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A B S T R A C T

Hepatic encephalopathy (HE) is a brain dysfunction caused by liver insufficiency and/or portosystemic

shunts. Between 30%−40% of patients with cirrhosis will present overt HE during their lifetime. While the

pathophysiology of HE is not entirely understood, three critical factors have been identified: hyperammonae-

mia, systemic inflammation and oxidative stress by glutaminase gene alterations. Minimal HE is defined by

the presence of signs of cognitive abnormalities in a patient without asterixis or disorientation; it can only be

diagnosed with neuropsychological or psychometric tests. The diagnosis of overt HE is based on clinical

examination with clinical scales. Currently, only overt HE should be routinely treated. The aims of treatment

in an acute episode should be to improve the mental status, identify and treat the precipitating factor, reduce

duration and limit consequences. Treatment strategies are targeted at reducing ammonia production and/or

increasing its elimination. Even though minimal HE has negative effects on the patient’s quality of life and

effects on prognosis, indications for treatment are still controversial. There are still many unanswered ques-

tions regarding the pathophysiology and management of HE. We should also endeavor to develop more accu-

rate and objective diagnostic methods for overt HE that would permit early detection and help improve

outcomes on quality of life and economic burden.

© 2022 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Hepatic encephalopathy (HE) is a brain dysfunction caused by

liver insufficiency and/or portosystemic shunts. It has a broad spec-

trum of neuro-psychiatric manifestations ranging in severity from

subclinical alterations to coma [1]. In cirrhosis, the appearance of

overt HE is a sign of decompensation and portends stage IV disease

(the first non-bleeding decompensation) [2]. The cumulative inci-

dence of HE in cirrhosis is 5−25% at five years and 7−42% at 10 years.

The prevalence of covert HE is 20−80% and 30−40% of patients with

cirrhosis will present overt HE during their lifetime [3]. Despite

appropriate treatment, patients with a previous history of overt HE

have a 42% risk of recurrence within one year [4]. The economic bur-

den is important; a systematic review showed that annual HE direct

costs range from $5320 to $50,120 US [5]. In this review, we will be

focusing on HE associated with cirrhosis.

2. Pathophysiology

The pathophysiology of HE is not entirely understood; however,

three critical factors have been identified: hyperammonaemia, sys-

temic inflammation and oxidative stress by glutaminase gene altera-

tions (Fig. 1) [6].

2.1. Hyperammonaemia

Ammonia is the product of protein digestion, amino acid deami-

nation and bacterial urease activity. It is mostly produced in the gut

and carried into the liver by the portal vein. Since high concentrations

of ammonia are toxic, the liver regulates the concentration in

systemic circulation through the urea cycle, maintaining low levels

(30−50mM) [4, 7].

The skeletal muscle also contributes to the regulation of blood

ammonia levels by absorbing ammonia from plasma and releasing

glutamine. In patients with decompensated cirrhosis, the muscle

uptake of branched chain amino acids increases with the arterial

ammonia concentration. Hence, hyperammonaemia lowers amino

acid plasma levels by increasing muscular metabolism and glutamine

synthesis [8]. In cirrhosis, the muscle may remove even more ammo-

nia than the liver [8].

Ammonia can cross the blood brain barrier, where the only cells

that metabolize ammonia are astrocytes by means of the enzyme
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glutamine synthetase, which transforms ammonia into glutamine.

Glutamine acts as an osmolyte and its accumulation leads to astro-

cyte swelling, followed by brain oedema and metabolic dysfunction.

[6, 7]. It can also directly affect cell function by changing the pH, caus-

ing oxidative stress and mitochondrial dysfunction, raising the mem-

brane potential of both neurons and astrocytes, and altering brain

metabolism [9].

2.2. Inflammation

Patients with cirrhosis have an impaired capacity to clear bacterial

antigens arriving from the gut. Furthermore, damage to the intestinal

barrier results in a higher rate of intestinal bacteria translocation,

producing pathogen-associated molecular patterns (PAMPs), which

interact with Kupffer cells leading to activation of the immune

response and systemic inflammation [4, 6, 10, 11].

It has been found that hyperammonaemia is associated with sig-

nificant neuropsychological deterioration during the inflammatory

state, secondary to infection in patients with cirrhosis [12]. Another

prospective study found that the Systemic Inflammatory Response

Syndrome score was higher in patients admitted for grade 4 HE, sug-

gesting an association between inflammation and HE [13].

Microbiota also play a critical role since the function and composi-

tion of microbiota may alter the disease’s course [4]. It has been

found that overt HE is associated with alterations in the stool micro-

biome compared with non-cirrhotic patients. HE is also strongly asso-

ciated with cognitive impairment [14]. Changes in microbiome

become more severe with decompensation—the higher the endo-

toxin levels, the lower the dysbiosis rate [15]. Also, when controls

were compared with patients with HE, a significant reduction in

autochthonous taxa, such as Clostridiales XIV, Ruminococcaceae and

Lachnospiraceae was found, with a significant increase in pathogenic

taxa, for example, Enterococcaeae, Staphylococcaceae and Enterobac-

teriaceae [15].

2.3. Glutaminase gene

Phosphate-activated glutaminase catalyzes the hydrolysis of glu-

tamine into glutamate and ammonia; it is found in the intestine, kid-

ney and neurons [7 16] Intestinal phosphate-activated glutaminase

concentrations are higher in patients with cirrhosis compared with

healthy subjects; glutaminase concentrations are also independently

associated with the presence of minimal HE [17].

Having two long alleles of a microsatellite in the phosphate-acti-

vated glutaminase gene (kidney type) correlates with higher gluta-

minase concentrations in vivo and an increased risk for overt HE [18].

Another study found that carriers of the long microsatellite had a

higher risk of HE diagnosed by critical flicker frequency test (Odds

Ratio (OR) 3.23, 95% confidence interval (CI) 1.46−7.13; P = 0.004)

[19].

3. Diagnosis

HE can be classified based on four different factors: (1) underlying

cause, (2) severity of disease manifestation (according to West-Haven

Criteria, WHC and International Society of Hepatic Encephalopathy

and Nitrogen Metabolism, ISHEN criteria), (3) time course and (4)

precipitating factors (Table 1) [1, 3].

3.1. Minimal and covert hepatic encephalopathy

Minimal and covert HE is very difficult to diagnose based only on

clinical examination. They are defined by the presence of signs of cog-

nitive abnormalities in a patient without asterixis or disorientation.

Fig. 1. Physiopathology of hepatic encephalopathy.

1 Ammonia is primarily produced in the gut by protein digestion and bacterial urease activity; changes in microbiome have also been associated with increased endotoxin lev-

els. 2 Alterations in the intestinal barrier cause bacterial translocation which leads to cytokine production, resulting in systemic inflammation. 3 The liver regulates ammonia con-

centration through the urea cycle, transforming ammonia into urea, which is then excreted by the kidneys in urine; when its capacity is exceeded, hyperammonaemia occurs. 4

Ammonia can cross the blood brain barrier, where the only cells that are able to metabolize it are astrocytes using glutamine synthetase, which transforms ammonia into glutamine.

Glutamine acts as an osmolyte causing neuronal and astrocyte swelling leading to brain oedema and alterations in brain metabolism. 5 Phosphate-activated glutaminase (PAG) is

located in the intestines, liver and brain. PAG catalyses the hydrolysis of glutamine into ammonia in patients with cirrhosis; intestinal concentrations of PAG are higher. It has also

been found that long alleles in the microsatellites in the PAG gene are associated with increased risk of HE.
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Minimal HE indicates that there are no clinical signs; therefore, it can

only be diagnosed with neuropsychological or psychometric tests. On

the other hand, covert HE is defined as grade I in the WHC (Table 1)

[1, 20, 21].

Testing strategies can be divided into two categories: psychomet-

ric and neurophysiological (Table 2). The gold standard of diagnosis

is the Psychometric Hepatic Encephalopathy Score. [1, 20]. By con-

sensus, the diagnosis of minimal HE or covert HE should be made

using two testing strategies: the Psychometric Hepatic Encephalopa-

thy Score and one of a range of computerized and validated neuro-

physiological tests. It should be noted that none of the tests is specific

for HE [22].

3.2. Overt hepatic encephalopathy

The diagnosis of overt HE is largely based on clinical examination.

Clinical scales are used for diagnosis and grading severity, but they

are subjective and require clinical skills. [1, 6, 23]. The gold standard

of diagnosis according to the European Association for the Study of

the Liver/ American Association for the Study of Liver Diseases (EASL/

AASLD) Guidelines is the WHC (Table 1), overt HE consists of stages

2−4 [1].

Nevertheless, neither the clinical symptoms nor the laboratory or

imaging findings are specific to HE. For this reason, overt HE remains

a diagnosis of exclusion and must always be differentiated from other

neurologic diseases, other forms of metabolic encephalopathy, men-

tal status alterations due to alcohol or drug consumption, medica-

tions, or effects of hyponatremia [20]. A conscientious clinical history

should be taken in order to identify precipitating factors and prompt

correction should follow. Previous HE episodes increase the likeli-

hood of the current episode being HE and should be taken into con-

sideration [6].

3.3. Laboratory testing

To date, there are no laboratory markers able to diagnose overt

HE, but they are useful to identify precipitating factors or to rule out

other diagnoses [20]. While measuring ammonia levels might seem

attractive due to its importance in pathogenesis, its role in diagnosis

is still debated. One must remember that ammonia impacts cerebral

function only after it crosses the blood brain barrier. For this reason,

serum ammonia levels do not reflect the rate of ammonia entry into

the brain [20]. However, if ammonia levels are normal in a patient

suspected of overt HE, the diagnosis should be challenged [1].

The best evidence for the relationship between ammonia levels

and HE severity is in the context of acute liver failure. In one study, a

cut-off value of > 100mmol/L identified patients at high risk of devel-

oping HE, and the authors also found that ammonia levels remain

high in patients with intracranial hypertension [24]. Another study in

hospitalized patients found that a cut-off value of 80 mmol/L was

associated with higher 28-day mortality [25].

3.4. Imaging testing

Currently, there is no image modality that can contribute to the

diagnosis or grading of overt HE [4]. Magnetic resonance imaging is

the most commonly used imaging method in research studies, and

specific software can demonstrate structural and functional cellular

changes [4]. Bilateral symmetric hyperintensity of the basal ganglia

has been associated with excess manganese deposits; however, its

relation with HE has not been demonstrated [26]. Diffusion-weight

magnetic resonance has demonstrated interstitial oedema in patients

with minimal HE or overt HE [27]. Positron emission tomography

using 18F-fluorodeoxyglucose has demonstrated a reduction in glu-

cose metabolism in the anterior cingulate gyrus that may be associ-

ated with attention deficit in patients with HE [28].

Table 1

Classification of HE according to different factors. WHCWest-Haven Criteria. ISHEN International Society for Hepatic Encephalopathies and Nitrogen Metabolism [1, 3].

Underlying cause Severity of disease manifestations (ISHEN) (WHC) Time course Precipitating factors

A Acute liver failure Covert: Alterations to executive

functions

Minimal: No clinical manifestations.

Established by psychometric or

neuropsychological tests.

Episodic: HE bouts that occur at an

interval of > 6 months.

Not precipitated

I: Cognitive and/or behavioural

deterioration

B Portal-systemic bypass Overt: Manifestation range from

lethargy or apathy to coma

II: Asterixis, inappropriate behav-

iour, disorientation

Recurrent: HE bouts that occur

within an interval of ≤ 6 months.

Precipitated

C Cirrhosis III: Somnolence, gross disorientation

D Acute-on-chronic liver failure IV: Coma Persistent: Behavioural alterations

are always present, alternated

with relapses of overt HE

Table 2

Diagnostic test for minimal and covert hepatic encephalopathy [1, 20, 22, 90].

Test Category Classification Test Sensitivity and Specificity

Psychometric Paper-pencil tests Psychometric Hepatic Encephalopathy Score: 5 tests that evaluate cognitive and

psychomotor processing seed and visuomotor coordination.

Total cut-off value: < -4. Sensitivity: 96%

Specificity: 100%

Continuous Reaction Time: Registration of motor reaction time to press a button to

auditory stimuli. It measures the stability of the reaction time.

Cut-off value: < 1.9

Computerized Inhibitory Control Test: Evaluates inhibition, working memory, vigilance, and

attention span

Sensitivity: 87% Specificity: 77%

EncephalApp Stroop: Evaluates psychomotor speed and cognitive alertness by the

interference between recognition reaction time to a coloured field (off-time) and

a written colour name in different colour (on-time).

Cut-off value: 190 s

SCAN: Composed of 3 parts that measure speed and accuracy to perform a digit

recognition memory task of increasing complexity.

Neurophysiological Critical Flicker Frequency: It is the frequency at which a fused light (60 Hz down-

ward) appears to be flickering to the observer

Cut-off value: < 39 Hz Sensitivity: 61% Speci-

ficity: 79%

Electroencephalogram Sensitivity: 43−100%
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Brain imaging should only be performed if there are signs of other

neurological issues or if there is an inadequate response to overt HE

treatment [6]. It has been suggested that response to treatment might

be the best measure to prove the diagnosis [23].

3.5. Electroencephalogram

HE is associated with changes in two of the principal components

of the electroencephalographic pattern: (1) the rhythmic background

activity, which in patients with HE progressively slows down with

the reduction of eye-opening reactivity and (2) transients. In patients

with moderate to severe HE, "triphasic waves" can be observed in

wake electroencephalogram (EEG). They can also be observed in

other metabolic encephalopathies, where their appearance may be

associated with white matter oedema [29].

A study found that EEG alterations have a prognostic value by pre-

dicting episodes of overt HE (HR 3.3, 95% CI 1.8−6.1) and mortality

(HR 3.1, 95% CI 1.7−5.6) within one year [30]. A large study testing

the benefit of adding an EEG-based HE index to the Model for End-

Stage Liver Disease (MELD) score, found that it improved the accuracy

to predict 12 month (AUCMELD-EEG=0.69 § 0.03 vs. AUCMELD = 0.62 §

0.04, P = 0.016) and 18 month (AUCMELD-EEG = 0.71 § 0.03 vs. AUC-

MELD = 0.64 § 0.03, P = 0.018) mortality [31].

Decreased variability or increased regularity of physiological

rhythms has also been found in the EEG of patients with cirrhosis

compared with the unimpaired population (21.2% vs. 22.4%,

P < 0.001) [32]. However, EEG is nonspecific and may be influenced

by many metabolic disturbances and alcohol and drug intake.

4. Management

HE is most commonly precipitated in patients with cirrhosis. The

most common precipitating factors include infections, followed by a

previous history of overt HE, sarcopenia, hyponatremia, type 2 diabe-

tes mellitus, renal impairment, low albumin levels and medications

(diuretics, proton pump inhibitors, beta-blocker [33]. and statins) [3].

The EASL/AASLD guidelines recommend that only overt HE should

be routinely treated [1]. The aims of treatment in an acute episode

should be to improve the mental status, identify and treat the precip-

itating factor, reduce duration and limit consequences. After one epi-

sode of overt HE, therapy should focus on preventing recurrence and

hospital admissions, improving quality of life and limiting the impact

on patients’ families. [4, 20]. Treatment strategies are targeted at

reducing ammonia production and/or increasing its elimination [34].

In order to prevent future events, attention should be focused on lim-

iting and promptly correcting precipitating factors.

4.1. Nonabsorbable disaccharides

The disaccharides, lactulose and lactitol, are nondigestible sub-

stances and are the recommended first-line therapy. When they

reach the colon, they are degraded into short-chain organic acids.

The acidic environment reduces ammoniagenic bacteria, inhibits bac-

terial ammonia production and reduces ammonia absorption by con-

verting ammonia to nonabsorbable ammonium. Furthermore, the

increased osmolality also accelerates intestinal transit, removing

excess faecal nitrogen through a laxative effect [4, 6, 20, 34]. Lactose

also increases zinc absorption [35]. There is limited information from

randomized control trials (RCT) supporting the use of this treatment.

A trial comparing lactulose enemas versus neomycin tablets found

that both treatments have comparable effects in the improvement of

asterixis and electroencephalograms, but lactose enemas also acidi-

fied stool pH and improved number-connection tests [36]. A trial

comparing lactulose with lactitol found no significant difference in

safety and efficacy [37]. Another RCT comparing acidifying enemas

(lactitol and lactulose) improved HE compared with non-acidifying

agents [38].

A systematic review of nonabsorbable disaccharides for the treat-

ment of overt HE concluded that there is insufficient evidence to sup-

port or refute their use and should not serve as comparators in

randomized trials, there was no effect on mortality (RR 0.41, 95 CI

0.42−2.04) [39]. A more recent Cochrane systematic review found

that there is moderate quality evidence that disaccharides benefit

outcomes mortality (RR 0.63, 95% CI 0.41−0.97) and HE (RR 0.58, 95%

CI 0.50−0.69) when compared with placebo/no intervention, with a

number necessary to treat (NNT): 6 [40].

Polyethylene glycol 3350-electrolyte (PEG) solution, an osmotic

laxative, was compared with lactulose in the treatment of overt HE in

hospitalized patients. Ninety-one percent of patients treated with

PEG improved in one or more HE algorithm scores, compared with

52% in the control group (P < 0.01). The median time of HE resolution

was two days with standard therapy and one day with PEG (P = 0.01)

[41]. These findings suggest that PEG could be an alternative to lactu-

lose in hospitalized patients.

4.2. Antibiotics

Antibiotics are aimed at reducing the number of ammonia pro-

ducing bacteria in the intestine [34]. The first trial using antibiotics

was performed with neomycin and demonstrated a reduction of

ammonia colonic concentrations after cleansing with the antibiotic

[42].

Rifaximin is a nonabsorbable antibiotic that acts against gram pos-

itive, gram negative, aerobic and anaerobic enteric bacteria by inhib-

iting RNA synthesis [4]. One of the first trials compared rifaximin

with neomycin, and found that 1200 mg of rifaximin a day was as

effective as neomycin in reducing HE grade at 30 days [43]. When

compared with lactulose, rifaximin was found to be as safe and effec-

tive for HE reversal (95.4% and 84.4%, respectively, P = 0.315) [44].

The same was found when compared with lactitol (81.6% for rifaxi-

min and 80.4% for lactitol) [45]. However, a randomized trial found

that the combination of lactulose plus rifaximin is more effective

than lactulose alone for HE reversal (76% and 50.8%, respectively,

P < 0.004) and mortality reduction (23.8% vs. 49.1%, P < 0.05) [46].

A systematic review found that rifaximin is as effective as nonab-

sorbable disaccharides and other antibiotics (OR 0.96, 95% CI 0.94

−4.08) but with a better safety profile for improving the mental sta-

tus and reducing asterixis (OR 0.27, 95% CI 0.12−0.59) [47]. Rifaximin

has also been associated with the reduction in healthcare costs by

reducing hospitalization risk by 50% compared with lactulose [5]. A

6-month treatment with rifaximin maintains remission more effec-

tively than placebo by reducing the risk of an episode of HE (HR 0.42,

95% CI 0.28−0.64; P < 0.001) and reducing the risk of hospitalization

(HR 0.50, 95% CI 0.29−0.87; P = 0.01) [48].

4.3. Metabolic ammonia scavengers

Metabolic ammonia scavengers promote ammonia excretion

through the urine by alternate pathways. Sodium benzoate, which

conjugates with glycine in the liver and is excreted in the urine as

hippurate, was one of the first proposed scavengers [49]. It was later

tested and shown to be as efficacious as nonabsorbable disaccharides

for the treatment of HE [50].

Glycerol phenylbutyrate also provides a surrogate pathway for

ammonia removal in the form of urinary excretion of phenylacetyl

glutamine. When compared with lactulose and rifaximin, it reduced

total events (35% vs. 57%; P < 0.04) and time to first event (HR 0.56,

95% CI: 0.32−0.99; P < 0.05,) and ammonia levels were significantly

lower (62 vs. 76 mmol/L; P < 0.04) [51].

Ornithine phenylacetate enhances the activity of glutamine syn-

thetase, inducing muscle to trap ammonia as glutamine, which is
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then conjugated with phenylacetic acid to form phenylacetylglut-

amine and excreted in the urine [52]. In a trial, patients given orni-

thine phenylacetate after an episode of upper gastrointestinal

bleeding showed that it reduced plasma ammonia levels (37% at day

5) and was safe [53]. A more recent trial found that ammonia levels

did not differ when comparing ornithine phenylacetate with placebo.

However, clinical improvements occurred 21 hours sooner in

patients receiving ornithine phenylacetate and the safety profile was

similar [52]. More clinical trials are warranted to make recommenda-

tions on these agents.

4.4. L-ornithine-L-aspartate

L-ornithine-L-aspartate reduces blood ammonia levels by provid-

ing substrate to stimulate the urea and the glutamine cycles, resulting

in the conversion of ammonia into urea and glutamine. [20, 34]. It

was demonstrated in a RCT that intravenous L-ornithine-L-aspartate

improves mental state and lowers ammonia levels when compared

with placebo [54]. Another study compared oral administration of L-

ornithine-L-aspartate with lactulose and found no difference in the

efficacy for improvement in mental status, asterixis, and decrease in

ammonia level [55].

A recent Cochrane systematic review found that there are possible

beneficial effects of L-ornithine-L-aspartate on mortality in compari-

son with placebo or no-intervention (Relative Risk, (RR) 0.42, 95% CI

0.24−0.72; I2 = 0%), and HE improvement (RR 0.70, 95% CI 0.59−0.83;

I2 = 62%) with a NNT of 6.7. Nevertheless, the quality of evidence is

very low and recommendations cannot be made [56].

4.5. Albumin

Albumin is a protein synthesized in the liver that has been used

for many years as a volume expander. However, it has been found

that albumin has other properties, such as modulating anti-inflam-

matory response and detoxification. [4, 6].

A trial that randomized patients to receive standard treatment

(lactulose and rifaximin 1200 mg/day) with either 1.5 g/kg on day

one and 1 kg on day three of albumin or isotonic saline found that

there was no improvement in resolution of HE (57.7% vs. 53.5%,

respectively; P > 0.05), notwithstanding, a difference in survival at

day 90 (69.2% vs. 40.05, respectively; P = 0.02), suggesting that this

group of patients could benefit from albumin infusion during hospi-

talization [57]. Subsequently, a trial that compared the use of lactu-

lose alone versus lactulose plus albumin found that the addition of

albumin was more efficient in reversing HE (75% vs. 53.3%; P = 0.03)

and reducing mortality (18% vs. 31.6%; P < 0.05) [58].

4.6. Probiotics

Probiotics are defined as living organisms that offer benefits to the

host when administered in sufficient amounts by modulating gastro-

intestinal immunity [59]. It has been suggested that some probiotics

may reduce inflammation, thus helping to restore the microbiota and

preventing bacterial translocation by maintaining intestinal barrier

integrity [60].

A recent meta-analysis comparing probiotics with lactulose

showed the effects of probiotics on all-cause mortality (RR 5, 95% CI

0.25−102), adverse events considering the development of overt HE

(RR 1.17, 95% CI 0.63 to 2.17), hospitalization (RR 0.33, 95% CI 0.04 to

3.07) and plasma ammonia concentration (MD 2.93 mmol/L, 95% CI

9.36 to 3.50) with very low-quality evidence. The most commonly

used probiotic was VSL#3 [61].

The use of probiotics in minimal HE has rendered promising

results. It has been demonstrated that the use of fiber with probiotics

can reverse minimal HE [62]. A meta-analysis comparing probiotics

with lactulose showed a reduction of risk of no improvement of MHE

(RR 0.34, 95% CI 0.24−0.47; P < 0.0001) [63].

4.7. Dietary management

The degree of decompensation, portal-systemic shunting and

nutritional status are important in each patient’s response to diet. It

is important to note that although proteins can precipitate HE, depri-

vation of protein leads to depletion of hepatic protein stores and mal-

nutrition. For this reason, a small trial was performed testing the

effects of vegetal protein and psyllium plantago compared with ani-

mal protein in patients with HE and type 2 Diabetes Mellitus. No dif-

ference was found in the incidence [64].

The current recommendations from the International Society for

Hepatic Encephalopathy and Nitrogen Metabolism Consensus sug-

gest a daily intake of 35−40 kcal/kg body weight and 1.2−1.5 g/kg

protein daily, regardless of the presence of HE. Dairy and vegetable

protein are also better tolerated [65].

4.8. Occlusion of porto-systemic shunts

In patients with persistent HE, spontaneous portocaval shunts

should be suspected, particularly when liver function is not severely

compromised. Clinical data is very limited in this group of patients. A

retrospective analysis showed that this cohort of patients could bene-

fit, with a decreased number of HE episodes at 100 days post emboli-

zation compared with before embolization (59.4% vs. 100%;

P < 0.001), especially if their MELD score was < 11 [66].

Another retrospective study found that embolization of shunts

was associated with improved survival in patients with MELD < 15

and no hepatocellular carcinoma when compared with no emboliza-

tion (100% vs. 60%, respectively; P = 0.03) [67]. No RCT data is avail-

able at the moment, while other data suggest that it may be useful in

a selection of patients with HE and, in most cases, should be consid-

ered a bridge to transplantation [4].

4.9. Faecal microbiota transplantation

As has been previously noted, microbiota play a preeminent role

in the pathogenesis of HE. An open-label RCT was conducted to verify

the safety of faecal microbiota transplantation when compared with

the standard of treatment in patients with recurrent HE. Patients

undergoing standard of treatment had more serious adverse events

than patients who underwent faecal microbiota transplantation (80%

vs. 20%; P = 0.02). As a secondary outcome, cognition was also

improved compared with baseline [68].

A 12-month follow-up after faecal microbiota transplantation cor-

roborated its long-term safety. As a secondary outcome, there was

sustained improvement in neurological status and a reduction in hos-

pitalizations [69]. A systematic review found that faecal microbiota

transplantation improved neurocognitive tests, and readmission

rates were lower when compared with the standard of treatment.

However, the quality of evidence is low and more RCTs are needed to

make recommendations [70].

4.10. Zinc

Low levels of zinc can increase blood ammonia levels by impairing

both glutamine synthetase and the enzymes that participate in the

urea cycle. A systematic review and meta-analysis showed that zinc

supplementation improves performance in the number connection

test (SMD -0.62; 95% CI −1.12 to -0.11) but does not reduce HE recur-

rence (RR 0.64, 95% CI 0.26−1.59) [71]. The only recommendation

that can be made at this moment is to supplement patients who are

zinc deficient.
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4.11. Secondary prophylaxis

The best quality evidence for secondary prophylaxis after an event

of overt HE exists for lactulose and rifaximin. An open-label RCT

showed that lactulose is effective in preventing the recurrence of

overt HE at 14 months compared with placebo (19.6% vs. 46.8%;

P < 0.001) [72]. Another trial found that it was also effective in pre-

venting overt HE after acute variceal bleeding (14% vs. 40%; P = 0.03)

[73]. Rifaximin has also been proposed as a long-term treatment. A

trial showed that 550 mg twice daily of rifaximin for > 24 months

reduces the rate of hospitalization when compared with placebo

(0.21 vs. 0.72 events/PYE) [74].

Long-term albumin administration has also been proposed as a

strategy to prevent overt HE recurrence. A recent RCT found, as a sec-

ondary outcome, that administration of 40 g of albumin twice weekly

for two weeks and then 40 g weekly over 18 months reduced the

incidence of grade 3−4 HE (Incidence rate ratio 0.48, 95% CI 0.37

−0.63; P < 0.001) [75].

4.12. Minimal hepatic encephalopathy

Even though minimal HE has negative effects on patients’s quality

of life and affects prognosis, indications for treatment in minimal HE

are still debated [76]. One small study in Mexico found that the prev-

alence of minimal HE in patients with decompensated cirrhosis to be

up to 44% [77]. Therapy should be tailored to prevent progression to

overt HE, reduce hospitalizations and improve quality of life [20].

A RCT comparing lactulose to no treatment in patients with mini-

mal HE found that lactulose improved cognitive function with a sig-

nificant decrease in abnormal neuropsychological tests from baseline

to 3 months (2.74 to 0.75; P = 0.001) and quality of life [78]. Another

study found that treatment with rifaximin over an 8-week period

improved driving stimulator performance compared with placebo;

91% improved their cognitive performance compared with 61% of

patients given placebo (P < 0.01) [79].

A more recent study found that rifaximin also improves the qual-

ity of life and cognitive function in patients with minimal HE, with a

significant decrease in abnormal neuropsychological tests from base-

line to 8 weeks (2.35 to 0.81; P = 0.000) [80]. A meta-analysis showed

that the use of prebiotics, probiotics and symbiotics (RR 0.49, 95% CI

0.32−0.50; P < 0.001) and lactulose (RR 0.34, 95% CI 0.24−0.47;

P < 0.0001) for the treatment of minimal HE is associated with a

decrease in the risk of no improvement of minimal HE [81]. An open-

label trial showed that treatment with lactulose, probiotics or a com-

bination of both was equally effective in the improvement of minimal

HE in 51−56% of patients [82].

A RCT found that a 60-day oral course of L-ornithine-L-aspartate

was no better than placebo to improve minimal HE, but it did prevent

future episodes of overt HE at 6 months (5% vs. 37.9%; P = 0.016) [83].

A systematic research and network meta-analysis found that rifaxi-

min (OR 7.53; 95% PrI 4.45−12.73; SUCRA 89.2%) and lactulose (OR

5.39; 95% PrI 3.60−8.0; SUCRA 67.2%) are the most effective treat-

ments for the reversal of minimal HE; L-ornithine-L-aspartate (OR

0.19; 95% PrI, 0.04−0.91; SUCRA 75.1%) and lactulose (OR 0.22; 95%

PrI, 0.09−0.52; SUCRA 73.9%) are the most effective in preventing

overt HE; and lactulose was the only agent that improved quality of

life (2 RCTs; MD −6.34; 95% CI, −7.58 to −5.10) [84].

It is known that patients with minimal HE have impaired driving

skills and an increased risk of motor vehicle accidents. In a cost-effec-

tiveness trial, lactulose was the most cost-effective approach and

rifaximin was not cost saving at current prices [85].

5. Quality of life

Quality of life is further impaired in patients with cirrhosis and

HE. Many patients with cirrhosis have insomnia, delayed sleep timing

and excessive daytime sleepiness. However, any cause-effect rela-

tionship with HE is yet to be defined [86]. Cirrhosis has also been

associated with higher in-hospital mortality after motor vehicle acci-

dents (OR: 3.5, 95% CI 2.5−5.5) [87].

A prospective study also found that minimal HE is associated with

falls when compared with patients with cirrhosis without minimal

HE (40.4% vs. 6.2%; P < 0.001). Cognitive dysfunction was the only

independent predictive factor of falls (OR 10.2, 95% CI 3.4−30.4;

P < 0.001) [88]. Treatment of minimal HE with lactulose has been

found to improve quality of life compared with patients with no ther-

apy (12.63 § 15.10 vs. 6.36 § 12.16, P = 0.0523) [89].

6. Future perspectives

The burden of HE on patients’ quality of life, prognosis, mortality

and healthcare costs is not negligible. Further efforts should be made

to better understand the pathophysiology, impact of ammonia, the

microbiota and systemic inflammation to help develop novel thera-

pies with a direct aim.

We should also endeavor to develop more accurate and objective

diagnostic methods for overt HE that would permit early detection

and help improve outcomes on quality of life and economic burden.

Minimal HE and covert HE should be defined more precisely as a way

of facilitating clinical and treatment decisions. Cost-effectiveness

studies should be made to delineate who should be treated and

when therapy should be started and/or suspended.

While improving the mental status and shortening duration are

the primary aims of treatment in acute bouts, focusing on the preven-

tion of further episodes should be paramount for clinicians. There are

still many questions unanswered for the correct diagnosis and man-

agement of HE and there is still a long way ahead of us to finally

improve outcomes for these patients, their families and caregivers.
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