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Abstract

BACKGROUND

Bacterial translocation exacerbates the hyperdynamic circulation observed in cirrhosis
and contributes to a more severe disease course. Probiotics may reduce bacterial

translocation and may therefore be useful to redress the circulatory imbalance.

AIM
To investigate the effect of probiotics on hemodynamic parameters, systemic
inflammation, and complications of cirrhosis in this randomized placebo-controlled

trial.

METHODS

This single-blind randomized placebo-controlled study included 40 patients with Child-
Pugh class B and C cirrhosis; 24 patients received probiotics (Saccharomyces boulardii) for
3 mo, and 16 patients received a placebo over the same period. Liver function and the
systemic hemodynamic status were evaluated pre- and post-intervention.

Echocardiography and simultaneous blood pressure and heart rate monitoring were




performed to evaluate systemic hemodynamic indicators. Cardiac output and systemic

vascular resistance were calculated.

RESULTS

Following a 3-month course of probiotics in comparison to the control group, we
observed amelioration of hyperdynamic circulation (a decrease in cardiac output
[p=0.026] and an increase in systemic vascular resistance [0.026]), and systemic
inflammation (a decrease in serum C-reactive %otein levels [p=0.044]), with improved
liver function (an increase in serum albumin [p=0.001] and a decrease in the value of
Child-Pugh score [p=0.001]), as well as reduction in the severity of ascites (P = 0.022),
hepatic encephalopathy (P = 0.048) and cholestasis (a decrease in serum alkaline
phosphatase [p=0.016] and serum gamma-glutamyl transpeptidase [p=0.039] activity),

and an increase in platelet counts (p<0.001).

CONCLUSION
Probiotic administration was associated with amelioration of hyperdynamic circulation

and the associated complications of cirrhosis.
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Core Tip: Bacterial translocation exacerbates the hyperdynamic circulation observed in
cirrhosis and contributes to a more severe disease course. Probiotics may reduce
bacterial translocation and may therefore be useful to redress the circulatory imbalance.

The aim of the study was to investigate the effect of probiotics on hemodynamic




parameters, systemic inflammation, and complications of cirrhosis in this randomized
placebo-controlled trial. Following a 3-month course of probiotics, we observed
amelioration of hyperdynamic circulation and systemic inflammation, improvement
liver function, regression of ascites and hepatic encephalopathy, and an increase in

serum sodium level.




INTRODUCTION

Cirrhosis, which represents the culmination of chronic liver diseaselll, is characterized
by changes in liver morphology, reduced liver function, and the onset of portal
hypertension. However, in addition to the liver, the intestine and its microbiota are
affected by the pathophysiological derangements in cirrhosis. Cirrhosis is known to be
associated with disturbances in the composition of the gut microbiota (gut dysbiosislZ-
Ie]), expansion of the microbiota of the small intestine (small intestine bacterial
overgrowthl'”l), and increased permeability of the intestinal barrier('8], all of which
result in bacterial translocation, which refers to the entry of bacteria and their
components from the intestinal contents through the intestinal wall into the lymph,
blood, and body tissuesl120l. Bacterial translocation leads to systemic inflammation,
which precipitates hemodynamic alterations (hyperdynamic circulation indicated by
increased cardiac output and decreased systemic vascular resistance [SVR]) that
contribute to liver decompensationl2-25l. This bidirectional association between the gut
along with its microbiota and the liver is referred to as the gut-liver axisl?! or the gut-
heart-liver axis?%l. Studies have shown that certain drugs that affect this axis can redress
the hemodynamic imbalance and improve the clinical course in patients with cirrhosis.
Among these drugs, probiotics are live microorganisms, which when administered in
adequate amounts, confer several health benefits on thpnhostlﬂl. Although evidence-
based research supports the role of probiotics in cases of hepatic encephalopathy, their
effects on other symptoms and manifestations of cirrhosis remain unclearl?®]. A non-
controlled study reported that a 6-week course of probiotics reduced the cardiac output
and heart rate and increased the SVR and serum sodium levels in the study
population(2].

Saccharomyces bra.’urdii (S. boulardii), a probiotic yeast, has shown significant
effectiveness for the treatment or prevention of diarrhea, inflammatory bowel disease,
irritable bowel syndrome, Helicobacter pylori infection, and dyslipidemia, among other

such conditionsl®-31. S, boulardii produces pleiotropic effects; it reestablishes the gut




microbiome after dysbiosisl®l, strengthens the intestinal immune barrier**], improves
the trophic function of gut microbiotal34], restores the impaired gut barrier, and protects
against bacterial translocation® in experimental models and in patients with gut
diseases. S. boulardii administration in an experimental mouse model of cirrhosis led to
correction of gut dysbiosis, decreased intestinal permeability, as well as reduced
severity of liver inflammation and fibrosisl®!. However, the role of this probiotic is not
known in humans with cirrhosis.

In this randomized placebo-controlled trial, we investigated the effect of probiotic
administration (S. boulardii) on hemodynamic parameters, systemic inflammation, and

complications of cirrhosis.

MATERIALS AND METHODS

Patients

In this single-blind randomized placebo-controlled trial, 198 consecutive patients with
cirrhosis, who underwent health check-up at the Department of Hepatology’s Clinic for
Internal Diseases, Gastroenterology and Hepatology at Sechenov University were
screened for inclusion. The study procedures were explained to potential participants,
and written informed consent was obtained before enrollment. The study was approved
by the Ethics Committee of Sechenov University and was registered at
https:/ /clinicaltrials.gov (NCT05231772). The research protocol can be accessed from
this website.

Inclusion criteria were as follows: (a) diagnosis of cirrhosis based on histopathological,
or clinical, biochemical, and ultrasonographic findings, (b) Child-Pugh class B or C
cirrhosis and, (c) age between 18 and 70 years, (d) signed informed consent. Exclusion
criteria were as follows: (a) administration of lactulose, lactitol, or other prebiotics,
probiotics, antibiotics, or metformin during 6 wk preceding study commencement, (b)
alcohol consumption during 6 wk preceding study commencement, or (c) diagnosis of
inflammatory bowel disease, cancer, or any other serious disease.

There are no data to calculate the required sample size.




Of the 198 patients initially screened for inclusion, 40 met the inclusion criteria and
were enrolled in the study (Figure 1). Patients included in the study were randomized
into the test and control arms (ratio 1.5:1). The Excel function RANDBETWEEN (1:5)
was used as a random number generator; for numbers 1 to 3, patients were assigned to
the test arm and for numbers 4 or 5, patients were assigned to the placebo group.
Patients who prematurely discontinued ingestion of the experimental probiotic/ placebo
or were administered antibacterial drugs, other probiotics, or prebiotics during the

follow-up period were excluded from the study.

Intervention and controls

Patients in the test arm received S. boulardii at a dose of 250 mg twice a day for 3 mo and
those in the control group received a placebo preparation at the same dose over the
same period. Patients were not aware whether they were administered a placebo or the
experimental drug. Additionally, all patients received standard of care treatment for
cirrhosis. Drugs administered did not significantly differ between patient groups (Table

1). Patients were re-evaluated 3 mo after initiation of S. boulardii or placebo treatment.

Outcomes
All patients underwent a standard medical check-up for evaluation of cirrhosis and for
measurement of indicators of systemic hemodynamics before and 3 mo after initiation
of S. boulardii or placebo treatment (the first and second visit, respectively). There were
no additional visits or examinations between these two time points. The outcomes
included changes in cardiac output, SVR, the extent of systemic inflammation
(represented by serum C-reactive protein [CRP] levels), severity of ascites and hepatic
encephalopathy, serum levels of liver biomarkers, and Child-Pugh scale scores.
Echocardiography was performed at rest based on the guidelines of the American
Society of Echocardiography!®-4l. The systolic and diastolic blood pressures and heart

rate were measured using an automatic oscillometric sphygmomanometer (A&D,




Japan) simultaneously with measurement of the stroke volume. Table 2 shows the
hemodynamic parameters calculated in this study37-42l.

The degree of ascites was determined based on the International Ascites Club scale
as follows: 0=no ascites, 1=minimal ascites (measurable only with instrumental
methods), 2=clinically significant ascites (determined on physical examination), 3=gross
ascites!*3,

The degree of hepatic encephalopathy was determined based on the following
scale: 0O=no hepatic encephalopathy, 1=minimal hepatic encephalopathy, 2=overt

hepatic encephalopathy441.

Statistical analysis

Statistical analysis was performed with STATISTICA 10 (StatSoft Inc., Tulsa, OK, USA)
software. The data are presented as medians[interquartile ranges]. Differences between
continuous variables were assessed with the Mann-Whitney test because many
variables were not distributed normally. Fisher’s exact test was used to assess the
differences between categorical variables. P-values < 0.05 were considered as

statistically significant. We performed per-protocol analysis.

RESULTS

The study included 40 patients (24 [test group] and 16 [control group]) (Figure 1).
No significant differences were observed between the groups at the time of study
inclusion (Table 1). All included patients completed the study. None of the patients
were hospitalized between the visits.

After a 3-month course of the probiotic in comparison to the control group, we
observed evidence of amelioration of hyperdynamic circulation (a decrease in cardiac
output and end-diastolic volume and an increase in SVR) and systemic inflammation (a
decrease in serum CRP levels), improved liver function (an increase in serum albumin
and cholinesterase levels and a decrease in the value of Child-Pugh score), regression of

ascites and hepatic encephalopathy, increased serum sodium levels, as well as




reduction in the severity of cholestasis (a decrease in serum alkaline phosphatase [ALP]
and serum gamma-glutamyl transpeptidase [GGT] activity), and hypersplenism (an
increase in platelet count). However, in contrast to patients in the test group, those in
the control group showed an increase in mean blood pressure. No significant changes
were observed in the levels of other variables, including in the grade of esophageal
varices and the international normalized ratio (Table 3).

In the tested arm, an improvement in liver function (a decrease in the value of
Child-Pugh score: -2 [-3-(-1)] vs. 05110 P = 0.042) and a decrease in the degree
of ascites (-1[-1-(-1)] vs. 0L-0; P = 0.015) was observed only in those patients (n = 18)
who had a decrease in cardiac output after the course of the probiotic.

No patient developed acute-on-chronic liver failure and bleeding esophageal
varices during the study, and no patient died during the study period.

Only one patient in the test arm developed self-limited itching as an adverse effect.

DISCUSSION

This is the first randomized controlled study that investigated the effect of
probiotics on hemodynamic disturbances in patients with cirrhosis. Our results concur
with those reported by a previous uncontrolled studyl?l, which showed that these
drugs reduce cardiac output and increase SVR. In our study, the reduced cardiac output
was attributable to a decrease in the end-diastolic volume, which may indicate a
reduction in the effective circulating blood volume.

The use of the probiotic also increased serum albumin and sodium levels and
decreased in the degree of ascites. We assume that the probiotic inhibits bacterial
translocation and thereby ameliorate hyperdynamic circulation, with a consequent
reduction in the degree of ascites, which corrects hypoalbuminemia and hyponatremia.
Unfortunately, we could not evaluate the indicators of intrahepatic hemodynamics (for

example, the hepatic venous pressure gradient, among other variables).




Interestingly, this study highlights that probiotics reduced serum levels of
biomarkers of cholestasis (ALP and GGT). This is the first study to report these findings;
further studies are warranted to investigate the mechanisms underlying these changes.

We observed probiotic-induced reduction in the severity of hepatic
encephalopathy, which is consistent with the results reported by previous research(23].

In our study, probiotic ingestion did not affect the degree of esophageal varices
and prothrombin levels (indicated by the international normalized ratio); our results are
consistent with those reported by a previous study!23l.

Probiotic use was associated with a significant improvement in liver function in
our study; 33.3% of patients in the probiotic arm and only 6.3% of patients in the control
arm showed Child-Pugh class A cirrhosis after a course of probiotic or placebo
administration, respectively.

We observed no significant probiotic-induced adverse effects during the study.

Overall, our study showed that probiotic administration may be a useful
therapeutic strategy for correction of gut-heart-liver axis disturbances.

This is the first randomized placebo-controlled trial that confirms the role of
probiotics in amelioration of hemodynamic disorders in cirrhosis, together with
improvement in levels of several liver biomarkers, which serves as a strength of our
study.

A limitation of our study is the fact that biomarkers of bacterial translocation and
intestinal permeability, biomarkers of systemic inflammation in addition to CRP, as
well as indicators of intrahepatic hemodynamics were not evaluated. Further research is

warranted to overcome this challenge.

CONCLUSION

Probiotic administration was associated with amelioration of hyperdynamic circulation

and the associated complications of cirrhosis.
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