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Abstract

Hepatic encephalopathy (HE) is a very prevalent condition in patients with advanced liver disease and has a high recurrence
rate. The pathophysiology has a multifactorial origin where hyperammonaemia and inflammation become particularly rel-
evant. There are no HE-specific diagnostic tests, and diagnosis is usually made by taking into account the presence of sug-
gestive and compatible clinical symptoms, the existence of a predisposing liver condition and ruling out other causes with
similar clinical manifestations. Once the diagnosis of HE is established, it is essential to carry out an adequate classification
based on the underlying liver disease, the intensity of clinical manifestations, the temporal course of the disease and the pres-
ence or absence of precipitating factors. Treatment should be aimed at decreasing the duration, intensity and consequences
of episodes, preventing recurrence and limiting the impact of the disease in patients and their relatives.

1 Introduction

Key Points
Hepatic encephalopathy (HE) is a very prevalent condition
in patients with advanced liver disease, occurring in 10% of
patients at the diagnosis of cirrhosis [1], reaching up to 20%

Hepatic encephalopathy (HE) is prevalent in patients
with advanced liver disease and is associated with sub-

in decompensated cirrhosis [2] and up to 50% in patients
with transjugular intrahepatic portosystemic shunt (TIPS) [3,
4]. Furthermore, those patients who have had the first epi-
sode of HE have a recurrence risk of up to 40% per year [5].
HE is the leading cause of readmission in cirrhotic patients
with advanced liver disease, and its prevalence has increased
in recent years, which is costly [6, 7].

The impact of the disease on the prognosis of these
patients is significant; since it is associated with an increase
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stantial morbimortality and costs.

The HE diagnosis is based on a combination of compat-
ible symptoms in patients with a predisposition (liver
failure/portosystemic shunt) and the exclusion of other
causes with similar clinical manifestations.

Once an HE diagnosis is established, adequate classifica-
tion is essential to provide uniformity in patient care.

The search for precipitating factors is fundamental for
adequate management and improvement in prognosis.

Specific treatment focuses on targeting and lowering the
accumulation of ammonia and targeting inflammation.

Several factors are known to predispose patients to overt
HE, such as a history of previous HE, diabetes, sarcope-
nia, together with worse liver function, and together with
older age, these factors should be carefully evaluated in
order to minimise the occurrence of post-TIPS HE.
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in mortality and morbidity at 1 year and an increased risk
of falls, fractures and suffering a road traffic accident [8].

Also, HE dramatically affects the quality of life of the
patient and their caregivers/relatives [9, 10].

2 Hepatic Encephalopathy

2.1 Definition

HE is defined as brain dysfunction in patients with liver fail-
ure and/or portosystemic shunts presenting cognitive altera-
tions and personality and mental disorders [4]. A common
aspect of HE is a fluctuating course, which may or may not
reach the levels of clinical detection. If there is a suspicion
of HE and a lack of clinically apparent symptoms, minimal
hepatic encephalopathy should be considered, and specific
diagnostic tests should be performed to confirm or rule out
this condition. In cases where clinical manifestations appear
above the clinical detection threshold, episodic HE must be
suspected and can be recurrent. Likewise, if these clinical
manifestations always appear above the detection level, then
persistent HE is present [11]. This definition of HE does not
consider the impact of the aetiology of liver disease itself
on brain function. Indeed, factors such as alcohol abuse,
viral hepatitis, non-alcoholic fatty liver disease (NAFLD)
or primary biliary cholangitis [4, 11-13] may impact on
the manifestations of HE. At present, it is not clear whether
the neurological dysfunction secondary to the aetiology of
liver disease or comorbidities, such as aging or diabetes, is

different [12], and it might be difficult to attribute neurologi-
cal disturbances to a specific factor in some cases [14].

2.2 Classification

Several international societies recently proposed an adequate
categorisation of HE to provide uniformity in terms of clini-
cal research and patient care. Therefore, HE should be clas-
sified according to four criteria [11] (Fig. 1):

1. Underlying liver disease: (a) In patients with acute liver
disease; (b) in patients with portosystemic shunt without
chronic liver disease; and (c) in patients with chronic
liver failure with or without portosystemic shunts.

2. Severity of clinical manifestations: The most widely
used scale for quantifying the severity of HE is the West
Haven criteria. This scale subdivided the clinically man-
ifested HE into four stages (I-IV). However, this clas-
sification has interobserver variations, particularly at its
milder stages. Therefore, it has been proposed that HE
is qualified as overt when at least temporal disorienta-
tion and/or asterixis is present (grade > II according to
the West Haven criteria). The term covert (as opposed
to overt) encompasses grade I and minimal HE, both of
which are heterogeneous and with different prognostic
implications [15, 16]. Although widely used, the lack of
reproducibility across observers made the West Haven
criteria weak for clinical trials. For this purpose, other
more accurate and validated classifications such as
Hepatic Encephalopathy Scoring Algorithm (HESA) or

TYPE DEGREE TIME PRECIPITATING FACTORS
COURSE
Altered tests
without
MHE clinical Not
anomaly manifested
A Personality HE Episodic Spontaneous
changes,
1 altered sleep (C OVERT)
rhythm,
attention...
Asterixis,
disorientation
B 2 in time, Recurrent
lethargy, Manifested
thy...
S HE Precipitated
3 Stupor, gross
disorientation | (OVERT) .
C Persistent
4 Coma

Fig. 1 Hepatic encephalopathy classification. HE hepatic encephalopathy, MHE minimal hepatic encephalopathy

A\ Adis



Hepatic Encephalopathy and Advanced Liver Disease

S7

the Hepatic Encephalopathy Grading Instrument (HEGI)
are desirable [17-19].

3. Time course: HE can be episodic, recurrent (bouts of
HE in 6 months or less) or persistent (some degree of
manifested HE always present).

4. Precipitating factors: According to their presence, HE
can be precipitated (bouts of HE in the setting of a pre-
cipitating event that can be usually identified in the great
majority of the episodes) or spontaneous (no precipitat-
ing event can be found) [20].

Acute-on-chronic liver failure (ACLF) is a recently
described syndrome consistent with decompensation of
chronic liver disease characterised by organ failure and poor
short-term prognosis. Patients with ACLF have a different
pathophysiology characterised by very marked systemic
inflammation [21]. Patients with HE and ACLF have a worse
prognosis [22] compared to those without ACLF. According
to the presence of ACLF in patients with HE, a reclassifica-
tion within type C is currently under discussion [11, 12].

This review focuses mainly on type C HE (Fig. 1).

2.3 Pathophysiology

HE is not a single clinical entity, and the neurological
impairment in patients with liver dysfunction remains
incompletely understood. Liver failure causes an increase
in the exposure of the brain to several substances that, under
normal circumstances, are efficiently metabolised by the
liver. Those with a high first-pass metabolism across the
liver are the most important. In addition, other factors that
are commonly present in patients with liver failure can con-
tribute to deterioration in neurological function by influenc-
ing the permeability/integrity of the blood—brain barrier and/
or stimulating pathophysiological pathways.

e Ammonia is mainly produced in the digestive tract as a
by-product of protein degradation by the intestinal flora
or deamination of glutamine by the intestinal glutami-
nase [15]. In patients with advanced liver disease with
a loss of hepatocyte mass and in those who present por-
tosystemic shunts, ammonia concentration increases at
the systemic level, recruiting other organs, such as mus-
cle and kidney, for its clearance [23]. Increased blood
ammonia concentration can reach the brain since its dis-
solved form (NH;) ammonia diffuses freely across cell
membranes and as an ion (NH,*) it is transported to the
central nervous system through transporters. In the brain,
ammonia exerts its deleterious effects through different
pathways. To eliminate this increase in ammonia, it is
metabolised to glutamine in astrocytes exerting toxic
effects, which appears to be involved in the pathogenesis
of HE neurological manifestations [24].

e Inflammation is also involved in the pathophysiology of
HE. The inflammatory response has been linked to the
development of HE in fulminant hepatic failure and cir-
rhosis. In addition, inflammatory mediators and oxida-
tive stress may induce blood-brain barrier dysfunction
and contribute to neuroinflammation. Also, inflammation
may exacerbate the deleterious effects of hyperammon-
aemia on the brain [25, 26].

e Biliary manganese excretion is impaired in advanced
liver failure, leading to its deposition within the basal
ganglia in the brain. This event is believed to participate
in the psychomotor impairment associated with HE [27].

e Hyponatraemia is often present in liver failure. Further-
more, serum sodium concentration correlates with neu-
rological manifestations and predicts recurrence of HE
[28].

e Bile acids, cholesterol metabolism end-products, are
elevated in the plasma of patients with advanced liver
failure and have been linked to neuroinflammation [29].

Several alterations have been observed in the neuropa-
thology of HE. One of the most distinctive pathological
alterations is ammonia-induced astrocyte swelling resulting
from ammonia detoxification. The osmotic stress caused
by the increased glutamine may lead to cell dysfunction,
which may impact neuronal disturbances by different mecha-
nisms, including glutamate reuptake and increased synthe-
sis of neurosteroids, among others (potent GABA , receptor
ligands) [30]. In fact, several alterations in neurotransmis-
sion, such as increased GABAergic tone and N-methyl-D-
aspartate (NMDA) stimulation, have been described [31].
Brain oedema has also been described in HE secondary to
changes in the cellular hydration state in response to the
increase in the intracellular glutamate concentration [32].
Several cell metabolic pathways can be impaired due to cell
oedema, and indeed, increased intracellular lactate has also
been described suggesting energy impairment [33].

Other factors, such as altered intestinal microbiota [34],
circulatory derangements, nutritional deficits [35], sarco-
penia [36], comorbidities (such as alcohol abuse [37] and
NAFLD [38]) and other organ failures may also contribute to
the process of HE in advanced liver disease [39, 40]. Indeed,
it has been described that the composition and functionality
of microbiota in HE may modulate the brain function and the
disease's clinical course and may be a target for treatment.
In addition, muscle mass depletion is a very common event
in cirrhosis associated with an increased risk for HE and
impact on survival.

2.4 (Clinical Manifestations

HE produces a wide spectrum of neurological and psychi-
atric manifestations. HE alters attention, working memory,
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psychomotor speed, and visuospatial ability in its lowest
expression. As HE progresses, personality changes, such
as apathy, irritability and disinhibition, may be reported
by the patient’s relatives, and evident consciousness and
motor function alterations may occur. Disturbances of the
sleep—wake cycle with excessive daytime sleepiness are also
frequent [4]. In more severe cases, progressive disorienta-
tion, inappropriate behaviour, agitation, stupor and, finally,
coma may be observed. However, transient focal neurologi-
cal deficits or seizures have very rarely been reported in HE
[41-43].

2.5 Diagnosis

There are no specific HE findings, but there are suggestive
symptoms, and generally, the diagnosis is made by exclu-
sion. The diagnosis is made based on three pillars: the pres-
ence of compatible symptoms by clinical evaluation (scales
are used to grade severity in overt HE); the presence of a
predisposing liver condition and its degree (is relevant to
assess the degree of liver failure and the role of portosys-
temic shunts, particularly if liver function is preserved); and
ruling out other causes with similar clinical manifestations
(Fig. 2). Diagnosing cognitive dysfunction is not difficult.
The challenge lies in attributing those alterations to HE
when no pathognomonic signs or specific tools are present or
available. That is why HE remains a diagnosis of exclusion.

The most common disorders to consider in the differential
diagnosis of overt HE are complications of diabetes melli-
tus, alcohol-related disorders, drug-related adverse effects,
severe electrolyte disorders, nervous system infection, cen-
tral psychiatric disorders, nonconvulsive epilepsy, dementia,
apnoea and intracranial bleeding or stroke [12, 39].

In the absence of evident clinical manifestations, such
as that for minimal HE, neuropsychological tests (Psycho-
metric Hepatic Encephalopathy Score [PHES], Critical
Flicker-Frequency Test [CFF], Stroop Test, etc.) and neu-
rophysiological tests (electroencephalography [EEG]) are
available for the diagnosis of subclinical cognitive impair-
ment. This makes it possible to quantify persistent cognitive
alterations. In addition, pathophysiological tests, including
tests of liver function (Child-Pugh, Model for End-Stage
Liver Disease [MELD], oral glutamine tolerance test),
tools to assess portosystemic shunts (abdominal computed
tomography scan) and tests of cerebral structure and com-
position (brain magnetic resonance imaging [MRI] and MR
spectroscopy [MRS]) are valuable instruments to attribute
the cognitive abnormalities to a given condition. Of course,
none of the tests are specific or perfect since they do not
encompass the broad spectrum of the disease. However, they
complement each other, so they are usually combined in
patients with a difficult diagnosis to help choose treatment
options [4, 12, 16, 24]. Of note, there is no direct correlation
between plasma NHj levels and the grade of HE supporting

‘ ARE SYMPTOMS SUGESTIVE AND COMPATIBLE WITH HE? ‘

/\

PRESENCE OF UNDERLYING PATHOLOGIES:
* Acute liver failure
* Cirrhosis/AoCLF (severity)
* Portosystemic shunts (particularly if hepatic function is preserved)

RULE OUT OTHER CAUSES:
* Hypoglycemia / hyperglycemia
* Hypothyroidism
* Drugs / toxins (BZD, opioids, alcohol)
* Enol deprivation
* Wernicke encephalopathy
* Hypercapnia
* Intracranial hemorrhage (stroke)
« Intracranial infectious process (meningoencephalitis)
* Non-convulsive epileptic status

\ HEPATIC ENCEPHALOPATHY \

1/’\

GENERAL MEASURES:
* ABC
* Monitor awareness level / prevent self-harm
* Nutritional support
* Search and treatment of precipitating factors:
o Digestive bleeding
Underlying infection
Electrolyte disturbance
Dehydration
Constipation

O O O O

SPECIFIC MEASURES:
* Specific treatment:
o NADs (Oral / Rectal)
o Antibiotics: Rifaximin
o Secondary prevention associated with NADs
o Acute episode ?: no robust data
o Branched Amino Acids: potential for persistent HE
o Prebiotics ?: potential for refractory HE
o Embolization of portosystemic shunts/LT
o Assess locally available options /RCT

Fig.2 Steps to diagnosing a possible hepatic encephalopathy and
treatment algorithm. ABC airway, breathing, circulation, AoCLF
acute-on-chronic liver failure, BZD benzodiazepines, HE hepatic
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the different individual sensitivities to the same ammonia
levels. That is why the diagnostic utility of plasma ammo-
nia levels is limited and mainly relies on its high negative
predictive value (0.81) [12].

Once the diagnosis is made, it is essential to carry out
an adequate characterisation based on the type of underly-
ing liver disease, clinical manifestations, time course and
the presence or absence of precipitating factors (infections,
gastrointestinal bleeding, diuretics or electrolyte abnormal-
ities). Treatment of precipitating factors is a mainstay of
management and requires their active search and continu-
ous monitoring (Table 1). Inflammation (either associated
with infections, translocation or liver injury), gastrointestinal
bleeding or electrolyte abnormalities are the most frequent
precipitants. Several precipitating factors, e.g. infection and
bleeding, are associated with increased mortality, and effec-
tive management of those events may improve prognosis in
patients with overt HE. Also, rapid resolution of constipa-
tion or blood clearance in the gastrointestinal tract improves
episodic HE [44, 45].

TIPS is an established treatment for variceal bleeding
or ascites in advanced liver failure. HE may be induced or
aggravated by this procedure. The management of post-TIPS
HE may be challenging; therefore, individualised patient
selection taking into account HE risk factors is critical. Min-
imal HE or previous overt HE, diabetes, sarcopenia, proton
pump inhibitors and worse liver function (higher creatinine
and bilirubin and lower albumin and sodium) are among
the factors predisposing to overt HE in cirrhotic patients
[46—49]. Older age and low portosystemic pressure gradient
after TIPS were also identified as risk factors for post-TIPS
HE [50-54].

2.6 Treatment

Treatment should be aimed at minimising the duration,
intensity and consequence of episodes, preventing recur-
rence and limiting the impact of the episodes on patients’
and caregivers’ health. Implementation of general measures
common to those with other neurological disorders (ensure
the airway, haemodynamic stabilisation, prevention of

Table 1 Precipitating factors of episodic and recurrent hepatic
encephalopathy in descending order of frequency

Episodic hepatic encephalopathy ~ Recurrent hepatic encephalopathy

Infections Electrolyte abnormalities
Gastrointestinal bleeding Infections
Diuretics Unidentified

Electrolyte abnormalities Constipation

Constipation Diuretic overdose

Unidentified Gastrointestinal bleeding

self-injury, adequate nutrition for the neurological situation),
together with an active search and exclusion of other causes,
is mandatory. Identification and treatment of precipitating
factors such as hyponatraemia or infections are also required,
together with initiating specific measures to intervene on
the pathophysiological mechanisms that can be modified. In
Fig. 2, the management algorithm for a patient with possible
HE is summarised.

Although many factors are believed to be involved in the
development and progression of HE, most treatments focus
on targeting and lowering the accumulation of ammonia as
well as targeting inflammation (Table 2).

2.6.1 Treatments Targeting Ammonia Production
and Removal

Ammonia reduction measures have different mechanisms of
action, which include reducing ammonia production from
the gut and eliminating plasma ammonia.

e Among the treatments used, non-absorbable disac-
charides favour intestinal transit and lower faecal pH,
reducing ammonia production and absorption. A recent
meta-analysis showed that non-absorbable disaccharides
are effective compared to placebo in the clinical mani-
festations of HE in prevention and mortality, constituting
the treatment of choice in acute HE and preventing recur-
rences [55].

¢ Rifaximin is the most used antibiotic in HE because it
shows the best efficacy and safety profile, acting on the
functionality of the microbiota. It is highly effective in
secondary prevention, showing that when added to non-
absorbable disaccharides, it prevents a third episode of
encephalopathy (hazard ratio = 0.42; 95% confidence
interval 0.28-0.64) [56, 57]. The combination of lact-
ulose plus rifaximin was more effective than lactulose
alone to treat episodic overt HE and reduce mortality
due to a reduction in sepsis-related deaths in a trial [57].
However, further trials of this combination are still
needed for quality evidence.

e Compared to placebo or no intervention, probiotics
appear to promote recovery and may play a role in delay-
ing the development of overt HE improving the quality of
life and the plasmatic ammonia concentrations, but with
a minor effect on mortality [58].

e Branched-chain amino acids favour the elimination of
plasma ammonia and could improve HE symptoms, but
do not seem to affect mortality (low-quality evidence)
[59].

e A recent meta-analysis suggests some benefit from I-orni-
thine l-aspartate (LOLA), although the included studies
show only very low-quality evidence [60].
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Table 2 Current and emerging treatments for hepatic encephalopathy

Therapeutic target Mechanism of action

Traditional treatments Emerging treatments

Ammonia Decreased intestinal ammonia production
Elimination of plasma ammonia
Inflammation Microbiota/Translocation
Inflammation
Others Neurotransmission

AST-120
Glutaminase inhibitors

LOLA

Ornithine phenylacetate
Glycerol phenylbutyrate
Branched amino acids
Peritoneal dialysis liposomes
Genetically modified bacteria
Glutamine synthase replacement

Non-absorbable disaccharides
Antibiotics

Probiotics
Faecal microbiota transplantation

Albumin
GABA-A antagonist

Antibiotics

LOLA l-ornithine l-aspartate

Patients with recurrent/persistent HE associated with por-
tosystemic shunts could benefit from their occlusion. How-
ever, an increase in portal pressure and related complications
could develop. So, shunt embolisation can be considered a
reasonable option in meticulously selected patients with well-
preserved liver function (MELD < 11) [61], in the view of
liver transplantation in most cases.

In the setting of post-TIPS hepatic encephalopathy, man-
agement with non-absorbable disaccharides and nonab-
sorbable antibiotics might be insufficient, and the need for
alternative pharmacological therapies becomes great. Fae-
cal microbiota transplantation is increasingly being used in
treating Clostridium difficile infection, and one trial showed
a decrease in HE recurrence compared to the standard of care
[62]. So, it may be useful in the near future. Furthermore, a
nutritional approach enhancing muscle ammonia detoxifica-
tion by adding branched-chain amino acids can be considered.
In cases where a refractory post-TIPS HE develops, the TIPS
modification through the reduction of shunt diameter might
be an option. Safety awareness is essential in TIPS modifica-
tions, particularly regarding the relapse of portal hypertension
complications, making liver transplantation the optimal alter-
native [63]. Of note, the controlled expansion stents maintain
a stable diameter, and the 8-mm sized covered stents reduce
post-TIPS HE compared to the 10 mm stent, becoming the
stent of choice in recent years [64].

2.6.2 Treatments Targeting Inflammation
Some of these treatments, such as rifaximin and probiotics,
in addition to acting through the ammonia pathway, also may

act on inflammation. Albumin, a protein with anti-inflamma-
tory, antioxidant and immunomodulatory properties [65], has
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shown some improvement in survival and clinical symptoms
of HE, but these results need to be confirmed in future stud-
ies [66].

2.6.3 Liver Transplantation Referral

Overt HE may be an indication for liver transplantation in
patients with advanced liver failure. So, these individuals
with severe overt HE refractory to maximal therapy should
be referred to a liver transplant centre [4].

2.7 Future Horizons

In recent years, an effort has been made to develop new treat-
ments, including faecal transplantation and ornithine phe-
nylacetate, which have been shown to reduce ammonia and
improve cognitive function in preclinical and early clinical
studies [62, 67]. Some of these strategies already showed
encouraging results, but further data are needed to elucidate
their potential beneficial effect on HE (Table 2).

3 Conclusions

HE remains one of the most relevant complications in patients
with advanced liver disease, contributing to high morbidity,
mortality and worse quality of life. Therefore, efforts have
been made to define and classify the syndrome to provide
uniformity in patients’ care. However, controversies relating
to classification remain, such as the difficulty in diagnosing
grade I HE, pointing at the use of alternative scales in clini-
cal trials.
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Recent advances in the pathophysiology of HE identifying
important key players such as interorgan ammonia metabo-
lism and inflammation set the basis for new therapies. Specific
treatment focuses mainly on lowering plasma ammonia and
targeting inflammatory response, decreasing the duration and
intensity of episodes and preventing the recurrence of bouts of
HE. In addition, new tools to improve the diagnosis (by clari-
fying the contribution of aetiology of liver disease or comor-
bidities) and improving clinical response to treatment would
be vital and would cover an area previously unaddressed.
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