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Abstract  The most common and worsening the quality of life of patients with liver cirrhosis are neurological and 

neuropsychiatric disorders, referred to as hepatic encephalopathy (HE). Proton pump inhibitors (PPIs) are commonly 

prescribed drugs for cirrhosis of the liver accompanied by gastroduodenal disorders. The aim of this study was to evaluate the 

effect of proton pump inhibitors on hepatic encephalopathy in patients with cirrhosis of the liver with concomitant 

gastroduodenal disorders. There were 86 study patients in total. We divided them into 2 groups: patients with cirrhosis of the 

liver with gastroduodenal disorders who received complex therapy with the inclusion of PPIs (Group 1) and patients with 

liver cirrhosis who took complex therapy without PPIs (Group 2). Basically, to assess the degree of HE among those taking 

and not taking PPIs, we selected several diagnostic research methods that mainly determine the patient's neuropsychiatric 

disorders. In patients with liver cirrhosis, in order to determine the speed of cognitive activity, we chose a number connection 

test and to examine the accuracy of fine motor skills - a line test, from additional research methods, we chose 

electroencephalography and the level of ammonia in the blood. We conducted an analysis between the two groups to 

elucidate potential risk factors for the development of HE, as well as medication intake during the follow-up period. In all 

analysis groups, we found significant differences between PPIs use and the occurrence of HE. According to the result of the 

number connection test in the 1st group, after treatment, the time spent on performing the test increased by about 6.5 seconds. 

The time spent to complete the test lines on average increased by 3.1 seconds from the average, and the errors made after 

treatment were on average 2.6 errors more. According to the results of the EEG in the 1st group, who received complex 

therapy with the inclusion of drugs from the PPIs group, there was a slowdown in the activity of the α-rhythm by an average 

of 2.2 frequencies per second and an increase in flashes of θ-waves on the EEG, that is, the degree of hepatic encephalopathy 

progressed after the treatment. Detoxification function of the liver, assessed by the content of ammonia in the blood serum. 

During therapy with PPIs in group 1, there was an increase in serum ammonia by an average of 8.7 mg/dL. The comparative 

analysis of the obtained results of psychometric and psychological testing has shown that in the group of patients who 

received complex therapy with PPI group (group 1), there was a significant worsening, while in group 2 there was an 

improvement. Our study showed that a higher probability of developing PE in patients with cirrhosis was observed in group 1, 

i.e. in the group that used PPIs.  

Keywords  Liver cirrhosis, Hepatic encephalopathy, Proton pump inhibitors, Gastroduodenal disorder, Psychometric 

tests 

 

1. Introduction 

The problem of liver cirrhosis today is one of actual 

problems not only of modern hepatology, but also of      
all internal medicine [1]. The relevance of this problem   
lies in its prevalence among individuals of relatively young,  
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working age, the possibility of a number of formidable 

complications, frequent disability, disappointing results of 

treatment and relatively high mortality [3,10]. A relatively 

common complication of cirrhosis in the development of 

liver failure is neuropsychiatric impairment, termed hepatic 

encephalopathy (HE) [9]. Patients with cirrhosis are very 

often at risk of developing hepatic encephalopathy (PE), 

mainly due to the ammonia produced by the typical gut flora, 

and may subsequently be at risk for changes in this condition 

if the microbiome changes in any way [2,3,13]. In cirrhosis, 

HE can develop by increasing fibrosis at certain stages.   
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But there are additional factors that may accelerate its 

development or worsen its severity. Well-known triggers  

for HE include infections, excessive use of diuretics, 

gastrointestinal bleeding, constipation and drugs used in 

neurology and psychiatry, such as opioids and 

benzodiazepines [5,6]. Recently, other etiological factors, 

such as altered intestinal flora and overgrowth of 

small-bowel bacteria, have been increasingly mentioned in 

new studies [23,30].  

In recent years, it has become widely known that cirrhosis 

can affect several organ systems, such as the cardiovascular 

system, respiratory system, kidneys and bone system [14,24]. 

Cirrhosis has also been associated with varying degrees  

and changes in the gastrointestinal tract. In addition to the 

presence of structural changes in the gastrointestinal tract, 

such as esophageal varices and portal hypertensive 

gastropathy, which can cause gastrointestinal bleeding   
and anaemia, intestinal sensorimotor and barrier function 

disorders have also been described in cirrhosis [26]. Overall, 

up to 80% of patients with cirrhosis have one or more related 

gastrointestinal symptoms [24,26]. The most common 

gastrointestinal symptoms reported were bloating in 49.5% 

of patients, abdominal pain in 24%, belching in 18.7%, 

diarrhoea in 13.3%, and constipation in 8% [24]. The above 

data call for the use of PPIs in the treatment of cirrhosis  
with gastroduodenal disorders. Proton pump inhibitors (PPIs) 

are used by 46-78% of patients with cirrhosis, so it is 

important to clarify the risk profile associated with these 

drugs [31]. They are often prescribed for a wide range     
of cirrhosis-associated gastrointestinal diseases, such as 

dyspepsia, gastroesophageal reflux, gastric and duodenal 

ulcers and for the prevention of bleeding from the GI tract 

[30,36]. In turn, prolonged and indiscriminate use of PPIs 

reduces gastric juice production and leads to bacterial 

overgrowth in the small intestine. This leads to excessive 

ammonia production and thus to the development of HE.  

2. The Aim of the Study 

To evaluate the effect of proton pump inhibitors on 

hepatic encephalopathy in patients with liver cirrhosis and 

concomitant gastroduodenal disorders. 

3. Materials and Methods 

The study was conducted at the Department of 

Propaedeutics of Internal Diseases of the Samarkand State 

Medical University in the Department of the 1st Therapy. 

We studied 86 patients. The mean age of the patients was 

43.5 years. By gender, 48 (55.81%) patients were male and 

38 (44.19%) were female. 

Patients included in the study were: 

1.  patients diagnosed with cirrhosis of any etiology; 

2.  patients with Child-Pugh class A, B, C liver cirrhosis 

complicated by hepatic encephalopathy and without it.  

3.  patients with liver cirrhosis accompanied by 

gastroduodenal disorders and without it. 

4.  Patients with cirrhosis who have and have not taken 

PPIs. 

The exclusion criteria used in the selection of patients 

were: 

1.  patients with neuropsychiatric disorders not due to 

liver disease. 

2.  patients with severe somatic diseases (diabetes 

mellitus, renal disease, decompensated heart disease). 

3.  patients who have a history of taking psychotropic 

drugs. 

4.  Patients with alcohol and drug intoxication. 

5.  Patients with primary and secondary brain tumors. 

All patients were diagnosed with liver cirrhosis based on 

clinical signs, imaging and on the basis of liver ultrasound, 

elastography, liver fibroscan. All participants underwent the 

following research methods, including: 

1.  A survey was conducted containing subjective 

information; 

2.  Clinical and neurological examination; 

3.  Study of the neurological condition: using 

psychometric tests, conducting a question and answer 

session with the patient. Determination of the degree 

of HE on the West-Haven scale. 

4.  Cognitive disorders and depression were determined 

using the MMSE test, the Beck scale. 

5.  EEG; 

6.  Transcranial dopplerography; 

7.  MRI of the brain; 

8.  Laboratory research methods: Complete blood count 

and general urinalysis; Biochemical analysis of blood 

(bilirubin, ALT, AST, alkaline phosphatase, ammonia 

content, creatinine, urea, amount of sodium in the 

blood, etc.).  

Clinical and neurological examination consisted of a 

standard therapeutic and neurological examination and was 

aimed at identifying the syndrome of HE in liver cirrhosis. 

Consultation of a neurologist and a psychiatrist was carried 

out to exclude other causes of encephalopathy. Neurological 

symptoms were assessed: tremor of the fingers, paresthesia 

of the extremities, increased tendon reflexes, changes in gait, 

changes in handwriting, etc. And also, interviews were held 

with relatives of patients about the dynamics of changes in 

character and behavioral reactions. All data obtained were 

recorded in an individual patient card, developed on the basis 

of the requirements of the study. The severity of HE was 

determined by the subjective and objective parts of hospital 

admission records using the West-Haven criteria. The result 

of the study was an assessment of the severity of HE in 

people taking PPIs, compared with people not taking them, 

at the time of admission to the hospital and after the course of 

treatment. Basically, to assess the degree of HE among those 

taking and not taking PPIs, we selected several diagnostic 

research methods that mainly determine the patient's 
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neuropsychiatric disorders. In patients with liver cirrhosis in 

order to determine the speed of cognitive activity, we chose a 

test for the connection of numbers and for examination of the 

accuracy of fine motor skills - a line test, from instrumental 

research methods - electroencephalography and the level of 

ammonia in the blood. 

The number connection test (NCT) and the line test are the 

most widely used, the sensitivity of which in diagnosing HE 

reaches 80% [1]. When performing number connection test, 

the subject must, as quickly as possible, connect the numbers 

from 1 to 25 with each other in order, within 30 seconds. The 

time spent on correcting errors was taken into account in the 

overall evaluation of the results.  

Interpretation of the results of the number connect test by degree of HE 

Grades of HE NCT (sec) 

Absent of HE less than 30 sec 

minimal HE 30-45 sec 

I grade 46-60 sec 

II grade 61-80 sec 

III grade 81-120 sec 

IV grade >120 sec (patient unable to solve the test 

The linear maze test or line test is mainly performed to 

diagnose fine motor skills in patients. When performing a 

line test, the patient should draw the existing lines as quickly 

as possible without touching adjacent lines. The time spent 

and the mistakes made were taken into account separately. 

EEG is a non-invasive method for studying the functional 

state of the brain by recording its bioelectrical activity. EEG 

examination can detect changes in cortical brain activity in 

patients with any form of HE [9]. In HE, depending on the 

stage of encephalopathy, there is a slowdown in the activity 

of the α-rhythm on the EEG. 

Ammonia levels can be measured in venous or arterial 

blood, as well as in plasma. Several methods can be used  

for laboratory diagnosis, but measurements should only be 

taken if the laboratory equipment allows the analysis to be 

performed with high confidence.  

4. Results 

The study included 86 patients. All patients had a 

confirmed diagnosis of liver cirrhosis based on imaging 

studies or liver ultrasonography, elastography, liver 

fibroscan, and evidence of portal hypertension based on 

clinical signs, imaging, or portal pressure measurement. 

Forty-six of these cirrhotic patients were taking PPIs (Group 

1) because they had comorbid gastroduodenal disorders. The 

remaining 40 patients with liver cirrhosis did not take PPIs 

(Group 2). The main method for diagnosing and evaluating 

the dynamics of HE in the study was the use of psychometric 

testing using the number connection test and the line      
test, EEG and the determination of ammonia in the blood.  
All patients underwent psychometric testing, EEG, plasma 

ammonia levels before and after treatment. 

Assessment of HE before and after treatment       
in patients with cirrhosis with gastroduodenal 

abnormalities treated with proton pump inhibitors 

(1-group) 

n=46 

Table 1 

Grades 

of HE 

(n=46) 

NCT (sec) 
Line test (sec) 

duration and number of errors 

EEG 

α-rhythm frequency in 1 sec 

Ammonia 

in the blood (mg/dL) 

before 

treat-ment 

after 

treat-ment 

before 

treat-ment 
after treat-ment before treatment after treat-ment 

before 

treat-ment 

after 

treat-ment 

Absent 

of HE 

(n=6) 

31,4±2,8 

sec 

32,1±1,7 

sec * 

28,2+2,1 sec; 

0,7+0,03* 

29,7±1,2 sec; 

0,9±0,01 
14,5±2,4 

12,2±1,7 

(р<0,05) 
38,2±4,8 44,8±2,6 

0 -I 

grade 

(n=12) 

48,7±2,1 

sec 

49,6±3,1 

sec * 

35,8±1,3 sec; 

1,7±0,06* 

36,2±1,1 sec; 

1,9±0,09 

(р<0,05). 

9,6±1,2 
8,1±2.1 

(р<0,05) 
55,6±3,4 60,4±2,8 

II grade 

(n=18) 

68,6±1,8 

sec 

75,8±2,3 

sec * 

55,7±1,6 sec; 

2,8±0,07* 

59,8±1,8 sec; 

4,5±2,1 

6,6±1,4 and 

appearance of 

θ-waves 

6,6±1,5 

(р<0,05) 
86,4±3,4 98,2±6,5 

III grade 

(n=12) 

101,3±1.9 

сек 

118,4±1,2 

сек* 

89,6±2,8 sec; 

5,8±4,2* 

94,6±1,9 sec; 

7,5±3,6* 

4,8±1,1 and 

presence of 

θ-waves 

3,1±1,1 (р<0,05) 101,4±4,6 114,2±7,8 

Note: * - p < 0.05. Changes in the results of psychometric tests in patients before and after treatment (in seconds). 

Note: Grade IV hepatic encephalopathy was not included in the table, as we did not observe patients with hepatic coma,  

because patients with grade IV HE were admitted only to emergency centres. 

In group 1, there were 6 (13.04%) patients without hepatic 

encephalopathy, and this group recorded an average time to 

complete the digital sequence test at the level of 31.4 + 2.8 

seconds upon admission to the hospital. And on the last day 

of treatment, that is, when leaving the hospital, this figure 

was 32.1±1.7 seconds. The line test performed in these 

patients was 28.2+2.1 sec, the number of errors was 0.7+0.03 

(p<0.05). And after treatment it was 29.7±1.2 sec, the 
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number of errors was 0.9±0.01 (p<0.05). 

Patients who had 0-I degree of HE were 12 (26.08%) 

patients, and the average value of passing the time of the 

number connection test was 48.7 ± 2.1 sec, and the line test 

was 35.8 ± 1.3 sec and the number of errors was 1.7±0.06 

(p<0.05). On the last day of discharge of the patient, after 

treatment in the same group, the average value of the passage 

of the time of the test of the connection of numbers was  

49.6 ± 3.1 sec, and the test of lines 36.2 ± 1.1 sec and the 

number of errors in the test of lines 1.9 ±0.09 (p<0.05). 18 

(39.13%) patients were registered with grade II hepatic 

encephalopathy. The average value of passing the time of the 

number connection test was 68.6+1.8 sec, and the line test 

was 55.7+1.6 sec, and the number of errors was 2.8+0.07 

(p<0.05). And after treatment, in the same group, the average 

value of passing the time of the number connection test was 

75.8±2.3 sec, and the line test was 59.8±1.8 sec, and the 

number of errors was 4.5±2.1 (p<0, 05) when performing a 

line test. Patients who had grade III with obvious signs of HE 

were 12 (26.08%) patients, and the average value of passing 

the time of the number connection test was 101.3 ± 1.9 sec, 

and the line test was 89.6 ± 2.8 sec and the number of errors 

was 5, 8±4.2 (p<0.05). After treatment, in the same group, 

the average value of passing the time of the number 

connection test was 118.4±1.2 sec, and the line test was 

94.6±1.9 sec, and the number of errors in the line test was 

7.5±3.6 (p<0.05).  

In the 1st group, according to the results of EEG in 

patients without signs of clinical overt HE, the frequency of 

the α-rhythm averaged 14.5 ± 2.4 oscillations per 1 sec, and 

after treatment 12.2 ± 1.7 (p<0,05). In patients with grade 0-I 

HE, the frequency of the α-rhythm averaged 9.6 ± 1.2 

oscillations per 1 sec in the first days of admission to the 

hospital, and after treatment this figure was 8.1 ± 2.1 

(p<0.05). In patients with grade II HE, the average frequency 

of the α-rhythm averaged 6.6 ± 1.4 oscillations per 1 sec and 

the appearance of θ-waves on the EEG; after treatment, 6.6 ± 

1.5 (p<0.05) fluctuations in the frequency of the α-rhythm. In 

patients with grade III HE, the EEG showed dysrhythmia and 

deformation of the α-rhythm and the presence of θ-waves on 

the EEG. The frequency of oscillations of the α-rhythm in 1 

second was 4.8±1.1, and after treatment 3.1±1.1 (p<0.05).  

In the 1st group, according to the results of ammonia    

in the blood serum of patients without HE, it averaged 

38.2±4.8mg/dL before treatment, and 44.8±2.6mg/dL after 

treatment. Patients who had 0-I degree of HE, the average 

amount of ammonia in the blood was 55.6±3.4 mg/dL, and 

after treatment 60.4±2.8 mg/dL. In patients with grade II HE, 

the average amount of ammonia was 86.4±3.4 mg/dL, and 

after treatment it was 98.2±6.5 mg/dL. In patients with grade 

III HE, the average amount of ammonia in the blood is 

101.4±4.6 mg/dL, and after treatment it is 114.2±7.8 mg/dL. 

Assessment of HE before and after treatment in 

patients with liver cirrhosis who did not take drugs of the 

PPIs (group 2) 

n=40 

Table 2 

Grades   

of HE 

NCT (sec) 
Line test (sec) 

duration and number of errors 

EEG 

α-rhythm frequency in 1 sec 

Ammonia 

in the blood (mg/dL) 

before 

treat-ment 

after 

treat-ment 

before 

treat-ment 
after treat-ment before treat-ment 

after 

treat-ment 

before 

treat-ment 

after 

treat-ment 

Absent of 

HE (n=7) 

30,4+1,8 

sec 

25,2±2,6 

sec * 

29,2+3,1 sec; 

0,8+0,07* 

21,6±1,6 sec;  

0,5±0,01* 
14,5±2,4 

16,2±1,5 

(р<0,05) 
41,6±3,7 41,8±2,6 

0 -I grade 

(n=11) 
48,5±2,3 sec 

37,5±2,6 

sec * 

36,8±2,3 sec; 

1,8±0,06* 

29,3±1,5 sec; 

1,1±0,08* 
9,6±1,2 

12,1±1.1 

(р<0,05) 
58.,2±2,4 60,6±2,8 

II grade 

(n=12) 
65,6+2,8 sec 

66,8±3,8 

sec * 

58,5±1,8 

sec; 

4,9±0,03* 

50,8±1,5 sec; 

3,9±2,1* 

6,6±1,4 and 

appearance of 

θ-waves 

8,6±1,8 

(р<0,05) 
89,5±3,3 65,1±4,3 

III grade 

(n=10) 

108,3±2.9 

sec 

96,2±4,2 

sec * 

90,6±2,5 sec; 

6,2±0,02* 

85,5±1,6 sec; 

5,5±3,6* 

4,8±1,1 and 

presence of 

θ-waves 

5,9±1,8 

(р<0,05) 
112,8±4,1 82,1±6,7 

Note: * - p < 0.05. Change in the results of psychometric tests in patients before and after treatment (in seconds). 

In the 2nd group, there were 7 (15.21%) patients without 

signs of hepatic encephalopathy, and this group registered an 

average time to complete the digital sequence test at the level 

of 30.4 + 1.8 seconds before treatment. And after treatment, 

this figure was 25.2±2.6 sec. The line test performed in these 

patients was 29.2+3.1 sec, the number of errors was 0.8+0.07 

(p<0.05). And after treatment it was 21.6±1.6 sec, the 

number of errors was 0.5±0.01 (p<0.05). Patients who had 

grade 0-I of HE were 11 (27.5%) patients, and the average 

value of passing the time of the number connection test was 

48.5±2.3 sec, and the line test was 36.8±2.3 sec, and the 

number of errors was 1 .8±0.06 (p<0.05). On the last day of 

discharge of the patient, after treatment in the same group, 

the average value of passing the time of the test of the 

connection of numbers was 37.5 ± 2.6 sec, and the test of 

lines 29.3 ± 1.5 sec and the number of errors in the test of 

lines 1.1 ±0.08 (p<0.05). 12 (30%) patients were registered 

with grade II hepatic encephalopathy. The average value of 

passing the time of the number connection test was 65.6+2.8 

sec, and the line test was 58.5+1.8 sec, and the number of 

errors was 4.9+0.03 (p<0.05). And after treatment in the 

same group, the average value of passing the time of the 
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number connection test was 66.8±3.8 sec, and the line test 

was 50.8±1.5 sec, and the number of errors was 3.9±2.1 

(p<0,05) when performing a line test. Patients who had grade 

III with obvious signs of HE were 10 (25%) patients, and the 

average value of passing the time of the number connection 

test was 108.3±2.9 sec, and the line test was 90.6±2.5 sec, 

and the number of errors was 6.2± 0.02 (p<0.05). After 

treatment, in the same group, the average value of passing 

the time of the number connection test was 96.2 ± 4.2 sec, 

and the line test was 85.5 ± 1.6 sec, and the number of errors 

in the line test was 5.5 ± 3.6 (p<0.05). Analysis of the results 

of psychometric research methods showed that the time of 

performing the number connection test and the line test, as 

well as the number of errors when performing the line test, 

significantly decreased in patients of the 2nd group who did 

not take PPIs. 

In the 2nd group, according to the results of EEG in 

patients without signs of clinical overt HE, the frequency of 

the α-rhythm averaged 14.5 ± 2.4 oscillations per 1 sec, and 

after treatment 16.2 ± 2.4 (p<0,05). In patients with grade 0-I 

of HE, the frequency of the α-rhythm averaged 9.6±1.2 

fluctuations per 1 second in the first days of admission     
to  the hospital, and after treatment this figure was 12.1±1.1   

(p<0.05). In patients with grade II of HE, the average 

frequency of the α-rhythm averaged 6.6 ± 1.4 oscillations per 

1 sec and the appearance of θ-waves on the EEG, and after 

treatment 8.6 ± 1.8 (p<0,05). In patients with grade III of HE, 

the EEG showed dysrhythmia and deformation of the 

α-rhythm and the presence of θ-waves on the EEG. The 

frequency of oscillations of the α-rhythm in 1 sec was 

4.8±1.1 and the presence of θ-waves, and after treatment 

5.9±1.8 (p<0.05). According to these results, it can be said 

that in the 2nd group after treatment, the frequency of the 

α-rhythm in 1 second increased.  

In group 2, according to the results of ammonia in blood 

serum, we obtained the following results: before treatment  

in patients without HE, the average level of ammonia in the 

blood averaged 41.6±3.7 mg/dL, and after treatment 

41.8±2.6 mg/dL. Patients with grade 0-I of HE, the average 

amount of ammonia in the blood was 58.2=2.4 mg/dL, and 

after treatment 60.6=2.8 mg/dL. In patients with grade II of 

HE, the average amount of ammonia was 89.5±3.3 mg/dL, 

and after treatment 65.1±4.3 mg/dL. In patients with grade 

III HE, the average amount of ammonia in the blood is 112.8 

± 4.1 mg/dL, and after treatment 82.1± 6.7 mg/dL. 

5. Discussion 

In general, we believe that an increase in gastric pH 

promotes more active proliferation of intestinal bacteria. 

Increased proliferation is not without consequences, as the 

gut microbiome is one of the body's leading producers of 

ammonia and therefore may make patients more susceptible 

to HE. This study showed an association between PPI use 

and the risk of HE in patients with liver cirrhosis. PPI use has 

been associated with a significantly increased risk of hepatic 

encephalopathy in patients with liver disease. Comparative 

analysis of the results of psychometric and psychological 

testing has shown that in the group of patients receiving 

complex therapy with the inclusion of PPI group drugs 

(group 1), there was a significant deterioration. According to 

the results of the number connection test in Group 1 after 

treatment the time required to perform the test increased by 

approximately 6.5 seconds. The time required to complete 

the test lines increased with an average of 3.1 seconds, and 

the errors made after treatment were 2.6 more on average. 

Analysis of the results of the psychometric examination 

methods showed that the time required for the number 

connection test and the line test, as well as the number of 

errors in the line test, increased significantly in the patients in 

group 1.  

EEG findings in group 1 receiving complex therapy 

including PPIs showed an average 2.2-frequency per second 

slowdown of α-rhythm activity and increased θ-wave flashes 

on EEG, i.e. the degree of hepatic encephalopathy 

progressed after the treatment.  

Detoxification function of the liver as assessed by serum 

ammonia content. An increase in serum ammonia by an 

average of 8.7 mg/dL was observed in group 1 against a 

background of PPI therapy.  

In group 2, the results of psychometric and psychological 

testing showed a significant improvement in the group of 

patients who received complex therapy. The number 

connection test in Group 2 after treatment decreased the time 

required to complete the test by approximately 7.8 seconds. 

The time required to complete the test lines decreased with 

an average of 8.1 seconds, and the average number of errors 

after treatment was 3.4 less. Analysis of the results of 

psychometric tests in the 2nd group showed that the time 

required for the number connect test and the line test, as well 

as the number of errors during the line test, significantly 

decreased for the patients after the treatment (Table 2). 

Change in psychometric test performance in patients before 

and after treatment (in seconds). Note: * - p<0.05. 

According to the conducted HE therapy, according to 

EEG data, there was an increase in the amplitude of the 

electroencephalogram wave, an increase in the frequency of 

the α-rhythm and a decrease in the flashes of θ-waves, 

indicating normalization of brain function. 

The detoxification function of the liver, assessed by the 

content of ammonia in the blood serum, also normalized 

after therapy in group 2. In patients of this group, there   
was also a more pronounced decrease in the level of 

ammonia in the blood serum, significantly correlating with 

an improvement in clinical and psychometric indicators      

(p<0.05). We conducted an analysis in various groups to 

determine potential risk factors for the development of HE, 

as well as taking medications during the follow-up period. In 

all analytical groups, we found significant differences 

between the use of PPI and the occurrence of HE. Our study 

showed that a higher probability of developing HE in 

patients with liver cirrhosis was observed in group 1, that is, 

in the group using PPIs. This dictates that in patients with 
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cirrhosis of the liver concomitant gastroduodenal pathology 

should alert practitioners and make them pay attention to the 

safety of long-term therapy of PPIs. Changes in the intestinal 

flora after the use of PPIs may be one of the main factors 

leading to HE in patients with liver cirrhosis. Therefore, 

among patients with liver cirrhosis, one should carefully 

approach the determination of indications for the initiation 

and continuation of PPI therapy, especially for patients with 

cirrhosis who already have a high risk of developing HE. 

Further scientific research is needed to confirm our findings. 

6. Conclusions 

1.  In conclusion, proton pump inhibitors are often used 

without regard to their side-effects in hepatology. Our 

study has shown that PPIs use in cirrhotic patients is 

associated with a more severe degree of HE compared 

to those who did not take PPIs.  

2.  We suggest that PPIs use in cirrhotic patients should 

be reduced as a means of reducing episodes of HE and 

suggest their use on strict indications and in low doses 

in cirrhotic patients with gastroduodenal disorders.  

3.  Our study showed that PPI use in cirrhotic patients is 

associated with a more severe degree of HE compared 

to those who did not take them. This finding suggests 

that concomitant gastroduodenal disorders in patients 

with cirrhosis should alert practitioners to the safety of 

long-term proton pump inhibitor therapy. 
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