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Abstract 
Hepatic encephalopathy (HE) is one of the major complications of liver disease and significantly affects the quality of life (QOL) 
of patients. HE is common and frequently relapses in cirrhotic patients. The management of HE is supportive, and precipitating 
conditions should be eliminated. Most drugs used to treat HE are conventional and include nonabsorbable disaccharides such as 
lactulose, and antibiotics such as rifaximin. However, their therapeutic efficacy is still suboptimal, and novel therapeutic agents are 
urgently needed. In addition, the optimal management and diagnosis of minimal HE/covert HE are under debate. In this review, we 
focus on novel pathogenetic mechanisms such as central nervous system clearance, and emerging therapeutic targets of HE, such 
as fecal material transplantation. We also discuss different classifications and etiologies of HE.

Keywords: Hepatic encephalopathy; Liver cirrhosis; Neuroinflammation; Portal hypertension

1. INTRODUCTION
Hepatic encephalopathy (HE) is a potentially lethal complication 
resulting from acute or chronic liver disease, and it most com-
monly occurs in cirrhotic patients with portal hypertension. The 
symptoms of HE range from mild neuropsychiatric disturbances to 
severe cognitive dysfunction such as coma.1 HE is associated with 
a poor prognosis and significantly affects the quality of life (QOL) 
of cirrhotic patient. The severity of HE can be classified into four 
grades, and the concept of minimal HE has been proposed.1 It has 
been reported that 60% to 80% of cirrhotic patients exhibit mild 
cognitive impairment due to minimal HE and that 20% of patients 
will develop overt HE.2 In the pathogenesis of HE, ammonia and 
neuroinflammation play critical roles. Ammonia metabolism is 
disrupted in cirrhosis, and ammonia bypasses the liver through 
portosystemic shunting. As a result, ammonia accumulates in the 
brain and causes neuroinflammation via various mechanisms. This 
review addresses different aspects of HE from the incidence to 
management including novel pathogenetic mechanisms and emerg-
ing treatment strategies.

2. INCIDENCE AND PREVALENCE
The epidemiology of HE is not well established due to a variety of 
diagnostic criteria. In addition, because there is currently no WHO 
International Classification of Diseases (ICD) code for HE, it is dif-
ficult to recruit appropriate patients with either minimal or overt 
HE in epidemiological studies. A population-based cohort study in 
America reported that the overall incidence of HE was 11.6 per 100 
patient-years,3 and another study reported that 40% to 60% of cir-
rhotic patients developed minimal HE and 33% developed overt 
HE within 1 year.4,5 In addition, 40% of cirrhotic patients with HE 
grade II have been reported to develop recurrent HE within 1 year.

3. RISK FACTORS
Various risk factors have been reported in many studies, and 
they can generally be stratified as precipitating factors and pre-
disposing factors (Fig. 1). According to the study by Tapper et 
al,3 risk factors include age, liver function, pathogenesis of liver 
cirrhosis (alcoholic, nonalcoholic), presence of portal hyper-
tension, medication, renal function, genetic background, and 
underlying diseases.

Precipitating risk factors include decompensated liver cirrhosis- 
related complications such as acute-on-chronic liver failure, 
hepatorenal syndrome, and gastrointestinal bleeding. Other 
risk factors include infection, hypokalemia, hyponatremia, con-
stipation, disruption of the gut-liver axis, and type 2 diabetes 
mellitus.6,7 Some pharmacological agents also exacerbate HE, 
including opioids, proton-pump inhibitors, benzodiazepines, 
and other sedative drugs. The most common precipitating fac-
tor is infection, and the second common precipitating factor is 
electrolyte imbalance.8

Predisposing factors include levels of albumin and bilirubin, 
the presence of covert HE, and previous episodes of overt HE. 
A predictive model of overt HE developed by Riggio et al9 sug-
gested that an albumin level <3.5 g/dL was associated with a 
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higher risk of overt HE, whereas another study reported that a 
bilirubin level of ≥2.1 mg/dL was associated with a higher risk 
of overt HE.10 Furthermore, the severity of portosystemic shunt 
has been positively correlated with a higher risk of overt HE, 
and one study found that cirrhotic patients with a total cross-
sectional spontaneous portosystemic shunting area >83 mm2 
had a higher risk of overt HE.11

In cirrhotic patients, genetic risk factors such as single nucleo-
tide polymorphisms of fucosyltransferase 2, toll-like receptor 9, 
solute carrier family 1 member 3, solute carrier family 1 member 
5, and glutaminase microsatellite have been associated with a 
higher risk of overt HE. In addition, these genetic risk factors 
have also been shown to predict the severity of HE.10

4. PATHOPHYSIOLOGY
Fig. 1 shows a schematic figure of the pathogenesis and patho-
physiology of HE. Dysregulation of noxious substances and 
metabolites such as ammonia and glutamate is mainly involved 
in the pathogenesis of HE. Ammonia is primarily generated 
in the gut by the microbiome and transported to the liver via 
the portal venous system. However, ammonia metabolism is 
impaired in cirrhosis due to impaired liver function. In addi-
tion, ammonia bypasses the liver and enters systemic circulation 
directly through portosystemic collaterals. Consequently, exces-
sive ammonia reaches the brain through systemic circulation in 
liver cirrhosis. To maintain ammonia homeostasis, astrocytes in 
the brain eliminate ammonia by synthesizing glutamine through  
the amidation of glutamate by the enzyme glutamine syn-
thetase.12 In addition, manganese is a cofactor of glutamine 
synthetase. In end-stage liver disease, manganese excretion via 

a biliary route is impaired, which results in manganese deposi-
tion within the basal ganglia. The accumulation of glutamine 
induces instability of neurotransmitters and neuronal recep-
tors,13 and manganese deposition is associated with psychomo-
tor impairment.14 Moreover, hyperammonemia itself results in 
neuroinflammation.15 Taken together, dysregulation of neuro-
transmitters and neuroinflammation lead to HE. Covert HE is 
regarded as the preclinical stage of overt HE, and it shares a 
similar pathogenesis to overt HE. The precise underlying mecha-
nisms and the factors that determine the transition from covert 
to overt HE are still being investigated.

4.1. Oxidative stress in HE
In a cell culture study, nicotinamide adenine dinucleotide 
phosphate-oxidase was shown to be activated in response to 
hyperammonemia in astrocytes, resulting in increased oxida-
tive stress.16 Subsequently, various groups of reactive oxygen 
and nitrogen species form and induce modifications of RNA 
species and alterations in gene expressions and downstream 
signaling. Protein tyrosine nitration, and especially glutamine 
synthetase, is upregulated via formation of 8-hydroxyguanosin.17  
This pathophysiological mechanism has been identified in both 
an in vivo animal model and postmortem brain tissue in cirrhotic 
patients.18 Such protein tyrosine nitration induces astrocyte swell-
ing and changes between osmotic and oxidative stress.

4.2. Neuroinflammation and cytokines in HE
Inflammation is an important pathophysiological factor in HE, 
and hyperammonemia was shown to only induce HE in animal 
models with systemic inflammation.12 In a human study of 84 

Fig. 1  Schematic figure of the pathogenesis and pathophysiology of hepatic encephalopathy.
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cirrhotic patients, more severe minimal HE was shown to develop 
in those with significantly higher levels of inflammatory markers.19 
In patients with acute-on-chronic liver failure, sepsis has also been 
shown to be an important factor resulting in liver decompensation 
and HE.20 Moreover, a human study of 4150 cirrhotic patients with 
HE demonstrated that systemic inflammation in HE was also cor-
related with mortality.21 Taken together, these findings show that 
inflammation is significantly correlated with HE.

The role of neuroinflammation in HE is especially important. 
In a rat HE model induced by hyperammonemia, microglia acti-
vation, and neuroinflammation were observed. Interestingly, 
ibuprofen, an anti-inflammatory drug, restored cognitive func-
tion.22 In addition, in rats receiving portocaval shunts, ibuprofen 
was shown to alleviate HE through a glutamate-nitric oxide-
cGMP pathway.23 Moreover, in rats with liver cirrhosis and HE, 
ibuprofen was shown to ameliorate abnormal microglia activa-
tion, an important marker of neuroinflammation, and improve 
functional disability.15 Taken together, amelioration of neuroin-
flammation is an important strategy for HE treatment.

4.3. Cytokines participate in neuroinflammation
Several cytokines participate in neuroinflammation, including 
interleukin (IL)-1β, tumor necrosis factor (TNF)-α, and inter-
feron (IFN)-γ. The activation of microglia releases inflammatory 
cytokines such as IL-1β, inducible nitric oxide synthase (iNOS), 
and prostaglandin E2 (PGE2). In 2015, a study proposed that 
impaired spatial learning and memory in rats with HE may be 
due to increased levels of IL-1β in the hippocampus.24 Later in 
2019, the same group found that increased IL-1β levels acti-
vated IL-1 receptors and downstream Src. In addition, they 
found a decreased expression of GluA1 (subunit of α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid [AMPA] receptor) 
and increased expression of GluA2 (subunit of AMPA) mem-
brane in the hippocampus, and that this pathway contributed to 
impaired spatial learning and memory in HE.25

Previous evidence also suggests that TNF-α is an important 
cytokine in neuroinflammation and HE. An animal study found 
that infliximab, an anti-TNF-α agent, reduced neuroinflamma-
tion and recovered spatial learning.26 Another study confirmed 
that reducing peripheral inflammation with infliximab could pre-
vent neuroinflammation. In that study, HE was induced in rats 
by feeding them with an ammonia-containing diet, and they were 
then treated with infliximab. The results showed that peripheral 
treatment with infliximab ameliorated peripheral inflammation 
and even neuroinflammation, indicating the role of TNF-α in HE. 
Furthermore, these findings imply that early treatment of periph-
eral inflammation could prevent the development of minimal HE.27

IFN-γ is another cytokine that is involved in neuroinflamma-
tion and HE. An elevated IFN-γ level has been found in both 
rats with HE and cirrhotic patients.28 The plasma concentration 
of IFN-γ has also been strongly correlated with the severity of 
HE. Another study recruiting chronic hepatitis B-related cir-
rhotic patients also found an elevated IFN-γ level in patients 
with chronic HE.29

4.4. Relationship between central nervous system 
clearance and HE
In 2012, the glymphatic system was first defined as a brain-wide 
clearance system that provides a perivascular pathway for cer-
ebrospinal fluid (CSF) and interstitial fluid (ISF) exchange. The 
glymphatic system facilitates efficient clearance of solutes and 
waste from the brain.30 CSF in the perivascular space is trans-
ported into the interstitium by aquaporin-4 (AQP4) water chan-
nels on astrocytes membranes. The glymphatic system can clear 
noxious substances and metabolites in the brain including solu-
ble amyloid β.31

In the past, it was believed that the central nerve system (CNS) 
lacked a classical lymphatic drainage system. In 2015, functional 
lymphatic vessels lining the dural sinuses of meninges were dis-
covered,32 and classical markers of lymphatic endothelial cells 
(LECs) such as vascular endothelial growth factor receptor 3 
(VEGFR3) and prospero homeobox protein 1 (Prox1) were 
found to be expressed on these meningeal lymphatic vessels. 
These vessels can transport both fluid and immune cells from 
the CSF to the deep cervical lymph nodes. In 2018, Da Mesquita 
et al33 further showed that the meningeal lymphatic system is 
significantly involved in CNS clearance.

In 2019, Hadjihambi et al34 first described an association 
between HE and the glymphatic system. They found alterations of 
the glymphatic clearance system in a rat model with liver cirrhosis 
and HE, and magnetic resonance imaging (MRI) showed that the 
efficacy of glymphatic flow was decreased in the olfactory bulb and 
prefrontal cortex of cirrhotic rats, but increased in the hippocam-
pus. This indicated that the glymphatic system was impaired in the 
cirrhotic rat model with HE. Although the whole picture of patho-
physiological mechanisms of impaired glymphatic clearance system 
is unclear, a significantly lower AQP4 expression was found in both 
the olfactory bulb and prefrontal cortex of rats with bile duct liga-
tion. This change has also been observed in other neurodegenera-
tive disorders such as Alzheimer disease.33

Meningeal lymphatic vessels may also play a critical role in 
HE, as they have been shown to be the major route for drain-
ing brain waste materials and trafficking immune cells from the 
brain. A recent study demonstrated that the meningeal lym-
phatic system might fail to reduce harmful metabolites such as 
ammonia in the brain, but that meningeal lymphangiogenesis 
might enhance the ability to clear ammonia in cirrhotic rats.35 
The meningeal lymphatic system is therefore recognized to be a 
potential therapeutic target for HE, in addition to other neuro-
degenerative and neuroinflammatory disorders.
Several mechanisms may upregulate cytokine levels in the CNS, 
and noxious stimuli have been shown to induce cytokine pro-
duction in the brain. In a model of Alzheimer disease, amyloid 
was shown to induce TNF, IL-6, and IL-1β production in micro-
glia, the macrophages in CNS parenchyma.36 On the other hand, 
cytokines released by meningeal immune cells in the CSF may 
diffuse into the brain. Cytokines can also come from the sys-
temic circulation, and blood-borne cytokines can act on brain 
endothelial cells directly or reach the brain parenchyma. The 
circadian rhythm controls blood-brain barrier permeability, CSF 
production, and cytokine release.37 The release of cytokines by 
different sources is regulated by the circadian rhythm via modu-
lation of cytokine recirculation and exchange between the ISF 
and the CSF. Aging, impaired or diminished glymphatic and 
meningeal lymphatic functions can also affect cytokine efflux 
from the parenchymal ISF.33 The meningeal lymphatic-lymphatic 
connection may be modulated by altered levels of cytokines in 
the brain parenchyma or CSF. Direct signaling on the cellular 
components within each system (eg, on astrocytes along the 
glymphatic route or on endothelial cells of the meningeal lym-
phatics) may play a crucial role in this effect.38

5. DIAGNOSIS

5.1. Classification
HE can be classified based on the underlying diseases contrib-
uting to its development, the severity of HE manifestation, the 
time course, and the existence of precipitating factors (Table 1).1 
According to the underlying conditions, HE is categorized as 
type A (resulting from acute liver failure), type B (primarily 
resulting from portosystemic shunts), and type C (resulting from 
liver cirrhosis).
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The West-Haven criteria are widely used to categorize HE 
based on the severity of HE.39 In general, HE is subclassified 
into covert HE (minimal HE and West-Haven grade I HE) and 
overt HE (West-Haven grades II-IV HE). Minimal HE is defined 
as abnormal changes in psychometric or neuropsychological 
tests without significant clinical manifestations. Covert HE 
is often noticed by caregivers who are very familiar with the 
patient. Although clinical manifestations are not as prominent 
as in overt HE, covert HE significantly affects the patient’s QOL, 
driving performance, and it is even associated with increased 
hospitalizations. Grade I HE is defined as changes in behavioral 
or cognitive function. Grade I HE is also often noticed by car-
egivers in patients who cannot pay attention or focus. Grade 
II HE is defined as disorientation in time and lethargy. A sign 
during a physical examination called flapping tremor (asterixis) 
has also been observed in patients with grade II HE. Grade III 
HE is defined as disorientation in space and confusion. Patients 
with grade III HE are often confused, with obvious personality 
changes. Grade IV HE is defined as patients who are comatose 
and unconscious.

According to the time course and presence of precipitating 
factors, HE can be classified as episodic, recurrent and per-
sistent HE, and nonprecipitated and precipitated HE, respec-
tively. Precipitating factors are often identified in patients with 
type C HE. Furthermore, some questionnaires are used for 
the staging of HE, for example, the Clinical HE Staging Scale 
(CHESS).

5.2. Diagnostic tools
Various neuropsychological and psychophysical tests are used 
to diagnose HE, including the Psychometric HE Score (PHES). 
The PHES consists of five sections: two number connection 
tests, a circle dotting test, Digit Symbol test, and line drawing 
test.40 The PHES test has been widely used to identify minimal 
HE and quantify overt HE. Covert HE lacks significant clini-
cal manifestations and is only detectable by using neuropsy-
chological and psychophysical tests. Sharma et al41 advocated 
critical flicker frequency to diagnose covert HE. In 2013, Bajaj 
et al42 developed the smartphone application-based Stroop test 
to screen minimal HE. They found that the Stroop test was con-
venient and comparable to standard psychometric tests in the 
diagnosis of covert HE.42 Electroencephalography (EEG), on 

the other hand, can demonstrate nonspecific features of corti-
cal cerebral activity in patients with HE. For example, a sig-
nificantly lower amplitude of peak frequency on EEG has been 
observed in HE patients.43

Serum ammonia level is the most frequently used biochemis-
try test in patients with different stages of HE. Importantly, no 
strong correlation has been identified between serum ammonia 
level and the severity of HE, and hyperammonemia alone can-
not be used to diagnose HE. However, serum ammonia level can 
be a predictor of mortality and HE-related hospitalization. A 
serum ammonia level of ≥79.5 µmol/L has been associated with 
a higher mortality rate in patients with cirrhosis,44 and cirrhotic 
patients with a fasting serum ammonia level of >1.5 × ULN 
have been reported to have a higher risk of recurrent HE and 
HE-related hospitalization.45 Some limitations of the application 
of serum ammonia level have been suggested. First, standard val-
ues vary across different medical institutions, and there is a lack 
of standardization for blood sampling and the measurement of 
ammonia level. Second, venous blood for blood sampling is pre-
ferred as ammonia level in arterial blood tends to be higher than 
in venous blood. Third, fasting blood sampling is also preferred 
as the plasma ammonia measurement is more accurate in fast-
ing status. Fourth, blood samples should be analyzed within 30 
minutes after drawing, and the blood test tube should be placed 
on ice.

Some serum biomarkers for HE have been suggested in recent 
studies. Serum 3-nitrotyrosine level was found to be a useful 
biomarker to identify minimal HE in cirrhotic patients in a 
cohort study.46 Another study suggested that serum IL-6 level 
may be a useful biomarker, as cirrhotic patients with minimal 
HE had more than twice the serum IL-6 level of patients without 
minimal HE.47

5.3. Brain imaging
Brain imaging techniques such as computed tomography and 
MRI play a role in the diagnosis of HE by excluding other 
neurological diseases. MRI techniques and positron emission 
tomography such as functional MRI, MRI with volumetric 
analysis, and diffusion tension imaging have also been applied. 
In patients with liver cirrhosis, greater activation of the bilateral 
parietal and prefrontal cortices has been observed.48 Another 
study demonstrated reduced blood oxygen level-dependent sig-
nals in the right middle frontal gyrus and left posterior cingulate 
cortex.49

6. MANAGEMENT
The therapeutic strategy and goals are distinct according to the 
type of HE, such as type A and type B, due to their different 
pathophysiology. In cirrhotic patients with HE, treatment is 
always necessary for overt HE but not routinely for minimal 
HE. In general, treatment goals are based on the severity of 
HE. Liver transplantation is a definitive therapy for cirrhotic 
patients with HE. Table 2 shows various conventional therapies 
and novel treatment strategies for HE.

6.1. Therapy for overt HE in cirrhotic patients
In patients with high grade HE (grade III-IV), supportive meas-
urements should be monitored closely. Airway protection is 
mandatory in patients with grade IV HE. Other blood tests such 
as renal function, arterial blood gas analysis, and electrolytes 
are also crucial in the management of acute HE. Nonabsorbable 
disaccharides such as lactulose are widely used in the treatment 
of acute episodes of overt HE.39 The mechanism of lactulose in 
HE therapy is unclear, however, it is assumed that its acidifica-
tion of the colon and prebiotic effects are beneficial for HE. 

Table 1

Various classifications of HE

According to the underlying disease
Type A: resulting from acute liver failure
Type B: primarily resulting from portosystemic shunts
Type C: resulting from liver cirrhosis.
According to the time course
Episodic HE
Recurrent HE
Persistent HE
According to the existence of precipitating factors
Nonprecipitated
Precipitated
The West Haven criteria (based on the severity of HE)
Covert HE Minimal: abnormal alternations of psychometric or 

neuropsychological tests without significant clinical manifestation
Grade I: alternations of behavior or cognitive function 

Overt HE Grade II: disorientation for time and lethargy. Flapping tremor 
(asterixis)

Grade III: confused, with obvious personality changes
Grade IV: coma
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Polyethylene glycol is an alternative for lactulose, and a rand-
omized controlled trial (RCT) suggested that polyethylene gly-
col might be superior to standard lactulose therapy in patients 
with cirrhosis hospitalized for acute HE.50 Antibiotics such as 
rifaximin are also used for HE treatment, and a study showed 
that rifaximin had beneficial effects on HE and suggested a 
definite role in the management of HE.51 Other therapies such 
as oral branched-chain amino acid (BCAA) supplements and 
l-ornithine l-aspartate (LOLA) have been investigated in several 
studies and demonstrated to improve HE. Albumin as an add-
on therapy to lactulose has been reported to be more effective 
than lactulose alone in the treatment of overt HE.52 Nutritional 
support is critical in the management of HE, and malnutrition 
is common in cirrhotic patients with HE. A low protein diet or 
chronic protein restriction was suggested in the past; however, 
it is now considered to be detrimental in cirrhotic patients with 
HE, because sarcopenia has been proven to be a poor prog-
nostic factor in cirrhotic patients.53 Guidelines for the clinical 
management of HE by the American Association for the Study 
of Liver Diseases (AASLD) recommend a daily energy intake of 
35 to 40 kcal/kg ideal body weight and daily protein intake of 
1.2 to 1.5 g/kg/d.

6.2. Treatment for covert HE
Although treatment is not routinely needed for covert HE, 
some trials have demonstrated that treatments such as lactu-
lose and probiotics may be beneficial in some patients with 
covert HE.54 A recent double-blinded randomized control trial 
demonstrated that albumin infusion was beneficial for cir-
rhotic patients with prior HE and recurrent minimal HE.55 
Improved cognitive function and psychosocial QOL have also 
been reported. On the other hand, the diagnosis of covert HE 

remains challenging, and different trials have used different 
endpoints. Treatment decision should therefore be discussed 
case by case.

6.3. Prevention
Primary prophylaxis can prevent the first episode of overt HE in 
cirrhotic patients, and lactulose has been shown to have a ben-
eficial role in primary prophylaxis.56 Appropriate dosage adjust-
ment is needed based on the patient’s tolerability to side effects 
such as flatulence and diarrhea. Secondary prophylaxis can pre-
vent recurrent episodes of HE after the initial episode. A RCT 
demonstrated that lactulose was effective for the prevention of 
recurrent HE in cirrhotic patients,57 and another study showed 
that lactulose could also prevent HE in cirrhotic patients with 
acute variceal bleeding.58 Guidelines for the clinical manage-
ment of HE by the European Association for the Study of the 
Liver (EASL) recommend lactulose for secondary prevention 
after the initial episode, and rifaximin as an adjunct to lactu-
lose for prevention after the second episode.59 Probiotics have 
also been shown to be effective for the secondary prevention 
of HE and to reduce the risk of hospitalization for HE.60,61 HE 
treatment is also routinely applied for patients after receiving a 
transjugular intrahepatic portosystemic shunt (TIPS) to prevent 
post-TIPS HE. Nevertheless, a study showed that neither lact-
ulose nor rifaximin could prevent HE after TIPS.62 Therefore, 
routine prophylactic therapy is not recommended for the pre-
vention of post-TIPS HE according to the AASLD guidelines.

7. NOVEL TREATMENT STRATEGIES
Recent evidence has indicated that gut dysbiosis may play a piv-
otal role in ammonia metabolism, and that it may be involved 
in the pathophysiology of HE. In addition, gut dysbiosis may 
worsen portal hypertension,63,64 and progression of portal 
hypertension could exacerbate HE. Therefore, an increasing 
number of clinical studies have demonstrated that fecal material 
transplantation (FMT) may be a novel and promising treatment 
for overt HE. The first open-label randomized trial evaluating 
the role of FMT from a single stool donor in cirrhotic patients 
with recurrent HE showed its effectiveness in a high-risk popu-
lation.65 A recent study also showed that microbiota transplan-
tation could alleviate splanchnic hyperdynamic circulation by 
improving vascular responsiveness and decreasing mesenteric 
angiogenesis.66 A larger open-label randomized trial of FMT 
from various stool donors in cirrhotic patients with recurrent 
episodes of HE despite maintenance therapy with lactulose or 
antibiotics is still ongoing (ClinicalTrials.gov: NCT03439982).

The aforementioned brain clearance systems such as the 
glymphatic system and meningeal lymphatic system may play 
a pivotal role in the pathogenesis of HE. An animal study dem-
onstrated that promoting meningeal lymphangiogenesis amelio-
rated HE.38 Modulation of brain clearance systems may be a 
novel strategy in the treatment of HE. Other novel strategies to 
reduce ammonia level are still being investigated in in preclini-
cal studies, including activated carbon microspheres,67 extracor-
poreal albumin dialysis,68 engineered bacteria,69 and glutamine 
synthetase replacement.70

In conclusion, HE is one of the main complications of liver 
disease and portal hypertension. Considering the suboptimal 
efficacy of traditional nonabsorbable disaccharides such as 
lactulose and antibiotics such as rifaximin, the exploration of 
novel therapies is anticipated. FMT may be promising because 
recent RCTs have demonstrated its beneficial effects in high-risk 
populations. In addition, therapies directly targeting neurons 
and novel ammonia removal methods are undergoing preclinical 
studies. Furthermore, recent studies have identified that central 

Table 2

Conventional therapies and novel treatment strategies of HE

Type of 
HE Conventional treatments

Novel treatment strategies  
(undergoing pre-clinical investigations,  

still not approved)

Covert HE 1. Nonabsorbable  
disaccharides (such as 
lactulose, polyethylene 
glycol)

2. Albumin infusion

Fecal Material 
Transplantation 

Ongoing randomized  
control trial

ClinicalTrials.gov: 
NCT03439982 

Activated carbon 
microspheres

Positive result in  
animal model.

Early phase of clinical 
trial

ClinicalTrials.gov: 
NCT03202498

Overt HE 1. Nonabsorbable 
disaccharides (such as 
lactulose, polyethylene 
glycol)

2. Rifaximin
3. Albumin as an add-on 

to lactulose
4. Oral branched-chain 

amino acid (BCAA) 
supplements, 
l-ornithine l-aspartate 
(LOLA)

5. Liver transplantation 
(recurrent or 
persistent HE)

Golexanolone (a 
GABA receptor 
antagonist)

Positive result in a pilot 
study. Further clinical 
trial planned

Glutamine synthetase 
replacement

Under pre-clinical 
animal studies

Engineered bacteria Under pre-clinical 
animal studies

DIALIVE liver dialysis Small RCT done. Further 
larger clinical trial 
planned
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nervous system clearance, such as via the meningeal lymphatic 
system and glymphatic system, plays an important role in HE. 
Hopefully in the near future, clarification of the pathogenesis of 
HE will lead to further progress in the treatment of HE.
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