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Introduction
Hepatic encephalopathy (HE) represents a diverse spec-

trum of complex neuropsychiatric disturbance resulting
from liver disease and its concomitant metabolic and immu-
nological derangements. It is characterized by deficits in
cognitive, psychiatric, and motor function and can range in
severity from minimal (or covert) hepatic encephalopathy
(MHE) to overt hepatic encephalopathy (OHE), coma, and
death. Patients with MHE demonstrate neuropsychological
alterations including disrupted sleep–wake cycle, personal-
ity changes, impairment of attention, cognitive and memory
dysfunction, and changes in motor coordination. These can
progress through to higher grades of OHE, including leth-
argy, stupor, coma, and death; these are more pronounced
in patients with acute liver failure. HE is a frequent and
debilitating manifestation of decompensated liver disease
affecting patients and their careers alike. The scope of this
review is to outline the current understanding and ongoing
research into the pathophysiological mechanisms underlying
this complex neuropsychiatric condition.

Ammonia
Ammonia has long been regarded as the key metabolic

factor underpinning the development of HE since the origi-
nal description of the ‘‘meat intoxication syndrome’’ in
portacaval-shunted dogs at the end of the 19th century. In
the presence of liver failure, decreased utilization of ammo-
nia as a substrate in the hepatic urea cycle (the major mam-
malian ammonia detoxification pathway) and portosystemic
shunting lead to the accumulation of ammonia in the sys-
temic circulation, which readily crosses the blood–brain

barrier. Cerebral ammonia detoxification occurs via gluta-
mine synthetase, exclusively expressed in cerebral astro-
cytes, in the formation of glutamine, which is an important
precursor of the main excitatory and inhibitory neurotrans-
mitters: glutamate and gamma-hydroxybutyric acid (GABA),
respectively. Astrocytic glutamine accumulation exerts an
osmotic effect resulting in swelling and cytotoxic edema,
which leads to increased brain water on magnetic resonance
imaging and worsening HE (Fig. 1).

Hyperammonemia and subsequent glutamine accumula-
tion induce changes in cerebral neurotransmission. Acute
hyperammonemia leads to excessive glutamate-induced N-
Methyl-D-aspartic acid (NMDA)-receptor activation, which
can cause neuronal death. Blockade of the NMDA receptor
has been shown to be protective in this context.1 Also noted
is an increase in ‘‘GABAergic tone,’’ with an observed clini-
cal response to flumazenil, a GABAA receptor antagonist.
Rabbits exposed to benzodiazepines and rabbits with acute
liver failure demonstrate similar visual-evoked potentials.2

Inflammation
However, circulating hyperammonemia does not explain

all of the pathophysiological processes underpinning HE.
Arterial ammonia concentrations correlate poorly with clini-
cal presentations of HE in cirrhosis, and increasingly recog-
nized is the importance of the synergistic role between
hyperammonemia and inflammation/infection in the devel-
opment of HE. Progressive encephalopathy was noted to
occur in patients with higher systemic inflammatory
response scores in acute liver failure3; and infection was
shown to exacerbate neurocognitive dysfunction following
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an ammonia load in patients with cirrhosis, which resolved
following antibiotic therapy.4 Bile-duct–ligated cirrhotic rats
progressed to precoma stages of encephalopathy following
intraperitoneal administration of lipopolysaccharide, a
gram-negative cell wall peptide.5 A proinflammatory cyto-
kine plasma milieu verus arterial ammonia or the severity of
liver disease has been shown to independently correlate
with the presence and severity of HE.6 Potential pathophys-
iological mechanisms explaining the susceptibility to devel-
oping HE during episodes of infection include cerebral
hyperemia with increased brain ammonia delivery, astroglial
oxidative stress with microglial activation and neuronal dys-
function, and innate immune system dysfunction arising
from systemic inflammation and circulating endotoxemia.7

The maintenance of a high index of suspicion of infection

underlying clinical presentations of HE and expedient treat-
ment remains pivotal in its management.

The Intestinal Microbiome and Hepatic
Encephalopathy

Changes in the gut microbiota of patients with liver cir-
rhosis are considered central to bacterial translocation,
endotoxemia, and systemic inflammation that can result in
the development of HE. Liu et al. demonstrated that cir-
rhotic patients with MHE had significant fecal overgrowth
of Escheria Coli and Staphylococcus Spp. and went on to
show that treatment with synbiotics reduced blood ammo-
nia and endotoxemia and improved MHE scores.8 More
recently, the advent of culture-independent techniques in
quantitating and speciating bacterial colonic flora has

Figure 1 The role of ammonia in the development of hepatic encephalopathy. Decreased hepatic urea-cycle metabolism in the context of liver cirrhosis and/or por-
tosystemic shunting leads to the accumulation of ammonia (NH3), a product of protein catabolism, in the systemic circulation. Ammonia readily crosses the blood--
brain barrier and is metabolized in a cerebral detoxification pathway by GS, with the formation of glutamine occurring exclusively in cerebral astrocytes. Accumulation
of glutamine exerts an osmotic effect, with the influx of water leading to astrocytic swelling. Glutamine is shuttled via transporters (SNAT 5/SNAT 1) to presynaptic neu-
rones and converted to GABA or glutamate before release into the inhibitory or excitatory synaptic cleft, respectively, and subsequently scavenged by astrocytic reup-
take transporters (EAAT1/2).
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sparked a burgeoning interest in the role of the intestinal
microbiota in HE.

Overgrowth of pathogenic bacteria in the gut microbiome
relative to autochthonous (commensal) bacteria correlates
with worsening liver disease severity, with studies demon-
strating that the change in composition of the microbiota is
associated with higher model for end-stage liver disease
scores.9 Furthermore, significant changes in enteric micro-
biota have been described between patients with MHE and
OHE, with the latter group demonstrating a higher dysbio-
sis ratio10 (Fig. 2).

Lactulose is a nonabsorbable disaccharide that has a plei-
otropic role in the treatment of HE and has long formed the
cornerstone of empirical HE treatment. It has been shown
to change the colonic pH favoring retention of ammonium
salts in the bowel lumen and exerts a prebiotic effect favor-
ing the colonization of Lactobacillus and Bifidobacterium; it
also reduces intestinal transit time and may therein reduce
ammonia absorption. Similarly, probiotics tilt the intestinal

microbiota toward nonurease-producing organisms,
decrease luminal production of ammonia, and have been
shown to be effective in the prevention of HE in cirrhosis.11

Rifaximin-a is a nonabsorbable antibiotic that maintains
remission from OHE with a reduction in hospitalizations
due to HE over a 6-month period.12 Interestingly, it was not
shown to alter the relative abundance of pathogenic bacte-
ria; instead, it may be exerting its therapeutic effect by
reducing circulating endotoxemia and manipulating bacte-
rial function and virulence.13

Conclusion
HE remains one of the major challenges and morbidities

facing patients with decompensated liver cirrhosis. Even in
its subclinical presentation, it exerts a profound influence
on patient quality of life and functional capability and con-
fers a damning prognosis. Recurrent encephalopathy is in
itself an extended criterion for consideration of liver trans-
plantation. Increasing understanding of the interplay

Figure 2 Changes in microbiota with worsening liver disease severity and cognitive performance. Comparing patients with differing severity of liver cirrhosis and
comparing cirrhotic patients with and without the presence of OHE reveals an observed difference in the intestinal bacterial composition, with a relative paucity of
autochthonous floral bacteria that have pathological species overrepresented, creating a dysbiosis. This changes gut ammonia metabolism and contributes to colonic
inflammation, portal circulation endotoxemia, increased inflammatory burden in the presence of portal hypertensive enteropathy, and impaired intestinal mucosal bar-
rier. Manipulation of the intestinal microbiome represents an attractive therapeutic target in the management of cirrhotic patients with HE.
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between the liver, the intestinal microbiome, and the innate
immune system allows for the development of exciting new
technologies and treatments to include in the clinician’s
armory for tackling this neurophysiological manifestation of
decompensated liver disease (Fig. 3). A low threshold of
suspicion and early specialist review, complex neuropsycho-
logical evaluation, and identification and treatment of pre-
cipitants are required in the approach to a patient with liver
cirrhosis and altered mentation.
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