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Abstract

Purpose of Review Hepatic encephalopathy (HE) is a common and devastating complication to chronic liver disease. In this
paper, we summarize the latest research and evidence of both conventional and up-coming treatments.

Recent Findings Meta-analyses report beneficial effects of lactulose, branched-chain amino acids, rifaximin, and to some degree
L-ornithine L-aspartate on the manifestations of HE in patients with cirrhosis, and generally the numbers needed to treat are low.
Recent studies on newer HE treatments including ornithine phenylacetate, spherical carbon, and fecal microbiota transplant also

report potentially beneficial effects on HE manifestations.

Summary The conventional treatments benefit patients with HE. Newer treatments are under study and more research is needed

for their validation.
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Introduction

Hepatic encephalopathy (HE) is a common complication of
advanced liver disease. HE covers a complex set of non-
specific neuropsychiatric symptoms and clinical signs
affecting quality of life of both patients and their relatives.
Due to frequent hospital contacts and admissions, HE is a
major challenge to the healthcare system.

The pathophysiology of HE is not fully understood, but the
condition reflects a diffuse disturbance of brain functions due
to advanced liver disease or large portosystemic shunts
(PSSs). The 2014 AASLD and EASL clinical practice guide-
lines for managing HE recommend classifying HE according
to the underlying liver disease, the severity of the manifesta-
tions, the time course, and precipitating factors. HE may be
divided into type A resulting from acute liver failure, type B
resulting predominantly from PSS, and type C resulting from
cirrhosis [1+¢]. Type C is by far the most predominant. HE
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describes a wide range of manifestations from minimal HE
(MHE) over overt HE (OHE) to frank coma. OHE is present
in 10-14% of patients at the time of diagnosis of cirrhosis. The
5-year risk of the first bout of OHE may be as high as 25%. Up
to 40% of patients with cirrhosis will experience at least one
episode; many will experience repeated episodes. MHE is
diagnosed in 20-80% of patients with cirrhosis [2—6]. The
1-year incidence of type B OHE in patients with a transjugular
intrahepatic portosystemic shunt (TIPS) is estimated to be
10-50% [7, 8]. HE is a very poor prognostic factor with a
1-year mortality of 54-85% [4, 9].

The initial treatment of patients with HE is directed at
precipitating factors, present in at least 50%, and at general
correction, stabilization, and nutrition. Several specific medi-
cal treatments against HE are available; most involve lowering
of blood ammonia levels. This review provides an updated
overview of the conventional and new drugs and principles
for the treatment of HE (Table 1).

Old “Drugs,” New Evidence
Lactulose
The non-absorbable disaccharide lactulose (and lactitol) is the

first-line treatment for HE [10]. Acting as both osmotic laxa-
tive, prebiotic, and gut acidifying agent, lactulose causes
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Table 1 Standard
treatment and prevention
schedule for HE

Treatment of an episode of OHE
Initial treatment
- Stabilization/correction
- Identification of precipitating factors
- Treatment of precipitating factors
- Nutrition
Specific treatment
- Lactulose
Treatment of MHE
- Nutrition
- Lactulose

- By failure: add-on rifaximin and/or
BCAA

Prevention of recurrence of OHE or MHE
- Nutrition
- Lactulose

- By failure: add-on rifaximin and/or
BCAA

several beneficial effects by both reducing the production and
the absorption of ammonia from the intestines by changing the
gut microbiota [11]. A 2016 updated Cochrane review found
31 randomized controlled trials investigating the treatment of
HE, while 7 looked at HE prevention. Compared to placebo/
no intervention, lactulose had a beneficial effect on HE with
numbers needed to treat (NNT) of only four patients reflecting
a marked relative risk reduction to 0.63. Lactulose had bene-
ficial effects on both OHE and MHE, as well episodic as
recurrent HE prevention, and also on the risk of serious ad-
verse events such as liver failure, variceal bleeding, spontane-
ous bacterial peritonitis, hepatorenal syndrome, and ultimately
on mortality [12e¢]. Lactulose is associated with only non-
serious and mostly transient adverse events. Finally, lactulose
is available all places and is very cheap. Thus, lactulose is now
further established as the mainstay of prevention and treat-
ment of all manifestations of HE.

Branched-Chain Amino Acids

In cirrhosis, plasma levels of branched-chain amino acids
(BCAAs: leucine, isoleucine, valine) are decreased as part of
a general amino acid dyshomeostasis. There is increasing ev-
idence for BCAAs being beneficial in HE, but the mechanism
seems to be different from the originally assumed excitatory
effect on neurotransmission. The effect is rather ammonia de-
toxification outside the liver via effects on skeletal muscle
protein synthesis. Ammonia decreases protein synthesis by
impairing the mTOR signaling, an effect counteracted by
BCAAs [13].

A 2016 Cochrane review on the effects of BCAAs on HE
in cirrhosis [14¢] included 16 RCTs comprising 827
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participants with HE classed as OHE (12 trials) or MHE
(four trials). Eight trials assessed oral BCAA supplements,
and seven trials assessed intravenous BCAAs. The control
groups received placebo/no intervention (two trials), diets
(ten trials), lactulose (two trials), or neomycin (two trials).

The meta-analyses showed that BCAAs have a beneficial
effect on HE manifestations with a NNT of five patients and a
relative risk reduction to 0.73. BCAAs had no effect on
mortality.

The evidence shows that oral but not intravenous BCAAs
have the beneficial effects. In sarcopenic patients with cirrho-
sis, the muscle build-up resulting from BCAAs, besides con-
tributing to the effect on HE, carries important improvements
in daily living and quality of life.

L-Ornithine L-Aspartate

L-Ornithine L-Aspartate (LOLA) is the stable salt of the amino
acids ornithine and aspartate. By at the same time providing
metabolic substrates for urea cycle in liver and glutamine syn-
thesis in skeletal muscle, LOLA stimulates ammonia detoxi-
fication and lowers blood ammonia [15]. A 2017 RCT com-
pared the effect of intravenous LOLA versus placebo in
reverting OHE at day 5 of treatment in a total of 193 patients
with cirrhosis. The authors conclude that LOLA shortens the
recovery time from OHE and the duration of hospitalization
[16]. A meta-analysis of LOLA versus placebo or other inter-
ventions (lactulose, probiotics, and/or rifaximin) included
26 RCTs involving 1783 patients [17]. LOLA had a beneficial
effect on HE (RR 0.60, 95% CI10.44-0.82) and was associated
with reduced mortality (RR 0.42, 95% CI 0.22—-0.84).
However, the data were highly selected and available for only
65% of eligible participants. Thus, the evidence for a benefi-
cial effect of LOLA is weak. A definitive Cochrane review is
underway.

Non-absorbable Antibiotics

Antibiotics with activity against urease-producing gut bacteria
have an ammonia-lowering effect. These include neomycin,
paromomycin, metronidazole, vancomycin, and rifaximin.
Rifaximin today is by far most commonly used owing to its
low systemic absorption, broad antimicrobial spectrum, and
low frequency of side effects [18]. The best evidence for the
utility of rifaximin is the large 2010 RCT published in NEJM,
where the drug as an add-on to patients with HE break-
through despite correct lactulose treatment effectively
protected against OHE recurrence [19¢]. A 2014 review and
meta-analysis of rifaximin versus placebo or other interven-
tions (lactulose or other antibiotics) included 19 RCTs with a
total of 1370 patients. Rifaximin had a beneficial effect on
recovery from HE (RR 0.59; 95% CI 0.46-0.76), on second-
ary prevention of HE (RR 1.32; 95% CI 1.06—1.65), and on



Curr Gastroenterol Rep (2018) 20: 21

Page30of6 21

mortality (RR 0.68, 95% CI 0.48-0.97). The NNT was four
patients [20]. Some of the included studies are small, but the
results seem to be robust to bias control. Thus, rifaximin has a
place mostly in prevention of recurrence of HE when lactulose
alone fails. However, the accessibility of rifaximin may be
limited by its high cost. Both neomycin and metronidazole
have been used alone or as add-on to lactulose to treat HE.
Generally, the studies are old and of low quality [19e, 21, 22].
Additionally, these antibiotics have serious side effects; neo-
mycin causes nephrotoxicity, ototoxicity, and malabsorption;
metronidazole causes irreversible peripheral neurotoxicity.
Prolonged use is thus not recommended.

Albumin

In advanced liver disease, the albumin production is reduced.
Additionally, the albumin molecule may have decreased bind-
ing capacity and detoxification capacity [23—25]. The mecha-
nism of action of albumin infusion in HE may be a combina-
tion of decreased oxidative stress and improved circulatory
function. Few trials studied the effect of albumin on HE. A
narrative review from 2015 suggested that albumin may have
beneficial effects on HE recovery and mortality [26]. Albumin
dialysis may also play an important role in improving HE in
patients not responding to the best standard of care. In addi-
tion, an open-label RCT found beneficial effects of albumin as
an add-on to lactulose on HE manifestations, the length of
hospitalization, and mortality [27]. However, the trial was
small and the results should be verified before any clinical
conclusions can be made.

Flumazenil

The role of flumazenil in the therapeutic management of HE is
thought to be a reduction in the activity of the neuroinhibitory
GABA/benzodiazepine receptor complex, countering the
overall neural inhibition in HE [28]. A 2017 Cochrane meta-
analysis concludes that flumazenil seems to have some short-
term (minutes) beneficial effect on HE, but there is no evi-
dence of effect on recovery, overall mortality, or health-related
quality of life [29]. Flumazenil has no role in HE diagnostics.

Hyperalimentation

The resting metabolic rate relative to lean body mass is often
increased in patients with cirrhosis, which may contribute to
their frequent malnutrition and sarcopenia [30, 31]. The pa-
tients exhibit reduced hepatic glycogen storage resulting in a
faster switch to (obligatory) gluconeogenesis from amino
acids and lipolysis when after a short period of fasting [32].
This consumption of blood amino acids promotes proteolysis,
skeletal muscle wasting, increased dietary protein require-
ments, and increased ammonia production [33]. The 2013

International Society for Hepatic Encephalopathy and
Nitrogen Metabolism guidelines for nutrition of HE patients
[34] recommend a daily energy intake of 35-40 kcal/kg body
weight including 1.2-1.5 g protein/kg body weight (best re-
lated to ascites-free body weight) for the maintenance and
improvement of nutritional status. HE patients should eat
small frequent meals evenly distributed during the day includ-
ing a late night snack and avoid fasting for longer than 3—6 h
during daytime. As mentioned above, coverage of some of the
patients’ high-protein needs with BCAAs can have specific
beneficial effects on sarcopenia and HE. Former times’ rec-
ommendation of low-protein diet to HE patients is definitively
shown to be obsolete and harmful in increasing the risk for HE
as well as for catabolism and risk for cirrhosis complications.

New “Drugs,” New Evidence
Ammonia-Lowering Agents

Ornithine phenylacetate (OPA), phenylbutyrate (PB), and
benzoate act as ammonia scavengers by binding ammonia
by their metabolism, leading to elimination of nitrogen by
urinary non-urea excretion [35, 36].

OPA stimulates glutamine synthetase and thereby the for-
mation of ammonia to glutamine. Glutamine subsequently
combines with phenylacetate into phenylacetylglutamine
(PAGN), eliminated in the urine [37]. A phase 2a study includ-
ing 47 patients with acute liver injury or failure found OPA to
be safe and well tolerated [38]. In agreement with previous
findings, the study also suggests OPA to have a potential for
dose-dependent ammonia lowering [39, 40]. There is at present
no clinical evidence of a significant HE-ameliorating effect.

PB, a pro-drug of phenylacetate, also increases ammonia
excretion in urine in the form of PAGN. A phase II RCT
suggests that PB may lower ammonia and reduce the risk of
new episodes of HE and hospitalizations in patients with ear-
lier HE [41]. A preliminary study on PB to HE patients on
intensive care unit indicated that PB might lower ammonia
and improve HE status [42]. Presently, there is no definitive
evidence of a significant HE-ameliorating effect.

Benzoate eliminates ammonia by conjugation with glycine
to form hippurate, eliminated in urine [43, 44]. The drug is
cheap and has few side effects. It is a time-honored remedy of
congenital urea cycle defects. One small CRT found a com-
parable effect of sodium benzoate and lactulose in treating HE
in patients with cirrhosis [44]. The drug is not established in
the clinical management of HE but deserves further trials.

Spherical Carbon (AST-120)

This is an orally administered, engineered carbon microsphere
that adsorbs ammonia and other organic compounds from the
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gastrointestinal tract. In bile duct ligated rats, it lowers ammo-
nia and decreases oxidative stress and brain edema [45].
Preliminary human studies report potential ammonia-
lowering and cognitive benefits [46, 47].

GABA, Receptor Modulating Steroid Antagonists

A study on patients with cirrhosis and HE who died [48] found
increased brain contents of neurosteroids. These increase
activity in the strongly neuroinhibitory GABA system.
Likewise, the brain of rats with chronic HE shows an
increased GABAergic tone [49].

GABAA receptor modulating steroid antagonists
(GAMSAS) act as antagonists to the positive GABA, recep-
tor, decreasing the effects of the neurosteroids [48]. This ben-
efits arousal, cognition, and consciousness of patients with HE
[50]. GAMSAs are shown to have positive effects on learning
impairment in rats with experimental HE [51]. They also re-
store motor coordination, spatial learning, and memory in the
rats [52]. The drug has successfully passed human safety trials
and is now under clinical evaluation in cirrhosis patients with
HE [50].

Fecal Microbiota Transplant

Patients with cirrhosis tend to have a reduced abundance of
several potentially beneficial bacterial families, including
Lachnospiraceae and Ruminococcaceae, and an increased
abundance of the pathogenic Enterobacteriaceae and
Streptococcaceae [53, 54]. An open-label, randomized pilot
trial on patients with recurrent HE compared the safety of fecal
microbiota transplant (FMT) (from one donor matched to the
dysbiosis in HE) versus no such intervention [55]. As a sec-
ondary trial outcome, the FMT was associated with fewer liver-
related hospitalizations and improved cognitive function.

Probiotics

Probiotics contain live microorganisms with expected benefi-
cial effects on the gut dysbiosis and increased ammonia pro-
duction in patients with cirrhosis and HE [56]. A Cochrane
review concluded that probiotics may lower ammonia and im-
prove recovery from HE and better the quality of life, but there
was no clear improvement of overall mortality. However, most
trials were of low quality with a high risk of systematic and
random errors [57]. A comparison of the treatment effect of
probiotics and the prebiotic lactulose was hence not possible.

Other Treatments

Large portosystemic shunts (PSSs) may cause recurrent or
persistent HE in patients with cirrhosis refractory to medical
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treatment. Embolization of the PSSs has been performed to
improve HE in carefully selected patients, and a few retro-
spective studies are published within the last few years. A
multicenter survey on 37 such patients showed more than
half of the patients to be free of HE within 100 days of
embolization and nearly half remained so for 2 years [58].
Similarly, a retrospective report [59] on 20 similar patients
found that at all patients self-described sustained HE im-
provement; many of them could reduce or discontinue their
anti-HE treatment, but about half had to continue their med-
ical treatment. Thus, PSS embolization may be a treatment
option in selected cases of persistent HE and complications
to the ensuing portal hypertension such as esophageal var-
ices allowing.

Liver transplantation represents the ultimate and in a way
the only causal treatment of HE in patients with liver failure.
Following transplantation, most patients are free of HE, but
careful follow-up studies emphasize that some cognitive im-
pairment may persist [60—63]. HE in itself'is not considered an
indication for transplantation.

Conclusions

Until recently, the treatment of HE was rooted in strategies
based upon personal experience, drug availability, and tradi-
tion in the respective hospital settings. As more RCTs are
being performed and reported, more solid evidence is building
up in support of marked beneficial effects of the conventional
HE treatment strategies (lactulose, branched-chain amino
acids, rifaximin) and confirms their central role in the specific
HE treatment. Embolization of large PSSs and liver transplan-
tation are efficient treatments in few and highly selected
patients.

Additionally, newer and promising treatments are currently
studied in experimental and clinical settings, but more evi-
dence is needed before these treatments will earn a place in
the routine HE treatment strategy. However, no revolutionary
or causal treatment strategies have been introduced, probably
due to the fact that the HE pathogenesis is still not fully
understood.

Compliance with Ethical Standard

Conflict of Interest Linda Skibsted Kornerup, Hendrik Vilstrup, and
Gitte Dam declare no conflict of interest.

Lise Lotte Gluud reports personal fees from Norgine, Eli Lilly, Novo,
and Alexion, grants from Alexion; and as an investigator in trial from
Intercept, Abbvie, and Norgine.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.



Curr Gastroenterol Rep (2018) 20: 21

Page 50f6 21

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

*« Of major importance

1o

10.

11.

12,00

Vilstrup H, Amodio P, Bajaj J, Cordoba J, Ferenci P, Mullen KD,
et al. Hepatic encephalopathy in chronic liver disease: 2014 Practice
Guideline by the American Association for the Study Of Liver
Diseases and the European Association for the Study of the Liver.
Hepatology. 2014;60:715-35. A thorough expert panel guideline
for the diagnositics, classification, and treatment of HE includ-
ing the grade of evidence available to support the
recommendations.

Romero-Gémez M, Boza F, Garcia-Valdecasas MS, Garcia E,
Aguilar-Reina J. Subclinical hepatic encephalopathy predicts the
development of overt hepatic encephalopathy. Am J
Gastroenterol. 2001;96:2718-23.

Saunders JB, Walters JR, Davies AP, Paton A. A 20-year prospec-
tive study of cirrhosis. Br Med J (Clin Res Ed). 1981;282:263—6.
Jepsen P, Ott P, Andersen PK, Serensen HT, Vilstrup H. Clinical
course of alcoholic liver cirrhosis: a Danish population-based co-
hort study. Hepatology. 2010;51:1675-82.

Groeneweg M, Moerland W, Quero JC, Hop WCJ, Krabbe PF,
Schalm SW. Screening of subclinical hepatic encephalopathy. J
Hepatol. 2000;32:748-53.

Sharma P, Sharma BC, Puri V, Sarin SK. Critical flicker frequency:
diagnostic tool for minimal hepatic encephalopathy. J Hepatol.
2007;:47:67-73.

Boyer TD, Haskal ZJ. The role of transjugular intrahepatic
portosystemic shunt (TIPS) in the management of portal hyperten-
sion: update 2009. Hepatology. 2010;51:306.

Riggio O, Angeloni S, Salvatori FM, De Santis A, Cerini F,
Farcomeni A, et al. Incidence, natural history, and risk factors of
hepatic encephalopathy after transjugular intrahepatic
portosystemic shunt with polytetrafluoroethylene-covered stent
grafts. Am J Gastroenterol. 2008;103:2738-46.

Fichet J, Mercier E, Genée O, Garot D, Legras A, Dequin PF, et al.
Prognosis and 1-year mortality of intensive care unit patients with
severe hepatic encephalopathy. J Crit Care. 2009;24:364-70.
Bircher J, Haemmerli UP, Scollo-Lavizzari G, Hoffmann K (1971)
Treatment of chronic portal-systemic encephalopathy with
lactulose. Report of six patients and review of the literature. Am J
Med 51:148-59.

Weissenborn K. Recent developments in the pathophysiology and
treatment of hepatic encephalopathy. Baillieres Clin Gastroenterol.
1992;6:609-30.

Gluud LL, Vilstrup H, Morgan MY. Nonabsorbable disaccharides
for hepatic encephalopathy: a systematic review and meta-analysis.
Hepatology. 2016;64:908-22. This updated review and meta-
analysis concludes that non-absorbable disacchaides have ben-
eficial effects in treating and preventing HE. Additionally, non-

13.

14.

15.

16.

17.

18.

19.-

20.

21.

22.

23.

24.

25.

26.

27.

28.

absorbable disacchaides reduces serious liver-related morbidity
and all-cause mortality.

Tsien C, Davuluri G, Singh D, Allawy A, Ten Have GAM,
Thapaliya S, et al. Metabolic and molecular responses to leucine
enriched branched chain amino acid supplementation in the skeletal
muscle of alcoholic cirrhosis. Hepatology. 2015;61:2018-29.
Gluud Lise L, Dam G, Les I, Cordoba J, Marchesini G, Borre M,
et al. Branched-chain amino acids for people with hepatic enceph-
alopathy. Cochrane Database Syst Rev. 2015; https://doi.org/10.
1002/14651858.CD001939.pub2. This updated Cochrane
review concludes that branced-chain amino acids have a bene-
ficial effect in treating HE. There was no effect on mortality.
Rose C, Michalak A, Pannunzio P, Therrien G, Quack G, Kircheis
G, et al. L-ornithine-L-aspartate in experimental portal-systemic
encephalopathy: therapeutic efficacy and mechanism of action.
Metab Brain Dis. 1998;13:147-57.

Sidhu SS, Sharma BC, Goyal O, Kishore H, Kaur N. L-ornithine L-
aspartate in bouts of overt hepatic encephalopathy. Hepatology.
2017;0:1-11.

Goh ET, Stokes CS, Vilstrup H, Gluud LL, Morgan MY (2017). L-
ornithine l-aspartate for hepatic encephalopathy: A systematic re-
view with meta-analyses of randomised controlled trials. J Clin Exp
Hepatol. 7 (Supplem(1):S65. https://doi.org/10.1016/j.jceh.2017.
01.087

Zeneroli ML, Avallone R, Corsi BL, Venturini I, Baraldi C, Baraldi
M. Management of hepatic encephalopathy: role of rifaximin.
Chemotherapy. 2005;51:90-5.

Bass NM, Mullen KD, Sanyal A, et al. Rifaximin treatment in
hepatic encephalopathy. N Engl J Med. 2010;362:1071-81. This
double-blind RCT studied the effect of rifaximin versus placebo
over a 6-month period in 299 patients in remission from HE.
Treatment with rifaximin significantly maintained HE remis-
sion and reduced HE-related hospitalization compared with
placebo.

Kimer N, Krag A, Moller S, Bendtsen F, Gluud LL. Systematic
review with meta-analysis: the effects of rifaximin in hepatic en-
cephalopathy. Aliment Pharmacol Ther. 2014;40:123-32.

Gluud LL, Dam G, Borre M, Les I, Cordoba J, Marchesini G, et al.
Lactulose, rifaximin or branched chain amino acids for hepatic
encephalopathy: what is the evidence? Metab Brain Dis. 2013;28:
221-5.

Patidar KR, Bajaj JS. Antibiotics for the treatment of hepatic en-
cephalopathy. Metab Brain Dis. 2013;28:307—12.

Oettl K, Stadlbauer V, Petter F, Greilberger J, Putz-Bankuti C,
Hallstrom S, et al. Oxidative damage of albumin in advanced liver
disease. Biochim Biophys Acta Mol Basis Dis. 2008;1782:469—73.
Jalan R, Schnurr K, Mookerjee RP, Sen S, Cheshire L, Hodges S,
et al. Alterations in the functional capacity of albumin in patients
with decompensated cirrhosis is associated with increased mortali-
ty. Hepatology. 2009;50:555-64.

Domenicali M, Baldassarre M, Giannone FA, Naldi M,
Mastroroberto M, Biselli M, et al. Posttranscriptional changes of
serum albumin: clinical and prognostic significance in hospitalized
patients with cirrhosis. Hepatology. 2014;60:1851-60.
Romero-Gomez M, Montagnese S, Jalan R. Hepatic encephalopa-
thy in patients with acute decompensation of cirrhosis and acute-on-
chronic liver failure. J Hepatol. 2015;62:437—47.

Sharma BC, Singh J, Srivastava S, Sangam A, Mantri AK,
Trehanpati N, et al. Randomized controlled trial comparing
lactulose plus albumin versus lactulose alone for treatment of he-
patic encephalopathy. J Gastroenterol Hepatol. 2017;32:1234-9.
Bakti G, Fisch HU, Karlaganis G, Minder C, Bircher J. Mechanism
of the excessive sedative response of cirrhotics to benzodiazepines:
model experiments with triazolam. Hepatology. 1987;7:629-38.

@ Springer


https://doi.org/10.1002/14651858.CD001939.pub2
https://doi.org/10.1002/14651858.CD001939.pub2
https://doi.org/10.1016/j.jceh.2017.01.087
https://doi.org/10.1016/j.jceh.2017.01.087

21

Page 6 of 6

Curr Gastroenterol Rep (2018) 20: 21

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Goh ET, Andersen ML, Morgan MY, Gluud LL. Flumazenil versus
placebo or no intervention for people with cirrhosis and hepatic
encephalopathy. Cochrane Database Syst Rev. 2017;2017:1-78.
Miiller MJ, Béottcher J, Selberg O, Weselmann S, Boker KHW,
Schwarze M, et al. Hypermetabolism in clinically stable patients
with liver cirthosis. Am J Clin Nutr. 1999;69:1194-201.
McCullough AJ, Raguso C. Effect of cirrhosis on energy expendi-
ture. Am J Clin Nutr. 1999;69:1066-8.

Paul P, Skutches CL, Boden G. Nature and quantity of fuels con-
sumed in patients with alcoholic cirrhosis. J Clin Invest. 1983;72:
1821-32.

Kabadi UM (1987) The association of hepatic glycogen depletion
with hyperammonemia in cirrhosis. Hepatology. 7:821-24.
Amodio P, Bemeur C, Butterworth R, Cordoba J, Kato A,
Montagnese S, et al. The nutritional management of hepatic en-
cephalopathy in patients with cirrhosis: international society for
hepatic encephalopathy and nitrogen metabolism consensus.
Hepatology. 2013;58:325-36.

Rahimi RS, Rockey DC (2016) Hepatic Encephalopathy:
Pharmacological Therapies Targeting Ammonia. Semin Liver Dis
36:48-55.

De Las Heras J, Aldamiz-Echevarria L, Martinez-Chantar ML,
Delgado TC. An update on the use of benzoate, phenylacetate
and phenylbutyrate ammonia scavengers for interrogating and
modifying liver nitrogen metabolism and its implications in urea
cycle disorders and liver disease. Expert Opin Drug Metab Toxicol.
2017;13:439-48.

Jalan R, Wright G, Davies NA, Hodges SJ. L-ornithine
phenylacetate (OP): a novel treatment for hyperammonemia and
hepatic encephalopathy. Med Hypotheses. 2007;69:1064-9.
Stravitz RT, Gottfried M, Durkalski V, et al. (2018) Safety,
Tolerability, and Pharmacokinetics of L-Ornithine Phenylacetate in
Patients with Acute Liver Injury/Failure and Hyperammonemia.
Hepatology. 67:1003—-13.

Ventura-Cots M, Concepcion M, Arranz JA, Simoén-Talero M,
Torrens M, Blanco-Grau A, et al. Impact of ornithine phenylacetate
(OCR-002) in lowering plasma ammonia after upper gastrointesti-
nal bleeding in cirrhotic patients. Ther Adv Gastroenterol. 2016;9:
823-35.

Ventura-Cots M, Arranz JA, Simon-Talero M, Torrens M, Blanco
A, Riudor E, et al. Safety of ornithine phenylacetate in cirrhotic
decompensated patients: an open-label, dose-escalating, single-
cohort study. J Clin Gastroenterol. 2013;47:881-7.

Rockey DC, Vierling JM, Mantry P, Ghabril M, Brown RS Jr,
Alexeeva O, et al. Randomized, double-blind, controlled study of
glycerol phenylbutyrate in hepatic encephalopathy. Hepatology.
2014;59:1073-83.

Weiss N, Tripon S, Lodey M, et al (2018) Treating hepatic enceph-
alopathy in cirrhotic patients admitted to ICU with sodium
phenylbutyrate: a preliminary study. Fundam Clin Pharmacol 32:
209-15.

Misel ML, Gish RG, Patton H, Mendler M. Sodium benzoate for
treatment of hepatic encephalopathy. Gastroenterol Hepatol (N Y).
2013;9:219-27.

Sushma S, Dasarathy S, Tandon RK, Jain S, Gupta S, Bhist MS.
Sodium benzoate in the treatment of acute hepatic encephalopathy:
a double-blind randomized trial. Hepatology. 1992;16:138—44.
Bosoi CR, Parent-Robitaille C, Anderson K, Tremblay M, Rose CF.
AST-120 (spherical carbon adsorbent) lowers ammonia levels and
attenuates brain edema in bile duct-ligated rats. Hepatology.
2011;53:1995-2002.

Pockros P, Hassanein T, Vierling J, Heuman D, Hillebrand D,
Chojkier M, et al. Phase 2, multicenter, randomized study of Ast-
120 (spherical carbon adsorbent) vs. lactulose in the treatment of

@ Springer

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

low-grade hepatic encephalopathy (HE). J Hepatol. 2009;50:S43—
4.

Bajaj JS, Sheikh MY, Chojkier M, et al. Ast-120 (spherical carbon
adsorbent) in covert hepatic encephalopathy: results of the Astute
trial. J Hepatol. 2013;58:S84.

Ahboucha S, Pomier-Layrargues G, Mamer O, Butterworth RF.
Increased levels of pregnenolone and its neuroactive metabolite
allopregnanolone in autopsied brain tissue from cirrhotic patients
who died in hepatic coma. Neurochem Int. 2006;49:372-8.

Leke R, Bak LK, Iversen P, Sarensen M, Keiding S, Vilstrup H,
et al. Synthesis of neurotransmitter GABA via the neuronal tricar-
boxylic acid cycle is elevated in rats with liver cirrhosis consistent
with a high GABAergic tone in chronic hepatic encephalopathy. J
Neurochem. 2011;117:824-32.

Johansson M, Stromberg J, Ragagnin G, Doverskog M, Béckstrom
T. GABAA receptor modulating steroid antagonists (GAMSA) are
functional in vivo. J Steroid Biochem Mol Biol. 2016;160:98-105.
Turkmen S, Lundgren P, Birzniece V, Zingmark E, Backstrom T,
Johansson IM. 33-203-dihydroxy-5o-pregnane (UC1011) antago-
nism of the GABA potentiation and the learning impairment induced
in rats by allopregnanolone. Eur J Neurosci. 2004;20:1604—12.
Johansson M, Agusti A, Llansola M, Montoliu C, Stromberg J,
Malinina E, et al. GR3027 antagonizes GABA A receptor-
potentiating neurosteroids and restores spatial learning and motor
coordination in rats with chronic hyperammonemia and hepatic
encephalopathy. Am J Physiol Gastrointest Liver Physiol.
2015;309:G400-9.

Chen Y, Yang F, Lu H, Wang B, Chen Y, Lei D, et al.
Characterization of fecal microbial communities in patients with
liver cirrhosis. Hepatology. 2011;54:562—72.

Bajaj JS, Heuman DM, Hylemon PB, Sanyal AJ, White MB,
Monteith P, et al. Altered profile of human gut microbiome is as-
sociated with cirrhosis and its complications. J Hepatol. 2014;60:
940-7.

Bajaj JS, Kassam Z, Fagan A, Gavis EA, Liu E, Cox 1J, et al. Fecal
microbiota transplant from a rational stool donor improves hepatic
encephalopathy: a randomized clinical trial. Hepatology. 2017;66:
1727-38.

Poh Z, Chang PEJ. A current review of the diagnostic and treatment
strategies of hepatic encephalopathy. Int J Hepatol. 2012;2012:1—
10.

McGee RG, Bakens A, Wiley K, Riordan SM, Webster AC (2011)
Probiotics for patients with hepatic encephalopathy. Cochrane da-
tabase Syst Rev CD008716.

Laleman W, Simon-Talero M, Maleux G, Perez M, Ameloot K,
Soriano G, et al. Embolization of large spontaneous portosystemic
shunts for refractory hepatic encephalopathy: a multicenter survey
on safety and efficacy. Hepatology. 2013;57:2448-57.

Lynn AM, Singh S, Congly S, Khemani D, Johnson DH, Wiesner
RH, et al. Embolization of portosystemic shunts for treatment of
medically-refractory hepatic encephalopathy. Liver Transplant Off
Publ Am Assoc Study Liver Dis Int Liver Transplant Soc. 2016;22:
723-31.

Frederick RT. Extent of reversibility of hepatic encephalopathy fol-
lowing liver transplantation. Clin Liver Dis. 2012;16:147-58.
Atluri DK, Asgeri M, Mullen KD. Reversibility of hepatic enceph-
alopathy after liver transplantation. Metab Brain Dis. 2010;25:111—
3.

Garcia-Martinez R, Simén-Talero M, Cordoba J. Prognostic assess-
ment in patients with hepatic encephalopathy. Dis Markers.
2011;31:171-9.

Garcia-Martinez R, Rovira A, Alonso J, Jacas C, Simon-Talero M,
Chavarria L, et al. Hepatic encephalopathy is associated with
posttransplant cognitive function and brain volume. Liver Transpl.
2011;17:38-46.



	Update on the Therapeutic Management of Hepatic Encephalopathy
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Old “Drugs,” New Evidence
	Lactulose
	Branched-Chain Amino Acids
	l-Ornithine l-Aspartate
	Non-absorbable Antibiotics
	Albumin
	Flumazenil
	Hyperalimentation

	New “Drugs,” New Evidence
	Ammonia-Lowering Agents
	Spherical Carbon (AST-120)
	GABAA Receptor Modulating Steroid Antagonists
	Fecal Microbiota Transplant
	Probiotics

	Other Treatments
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance ••Of major importance



