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ABSTRACT

Hepatic encephalopathy is a reversible neuropsychiatric consequence that occurs due to liver damage. Although the
exact origin of encephalopathy is still unknown, three elements are known to be involved: portosystemic shunting,
metabolic dysfunction and an alteration of the blood—brain barrier. Neurotoxic and neuroactive chemicals produced
from the digestive tract, such ammonia, are believed to either bypass the liver through shunts or pass through the
diseased liver and travel straight to the brain. Cerebral dysfunction is the outcome. Ammonia is thought to
indirectly alter neurotransmission and enhance the blood—brain barrier's permeability, allowing additional
neurotoxins to enter the brain. Hepatic encephalopathy can manifest clinically as ranging from a mild lack of
awareness and altered mental state to asterixis (liver flap), severe disorientation, and coma. The focus of this
review article will be on the most recent epidemiology, pathogenesis, etiology, clinical presentations,
pharmacological therapy and non-pharmacological therapy to enhance patients quality of life. Supportive treatment
and ammonia-lowering medication are typically used to treat hepatic encephalopathy. In order to prevent
dehydration and electrolyte imbalances, maintain proper nutrition, and create a safe environment that lowers the
risk of falls or accidents, supportive care is an essential part of treatment. Antibiotics like rifaximin and
disaccharides like lactitol and lactulose are essential parts of ammonia-lowering treatment. Some of the newer
therapy include glycerol phenylbutyrate, galexanolone, nitazoxanide.

KEYWORDS: Hepatic Encephalopathy, lactulose, rifaximin, nitazoxanide.

INTRODUCTION

A reversible neuropsychiatric consequence of severe
liver disease is hepatic encephalopathy. Although the
exact origin of encephalopathy is still unknown, three
elements are known to be involved: portosystemic
metabolic abnormalities, shunting, and changes to the
blood-brain barrier. Ammonia and other intestinally
generated neuroactive and neurotoxic chemicals are
believed to either bypass the liver through shunts or pass
through the damaged liver and reach the brain
directly."™ One frequent side effect of liver dysfunction
is hepatic encephalopathy (HE), which might include
liver cirrhosis and acute liver failure.2%%1 Up to 40%
of individuals with liver cirrhosis experience hepatic
encephalopathy (HE), a defining feature of liver
failure.[*9

The development of encephalopathy linked to cirrhosis
and/or portal systemic shunts can occur spontaneously or
as a consequence of certain triggering circumstances.
Constipation, dehydration, electrolyte imbalances,

gastrointestinal bleeding, and several medications are
common triggering causes. It is essential to identify and
eliminate these triggering variables. The next goal of
therapeutic management is to lower the circulation's level
of ammonia or other nitrogenous products. By
decreasing transit time and increasing the amount of
soluble nitrogen produced in the feces, laxative treatment
increases the throughput of bowel contents. Lactulose is
a non-absorbable disaccharide that reduces the gut's
generation of ammonia. Some of the additional
treatments being researched for encephalopathy
include I-ornithine-1-aspartate (LOLA), and
the Flumazenil which is a benzodiazepine receptor
antagonist.*

ETIOLOGY

A number of factors can cause hepatic encephalopathy
(HE), such as renal failure, gastrointestinal bleeding
(such as esophageal varices), constipation, infection,
non-adherence to medication, excessive protein intake in
the diet, dehydration (due to fluid restriction, diuretics,
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diarrhea, vomiting, or excessive paracentesis), electrolyte
imbalance, alcohol consumption, or use of certain
sedatives, analgesics, or diuretics in the context of
chronic liver disease.l***” Sometimes the formation of a
trans jugular intrahepatic portosystemic shunt is followed
by hepatic encephalopathy.**"!

EPIDEMIOLOGY

Hepatic Encephalopathy is a consequence of advanced
liver disease, which can be acute or chronic (e.g., 30-
45% of patients with cirrhosis, 24-53% of patients with
TIPS)." In the US, there are 7-11 million cases of HE
that are common, and every year, about 150,000 new
cases are diagnosed. About 20% of individuals who
receive a new diagnosis have cirrhosis. Nearly 60% of
cases involve chronic hepatitis C, either by itself or in
conjunction with liver disease caused by alcohol. 4!

PATHOPHYSIOLOGY

Pathophysiological mechanism and correlate of HE is the
neurotoxicity of ammonia in the brain, either due to
increased production or impaired excretion of
ammonia.****! Ammonia producing sites in the body
include; small intestine, large intestine and kidneys.
When food protein is broken down by urease-producing
bacteria in gastrointestinal tract, ammonia is created and
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The proximal tubular cells in the kidneys use glutamine
to produce ammonia, with bicarbonate being a
byproduct. Alteration in the ammonia production at these
sites may occur due to various mechanisms includes;
gastrointestinal bleeding, hypovolemic states, over-
diuresis, hypokalemia, acidosis, and excessive protein
intake. The primary location of ammonia catabolism in
the liver is through the urea cycle (Krebs-Henseleit
cycle), which transforms ammonia into water-soluble
Urea. Urine and the intestine are the next routes via
which the produced urea is eliminated.[***” Because of
hepatocellular damage, the liver's ability to detoxify
ammonia is diminished or shunting, the systemic
circulation's ammonia levels rise. Due to increased
protein intake, dysregulation of glucocorticoid hormones,
acid-base and potassium imbalance, and increased
protein intake, the kidneys also play a role in decreased
ammonia excretion. Moreover, skeletal muscle
contributes to the detoxification of ammonia by means of
glutamine synthase, which changes ammonia into
glutamine. As a result, sarcopenia—a frequent side effect
of cirrhosis—may have a negative impact on HE. Due to
the elevated amount of ammonia in the systemic
circulation causes neuronal dysfunction.®**!
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CLASSIFICATION OF
ENCEPHALOPATHY

Modified Parsons-Smith or West Haven criteria for
HE[lO]

Grade 0: No abnormality detected (minimal hepatic
encephalopathy)

Grade 1: Trivial lack of awareness, Euphoria or anxiety,
Shortened attention span, Impairment of addition or
subtraction

Grade 2: Lethargy, Disorientation for time, Obvious
personality change, Inappropriate behavior

Grade 3: Somnolence to semistupor, Responsive to
stimuli, Confused, Gross disorientation, bizarre behavior
Grade 4: Coma, unable to test mental state

HEPATIC

CLINICAL PRESENTATIONS

It has the potential to impact your personality and mood.
Conduct and self-control, thinking, memory, and focus,
sleep patterns, lucidity, and consciousness , motor skills

and  coordination, independence and  self-care
skills.[46:849

CURRENTLY AVAILABLE AND EMERGING
THERAPEUTIC AGENTS

PHARMACOLOGICAL THERAPIES

Lactulose and lactitol: These are administered orally or
rectally to HE patients in an effort to minimize intestinal
absorption by capturing ammonia in the gut. Because
there is no hydrolytic disaccharidase in the small
intestine, lactulose and lactitol cannot be absorbed. This
allows them to enter the colon, where the colonic flora
ferments them bacterially, acidifying the luminal
contents in the process. Because of this acidity, ammonia
(NH3) is changed into the non-absorbing ammonium
(NH4+), which traps ammonia inside the colon and
causes it to be expelled in feces.1%%5U | actitol and
lactulose are non-absorbable disaccharides(NAD) that
are advised as a first-line treatment for HE.[2689
Compared to lactulose, lactitol, a second-generation
NAD, has been shown to be more efficacious and to have
better tolerability; nevertheless, a Cochrane review
revealed that in contrast to lactulose, it had no positive
benefits.*#%%°!  Diarrhea, nausea, and bloating are
possible side effects of lactulose treatment. Vomiting and
diarrhea ma[y result in changes in electrolytes, and even
worsen HE. 9!

L-ornithine L-aspartate (LOLA): LOLA is a blend of
natural amino acids that are processed by periportal and
perivenous hepatocytes, which use L-ornithine as both a
substrate and an activator of carbamoyl phosphate
synthetase, the urea cycle's rate-limiting enzyme.
Through the enzyme glutamine synthetase, LOLA
promotes the synthesis of glutamine, a non-toxic
ammonia transporter, and increases the activity of the
urea cycle, a pathway that transforms ammonia into urea,
a less toxic compound that can be eliminated in urine.
LOLA also increases glutamine synthesis in skeletal
muscle, which aids in the removal of ammonia. In
Europe, LOLA is often used and accessible for the

treatment of HE. It isn't available in the USA, though.
Although the Food and Drug Administration has not
approved intravenous LOLA, the AASLD 2014
guideline suggests it as a substitute or supplemental
therapy for HE is not improving with traditional
treatment. Up to 18 grams of L-ornithine-L-aspartate
per day for up to six months may be considered safe. In
general, people tolerate it well.[#6%!

Rifaximin: Traveler's diarrhea, irritable bowel syndrome
(IBS), and hepatic encephalopathy in end-stage liver
disease are among the gastrointestinal and liver
conditions for which Rifaximin-a, an oral antibiotic of
the rifamycin class that targets the gut, has broad-
spectrum activity against both Gram-positive and Gram-
negative bacteria.l*"! The antibiotic rifaximin only acts in
the gut, where it inhibits the flow of ammonia into the
bloodstream and the synthesis of ammonia by the gut
bacteria. It is not absorbed into the bloodstream. Hepatic
encephalopathy sufferers will benefit from this
effect.’***! Combining rifaximin and lactulose not only
prevents future relapses but also improves hepatic
encephalopathy, lowers the chance of death, and lowers
the risk of side effects.*! Adverse events includes fluid
retention in the arms and legs, nausea, insomnia, anemia,
pruritis, ascites, increased ALT levels, constipation,
dizziness, diarrhea.* Usual adult dose for hepatic
encephalopathy is 550mg orally twice a day.!**#!

Naloxone: Supplementing the traditional treatment for
hepatic encephalopathy with ornithine aspartate plus
naloxone combination therapy provides better
therapeutic outcome than traditional treatment alone.’®!
Several studies also provide information regarding to the
use of naloxone alone in hepatic encephalopathy.?2®]

Branched chain amino acids: Branched -chain amino
acids (BCAAs) are suggested as a standard treatment by
some because they may reduce hepatic encephalopathy
by aiding skeletal muscle in blood detoxification.!”!
Impaired liver function and portosystemic shunts are the
causes of the rise in blood ammonia. By absorbing
plasma ammonia and converting a-ketoglutarate to
glutamate and then glutamate to glutamine using the
enzymes glutamate dehydrogenase and glutamine
synthetase, skeletal muscle plays a crucial role in
extrahepatic ammonia detoxification. For every o-
ketoglutarate molecule, two moles of ammonia are
eliminated. When ammonia levels in liver cirrhosis
patients rise, so does muscle uptake of plasma BCAAs,
indicating that BCAAs are crucial for muscle ammonia
detoxification and may help prevent HE.!?*?! Usual dose
is 11- 57 g/day. BCAAs can affect the blood sugar level,
and is dangerous for people with diabetes and
undergoing surgery. And also cause stomach issues such
as nausea, bloating, diarrhea.

Nitazoxanide: Nitazoxanide can be used to improve the
brain health and quality of life of the patient. It can be
used as an alternative for rifaximin. Nitazoxanide is an

www.wjpmr.com | Vol 11, Issue 4, 2025. |

I1SO 9001:2015 Certified Journal | 239




Reshma et al.

World Journal of Pharmaceutical and Medical Research

antiparasitic drug and is a novel thiazolide that
selectively targets intestinal tract anaerobes in addition to
other protozoa and helminths. That is supplied orally,
with a high bioavailability and good tolerance.”” The
same effectiveness on HE as usual treatment was
demonstrated by administering 500 mg of NTZ twice a
day for seven days. Even so, it did not lead to a
significant drop in serum ammonia levels, but it did
dramatically lower the CHESS score and improve mental
health.””

Ornithine phenylacetate: Studies provide evidence of
use of ornithine phenylacetate in treating HERY In
patients with cirrhosis, ornithine phenylacetate (OP),
a new ammonia scavenger, reduces ammonia levels
without affecting the stomach (i.e., by a separate
route). Because L-ornithine increases glutamine
synthetase activity, body muscle converts circulating
ammonia to glutamine. After that, glutamine and
phenylacetic acid (PAA) are conjugated to create
phenylacetylglutamine, which is eliminated in the
urine without producing additional ammonia. OP
could be safely administered and lower plasma
ammonia levels in cirrhosis patients, according to
three early phase studies.*>*! The starting OP dose
was 0.138 g/h, which was raised to 0.275 g/h after 12
hours and to 0.416 g/h after 24 hours. If patients did not
meet predetermined stopping criteria, the dose was
gradually increased.!**3!

Albumin: According to new research, oxidative stress
and systemic inflammation may contribute to the onset
of HE. Growing interest in using human albumin to treat
and prevent HE in decompensated patients is a result of
recent discoveries of its anti-inflammatory qualities.***!

AST-120: The synthetic activated carbon microsphere
known as AST-120 has a high nonspecific adsorptive
capacity and a wide surface area. Its restricted
gastrointestinal absorption further enhances its capability
to trap hepatotoxins and neurotoxins in the gut.[?5=*

Acetyl-L-carnitine: Acetyl-L-carnitine reduces blood
ammonium levels®! Acetyl-L-carnitine is an ester of
L-carnitine and acetate that is synthesized in the human
brain, liver, and kidney by the enzyme acetyl-L-carnitine
transferase. Through two mechanisms, acetyl-L-carnitine
may be a useful treatment for patients with hepatic
encephalopathy: first, as urea genesis increases, blood
and brain ammonium levels decrease; second, acetyl-L-
carnitine, which is transported across the blood-brain
barrier and accumulates in the cerebral spinal fluid and
brain, facilitates the uptake of acetyl-coenzyme A (CoA)
into the mitochondria during fatty acid oxidation,
increases the production of acetylcholine, and stimulates
the phospholipid protein and membrane synthesis. All of
these processes might offer a source of substrate for the
synthesis of cellular energy, limiting excessive death of
neurons. %

Glycerol phenylbutyrate (GPB): Glycerol
phenylbutyrate (GPB) reduces ammonia by offering a
different route for the excretion of waste nitrogen in the
form of phenylacetyl glutamine, which is eliminated in
urine, as opposed to  urea.*®*¥  Glycerol
phenylbutyrate (GPB) contains 3 phenyl butyric acid
molecules that are metabolized into phenylacetic acid’
When glutamine and phenylacetic acid combine to
generate PAGN, ammonia is contained and safely
eliminated in the urine. Currently approved as an
alternate treatment for hyperammonemia in people with
abnormalities of the urea cycle, GPB has also been
investigated as a possible treatment for HE.F” Usual
dose is 5 to 12.4 g/m?/day.B"3

Benzodiazepine antagonists(Flumazenil): Flumazenil
is a benzodiazepine antagonist. Flumazenil benefits by
patients temporarily alleviating the cirrhosis-induced
hepatic encephalopathy. Although flumazenil cannot be
advised for routine therapeutic usage, it may be taken
into consideration for individuals with hepatic
encephalopathy and chronic liver disease./*! People with
hepatic encephalopathy may benefit from flumazenil, a
medication that modifies its effects on these specialized
cells by acting on one of the GABA receptors in the
brain. It must be administered intravenously, and its
effects wear off after a few hours.*® Usual dose
include0.4 — 1mg.

Golexanolone: The purpose of golexanolone is to restore
normal function to receptors that impede brain
activity.”! Golexanolone is a novel small molecule
GABA-A receptor-modulating steroid antagonist.[*?
Golexanolone is a drug which directly targets CNS.
Golexanolone enters the CNS and reverses the inhibitory
effects of neuroactive steroids on brain function in
humans. It normalizes an elevated GABAergic tone,
independent of ammonia. It improves cognitive function.
Usual dose includes 10, 40 or 80 mg BD.[*#%

Polyethylene glycol: PEG is effective for the treatment
of hepatic encephalopathy. It is an osmotic laxative. Like
lactulose PEG is also used for the excess ammonia
excretion from the gut. It prevents the reasorption of
ammonia from the gut." PEG can minimize hospital
stays without increasing the rate of side effects and result
in faster HE resolution over the first 24 hours.**® Dose
should be adjusted according to the need of the
individual and the ammonia level should be properly
monitored.[*+4°!

ZINC: Zinc is involved in numerous enzymatic
processes in the typically functioning liver, including the
activation of ornithine transcarbamylase and glutamate
dehydrogenase, as well as the urea cycle and glutamine
synthetase cycle, respectively. Zinc is an essential co-
factor needed for several enzymatic reactions involved in
ammonia metabolism. ACTION: A lower incidence of
HCC, a less severe and clinically significant HE, a lower
incidence of SBP, and an increase in the quality of life of
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patients are only a few of the numerous potential positive
benefits of zinc replacement that have been reported. !
Zinc deficiency can cause HE by impairing the
conversion of ammonia to urea. Zinc supplements can
help restore zinc levels and improve the conversion of
amino acids to urea.[*’!

NONPHARMACOLOGICAL THERAPIES
Probiotics: In the treatment of HE, probiotics alter gut
flora by reducing the number of pathogen bacteria,
acidifying the intestinal mucosa, reducing ammonia
production and absorption, altering gut permeability,
lowering endotoxin levels, and altering short-chain fatty
acid production. 3617491

Fecal microbiota transplantation (FMT): Major aim
of this method is to restore the balanced gut microbiome,
which can reduce the ammonia production. It aims to
introduce healthy gut bacteria from a donor By restoring
the integrity of the intestinal barrier, fecal microbiota
transplantation (FMT) can decrease ammonia synthesis
by changing the composition of the gut microbiota to a
taxon deficient in urease, decrease ammonia intake, and
boost ammonia clearance by enhancing liver function.[*”!

Portosystemic shunt embolization: Patients who are
not treated medically may have significant portosystemic
shunts (PSSs), which could be targets for treatment.
Using interventional radiology to close off an aberrant
blood vascular connection known as a "portosystemic
shunt" in a patient suffering from hepatic
encephalopathy.”]

REFERENCE

1. Swaminathan M, Ellul MA, Cross TJ. Hepatic
encephalopathy: current challenges and future
prospects. Hepatic medicine: evidence and research,
2018 Mar 22; 1-1.

2. Hasan LZ, Wu GY. Novel agents in the management
of hepatic encephalopathy: a review. Journal of
Clinical and Translational Hepatology, 2021 Jun 22;
9(5): 749.

3. Kabaria S, Dalal I, Gupta K, Bhurwal A, Carlos D.
M, Catalano C, et al. Hepatic Encephalopathy: A
Review. EMJ Hepatology, 2021 Aug 5; 89-97.

4. Mandiga P, Kommu S, Bollu PC. Hepatic
Encephalopathy. [Updated 2025 Jan 20]. In:
StatPearls [Internet]. Treasure Island (FL):

StatPearls Publishing; 2025 Jan-. Available from:
https://www.ncbi.nIm.nih.gov/books/NBK430869/.

5. Hadjihambi A, Arias N, Sheikh M, Jalan R. Hepatic
encephalopathy: a critical current  review.
Hepatology international, 2018 Feb; 12: 135-47.

6. Grover VP, Tognarelli JM, Massie N, Crossey MM,
Cook NA, Taylor-Robinson SD. The why and
wherefore of hepatic encephalopathy. International
journal of general medicine, 2015 Dec 16: 381-90.

7. Bellafante D, Gioia S, Faccioli J, Riggio O, Ridola
L, Nardelli S. The management of hepatic
encephalopathy from ward to domiciliary care:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

current evidence and gray areas. Journal of Clinical
Medicine, 2023 Dec 27; 13(1): 166.

Hasan LZ, Wu GY. Novel agents in the management
of hepatic encephalopathy: a review. Journal of
Clinical and Translational Hepatology, 2021 Jun 22;
9(5): 749.

Fallahzadeh MA, Rahimi RS. Hepatic
encephalopathy: current and emerging treatment
modalities. Clinical Gastroenterology  and
Hepatology, 2022 Aug 1; 20(8): S9-19.

Rose CF, Amodio P, Bajaj JS, Dhiman RK,
Montagnese S, Taylor-Robinson SD, Vilstrup H,
Jalan R. Hepatic encephalopathy: Novel insights
into classification, pathophysiology and therapy.
Journal of hepatology, 2020 Dec 1; 73(6): 1526-47.
DuPont HL. The potential for development of
clinically relevant microbial resistance to rifaximin-
a: a narrative review. Clinical Microbiology
Reviews, 2023 Dec 20; 36(4): e00039-

Zacharias HD, Kamel F, Tan J, Kimer N, Gluud LL,
Morgan MY. Rifaximin for prevention and
treatment of hepatic encephalopathy in people with
cirrhosis. Cochrane Database of Systematic
Reviews, 2023; (7).

Zacharias HD, Zacharias AP, Gluud LL, Morgan
MY. P: 9 Pharmacotherapies that Specifically Target
Ammonia for the Prevention and Treatment of
Hepatic Encephalopathy in Adults With Crrhosis.
Official journal of the American College of
Gastroenterology| ACG, 2019 Sep 1; 114: S4.

Kimer N, Meldgaard M, Hamberg O, Kronborg TM,
Lund AM, Mgller HJ, Bendtsen F, Ytting H. The
impact of rifaximin on inflammation and
metabolism in alcoholic hepatitis: a randomized
clinical trial. PLoS One, 2022 Mar 14; 17(3):
e0264278.

Gluud LL, Dam G, Les I, Marchesini G, Borre M,
Aagaard NK, Vilstrup H. Branched-chain amino
acids for people with hepatic encephalopathy.
Cochrane Database of Systematic Reviews, 2015(9).
Amodio P, Bemeur C, Butterworth R, Cordoba J,
Kato A, Montagnese S, Uribe M, Vilstrup H,
Morgan MY. The nutritional management of hepatic
encephalopathy in  patients  with  cirrhosis:
International Society for Hepatic Encephalopathy
and Nitrogen Metabolism Consensus. Hepatology,
2013 Jul; 58(1): 325-36.

Dalal R, McGee RG, Riordan SM, Webster AC.
Probiotics for people with hepatic encephalopathy.
Cochrane Database of Systematic Reviews, 2017;
(2). Version published: 19 July 2023.

Bass NM. A brief history of hepatic encephalopathy.
Clinical Liver Disease, 2021 Oct; 18: 49-62.
Zacharias HD, Kamel F, Tan J, Kimer N, Gluud LL,
Morgan MY. Rifaximin for prevention and
treatment of hepatic encephalopathy in people with
cirrhosis. Cochrane Database of Systematic
Reviews, 2023(7).

Torre A, Cordova-Gallardo J, Frati Munari AC.
Rifaximin alfa and liver diseases: more than a

www.wjpmr.com | Vol 11, Issue 4, 2025. |

ISO 9001:2015 Certified Journal |

241




Reshma et al.

World Journal of Pharmaceutical and Medical Research

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31

treatment for encephalopathy, a disease modifier.
Therapeutics and Clinical Risk Management, 2023
Dec 31: 839-51.

Torre A, Cordova-Gallardo J, Frati Munari AC.
Rifaximin alfa and liver diseases: more than a
treatment for encephalopathy, a disease modifier.
Therapeutics and Clinical Risk Management, 2023
Dec 31: 839-51.

Torre A, Cordova-Gallardo J, Frati Munari AC.
Rifaximin alfa and liver diseases: more than a
treatment for encephalopathy, a disease modifier.
Therapeutics and Clinical Risk Management, 2023
Dec 31; 839-51.

Jiang Q, Jiang G, Welty TE, Zheng M. Naloxone in
the management of hepatic encephalopathy. Journal
of clinical pharmacy and therapeutics, 2010 Jun;
35(3): 333-41.

0ZSOYLU S, KOCAK N. Naloxone in hepatic
encephalopathy. American journal of diseases of
children, 1985 Aug 1; 139(8): 749-50.

Zhou ZW, Zhong XN, Zhou BY, Xiang JF, Wang
RH, Yi J. Ornithine aspartate and naloxone
combined therapy for hepatic encephalopathy affects
cognitive function, prognosis, and neuropeptide
levels. Zhonghua gan zang bing za zhi= Zhonghua
ganzangbing zazhi= Chinese journal of hepatology,
2013 May 1; 21(5): 385-8.

Khungar V, Poordad F. Hepatic encephalopathy.
Clinics in Liver Disease, 2012 May 1; 16(2):
301-20.

Elrakaybi AA, Abd EIMoez AT, Badary OA. The
clinical effects of nitazoxanide in hepatic
encephalopathy patients: a pilot study. International
Journal of Pharmaceutical Sciences and Research,
2015 Nov 1; 6(11): 4657.

Hamed A, Hamed A, Lambert K. Branched-chain
Amino Acids for Patients with Hepatic
Encephalopathy. American Family Physician, 2020
Jan 1; 101(1): online-.

Marrone G, Serra A, Miele L, Biolato M, Liguori A,
Grieco A, Gasbarrini A. Branched chain amino acids
in hepatic encephalopathy and sarcopenia in liver
cirrhosis: evidence and uncertainties. World Journal
of Gastroenterology, 2023 May 21; 29(19): 2905.
Safadi R, Rahimi RS, Thabut D, Bajaj JS, Ram
Bhamidimarri K, Pyrsopoulos N, Potthoff A,
Bukofzer S, Wang L, Jamil K, Devarakonda KR.
Pharmacokinetics/pharmacodynamics of L-ornithine
phenylacetate in overt hepatic encephalopathy and
the effect of plasma ammonia concentration
reduction on clinical outcomes. Clinical and
translational science, 2022 Jun; 15(6): 1449-59.
Rahimi RS, Safadi R, Thabut D, Bhamidimarri KR,
Pyrsopoulos N, Potthoff A, Bukofzer S, Bajaj JS.
Efficacy and safety of ornithine phenylacetate for
treating overt hepatic encephalopathy in a
randomized trial. Clinical Gastroenterology and
Hepatology, 2021 Dec 1; 19(12): 2626-35.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Wong YJ, Loo JH. Albumin therapy for hepatic
encephalopathy: current evidence and controversies.
Metabolic brain disease, 2023 Jun; 38(5): 1759-63.
Hasan LZ, Wu GY. Novel agents in the management
of hepatic encephalopathy: a review. Journal of
Clinical and Translational Hepatology, 2021 Jun 22;
9(5): 749.

Marti-Carvajal AJ, Gluud C, Arevalo-Rodriguez I,
Marti-Amarista CE. Acetyl-L-carnitine for patients
with hepatic encephalopathy. Cochrane Database of
Systematic Reviews. 2019 (1).

Rajpurohit S, Musunuri B, Mohan PB, Shetty S.
Novel drugs for the management of hepatic
encephalopathy: still a long journey to travel.
Journal of clinical and experimental hepatology,
2022 Jul 1; 12(4): 1200-14.

Marti-Carvajal AJ, Gluud C, Arevalo-Rodriguez I,
Marti-Amarista CE. Acetyl-L-carnitine for patients
with hepatic encephalopathy. Cochrane Database of
Systematic Reviews, 2019(1).

Rockey DC, Vierling JM, Mantry P, Ghabril M,
Brown Jr RS, Alexeeva O, Zupanets 1A, Grinevich
V, Baranovsky A, Dudar L, Fadieienko G.
Randomized, double-blind, controlled study of
glycerol phenylbutyrate in hepatic encephalopathy.
Hepatology, 2014 Mar; 59(3): 1073-83.

Rahtes A, Pradhan K, Sarma M, Xie D, Lu C, Li L.
Phenylbutyrate facilitates homeostasis of non-
resolving inflammatory  macrophages. Innate
Immunity, 2020 Jan; 26(1): 62-72.

Rajpurohit S, Musunuri B, Mohan PB, Shetty S.
Novel drugs for the management of hepatic
encephalopathy: still a long journey to travel.
Journal of clinical and experimental hepatology,
2022 Jul 1; 12(4): 1200-14.

Lock BG, Pandit K. Is flumazenil an effective
treatment for hepatic encephalopathy?. Annals of
emergency medicine, 2006 Mar 1; 47(3): 286-8.
Montagnese S, Lauridsen M, Vilstrup H,
Zarantonello L, Lakner G, Fitilev S, Zupanets I,
Kozlova I, Bunkova E, Tomasiewicz K, Berglund
JE. A pilot study of golexanolone, a new GABA-A
receptor-modulating steroid antagonist, in patients
with covert hepatic encephalopathy. Journal of
hepatology, 2021 Jul 1; 75(1): 98-107.

Arenas YM, lzquierdo-Altarejos P, Martinez-Garcia
M, Giménez-Garz6 C, Mincheva G, Doverskog M,
Jones DE, Balzano T, Llansola M, Felipo V.
Golexanolone improves fatigue, motor
incoordination and gait and memory in rats with bile
duct ligation. Liver International, 2024 Feb; 44(2):
433-45.

Bloom A, Bloom S, Silva H, Nicoll AJ, Sawhney R.
Zinc supplementation and its benefits in the
management of chronic liver disease: an in-depth
literature review. Annals of Hepatology, 2021 Nov
1; 25: 100549.

Gnanasekar VB, Veluswamy S. An Overview of
Polyethylene Glycol with Lactulose as Additional
Therapy in  the Treatment of  Hepatic

WWW.wjpmr.com

Vol 11, Issue 4, 2025. |

ISO 9001:2015 Certified Journal

| 242




Reshma et al.

World Journal of Pharmaceutical and Medical Research

45,

46.

47.

48.

49.

50.

Encephalopathy. Medical and Pharmaceutical
Journal, 2024 Jun 1; 3(2): 41-8.

Cutler T, Mints G. Lactulose vs Polyethylene Glycol
for Treatment of Hepatic Encephalopathy. JAMA
internal medicine, 2015 May 1; 175(5): 867-9.

Li M, Zhang Z, Chen Q, Zhou X, Shui D, Huang J.
Comparative  effectiveness and  safety  of
polyethylene glycol electrolyte solution versus
lactulose for treatment of hepatic encephalopathy: a
systematic review and meta-analysis. Journal of
Clinical Gastroenterology, 2022 Jan 1; 56(1): 41-8.
Lynn AM, Singh S, Congly SE, Khemani D,
Johnson DH, Wiesner RH, Kamath PS, Andrews JC,
Leise MD. Embolization of portosystemic shunts for
treatment of medically refractory hepatic
encephalopathy. Liver Transplantation, 2016 Jun;
22(6): 723-31.

Madsen M, Kimer N, Bendtsen F, Petersen AM.
Fecal microbiota transplantation in hepatic
encephalopathy: a systematic review. Scandinavian
Journal of Gastroenterology, 2021 May 4; 56(5):
560-9.

Roger Walker, Cate Whittlesea et al. Textbook of
Clinical Pharmacy and Therapeutics. 5th edition.
Atluri DK, Prakash R, Mullen KD. Pathogenesis,
diagnosis, and treatment of hepatic encephalopathy.
Journal of Clinical and Experimental Hepatology,
2011 Sep 1; 1(2): 77-86.

WWW.wjpmr.com Vol 11, Issue 4, 2025. |

ISO 9001:2015 Certified Journal

243




