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Abstract Minimal hepatic encephalopathy is the term
applied to the neuropsychiatric status of patients with
cirrhosis who are unimpaired on clinical examination
but show alterations in neuropsychological tests explor-
ing psychomotor speed/executive function and/or in neu-
rophysiological variables. There is no gold standard for
the diagnosis of this syndrome. As these patients have,
by definition, no recognizable clinical features of brain
dysfunction, the primary prerequisite for the diagnosis is
careful exclusion of clinical symptoms and signs. A
large number of psychometric tests/test systems have
been evaluated in this patient group. Of these the best

known and validated is the Portal Systemic Hepatic
Encephalopathy Score (PHES) derived from a test bat-
tery of five paper and pencil tests; normative reference
data are available in several countries. The electroen-
cephalogram (EEG) has been used to diagnose hepatic
encephalopathy since the 1950s but, once popular, the
technology is not as accessible now as it once was. The
performance characteristics of the EEG are critically de-
pendent on the type of analysis undertaken; spectral
analysis has better performance characteristics than vi-
sual analysis; evolving analytical techniques may pro-
vide better diagnostic information while the advent of
portable wireless headsets may facilitate more wide-
spread use. A large number of other diagnostic tools
have been validated for the diagnosis of minimal hepat-
ic encephalopathy including Critical Flicker Frequency,
the Inhibitory Control Test, the Stroop test, the Scan
package and the Continuous Reaction Time; each has
its pros and cons; strengths and weaknesses; protago-
nists and detractors. Recent AASLD/EASL Practice
Guidelines suggest that the diagnosis of minimal hepatic
encephalopathy should be based on the PHES test to-
gether with one of the validated alternative techniques
or the EEG. Minimal hepatic encephalopathy has a det-
rimental effect on the well-being of patients and their
care-givers. It responds well to treatment with resolution
of test abnormalities and the associated detrimental ef-
fects on quality of life, liver-related mortality and
morbidity. Patients will only benefit in this way if they
can be effectively diagnosed. Corporate efforts and con-
sensus agreements are needed to develop effective diag-
nostic algorithms.
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Background

Definitions and diagnosis

The working party on hepatic encephalopathy, which reported
in 2002 (Ferenci et al. 2002), did not provide a definition of
minimal hepatic encephalopathy although it recognised that,
at a semantic level, the term was applied to a population of
individuals with cirrhosis who performed abnormally on psy-
chometric tests but presented as essentially normal on clinical
examination (Gitlin et al. 1986). They accepted that these
individuals might also have abnormal neurophysiological test
results but considered these to be non-specific and did not
evaluate other proposed diagnostic tools, for example, the
Sternberg test, as few, if any, published data were available
for review. This working party made the obvious, but very
important statement, that in the absence of a diagnostic ‘gold
standard’ the validation of any proposed tests/test systems for
the diagnosis of minimal hepatic encephalopathy would pres-
ent major difficulties. In consequence, they called for a large
study to redefine the neuropsychiatric abnormalities in people
with liver disease, which would allow the diagnosis of mini-
mal hepatic encephalopathy to be made on firm statistical
grounds (Ferenci et al. 2002). As an interim measure they
suggested that the diagnosis should be based on the results
of at least two of four recommended psychometric tests viz.
Number Connection Tests (NCT) A and B (Reitan 1955), and/
or the Block Design and Digit Symbol subtests of the
Wechsler Adult Intelligence Scales–Revised (Wechsler
1981); they also recommended use of the Psychometric
Hepatic Encephalopathy Score (PHES), which derives from
five tests viz.: NCTA and B, the Digit Symbol, Line Tracing
and Serial Dotting tests (Weissenborn et al. 2001). They also
stipulated that, where possible, quantitative neurophysiologi-
cal variables such as the electroencephalogram (EEG) mean
dominant frequency (MDF) and the P300 of the cognitive
auditory evoked potential should be added.

The 2014 Practice Guideline on Hepatic Encephalopathy,
published jointly by the American and European Associations
for the Study of the Liver (AASLD/EASL) (Vilstrup et al.
2014), describes minimal hepatic encephalopathy as a condi-
tion where there is – psychometric or neuropsychological al-
terations of tests exploring psychomotor speed/executive func-
tions or neurophysiological alterations without clinical evi-
dence of mental change. The Guideline Development Group
(GDG) suggested that the operative criterion should be ‘ab-
normal results of established psychometric or neuropsycho-
logical tests without clinical manifestations’. However, the
advice they provide about screening for minimal hepatic en-
cephalopathy is unclear. While conceding that testing for min-
imal hepatic encephalopathy is important and that ideally all
patients at risk should be tested, the GDG expressed concern
that this could prove costly and that difficulties could arise

once patients were diagnosed because there is no clear man-
agement strategy particularly in relation to treatment. Thus,
they suggest that testing should be reserved for those with
impaired quality of life or in whom there are ‘complaints’—
not specified— from the patient or their relatives. This later
statement conflicts, however, with their statement that use of
the term ‘minimal’ conveys that there are no clinical manifes-
tations of hepatic encephalopathy.

The 2014 Practice GDG reviewed a number of possible
diagnostic tests/test systems and conceded that there
are no universal diagnostic criteria and that local stan-
dards and expertise are required. Nevertheless, they rec-
ommend that in multicentre studies the diagnosis of
minimal hepatic encephalopathy should be based on at
least two of the current validated testing strategies viz:
the PHES test battery (Weissenborn et al. 2001) and
either one of the computerised test systems e.g. Continuous
Reaction Time (CRT) test, Inhibitory Control Test (ICT),
Stroop or Scan tests OR a neurophysiological variable, for
example, the EEG MDF or Critical Flicker Frequency
(CFF). They recommend that in routine clinical practice or
in single-centre studies clinicians/investigators should use
tests they are familiar with/have access to, provided that ade-
quate, local, normative data are available (Bajaj et al. 2011a).

This review aims to further qualify and quantify minimal
hepatic encephalopathy bearing in mind the current guidelines
but not constrained by them.

The diagnosis of minimal hepatic encephalopathy

As patients with minimal hepatic encephalopathy, by defini-
tion, have no recognizable clinical features of brain dysfunc-
tion, the primary prerequisite for the diagnosis is the careful
exclusion of clinical symptoms and signs.

Clinical examination

The exclusion of overt, or clinically apparent, hepatic enceph-
alopathy should be based on a careful and detailed neuropsy-
chiatric history and examination (Montagnese et al. 2004)
with particular attention paid to changes in memory, concen-
tration and other aspects of cognition, and consciousness. A
comprehensive neurological examination is mandatory
looking particularly for evidence of subtle motor abnormali-
ties. Other potential causes of neuropsychiatric abnormalities,
for example, concomitant neurological disorders such as sub-
dural haematoma, Wernicke’s encephalopathy or vascular de-
mentia, and other metabolic abnormalities such as those asso-
ciated with diabetes, renal failure, and drug or alcohol intox-
ication, must be ruled out.
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Psychometric testing

A large number of psychometric tests have been utilized to
assess cognitive function in patients with cirrhosis. Overall the
domains most affected are those concerned with: (i) speed and
accuracy in selection processes, particularly involving spatial
conflicts or perceptual-semantic conflicts; (ii) inhibition; and,
(iii) working memory. Simple reaction times or long-term ver-
bal memory tasks are much less affected (Amodio et al. 2010;
Bajaj et al. 2008). In tests of psychomotor speed alterations in
selection processing occur before alteration in motor response
(Schiff et al. 2005).

Test systems and assessed domains

None of the psychometric tests utilized for the diagnosis of this
condition is specific. The test systems that access the key do-
mains of attention and psychomotor speed are likely to have the
best diagnostic performance. The PHES test battery (Schomerus
et al. 1999) of five paper and pencil tests assesses motor speed
and accuracy, visual perception, visuo-spatial orientation, visual
construction, concentration, attention and, to a lesser extent,
memory; it has a reported sensitivity of 96 % and specificity of
100 % for the diagnosis of Grade 1 hepatic encephalopathy
(Schomerus and Hamster 1998; Weissenborn et al. 2001). The
test-retest reliability exceeds 0.81 (Schomerus et al. 1999) and
there is no significant learning effect if all four parallel versions of
the test are used (Goldbecker et al. 2013). The PHES test battery
is currently recommended as the ‘gold standard’ for the diagno-
sis of minimal hepatic encephalopathy (Ferenci et al. 2002;
Randolph et al. 2009; Vilstrup et al. 2014), although the term
‘best clinical standard’ is probably more appropriate.

Computerized psychometric test batteries are being used in-
creasingly in clinical medicine primarily because they are con-
venient, afford greater control over task stimuli, allow presenta-
tion to be standardized and data capture to be automated; as such
they minimize inter-observer variance both in application and
scoring. There is some evidence to support their use for the
diagnosis of minimal hepatic encephalopathy but validation in-
variably relies on comparison with PHES test performance.

A test battery developed by Cognitive Drug Research
(CDR) System Ltd. (Goring–on–Thames, United Kingdom)
has been used extensively for the assessment of cognitive
function in clinical trials and shows good test-retest reliability.
Significant concordance was found between the results of the
CDR and the PHES test in patients with minimal hepatic en-
cephalopathy; in this context the sensitivity and specificity of
the CDR, using the PHES test results as the comparator, were
86 % and 81 % respectively (Mardini et al. 2008). German
control norms were used to score the PHES test results in this
study; use of UK norms might have affected the diagnostic
performance of the CDR battery. No further evaluations are
available.

TheVienna Test System (VTS) (Dr Schuhfried Inc.,Mödling,
Austria) comprises a large number of computerized tests cover-
ing the entire range of psychological assessment (Vienna Test
System 1999). The modular design of the VTS allows individual
psychological tests to be combined to provide specific test batte-
ries. Five of these tests, which between them provide 22 param-
eters designed to evaluate attention, concentration, visual
perception and fine motor abilities, were used to assess
neuropsychometric performance in patients with cirrhosis
(Kircheis et al. 2002). The results of the VTS evaluation were
used to grade neuropsychometric status in patients with cirrhosis
in order to evaluate another test system; the presence of two or
more abnormal tests was considered diagnostic for minimal he-
patic encephalopathy in the absence of clinical symptoms and
signs (Kircheis et al. 2002). The proportion of patients with ab-
normal VTS test results was considerably higher than the pro-
portion with abnormal PHES test results but there was no head
to head comparison of the results of the two systems. The inter-
pretation of the results of this study have been criticized because
the five VTS variables were considered abnormal if any one of
the subtests was outside 1 standard deviation (SD) of themean of
the reference population rather than the 2SD criterion usually
applied when evaluating psychometric test performance; this
choice of cut-off might produce an unacceptably high false pos-
itive rate (Weissenborn 2015b). Use of the 1SD cut-off has been
vigorously defended by the original workers who have continued
to use the VTS system to evaluate several aspects of cerebral
function in patients with minimal hepatic encephalopathy
(Kircheis et al. 2014; Miese et al. 2006; Shah et al. 2008;
Timmermann et al. 2008). They do concede, however, that use
of the VTS battery is very time consuming and that it is not
suitable for the routine evaluation of patients with cirrhosis in
the clinical setting.

The Cogstate Research™ test battery includes four core
cognitive domains viz: processing speed, attention, visual
learning and working memory; and is customizable. The
tests are the briefest available and the outcome measures
and data are rapidly available for review via a secure web-
based portal. The test-retest reliability is high. Preliminary
results, in a small group of patients with cirrhosis, using
accuracy of test performance and speed of completion as
primary variables, found strong correlations between the
International Shopping list tasks of the Cogstate
Research™ test battery and the Digit Symbol test of the
PHES battery. Further the results suggested that the Serial
Dotting test of the PHES battery might not be discriminatory
and that its replacement by the shopping list tasks of the
Cogstate Research™ battery might enhance the diagnostic
utility of the PHES (Cook et al. 2015, personal communica-
tion). However, if the PHES were to be modified in this way
it would need to be revalidated.

Further evaluation and validation of these and other
computer-based psychometric systems are needed.
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Requirements for normative reference data

Psychometric test results can be influenced by a variety of
factors including: innate intelligence, age, sex, education, eth-
nicity and even occupation. The effects differ from test to test
on an individual basis. Thus, one of the key requisites for
psychometric testing is the availability of adequate normative
reference data.

Age is one of the most important confounders but the rela-
tionship between age and test performance may vary between
tests (Figs. 1 and 2). The effects of innate intelligence and
education vary depending on the difficulty of the task. Thus,
the level of education has a small and generally negligible
effect on performance of the NCT A but has an important
effect on the performance of the STROOP test (Van der
Elst et al. 2006; Weissenborn et al. 2001) (Fig. 2). The
effects of gender have generally been less well studied
but normative data obtained in a Dutch population showed
that women outperformed men in the STROOP test over the
entire age range, irrespective of the level of education (Van der
Elst et al. 2006).

Ethnicity also impacts on psychometric test performance.
Thus, significant differences have been observed between
African Americans and Caucasians in several tests of attention
and memory independent of age and level of education
(Norman et al. 2011). Finally, long-life mental training and
daily engagement in cognitively demanding activities can in-
fluence psychometric performance, probably reflecting the so-
called cognitive reserve (Cona et al. 2014). This term refers to
the functional/structural effects of training on the brain. Thus,
individuals with well-developed pre-morbid skills maintain

task performance related to these specific skills, despite
objective decline in other dimensions of brain function
(Montagnese et al. 2010).

The acquisition of normative reference data for psychomet-
ric tests is a difficult task as these must be validated on at least
a national basis and regularly re-evaluated as changes in edu-
cational and life-style variables may impact on normative per-
formance over time. This is particularly important as popula-
tion mobility increases, as this can substantially change
the ethnic mix of populations, particularly in large urban
conurbations.

The PHES test was developed and standardized in
Germany and was originally applied elsewhere using the
German normative data. This was not ideal as thresholds
which apply in one population do not necessarily apply in
others (Amodio et al. 1996). However, normative reference
data are now available in Italy (Amodio et al. 2008); Spain
(Romero Gómez et al. 2006); the United Kingdom (Marks
et al. 2008); Poland (Wunsch et al. 2013); South Korea (Seo
et al. 2012); and Mexico (Duarte-Rojo et al. 2011); in addi-
tion, the PHES battery has been adapted and validated for use
in India by replacing the Number Connection Test B with
Figure Connection Test A to overcome possible unfamiliarity
with the English alphabet (Kurmi et al. 2008).

The 2002 and 2014 guidelines stipulate that psychometric
testing should be undertaken by trained examiners and
emphasize that it is essential to administer and score tests
as specified in the test manuals; deviations could invalidate
the results. In addition, the normative reference data are
valid only for the test version from which they were
derived. Thus, any modification of the original test
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Fig. 1 Correlation between age
and log time to complete for
Number Connection Test A
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battery will require further validation. Riggio et al. (2011),
showed that the PHES test battery could be shortened with-
out loss of efficacy. Backward, logistic regression identified
a shortened test comprising the Digit Symbol, Serial Dotting
and Line Tracing tests, which was defined using the regres-
sion coefficients and the Z scores of the three selected tests.
Exclusion of the remaining two tests did not significantly
affect overall performance either in terms of the diagnosis of
minimal hepatic encephalopathy or predicting the subse-
quent development of overt hepatic encephalopathy.
However, a more recent attempt to shorten the PHES
battery by removal of the Serial Dotting test (Kircheis
et al. 2014) has been criticized because the cut-off be-
tween normal and abnormal test results, on the modified
PHES battery, was based on the threshold which differentiated
unimpaired patients from those with minimal hepatic enceph-
alopathy using an independent psychometric test system rath-
er than normative data from healthy controls (Weissenborn
et al. 2015).

Co-morbid/co-occurring conditions confound psychometric
test results

Chronic HCV infection and alcohol misuse, two of the most
prevalent causes of cirrhosis, can affect cognition irrespective
of the development of significant liver disease (Campagna et al.
2015). Anxiety, depression and impairment of health-related
quality of life are common amongst people with cirrhosis and
can significantly affect psychometric performance (Nardelli
et al. 2013).

The attention deficits and psychomotor dysfunction, which
are characteristics of hepatic encephalopathy, are also ob-
served in other conditions co-morbid or co-occurring with

cirrhosis (Weissenborn 2015a, b) such as renal failure, heart
failure, respiratory failure and poorly controlled diabetes
mellitus. In a small but well-conducted series (Lauridsen
et al. 2015), abnormal PHES test results were observed
in varying proportions of patients with heart failure,
renal failure, poorly controlled type II diabetes mellitus
or respiratory failure secondary to chronic obstructive
pulmonary disease (COPD); the difference in mean
values between patients with COPD and healthy controls
was significant (Fig. 3). Abnormal results were also observed
in the same patient groups for another diagnostic variable, the
Continuous Reaction Time (CRT) (vide infra); in this instance
the differences in mean values in both the patients with heart
failure and those with respiratory failure were significantly
reduced (Fig. 3).

Neurophysiology

The number of confounders or elements of variability in
the assessment of psychometric performance provides a
rational for use of a complementary, objective evaluation
of brain function, which is preferably independent of de-
mographic and education confounders and does not require
patient engagement or co-operation. Electroencephalography
is the electrophysiological technique most frequently
used to diagnose, assess and monitor neuropsychiatric
status in patients with cirrhosis. However, although the
EEG provides data that are capable of objective quanti-
fication and are complementary to clinical findings and
psychometric performance data neither the 2002 nor the
2014 guidelines encourage use of this technique citing
the non-specificity of the findings, the lack of validation
in the absence of a gold standard for the diagnosis of

Level of education

Low

Average

High

Fig. 2 Correlation between age
and the STROOP test error score,
by level of education.
Age dependence in the STROOP
test results in young adults is
minimal, but there is a steep
relationship between age and
STROOP Interference Score or
Error Score in subjects over the
age of 45 years (adapted after Van
der Elst et al. 2006)
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minimal hepatic encephalopathy and difficulties in
accessing the requisite facilities.

The EEG has been used to diagnose hepatic encephalopa-
thy since the 1950s, when monomorphic slow waves were
first observed in the frontal regions of the EEG in patients
with clinically overt hepatic encephalopathy (Foley et al.
1950). Subsequent observations in patients with cirrhosis
identified a progressive generalised slowing of the back-
ground EEG MDF with an initial reduction in the 8–12 Hz
alpha rhythm and its replacement by 5–7 Hz theta waves.
Theta activity increases as the condition progresses with
later replacement by even slower activity in the delta
band (1–3 Hz), before the EEG finally becomes isoelectic.
Triphasic waves may be observed at the stage of maximum
theta activity.

Parsons-Smith et al. (1957), developed a grading system
based on visual inspection of the EEG recordings in patients
with cirrhosis and showed that the changes observed correlat-
ed fairly well with the degree of clinical neuropsychiatric
change. However, none of the EEG findings is diagnostic
for hepatic encephalopathy as similar changes are also ob-
served in other metabolic and drug-induced encephalopathies
(Niedermeyer 1999).

In their original series Parsons-Smith et al. (1957) identi-
fied EEG abnormalities in 43 % of a group of patients with
cirrhosis who had no clinical evidence of hepatic encephalop-
athy. The authors did not realize the importance of this find-
ing, which, in effect, identified the existence of minimal he-
patic encephalopathy for the first time. There is no doubt that
visual inspection of the EEG can identify slowing in patients
with cirrhosis who are neuropsychiatrically unimpaired
(Amodio et al. 2006) and there is a degree of concordance
between the psychometric and neurophysiological findings
in this patient group (Amodio et al. 2006; Montagnese et al.
2007). However, the agreement is not absolute although this is
not surprising as each modality accesses different domains of
cerebral activity.

A clear improvement in the quantification of EEG alter-
ations in patients with cirrhosis was obtained by Van de Rijt
et al. (1984) using spectral analysis of the digitized EEG to
quantify the percentage theta activity and this was subsequent-
ly confirmed (Amodio et al. 1999a). Although the original
spectral thresholds were derived for the detection of overt
hepatic encephalopathy it was later determined that theta ac-
tivity in excess of 35 % in a posterior lead derivation in a
patient with cirrhosis with no clinical features of hepatic en-
cephalopathy was diagnostic of minimal hepatic encephalop-
athy (Amodio et al. 1996; Quero et al. 1996). Subsequently it
was shown that this theta threshold has prognostic value in
patients with cirrhosis (Amodio et al. 2001), correlates with
findings on psychometric testing (Amodio et al. 2008) and is
reflective of caregivers' burden (Montagnese et al. 2012a)
(Fig. 4).

A more advanced techniques for spectral analysis of the
EEG, the SEDACA spatio-temporal decomposition (Jackson
and Sherratt 2004; Montagnese et al. 2007), can reduce the
effect of noise and provide a cleaner signal for analysis. The
SEDACA-derived spectral estimates correlate better with neu-
ropsychiatric status than conventional estimates and allow dif-
ferentiation of patients with minimal hepatic encephalopathy
from a reference population (Montagnese et al. 2007).

Recently spectral analysis of the EEG in patients with cir-
rhosis have been reassessed to allow definitions of thresholds
for MDF and relative delta power and relative theta power for
the diagnosis of any degree of hepatic encephalopathy. New
thresholds were calculated, for these three individual variables
using conventional Receiver Operator Characteristics (ROC)
curve analysis while an extended multivariable ROC-like
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Fig. 3 Performance of the PHES and Continuous Reaction Time (CRT)
tests in healthy controls and outpatients with either moderate to severe
heart failure, renal failure: pre-dialysis, poorly controlled type II diabetes
mellitus or respiratory failure secondary to chronic obstructive pulmonary
disease. Horizontal lines indicate thresholds: PHES scores <−4 are
considered abnormal; reaction time instability (CRTindex) < 1.9 is
considered abnormal. Performance in all four groups is impaired
compared to controls but the differences are only significant for the
performance of CRT in heart failure and in both PHES and CRT in
respiratory failure
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(MV ROC) analysis was used to test every combination of
thresholds forMDF, relative delta power and relative theta power
to select the set that had the best performance (Jackson et al.
2014, personal communication) (Table 1). The utility of the
thresholds defined using the MV ROC procedure for the di-
agnosis of any degree of hepatic encephalopathy were supe-
rior to the conventional and ROC-derived thresholds and these
findings were validated in two separate populations (Table 2).
Adoption of these new spectral thresholds would significantly
improve the diagnostic utility of the EEG for the diagnosis of
minimal hepatic encephalopathy, particularly when used in
conjunction with an assessment of psychometric performance.

One of the cited criticisms of the EEG as a diagnostic tool
for minimal hepatic encephalopathy is its inaccessibility to
clinicians. However, commercially available, low-cost,

wireless headsets are now available, and provide quantified
parameters in patients with cirrhosis and hepatic encephalop-
athy which are comparable to those obtainedwith professional
high-quality equipment (Schiff et al. 2014, personal commu-
nication). Access to this technology, which provides operator-
and patient-independent data, might encourage more wide-
spread use of the EEG for the diagnosis and monitoring of
hepatic encephalopathy.

Other assessment techniques

Very little information on alternative diagnostic test systems
for minimal hepatic encephalopathy was available to the
working group formulating the 2002 guideline but informa-
tion on several systems was evaluated in the 2014 review.

The Inhibitory Control Test (ICT) is a computerized, chro-
nometric test of attention and response inhibition, which can
be freely downloaded from www.hecme.tv. Patients are
shown a series of random letters and are asked to respond by
pressing a mouse key when an X is followed by a Y, or a Y is
followed by an X (alternating presentation, termed targets);
they are instructed not to respond to X following X or Y
following Y (non-alternating presentation, termed lures). High
lure and low target responses indicate poor psychometric
performance.

A lure threshold of >5 was identified as the key
variable for the diagnosis of minimal hepatic encephalopathy
(Bajaj et al. 2007a; Bajaj et al. 2008). In the initial studies ICT
exhibited a sensitivity of 88 % and a specificity of 77 % for the
diagnosis of minimal hepatic encephalopathy; showed good
test-retest reliability and equivalence to standard psychometric
tests (Bajaj et al. 2007a; Bajaj et al. 2008). However, it is now
generally agreed that the initial lure threshold was set too
low—most likely reflecting the high educational attainments
of the selected control population—and that lure thresholds
need to be adjusted to reflect local population norms (Sharma
et al. 2013). Subsequently other workers have found that ICT
results: (i) correlate poorly with the results of other tests used
for the diagnosis of minimal hepatic encephalopathy; (ii) are
influenced by demographic variables; (iii) exhibits some learn-
ing effect; and, (iv) have greater diagnostic utility if the number
of lures (inhibitory ability) is adjusted by target accuracy (at-
tention ability) (Amodio et al. 2010). In addition, patients gen-
erally prefer other test systems (Sharma et al. 2013).

The Stroop Color and Word Test or Stroop Test is a short
test based on the Stroop effect of interference in the recog-
nition reaction time to a task. Thus, when the name of a
colour is printed in a colour different to the name e.g. the
word red is printed in blue rather than red ink, naming the
colour of the word takes longer and is more prone to errors
than when the colour of the ink and the name match (Fig. 5).
This test evaluates executive aspects of control such as

Table 1 Conventional and new spectral variables derived in the UK
identification cohort for the diagnosis of any degree of hepatic
encephalopathy

P3-P4 lead derivation SEDACA components

MDF (Hz) Delta (%) Theta (%) MDF (Hz) Delta (%) Theta (%)

Conventional thresholds*

6.8 49.0 35.0 6.8 43.5 40.0

ROC-derived thresholds

9.2 16.2 22.7 8.8 13.6 21.9

MV ROC-derived thresholds

7.0 50.0 22.7 5.7 62.5 21.9

MDF, mean dominant frequency; Theta%, relative theta power; Delta%,
relative delta power;

ROC: receiver operating characteristics; MV ROC: multivariable ROC

*Amodio et al. 1999a; Montagnese et al. 2007

p<0.01

Fig. 4 Caregivers burden expressed as a total score in relation to the EEG
findings in their charges; the EEG was classified as abnormal if the %
theta activity ≥35 %. Data adapted from Montagnese et al. (2012a)
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attention, information processing speed, selective attention
and cognitive flexibility. It has been used previously to study
the defects in attention observed in patients with cirrhosis
(Amodio et al. 2005; Felipo et al. 2012).

Recently a smartphone application for the Stroop task
(EncephalApp_Stroop) has been used to diagnose minimal
hepatic encephalopathy in patients with cirrhosis (www.
encephalapp.com) (Bajaj et al. 2013, 2014). The Stroop test
has an ‘Off’ state with neutral stimuli and an ‘On’ state with
incongruent stimuli. Outcomes include the time to complete
five correct runs as well as the number of trials needed in on
(Ontime) and off (Offtime) states. Stroop performance mea-
sured as the Ontime + Offtime was found to be significantly
impaired in patients with minimal hepatic encephalopathy and
the level of agreement with the results of the PHES test was
good (Kappa statistic 0.7). However, the patients with

cirrhosis included in these studies were relatively young with
a mean age of around 52 years and overall had relatively high
educational attainments. In addition, the performance of the
Stroop test is known to be affected by a number of con-
founders including age, education, gender, and an education
by gender interaction (Llinàs-Reglà et al. 2013; Moering et al.
2004; Van der Elst et al. 2006) (Fig. 2); which were not suffi-
ciently well accounted for in these studies. Further studies are
underway.

Critical Flicker Frequency (CFF), is a technique which
centers on the perception of light as flickering or fused as its
frequency changes. It assesses visual discrimination ability
and general arousal (Kircheis et al. 2002). More recently the
neurophysiological basis of CFF testing has been addressed in
more detail using functional magnetic resonance imaging and
spectroscopy, and magnetoencephalography (Miese et al.

Table 2 Performance of the composite assessment* based on thresholds derived from the UK identification cohort, for the diagnosis of any degree of
hepatic encephalopathy, in the identification and two validation population+

Cohort Sensitivity (%) Specificity (%) PPV (%) NPV (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%)
P3-P4 lead derivation SEDACA components

Conventional thresholds†

Identification: UK 47.1 94.7 77.4 82.1 60.4 93.7 78.4 86.1

Validation: UK 58.3 93.2 75.7 86.1 62.5 91.2 73.2 86.4

Validation: German 48.4 87.8 62.5 80.2 54.8 75.7 48.6 80.0

ROC-derived thresholds

Identification: UK 80.4 47.3 37.3 86.1 87.5 50.0 40.0 91.3

Validation: UK 83.3 51.9 38.5 89.6 85.4 46.4 38.0 89.2

Validation: German 87.1 28.4 33.8 84.0 87.1 25.7 32.9 82.6

MV ROC-derived thresholds

Identification: UK 76.5 79.4 59.1 89.7 81.2 78.6 59.1 91.7

Validation: UK 75.0 77.4 54.5 89.6 81.2 72.0 52.7 90.9

Validation: German 67.7 64.9 44.7 82.8 74.2* 60.8 44.2 84.9

Composite assessment *: an EEG is considered abnormal if the MDF or relative delta power or relative theta power is abnormal

PPV = positive predictive value; NPV = negative predictive value; ROC: receiver operating characteristics; MV ROC: multivariable ROC
+Thresholds developed in UK patients with cirrhosis (n = 113) and healthy controls (n = 69) and validated in a second UK population of patients with
cirrhosis (n = 113) and healthy controls (n = 68) and in a German cohort of patients with cirrhosis (n = 105)
†Amodio et al. 1999a; Montagnese et al. 2007

Fig. 5 The Stroop Test is based
on the Stroop effect. In Panel 1 the
name of the words and their
colours are concordant whereas in
Panel 2 the names and colours are
discordant The naming of the
colour of a visually presented
word slows, if the content of the
word contradicts the colour, for
example, the word ‘red’ is
presented in yellow, green or blue.
(Color figure online)
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2006; Shah et al. 2008; Timmermann et al. 2008; Zafiris et al.
2004).

Kircheis et al. (2002), reported that a CFF threshold of 39 Hz
allowed 100 % separation of patients with overt hepatic enceph-
alopathy from neuropsychiatrically unimpaired patients with cir-
rhosis and normal controls and that the same frequency allowed
separation of patients with minimal hepatic encephalopathy
from unimpaired patients with a sensitivity of 55 % and a spec-
ificity of 100%. In a later study, by another group, a CFF cut-off
of 38 Hz identified patients with minimal hepatic encephalopa-
thy, diagnosed using the PHES test, with a sensitivity of 72.4 %
and a specificity of 77.2 % and an observed agreement of 75 %
(Romero-Gómez et al. 2007). Low CFF readings predict the
development of overt hepatic encephalopathy during follow-up
(Romero-Gómez et al. 2007); predict the development of overt
hepatic encephalopathy following TIPS insertionmore accurate-
ly than the PHES test (Berlioux et al. 2014); and predict poor
post-TIPS outcomes (Kircheis et al. 2009).

Variables such as gender, level of education and time of day
do not appear to significantly affect CFF results (Kircheis
et al. 2002), although there is some evidence of differential
effects in relation to age (Dhiman et al. 2010; Goldbecker et al.
2013) and the aetiology of the underlying liver disease
(Kircheis et al. 2002). Testing requires optimization of test
runs, careful standardization of operating procedures, and in-
tact binocular vision. In addition, one of the available com-
mercial machines utilizes a red light and so can not be used in
individuals who are red-green colour blind. Patients find this
test system very acceptable (Sharma et al. 2013).

The Scan Package is a computerized reaction time test based
on a digit recognition memory task. It assesses cognitive atten-
tion, psychomotor speed and working memory, in a ‘modular’
fashion, with three increasing levels of difficulty viz: simple re-
action time, choice reaction time and scan reaction time. The
Scan test software provides an overall Z score, which is corrected
for age/educational attainment. There is relatively little informa-
tion on the utility of the Scan package for the diagnosis of min-
imal hepatic encephalopathy per se as the studies to date have
looked at the whole spectrum of neuropsychiatric impairment in
patients with cirrhosis (Amodio et al. 1999b; Montagnese et al.
2012b). It has been shown that both the simple and choice reac-
tion times are predictive of survival (Montagnese et al. 2012b).
The Scan test is influenced by visual stimulus encoding defects,
impairment in the stage of selection and output of response,
altered memory scanning, reduced short-termmemory, sustained
attention, and motor speed. It is likely to be subject to leaning
effects. Further evaluation of the utility of the Scan package for
the diagnosis of minimal hepatic encephalopathy is underway.

The Continuous Reaction Time (CRT) test (EKHO,
Bitmatic, Aarhus, Denmark), is a 10-min computerized test
of motor reaction time stability to 150 auditory stimuli de-
signed to test sustained attention and attention stability. The
key variable is the CRTindex, which is the variation coefficient

of the test reaction times; a CRTindex threshold of <1.9 defines
abnormality. The concordance of results with CRT and PHES
for the diagnosis of minimal hepatic encephalopathy is relative
poor at 60 % but use of the two tests can categorize
patients into risk categories for the development of overt
hepatic encephalopathy and for mortality (Lauridsen et al.
2011, 2015). The results are independent of age and gen-
der (Lauridsen et al. 2012) and there is no learning
effect. Results are susceptible to the confounding effects
of external distraction, psychoactive drugs, and possibly
sleep disturbances (Lauridsen et al. 2014).

A multimodal approach

There is no gold standard for the diagnosis of minimal hepatic
encephalopathy. Some tests/test systems are better validated
than others e.g. the PHES and so these often serves as the ‘best
clinical standard’ for validation of new or alternatives tests/test
systems. However, as hepatic encephalopathy may affect dif-
ferent cognitive domains in different patients a better approach
might be to identify a combination of tests which cover all
bases. The merit of this approach is illustrated in the following
two clinical scenarios (Tables 3 and 4)

Patient 1 (Table 3), a 66-year-old man with HCV-related
cirrhosis presented 14 months after successful TIPS inser-
tion, for uncontrollable variceal bleeding, complaining of
difficulties multitasking at work. His liver disease was well
compensated and his clinical condition was otherwise sta-
ble. His PHES score was normal; his EEG MDF and CFF
results were at the lower end of the reference range; his
Scan test result was borderline abnormal while his fasting
venous ammonia level was high. The results were not con-
clusive for a diagnosis of minimal hepatic encephalopathy
but in view of his stated cognitive difficulties he was started
on treatment with lactulose. Treatment resulted in an im-
provement in his symptoms, overall cognitive performance
and the results of his EEG and CFF; there was also a sig-
nificant decrease in his blood ammonia levels. This case
illustrates two important points: (i) test results may lie with-
in references ranges but still be abnormal for that patient;
knowledge of patients' premorbid performance will allow
these distinctions to be made and; (ii) the decision to treat
should not be based solely on test results but should also
take into account patient and caregivers assessments of per-
formance and quality of life.
Patient 2 (Table 4), a 69-year-old man with alcohol-
related cirrhosis was evaluated because his family and
carers reported worsening mental performance. The as-
sessment of his test results was complicated by the fact
that he was already on treatment with lactulose and
rifaximin. However, his significant memory problems
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and low Mini Mental State Evaluation (Folstein et al.
1975) warranted cerebral imaging, which showed evi-
dence of diffuse cerebrovascular disease and cerebral at-
rophy. A diagnosis of cerebrovascular and/or alcohol-
related dementia was made. Six months later there was
further worsening of his mental function in the absence of
any deterioration in his liver disease. This case illustrates
the importance of not assuming that all changes in mental
status in patients with cirrhosis are a consequence of he-
patic encephalopathy.

While it is not realistic to suggest that such comprehensive
evaluations are performed routinely, they should certainly be

considered in patients with cirrhosis with neuropsychiatric
impairment if: (i) blood ammonia levels are normal; (ii) there
is no response to ammonia-lowering treatment; and (iii) there
are possible alternative causes for the clinical findings
(Vilstrup et al. 2014; Montagnese et al. 2015).

Summary and conclusion

A number of test systems have utility for the diagnosis of min-
imal hepatic encephalopathy; combining tests increases diag-
nostic efficacy. The 2014 Practice Guideline provided sugges-
tions on how these diagnostic tests should be used. However,
one of the major difficulties in taking this forward is the level of

Table 3 Results of neuropsychiatric evaluations in a 66-year old man with HCV-related cirrhosis before and after treatment

Test
(units; threshold values)

Evaluation 1
Baseline

Evaluation 2
Baseline plus 4 weeks on treatment

Child-Pugh (5–15) and MELD (6–40) scores A6; 9 A6; 9

Symptoms Patient reports difficulties multi-tasking at work None

Clinical evaluation No detectable abnormalities No detectable abnormalities

Mini Mental State Examination (>24) 30/30 30/30

PHES score (> − 4) 0 +2

Scan test Z score (> − 2) −2.2 +1.4

EEG dominant frequency (Hz; >8) 8 10

Critical Flicker Frequency (Hz; >39) 39 45

Fasting, venous ammonia (μmol/L; <35) 113 59

The patient was initially evaluated 14months post-TIPS insertion when he complained of difficulties multitasking at work. The results of this evaluation,
with the exception of a marginally abnormal Scan test result, were normal. Nevertheless he was prescribed a non-absorbable disaccharides and re-
evaluated after four weeks; at this point he no longer reported cognitive dysfunction, and all the evaluations undertakenwere within the relevant reference
ranges except for the venous blood ammonia level which had, nevertheless, improved

MELD: Model for End-stage Liver Disease; PHES: Psychometric Hepatic Encephalopathy Score; EEG: electroencephalogram

Table 4 Results of serial neuropsychiatric evaluations in a 69-year old man with alcohol-related cirrhosis

Test
(units; threshold values)

Evaluation 1
Baseline

Evaluation 2,
Baseline plus 6 months

Child-Pugh (5–5)and MELD (6–40) scores C10; 15 C10; 15

Symptoms Carers report deterioration in mental performance Carers report further deterioration

Clinical evaluation Quiet, limited spontaneous interaction Quiet, limited spontaneous interaction

Mini Mental State Examination (>24) 24/30 19/30

PHES score (> − 4) - 8 −13
Scan test Z score (> − 2) Unable to perform Unable to perform

EEG dominant frequency (Hz; >8) 8.5 8.5

Critical Flicker Frequency (Hz; >39) Unable to perform Unable to perform

Fasting, venous ammonia (μmol/L; <35) 42 46

The patient was first evaluated when his carers reported deterioration in his mental function. His Mini Mental State Test result was borderline but he had
considerable memory deficits. The presence of a normal EEG and an only marginally elevated blood ammonia concentration mitigated against a
diagnosis of hepatic encephalopathy although he was on treatment with lactulose and rifaximin. Cerebral imaging showed cerebrovascular disease
and cerebral atrophy. Six months later, his mental performance had deteriorated further in the absence of changes in liver function, blood ammonia
concentration or EEG mean cycle frequency

MELD: Model for End-stage Liver Disease; PHES: Psychometric Hepatic Encephalopathy Score; EEG: electroencephalogram
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disagreement within the field over the selection and utilization
of the various diagnostic tools. International, collaborative
studies are required in which investigators' preference is not
allowed to dictate study design and where the predictive valid-
ity of tests and the effects of associated co-morbidities on test
performance is explored. In addition, to ensure that studies are
truly International the inability of collaborators, particularly in
America, to access certain test systems should be challenged by
National Professional Associations to ensure that they can
participate.

There was recognition in both the 2002 and 2014 guide-
lines that the presence of minimal hepatic encephalopathy has
a detrimental effect on well-being. Thus, its presence is asso-
ciated with significant impairment in the ability to perform
complex tasks, such as driving (Bajaj et al. 2007b;
Schomerus et al. 1981; Wein et al. 2004); a detrimental effect
on quality of life (Groeneweg et al. 1998; Schomerus and
Hamster 2001); patient safety (Roman et al. 2011); and, ulti-
mately, survival (Patidar et al. 2014). Its presence also poses a
substantial burden for the caregivers of affected individuals
(Bajaj et al. 2011b) and a significant financial burden on
health-care systems (Patidar et al. 2014; Poordad 2007).

There is clear evidence from a number of studies that min-
imal hepatic encephalopathy responds to treatment with: (i)
resolution of psychometric/neurophysiological abnormalities
and the detrimental effects on quality of life; and (ii) improved
liver-related mortality and morbidity (Luo et al. 2011; Gluud
et al. 2015). Nevertheless, the 2014 Practice Guideline did not
recommend routine screening for minimal hepatic encepha-
lopathy nor did they recommend that patients should be treat-
ed except on a case by case basis (Vilstrup et al. 2014). This
effectively means that patients with minimal hepatic enceph-
alopathy will go unrecognized and will be denied the benefits
of treatment. It is clear that corporate efforts and consensus
agreements are needed to develop effective diagnostic algo-
rithms and move the field on so that the issues of screening
and treatment can be revisited.
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