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Abstract

:

It is a matter of current interest which rifaximin-α regimens in patients with liver cirrhosis and minimal hepatic encephalopathy are the most efficient. Study objective: to evaluate the effect of various rifaximin-α regimens for 12 months on clinical and laboratory parameters and quality of life in patients with liver cirrhosis and minimal hepatic encephalopathy. Methods. It was a multicenter, prospective, open-label, observational study that included 288 patients with liver cirrhosis and minimal hepatic encephalopathy of both sexes over the age of 18 years, who were prescribed a 12-month course of treatment with rifaximin-α in accordance with the product label. Statistical analysis was performed in the population of patients who completed all visits according to the protocol (n = 258). Retrospectively, the patients were divided into two subgroups: subgroup 1 (continuous course)—patients who received the study drug for a year and the number of days of administration was 360 days (n = 41); subgroup 2 (cyclic course)—patients who received the study drug during the year for less than 360 days (n = 217). At each of the 4 visits, the quality of life was assessed using the CLDQ questionnaire, the time to perform the number connection test, the severity of symptoms associated with hepatic encephalopathy, and laboratory parameters. Results. During the 12-month observation period, an increase in the total score on the CLDQ quality of life questionnaire in patients with chronic liver diseases was revealed, which indicates an improvement in the quality of life of patients receiving rifaximin-α therapy. When patients were divided into subgroups depending on the duration of therapy, some benefits of continuous rifaximin-α therapy were noted in the more pronounced dynamics of decrease in the time to perform the number connection test, and in decreased severity of the following symptoms associated with hepatic encephalopathy: impaired concentration and memory, cognitive impairment, and decreased performance. Laboratory findings showed positive dynamics in both subgroups. Conclusion. A continuous rifaximin-α regimen in patients with liver cirrhosis and minimal hepatic encephalopathy for 12 months was superior to cyclic use with a more pronounced effect on the quality of life of patients and on the symptoms associated with hepatic encephalopathy.
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1. Introduction


Liver cirrhosis (LC) is one of the most common conditions in the structure of digestive system morbidities in terms of mortality, as well as in terms of development of serious complications, such as hepatic encephalopathy, oesophageal and gastric varices hemorrhage, spontaneous bacterial peritonitis and hepatorenal syndrome, which urges the search for efficient methods to prevent disease progression and the development of complications [1].



Hepatic encephalopathy (HE) is a common and serious complication of HC resulting from hepatic failure and/or portosystemic shunt. HE is a potentially reversible syndrome characterized by a range of neuropsychiatric disorders resulting from the accumulation of neurotoxic substances in the bloodstream and, ultimately, in the brain. The occurrence of HE indicates an unfavorable course of HC and leads to more frequent hospitalization of patients and an increased risk of mortality [2]. The mechanisms that cause brain dysfunction in liver failure are still not fully understood. Most often, HE is associated directly with decreased ammonia metabolism. Ammonia is produced by enterocytes from glutamine due to bacterial catabolism of nitrogenous compounds in the colon. The intact liver neutralizes the ammonia of the portal vein, converting it into glutamine and preventing it from entering the systemic circulation. However, with advanced liver disease, complete neutralization of ammonia does not occur and its level in the blood rises [3].



Recent work has highlighted the synergistic effect of hyperammonemia and systemic inflammation. One study found that only patients with systemic inflammation signs of systemic inflammatory response syndrome, and/or elevated levels of proinflammatory cytokines (tumor necrosis factor-a [TNF-a], interleukin-6 [IL-6]) developed HE in the presence of hyperammonemia. Hyperammonemia results not only from increased ammonia production by enterocytes in the intestine, but also from liver failure responsible for decreased urea cycle function and/or the presence of portosystemic shunting. While the presence of systemic inflammation is clearly established in the pathogenesis of HE, the existence and nature of neuroinflammation is less well understood. According to this theory, activation of microglia is expected, which may be associated with other pathophysiological mechanisms. Increased glutamine levels associated with neuroinflammation result in increased glutamatergic and GABAergic tone, leading to neurological deterioration [4].



According to the severity of HE’s manifestations, it is divided into minimal and overt (class I–IV) according to West Haven’s criteria. Minimal hepatic encephalopathy (MHE) is the mildest form of this condition. MHE is defined as HE without symptoms on clinical or neurological examination, but with abnormal performance of psychometric tests, impaired working memory efficiency and psychomotor and visual–spatial abilities. MHE is associated with impaired driving skills and an increased risk of traffic accidents, as well as an increase in hospitalizations and mortality. According to experts, a gold-standard test for the diagnosis of MHE does not currently exist; however, it is believed that a combination of two neuropsychological tests and/or a neurophysiological test may be the standard for diagnosing MHE [5]. Overt HE shows abnormal blood ammonia levels and neurological symptoms, including asterixis, worsening of neurological and mental conditions, up to the development of hepatic coma, resulting in a significant burden on the health care system and a pronounced decline in quality of life. It has been reported that overt HE occurs in 30–40%, and MHE in 20–80%, of all LC cases [6].



Pharmacotherapy for HE includes primarily non-absorbable disaccharides such as lactulose and antibiotics such as rifaximin-α. Other agents are also used for HE therapy, for example, branched-chain oral amino acids (isoleucine, valine and leucine), L-ornithine-L-aspartate (LOLA), probiotics and some others [7].



Rifaximin-α has been studied for the treatment of HE in a number of comparative studies with placebo, other antibiotics and non-absorbable disaccharides. Those studies showed an effect of rifaximin-α that was equivalent or superior to the comparators and was well tolerated. In studies aimed at studying the concentration of ammonia in the blood with rifaximin-α, it was shown that rifaximin-α reduces the severity of HE and reduces the concentration of ammonia in serum by approximately 50% [3].



A number of studies have shown that long-term rifaximin-α therapy for 6 months reduces the risk of a second HE episode and the frequency of HE-related hospitalizations compared to placebo [8]. Rifaximin was also shown to reduce the risk of recurrence of overt HE in patients with cirrhosis and ≥2 episodes of overt HE in the previous 6 months, with HE episodes occurring in 22.1% of patients in the rifaximin group vs. 45.9% in the placebo group [9]. In addition, there is evidence that the use of rifaximin-α for 6 months compared to placebo reduced the relative risk of any first LC complication in patients with a MELD ≥ 12 and an international normalized ratio (INR) ≥ 1.2 [10].



The data on studying the effect of rifaximin-α on the microbiota and on the pathogenetic factors of PE are interesting. After an 8-week course of rifaximin-α, there was a significant increase in the level of long-chain fatty acids and an improvement in cognitive function with a slight change in the composition of the microbiota. The improvement in cognitive function is attributed to the effect of rifaximin-α on changes in microbiota-related metabolic function [11].



However, data on the efficiency of various regimens of rifaximin-α are still scarce. In particular, a small number of studies on quality of life during the treatment of patients with MHE are noteworthy. In this regard, the effect of rifaximin-α has recently been actively studied not only on overt HE, but also on MHE in patients with HC. Taking into account the available data, it seems advisable to study in more depth the effect of rifaximin-α on the quality of life of patients with LC and MHE to develop optimal methods and regimens for its use in such patients.



The main objective of this study was to evaluate the effect of rifaximin-α on the quality of life of patients with LC and MHE when used for 12 months. At the same time, this study examined the demographic characteristics of patients with HC, assessed symptoms associated with HE, and laboratory findings.



Thus, this study was designed to solve one of the urgent medical problems—optimization of therapeutic and prophylactic approaches in LC with MHE and was aimed at finding the optimal regimens for the use of the well-studied rifaximin-α and studying its effect on the main clinical and laboratory parameters and the quality of life of patients during long-term treatment.




2. Material and Methods


This was a multicenter, prospective, open-label, post-marketing observational study (NORMIND) conducted using electronic case report forms based on digital platform enrollme.ru.



This study involved 39 physicians from 19 cities in Russia. Medical investigators screened patients according to inclusion/exclusion criteria, obtained informed consent of the patient and enrolled the eligible patients in the study.



This study included 288 patients with LC and MHE of both sexes over the age of 18, who were prescribed a course of treatment with rifaximin-α by the attending physician in accordance with the product label and personal experience of the attending physician. The course of treatment did not depend on the study, and was determined independently by the physician.



Statistical analysis was performed on a population of patients who fully met the requirements of the protocol and completed all study visits (n = 258). A total of 30 patients did not complete the study: 15 patients due to death; 3 patients underwent liver transplantation; 1 patient withdrew from this study due to pregnancy; 11 patients withdrew without explanation.



Two subgroups were identified according to the extent of treatment completeness. Subgroup 1 (n = 41) (continuous course) included patients with 360 or more days of study treatment per year. In a continuous course, rifaximin-α was administered at a daily dose of 1200 mg.



Subgroup 2 (n = 217) (cyclic course) included patients that were administered the drug product less than 360 days per year. In a cyclic course, rifaximin-α was used for 7–14 days of each month in a daily dose of 600–1200 mg.



This study included screening and four visits (V), including V0 (screening) and V1–V4 (observation). Schematically, the study design is presented in Figure 1.




3. Inclusion/Exclusion Criteria


	
The inclusion criteria for the studies were as follows:




	
Patients of either sex over the age of 18 years;



	
Established LC and MHE diagnosis. MHE was diagnosed if the patient needed from 41 to 60 s to perform a number connection test (NCT) in the absence of changes in the neurological status;



	
The patient was prescribed a course of rifaximin-α prior to enrollment in the study;



	
Availability of the patient’s signed informed consent to the inclusion in the study and to personal data processing.











	
The patient could not be included in the study or should have been excluded from the study if he/she met at least one of the following exclusion criteria:




	
Contraindications for the use of rifaximin-α;



	
Causes of HE other than LC;



	
History of an overt HE episode;



	
Malignancies;



	
Surgery scheduled for the study period (any);



	
Pregnancy, breastfeeding or fertile women not using contraception;



	
Current participation in another clinical study or in the last 30 days;



	
Any other medical and non-medical reasons that, in the opinion of the physician, may prevent the patient from participating in the study.











In accordance with the Study Protocol, the following data were adopted as primary data for analysis:




	
Demographic and anthropometric indicators:




	
Age;



	
Sex;



	
Height;



	
Weight;








	
Primary endpoints:




	
Change in CLDQ (Chronic Liver Disease Questionnaire) total score over 12 months of follow-up;








	
Secondary endpoints:




	
Study of rifaximin-α use in patients during 12 months of observation (number of courses of treatment, duration of treatment, average daily dose);



	
Study of changes in the number connection test performance during 12 months of observation;



	
Study of changes in the MHE symptom scale during 12 months of observation.














4. Statistical Analyses


Primary and secondary analysis is represented by descriptive statistics. All continuous variables were summed using the following parameters: n (sample size of available patients), mean, standard deviation, median, 25 and 75 percentiles, maximum and minimum.



The critical p-value and confidence intervals were calculated as two-sided. This study adopted a statistical significance level of 0.05 (two-sided testing, all p-values rounded to three decimal places).



Arithmetic mean, standard deviation, 95% confidence intervals, median, upper and lower quartiles were used to describe the continuous variables.



Categorical variables are presented as frequency percentages.



Substitution and imputation of missing data is not provided. All variables were compared before and after a specified observation period. To test the significance of differences, normally distributed data, the corresponding varieties of ANOVA repeated measures were used. In the case of other distributions, the Wilcoxon test was used.



Chi-square test or Fisher’s exact test were used to test the significance of categorical differences.



The study was approved by the decision of the Independent Interdisciplinary Committee for Ethical Expertise of Clinical Trials on 11 June 2021.




5. Results


Analysis of demographic data showed (Table 1) that both subgroups were predominantly female (58.5% in subgroup 1 and 54.4% in subgroup 2).



Table 2 presents patient data depending on anthropometric parameters. The data obtained indicate that, in subgroup 1, the average age of patients was 44.73 years, while in subgroup 2 it was 54.20 years. The mean height in both subgroups was not significantly different (172.88 subgroup 1 and 169.45 subgroup 2). The weight differed significantly, since the mean weight of patients in subgroup 1 was 69.44 kg, and in subgroup 2 80.88 kg.



Weight loss may be one of the concomitant conditions associated with liver cirrhosis. At baseline, at Visit 1, the weight of patients varied greatly from 42 to 132 kg. The data in the subgroups were also not similar. On average, the weight of the patients treated for 360 days during the year (subgroup 1 (continuous regimen)) was about 10 kg less in the cyclic subgroup. At the same time, it is noteworthy that the weight of patients on continuous regimen increased during the study, but not in subgroup 2, in which the mean weight was almost unchanged.



However, any changes in weight, both in the general population and in subgroups, did not reach statistical significance, on the basis of which it can be concluded that, during the year of observation, the weight of patients did not change significantly.



5.1. Quality of Life Assessments


The Chronic Liver Disease Questionnaire (CLDQ) is a tool for determining the quality of life in patients with chronic liver disease. In addition to measuring physical and mental health, the scale takes into account specific functional areas specific to patients with chronic liver disease. The final version of the scale contains 29 questions for six groups of indicators, including abdominal symptoms (questions 1, 5, 17), weakness (questions 2, 4, 8, 11, 13), systemic symptoms (questions 3, 6, 21, 23, 27), activity (questions 7, 9, 14), emotional function (questions 10, 12, 15, 16, 19, 20, 24, 26) and anxiety (questions 18, 22, 25, 28, 29). For each question, a Likert score ranging from 1 (greatest impairment) to 7 (least impairment) is used for quantitative assessment. The total score is calculated as the result of dividing the sum of the scores for each group of indicators by the number of questions in the group. The final score is obtained by dividing the sum of the scores by the total number of questions (n = 29). An increase in the mean value indicates an improvement in the indicator and the final score of the patient’s quality of life.



When conducting the study, the questionnaire was filled out by the physicians according to oral information provided by the patients at all visits (1–4). Only the final score was subject to statistical analysis. The results of the analysis of the CLDQ questionnaire are presented in Figure 2.



The analysis showed that the mean final score of the CLDQ questionnaire in the general population significantly increased. Pairwise analysis in the general population showed significance for all pairs of visits (p < 0.05). Significant changes were observed in both subgroups.




5.2. Psychometric Tests


The number connection test (NCT) is the most widely used test in psychometric studies to evaluate patients with HC. The test enables evaluation of the patient’s visual and spatial orientation and the psychomotor speed; when performing the test, the patient needs to sequentially connect the numbers from 1 to 25 printed scattered on a sheet of paper. The number connection test (NCT) was performed at each visit; time spent by the patient to perform the test was used to stage HE (Table 3).



At Visit 1, there was no statistically significant difference in the NCT performance time between the subgroups. Subsequently, both in the general population and in the subgroups, a decrease in the mean NCT performance was observed, and in the subgroup 1 (continuous regimen), the decrease was more pronounced than in the subgroup 2 (cyclic regimen). Changes in the score both in the general population and in the subgroups were statistically significant (p < 0.05).



To determine the differences in the subgroups, a comparison of the mean test performance time difference between Visit 4 and Visit 1 in each subgroup was made. In the continuous regimen subgroup, the time to complete the test decreased by 9.02 s (from 52.83 ± 5.00 s to 43.80 ± 5.84), while in the cyclic regimen subgroup, the time to complete the test decreased by 7.03 s (from 52.67 ± 5.20 to 45.64 ± 8.89). The differences between the subgroups were statistically significant. As follows from the data obtained, at Visit 1, the general population was homogeneous in terms of the HE stage calculated on the basis of NCT. At subsequent visits, the HE stage changed. Thus, there was a small (up to 2.7% in the general population) number of patients with a more severe HE stage (I, I–II), but changes mainly indicated a less severe HE stage or the absence of HE (up to 28.7% in the general population). It is also noteworthy that, in subgroup 1, this trend was more pronounced (observed in 43.9% of patients) than in subgroup 2 (25.8% of patients). The significance of the differences is confirmed (p < 0.05). Based on the above, it is possible to accept the significance of the observed changes in the NCT scores during the observations.




5.3. Dynamics of the Severity of Liver Cirrhosis According to Child–Turcotte–Pugh


Child–Turcotte–Pugh classification is used to assess the severity of LC and patient survival. The LC severity is assessed by the sum of points from 1 to 3 for each of the 5 or 6 parameters. A lower score indicates an improvement, and a lower disease class indicates a better survival prognosis. During the study, the estimates required to calculate scores and determine the LC class were recorded at each visit (Figure 3).



In the analysis of the LC classes frequency distribution depending on the observation visit determined by the Child–Turcotte–Pugh classification, an increase in the proportion of patients with Class A from 65.5% to 78.3% was observed in the general population (p < 0.05). At the same time, pronounced heterogeneity in the subgroups at Visit 1 was observed. In the comparative analysis, an increase in the proportion of patients with Class A was observed in the subgroups: in subgroup 1 from 24.4% to 31.7%, in subgroup 2 from 73.3% to 87.1%, at Visits 1 and 4, respectively. However, in subgroup 1, this change was not significant as opposed to subgroup 2.




5.4. Dynamics of Hyperammonemia


Blood ammonia levels were assessed at each visit during the study. Ammonia values by visit are shown in Figure 4.



The analysis showed that, in the general population, there was a significant decrease in the blood ammonia level. Pairwise analysis showed significance for pairs of visits 1–3, 1–4, and 2–4 (p < 0.05). When analyzed in subgroups, the significance of changes was demonstrated only in subgroup 1 for pairs 1–4 and 2–4 (p < 0.05). Analysis of the differences in ammonia levels at Visits 4 and 1 showed no significant differences between the subgroups.




5.5. Dynamics of Hepatic Encephalopathy Symptoms


The study evaluated the manifestations of HE symptoms on a 4-point Likert scale from 0 to 3, where 0 is no symptoms, 1 is mild, 2 is moderate, 3 is severe. The following symptoms were assessed: impaired vision, impaired concentration and memory, cognitive impairment, clouded sensorium, decreased performance, decreased sensitivity, and irritability. A higher score correlated with a more severe manifestation of the symptom, so a decrease in the mean score showed an improvement in the patient’s condition, according to the physician’s assessment. The dynamics of concentration and memory impairment depending on the rifaximin-a regimen and the observation period are shown in Figure 5.



During the study, it was shown that the mean concentration and memory impairment score in the general population decreased significantly. Pairwise analysis showed significant difference for all pairs of visits (p < 0.05). When analyzed in subgroups, the significance of changes was revealed in both subgroups. Analysis of the differences in scores at Visits 4 and 1 showed no significant differences between the subgroups (p < 0.05).



Figure 6 shows the cognitive impairment score dynamics.



During the study, it was shown that the mean cognitive impairment score in the general population decreased significantly. Pairwise analysis showed significance for all pairs of visits (p < 0.05). Significant changes were observed in both subgroups.



Analysis of the differences in scores at Visits 4 and 1 showed no significant differences between the subgroups (p < 0.05).



Decreased performance score is shown in Figure 7.



The data obtained indicate that the mean performance score in the general population decreased significantly. Pairwise analysis showed significance for all pairs of visits (p < 0.05). Significance of changes was observed in both subgroups for all pairs of visits (p < 0.05). The mean performance score from Visit 1 to Visit 4 decreased in subgroup 1 from 1.29 ± 0.72 to 0.17 ± 0.44 and in subgroup 2 from 1.27 ± 0.75 to 0.56 ± 0.60. Analysis of the differences in scores at Visits 4 and 1 showed no significant differences between the subgroups (p < 0.05).



Analysis of such symptoms associated with HE as visual impairment, clouded sensorium, decreased sensitivity, and irritability showed a significant decrease in their severity at Visit 4 compared to Visit 1 both in the general population and by subgroups without statistical significance of differences between subgroups (Table 4).





6. Discussion


It is known that rifaximin-α is hardly absorbed in the gastrointestinal tract. However, LC can significantly affect the pharmacokinetics of any medicine, including the study drug, and systemic absorption in these patients is markedly increased compared to the control group. Thus, plasma concentrations of rifaximin-α up to 10 ng/mL were observed in patients with LC compared to only 1 ng/mL in the control group. This requires careful examination, especially when daily long-term therapy for chronic liver diseases, such as LC with MHE, is proposed [12].



Various studies have shown that the use of rifaximin-α reduced ammonia levels, improved the results of psychometric tests and improved cognitive function and mental status in patients with LC and an acute HE episode [13]. A systematic review demonstrated that rifaximin-α was at least as efficient or superior to non-absorbable disaccharides and antibacterial drugs in alleviating signs or symptoms observed in patients with mild to moderate HE [14].



A number of studies have investigated the effect of rifaximin-α on quality of life in patients with LC and HE. For example, one study showed that patients with MHE who received rifaximin-α for 8 weeks showed significantly greater improvement in psychosocial aspects, as well as in driving skills and cognitive function, than patients who received placebo [15]. These results were confirmed in another randomized controlled trial in which the authors demonstrated that rifaximin-α significantly improved both cognitive function and human quality of life in patients with MHE [16].



The NORMIND study aimed to investigate the effect of long-term (12 months) rifaximin-α treatment in patients with LC and MHE on quality of life, a number of some objective and subjective disease symptoms, as well as laboratory parameters. Data were analyzed for the general population who fully completed the study at all four visits (n = 258). Additionally, two subgroups were retrospectively identified: subgroup 1—patients received rifaximin-α for at least 360 days per year (n = 41)—and subgroup 2—patients received rifaximin-α cyclically from course to course (less than 360 days) (n = 217). The purpose of dividing into the subgroups was to assess possible differences in the effects of continuous and cyclic rifaximin-α regimens. At the same time, it should be noted that, perhaps, the differences in the assignment of treatment courses were dictated by the characteristics of the course of the disease and, therefore, may not objectively reflect the effect of the therapy.



The profile of patients with MHE, including anthropometric parameters, was studied during the study. It is well known that weight can decrease in patients with LC. However, in our study, no negative weight trend was observed and the mean weight of the patients had no significant decrease over the entire follow-up period.



As per the CLDQ questionnaire, there was a significant increase in the mean total score from Visit 1 to Visit 4 in both the general population and in subgroup 1 and 2 without differences between subgroups.



The number connection test (NCT), which assesses the visual–spatial orientation and psychomotor speed in patients with HE, showed a significant decrease in the performance time during the observation period for both the general population and for each of the subgroups. With continuous therapy, the dynamics of the decrease in test performance time was more pronounced compared to cyclic therapy.



According to the results of the analysis of the distribution of patients, according to the Child–Turcotte–Pugh classification, in the general population, the mean score significantly decreased from the first to the last visit. At the same time, there was a pronounced heterogeneity at the inclusion visit, since, in the continuous therapy subgroup, there were more severe patients compared to the cyclic therapy subgroup.



The Likert scale, which includes a score of 4 points (from 0—minimum manifestation—to 3—maximum manifestation), was used to assess the physician’s assessment of a number of symptoms and manifestations of HE, such as: impaired vision, concentration and memory impairment, cognitive impairment, and clouded sensorium. There was a clear and significant decrease in the mean score in both the general population and in subgroup 1 and 2. For the subgroup of continuous regimen, a more significant decrease in the severity of symptoms such as concentration and memory impairment, cognitive impairment, decreased performance is shown.




7. Conclusions


All study parameters, including quality of life, number connection test, symptoms associated with MHE, blood ammonia level showed a positive trend in the general population that completed the study according to the protocol.



According to the results of statistical analysis, the distribution of the population into subgroups according to the duration of the course of treatment showed a difference between the subgroups in a more pronounced decrease in the time to perform the number connection test, a decrease in the severity of symptoms such as concentration and memory impairment, cognitive impairment, clouded sensorium, and decreased performance, which may indicate the benefit of continuous administration of rifaximin-α for patients with liver cirrhosis and MHE.







Author Contributions


Conceptualization, I.G.B.; Validation, I.G.B.; Investigation, I.G.B., K.N.I., E.Y.E. and N.V.M.; Writing—original draft, I.G.B. and K.N.I.; Writing—review & editing, I.G.B. and K.N.I.; Visualization, I.G.B. and K.N.I. All authors have read and agreed to the published version of the manuscript.




Funding


Funding for the study was provided by Alfasigma Rus. I.G.B. was National Coordinator of the study. I.G.B. was received speaker’s fees from Alfasigma Rus. K.N.I., E.Y.E. and N.V.M. received emoluments from Alfasigma Rus in recognition of their participation in the study.




Institutional Review Board Statement


The NORMIND study was prepared and conducted in accordance with legal, regulatory, industry standards and applicable ethical requirements in force in the Russian Federation. The study was approved by the decision of the Independent Interdisciplinary Committee for Ethical Review of Clinical Research (IEC), Extract from protocol No. 10 dated 11 June 2021.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Acknowledgments


The NORMIND study group: Anashkina Maria Alexandrovna; Boldyreva Marina Gennadievna; Burkhanov Rinat Rifkatovich; Doctors included in the study; Glazyrina Yulia Alexandrovna; Goncharova Ekaterina Yurievna; Dolgushina Anastasia Ilyinichna; Egorova Irina Vasilievna; Zlatyeva Natalya Vasilievna; Karpenko Ksenya Vladimirovna; Korenevskaya Ekaterina Vadimovna; Korneeva Tatyana Sergeevna; Kravchuk Nadezhda Mikhailovna; Lapshina Olga Nikolaevna; Mamleeva Adela Nailevna; Marinchuk Svetlana Alexandrovna; Mogilevets Yulia Yurievna; Myazin Roman Gennadievich; Nazarova Veronika Sergeevna; Nazarova Olga Valerievna; Naumochkina Zhanna Dmitrievna; Novikova Ekaterina Nikolaevna; Pak Ekaterina Sergeevna; Pilchuk Elena Vladimirovna; Politova Laysan Minliyarovna; Sarsenbaeva Aiman Silkanovna; Secretaryeva Lada Anatolyevna; Sidneva Evgenia Alexandrovna; Smirnova Marina Alexandrovna; Stroganova Olga Alexandrovna; Trushtina Natalya Borisovna; Khoronko Yuri Vladilenovich; Shatrova Elena Alexandrova; Shleikova Elena Nikolaevna; Shmeleva Elena Valerievna; Shurganova Elena Vasilievna.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



GBD 2017 Cirrhosis Collaborators. The global, regional, and national burden of cirrhosis by cause in 195 countries and territories, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol. Hepatol. 2020, 5, 245–266. [Google Scholar] [CrossRef] [PubMed]

	



Butterworth, R.F. Hepatic Encephalopathy in Cirrhosis: Pathology and Pathophysiology. Drugs 2019, 79, 17–21. [Google Scholar] [CrossRef] [PubMed]

	



Levitt, M.D.; Levitt, D.G. Use of Quantitative Modelling to Elucidate the Roles of the Liver, Gut, Kidney, and Muscle in Ammonia Homeostasis and How Lactulose and Rifaximin Alter this Homeostasis. Int. J. Gen. Med. 2019, 14, 367–380. [Google Scholar] [CrossRef] [PubMed]

	



Rudler, M.; Weiss, N.; Bouzbib, C.; Thabut, D. Diagnosis and Management of Hepatic Encephalopathy. Clin. Liver Dis. 2021, 25, 393–417. [Google Scholar] [CrossRef] [PubMed]

	



Bakulin, I.G.; Ivanova, K.N. Up-to-date diagnostic and treatment approaches to minimal hepatic encephalopathy in cirrhosis. Russ. Med. Inq. 2022, 6, 272–277. (In Russian) [Google Scholar] [CrossRef]

	



Ampuero, J.; Montoliú, C.; Simón-Talero, M.; Aguilera, V.; Millán, R.; Márquez, C.; Jover, R.; Rico, M.C.; Sendra, C.; Serra, M.Á.; et al. Minimal hepatic encephalopathy identifies patients at risk of faster cirrhosis progression. J. Gastroenterol. Hepatol. 2018, 33, 718–725. [Google Scholar] [CrossRef] [PubMed]

	



Kostyuchenko, L.N.; Bakulin, I.G.; Podkopaev, D.V. Nutritiology in Gastroenterology; MK LLC: Moscow, Russia, 2013; p. 432. ISBN 978-5-91894-023-5. [Google Scholar]

	



Caraceni, P.; Vargas, V.; Solà, E.; Alessandria, C.; de Wit, K.; Trebicka, J.; Angeli, P.; Mookerjee, R.P.; Durand, F.; Pose, E.; et al. The Use of Rifaximin in Patients With Cirrhosis. Hepatology 2021, 74, 1660–1673. [Google Scholar] [CrossRef] [PubMed]

	



European Association for the Study of the Liver. EASL Clinical Practice Guidelines on the management of hepatic encephalopathy. J. Hepatol. 2022, 77, 807–824. [Google Scholar]

	



Flamm, S.L.; Mullen, K.D.; Heimanson, Z.; Sanyal, A.J. Rifaximin has the potential to prevent complications of cirrhosis. Ther. Adv. Gastroenterol. 2018, 11, 1756284818800307. [Google Scholar] [CrossRef] [PubMed]

	



Bajaj, J.S.; Heuman, D.M.; Sanyal, A.J.; Hylemon, P.B.; Sterling, R.K.; Stravitz, R.T.; Fuchs, M.; Ridlon, J.M.; Daita, K.; Monteith, P.; et al. Modulation of the metabiome by rifaximin in patients with cirrhosis and minimal hepatic encephalopathy. PLoS ONE 2013, 8, e60042. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, A.; Dhiman, R.K.; Kumari, S.; Rana, S.; Agarwal, R.; Duseja, A.; Chawla, Y. Role of small intestinal bacterial overgrowth and delayed gastrointestinal transit time in cirrhotic patients with minimal hepatic encephalopathy. J. Hepatol. 2010, 53, 849–855. [Google Scholar] [CrossRef] [PubMed]

	



Alcorn, J. Review: Rifaximin is equally or more effective than other antibiotics and lactulose for hepatic encephalopathy. ACP J. Club 2008, 149, 11. [Google Scholar] [CrossRef] [PubMed]

	



Lawrence, K.R.; Klee, J.A. Rifaximin for the treatment of hepatic encephalopathy. Pharmacotherapy 2008, 28, 1019–1032. [Google Scholar] [CrossRef] [PubMed]

	



Bajaj, J.S.; Heuman, D.M.; Wade, J.B.; Gibson, D.P.; Saeian, K.; Wegelin, J.A.; Hafeezullah, M.; Bell, D.E.; Sterling, R.K.; Stravitz, R.T.; et al. Rifaximin improves driving simulator performance in a randomized trial of patients with minimal hepatic encephalopathy. Gastroenterology 2011, 140, 478–487.e1. [Google Scholar] [CrossRef] [PubMed]

	



Sidhu, S.S.; Goyal, O.; Mishra, B.P.; Sood, A.; Chhina, R.S.; Soni, R.K. Rifaximin improves psychometric performance and health-related quality of life in patients with minimal hepatic encephalopathy (the RIME Trial). Am. J. Gastroenterol. 2011, 106, 307–316. [Google Scholar] [CrossRef] [PubMed]








[image: Diagnostics 13 03239 g001] 





Figure 1. Study design. The screening visit could have been performed on the day the patient was administered the study treatment (Visit 1). Visit 2 was conacducted 3 months ± 2 weeks after Visit 1. Visit 3 was conducted 3 months ± 2 weeks after Visit 2. Visit 4 was conducted 6 months ± 2 weeks after Visit 3. 
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Figure 2. Dynamics of CLDQ indicators depending on the subgroup and observation period. 
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Figure 3. Distribution of patients (%) by stage of liver cirrhosis (Child–Turcotte–Pugh classification) and observation period. 
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Figure 4. Changes of blood ammonia level depending on the subgroup and observation period. 
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Figure 5. Changes of concentration level and memory impairment score depending on the subgroup and observation period. 
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Figure 6. Changes of cognitive impairment score depending on the subgroup and observation period. 
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Figure 7. Changes of decreased performance scores depending on the subgroup and observation period. 
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Table 1. Patient distribution based on demographic data.
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All Patients who Completed per-Protocol Visits






	
n

	
258

	




	
Male

	
116

	
45.0%




	
Female

	
142

	
55.0%




	
Subgroup 1 (continuous regimen)




	
n

	
41

	




	
Male

	
17

	
41.5%




	
Female

	
24

	
58.5%




	
Subgroup 2 (cyclic regimen)




	
n

	
217

	




	
Male

	
99

	
45.6%




	
Female

	
118

	
54.4%











 





Table 2. Patient distribution based on anthropometric data.
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All Patients Who Completed per-Protocol Visits






	
Sample size

	
258

	
258

	
258




	
Mean value

	
52.70

	
169.99

	
79.07




	
Standard deviation

	
12.57

	
8.19

	
17.04




	
Median

	
52.00

	
170.00

	
79.00




	
25th quartile

	
44.00

	
164.00

	
67.00




	
75th quartile

	
61.00

	
176.00

	
92.00




	
Minimum

	
19.00

	
150.00

	
42.00




	
Maximum

	
83.00

	
190.00

	
132.00




	
Subgroup 1

(continuous regimen)

	

	

	




	
Sample size

	
41

	
41

	
41




	
Mean value

	
44.73

	
172.88

	
69.44




	
Standard deviation

	
12.43

	
9.18

	
13.93




	
Median

	
43.00

	
173.00

	
70.00




	
25th quartile

	
37.00

	
165.00

	
59.00




	
75th quartile

	
53.00

	
179.00

	
80.00




	
Minimum

	
23.00

	
151.00

	
43.00




	
Maximum

	
75.00

	
189.00

	
108.00




	
Subgroup 2

(cyclic regimen)

	

	

	




	
Sample size

	
217

	
217

	
217




	
Mean value

	
54.20

	
169.45

	
80.88




	
Standard deviation

	
12.04

	
7.89

	
16.98




	
Median

	
54.00

	
170.00

	
82.00




	
25th quartile

	
46.00

	
164.00

	
68.00




	
75th quartile

	
62.00

	
175.00

	
94.00




	
Minimum

	
19.00

	
150.00

	
42.00




	
Maximum

	
83.00

	
190.00

	
132.00











 





Table 3. Distribution of patients depending on the stage of hepatic encephalopathy and the observation period (according to the results of the number connection test).
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HE Stage

	
Visit 1

	
Visit 2

	
Visit 3

	
Visit 4




	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%






	
General population




	
n

	
258

	

	
258

	

	
258

	

	
258

	




	
No

	
0

	
0.0%

	
21

	
8.1%

	
36

	
14.0%

	
74

	
28.7%




	
0–I

	
258

	
100.0%

	
230

	
89.1%

	
216

	
83.7%

	
178

	
69.0%




	
I, I–II

	
0

	
0.0%

	
7

	
2.7%

	
5

	
1.9%

	
6

	
2.3%




	
II

	
0

	
0.0%

	
0

	
0.0%

	
1

	
0.4%

	
0

	
0.0%




	
II–III

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%




	
Subgroup 1 (continuous regimen)




	
n

	
41

	

	
41

	

	
41

	

	
41

	




	
No

	
0

	
0.0%

	
2

	
4.9%

	
7

	
17.1%

	
18

	
43.9%




	
0–I

	
41

	
100.0%

	
38

	
92.7%

	
32

	
78.0%

	
23

	
56.1%




	
I, I–II

	
0

	
0.0%

	
1

	
2.4%

	
2

	
4.9%

	
0

	
0.0%




	
II

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%




	
II–III

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%




	
Subgroup 2 (cyclic regimen)




	
n

	
217

	

	
217

	

	
217

	

	
217

	




	
No

	
0

	
0.0%

	
19

	
8.8%

	
29

	
13.4%

	
56

	
25.8%




	
0–I

	
217

	
100.0%

	
192

	
88.5%

	
184

	
84.8%

	
155

	
71.4%




	
I, I–II

	
0

	
0.0%

	
6

	
2.8%

	
3

	
1.4%

	
6

	
2.8%




	
II

	
0

	
0.0%

	
0

	
0.0%

	
1

	
0.5%

	
0

	
0.0%




	
II–III

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%








Scale for converting NCT results to the HE stage: <40 s: no HE; 41–60 s: HE stage 0-I; 61–90 s: HE stage I, I–II; 91–120 s: HE stage II; >120 s: HE stage II–III.













 





Table 4. Scores and dynamics between Visit 4 and Visit 1 for visual impairment, clouded sensorium, decreased sensitivity, and irritability in the general population of patients who completed the study according to the protocol.
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V1

	
V4

	
V4–V1

	
p






	
Visual impairment

	




	
Mean

	
0.84

	
0.56

	
−0.28

	
<0.05




	
SD

	
0.64

	
0.49

	
0.60

	




	
Clouded sensorium

	




	
Mean

	
1.27

	
0.51

	
−0.76

	
<0.05




	
SD

	
0.74

	
0.59

	
0.91

	




	
Decreased sensitivity

	




	
Mean

	
0.78

	
0.24

	
−0.54

	
<0.05




	
SD

	
0.77

	
0.45

	
0.82

	




	
Irritability

	




	
Mean

	
1.26

	
0.47

	
−0.79

	
<0.05




	
SD

	
0.86

	
0.55

	
0.99
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