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One of the most common and dreaded complications in
patients with cirrhosis is hepatic encephalopathy (HE). Those
with HE can experience a spectrum of altered mentation that
ranges from covert HE (previously termed minimal HE) to
overt HE (previously termed acute HE), and accounts for
decreased quality of life, higher readmission rates, and poorer
outcomes than in cirrhotic patients who have not experi-
enced any HE episodes.1

Although HE leads to altered cerebral function, primarily
hypothesized to be due to elevated ammonia production by
gut bacteria, the pathophysiology of HE should be considered
to be multifactorial in etiology (►Fig. 1) in which the under-
lying mechanisms are still not well understood.2 For one, the
production of ammonia can arise from gut bacteria (i.e.,
Clostridium, Enterobacter, and Proteus species) that convert
urea from the blood into ammonia and carbon dioxide via
urease.3–5Additionally, enterocytes in the small intestine also
appear to generate ammonia, metabolizing glutamine into
glutamate and ammonia via glutaminase,6,7 which has been
demonstrated to be upregulated in cirrhotic patients with

covert and overt HE (►Figs. 1 and 2).8,9 Furthermore, because
the ability of the liver to metabolize ammonia effectively is
diminished in cirrhosis, and portal hypertension leads to
shunting of blood around the sinusoids, hyperammonemia
ensues, resulting in astrocyte dysfunction, triggering neuro-
logic abnormalities.10 Irrespective of the precise mechanism
of hyperammonemia, because ammonia is thought to play a
major pathophysiologic role in HE, in this review we
will focus on ammonia-lowering approaches, in particular
novel ones.

Ammonia Scavengers

Sodium benzoate and sodium phenylacetate have been ap-
proved for use as ammonia scavengers in patients with urea
cycle disorder (UCD) and hyperammonemia (typically seen in
children). These compounds are water soluble, and help
eliminate ammonia through the urine (►Table 1; ►Fig. 1).
Oral sodium benzoate (Ucyclyd Pharma, Inc.) is sometimes
used off-label for ammonia scavenging and is available in
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Abstract Hepatic encephalopathy (HE) is a major complication in patients with decompensated
cirrhosis, leading to higher readmission rates causing a profound burden of disease and
considerable health care costs. Because ammonia is thought to play a crucial role in the
pathogenesis of HE, therapies directed at reducing ammonia levels are now being
aggressively developed. Ammonia scavengers such as AST-120 (spherical carbon
adsorbent), glycerol phenylbutyrate, sodium phenylacetate or sodium benzoate, and
ornithine phenylacetate have been used to improve HE symptoms. A new approach,
bowel cleansing with polyethylene glycol 3350, appears to be a promising therapy, with
a recent study demonstrating a more rapid improvement in overt HE (at 24 hours after
treatment) than lactulose. Extracorporeal devices, although now used primarily in
research settings, have also been utilized in patients with refractory HE, but are not
approved for clinical management.
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powder form from certain specialty pharmacies. Although
these pharmacological therapies are available in the United
States, they are not approved for HE. Several considerations
related to large therapeutic doses of these agents are note-
worthy. First, they lead to a high sodium load (1–2 g/d for
therapeutic dosing), which might lead to hypernatremia and/
or fluid retention in cirrhotic patients. Furthermore, these
products are less palatable (i.e., salty taste) compared with
newer agents such as glycerol phenylbutyrate (GPB; HPN-
100; Ravicti; Horizon Pharma, Plc.), which is nearly tasteless,
is safe, and well tolerated.11,12

Glycerol Phenylbutyrate

Glycerol phenylbutyrate improves the organoleptic proper-
ties of its predecessor, a prodrug of phenylacetate, oral
sodium phenylbutyrate (Buphenyl, Horizon Pharma, Plc.)

and is a nearly tasteless, odorless, sodium-free liquid com-
pound, whose mechanism of action is removal of nitrogen
excretion in the form of urinary phenylacetylglutamine
(PAGN), allowing an alternative pathway for ammonia waste
(►Figs. 1 and 2).13 It is approved in the treatment of UCD, an
inherited disorder causing hyperammonemia.14–17

Because GPB has demonstrated ammonia-lowering capa-
bilities, an open-label pilot study assessed the effect on
venous ammonia and the tolerability in cirrhotic patients
with HE (15 patients given 6 mL vs. 9 mL of GPB orally twice
daily with food for 4 weeks).11 Compared with baseline
ammonia concentrations, fasting ammonia levels were lower
on GPB on the eighth day of 6 mL twice daily dosing to 45.4
(27.9) µmol/L (upper limit of normal�48 µmol/L; p < 0.05).
Using 9 mL twice daily yielded similar ammonia lowering
levels, but was associated with higher phenylacetate (PAA)
plasma concentrations and more adverse events.

Fig. 1 Multiorgan ammonia pathways with specific ammonia lowering medications used in cirrhosis. Circulating concentrations of ammonia
(NH3) are shown with multiorgan involvement in the production of NH3, ultimately resulting in NH3 crossing the blood–brain barrier, contributing
to astrocyte swelling and hepatic encephalopathy; as decreased urea cycle capability and reduced liver glutamine synthetase activity is present in
cirrhosis. The alternative pathway is also shown at the top, where NH3 binds with glutamate (GLU) forming glutamine (GLN) after enzymatic
processing using glutamine synthetase (GS). Both ornithine phenylacetate (OP) and glycerol phenylbutyrate (GPB) are ammonia-lowering
medications; they combine GLN and phenylacetate (PAA) to form phenylacetylglutamine (PAGN), which is excreted in the urine. AST-120 is a
carbon microsphere adsorbent that binds NH3 in the gut, thus lowering circulating ammonia levels. Polyethylene glycol (PEG) is a cathartic, which
causes rapid clearance of gut bacterial synthesizing ammonia to be excreted into the feces. About one-quarter of urea-derived byproducts from
the urea cycle is shunted to the colon (not shown; remaining three-fourths of urea excreted in the kidneys), where urease producing bacterial
organisms produce ammonia that enters the portal circulation. Skeletal muscle also contributes in the regulation of NH3 as depicted. Not shown in
the figure is the presence of GS and glutaminase in each organ, contributing to NH3 homeostasis. PBA ¼ phenylbutyric acid.
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This study therefore led to a multicenter, randomized, dou-
ble-blind, placebo-controlled phase II trial to test the hypothesis
that using GPB for ammonia lowering (6 mL twice daily for
16 weeks in patients with HE), could decrease the incidence of
HE events in cirrhotic patients who demonstrate a history of at
least two HE episodes � grade 2 within the past 6 months,
including one HE event within 3 months of randomization
(Clinicaltrials.gov, NCT00999167).12 Exclusion criteria included
the following: use of other ammonia-lowering agents (e.g., L-
ornithine-L-aspartate or sodiumbenzoate), active complications
of cirrhosis (e.g., sepsis, hepatocellular carcinoma, hepatic
hydrothorax), gastrointestinal (GI) bleeding requiring blood
transfusion within 3 months, transjugular intrahepatic porto-
systemic shunt placement or revision within 90 days, recrea-
tional drug use or alcohol consumption for patients with a
history of alcohol or drug abuse within 6 months, regular use
of benzodiazepines, narcotics, or barbiturates, prolonged QT
interval, Model for End Stage Liver Disease (MELD) score > 25,
serum creatinine > 2 mg/dL, serum sodium < 125 mEq/L,

platelet count < 35,000/μL, hemoglobin < 8 g/dL, hematocrit
< 25%, expected liver transplantation within 6 months, and
hypersensitivity to GPB or its metabolites. It is notable that
patients taking rifaximin were eligible if they had been on a
stabledose for at least 1 month, andhadexperiencedat leastone
of their two qualifying HE events while taking rifaximin.

There were 178 patients enrolled; 55 of 90 (61%) patients
in the GPB arm and 67 of 88 (76%) patients in the placebo arm
completed therapy. Baseline characteristics, including lactu-
lose use were similar between the two groups; however, less
Child-Pugh class C patients were randomized to placebo than
GPB (8 vs. 21 patients, respectively), and more men were
randomized to placebo than to GPB (59 vs. 45 patients) with
only U.S. patients using rifaximin at baseline. In the intention
to treat (ITT) groups, 19 of 35 (54%) patients in the GPB arm
versus 16 of 21 (76%) patients in the placebo arm met
predetermined stopping rules, and therefore discontinued
therapy in each group, respectively. In the ITT population, a
higher proportion of patients in the placebo group compared

Fig. 2 Ammonia metabolism by the urea (ornithine) cycle and alternate ammonium excretion pathways. Ammonia is the product of oxidative
deamination reactions, and is an end product of amino acid/protein metabolism. Thus, ammonia is a waste product, which is normally converted
to urea and excreted in the urea cycle as depicted within the dashed circle. The addition of ammonia (NH3) to the urea cycle, results in urea and
ornithine formation. In patients with liver disease and hepatocellular dysfunction, enzymatic processes in dysfunctional hepatocytes are
presumably unable to handle NH3, resulting in accumulation of NH3. In the upper portion of the figure, an alternative pathway exists in which
glutamine synthetase uses ammonia and glutamate as substrates to form glutamine. Glutamine then combines with phenylacetate to form
phenylacetylglutamine (PAGN). Ornithine phenylacetate and glycerol phenylbutyrate provide phenylacetate as substrate (glycerol phenyl-
butyrate is metabolized to phenylbutyric acid in the intestine, and undergoes β-oxidation in the liver and other organs to phenylacetate).
Phenylacetate and glutamine (by the action of glutamine N-acyltransferase) are combined to form PAGN, which is harmlessly excreted into the
urine; this alternative pathway allows ammonia and excess nitrogen waste to be excreted from the body.
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with the GPB group experienced an HE event (36% vs. 21%;
p ¼ 0.02), meeting the primary endpoint. Furthermore, time
to first event (hazard ratio [HR] ¼ 0.56; p < 0.05), total
events (35 vs. 57; p ¼ 0.04), and fewer HE hospitalizations
(13 vs. 25; p ¼ 0.06) occurred in the GPB versus placebo,
respectively. Among patients not on rifaximin at enrollment,
GPB demonstrated more efficacy, reducing the proportion of
patientswith anHE event (10% vs. 32%; p < 0.01), time tofirst
event (HR ¼ 0.29; p < 0.01), and total events (7 vs. 31;
p < 0.01). Plasma ammonia levels were significantly lower
in patients on GPB, which correlated with HE events when
measured either at baseline or during the study. Nearly 75% in
both groups reported similar adverse events.

The data suggest that GPB decreased the likelihood of
hospitalization for cirrhotic patients with recurrent HE
when compared with placebo, by lowering ammonia levels.
Overall, GPB was considered to be safe among cirrhotic
patients with recurrent HE; however, larger randomized
trials are needed to further establish the role of GPB in
patients with HE.

Ornithine Phenylacetate

Ornithine phenylacetate (OP; OCR-002) has been shown to
decrease ammonia by combining ornithine and phenylace-
tate in a crystalline salt to enhance the disposal of nitroge-
nous molecules in urine. First, L-ornithine acts as a substrate
for glutamine synthesis from ammonia in skeletal muscle;
second, phenylacetate enhances the excretion of the orni-
thine-related glutamine as phenylacetylglutamine (PAGN) in
the kidney (►Figs. 1 and 2).18 During a 5-day continuous
infusion in cirrhotic patients with upper gastrointestinal
bleeding (UGIB), the safety (plasma and urine metabolites)
and tolerability of OP was studied.19 The investigators
enrolled 10 of 26 (38%) cirrhotic patients with UGIB and
matched them for plasma creatinine and Child-Pugh stage to
cirrhotic patients that received OP. Exclusion criteria included
the following: terminal illness, need for mechanical ventila-
tion, infection by human immunodeficiency virus, signs of HE
including neurologic comorbidities that might impair mental
status, creatinine > 1.5 mg/dL, or need for hemodialysis,
suspected allergic reaction to the drug components, or elec-
trocardiogram with QT interval corrected Fridericia (QTcF)
> 500 ms (Bazzet formula). Patients taking the following
drugs were also excluded: systemic corticosteroids, valproic
acid, haloperidol, penicillin, and probenecid. The initial OP
dosewas 0.138 g/h, then increased to 0.275 g/h after 12 hours
and to 0.416 g/h after 24 hours, with incremental dose
adjustments if patients did not develop predefined stopping
criteria. All 10 patients completed the study achieving a target
dose of 10 g/d of intravenous OP over 5 days. The mean (M)
age was 60 years, 9 of 10 (90%) patients were male, with
Child-Pugh class A: 7/10 (70%); Child-Pugh class B: 3/10
(30%), 6/10 (60%) Laennec’s, 2/10 (20%) hepatitis C, 1/10
(10%) hepatitis B, and 1/10 (10%) cryptogenic cirrhosis.
Plasma ammoniawas significantly higher in the control group
at 24 hours and showed a progressive decline between
baseline (80 � 43 µmol/L), 36 hours (42 � 15 µmol/L), 72Ta
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hours (44 � 15 µmol/L), 96 hours (40 � 24 µmol/L), and 120
hours (33 � 14 µmol/L). Plasma glutamine also decreased
(�37% at day 5), with its excretion in urine as PAGN progres-
sively rising (52 � 35 mmol at day 5). No serious adverse
events were reported. Currently, OP is under clinical devel-
opment in decompensated cirrhosis for acute HE, with phase
IIb study results expected in 2017. This compound thus may
prove to be useful to treat overt HE episodes.20

AST-120

AST-120 (spherical carbon adsorbent; Ocera Therapeutics) is
an orally engineered carbon microsphere adsorbent (0.2–
0.4 mm in diameter) with a highly nonspecific surface area
(> 1,600 m2/g), approved in Japan in 1991, which has been
used to improve uremia and delay the initiation of dialysis in
patients with chronic renal insufficiency.21–24 AST-120
differs structurally from activated charcoal in that it exhibits
superior adsorption from the lumen of the lower GI tract
for certain organic compounds (i.e., low molecular weight
< 10 kDa) due to its unique nanopore volume and size,
allowing for a selective binding surface (►Fig. 1).25 Minimal
interference with digestive enzymes or drug absorption is
seen because AST-120 is not degraded or adsorbed from the
GI tract, rendering it safe for prolonged use.

In portocaval shunted dogs, AST-120 was shown to lower
plasma ammonia levels,26 and preliminary studies in humans
with low-grade HE demonstrated neurocognitive benefits.27

Previously, AST-120 was shown to bind a variety of neuroac-
tive substances linked to the pathogenesis of HE, thereby
lowering ammonia levels and reducing brain edema. AST-120
was shown to decrease oxidative stress, locomotor activity,
brain edema, and arterial ammonia in rats induced with
secondary biliary cirrhosis after bile-duct ligation (BDL).28

In in vitro assessments of AST-120, ammoniawas adsorbed in
similar fashion as the human GI tract physiologic pH29,30;
with 60% adsorption of ammonia within the first hour and 77
to 94% adsorption occurring after 6 hours of incubation at
different concentrations. AST-120 was administered to both
BDL and sham control rats in vivo for different time frames at
different doses. In the group receiving the compound for
6 week prior to injury, arterial ammonia was increased in
nontreated BDL rats compared with sham controls
(177.3 � 30.8 μM vs. 66.5 � 18.2 μM, p < 0.01), although
all doses of AST-120 decreased ammonia in a dose-dependent
manner in BDL rats compared with levels found in sham
controls (at using concentrations of 0.1, 1, and 4 g/kg/d,
respectively). Ammonia levels correlated with the dose of
AST-120 (Spearman r ¼ � 0.6603; p ¼ 0.0006) and were
significantly lower in treated BDL versus nontreated BDL
rats (p < 0.01). Brain water content in all portions of the
brain were significantly increased in nontreated BDL rats
versus nontreated sham controls, and AST-120 led to reduced
brainwater content in all areas studied. The effect of AST-120
in short-term treatment regimens (3 days or 2 weeks after
surgery), also significantly reduced brain water content and
arterial ammonia levels in all brain regions, in comparison
with nontreated BDL animals, relative to sham-operated

controls (p < 0.05). Locomotor activity in BDL rats was de-
creased compared with sham controls, but normalized after
AST-120 therapy. Finally, AST-120 abrogated the increase in
blood ammonia after intravenously infused ammonium
acetate, thereby precluding progression to precoma in BDL-
treated rats in comparison to nontreated rats (p < 0.05).

A double-blind, randomized, multicenter placebo con-
trolled trial examined the overall safety, tolerability, and
effectiveness of AST-120 (given for 8 weeks) in 148 patients
with compensated cirrhosis (with MELD scores < 25) and
covert hepatic encephalopathy (CHE).31 The majority of
patients (53%) had chronic hepatitis C, with an average
MELD of 10. Patients were randomized to receive 6 g AST-
120 daily (n ¼ 50), 12 g AST-120 daily (n ¼ 50), or placebo
(n ¼ 48). Baseline psychometric scores, clinical global assess-
ment of HE or overt HE/hospitalizations between all groups
were similar. Independent of neurocognitive improvement,
venous ammonia decreased significantly from baseline after
8 weeks of treatment in both AST-120 groups compared with
placebo. The authors suggested that although AST-120 ther-
apy did notmeet the primary endpoint of improvement in the
Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) due to a confounding study design allowing
improvement in neurocognitive measures before randomiza-
tion, AST-120 was well tolerated. The final phase II study
results have not been reported in full form as of the
current time.

Molecular Adsorbent Recirculating System and
Bioartificial Devices
Extracorporeal nonbiologic liver support devices that remove
ammonia from the body are appealing therapeutic alterna-
tives for patientswithHE, especially patientswith liver failure
awaiting liver transplantation. Although several of these
“liver or albumin dialysis” systems are currently available,
the molecular adsorbent recirculating system (MARS; Baxter
Intl.) represents the most advanced device, which was
granted Food and Drug Administration approval in January
2013 for the treatment of HE. It is used in over 45 countries
worldwide, althoughmostly for research purposes. TheMARS
device has been assessed mostly in patients with refractory
HE, often in patients with acute liver failure. In patients with
cirrhosis and refractory HE, theMARS systemwas studied in a
large multicenter randomized controlled trial for patients
with severe HE, not responding to standard treatment.32 The
MARS system, used for 6 hours daily for 5 days or until the
patient had � 2 grade improvement in HE, was compared
with standard medical therapy (SMT). The primary endpoint
was to evaluate the difference in improvement of HE between
the two groups. Of the 70 patients with a median age of 53
and a MELD score of 32, 44% were female, demonstrating
severe HE (grade 3, 56%; grade 4, 44%). Patients were ran-
domized to SMT alone (n ¼ 31) or MARS þ SMT (n ¼ 39),
with less improvement of HE grade in the SMT group
(M ¼ 19%) compared with MARS þ SMT (M ¼ 34%),
p ¼ 0.044, and was reached at a less frequent and lower
rate compared with the MARS þ SMT group (p ¼ 0.045).
Overall MARS therapywas toleratedwell with no unexpected
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adverse events;, however, no benefit regardingmortality was
demonstrated between the two groups.

Other devices, including bioartificial machines with
hepatocytes, have been studied for the treatment of HE.33

In one study, 18 patients with grade 2 to 4 acute HE that did
not respond to at least 24 hours of medical therapy received
amaximum of three 6-hour charcoal-based hemodiabsorp-
tion treatments. The mean time to improvement in HE
grade� 2 or at least a 50% HE index reductionwas 2.6 � 1.9
days and 89% (16/18) of patients had a response. Survival
was 94% and 72% at 5 and 30 days. However, this and other
similar therapies are not currently approved for use in the
United States.

More recently, a systematic review of 10 trials (7 of which
wereMARS) was conducted, and although dialysis achieved a
decrease in total serum bilirubin relative to SMT of 8 mg/dL
(95% confidence interval [CI] ¼ � 10.6 to �5.4), bile acids or
serum ammonia levels were not significantly different.
Although, HE grade did improve with MARS (risk ratio [RR]
¼ 1.55; 95% CI ¼ 1.16–2.08) compared with SMT overall
survival was not significantly different (RR ¼ 0.95; 95% CI
¼ 0.84–1.07) among the different treatments. There were no
major safety concerns. The meta-analysis suggests that
further studies are needed.34

Polyethylene Glycol
Because gut bacteria synthesize ammonia, it follows that their
rapid clearance might result in a benefit in patients with HE.
In fact, this has been our clinical experience with the use of
polyethylene glycol (PEG). This led to a randomized clinical
trial to study the effect of PEG in acute HE (Clinicaltrials.gov,
NCT01283152) (►Fig. 1).35 In this study, in which 186
cirrhotic patients admitted for overt HE were screened, 50
patients met inclusion criteria: 25 patients received either a
4-L dose of PEG versus 25 patients receiving SMT with
lactulose. The two groups were similar with respect to
demographics, and laboratory and clinical features, with
the exception of blood urea nitrogen (BUN), whichwas higher
in the PEG group (p ¼ 0.03). Seventy-eight percent of patients
received one dose of lactulose per emergency department
SMT protocol prior to randomization (lactulose arm, n ¼ 19;
PEG arm, n ¼ 20), while the remaining 22% were recruited
prior to lactulose administration. There were no significant
differences among the groupswith regard to the initial dosing
with lactulose (p ¼ 0.45). The primary outcome was
improvement in at least 1 HE grade using the hepatic
encephalopathy scoring algorithm (HESA) within 24 hours
for both groups. Initial HESA scores were identical (M ¼ 2.3,
p ¼ 0.70) and there were no differences in the distribution of
the scores (p ¼ 0.62). Nine of 25 (36%) subjects in the
lactulose group had an incremental improvement of 1
HESA grade, 3 (12%) improved by 2 grades, and 1 (4%)
improved by 3 HESA grades at 24 hours; 12 of 25 (48%)
subjects had no improvement. Only two patients had a HESA
score of zero (8%) at 24 hours. In contrast, 10 of 23 (43%)
subjects improved by 1 HESA grade at 24 hours, 9 (39%) by 2
grades, and 2 by 3 grades (9%); 2 of 23 (9%) subjects receiving
PEG had no improvement. Ten (43%) subjects had a HESA

score of zero at 24 hours. Overall, subjects receiving PEG had a
significantly lowermeanHESA score at 24 hours than patients
receiving lactulose (0.9 � 1.0 vs. 1.6 � 0.9, p ¼ 0.002). The
median time to HE resolution was 1 day in subjects receiving
PEG compared with 2 days in receiving SMT lactulose
(p ¼ 0.01). Hospital length of stay was reduced in patients
receiving PEG (4 � 3 days) compared with controls (8 � 12
days; p ¼ 0.07). There were no definitive adverse related
events reported with either lactulose or PEG.

Regarding ammonia, excretion in the stool has been
previously shown to be greater with PEG than with lactu-
lose.36 Thus, an interesting observation in this study was that
the 24-hour change in blood ammonia was greater in the
lactulose group than in the PEG group; further, ammonia
levels did not correlate with better improvement in HESA
grades (►Table 2). Possible explanations for this result could
be due to the mechanism of action of the two study medi-
cations,36 or to the timing of the posttreatment ammonia
level. Because PEG is a highly effective cathartic, the potential
clinical improvement in HE might precede and be more
clinically relevant than the actual decrease in ammonia levels,
which would parallel the authors’ hypothesis in this study.
Alternatively, circulating ammonia levels may return to their
elevated baseline faster (and before clinical deterioration is
manifested). PEGmayalso in theory result in dehydration and
decreased renal perfusion, which might lead to decreased
renal ammonia excretion. Although ammonia levels were not
a preplanned endpoint of the study, primary providers fre-
quently obtained follow-up ammonia levels and these were
reported on (this meant that the time between treatment
initiation and blood collection varied). When the anion gap
(AG) was analyzed separately, there were no statistically or
clinically significant differences seen between lactulose and
PEG (lactulose: AG before treatment ¼ 12 � 3 mmol/L [M �
standard deviation (SD)], after treatment ¼ 13 � 3, n ¼ 21,
p ¼ 0.65, t test; PEG: AG before and after treatment ¼ 14 � 3,
n ¼ 22, p ¼ 0.86). When analyzed by treatment group and
response; there were no meaningful differences in ammonia
after treatment (lactulose: nonresponders initial ammonia
¼147 � 74 µmol/L [M � SD], follow-up ammonia ¼ 75
� 31, n ¼ 8; responders initial ammonia ¼ 207 � 54, fol-
low-up ammonia ¼ 90 � 26, n ¼ 7; PEG: nonresponders
initial ammonia ¼ 74,139, follow-up ammonia ¼175,125,
n ¼ 2; responders initial ammonia ¼ 172 � 93, follow-up
ammonia ¼ 104 � 57, n ¼ 16). The only statistically signifi-
cant differencewas that baseline ammonia levels were higher
in lactulose responders than nonresponders (p ¼ 0.044,
Spearman).37 Future studies evaluating ammonia and
its correlation with HE resolution will likely help clarify
this issue.

Given the theoretical possibility that PEG treatmentmay lead
to alterations in electrolyte levels or renal function, this issuewas
also carefully assessed in this study. Electrolytes, creatinine, and
BUN were measured at baseline and at 6 to 24 hours after
admission. Potassium levels decreased from 4.3 mmol/L to 3.8
mmol/L after PEG (p ¼ 0.006). Six subjects in each the PEG and
lactulose groups had moderate hypokalemia (potassium < 3.5
mmol/L) during the first 6 to 24 hours after treatment. There
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were no significant changes in serum sodium, creatinine, or BUN
after either PEG or lactulose treatment. Additionally, when the
25 subjects with dehydration and HE were analyzed, PEG
remained superior to lactulose for the primary outcome (lactu-
lose HESA: baseline ¼ 2.2 � 0.9 [M � SD], 24 hours ¼ 1.5
� 0.8, n ¼ 15; PEGHESA: baseline ¼ 2.4 � 1.0, 24 hours ¼ 0.7
� 0.9, n ¼ 10; p ¼ 0.013, Spearman).37

The data suggest that bowel cleansing with PEG (normally
used for colonoscopy preparations) appears to be a safe and
effective alternative to treat acute/overt HE compared with
lactulose. Moreover, and perhapsmost importantly, it has the
potential to decrease hospital length of stay. Because PEG has
a transient effect, follow-up therapywith lactulose to prevent
recurrent HE is important.

Conclusions

Previous work on ammonia in HE set the groundwork for a
series of recent trials focused on reduction of ammonia in
patients with HE in cirrhotic patients. Evolving evidence
suggests that some of these novel approaches will be effec-
tive. Polyethylene glycol 3350 is extremely attractive for use
in hospitalized patients with acute overt HE. Further research
is still required to determine optimal dosing and duration of
therapy. Ammonia scavengers including ornithine phenyl-
acetate and GPB appear to be promising, while liver dialysis
machines may have future use beyond the research spectrum
if costs are reduced and outcomes show long-term benefits.

Abbreviations

AG anion gap
BDL bile-duct ligation
BUN blood urea nitrogen
CHE covert hepatic encephalopathy
CI confidence interval
GI gastrointestinal
GPB glycerol phenylbutyrate
HE hepatic encephalopathy

HESA hepatic encephalopathy scoring algorithm
HR hazard ratio
ITT intention to treat
M mean
MELD Model for End Stage Liver Disease
MARS molecular adsorbent recirculating system
OP ornithine phenylacetate
PAA phenylacetate
PAGN phenylacetylglutamine
PEG polyethylene glycol 3350–electrolyte solution
RBANS Repeatable Battery for the Assessment of Neuro-

psychological Status
RR risk ratio
SMT standard medical therapy
UGIB upper gastrointestinal bleeding
UCD urea cycle disorders.
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