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Hepatic encephalopathy on magnetic resonance
imaging and its uncertain differential diagnoses:
a narrative review
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Hepatic encephalopathy (HE) is a severe neuropsychiatric abnormality in patients with either acute or chronic liver failure. Typical
brain magnetic resonance imaging findings of HE are bilateral basal ganglia high signal intensities due to manganese deposition in
chronic liver disease and hyperintensity in T2, fluid-attenuated inversion recovery, or diffusion-weighted imaging (DWI) with hemi-
spheric white matter changes including the corticospinal tract. Low values on apparent diffusion coefficient mapping of the affected
area on DWI, indicating cytotoxic edema, can be observed in acute HE. However, neuropsychological impairment in HE ranges from
mild deficits in psychomotor abilities affecting quality of life to stupor or coma with higher grades of hepatic dysfunction. In particu-
lar, the long-lasting compensatory mechanisms for the altered metabolism in chronic liver disease make HE imaging results variable.
Therefore, the clinical relevance of imaging findings is uncertain and differentiating HE from other metabolic diseases can be difficult.
The recent introduction of concepts such as “acute-on-chronic liver failure (ACLF)," a new clinical entity, has led to a change in the
clinical view of HE. Accordingly, there is a need to establish a corresponding concept in the field of neuroimaging diagnosis. Herein, we
review HE from a historical and etiological perspective to increase understanding of brain imaging and help establish an imaging ap-
proach for advanced new concepts such as ACLF. The purpose of this manuscript is to provide an understanding of HE by reviewing
neuroimaging findings based on pathological and clinical concepts of HE, thereby assisting in neuroimaging interpretation.
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Introduction signal intensities (BGH) due to manganese deposition, and high

signal intensity in fluid-attenuated inversion recovery (FLAIR)
Hepatic encephalopathy (HE) is a severe neuropsychiatric abnor- and diffusion-weighted imaging (DWI) images with hemispheri-
mality in patients with either acute or chronic liver failure [1,2]. cal white matter changes including the corticospinal tract. In acute

Typical magnetic resonance imaging (MRI) findings of chronic HE, low apparent diffusion coefficient (ADC) values in the affect-

liver failure are high signal intensity in bilateral basal ganglia high ed area reflect cytotoxic edema. However, neuropsychological im-
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pairment in HE manifests as a spectrum ranging from mild deficits
in psychomotor abilities affecting quality of life to stupor or coma
with higher grades of hepatic dysfunction [2]. In particular, the
long-lasting compensatory mechanism for the altered metabolism
in chronic liver disease (CLD) makes HE imaging findings very
variable. Therefore, the clinical relevance of imaging findings is
questionable, and it is difficult to differentiate HE from other meta-
bolic diseases. The recent acceptance of new clinical concepts such
as “ acute-on-chronic liver failure (ACLF)” has led to a change in
the clinical view of HE. Accordingly, there is a need to reevaluate
existing paradigms in the field of neuroimaging diagnosis. The pur-
pose of this manuscript is to provide a comprehensive review of
HE through neuroimaging based on the pathological and clinical
understanding of HE, thereby assisting in the interpretation of
neuroimaging findings.

Typical neuroimaging of hepatic
encephalopathy

Ethical statements: Written informed consent was obtained
from the patient for publication of this review article and any
accompanying images.

MRI s a very useful tool to better understand the pathophysiology

of HE and provide direct evidence for the pathogenesis of HE due
to severe liver dysfunction. In particular, magnetic resonance spec-
troscopy (MRS) provides information on the pathophysiological
changes in HE at the molecular level.

1. Basal ganglia high signal intensity

The most frequent MRI finding in the brains of patients with CLD
is BGH on T1-weighted imaging without mass effect, which re-
sults from paramagnetic manganese deposition [3-5]. Manganese
crosses the blood-brain barrier and accumulates in the globus palli-
dus in chronic liver failure, which may be the cause of extrapyrami-
dal symptoms [6]. BGH is thought to be caused by the severity of
liver dysfunction and is reversible when liver function returns to
normal levels after liver transplantation [ 7]. Manganese plays an
essential role in the normal function of several enzymes, including
glutamine synthetase and mitochondrial superoxide dismutase.
Manganese has a neurotoxic effect, sparing the nigrostriatal system
and causing selective neuronal death in the basal ganglia, struc-
tures, and reactive gliosis. This cell death is more apparent in the
globus pallidus and substantia nigra reticulata, and less apparent in
the striatum and bilateral internal capsules (Fig. 1). Clinically, early
gait and balance dysfunction, the relative absence of resting trem-
ors, the presence of mild cognitive impairment at the time of pre-
sentation, and little or no response to levodopa distinguish Parkin-

sonian manifestations in HE from idiopathic Parkinson disease.

Fig. 1. A 57-year-old male with hepatic encephalopathy. (A-E) T1-weighted imaging shows high signal intensity in the basal
ganglia, which is more prominent in the globus pallidus (arrows) and substantia nigra reticulata (short arrows), and to a lesser
extent, striatum, portions of the bilateral internal capsules, and cerebellar peduncle (arrowhead).
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The pallidal index, used as a semiquantitative parameter to evalu-
ate manganese accumulation in the brain, is a relative value calcu-
lated as the ratio of the signal intensity in the globus pallidus to the
subcortical frontal white matter in axial T1-weighted images. The
pallidal index correlates with clinical indices such as whole blood
manganese, Child-Pugh score, and total bilirubin level, which re-
veals the severity of the portal-systemic shunt [8,9].

2. White matter involvement

Due to minor brain edema that is beyond the threshold for detec-
tion on conventional MRI, hyperintensity along the white matter
in the cerebral hemisphere or near the corticospinal tract on
FLAIR or T2-weighted imaging has been described, mimicking
the MRI features of amyotrophic lateral sclerosis [ 10] (Fig. 2).
Transcallosal white matter involvement, so-called Marchiafa-
va-Bignami disease (MBD)), is a typical form of white matter in-
volvement in patients with HE [ 11]. It was believed that MBD was
specific to those who resided in central Italy and drank a ot of inex-
pensive red wine from the Chianti region. However, it is now
known worldwide that the cause of MBD is closely related to alco-
hol consumption. The mechanism of white matter involvement in
acute HE is not completely understood. The lack of integrity of the
transcallosal connections between motor cortices is the conse-
quence of axonal degeneration of transcallosal fibers. According to
another hypothesis, arylsulfatase A (ASA) activity is reduced in pa-
tients with alcoholic cirrhosis similar to metachromatic leukodys-
trophy, which alters sphingomyelin metabolism [12].

Focal white matter T2-weighted lesions (WMLs) may also be
observed in liver cirrhosis with or without overt HE. These lesions
look like different types of small-vessel disease and white matter
hyperintensity in healthy people who are elderly. However, focal
WMLs in HE can be partially reversible with HE recovery or after
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Fig. 2. A 49-year-old male with general weakness. (

liver transplantation, unlike other WMLs [13].

3. Cortical changes

On T2-weighted and FLAIR images, acute HE is characterized by
diffuse cortical, overt brain edema, while cortical-restricted diffu-
sion has a high signal intensity on DWI and low signal intensity on
ADC maps, indicating cytotoxic edema (Fig. 3) [14]. The cingu-
late gyrus and insular cortex were symmetrically involved in the
brain MRIs of all patients, with additional cortical involvement be-
ing more variable and asymmetrical. However, involvement of the
parietal, frontal, temporal, or occipital cortex is unusual [ 15].

4. Magnetic resonance spectroscopy

Currently, there is agreement on the characteristic triad of proton
magnetic resonance spectroscopy ('H-MRS) results in HE, in-
cluding depletion of intracellular choline (Cho) and myoinositol
(mIns) as well as accumulation of glutamine (Gln), all of which are
associated with neuropsychiatric dysfunction (Fig. 4) [16]. Signals
of glutamate and Gln are increased to compensate for glial Gln ac-
cumulation to maintain osmotic homeostasis [ 17]. However, the
decompensation of these volume-regulatory mechanisms may re-
sult in neuroglial disturbance and astrocyte swelling. Among these
"H-MRS variables, mIns appears to be a more sensitive biomarker
in the early detection of HE [ 18]. Diminished mIns, which con-
tributes to ion flux, may act as an organic osmolyte and is critical
for controlling astrocyte volume. Cho is a component of phospho-
choline, which is related to cell membrane activation. Cho is a nec-
essary component in the synthesis of acetylcholine, which is a neu-
rotransmitter associated with memory, awareness, and feelings. A
reduced ratio of Cho to creatinine may underlie cognitive impair-
ment in HE. In patients with cirrhosis, the majority of MRS stud-
ies found no significant changes in N-acetylaspartate, which may

) Fluid-attenuated inversion recovery imaging shows diffuse high signal

intensity lesions involving subcortical white matter, (B) periventricular white matter, (C) internal capsule, and (D) midbrain crus

cerebri in a patient with chronic liver disease.
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Fig. 3. A 52-year-old male with weakness of upper extremities. (A) Magnetic resonance imaging sequences of T2-weighted
imaging, (B) fluid-attenuated inversion recovery, (C) diffusion-weighted imaging, and (D) apparent diffusion coefficient map show
signal changes in cortex of precentral gyrus of both frontal lobes (arrows) in a patient with chronic liver disease.
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Fig. 4. Magnetic resonance (MR) spectroscopy of a 61-year-old male with liver cirrhosis. Compared with (A) the spectrum from
the relatively spared right thalamus, (B) the proton MR spectrum of a patient with hepatic encephalopathy shows significant
increases (upward pointing arrows) in lipid macromolecular content (Lipid-Macro) and glutamate/glutamine (Glx), and marked
decreases in choline (Cho) and myoinositol (mlns) (downward pointing arrows). (C) On a T2-weighted image, MR shows increased
signal intensities at the basal ganglia and corpus callosum with periventricular white matter extension with a relatively spared

thalamus. Cre, creatine; NAA, N-acetylaspartate.

indicate no discernible neuronal impairment as HE progressed
[19]. In the past, it was believed that neuronal changes in HE were
either absent or unimportant in explaining the neuropsychiatric
abnormality. However, a neuropathological study subsequently
showed significant neuronal cell loss in the brains of patients with
HE. Dopaminergic and serotoninergic neuronal systems, as well as
Purkinje cells, have also been shown to decline in HE [20].

Pathophysiology of hepatic encephalopathy

We have summarized the pathophysiology of HE associated with
neuroimaging in Fig. 5. It is essential for radiologists to understand
the biological mechanisms to understand this figure. First, it is nec-
essary to understand why patients with HE are vulnerable to os-
motic damage and how metabolic changes affect magnetic reso-

nance signals.

1. Metabolites
Ammonia is believed to play an important role in the cause of HE.
The liver detoxifies and converts the majority of ammonia ab-
sorbed from the small intestine through the portal vein into urea.
Thus, HE may result from hepatic dysfunction, defects in urea cir-
culation, or portocaval shunts that increase blood ammonia levels.
Skeletal muscle and brain astrocytes contribute to the detoxifica-
tion of ammonia by converting it to Gln in cases of hepatic dys-
function. Under the catalysis of glutamine synthase, elevated am-
monia and Glu are converted to abundant levels of Gln, which
contribute to elevated osmotic pressure. Although the mechanism
of brain edema in acute hepatic failure is not fully understood, am-
monia is generally assumed to play a critical role. In addition, re-
duced urea cycle activity in chronic liver dysfunction leads to an in-
crease in cerebral Gln synthesis by brain astrocytes [21].
Hyponatremia causes not only rapid loss of intracellular electro-
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Fig. 5. Proposed pathway of pathophysiology in hepatic encephalopathy. There are two major axes of the pathophysiology
pathway: decreased protein synthesis and ammonemia in chronic liver disease. Decreased protein synthesis causes impaired
manganese chelation, resulting in manganemia, manganese deposition in globus pallidus, and high T1 signal intensity (SI)
observed on brain magnetic resonance imaging (MRI). Arylsulfatase A (ASA) depletion is also believed to trigger axonal
degeneration of transcallosal fibers in a metachromatic leukodystrophy-like mechanism, consequently Marchiafava-Bignami
disease (MBD). On pathology, ammonemia causes Alzheimer type Il astrocytes and spongiform gray matter, which cause acquired
chronic hepatocerebral degeneration (ACHD) symptoms. In addition, ammonemia causes a decrease in intracerebral myoinositol,
which makes brain cells, especially astrocytes, sensitive to external osmotic pressure changes, resulting in osmotic demyelinating
syndrome of central pontine or extrapontine types depending on the anatomical location. Since abnormalities in ion influx
eventually lead to edema and death of nerve cells, metronidazole encephalopathy occurs when drugs such as metronidazole are
used in these vulnerable patients. GFAP, glial fibrillary acidic protein; DWI, diffusion-weighted imaging; ADC, apparent diffusion

coefficient.

lytes such as potassium but also low-molecular-weight organic os-
molytes including mIns and Cho [22]. The decreased mIns con-
tributing to ion flux may serve as an organic osmolyte and plays a
more important role in the volume regulation of astrocytes than in-
tracellular electrolytes in such situations [23]. During hyperglyce-
mia in unmanaged diabetes and ethanol intoxication, extracellular
osmolality may increase despite normal or decreased extracellular
Na' concentrations. Astrocyte swelling may not be visible until
compensatory osmoregulatory mechanisms, such as loss of intra-
cellular osmolytes, disappear. For this reason, there were cases in
which Na" concentration changes related to central pontine myeli-
nolysis (CPM) could not be found in the presence of metabolic
diseases. Since the pons and lateral geniculate body appear to be
the exclusive anatomical locations associated with osmotic demye-
lination syndrome, deep gray matter involvement is highly likely to
result in the osmotic injury related to acquired chronic hepatocere-
bral degeneration (ACHD). This is expected to be revealed in a
detailed study on whether extrapontine myelinolysis (EPM)/
CPM-like lesions occur in patients with ACHD and those with
HE.
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2. Pathology

Pathologically, HE may be classified into portal-systemic encepha-
lopathy (PSE) and HE in fulminant hepatic failure (FHF) [24].
PSE is a complication of portal-systemic shunting of venous blood,
which can develop either spontaneously as a result of portal hyper-
tension or after surgical intervention. Astrocytes, a type of neural
cell, are most susceptible to the effects of liver failure [25]. Critical
astrocytic proteins, such as the structural glial fibrillary acidic pro-
tein (GFAP), a cytoplasmic filamentous protein that makes up a
significant portion of the cellular component in mature astrocytes,
are downregulated when the brain is exposed to ammonia [26].
Diminished GFAP expression causes morphological changes in as-
trocytes that favor extracellular space diffusivity. The presence of
the astrocytic pathology known as Alzheimer type II astrocytosis,
in which astrocytes acquire a characteristic swollen shape with a
large pale nucleus, a prominent nucleolus, and margination of the
chromatin, was shown in histopathologic studies of brain sections
of patients with cirrhosis [ 27]. At autopsy, a subset of patients with
hepatocerebral degeneration may have band-like or patchy central
nervous system (CNS) myelin vacuolization that is not related to
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myelin breakdown or macrophage influx. In nearby astrocytes,
typical changes indicative of chronic liver failure were observed
[25]. Neurologically, PSE develops slowly; the onset is often insid-
ious starting with personality changes. ACHD occurred in patients
with portocaval shunts or liver cirrhosis resulting from a number of
causes, but not Wilson disease [25].

Unlike PSE, cytotoxic edema rather than vasogenic edema is vis-
ible in the brain tissue of FHF, according to electron microscopic
studies [28]. Characteristically cytotoxic brain edema and espe-
cially swelling of astrocytes and astrocytic endfeet, among several
brain cell types, have been most frequently observed in acute liver
failure [28]. Mortality rates are higher in FHF than in PSE; brain-
stem herniation caused by increased intracranial pressure as a con-
sequence of brain edema is the most common cause of death. In
contrast to PSE, patients with FHF progress through states of al-
tered mental capacity and confusion to stupor and coma within a

few hours or days.

3. Neurotransmission

Impairment of neuronal communication in HE can result from
changes in numerous neurotransmitter systems. High concentra-
tions of ammonium ions have been shown to obstruct glutamater-
gic excitatory transmission. Increased serotonin turnover caused
by chronic hyperammonemia may be the cause of the altered sleep
patterns in HE [29]. Ammonia is also known to damage brain en-
ergy metabolism and blood flow autoregulation. Recent studies
have shown that ammonia exposure causes cultured astrocytes to
undergo a process known as mitochondrial permeability transi-
tion, which is linked to mitochondrial failure and subsequent cellu-
lar dysfunction and has similar mechanisms to those of Wernicke
encephalopathy [30].

Acute liver failure results in altered expression of several genes in
brain, some of which code for proteins such as the glucose (glu-
cose transporter 1) and glutamate (glutamate transporter-1, GLT-
1) transporters, the astrocytic structural protein GFAP the “pe-
ripheral-type” benzodiazepine receptor and the water channel pro-
tein, aquaporin IV. Loss of expression of GLT-1 results in increased
extracellular brain glutamate [29]. In chronic liver dysfunction, re-

duced urea cycle activity causes astrocytes to increase synthesis of

cerebral Gln.

Evolution of clinical staging

1. Classic staging

There are several clinical classifications and a grading system for
HE according to cause and severity. According to the underlying
disease, HE is subclassified into type A (acute liver failure), type B

(bypass or shunt), and type C (cirrhosis). Type C HE is subcate-
gorized into episodic (acute), recurrent, and persistent HE, de-
pending on the time course. According to the existence of precipi-
tating factors, episodic HE is subdivided into spontaneous (non-
precipitated), precipitated, or recurrent HE (when two episodes of
episodic HE occur in 1 year). Precipitating factors can be identified
in almost all cases of episodic hepatic type C [31]. Based on the
clinical severity from subclinical alterations to severe coma or
death, HE may be subclassified by West Haven Criteria (WHC)
into grades 0 to IV [32]. To overcome the limited interobserver re-
liability of the criteria, the International Society for Hepatic En-
cephalopathy and Nitrogen Metabolism classification was pro-
posed. Patients with minimal HE and WHC grade I would be clas-
sified as having covert HE. Other patients with WHC grades II to
IV would be classified as having overt HE, a counterpart of covert
HE [33].

2. Acute-on-chronic liver failure

Acutely decompensated cirrhosis and ACLF share two important
clinical features: known CLD with acute decompensation. ACLF,
a term proposed by Jalan and Williams [34], originated from stud-
ies that revealed a syndrome related to a high risk of short-term
death (death <4 weeks after admission) in patients with acutely
decompensated cirrhosis. Three major clinical features of ACLF
are intense systemic inflammation, frequent association with
proinflammatory precipitating events (such as infections or alco-
holic hepatitis), and single- or multi-extrahepatic organ failure (e.g,
function of kidney, brain, blood coagulation, circulation, and respi-
ration) (Fig. 6) [35,36].

Uncertain differential diagnoses

1. Osmotic demyelination

A few cases of HE show T2 or diffusion high signal intensities of
basal ganglia mimicking EPM, or uremic encephalopathy (Fig. 7).
HE shares common clinical features with other metabolic diseases
such as osmotic demyelination or uremic encephalopathy. There
are two possible explanations for the symmetric and synchronous
involvement of deep gray matter. One is the concept of ACHD and
the otheris EPM [37].

As a CPM, a symmetrical solitary, midline lesion in the basis
pontis with myelin breakdown, macrophage influx, relative preser-
vation of axis cylinders, and minimal inflammatory response was
first described in 1959 as a “hitherto undescribed disease” [38].
CPM is regarded as a disease occurring in alcoholic and malnour-
ished patients with chronic renal failure or hepatocellular dysfunc-
tion [39]. In 58 autopsy cases of CPM, EPM was observed more
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Reversible metabolic encephalopathy with good prognosis
e.g., CPM, EPM, hypoglycemic or metronidizle
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| Basal ganglia T1 hyperintentities

Reserved liver function

Acute decompensate episode

-

\/ Nan failure

v

Encephalopathy on ACLF with poor prognosis
Diffusion positive due to cytotoxic edema, loss of NAA, and lactate in MRS

v ~
™~

;
Precirrhotic disease

Time

Fig. 6. Clinical manifestation of hepatic encephalopathy. In both chronic liver disease and liver cirrhosis, residual liver function
declines over time. Acute decompensation episodes occur recurrently due to the existence of precipitating factors. In the period
of precirrhotic disease, reversible metabolic encephalopathy shows good prognosis due to full recovery after a temporary decrease
in liver function. As residual liver function gradually declines into compensatory cirrhosis, intracellular glutamine accumulation
and deficiency of choline and myoinositol are observed. When an acute decompensation episode occurs from this period onward,
returning liver function to its initial state is challenging. With disease progression, basal ganglia T1 hyperintensity related to
manganese accumulation is observed, and after entering decompensated cirrhosis, white matter T2 hypersensitivity is observed
on magnetic resonance imaging. Finally, this damages the cortex and induces signal changes in the cortex. If organ failure is
accompanied by acute decompensation episodes, it can be clinically classified as acute-on-chronic liver failure (ACLF), with
increased mortality with a number of organ failures. CPM, central pontine myelinolysis; EPM, extrapontine myelinolysis; NAA,

N-acetylaspartate; MRS, magnetic resonance spectroscopy.

frequently than a solitary pontine lesion [40]. Through clinical and
experimental studies, the onset of CPM and EPM was demon-
strated to occur concomitantly with a rapid correction in hypona-
tremia and osmotic shift. Especially with chronic liver dysfunction,
the decreased urea cycle activity causes astrocytes to increase syn-
thesis of cerebral Gln and decrease mIns, which plays an important
role in the regulation of astrocytic volume [37]. Therefore, the
MRI signal intensity of deep gray matter in patients with HE can
be viewed as sensitive to osmotic disease based on organic changes

rather than simple osmotic demyelinating disease.

2. Deep gray matter and connectivity

Bilateral involvement of the dentate nucleus was initially thought
to be specific to metronidazole encephalopathy (Fig. 8) [41].
However, many case reports of metronidazole encephalopathy re-
ported synchronous involvement of the red nucleus and dentate
nucleus [41], which are components of the Guillain-Mollaret tri-
angle [42]. In addition, there may be bilateral T2 intensities in the

142  https://doi.org/10.12701/jyms.2022.00689

dentate nucleus in HE related to methyl bromide poisoning, en-
teroviral encephalomyelitis, and maple syrup urine disease [43-
45]. Therefore, there is a limit to associating the cause of metabolic
brain disease with the onset of specific anatomical lesions, and un-
derstanding the functional connection between various brain re-

sponses and toxic substances is necessary.

Conclusion

‘We used this review to clarify the similarities and differences be-
tween HE and lesions belonging to other similar disease entities
and to address the uncertainties surrounding their potentially over-
lapping features by scrutinizing the literature, especially the original
descriptions of these entities. We hypothesized that disease pro-
gression with varying degrees of corpus callosum and deep cere-
bral gray matter involvement and the worsening of HE conceptual-
ly overlapped. However, EPM and ACHD are pathologically dif-
ferent. EPM may show severe demyelination and macrophage-me-
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Fig. 7. A 52-year-old male with stuporous mentality. (A-D) Extensive involvement of deep gray matter, including globus pallidus
(GP), striatum (Str), thalamus (Th), and dentate nucleus (DN) as well as involvement of white matter such as periventricular white
matter (PVWM), corpus callosum (CC), internal capsule (IC), tegmentum (Tg), tectum (Tc), and pons, mimicking central pontine

myelinolysis and extrapontine myelinolysis.

Fig. 8. A 52-year-old male with stuporous drowsy mentality. (A-D) Fluid-attenuated inversion recovery imaging shows reported
synchronous involvement of red nucleus (arrow) and dentate nucleus (arrowhead) in a patient with metronidazole encephalopathy.

diated destruction, while ACHD shows band-shaped or speckled
vacuolization of CNS myelin without demyelination or macro-
phage influx. Therefore, the neuropsychiatric abnormality of HE
originates from a combination of several synergistic facilitating fac-
tors, and CLD induces a state sensitive to injury from osmotic im-
balances or external toxic substances through changes in ACHD,
resulting in brain lesions similar to those diseases, such as osmotic
demyelination syndrome or toxic encephalopathy. To understand
the pathophysiological mechanism of HE, multimodality MRI is a
useful and practical research tool. It will also become increasingly
vital in the early diagnosis, prognosis, and monitoring of HE.
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