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Hepatic encephalopathy (HE) is a complica-
tion of liver disease characterized by neu-
ropsychiatric dysfunction ranging from 
poor concentration and forgetfulness to 

seizures and coma (Vilstrup et al., 2014). Fully symp-
tomatic HE, or overt HE (OHE), occurs in 30%–40% 
of patients with cirrhosis in the United States, whereas 
minor cognitive dysfunction, termed “covert or mini-
mal HE (MHE),” occurs in 20%–80% of the same 
population (Vilstrup et al., 2014). The symptoms of 
HE can be disabling, interfering with daily activities, 
and leading to loss of independence. Hepatic encepha-
lopathy has been linked to decreased health-related 
quality of life attributed to reduced appetite, ascites, 
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and fatigue (Mina, Moran, Ortiz-Olvera, Mera, & 
Uribe, 2014). It is also associated with poorer employ-
ment and financial status for patients and increased 
socioeconomic burden for caregivers, all of which have 
a negative impact on medical compliance (Bajaj et al., 
2011). On a broader scope, HE has a profound effect 
on hospital resources and government health subsidies. 
Between 2005 and 2009, HE accounted for more than 
100,000 annual hospitalizations nationwide that aver-
aged 8–9 days per admission, with two thirds of those 
patients covered by Medicare or Medicaid (Stepanova, 
Mishra, Venkatesan, & younossi, 2012).

Treatments of HE have primarily centered on 
decreasing the intestinal production and systemic accu-
mulation of ammonia to mitigate its neurotoxic effects 
(Hadjihambi & Jalan, 2015). Current guidelines for 
the clinical management of HE recommend lactulose 
as the first-line treatment and rifaximin as an add-on 
therapy (Vilstrup et al., 2014). The paucity of clinically 
approved HE therapies may be due to difficulty quan-
tifying highly variable treatment effects in a disorder 
with such wide-ranging symptoms.

The pathogenesis of HE is not yet fully understood, 
but it is now thought that various factors contribute to its 
development. More recently, inflammation, oxidative 
stress, and changes in the gut microbiome have been 
implicated as contributing factors in HE (Sheasgreen, Lu, 
& Patel, 2014; Tranah, Paolino, & Shawcross, 2015). Its 
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multifactorial pathogenesis provides an opportunity for 
exploring alternative treatment pathways. There is a 
pressing need for more drug options and preventive care 
interventions to reduce the incidence of HE, thereby less-
ening its socioeconomic impact on families and immense 
burden on healthcare resources (Stepanova et al., 2012). 
This article provides an overview of current and emerging 
therapies in the treatment and management of HE in 
chronic liver disease.

Pathophysiology
There is no consensus on a single pathophysiological 
mechanism responsible for the development of HE. 
ammonia toxicity remains a significant factor, but 
there is now increased recognition that hyperammone-
mia acts synergistically with systemic inflammation, 
oxidative stress, and gut microbiota imbalance in the 
pathogenesis of HE (Tranah et al., 2015) (Figure 1). In 
the presence of cirrhosis, the liver is unable to effec-
tively convert ammonia, a nitrogenous waste product 
of intestinal metabolism, into urea (Hadjihambi & 
Jalan, 2015). Serum ammonia level rises and crosses 
the blood–brain barrier due to the shunting of portal 
blood into the systemic circulation (Tranah et al., 

2015). astrocytes are the most numerous neuroglial 
cells tasked with maintaining the blood–brain barrier 
and detoxifying ammonia by rapidly converting it to 
glutamine (Iwasa & Takei, 2015). an increase in glu-
tamine concentrations leads to astrocyte swelling, 
morphological changes, and subsequent cell dysfunc-
tion (Iwasa & Takei, 2015).

The exposure of astrocytes to ammonia also induces 
the production of reactive oxygen species, which, in 
turn, activate the inflammatory cascade (Coltart, 
Tranah, & Shawcross, 2013; Görg, Schliess, & 
Häussinger, 2013). Studies have shown that a systemic 
inflammatory state, often referred to as SIRS (systemic 
inflammatory response syndrome), in which proin-
flammatory cytokines are released, can modulate the 
severity of HE in patients with cirrhosis (aldridge, 
Tranah, & Shawcross, 2015). 

Proinflammatory cytokines such as tumor necrosis 
factor-alpha (TNF-α), interleukin (IL)-1), and IL-6 
may disrupt the blood–brain barrier, contributing to 
brain inflammation and edema in HE (Bémeur & 
Butterworth, 2013; Lv et al., 2010). an association 
between the level of circulating TNF-α and HE severity 
has been observed in patients with acute liver failure 
(aLF) (Bémeur & Butterworth, 2013; Coltart et al., 
2013). Furthermore, studies have shown that over-
growth of pathogenic gut flora combined with impaired 
integrity of the intestinal barrier in patients with cir-
rhosis can lead to systemic endotoxemia and a result-
ant inflammatory response (Coltart et al., 2013; 
Dhiman, 2013).

Treatment Modalities
a multipronged approach to treating HE in patients 
with advanced liver disease should be considered 
because of its complex pathogenesis. Therapeutic strat-
egies include decreasing the production and accumula-
tion of ammonia, reducing inflammation, and control-
ling gut flora (Table 1). Treatment options for HE 
related to aLF differ from HE therapies for chronic 
liver disease and are briefly addressed at the end of this 
review.

Decreasing Ammonia Production

Nonabsorbable Disaccharides
Lactulose, a nonabsorbable disaccharide (NaD), has 
been deemed a first-line therapy for HE since its use 
was first publicized in a report in 1966 (Gluud, 
Vilstrup, & Morgan, 2016). Nonabsorbable disaccha-
rides are osmotic laxatives/prebiotics that reduce intes-
tinal ammonia production by various mechanisms. 
Colonic metabolism of lactulose results in acidification 
of the gut, which favors the formation of nonabsorb-
able ammonium from ammonia as well as exerts a 
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FIGURE 1. Multifactorial pathogenesis of hepatic encepha-
lopathy.
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prebiotic effect on the growth of beneficial bacteria 
such as Lactobacillus and Bifidobacterium (Tranah 
et al., 2015). The cathartic effect of NaDs additionally 
reduces intestinal transit time, leading to increased 
excretion of nitrogenous waste (Tranah et al., 2015). 
Nonabsorbable disaccharides also inhibit intestinal 
uptake of glutamine and its resultant metabolism to 
ammonia (Gluud et al., 2016). a meta-analysis of 38 
randomized controlled trials by Gluud et al. (2016) 
showed that lactulose compared with placebo or no 
intervention was beneficial in treating and preventing 
both MHE and OHE.

although effective and relatively safe, lactulose has 
undesirable side effects including nausea, abdominal 
cramps, and diarrhea that may lead to decreased medi-
cation compliance by patients (Iwasa & Takei, 2015). 

In addition, recurrence of HE caused by lactulose 
resistance has been noted in cirrhotic patients with 
unmanaged hyponatremia (Iwasa & Takei, 2015).

Rifaximin
antibiotics are often used as alternative or add-on 
therapy to NaDs to reduce inflammation and endo-
toxemia in the setting of HE. Rifaximin, a broad-
spectrum antibiotic with specific activity against anaer-
obic enteric bacteria, is Food and Drug administration 
(FDa) approved for the prevention of HE (Patidar & 
Bajaj, 2013) and recommended as add-on therapy to 
lactulose in current practice guidelines (Vilstrup et al., 
2014). 

Rifaximin has been extensively studied and its effi-
cacy well-documented. In a double-blind, randomized 
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TABLE 1. Treatment Options for Hepatic Encephalopathy
Treatment Administration Class Mechanism of Action

Nonabsorbable disaccharide Oral Osmotic laxative Acidifies the gut, inhibits intestinal uptake  
of glutamine, and reduces intestinal 
transit time

Rifaximin Oral Antibiotic Inhibits growth of ammonia-producing 
enteric bacteria

Sodium benzoate Oral, IV UC disorder treatment 
agent

Provides alternative pathway for ammonia 
removal

Glycerol phenylbutyrate Oral UC disorder treatment 
agent

Provides alternative pathway for ammonia 
removal

l-Ornithine l-aspartate IV Hepatoprotectant agent Increases urea production, activates  
glutamine synthetase activity in skeletal 
muscle

l-Ornithine phenylacetate IV Hepatoprotectant agent Increases urea production, activates  
glutamine synthetase activity in skeletal 
muscle

Branched-chain amino acids Oral Dietary supplement Increases glutamine synthetase activity and 
helps maintain muscle mass

Acetyl-l-carnitine IV Dietary supplement Induces urea production

l-Arginine IV UC disorder treatment 
agent

Maximizes ammonia excretion through urea 
cycle

Probiotics Oral Dietary supplement Acidifies gut to favor non-urease-producing 
bacteria, decreases endotoxemia, and 
reduces translocation of pathogenic 
enteric bacteria

Zinc Oral Trace element Cofactor in urea cycle enzyme activity

Thiamine IV Vitamin Essential coenzyme in intracellular glucose 
metabolism; prevents oxidative stress

Vegetable- or dairy-based 
high-protein diet

Oral N/A Reduces intestinal ammonia production

Strict diabetes control N/A N/A Reduces systemic inflammation

Note. IV = intravenous; N/A = not applicable; UC = urea cycle.
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controlled trial, Sharma et al. (2013) demonstrated 
that a combination of lactulose plus rifaximin was 
more effective than lactulose alone in the treatment of 
OHE. In addition, a recent meta-analysis of 20 rand-
omized controlled studies showed that rifaximin effect-
ed the greatest reduction in serum ammonia compared 
with five other interventions (Zhu et al., 2015). 
Despite its higher cost, rifaximin is increasingly favored 
over neomycin and metronidazole because of its safer 
side effect profile and gut specificity, with less than 1% 
absorbed systemically (Patidar & Bajaj, 2013).

Sodium Benzoate
Widely used as a food preservative, sodium benzoate 
has been prescribed as an off-label treatment of hyper-
ammonemia since 1979 (Misel, Gish, Patton, & 
Mendler, 2013). administered intravenously, it acti-
vates an alternative pathway of ammonia elimination 
through renal excretion in the form of hippuric acid 
(Misel et al., 2013). Sodium benzoate ultimately reacts 
with glycine, an ammoniagenic amino acid, thereby 
preventing its degradation via an ammonia-forming 
metabolic pathway in the liver, kidney, and brain 
(Matoori & Leroux, 2015).

a double-blind randomized study found sodium 
benzoate to be as safe and effective as lactulose in the 
treatment of acute portosystemic HE (Sushma et al., 
1992). Gastrointestinal symptoms including nausea 
and epigastric discomfort are reported with oral sodi-
um benzoate but can be minimized when taken with a 
nutritional shake (Misel et al., 2013). Caution must be 
exercised when giving sodium benzoate to patients 
with dietary salt restrictions, unmanaged edema, or 
severe renal dysfunction (Misel et al., 2013).

Glycerol Phenylbutyrate
Glycerol phenylbutyrate (GPB) is an orally adminis-
tered, odorless, sodium-free liquid that is FDa approved 
for the treatment of urea cycle disorders (Rockey et al, 
2014). It lowers serum ammonia concentration by pro-
viding a non-urea cycle pathway for the renal excretion 
of nitrogenous waste in the form of phenylacetylglu-
tamine (Hadjihambi & Jalan, 2015). Glycerol phenylb-
utyrate has shown therapeutic potential in the manage-
ment of HE. In a double-blind, randomized controlled 
study, Rockey et al (2014) found that GPB reduced HE 
events as well as significantly lowered ammonia in 
patients with cirrhosis. Treatment effects of GPB were 
comparable with rifaximin, and its safety profile is simi-
lar to that of placebo (Rockey et al., 2014).

Vegetable- or Dairy-Based High-Protein 
Diet
For decades, a mainstay of HE management was 
restricting dietary protein to reduce intestinal 

ammonia production and prevent HE exacerbations 
(Nguyen & Morgan, 2014). Clinical guidelines recom-
mended as little as 0.5 g/kg per day for patients with 
severe HE (Cabral & Burns, 2011). Despite a small 
sample size and short duration of protein restriction, 
Córdoba’s et al. (2004) study was the first randomized 
controlled study to demonstrate that normal dietary 
protein intake did not exacerbate HE in cirrhotic 
patients whereas a low-protein diet led to increased 
protein breakdown and amino acid release from skel-
etal muscle.

Seventy-five percent of patients with HE are moder-
ately to severely malnourished with loss of muscle mass 
and hepatic reserves (Vilstrup et al., 2014), which can 
result in reduced ammonia detoxification by skeletal 
muscle (Sheasgreen et al., 2014). Because of severe mus-
cle wasting, patients with cirrhosis have greater protein 
requirements than those of healthy individuals (Vilstrup 
et al., 2014). The american association for the Study 
of Liver Disease (aaSLD) (2014) currently recom-
mends daily protein intake of 1.2–1.5 g/kg per day for 
patients with cirrhosis. Temporary protein restriction 
may be beneficial in cases of medically refractory OHE 
(Nguyen & Morgan, 2014); however, current practice 
guidelines recommend substituting dairy-based or veg-
etable protein for meat protein instead of reducing total 
protein intake (Vilstrup et al., 2014).

Increasing Ammonia Removal

l-Ornithine l-Aspartate
as substrates of the urea cycle, the salts l-ornithine 
l-aspartate (LOLa) have the ability to increase urea 
production as well as activate the production of glu-
tamine, a nontoxic transport form of ammonia, by 
stimulating muscular glutamine synthetase activity 
(Hadjihambi & Jalan, 2015; Matoori & Leroux, 
2015). a meta-analysis of eight randomized con-
trolled studies showed that intravenous LOLa was 
more effective than placebo or no intervention in 
improving both OHE and MHE by reducing serum 
ammonia concentration (Bai, yang, Qi, Fan, & Han, 
2013). However, a double-blind randomized trial 
demonstrated that although oral LOLa was ineffec-
tive in treating MHE, it had a prophylactic role in 
preventing OHE compared with placebo and report-
ed no adverse side effects (alvares-da-Silva et al., 
2014).

l-Ornithine Phenylacetate
l-Ornithine phenylacetate (OP) detoxifies ammonia by 
providing glutamate as a substrate for glutamine pro-
duction in muscle, which is then excreted in urine in 
the form of phenylacetylglutamine (Kristiansen, 2016). 
The efficacy of OP in lowering plasma ammonia has 
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been successfully demonstrated in animal models of 
liver failure (Matoori & Leroux, 2015).

In a single-cohort pilot study involving cirrhotic 
patients, OP infusions led to a significant decrease in 
serum ammonia and an increase in urinary phenyla-
cetylglutamine (Ventura-Cots et al., 2013). However, a 
subsequent trial by Ventura-Cots et al (2016) showed 
that OP was no better than placebo in lowering ammo-
nia in cirrhotic patients after upper gastrointestinal 
bleeding. Limitations cited included small sample size, 
individual variability, and, primarily, too low a dose of 
OP used (Ventura-Cots et al., 2016). Nonetheless, OP 
appears to be a well-tolerated and promising drug that 
warrants further study with higher doses of adminis-
tration (Ventura-Cots et al., 2016).

Branched-Chain Amino Acids
Branched-chain amino acids (BCaas) serve as sub-
strates for protein synthesis in skeletal muscle (Dam, 
Ott, aagaard, & Vilstrup, 2013). Metabolism of 
BCaas can lead to increased glutamine synthetase 
activity, thereby supporting glutamine formation and 
subsequent ammonia detoxification (Dam et al., 2013). 
In a meta-analysis of 16 randomized controlled stud-
ies, Gluud et al. (2015) found high-quality evidence 
that BCaas had a beneficial effect on HE, though no 
impact on mortality.

More trials are needed to compare the effects of 
BCaas with other interventions such as NaDs and 
rifaximin. as such, current practice guidelines by the 
aaSLD (2014) recommend oral BCaas as an alterna-
tive or add-on therapy for patients with medically 
refractory HE. Supplementation with BCaas is also 
recommended to help improve the nutritional status of 
cirrhotic patients who are unable to tolerate vegetable- 
or milk-based proteins (Vilstrup et al., 2014).

Acetyl-l-Carnitine
acetyl-l-carnitine (aLC), a carnitine ester produced 
endogenously in mitochondria, is a substrate for cel-
lular energy production (Malaguarnera, 2013). 
Reviews of randomized controlled trials showed that 
l-carnitine decreased plasma ammonia levels, improved 
cognitive function, and improved electroencephalo-
gram scores in patients with cirrhosis (Malaguarnera, 
2013; Shores & Keeffe, 2008). No significant side 
effects were reported. 

acetyl-l-carnitine was found to induce urea forma-
tion, which resulted in decreased plasma and brain 
ammonia levels (Malaguarnera, 2013). Other benefi-
cial effects observed include improved cell energy pro-
duction, enhanced immune function, and protection of 
cells from oxidative stress (Malaguarnera, 2013). 
More randomized controlled studies are needed to 
evaluate the effect of aLC on HE in cirrhotic patients.

l-Arginine
l-arginine is an amino acid that functions as a substrate 
for the urea cycle, allowing for detoxification of ammo-
nia and urinary excretion of nitrogen (Matoori & 
Leroux, 2015; Wright, Chattree, & Jalan, 2011). 
Supplementation of l-arginine is currently recommend-
ed for urea cycle disorders; however, more clinical stud-
ies are needed to evaluate the efficacy of l-arginine in 
treating HE (Wright et al., 2011). a randomized con-
trolled clinical trial showed that intravenous infusion of 
l-arginine effectively reduced serum ammonia and pre-
vented HE compared with placebo (Montet et al., 
2000), but until more studies are carried out, l-arginine 
supplementation is currently not recommended in 
aaSLD practice guidelines (Vilstrup et al., 2014).

Zinc
Zinc is a trace mineral that has a role in urea cycle 
enzyme activity (Mousa et al., 2016). a deficiency of 
zinc is frequently seen in patients with cirrhosis and 
may be attributed to poor nutrition, impaired absorp-
tion by the digestive tract, and urinary losses second-
ary to diuretic use (Chavez-Tapia et al., 2013). a meta-
analysis of trials on oral zinc supplementation in HE 
concluded that supplementation improved perfor-
mance on psychometric tests but found insubstantial 
evidence that it relieved symptoms of HE (Chavez-
Tapia et al., 2013). However, a more recent double-
blind randomized trial showed that zinc replacement 
for 3 months resulted in a reduction of serum ammo-
nia by approximately 30% compared with placebo 
(Katayama et al., 2014). Because of its low cost, 
favorable safety profile, and recent promising data, the 
effect of oral zinc on ammonia metabolism in cirrhotic 
patients deserves further study.

Reducing Inflammation

Probiotics
The pathogenesis of HE in cirrhotic patients has been 
linked to deranged gut flora that leads to increased 
production of ammonia and bacterial endotoxins and 
a resultant activation of the inflammatory cascade 
(Dhiman, 2013). Probiotics can treat HE through vari-
ous mechanisms: (1) lowering pH to favor non-urease-
producing bacteria, thereby reducing ammonia pro-
duction; (2) decreasing endotoxemia, consequently 
reducing inflammation and oxidative stress; and (3) 
reducing the translocation of pathogenic bacteria from 
the gut, therefore preventing systemic infection 
(Dhiman, 2013; Sharma & Singh, 2016).

In a meta-analysis of seven randomized trials with a 
total of 393 patients, treatment with probiotics com-
pared with placebo or lactulose was shown to signifi-
cantly relieve symptoms of HE (Holte, Krag, & Gluud, 
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2012). Saab et al.’s (2016) more recent meta-analysis 
of 14 randomized controlled studies involving 1,152 
patients showed that probiotics were more effective 
than no treatment or placebo in preventing OHE. 
Probiotics were found to be comparable with that of 
lactulose in the management of HE but appeared to be 
better tolerated (Saab et al., 2016). Moreover, rates of 
hospitalization were decreased, although mortality 
was not affected (Saab et al., 2016). Probiotics are well 
tolerated by patients with cirrhosis and may be safely 
used in conjunction with other therapies in the man-
agement of HE (Saab et al., 2016).

Thiamine
Thiamine, or vitamin B1, is needed for the conversion 
of carbohydrates to energy as well as the metabolism 
of amino acids in several important enzyme systems 
(Gupta et al., 2012). In patients with cirrhosis, thia-
mine deficiency is commonly the result of depleted 
hepatic stores, impaired intestinal absorption, and 
poor dietary intake (Gupta et al., 2012).

Butterworth (2009) describes the synergistic effects 
of ammonia toxicity and thiamine deficiency on the 
cerebral manifestations of HE that renders it indistin-
guishable from Wernicke’s encephalopathy, a meta-
bolic brain disorder attributed to thiamine deficiency. 
The pathophysiological pathways of both disorders 
lead to the accumulation of lactate in the brain, 
increased oxidative stress, cellular energy impairment, 
and the release of proinflammatory cytokines 
(Butterworth, 2009). Thiamine supplementation in 
patients with liver disease would appear to be benefi-
cial in the treatment of HE.

Strict Diabetes Control
There is strong evidence linking local and systemic 
inflammation to Type 2 diabetes mellitus (T2DM) and 
insulin resistance (Lontchi-yimagou, Sobngwi, Matsha, 
& Kengne, 2013). a key inflammatory biomarker in 
T2DM is TNF-α, which in high concentrations induces 
insulin resistance (Lontchi-yimagou et al., 2013). Type 
2 diabetes mellitus may contribute to the development 
of HE by several mechanisms including increased intes-
tinal glutaminase activity, inflammation acting syner-
gistically with ammonia, impaired gut motility due to 
autonomic neuropathy, and promotion of bacterial 
overgrowth (Elkrief et al., 2016; Romero-Gómez, 
Montagnese, & Jalan, 2015).

Cirrhotic patients are functionally immunocompro-
mised and at increased risk for infection (Tranah, 
Vijay, Ryan, & Shawcross, 2013). Data currently sup-
port the association of systemic inflammation and 
infection with high-grade HE in patients with cirrhosis 
(Shawcross et al., 2011). The prevalence and severity 
of HE appear to be higher in cirrhotic patients with 

diabetes compared with nondiabetic cirrhotic patients 
(Butt et al., 2013). In one study, analysis of data from 
three randomized controlled trials found diabetes to be 
a risk factor for the first-time development of OHE in 
patients with advanced liver disease (Jepsen, Watson, 
andersen, & Vilstrup, 2015). Moreover, diabetic 
patients developed severe HE earlier in their clinical 
course of cirrhosis than their nondiabetic counterparts 
(Jepsen et al., 2015).

Diabetes is a prognostic indicator for poor survival 
and increased risk of complications in patients with 
cirrhosis (Elkrief et al., 2016). Strict diabetes control 
may help attenuate the inflammatory process and sub-
sequent development of severe HE.

Treatment Options for HE in Acute Liver 
Failure
In aLF, intracranial hypertension is the primary cause 
of morbidity and mortality (Gamal, abdel Wahab, 
Eshra, Rashed, & Sharawy, 2014). Central nervous 
system symptoms such as brain edema and encepha-
lopathy are not effectively managed with ammonia-
lowering treatments (Bémeur & Butterworth, 2013). 
Both systemic inflammation and neuroinflammation 
are implicated in aLF, with evidence of TNF-α concen-
trations correlating with HE severity (Bémeur & 
Butterworth, 2013).

Emerging treatments of brain edema associated 
with aLF include minocycline and N-acetylcysteine. 
Minocycline, a lipophilic antibiotic with the ability to 
cross the blood–brain barrier, has been found to reduce 
brain edema in animal models by inhibiting microglial 
activation and proinflammatory cytokine production 
(Gamal et al., 2014). Minocycline’s ability to modulate 
inflammatory and oxidative changes in the brain may 
serve as promising therapy for the prevention of cyto-
toxic brain edema and encephalopathy in patients with 
acute liver injury (Bémeur & Butterworth, 2013; 
Gamal et al., 2014).

N-acetylcysteine (NaC) is another potential thera-
py in the management of HE in aLF due to its antioxi-
dant and anti-inflammatory properties (aldridge et al., 
2015). In a randomized trial involving 78 patients with 
non-acetaminophen-induced aLF, Stravitz et al. (2013) 
found NaC to be effective in attenuating the produc-
tion of IL-17, a key proinflammatory cytokine impli-
cated in the severity and progression of HE in aLF 
(Stravitz et al., 2013).

Conclusion
Hepatic encephalopathy is a debilitating complication 
of liver disease that affects quality of life of patients 
and places a heavy burden on caregivers and the 
healthcare system. There is a great need for more 
treatment options and preventive care interventions to 
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reduce the incidence of HE, thereby lessening its socio-
economic impact on families and strain on healthcare 
resources. 

Current guidelines for the clinical management of HE 
recommend lactulose as the first-line treatment and 
rifaximin as an add-on therapy for lowering ammonia 
levels in patients with cirrhosis. The reported side effects 
of lactulose including nausea and diarrhea make the 
medication intolerable for some patients, which may 
lead to decreased adherence to therapy. Several emerg-
ing treatments that target ammonia production such as 
LOLa, BCaas, and zinc have more tolerable side effect 
profiles and deserve further attention and study. 

There is mounting evidence that hyperammonemia 
acts in synergy with systemic inflammation, oxidative 
stress, and gut microbiota imbalance in the pathogen-
esis of HE. as such, a multipronged approach target-
ing ammonia production, systemic inflammation, and 
gut flora may be highly beneficial in the treatment and 
prevention of this complex disorder. ✪
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