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PALABRAS CLAVE Abstract Hepatic encephalopathy (EH) is a common complication among patients with liver
Encefalopatia cirrhosis associated with a high mortality rate. The costs attributed to the management of
hepatica; patients with cirrhosis are especially high due to complications such as EH, since it increases
Cirrosis hepatica; the days of hospitalization. Currently for the treatment of EH, there are different drugs of
Rifaximina; which the standout lactulose, L-ornithine, L-aspartate (LOLA) and certain antibiotics, especially
Lactulosa; rifaximin-a (RFX). Although many of them have been shown to be as effective as the others,
L-ornitina; in order to that it is important to have information that allows us to discern about each other.
L-aspartato; Furthermore, that can help to individualize the patient’s treatment and choose the best options
Calidad de vida in different scenarios. Therefore, the objective of this study was to analyze the evidence on

the advantages and disadvantages of individual use or in combination of the 3 main treatments
of EH, specifically its effectiveness in different grades of EH, its impact on quality of life,
prophylaxis and costs reduction.
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Eficacia de la rifaximina en los diferentes escenarios clinicos de la encefalopatia
hepatica

Resumen La encefalopatia hepatica (EH) es una complicacion frecuente en pacientes con
cirrosis hepatica y se asocia a una alta tasa de mortalidad. Los costos atribuidos al manejo de
pacientes con cirrosis son especialmente elevados debido a complicaciones como la EH puesto
que prolongan los dias de estancia hospitalaria. Actualmente para el tratamiento de la EH,
existen diferentes farmacos de los cuales los principales son la lactulosa, L-ornitina, L-aspartato
(LOLA) y ciertos antibioticos, especialmente la rifaximina-a (RFX). Aunque muchos de ellos han
demostrado ser efectivos en mayor o menor medida, es importante contar con informacion que
permite discernir sobre uno y otro con el objetivo de individualizar el tratamiento al paciente y
elegir la mejor opcion en diferentes escenarios. Por lo anterior el objetivo de este estudio fue
analizar la evidencia sobre las ventajas y desventajas del uso individual o en combinacion de
los 3 principales tratamientos de la EH, especificamente su eficacia en los diferentes grados,
su impacto en la calidad de vida, profilaxis y reduccion de costos.

© 2019 Asociacion Mexicana de Gastroenterologia. Publicado por Masson Doyma México S.A.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Cirrhosis of the liver is the fourth cause of death in the Mex-
ican population and is mainly caused by hepatitis C virus
infection and alcoholic liver disease.” Approximately 1.5
million cases of chronic liver disease have been projected
for the year 2020, which will be susceptible to the develop-
ment of serious complications, such as portal hypertension,
ascites, and hepatic encephalopathy (HE).?

HE is a severe complication in patients with decompen-
sated cirrhosis of the liver. It is a consequence of liver
failure or portal-systemic bypass, or both, and manifests as
neuropsychiatric alterations (Fig. 1).3™* Said complication
importantly affects the quality of life of those that have it
and is associated with a high mortality rate.

The size of the problem

From a 2011 Italian database that included 2,678,462
patients hospitalized in different regions of the country, 381
(0.014%) of the hospitalizations were due to HE. Twenty-one
percent of those patients died during their first hospitaliza-
tion and another 5.8% died during the remainder of 2011. Of
the patients that did not die, 42% were hospitalized again in
the same year, and the majority because of HE recurrence.”
Similar findings were reported in a review of 8,766 adults
hospitalized in the United States due to HE. The mortality
rate ranged from 5 to 17%, but increased to 40% in the cases
of severe HE, whereas another 40% were rehospitalized due
to HE over the course of one year.® HE can also be an impor-
tant mortality factor, independent of other complications
related to cirrhosis or even to extrahepatic organ failure.
That was observed more recently by Bajaj et al. in a study
on more than 1,500 patients hospitalized because of grade
Il or grade IV HE that had a greater in-hospital mortality
rate at 30 days, regardless of extrahepatic organ failure.’

For the study of HE and a better clinical approach, the
pathology is classified into 3 main categories, depending on
its cause, according to the 2002 Vienna consensus (Fig. 1).%°
Category C includes the subcategories of episodic HE, which
is divided according to its first clinical appearance; min-
imal HE (MHE), which includes subclinical neurocognitive
disorders identified only by neuropsychologic testing; and
persistent HE (PHE), which is frankly manifest and sub-
divided as severe, if there are West Haven classification
criteria, or as treatment-dependent, when the symptoms
begin as soon as treatment for HE is suspended.® ' The term
recurrent HE is reserved for those patients that present with
2 events of episodic HE in one year, regardless of whether
or not there are triggering factors. The costs attributed
to HE can also be differentiated, depending on its sever-
ity.

According to the European and American clinical prac-
tice guidelines on HE management, the therapeutic options
that have shown better results are lactulose, which is
considered first-line treatment, rifaximin-a (RFX), and L-
ornithine L-aspartate (LOLA), the stable salt composed of
the amino acids, ornithine and aspartate.* In contrast, the
Mexican guidelines are less illustrative, with respect to
the different therapeutic strategies. For example, since
2009, the Asociacidon Mexicana de Gastroenterologia distin-
guishes lactulose, applied enterally or through enemas, as
the first-line treatment for any grade of HE, followed by
RFX, LOLA, or metronidazole, in its treatment algorithm,"!
in addition to presenting evidence on other medications,
but without comparing the effectiveness between one and
another. The 2013 clinical practice guidelines from the
Secretaria de Salud continue to recommend the use of
neomycin and metronidazole, as second-line treatment
for patients that do not respond to lactulose or lactitol,
despite the evidence on the effectiveness of RFX and LOLA
in PHE and the disuse that neomycin has fallen into, as
well as the conditions in which metronidazole should be
used.
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Table 1

Comparison of the efficacy of rifaximin in different PHE variables.

Comparison of Therapeutic Clinical Decrease Primary Maintenance therapy Tolerability/ Cost-
meta-analyses intervention improve- inmortality prophylaxis Impact on quality of life Safety effectiveness
ment/ PHE profile
resolution
Jiang et al. RFX vs. RFX = lactulose Not measured Not measured Not measured Not measured RFX > Not measured
2008 lactulose in the lactulose
treatment of (especially
acute and when the
chronic main side
symptoms effect of
lactulose was
abdominal
pain)
Eltawil et al. RFX vs. RFX = lactulose Not measured Not measured Not measured RFX > RFX > Not measured
201248 lactulose RFX =other lactulose and lactulose and
RFX vs. antibiotics antibiotics in antibiotics
antibiotics the
(neomycin performance
and paro- on
momycin) psychometric
tests
Wu et al. 2013% RFX vs. RFX = lactulose Not measured Not measured Not measured RFX > RFX > Not measured
lactulose lactulose in lactulose and
the antibiotics
performance
on
psychometric
tests
Kimer et al. RFX vs. RFX> placebo RFX> placebo Not measured RFX > Not measured RFX> placebo RFX> placebo
201488 placebo RFX > RFX > placebo RFX > RFX >
RFX vs. lactulose lactulose RFX > lactulose lactulose
lactulose RFX> other RFX> other lactulose RFX> other RFX> other
RFX vs. other antibiotics antibiotics RFX > other antibiotics antibiotics
antibiotics antibiotics RFX >

placebo/ no
intervention
Lactulose
monotherapy >
RFX
(monotherapy)

8§
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Table 1 (Continued)

Comparison of Therapeutic Clinical Decrease Primary Maintenance therapy Tolerability/ Cost-
meta-analyses intervention improve- inmortality prophylaxis Impact on quality of life Safety effectiveness
ment/ PHE profile
resolution
Zhu et al. Comparison All interven- LOLA> amino Not measured Not measured Not measured Same Not measured
2015%° of amino tions > acids, tolerability
acids, RFX, none lactulose, RFX for all
lactulose, interventions
LOLA
Thumpuru Comparison Not measured Not measured LOLA > Not measured Not measured Not measured Not measured
et al. 2017°° of lactulose, placebo
LOLA, RFX, Lactulose >
probiotics, placebo
and amino Probiotic >
acids in placebo
individual RFX = placebo
and/ or No
combined intervention
treatment was superior
to another
Wang et al. Lactulose Lactulose Lactulose + Not measured Not measured Lactulose Lactulose Lactulose
2019°° +RFX vs. +RFX > RFX +RFX +RFX=lactulose  +RFX>
lactulose lactulose > lactulose > lactulose lactulose
(monotherapy) Decrease of

10
hospitalizations

=: equal to; >: superior to; LOLA: L-ornithine L-aspartate; PHE: persistent hepatic encephalopathy; RFX: rifaximin; RFX/lactulose: combined therapy of rifaximin and lactulose.
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A:
HE associated
with acute liver
failure

B:

HE associated with
portal-systemic
bypass and no intrinsic
liver disease

Hepatic encephalopathy
classification

C:

HE associated
with cirrhosis and portal
hypertension or
portal-systemic bypass

Episodic HE
Precipitated
Spontaneous
Recurrent

Persistent HE:
Mild
Severe
Treatment-dependent Minimal

Figure 1  Hepatic encephalopathy (HE) classification.

Minimal HE

Persistent hepatic encephalopathy (PHE) starts from grade Il of the West Haven classification, and its severity depends on a higher
grade of said classification. Minimal hepatic encephalopathy (MHE) is characterized by mild cognitive alterations that are only
detectable through psychometric tests and is considered as such when the patient presents with grade | of the West Haven

classification.

Therefore, the aim of the present work was to carry out
a review of the most up-to-date evidence on the efficacy
of RFX, compared with lactulose and LOLA, in improving
the different aspects of HE. We also included the reduc-
tion of costs associated with treatment and hospitalization,
their efficacy in the different grades of HE, their effi-
cacy in relapse prevention, the decrease in accidents due
to falls, cognitive status improvement, and quality of life
improvement in the patients with MHE, as well as treatment
adherence, and finally, their usefulness regarding other
complications of chronic liver disease (Table 1).

Pathophysiology

Despite the fact that there has been steady progress over
the last 20-30 years in the understanding of the pathophysi-
ologic bases of HE, the lack of a direct correlation between
the pathogenic factors and severity of HE makes selecting
the adequate therapy difficult. Nevertheless, the goal of the
majority of current treatments is to reduce the levels of
ammonia (NHs)." "

Even though other factors are involved in the pathophysi-
ology of HE, such as inflammatory cytokines and manganese
deposits in the basal lymph nodes, NHjs is still considered
the main factor for developing HE." NHj3 is produced from
nitrogen, especially by the action of the glutaminase enzyme
located in the enterocytes of the small bowel and colon, as
well as the from the action of a large quantity of urease-
producing bacteria that form part of the gut microbiota.
Under normal circumstances, NHs is metabolized in the liver
and then eliminated by the kidney, and to a lesser degree,
by the muscles (Fig. 2)."

In patients with cirrhosis, liver dysfunction alters the
hepatic metabolism of NHs3, and portal hypertension causes
the diversion of NH;-rich portal blood into the circula-
tory system. In the brain, NH; crosses over the blood-brain
barrier and is metabolized in the astrocytes by glutamine
synthetase, which converts the NH; and glutamate into
glutamine.’> The accumulation of glutamine in the astro-
cytes creates an osmotic gradient, resulting in inflammation
of the astrocytes and the production of reactive oxygen
species, which contributes to the brain dysfunction observed
in HE (Fig. 2)."7:18

The treatment goals for HE in general are to resolve
the acute symptoms, reduce mortality, and shorten hospi-
tal stay. Afterwards, relapses and rehospitalizations must
be prevented. Treatment is expensive, and therefore an
attempt must be made to reduce the cost of medical atten-
tion, while maintaining the highest degree of efficacy. In
addition, treatments that improve quality of life of the
patients with HE, as well as those that act on the other
complications of cirrhosis of the liver, must be considered

(Fig. 3).

Minimal hepatic encephalopathy

MHE is characterized by neurocognitive decline associated
with poor quality of life and increases the risk for devel-
oping PHE.'? In fact, those patients already have significant
brain alterations that can be demonstrated through mag-
netic resonance imaging, before progressing into a more
severe grade of HE. Those changes are correlated with the
presence of edema of the brain in patients with MHE, who
after treatment, have improved cognitive status, shown by
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Intestine

Astrocyte

Urea cycle

Conversion of
NH3 into
glutamine
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urease-producing
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and edema

Symptoms
of HE

Portosystemic
shunts

Cirrhosis
of the liver

Figure 2  Pathophysiology of hepatic encephalopathy.

Ammonia (NH3) is composed of nitrogen and hydrogen and is principally derived from the metabolism of amino acids. Under normal
circumstances, NHj3 is converted into urea, to be eliminated by the kidneys and skeletal muscle. In parallel, one-fourth of the urea
produced in the urea cycle is sent to the intestine, where it is converted into NH;, especially by the action of the glutaminase
enzyme located in the enterocytes of the small bowel and the colon, as well as by the action of a large quantity of urease-producing
bacteria that form part of the gut microbiota. In the context of liver failure, such as the case of patients with cirrhosis of the liver,
the process of NH3 metabolism is interrupted, resulting in increased NHs. In addition, portosystemic shunts can aid in the circulating
increase of NH3, which crosses the blood-brain barrier and is metabolized in the astrocytes by glutamine synthetase, converting
the NH3 and glutamate into glutamine. The accumulation of glutamine in the astrocytes creates an osmotic gradient, resulting in
inflammation of the astrocytes and production of reactive oxygen species. Imaging studies have demonstrated edema of the brain,
even in patients with MHE, and said edema is related to cognitive decline.

Complications derived from
cirrhosis =B\

*

4 o |
Quality of life improvement ‘ y ==
Reduced number of motor \ /

vehicle accidents and falls

Cognitive parameter
improvement

% Reduced hospitalization
and treatment costs

. Reduced number of relapses

v .

Figure 3  Hepatic encephalopathy (HE) treatment goals.

The treatment of cirrhosis of the liver should include the integral management of HE, thus it is important to consider that a large
percentage of patients with cirrhosis will develop some grade of HE. Therefore, primary prevention treatment can be begun to
improve quality of life, along with preventing accidents, caretaker dependency, and hospitalizations. In the patients that have
already developed HE and are hospitalized, treatment should be contemplated that reduces hospital stay.

better performance on different psychometric tests." Said
information exemplifies the fact that MHE, which is still
underestimated, should be treated. %2

Despite the negative effects of MHE, lack of treatment
also results from its lack of diagnosis, which is made through
the application of psychometric tests. The psychometric
hepatic encephalopathy score (PHES), inhibitory control test
(ICT), and critical flicker frequency (CFF) stand out among
them.?"-2

Those tests not only enable MHE diagnosis, but also allow
the lack of important cognitive functions that cause the
patient to live in a disabled state regarding daily activities
to be determined.? Those patients with HE are susceptible
to motor vehicle accidents and frequent falls when walking.
The latter are due to the decline in neuromotor functions
and they later become complicated with fractures secondary
to osteoporosis from malnutrition, hypogonadism, or liver
failure.?
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In relation to motor vehicle accidents, a 2004 prospec-
tive study evaluated driving capacity through number-
connection tests, complex choice reaction tests, and digit
symbol tests in patients with MHE. Those authors concluded
that said patients did not have the capacity to drive.?” A
later study showed that a high percentage of MHE patients
with a low performance on ICTs suffered more motor vehi-
cle accidents than patients without MHE (17% vs. 0.0%,
p=0.0004).%° Given the potential risk of death from those
accidents and their costs for the patient, early treatment
for patients with HE is recommended. To demonstrate the
above, an 8-week study was conducted on 42 patients that
were randomized to receive a placebo or RFX for the entire
study to evaluate the performance of those patients in driv-
ing simulators after treatment. Patient quality of life and
their cognitive abilities were also evaluated, utilizing the
sickness impact profile (SIP). The conclusion was that the
performance in the driving simulator improved significantly
in the patients with MHE after treatment with RFX, com-
pared with placebo.?”

Treatment with lactulose has also benefitted that popu-
lation. In the context of MHE, 3-month long treatment with
lactulose improved both cognitive performance and quality
of life, which were measured by repeat application of num-
ber and figure connection tests, block design tests, and the
SIP questionnaire for evaluating quality of life.?®

Contradictory results are found when comparing lactu-
lose with RFX in MHE. Some authors support the use of one
over the other, whereas other authors find no inferiority or
superiority between them. A study conducted in India on 351
patients with MHE compared the effectiveness of RFX (tablet
of 400mg, 3 times a day) versus lactulose (30-120 ml/day)
on quality of life, utilizing SIP questionnaires. At 3 months
of treatment, MHE was reduced in 73.3% of the patients
that received RFX and in 69.1% of the patients that were
treated with lactulose. Both treatments improved quality of
life, but the noninferiority of RFX over lactulose could not
be established because the prespecified noninferiority mar-
gin (—5%) was within the two-sided 90% confidence interval
of difference. Nevertheless, the group treated with lactu-
lose presented with significantly more flatulence than the
patients treated with RFX.%

Finally, from the pharmacogenomic perspective, there is
a significant difference between lactulose and RFX in rela-
tion to MHE cost reduction. Current evidence suggests that
lactulose is the better cost-effectiveness option. In fact,
treatment with RFX in MHE did not reduce costs with any
of four screening strategies analyzed and showed no cost-
saving benefit when compared with lactulose.*°

The combination of RFX/lactulose was superior to the
individual management of either of the two options, revers-
ing MHE in 3 months and preventing relapses for up to 6
months. '

Regarding LOLA, the conclusion of a meta-analysis that
included 8 randomized clinical trials stated that its treat-
ment efficacy was the same versus placebo in PHE and
MHE and that it had the same effectiveness as lactulose.
Two randomized clinical trials compared the 3 therapeutic
options versus placebo, but not with each other. There are
currently no studies comparing LOLA and RFX in MHE.33:34

In conclusion, the primary aim of treatment for MHE is
the prevention of accidents and hospitalization, improving

patient quality of life in relation to cognitive, economic, and
functional aspects. From the evidence found, there appears
to be no difference between RFX and lactulose for achiev-
ing that goal.?’ However, even though lactulose apparently
implies lower cost, RFX is better tolerated by patients, as
shown by Bajaj et al. in 2010.* Tolerance is an important
factor for good treatment adherence, thus patient status
should be considered in choosing one option over the other.
Even though LOLA has not been shown to be superior to
lactulose or RFX, its safety allows it to be considered in com-
bination with either of the other 2 options. It can even be
used as nutritional support, together with branched-chain
amino acids, which have also been shown to improve psy-
chometric test results in patients with MHE.3%37

Persistent hepatic encephalopathy

PHE is associated with higher rates of hospitalization, mor-
tality, and deficient quality of life.*® Its management must
also be directed at educating the patient and his or her rela-
tives, preventing disease progression to more severe grades
(Table 1), and promoting treatment adherence.*

According to the West Haven classification, grade | HE
is characterized by a trivial lack of awareness, shortened
attention span, and mild asterixis or trembling. In grade II,
which can be considered PHE, there is lethargy, disorienta-
tion, and obvious asterixis. Grade lll consists of somnolence,
disorientation with bizarre behavior, and muscular rigidity
with clonus and hyperreflexia. Grade IV is coma, with or
without response to painful stimuli.*

The first step in the treatment of PHE is to iden-
tify and treat the precipitating causes, which include
the management of hypovolemia, gastrointestinal bleed-
ing, infection, excessive diuretic use, diarrhea, vomiting,
hyponatremia, hypokalemia or hypercalcemia, constipation,
benzodiazepine use, and failure to carry out the indicated
treatment.

A 2004 meta-analysis*' evaluated 22 clinical trials for the
purpose of comparing the performance of nonabsorbable
disaccharides versus placebo, no intervention, or antimi-
crobials in PHE management. Compared with placebo or no
intervention, lactulose and lactitol appeared to reduce the
risk for no HE improvement (relative risk 0.62, 95% Cl: 0.46
to 0.84). However, they were not superior when compared
with antibiotics that included neomycin, ribostamycin, van-
comycin, and RFX. Unlike RFX, the other 3 antibiotics have
fallen into disuse, mainly due to their side effects.’”

In addition, treatment with lactulose also helped prevent
recurrent HE and reduce the risk for severe adverse events
due to liver failure, variceal bleeding, spontaneous bacterial
peritonitis, hepatorenal syndrome, and ultimately, death.*?

RFX use is also documented in the treatment of overt
HE, especially for acute symptoms. The first multicenter
study on RFX was conducted in 1993, in which, in addition
to its effectiveness, it was confirmed as a well-tolerated
drug,” especially in the short-term comparison with lactu-
lose, as well as with other antibiotics.* There appears to be
no difference between RFX and disaccharides in relation to
long-term treatment and relapse prevention.*

A recent randomized, double-blind, placebo-controlled
trial by Bass et al.* included 299 patients in remission from
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recurrent HE that received either RFX at a dose of 550 mg
twice a day (140 patients) or placebo (159 patients) for 6
months. A total of 13.6% of the patients in the RFX group
had a relapse of HE, compared with 22.6% of the patients in
the placebo group, for a relative risk of 0.50 (95% CI: 0.29 to
0.87; P=0.01). However, more than 90% of the patients in
both groups received concomitant treatment with lactulose.

As with MHE, when RFX was compared with lactulose, it
appeared to have at least the same efficacy.*’-*® Even though
said effectiveness could depend on whether the treatment
was short-term or long-term, RFX continues to be better
tolerated, causes fewer side effects, and produces a higher
reduction of NH;.%>#

In contrast, the combination of RFX/lactulose is more
efficacious than lactulose, alone, in the treatment of overt
HE. The combination, versus lactulose, alone, can reduce
mortality (23.8% vs. 49.1%, respectively) and hospital stay
(5.8 days vs. 8.2 days, respectively).>°

RFX and/or lactulose appear to be the best options,
whereas treatment with LOLA alone is not sufficiently sup-
ported to be considered first-line therapy. In fact, its
effectiveness in overt HE has only been observed in less
severe grades (grade Il) of both PHE and MHE.>'->3

Finally, in relation to other treatments, trials that were
studied in a meta-analysis on the use of zinc had hetero-
geneous results. In addition, critical results, such as quality
of life, could not be measured, making it difficult to reach
conclusions about the value of oral supplements, such as
zinc, in the treatment of hepatic encephalopathy. There
was also little information available on the clinical impor-
tance of the different formulations of zinc utilized in the
trials.>*

Relapse prevention and prophylaxis

Prophylactic treatment of HE can be divided into primary
and secondary treatment. There are few studies on primary
prevention, which consists of preventing the appearance of
the first episode of HE in patients with cirrhosis. The aim
of secondary prevention is to prevent another episode of HE
after a previous one.>?

The use of lactulose, LOLA, and RFX, respectively, was
recently compared as primary prevention for HE in patients
with variceal bleeding. In fact, the probability of developing
overt HE is particularly correlated with acute variceal bleed-
ing. RFX and LOLA were superior for preventing overt HE,
compared with lactulose, in that group of patients. In addi-
tion, both drugs were better tolerated than lactulose, given
that 54.4% of the patients treated with lactulose presented
with severe diarrhea.>

Regarding primary prevention, nonabsorbable disaccha-
rides were effective, compared with no intervention.>
Lactulose and lactitol showed the same effectiveness, but
had different results when compared with other options.>’

In the context of secondary prevention, lactulose at 2
or 3 divided doses of 30-60 ml per day were also effective,
preventing relapse of overt HE over a 14-month period. It
should be pointed out that the probability of relapse can be
evaluated through psychometric tests, in which poor perfor-
mance in 2 or more tests indicates the need for treatment
change.>®>°

Probiotics have also shown good results in primary pre-
vention, even on a par with lactulose. They can prevent
relapses of HE for up to 11 months and significantly reduce
NHj; levels in 3 months.%°

RFX has also been tested as maintenance therapy, pre-
venting the recurrence of HE for 6 months at a dose of 550 mg
twice a day.*® Treatment with LOLA versus placebo as main-
tenance therapy was recently compared and demonstrated
effectiveness in the prevention of relapses. Nevertheless,
different studies state that the combination of lactu-
lose/RFX is superior as prophylaxis.®"

Impact on quality of life and cost reduction

As previously described, the quality of life of patients with
MHE is deficient, but that situation is not limited to MHE.
Patients with overt HE present with cognitive alterations,
even after the acute episode is resolved. Indeed, the risk
for presenting with MHE is greater in patients that previously
presented with an episode of overt HE.®?

As a matter of fact, cognitive decline appears to be per-
manent in patients with cirrhosis. In studies on MHE, in
which quality of life changes are more subtle than those
found in patients with previous overt HE, the quality of life
questionnaires specific for liver disease or longer generic
questionnaires, such as the SIP, can be better for finding
differences. The changes in quality of life are important
for predicting relevant clinical results, such as HE recur-
rence, hospitalizations, and death in ambulatory patients
with cirrhosis.®

As well as cognitive alterations, patients with HE usually
have sleep disorders®* and require caretakers for daily func-
tions. In addition, patients become increasingly dependent
with each episode of HE.®

With respect to lactulose, studies on MHE have shown
improvement in quality of life, especially in relation to cog-
nitive function, but there are few studies on the theme in
PHE.28’66

Regarding RFX, the 2011 RIME study evaluated its impact
on quality of life and cognitive function improvement.
Ninety-eight patients were randomized to receive RFX
(1,200 mg day) or placebo for 8 weeks and then evaluated
through psychometric tests and the SIP. In the RFX group,
75.5% of the patients had HE remission and better scores
on the psychometric tests and SIP questionnaires, compared
with 20% of the placebo group.® In parallel, in another study
conducted in the same year, there was improved quality of
life with RFX at a dose of 550 mg twice a day in patients
with recurrent HE. Measurements were carried out using
the chronic liver disease questionnaire (CLDQ), which was
applied every 4 weeks for the 6 months of the study. Never-
theless, it should be kept in mind that concomitant lactulose
administration was allowed in the patients.®’

Likewise, in 2011, a study on the use of LOLA was con-
ducted on 191 patients with HE. The CLDQ was also utilized
to measure the effect on quality of life. The intervention
consisted of 3 packets of 6g of LOLA daily for 8 weeks.
There was notable improvement with the treatment in all
the domains evaluated in the questionnaire, especially in
regard to fatigue, and it was well tolerated in 97% of the
patients.%®
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Up to 80% of the patients with cirrhosis experience HE
and the majority are at high risk for recurrence. Several
factors should be considered in developing a cost-effective
management of HE, such as patient compliance, the adverse
effects of medical therapies, and the relative cost-benefits
of the therapy.

The main pharmacologic agents utilized for the treat-
ment and prevention of HE are commonly associated with
gastrointestinal adverse effects. Even though the adverse
reactions are common, they can be bothersome and lead
to patient noncompliance, thus increasing the risk for HE.
In addition, the first-line agent, lactulose, requires self-
dosing, which can be confusing for the patient and result
in an increased risk for severe adverse effects.

HE imposes a significant economic burden on the patient,
caretaker, health system, and society. Not only does it have
a negative impact on the morbidity and mortality of the
patient, but it also affects his or her psychologic and social
functioning, as well as quality of life, in general. It can
affect the patient’s ability to work, resulting in reduced
productivity and a loss of income. A patient with HE may
require hospitalization, which is a substantial proportion of
the costs associated with HE. Early prevention is important
for minimizing the associated social and economic costs.

Regardless of geographic location, patients with HE rep-
resent a considerable economic burden on the medical care
infrastructure, and the annual hospitalizations for patients
with HE can be very costly for health systems. The mean
duration of HE-related hospital stay has been reported to
vary from 5.9-9 days.%7°

In the United States, the direct costs of chronic liver dis-
ease were above 2 billion USD and the indirect costs were
over 450 million USD. As mentioned before, hospitaliza-
tion because of HE is the main contributor to that burden,
at a cost of $30,000 USD/hospitalization. In addition, 22%
of the patients that are released, are generally placed in
assisted living facilities for the elderly or rehabilitation cen-
ters, increasing total costs. In that respect, even though
RFX is more expensive than lactulose, it appears to be supe-
rior in reducing hospitalization rates, has a better adverse
effect profile, and increases patient compliance, thus sav-
ing more than $3,000 USD in costs/patient/year, compared
with lactulose therapy.”!

Studies suggest that beginning therapy with RFX could
lead to reduced hospital stay.”? In addition, the estimated
cost savings for RFX versus lactulose, albeit based on pub-
lished estimates of the numbers affected, support the idea
of a reduced risk for hospitalization in patients with HE,
which would significantly reduce the economic burden on
health systems. Importantly, the higher cost of RFX is com-
pensated by the potential savings in medical care costs.”

The literature suggests that RFX can provide better symp-
tom control, and in turn, reduce not only costs related to
hospitalization and hospital stay duration, but also other
medical care-related costs, especially if RFX use results in
less need for ambulatory follow-up care. For patients receiv-
ing RFX550 mg twice a day versus 400 mg 3 times a day, the
former was shown to be more cost effective than the latter.”*

Treatment with lactulose is associated with a greater
number of hospitalizations, as well as longer hospital stay
duration and higher hospitalization costs.” A retrospective
study at a single center in the United States indicated that

the use of lactulose after initial hospitalization was asso-
ciated with rehospitalization within the following 90 days,
whereas RFX use after hospitalization was not significantly
associated with the risk for hospital readmission within 90
days.”® In another study, the use of healthcare resources was
significantly reduced after the commencement of RFX use,
compared with before its use.””

A low incidence of HE has also been shown in clinical prac-
tice regarding long-term treatment, when RFX was added
to lactulose therapy.”® As with all antibacterial agents,
Clostridium difficile-associated diarrhea has been reported
with treatment with RFX, albeit at a low frequency. Never-
theless, it has not become an important safety concern in
long-term treatment. Therefore, there is a large amount of
evidence showing that the addition of RFX to standard ther-
apy with lactulose produces significant long-term reductions
in the use of healthcare resources.

In their study, Stauch et al.”” demonstrated clear advan-
tages in the use of LOLA, compared with placebo, for
achieving improvement in encephalopathy associated with
chronic liver injury. It is considered a pioneer study, given
that there are no cost-effectiveness studies comparing
those treatment strategies. A comparative study by Poo
et al.?% evaluated the therapeutic response with lactulose
and LOLA, assigning 10 patients to each group. The authors
demonstrated that both medications were useful in the
management of encephalopathy caused by the increase in
ammonia. However, response in relation to mental health
parameters, number-connection tests, asterixis score, and
encephalographic activity were better in the group treated
with LOLA.

In a retrospective review on 137 patients from a single
center that received lactulose for a mean duration of 27 + 6
months after a first episode of HE, 75% of the patients expe-
rienced recurrence of HE after 941 months. Thirty-nine
(28.5%) patients had recurrence of HE associated with lack
of adherence to treatment with lactulose, mainly due to
gastrointestinal adverse effects.?®

On the other hand, it is important to mention the con-
tradictory evidence on the superiority of one drug over
another.?" Despite the elevated cost of RFX, it is the drug
that is tolerated the best, with a higher reduction of hos-
pitalization costs.®28 In addition, that antibiotic can be
used in other complications of cirrhosis of the liver, beyond
HE, such as ascites with kidney function deterioration upon
the increase in the glomerular filtration rate and the uri-
nary excretion of sodium,® and in patients with ascites and
spontaneous bacterial peritonitis.?>8

In addition to decreasing NH3, RFX also has anti-
inflammatory effects and produces changes in the fecal
microbiota, which other options do not. That is important,
given that patients with cirrhosis have a high incidence of
dysbiosis and altered bile acid composition, which are ulti-
mately associated with disease severity.®’

Conclusions

Characterized by periods of cognitive decline of varying
severity, HE is a frequent complication of chronic liver dis-
ease and a frequent cause of hospitalization, as well as
morbidity and mortality, in that population of patients. Up to
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70% of patients with cirrhosis can present with some grade of
HE. All the current treatments have been shown to be effica-
cious in the different grades of HE, and their use is superior
to no treatment at all in patients with MHE. Whether or
not to treat patients with MHE has been the subject of dis-
cussions, and LOLA has been suggested to possibly play an
important role by being the medication that produces fewer
side effects, and therefore, is better tolerated.

On the other hand, current first-line treatment for HE
patients is with nonabsorbable disaccharides, such as lac-
tulose, even for preventing recurrent HE. However, its side
effects, especially the gastrointestinal ones, make it dif-
ficult for many patients to tolerate. In contrast, RFX has
shown at least the same effectiveness as lactulose, as well
as the following advantageous attributes: 1) reduced hospi-
tal stay, 2) reduced mortality rate, 3) use as maintenance
therapy, 4) a greater safety and tolerability profile, and
5) better psychometric test performance in patients with
MHE and patients in whom acute episodes of overt HE were
resolved. Although there are few meta-analyses that include
the combination of RFX/lactulose, clinical trials comparing
said combination versus RFX or lactulose as monotherapies,
have shown it to be superior.

In conclusion, the treatment of HE should be considered
in the integral management of the patient with cirrhosis.
When MHE is suspected, adequate evaluation should be car-
ried out and treatment begun as soon as possible, to improve
patient quality of life. In general, the treatments described
herein have been shown to effective, therefore their individ-
ualization for each patient is of the utmost importance. For
example, if a patient does not tolerate lactulose, it would
be better to begin treatment with RFX. Even though RFX is
more expensive than lactulose, it shortens hospital stay and
significantly improves the cognitive status of the patient,
resulting in an option with greater cost-effectiveness than
lactulose. In contrast, LOLA and lactulose can be better than
RFX for primary prevention. The use of LOLA alone contin-
ues to be a viable option for patients with MHE, as long as
they respond adequately, and treatment with lactulose has
failed. Individually, it has also been shown to be superior to
RFX for the prevention of PHE. Studies and meta-analyses
have also supported the combination of LOLA and probiotics,
finding it superior to the use of LOLA alone, but inferior to
lactulose plus RFX, for the treatment of acute episodes.

Finally, the combination of RFX and lactulose has been
shown to be the best treatment option in both the prophy-
laxis and treatment of PHE.
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