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Defend ing Champion vs. The New Kid On The Block:

Lactulose vs. Rifaximin for Acute Hepatic Encephalopathy
Helene Valderaz, Pharm.D.

Lactulose has been regarded as the gold standard treatment for acute hepati
encephalopathy since the 1986kwever, inconvenient and undesirable gastrointestinal
side effects are well documented with this ag&scond-line treatment options include
oral antibiotics such as neomycin, vancomycin, and metronicdattidevever, the
potential for the development of systemic toxicity and concerns regarding microbial
resistance limit the use of these agents. Rifaximin, an oral rifamycin antibiotic derivative,
has recently come to the forefront of possible agents to consider when patients are intolerar
or refractory to lactulos&T his article will briefly review the pathophysiology and current
first-line therapy for acute hepatic encephalopathy, review why rifaximin is effective, and
summarize data from head-to-head trials comparing rifaximin to lactulose so that
practitioners will have a thorough understanding of how these two contenders compare.
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Hepatic encephalopathy (HE), or portosystemic encephalopathy, is a neuropsychi-
atric syndrome that occurs in conjunction with acute or chronic hepatic disease. Portal-
systemic shunting associated with hepatic dysfunction prevents the liver from suffi-
ciently eliminating toxins, such as ammonia, from the systemic circulation and leads to
HE. Inturn, the resulting accumulation of ammoniain the central nervous system (CNS)
leads to excitation of gamma-aminobutyric acid (GABA) receptors, thereby causing
CNS depressiof® This CNS depression is manifested by alterations in behavior and
cognitive function (ranging from minimal disturbance to coma), sleep pattern distur-
bances, and muscular incoordinaé®®Other substances thought to be associated with
the development of HE include manganese and endogenous benzodi&zepines.

The pathophysiology of HE is incompletely understood. However, predisposing
factors that may precipitate HE are well established, and include metabolic abnormalities,
medications, and increased ammonia produéfidvietabolic abnormalities that may
precede HE are alkalosis, hypoxemia, hyper- or hyponatremia, hypokalemia, etc. Medi-
cations associated with the development of HE include benzodiazepines, narcotic
analgesics, sedatives, and diurétE&immonia is naturally produced by aerobic and
anaerobic bacteria as a by-product of the degradation of nitrogenous compounds in the
colon Ammonia production may be increased as a result of excess dietary protein,
constipation, uremia, and gastrointestinal bleeg#®ince liver function is compromised
in HE and ammonia cannot be sufficiently eliminated, management is typically focused
on supportive care and removal of identifiable precipitating factors, as well as minimizing
the production and absorption of ammonia within the gastrointestinalfact.

Current mainstay of pharmacologic treatment for HE includes the first-line use of non-
absorbable disaccharides, such as lactébsélllactulose works via several mecha-
nisms>12First, fermentation of lactulose by bacteria in the colon results in the production
of organic acids that reduce colonic pH and inhibit urease-producing bacteria. Second, the
decreased pH of the colon promotes production of ammonium ions, which are not readily
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18 Defend ing Champion vs. The New Kid On The Block

Lactitol is a non-absorb-
able disaccharide used in
the treatment of HE. It is
regulated in the US as a
dietary supplement.

While the overall clinical
benefit is less clear, non-
absorbable disaccharides
effectively lower serum
ammonia levels when
used in HE.

Rifaximin has been
licensed in Italy since
1987 and was granted
orphan drug status for
HE in the US in 1998.
Rifaximin is currently
FDA approved only for
the treatment of
travelers’ diarrhea.

(continued)

absorbed into the systemic circulation. Lastly, the cathartic effect of lactulose promotesth
elimination of ammonia from the gut. A meta-analysis published in 2004 reviewed 22
clinical trials to assess the efficacy of non-absorbable disaccharideSTmiblEreviewed

in the analysis included those comparing lactulose or lactitol to no intervention, placebc
or oral antibiotics. Of the 22 trials, only nine were classified as high-quality studies. While
non-absorbable disaccharides tended to lower serum ammonia levels as expected,
overall improvement in HE was not shown to be statistically better than oral antibiotics.

Oral antibiotics that have been used for HE include neomycin, vancomycin, anc
metronidazole. Although oral vancomycin and neomycin are largely isolated to the gut
sufficient amounts may be systemically absorbed to expose patients to harmful sid
effects such as oto- and/or nephrotoxicity. In addition, neurotoxicity is a concern with
metronidazole in this population. Thus, these agents have become less desirable optic
for HE. Rifaximin offers another option for the treatment of HE, with favorable
tolerability and proven efficacy against common colonic bacteRdaximin is
available on the UW Medicine formulary, with use restricted to Hepatology Service for
patients that are HE intolerant or unresponsive to lactulose and/or neomycin.

Rifaximin has been licensed in Italy for the treatment of gastrointestinal infections
since 1987. In 1998 it was granted orphan status by the FDA for use in the treatment ¢
HE. In 2001, Salix Pharmaceuticals, Inc. acquired the rights to license rifaximin in the
US1314and in May 2004 it was approved by the FDA under the proprietary name
XifaxarR for the treatment of travelers’ diarrhea causef.lopli. Like the structurally
related drug, rifampin, rifaximin works by inhibiting bacterial RNA synthesis. It is
beneficial in the treatment of HE due to minimal systemic absorption (<0.4%), broad-
spectrum antimicrobial activity, and good patient tolerability.

There are approximately 22 clinical studies evaluating the use of rifaximin for the

Table Il: Randomized Controlled Trials of Rifaximin vs. Lactulose

Part A - Study Characteristics

N . . Study
Study (men/women) Population Study Desgn Duration Treatment Armsand Doses
Randomized, Firg 14 Rifaximin 400mg @ 8h (n=20) vs.
Fera e 4 0 ¢ Age45-72 (mean 59) double-blind, days of lactulose 27g @ 8h (N=20),
13’9317 ’ (29/11) double-dummy month for administered for the first 14 days of
 All with cirrhosis and mild HE tria conducted each month
. 3 months
inltay
¢ Age42-60 (mean 54.5) m%ng”zsg’ 7 day run-in period then: rifaximin
Massg, et d. 40 double-dum ’ 15 davs 400mg q 8h (n=20) vs. lactulose
1993 @7113) |+ All with cirrhosis and stage 2-3 HE e ol Ctrgé’ YS | 209 ¢ 8h (n=20)
(most stage 2) in ltlay
. * Age40-71 (mean 55.7) Randormized, Rifaximin 1200mg/day in 3 divided
Pak, et d. > . . . " unblinded stgdy 7 days |[doses (n=32) vs. lactulose 60g/day
2005% (37/17) « All with cirrhogis (most with hepatitis B) conducted in in 3 divided d (=22)
and grade 1-3 HE Korea B
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Rifaximin is available on

the UW Medicine formu' Dru Antibacterial Daily Potential Adverse UWMC Inpatient
lary, with use restricted to 9 Activity Dose Effects Acquisition Cost per Day
Hepatology Service for
. Ampicillin Broad spectrum Microbial resistance $2.15
patients that are HE P * “
intolerant or unrespon- _ N Diarrhea, nausea,
sive to lactulose and/or Lactulose No direct activity [ 60-120g| vomiti ng, flatulen_ce, $2.00-3.80
. abdominal cramping
neomycin. Neurotoxicity, disulfiram
Metronidazole | Anaerobic coverage | 800mg reaction Wi t’h alcohol $0.44
The daily cost for Neomycin Aerobic coverage | 4-6g Nephro/ototoxicity $13.00-20.00
therapy with rifaximin is
10x more than lactulose. Paromomycin |  Broad spectrum 4g Nephro/ototoxicity $17.00
Rifaximin Broad spectrum 1200mg Headache $22.00

At least 22 clinical stud-
ies have evaluated the use
of rifaximin for the
treatment of HE. Five
trials compared
rifaximin to lactulose,
but two of these em-
ployed suboptimal
lactulose dose$>16The
quality of the three
remaining studieg /19

(continued)

19

Table I: UW Medicine Formulary Drugs Used for Hepatic Encephalopathy

treatment of HE. Ofthese, five are randomized controlled trials that specifically compared
rifaximin to lactulose. Two of the five studies compared rifaximin to suboptimal doses of
lactulosel>16The remaining three studies are summarized in Table Il. Two of these were
randomized, double-blind, double-dummy studies, including 80 patients with HE and
cirrhosis (40 patients treated with rifaximi}:8The third study was a randomized, non-
blinded study of 54 patients with HE and cirrhosis, predominantly in a subset of subjects
with hepatitis B virus (32 patients treated with rifaxinith).

As s evident from the table, both rifaximin and lactulose are associated with a reduction
in ammonia levels as well as improvement in HE severity, mental status, and other
neurological signs and symptoms (asterixis, EEG abnormalities, A-cancellation test, and
Reitan test)Severity of HE improved with both agents, with between-group differences

is debatable.
Table Il: Part B - Study Outcomes
A-
HE sverity Mental gatus Ammonia Aderixis cancdlation | Reitan test EEG
tes
* Progressive . - Improvement
improvement with norl?gulzt\llc&nsto Similar trend | with both * Improvement with both
, both trestments, but . Saidicdly toward trestments, but | groups, but trend toward
D_ecreasgd .W'th b(.)th trestments, more consistent with [ oo V\."th both significant improvement, | no datidicaly | faster improvement with
with gatisticaly sgnificant ifaximi therapies by day | but i i
diffen by day 15 favoring rifaximin 10 improvement by Ut no significant rifadmin -
rifaximin (p<0.05) » No datigticdly . Saisica day 5 with both difference | difference o Saidicd sgnificance
p<o. significant difference Sonifi ot trestments between within thefirg [ seen after day 15 in favor of

seen within the firgt 2 ; 9 od groups 2 weeks of rifaximin (p<0.01)

weeks of trestment eport trestment
* 14 casesregressed and 6 cases || s . . o
improved to sage 1 with » Progressve | Decreased to * Progressve * Normdized in 8 patients
ritaximin improvement with norma by day 6 |improvement with * Improvement by day 6 with rifaimin vs 4
o 11 cases reressed. 2 cas both trestments, with  |with rifaximin | both trestments Similar trend | with both ients by day 9 with
: egressed foter improvement  |andday Owith |+ Swtistically i tretments | P2 Y
improvedtosage2, and7casess | .., . 0. . o . - lactulose
. . with rifaximin lactulose sgnificant improvement |« Statidticdly L N
improved to stage 1 with lactulose . - A . . o Satigicdly sgnificant

S A o Sdidticaly o Satidicdly |differenceonly on | with both significant by '
* No daidticaly significant o X L ; differences seen on day 6
i - sgnificant difference  [sgnificant day 6 (p<0.05), but |treatments  |day 15infavor R

difference, dthough 5 patients . ; 2 L and 9 favoring rifaximin
. AT by day 15in favor of | difference on day [Smilar scores a of rifaximin
regted with rifaximin regressed i 0 15 (0<0.05 day 15 (p<0.01 and p<0.05)
completely after 8 days fifaimin (p<0.05) (p<0.5) Y
* Similar responses observed in anmonialeve, mentd Satus, agterixis, and Reitan test, but no satigtically sgnificant difference between trestments
* Clinicd eficacy (HE index improvemet) grester with lactulose (95.4% of patients) vs. rifaximin (84.4% of patients), though not satigticdly significant (p=0.315).
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HE severity or HE index
is a composite of
weighted parameters
indicative of the signs
and symptoms of HE
(e.g., mental status,
asterixis, EEG abnor-
malities, Reitan test, and
ammonia level).

In one comparative trial,
HE index improved in
84% of patients given
rifaximin and 95% of
patients given lactulose,
demonstrating similar
efficacy between both
treatments19

A-cancellation test: An
assessment of how many
of 28 A’s are crossed out
in a grid of 100 lettersl’

Reitan test: An assess-
ment of the time needed
to connect 25 progressive
numbers1?

As evaluated in existing
published clinical trials
of HE, the ultimate
clinical gain that results
from improving EEG
abnormalities and cer-
tain other measurable
neurological parameters
(e.g., asterixis) with
either rifaximin or
lactulose remains un-
proven.
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(continued)

reported in one trial favoring rifaximin by day 15 of treatrAéHIE index improvement

with lactulose was reported to be 11% greater than rifaximin in one study, though this wa
not statistically significari® There was a more consistent improvememtental status
scorereported with rifaximin in two trials’-18Mean mental status score improved from ~2
(semistupor and vague disorientation) to 1 (reduced attention span, vague drowsiness,z
anxiety or euphoria) four days faster with rifaximin in one $ftalyd in a second study,
mental status scores for lethargy, constant disorientation, and inappropriate behavi
improved from a score of 2.3 to 2 with lactulose, and to a score of 1 with rifaximin, by day
15 of therapy Asterixis significantly improved from baseline by day 5 with both rifaximin
and lactulose in one of the three tridks one study the mean asterixis score improved from

2 (irregular occasional tremors) to 1 (rare tremors) after three days and after six days wi
rifaximin and lactulose, respectively; but, there was no difference in the time it took for
asterixis to completely resol&Ammonia levelsdecreased to normal by day 10 of
treatment with lactulose and rifaximin in one of the three sttfieg] in a second study,
ammonia levels normalized three days faster with rifaxdPnin.

Improvements in EEG abnormalities, the A-cancellation test, and the Reitan test wer
also seen with both rifaximin and lactuldSEG normalization or significantimprovement
occurred three days sooner with rifaximin compared to lactulose in o€ Aial.
cancellation testimprovements were reported to be similar with both treatments in two
studies’18 Finally, Reitan test improvement was reported with both rifaximin and
lactulose, with between-group differences noted by day 15 favoring rifaximin, in onéstudy.
In each of the three trials, patients randomized to rifaximin tolerated the medication well, an
those randomized to lactulose experienced gastrointestinal side effects early onintreatme

To summarize, these three head-to-head trials clearly illustrate the comparable efficac
of rifaximinand lactulose in the treatment of HE. Statistically significant differences between
treatment groups in neurological signs and symptoms in some trials tended to favor rifaximi
(i.e., mental status, EEG abnormalities, and ammonia levels), but these differences were 1
consistent from trial to trial. Overall, rifaximin appears to decrease ammonia levels anc
improve asterixis as quickly as lactulosgh trends toward faster improvement in HE
severity, mental status, EEG abnormalities, and A-cancellation and Reitan neurologicz
tests. No information on overall clinical outcomes was provided by these studies, thus it i
unclear if the trends toward faster improvements with rifaximin translate into more favorable
outcomes (such as sooner discharge from the hospital) compared to lactulose. Additionall
the scoring of improvements across studies is variable, making the comparative magnitu
of overall effects difficult to discern for either agent. Given this and the small size of these
studies (a total of 72 patients treated with rifaximin), it is difficult to conclude that rifaximin
should be used first-line over lactulose. Also of note, though not mentioned as a possib
concern inthe comparative trials, is the potential for the development of microbial resistanc
if rifaximin were to replace lactulose as first-line therapy for HE.

Despite the cost difference of rifaximin compared to lactulose (see Table I), a questiol
arises as to whether it is reasonable to postulate that faster trends toward improvement
parameters such as mental status, HE severity, and ammonia levels with rifaximin in th
acute-care setting could facilitate faster patient discharges from the hospital and lowe
overall healthcare costs. Regrettably, however, the two published retrospective studies
cost examined HE-related hospitalizations during rifaximin or lactuizsetenance
therapy20.21Neff et al2Creported three HE-related hospitalizations with rifaximin (n=15)
vs. 19 with lactulose (n=24), an average length of stay of 3.5 days with rifaximin vs. 5 day:
with lactulose, and an average annual cost difference of therapy per patient of $5,3C
favoring rifaximin. Leevy et & (n=145 treated with lactulose then rifaximin) reported
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Exploiting two different
mechanisms of action to
treat HE may be benefi-
cial; however, rifaximin

+ lactulose combined has
never been compared to
monotherapy with either
agent alone. If the two
are used together, con-
sider separating their
administration by at least
2 hours in order to
maximize rifaximin
retention in the colon.

Flumazenil (a benzo-
diazepine receptor
antagonist) has been
postulated as a possible
treatment for HE.6.7.22

Lactulose should retain

its title as first-line
therapy for HE, with
rifaximin best reserved

as a second-line agent for
patients who are unable
to tolerate side effects or
who are refractory to
lactulose.

Note: The editor and autho
gratefully acknowledge the
assistance of Thomas H
Payne, M.D., Marcela M,
Aguilar, Pharm.D.,and Sha
Keen, Pharm.D. in review

(continued) 21

0.5 hospitalizations during treatment with rifaximin vs. 1.6 during treatment with lactulose,
2.5 days of hospitalization with rifaximin vs. 7.3 with lactulose, and a difference in
hospitalization charges per patient of $42,400 favoring rifaximin. Unfortunately, these

data lack applicability to the acute-care setting and both analyses were limited by a
retrospective study design, small N, and patient self-reports of adherence to therapy.

Treatment of HE is challenging. It is a multifactorial disease and the pathogenesis is
incompletely understood. Prescribers face difficulties in treating this population in
particular, as many patients may be noncompliant secondary to intolerable side effects of
lactulose, or may suffer from disease that is not responsive to lactulose. Comparative trials
of rifaximin vs. lactulose have consistently shown rifaximin to be as beneficial as lactulose
in the treatment of HE. While trends toward statistical significance and faster resolution
of signs and symptoms are noted with rifaximin in these trials, there is no evidence that
these trends positively effect overall clinical outcomes or cost. Thus, because of the cos
difference and potential for emergence of microbial resistance, lactulose should retain its
title as “first-line therapy for HE,” with rifaximin best reserved as a second-line agent for
patients who are unable to tolerate, or who are refractory to, lactulose.
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Formulary Additions Dosage Form Classification Use Usual Dose
- . . . Aid to smoking cessation 1mg Bip, following
Varenicline (Chantix) Tablet: 0.5mg,1mg Smoking deterrent treatment a 1-week titration

Other Actions

To expedite the process of discharging patients from the hospital, UWMC pharmacy was granted
authorization to dispense oxycodone 5mg, acetaminophen 325mg-oxycodone 5mg, and docusate
sodium 250mg in standardized pre-count multiples of #20 and #30.
UWMC Pharmacy <UWMC Pre-Pack Discharge Dispensing Policy>
Pre-Pack Discharge | The quantity dispensed for a schedule Il narcotic will be decreased to the nearest pre-pack quantity for
Prescription Policy oxycodone 5mg and oxycodone 5mg-acetaminophen 325mg prescriptions for UWMC, Roosevelt, and
Pavilion discharge patients. The maximum reduction in quantity will be by nine tablets. For example, a
prescription written for oxycodone 5mg #24 will be reduced to #20 tablets. If the prescriber writes for a
specific days' supply on the prescription, the quantity will be dispensed as written.
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