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Abstract
In general, hepatic encephalopathy (HE) is defined as a brain dysfunction caused by liver insufficiency and/or portal-systemic 
blood shunting. This article relates to the so-called type C HE: that is, HE in patients with liver cirrhosis. It manifests as a 
wide spectrum of neurological or psychiatric abnormalities, ranging from subclinical alterations, detectable only by neu-
ropsychological or neurophysiological assessment, to coma. Several scales have been developed for grading the extent of 
HE. The most often used is the West Haven criteria (WHC), which differentiate between four grades of clinically overt HE. 
Patients with liver cirrhosis without clinically overt symptoms of HE but neuropsychological or neurophysiological find-
ings indicating brain dysfunction are considered to have minimal hepatic encephalopathy (MHE). For simplification, some 
experts suggest differentiating between covert HE (MHE plus grade I HE according to WHC) and overt HE (WHC grades 
II–IV). Diagnosis of both MHE and overt HE is hampered by the fact that none of the symptoms of HE or the findings in 
the various diagnostic measures applied are specific. Thus, a diagnosis of HE or MHE can only be made after exclusion of 
other possible causes of brain dysfunction.

1  Definition and Classification

Hepatic encephalopathy (HE) is a significant complication 
of severe acute or chronic liver insufficiency that is char-
acterized predominantly by alterations of personality, con-
sciousness, cognition and motor function. Three types of HE 
are traditionally differentiated according to the underlying 
cause: Type A as an essential component of acute liver fail-
ure, type B as a consequence of porto-systemic shunts in the 
absence of liver dysfunction and type C in patients with liver 
cirrhosis and porto-systemic bypass [1]. Current discussion 
concerns whether HE in patients with acute-on-chronic liver 
failure should be considered separately (as type D) as it is 
clinically, pathophysiologically and prognostically distinct 
from types A–C [2]. This paper is primarily concerned with 
type C HE.

In the majority of cases, type C HE occurs episodically in 
response to well-recognized precipitating factors (Table 1). 
However, patients may also have a chronic progressive or 
chronic persistent course of the disorder, especially in the 

presence of extensive porto-systemic shunting [3]. These 
patients may remain in grades I or II HE interspersed with 
episodes of grade III–IV HE despite therapy. Read et al. [4] 
described distinct persistent neuropsychiatric syndromes in 
21 patients with chronic liver disease and extensive porto-
systemic shunting: six had a “predominant psychiatric dis-
order resembling schizophrenia or mania,” five had “para-
plegia,” five had “cerebellar and basal ganglia disorder,” 
three had “paroxysmal disorders of consciousness or mus-
cle spasms” and two had “localized or generalized cortical 
disease.” Data about the prevalence of chronic progressive 
or persistent HE are sparse. A cross-sectional analysis in 
214 patients with liver cirrhosis of different causes revealed 
cirrhosis-related parkinsonism in 4.2% of the patients and 
hepatic myelopathy in 1.9% [5]. Of note, in contrast to epi-
sodic HE, these chronic progressive variants do not respond 
to the classical ammonia-lowering therapy, indicating a dif-
ferent pathophysiology. However, improvement has been 
observed after liver transplantation [1].

Each episode of overt HE is associated with an increased 
risk of further episodes of overt HE and increased 1-year 
mortality [1]. High-grade HE is also associated with an 
increased risk of death compared with low-grade HE [2].
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1.1  Grading

The West Haven criteria (WHC) are the most frequently 
used for grading HE [1]. This grading system differenti-
ates four grades of clinically manifest HE (Table 2). In 
grade I, patients show a lack of attention and some sub-
tle personality changes that are obvious predominantly to 
their relatives. In grade II, the most intriguing finding is 
disorientation for time combined, for example, with inap-
propriate behavior and lethargy. In grade III, patients are 
stuporous but respond to stimuli. They are also disoriented 
for place and situation and may exhibit bizarre behavior. 
In grade IV, patients are in coma.

When it became obvious that patients without clinical 
signs of HE may show alterations of brain function in neu-
ropsychological or neurophysiological measures, a fifth 
grade was added to this system: the so-called subclinical 
or minimal HE (MHE).

The use of the WHC grading system has been repeat-
edly challenged, especially its reliability when grading 
HE I. Though this should be possible with proper clinical 
assessment, some experts have recommended that MHE 
and grade I HE be combined and classified as “covert 
HE” that contrasts to “overt” HE with clinical grades 2–4 
[6]. Table 2, which is reprinted with permission from the 
American Association for the Study of Liver Diseases/
European Association for the Study of the Liver HE guide-
lines [1], compares these grading systems and provides 
operative criteria and comments for their use.

Besides alterations of consciousness and cognitive dys-
function, motor symptoms are characteristic features of 
HE. In particular, motor symptoms include extrapyramidal 
and cerebellar signs, such as hypomimia, bradykinesia, 
rigidity, tremor, dysarthria, ataxia and flapping tremor 
(asterixis), which is probably the most often cited motor 
symptom of HE. Of note, these symptoms are not strictly 
tied to a distinct grade of HE. Asterixis, for example, may 
be present in the absence of alterations of cognition or 
consciousness. Thus, grading—if necessary—should be 
done in terms of level of consciousness.

2  Minimal/Covert Hepatic Encephalopathy: 
Psychometric Test Procedures

Cognitive dysfunction frequently precedes further symp-
toms of HE and may be detectable only using psycho-
metric tests. Affected cognitive domains are attention, 
visuo-constructional abilities and psychomotor speed and 
accuracy [6].

Since even these subclinical symptoms are significant 
in the patient’s daily life—as outlined by Montagnese 
and Bajaj [7] in this Supplement—efforts are ongoing to 
develop a diagnostic procedure for MHE that is sensitive, 
specific and simple to apply. Different groups prefer dif-
ferent tests, but there is consensus that the tests applied 
should assess at least two different cognitive domains [1]. 
MHE is diagnosed if the subject achieves results worse 
than the − 2 standard deviation (SD) range from age-
adjusted norms and—when needed—education-adjusted 
norms in two different tests, if the tests are not part of a 
standardized battery. Otherwise, the norms for the battery 
are applicable. According to the literature, tests used for 
diagnosing MHE include the Number Connection Tests 
(NCT) A and B, the Digit Symbol Test, the Block Design 
Test, the Portosystemic Encephalopathy Syndrome (PSE) 
Test—providing the Psychometric Hepatic Encephalopa-
thy Score (PHES), the Inhibitory Control Test, the Stroop 
Test, the Scan Test, the Continuous Reaction Time Test, 
the Cognitive Drug Research (CDR) test battery or the 
Repeatable Battery for the Assessment of Neuropsycho-
logical Status (RBANS) [1, 8]. Only the PSE syndrome 
test [6] has been developed especially for the diagnosis 
of minimal HE; none, including the PSE syndrome test, 
provide results that are specific for HE. It is of utmost 
importance that norms achieved from the local population 
are available for the measure applied in any diagnostic 
approach.

Since norms for the PHES have been previously elabo-
rated in various countries, including Germany, Spain, 
Italy, France, the UK, Turkey, Denmark and China, the 
test is frequently used for diagnosing MHE. It comprises 
five paper–pencil subtests: the NCT A and B, the Digit 
Symbol Test, the Serial Dotting Test and the Line Tracing 
Test. The results for each of these subtests are compared 
with age-related normative data and converted into scores 
from + 1 to − 3 depending on how many SDs a test value 
in the patient differs from the mean in the normal popula-
tion. Since time needed to finish the task and number of 
errors in the Line Tracing Test are considered separately, 
patients can be allocated between + 6 and − 18 points. 
Considering the test results in the normal population as 
well as those of patients with clinically overt HE (OHE), 
the cut-off between normal and abnormal results was set 

Table 1  Precipitating factors of hepatic encephalopathy episodes

Infection
Gastrointestinal bleeding
Diuretic overdose
Electrolyte disorder
Constipation
Psychoactive medication
Dehydration
Dietary indiscretion
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at − 4 points for the German version [6]. Note that various 
versions of the PHES test are used by different groups, 
so test results should be compared with caution when it 
is unclear whether identical versions of the battery have 
been used [9]. Even more important is to consider that the 
norms provided or used in Italy or Spain, for example, are 
based on only five test results: for the Line Tracing Test, 
the time needed and the number of errors are combined 
and considered as a single factor, the “error-weighted 
time” [9]. There is even a difference in calculating this 

“weighted” score. Here, a cut-off ≤ − 4 is recommended 
using the respective national norms.

Despite these differences, the PHES test is considered 
a valuable tool for diagnosing MHE worldwide. The sen-
sitivity of the test for diagnosing HE was 96% and the 
specificity (per definition) was 100% when comparing test 
results of patients with clinically OHE and healthy con-
trols in the validation study [6]: 22% of the patients with-
out clinical signs of HE achieved abnormal results in the 
PHES battery and were classified as having MHE. Cam-
pagna et al. [10] recently found abnormal PHES results 

Table 2  Grading of HE according to the WHC and the competing ISHEN criteria, which contrast covert and overt hepatic encephalopathy

Reproduced from Vilstrup et al. [1] with permission from Wiley & Sons
HE hepatic encephalopathy, ISHEN International Society for Hepatic Encephalopathy and Nitrogen Metabolism, MHE minimal hepatic enceph-
alopathy, WHC West Haven criteria
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in 42.7% of 295 patients with liver cirrhosis but no OHE 
[n = 50 (17%) had grade 1 HE, 76 (26%) had MHE].

Currently, the PHES test is widely considered a gold 
standard that should also be used for the evaluation of new 
approaches to diagnose MHE or covert HE. This has most 
recently been done for the Animal Naming Test (ANT) [10], 
in which subjects are asked to name as many animals as 
possible within 1 min. After rough correction for age and 
education effects, the authors defined cut-off values for a 
(simplified) S-ANT score that, in their opinion, could be 
used for an estimation of a patients’ cognitive function. A 
score of ≥ 15 indicates a probability of about 80% that the 
subject has no cognitive dysfunction, a score of < 10 indi-
cates the presence of encephalopathy with a probability of 
about 80% [10].

Specialized centers frequently use computerized elec-
troencephalogram (EEG) analysis and/or critical flicker 
frequency (CFF) in addition to psychometric measures for 
diagnosing MHE [11, 12]. However, widespread use of the 
EEG as diagnostic tool is impeded by limited access to this 
method. For CFF assessment, the portable  Hepatonorm® 
analyzer can be used, for example, without specialist knowl-
edge, and thus this method seems more deployable than the 
EEG.

A combination of different neuropsychological and neu-
rophysiological diagnostic approaches appears rational, 
since there is no complete overlap in the results when com-
paring the various measures available [11–15]. Recently, a 
combination of the currently most frequently used meth-
ods—the PHES, EEG and CFF—has been recommended 
for screening [12].

3  Diagnostic Principles

Diagnosis of HE, clinically overt or not, still requires 
clinical skills. Neither the clinical symptoms observed 
in patients with HE nor the neuropsychological or neuro-
physiological findings characteristic for HE are specific. 
Thus, a diagnosis of HE can be made only after exclusion 
of other possible causes of brain dysfunction in every indi-
vidual patient. Finally, response to treatment might be the 
best measure to prove the diagnosis.

In addition to the underlying liver disease or compli-
cations of liver cirrhosis, concomitant disorders must 
also be considered. Montagnese et al. [16] reported that 
95 of 177 patients with cirrhosis and MHE or OHE had 
comorbidities that could add to their symptoms besides 
HE. In case of HE episodes, the most important differ-
ential diagnoses are hyponatremia, thiamine deficiency, 
sepsis and intracranial bleeding [1, 17]. When diagnos-
ing MHE, a patient’s individual level of cognitive abilities 
should also be considered if possible. Patients with greater 

intellectual abilities (or cognitive reserve) may achieve test 
results within the (lower) normal range even with increas-
ing metabolic disequilibrium [18]. In the case of chronic 
progressive HE with parkinsonism, Idiopathic Parkinson’s 
disease and multiple system atrophy must be considered. 
The patient’s medical history, a thorough analysis of the 
clinical findings and brain imaging, including magnetic 
resonance imaging (MRI) and single photon emission 
tomography (SPECT), to assess striatal dopamine trans-
porter and dopamine receptor availability are useful tools 
in these cases [5]. Clinical findings, clinical course, MRI 
and, eventually, analysis of cerebrospinal fluid allow for 
quick differential diagnosis of hepatic myelopathy [19].

4  Imaging

So far, brain imaging has provided useful insight into the 
pathophysiology of HE [20]. Details are also provided in 
the paper by Butterworth [21] on the pathogenesis of HE 
in cirrhosis in this Supplement. However, to date, no scien-
tifically proven imaging method exists that could unequiv-
ocally diagnose HE. Chen et al. [22] recommend diffusion 
tensor imaging of the brain and mean diffusivity (MD) and 
fractional anisotropy (FA) maps as potential biomarkers 
for MHE. They observed significant differences in MD and 
FA in distinct white matter areas of the brain in patients 
with MHE compared with patients with cirrhosis but no 
HE. Moreover, they identified two spatially distributed 
white matter regions that were jointly significantly pre-
dictive of the group membership. Using MD and FA maps 
across five different thresholds, they showed that using a 
threshold of 0.75 SDs below mean FA resulted in a clas-
sification accuracy of 92.3%. Although these findings are 
interesting, FA or MD maps cannot be considered reliable 
biomarkers of HE. Chen at al. [22] excluded patients with 
“significant” non-hepatic diseases, and we do not yet know 
whether and how the frequent concomitant disorders in 
cirrhotic patients might affect MRI findings. Therefore, 
we still have no diagnostic imaging tool that might help in 
diagnosing HE other than by exclusion of other possible 
causes of brain dysfunction.

5  Conclusion

Several proposals have been made to provide a functional 
definition and grading of HE for clinical purposes. Although 
the means provided are helpful, they cannot remediate the 
fact that HE is a complex disorder that cannot be handled or 
understood by oversimplification. Irrespective of the method 
used, certain difficulties in diagnosing HE will remain; in 
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any individual case, HE must be differentiated from other 
possible causes of brain dysfunction. A huge step in advanc-
ing the understanding and the diagnosis of HE would be 
the acknowledgement of general rules for diagnosing brain 
disorders, such as the application of adequate norms for the 
assessment of neuropsychological or neurophysiological 
measures or a deliberate handling of the various diagnostic 
findings, also for diagnosing HE.
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