 
MC : Monte Carlo test. 
NS : Not statistically significant (p>0.05). 

There was a statistically significant positive cor-
relation between WIS-IV and alkaline phosphatase, 
while there was a statistically significant negative 
correlation between WIS-IV and all of urea, creati-
nine, serum ferritin and ammonia. 

The total number of patients who had a below 
normal IQ scale was 31 patients (22 in CLD group 
an 9 in PVT group), But the total number of pa-
tients who agreed to continue the treatment regimen 
through the next 3 months of the study was only 24 
patients (16 in the CLD group and 8 patients in the 

PVT: Portal vein thrombosis, 
p≤0.001: Is highlystatistically significant. 
WIS-IV : Wechsler intelligence scale for children. 
χ2: Chi square test. 

PVT). One of the CLD patients has been died before 
starting the treatment plan while the families of the 
other 6 patients refused to involve their children in 
any treatment trials. 16 patients received lactulose 
(10 patients with CLD and 6 patients with PVT) 
while 8 patients received rifaximin (6 patients with 
CLD and 2 patients with PVT) (Fig. 1). 

After treatment with lactulose, there was non 
statistically significant difference between the 2 pa-
tients groups, but at the same time, the patients in 
both groups were improving. In CLD group (50%) 
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of the cases have been improved with significant 
(p-value=0.011) while in the PVT group, (66.7%) 
of the patients became normal with significant (p-
value=0.034). (Table 3). 

There was no statistically significant difference 
between both groups regarding (WIS-IV) test-
ing neither before nor after the treatment regimen 
with rifaximin. In CLD group (16.7%) of the cases 
have been improved with non-significant (p-value 
=0.317) while in the PVT group, none of the pa-
tients became normal with also non-significant 
(p-value=1.000) (Table 4). 

There was non-statistically significant differ-
ence between lactulose and rifaximbin groups re- 

garding (WIS-IV) testing before treatment, how-
ever, there was a statistically significant difference 
between them regarding (WIS-IV) after treatment. 
All patients before treatment had below normal in-
telligence while after therapy, 56.3% of the patients 
within lactulose group have been improved versus 
12.5% within rifaximin group. In lactulose group, 
there was a significant improvement in WIS-IV 
(p-value=0.003) while the rifaximin group showed 
non-significant change (p-value=0.317). (Table 5). 

Serum ammonia significantly decreased after 
treatment in CLD group while there was non sta-
tistically significant difference of serum ammonia 
before and after treatment in PVT group (Table 6). 

Table (3): Comparison between patient groups regarding 
Wechsler Intelligence Scale (WIS-IV) after treat- 
ment with lactulose. 

Table (4): Comparison between patient groups regarding 
Wechsler Intelligence Scale (WIS-IV) after treat-
ment with rifaximin. 

Parameter 
CLD group 
N = (10%) 

PVT group 
N = (6%) 

χ2 p Parameter 
CLD group 
N = (10%) 

PVT group 
N = (6%) 

χ2 p 

WIS-IV before: WIS-IV before: 
Below normal 10 (100%) 6 (100%) – – Below normal 6 (100%) 2 (100%) – – 

WIS-IV after: WIS-IV after: 
Normal 5 (50%) 4 (66.7%) 0.423 FEp= Normal 1 (16.7%) 0 (0%) 0.381 FEp= 
Below normal 5 (50%) 2 (33.3%) 0.633 Below normal 5 (66.7%) 2 (100%) 1.000 

P (Wx) 0.011 0.034 P (Wx) 0.317 1.000 

CLD : Chronic liver disease. 
FE : Fisher Exact. 
PVT : Portal vein thrombosis. 
p (wx) : p for Wilcoxon signed rank test. 
WIS-IV : Wechsler intelligence scale for children. 
χ2 : Chi square for trend test. 

CLD : Chronic liver disease. 
FE : Fisher Exact. 
PVT : Portal vein thrombosis. 
p (wx) : p for Wilcoxon signed rank test. 
WIS-IV : Wechsler intelligence scale for children. 
χ2 : Chi square for trend test. 

Table (5): Comparison between patient groups regarding Wechsler Intelligence Scale (WIS) before and 
after treatment. 

Parameter 
Lactulose group 

N=16 (%) 
(10CLD+6 PVT) 

Rifaximbin group 
N=8 (%) 

(6CLD+2PVT) 
χ2 p 

WIS-IV before: 
Below normal 

WIS-IV after: 
Normal 
Below normal 

P (Wx) 

16 (100%) 

9 (56.3%) 
7 (43.7%) 

0.003 

8 (100%) 

1 (12.5%) 
7 (87.5%) 

0.317 

– 

4.2 

– 

0.04 

CLD : Chronic liver disease. 
FE : Fisher Exact. 
PVT : Portal vein thrombosis. 
p (wx) : p for Wilcoxon signed rank test. 
WIS-IV : Wechsler intelligence scale for children. 
χ2 : Chi square for trend test. 
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Table (6): Comparison of serum lactate and ammonia between before and after treatment. 

Before Treatment After Treatment t p 

(n = 60) 
2.86±3.06 
2.10 (0.60 – 18.30) 

(n = 16) 
2.90±1.11 
2.88 (1.11 – 5.33) 

0.828 0.421 

(n = 60) (n = 16) 3.624* 0.003* 
45.37±16.55 39.13±9.41 
43.50 (21.0 – 94.0) 42.50 (24.0 – 59.0) 

(n = 26) (n = 8) 1.134 0.294 
2.91±6.27 2.90±1.18 
1.02 (0.50 – 33.0) 2.53 (1.30 – 4.55) 

(n = 30) (n = 8) 0.521 0.618 
33.73±9.42 32.38±6.57 
33.50 (19.0 – 55.0) 33.50 (22.0 – 40.0) 

p: p-value. *: Statistically significant at p≤0.05. 

Assessed for eligibility (n=31 patients) 
(22 in group 1 and 9 in group 2) 

Exclude (n=7) 
• Declined to participate (n=6) 
• Death (n=1) 

Randomized (n=24) 

Fig. (1): Consort flow chart. 

Fig. (2): Simple Pie chart showing the etiology of 
chronic liver diseases. 

AIH: Autoimmune Hepatitis, 
BCS: Budd Chiari Syndrome. 
CHF: Congenital Hepatic Fibrosis. 
NAFLD: Non Alcoholic Fatty Liver Disease. 
PFIC: Progressive Familial Intrahepatic Cholestasis. 



554 Cognitionin Liver Diseases 

Discussion 

Cognitive functions are group of functions in-
cluding memory, general intelligence, learning, 
language, orientation, perception, attention and 
concentration, judgment. Some medical conditions 
could lead to cognitive impairment in the children 
for example epilepsy, cerebral palsy, Diabetes mel-
litus, β-thalassemia, and CLD [23-25]. 

Cognitive deficits have tremendous consequenc-
es for future development and well-being, especial-
ly in children, as cognitive performance impacts 
daily life as well as educational success. Therefore, 
cognitive performance should be regarded as equal-
ly important measure of therapeutic success in addi-
tion to medical outcomes [26]. 

Liver diseases during early life have pernicious 
effects on intellectual function and linear growth. 
Careful monitoring of the mental status of children 
with early-onset liver disease and aggressive nutri-
tional, medical and psychological support begin-
ning at the time of diagnosis may help reduce delays 
in growth and mental development [27]. Children 
with early onset of liver disease are at high risk for 
cognitive impairment [28]. 

Chronic PVT is a common cause of chronic por-
tal hypertension in children with a development of 
Porto-systemic shunts through which several neuro-
toxins can pass to the systemic circulation and by-
pass the detoxification process by the liver. These 
neurotoxins affect the neurocognitive functions 
which can be improved by restoration of porto-por-
tal flow by Rex Shunt [29-31]. 

Early screening for and identification of neu-
rodevelopmental deficits in children with CLDs 
should prompt therapies that can maximize devel-
opmental outcomes. Further, attention and execu-
tive functioning should be closely monitored across 
disease groups since these domains can significant-
ly impact learning and everyday functioning [32]. 

We aimed in this study to assess the cognitive 
function of children with CLD and those with PVT 
in the absence of clinical signs of encephalopathy 
then to assess the efficacy of lactulose and rifaximin 
in improving the cognitive functions of the affected 
patients. The patients are recruited from the Nation-
al liver Institute, Menoufia University. The study 
included 150 children, 60 patients with CLD, 30 pa-
tients with PVT and 60 as healthly controls. 

The current study showed a statistically signifi-
cant difference between the studied groups regard-
ing Wechsler intelligence scale (WIS-IV). (98.3%) 
of healthy control group had normal intelligence 
versus 70% with PVT group and 63.3% among 
those with CLD. (Table ). Presence of CLD signifi-
cantly increases the risk of blow normal intelligence  

by 34.16 folds while PVT significantly increases 
that risk by 25.29 folds. 

Children with a history of CLD may experience 
increased risk of long-term deficits in cognitive 
skills and decreased quality of life, even following 
liver transplantation. Data suggest that CLD dur-
ing early life has pernicious effects on intellectual 
function and linear growth. Even asymptomatic liv-
er disease can be associated with altered brain bio-
chemistry and cognition [33]. 

Factors that appeared to be associated with neu-
rodevelopmental outcomes were variable to some 
extent. Cognitive outcomes were more impaired in 
children with metabolic disorders than in children 
with biliary atresia or other cholestatic diseases. We 
have to bear in mind that in some liver diseases, 
for example, the metabolic-induced liver diseases, 
impaired neurodevelopment might be explained by 
brain damage because of the underlying disease. 
Poor adherence to therapy could also influence neu-
rodevelopmental outcome [34]. 

Apart from hyperammonemia in patients with 
liver cirrhosis, the increased plasma levels of proin-
flammatory cytokines in those with CLD, with or 
without liver cirrhosis, leads to variable degrees 
of neuro-inflammation which leads to altered neu-
rotransmission and impairment of neurocognitive 
functions [35]. 

The results are in agreement with Leung et al., 
[32] who started the first and largest prospective 
multi-center analysis of neurodevelopmental status 
in children with inherited cholestatic liver disorders 
who had not undergone liver transplantation. Full 
Scale Intelligence Quotient (FSIQ) was analyzed 
continuously and categorically (>100, 85–99, 70– 
84, <70). Frequency of FSIQ < 85 (>1 standard de-
viation [SD] below average) was highest in Alagille 
syndrome (ALGS) (29%) versus 18.6% in progres-
sive familial intrahepatic cholestasis (PFIC) and 
12.8% in alpha 1 antitrypsin deficiency (A1AT), 
and was greater than expected in ALGS based on 
normal distribution (29% vs 15.9%, p= 0.003). 

This is also in agreement with Elisofon et al., 
[36] who assessed in their cross-sectional study the 
health-related quality of life (HRQOL) in children 
with AGS in comparison with a normative popula-
tion. They also examined the effect of AGS-specif-
ic morbidities on HRQOL. The study demonstrat-
ed that children with AGS had significantly lower 
HRQOL (p<0.05) compared with the normative 
sample indicating a significant burden of chronic 
disease in both physical and psychosocial health. 

In this study there was non-statistically signif-
icant difference between lactulose and rifaximin 
groups regarding WIS-IV before treatment, how-
ever, there was a statistically significant difference 
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between them regarding WIS-IV after treatment. 
All patients before treatment had below normal in-
telligence while after therapy, 56.3% within lactu-
lose group versus 12.5% within rifaximin group had 
normal intelligence. In lactulose group, there was a 
significant improvement in WIS-IV while rifaximin 
group showed non-significant change. 

Several treatment modalities that reduce ammo-
nia level have been tried in order to treat this con-
dition, for example, dietary protein manipulation, 
branched-chain amino acids, L-ornithine L-aspar-
tate, lactulose, and probiotics. Most of the studies of 
these treatment modalities have found improvement 
in psychometry, ammonia level, and cerebral edema 
[17]. This is in agreement with our results which re-
vealed significant decrease in serum ammonia levels 
after treatment with lactulose and rifaximin in CLD 
group with improvement of cognitive function. 

Prasad et al., [17] measured psychometric perfor-
mance by of 90 patients with CLD on inclusion into 
the study and 3 months after treament with lactulose 
and The study concluded that treatment with lactu-
lose improves both cognitive function in patients 
with CLD. Sharma et al., [19] concluded that lactu-
lose improved MHE in 66% of patients with CLD. 

Rifaximin is a novel anti microbiological agent 
with wide spectrum of activity that has shown 
promise as an alternative option for hepatic enceph-
alopathy [37]. It has been reported to decrease the 
occurrence of HE and also improve cognitive func-
tion in studies from Europe and the United States of 
America [38]. 

Zacharias, et al., [39] concluded that compared to 
placebo/no intervention, rifaximin likely improves 
health-related quality of life in people with minimal 
hepatic encephalopathy, and may improve hepatic 
encephalopathy, particularly in populations with 
minimal hepatic encephalopathy and when it is used 
for prevention. Kawaratani et al., [40] concluded that 
the long-term rifaximin treatment was effective and 
safe for patients with HE, including Child−Pugh C. 
There were no serious adverse events after rifaxi-
min administration Liver enzymes, renal function, 
and electrolytes did not change after rifaximin ad-
ministration. 

Conclusions: 
Chronic liver diseases and PVT in children sig-

nificantly increase the risk of cognitive dysfunction 
which can be improved with lactulose. 
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