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Visual evoked potential: a diagnostic tool for the
assessment of hepatic encephalopathy
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SUMMARY Visual evoked potential recordings were examined in 45 liver cirrhosis patients with
(n=29) and without (n= 16) encephalopathy, in 15 normal volunteers, and in one patient with an

opioid induced stupor state. Visual evoked potential parameters were classified on the basis of
EEG recordings. Plasma concentrations of amino acids, octopamine, and ammonia were assayed
in order to document the metabolic change of hepatic encephalopathy. Latencies and wave

patterns recorded after flash stimulation differentiated the four degrees of the coma one from
another according to EEG classification in the 29 patients with encephalopathy. In the group of
16 patients without clinical and EEG evidence of encephalopathy the visual potential recordings
discriminated a group of patients (n=10) in a preclinical stage of encephalopathy. Biochemical
parameters and subsequent clinical observation of patients confirmed our judgement of a

preclinical stage of encephalopathy. These results suggest that visual evoked potentials are a

simple, suitable and objective method for differentiating the degrees of encephalopathy and for
identifying the preclinical stage of encephalopathy.

Clinical observation of the neuropsychiatric condi-
tion,14 psychometric tests, 7 and EEG record-
ings1-3 8have been used to differentiate the degrees
of hepatic encephalopathy due to liver cirrhosis, but
none of them seems objective or sensitive enough to
quantify the degree of coma, nor to detect, as well,
the preclinical stages of hepatic encephalopathy.

Visual evoked potentials were first used in
detecting abnormalities of the visual system9 and of
many neurological diseases with visual symptoms
such as multiple sclerosis, 10-12 Parkinson's
disease,13 14 and Friedreich's ataxia.15 They are now
utilised in studying the effect on the brain of
psychotropic drugs1 and, recently, in the evaluation
of uraemic coma. 7 This is because there is evidence
that visual evoked potentials can reflect not only
pure optic nerve diseases but also demyelinisation
processesl0 18 and neurotransmitter changes19 in
cortical and subcortical neurones. In fact, visual
evoked potential recording has proved a reliable and
specific method in the evaluation and quantification
of the neurological changes of experimental hepatic
encephalopathy.2022 A brief stimulus such as a flash
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of light elicits postsynaptic potential changes of
subcortical and cortical neurones through stimula-
tion of visual areas. The resulting response of the
cortex will appear at the same interval after the
stimulus as opposed to the on-going EEG which is
random. By storing the EEG trace for a preselected
period after the stimulus and by averaging these
tracers it is possible to cancel the random compo-
nents of EEG and to average the evoked
response. 23 24
The aim of this investigation was to evaluate the

diagnostic value of the visual evoked potential
method as an objective measurement of hepatic
encephalopathy in liver cirrhosis patients and
possibly as a test for recognition of the preclinical
stage of hepatic encephalopathy.

Methods

PATIENTS
Visual evoked potentials were first recorded in 15
normal subjects of both sexes with ages ranging
between 32 and 60 years. In order to establish the
reliability of the method several repetitions of visual
evoked potential recording were performed on
different days and at different hours.
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After this preliminary investigation, 45 liver
cirrhosis patients of both sexes, with ages ranging
between 34 and 54 years and of mixed aetiology
were studied. The diagnosis of liver cirrhosis was
based on biochemical, scintigraphic, oesophago-
gastroscopic findings and on liver biopsy. Three of
the patients had portocaval anastomosis. Sixteen
patients did not show any evidence of encephalo-
pathy and two of them were further examined a few
weeks after the first study when they showed
symptoms of encephalopathy. The other 29 patients
showed an impaired mental status of different
degree; one of them with very severe encephalo-
pathy and with portocaval anastomosis was tested
again after a partial recovery from encephalopathy.
With the aim of selecting patients with spontaneous
episodes of encephalopathy, patients receiving
therapies - that is, lactulose or neomycin - diuretics
or sedatives or with hyperazotaemia, hyper-
glycaemia and gastrointestinal bleeding were
excluded from this study. Patients were tested by
EEG and visual evoked potential recording within
one hour and venous blood samples were collected
for ammonia, octopamine, and amino acid analyses
at the same time as the tests.
During this study we had occasion to perform a

visual evoked potential in one non-cirrhotic patient
with a profound opioid induced stupor state.

ELECTROPHYSIOLOGICAL STUDIES
Electroencephalograms were performed on a
Beckman Accutrace 200A using standard 20
electrode placements and they were read by a single
neurologist, according to the Rohmer and Kurtz8
classification.
For visual evoked potential recording patients

were in the dark in an electrically shielded Faraday
room. Two AgCl electrodes were applied to the
scalp with collodium. The active electrode was
placed at Oz (international 10-20 system) and
connected to the negative input (IT 2) of a differen-
tial amplifier (filter bandwidth: 2-70 Hz, 60 db/
decade), while the reference electrode was placed at
Fz.25 The left earlobe was grounded. Interelectrode
impedance was reduced to <5 Kfl with light
abrasion of the scalp, using salt gel as a conducting
medium. As a stimulating device a 50 cm diameter
dome was used, which by reflection on its inner
white wall provided the light stimulus, generated by
a xenon lamp flash lasting 10 msec. The energy of
the lamp was 1 J and the stimulation frequency 1 Hz.
Patients were in a bed under the stimulator, the
distance of the dome pole from the eyes being
approximately 55 cm, pupils were fully dilated with
0-5% tropicamide and 10% phenylephrine
(Visumidriatic fenilefrina) and they were examined

with closed eyes, in order to have normal subjects
and comatose patients in similar conditions. The
hemisphere gives a large field stimulation mini-
mising any visual evoked potential variation due to
changes of the position of the eyes, which occur in
comatose patients. Furthermore, the closed lids act
as a diffuser, so that fixation was not a factor
appreciably influencing the response. After differen-
tial amplification the signals were fed into an Ortec
Averager; 64 responses were averaged, shown on an
oscilloscope and then recorded on paper by an X-Y
plotter. Visual evoked potentials were classified
according to EEG evaluation.
To exclude purely optical interference on visual

evoked potential changes an ophthalmological
examination was performed when patients were able
to cooperate: this consisted of visual acuity,
confrontation of visual fields, pupil reflexes and
fundoscopy. To the same end three patients with
most severe liver cirrhosis were tested by electro-
retinography.36

Student's t test was used to compare the visual
evoked potential latency values.

BIOCHEMICAL PARAMETERS
In order to characterise better the hepatic
encephalopathy, venous blood ammonia levels were
assayed with enzymatic UV method;27 octopamine
was measured with a radioenzymatic method;28 29
plasma amino acid analyses were performed using
Kontron amino acid analyser (Liquimat III, Switzer-
land). Free plasma tryptophan was assayed with the
chromatographic-fluorimetric method.

Student's t test was used for statistical analyses.

Results

ELECTROPHYSIOLOGICAL STUDIES
Electroencephalogram recordings divided the
cirrhotic patients into: 16 cases having an EEG
pattern degree 0 (HEO), eight cases degree 1 (HE1),
seven cases degree 2 (HE2), six cases degree 3
(HE3), and eight cases degree 4 (HE42 according to
the Rohmer and Kurtz classification, as shown in
Fig. 1. Two patients studied first in HEo were
subsequently examined respectively in HE1 and
HE2. The patient with portocaval anastomosis,
studied first in degree 4, was subsequently examined
when he had recovered to degree 2.
The visual evoked potentials recorded in normal

subjects consisted of negative and positive waves
labelled N1, PI, N2, P2, N3 (Fig. 2). The range of the
latencies of the peaks were respectively 34-40,
44-65, 60-90, 110-138, 168-190 msec.33 As regard
reliability, visual evoked potential waveforms
recorded on different days in the same subject
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Fig. 1 Typical patterns ofEEG recorded in one patient without encephalopathy (HEO) and in patients with
encephalopathy degree I (HE,), 2 (HE2), 3 (HE3) and 4 (HE4).

revealed a constant pattern with respect to the
latencies, while a slight variation in the amplitudes
was seen, as previously described.34 For this reason
we have taken into consideration in this study only
the latency values and the general patterns.
The group of 16 liver cirrhosis patients free from

any clinical and EEG symptoms of encephalopathy
with regard to the visual evoked potential pattern
apparently comprised two different populations
(Fig. 2). Six patients (HEO1) had a visual evoked
potential pattern similar to the visual evoked poten-
tial pattern recorded in normal subjects with a
latency of N3 ranging between 162-180 msec. Ten
patients (HEO11) had a visual evoked potential
pattern with delayed N3 latency (range 220-260

msec, p<0.01 vs controls and HEO1). Visual
evoked potentials recorded in patients with
encephalopathy are shown in Fig. 3. Patients
classified in HE1 group on the basis of EEG
recording showed a waveform similar to those
previously described but with a further delay of N3
wave in comparison with HEoIi (range 230-340
msec). These values were significantly different
from controls and from HEO1 (p<0-001), but not
from HE-11. Patients with degree 2 showed the
disappearance of the first negative wave N1; as a
consequence the whole pattern consisted of only
four waves, the first one being positive with a
latency of the last negative wave ranging between
225-290 msec. The same four wave pattern was

--T
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N2 T recorded in patients of group HE3, but with a
further delay of the last negative wave (range

Nj 3
300-450 msec; p<001 in comparison with the

N1 | h llN3 latency of HE2 group). The pattern of HE4 was
iH } \ | \ Normal subject further simplified, consisting only of three waves

(negative, positive, negative) without changes in the
latency of the last wave (range 290-400 msec).

pl \ [Of the three patients recorded twice in different
clinical conditions one of the two recorded first as
HE<,II entered HE1 on the second examination and
showed a delay of 30 msec of N3 in comparison with

V 2 the first recording; the other entered HE2 showing
the disappearance of the 1st negative wave

T reproducing the typical pattern of HE2.
This classification was in agreement with EEG

recording. The patient with portocaval anastomosis,
HE

/\HE recorded firstly in HE4, revealed the reappearance
HE0/-l [ \ 0 I of the first positive wave when he had recovered to

degree 2 (Fig. 4).V \ / \ We did not detect any visual evoked potential
differences related to the different aetiology of liver
cirrhosis.
As shown in Fig. 5, the patient in a profound

stupor state due to an opioid overdose, had a
shortening of N3 latency (140 msec) indicating that

F4 ~ - -the changes of visual evoked potential pattern
recorded in hepatic encephalopathy were not simply
related to the lack of attention or fixation of

nT e* patients.
The three patients subjected to electroretinogram

l 1 /\HEo II examination showed normal tracings excluding any
influence of vitamin A depletion described in liver
cirrhosis35 36 on visual evoked potential pattern.

FV J BIOCHEMICAL PARAMETERS
Table 1 reproduces some of the biochemical data of
patients showing the described37-41 variations of

-, ,_ plasma essential amino acids, plasma amino acid
l 5yuV molar ratios, octopamine, and of ammonia levels
l + during coma. In order to clarify the reasons why

, ,, , , , f patients without clinical and EEG evidence of
0 360 encephalopathy had two different visual evoked

Time (ms) potential patterns, we examined the biochemical
parameters of these patients and found that patients
with increased N3 latency (HEO11) showed evidence
of incipient encephalopathy. We therefore divided
these parameters according to visual evoked poten-
tial classification. This distinguished HEoIi and

Fig. 2 Visual evoked potentials recorded in one normal HE, from HEc,.
subject (upperpanel) and in liver cirrhosis patients without Discussion
neurological and EEG symptoms ofencephalopathy
(HEO01 in centralpanel and HEO-,, in lower panel).
Vertical bars represent mean ± 1 SD ofthe amplitudes, The study n normal subjects showed that visual
horizontal bars represent the mean ± I SD ofthe latency of evoked potential is a reliable method and that
the nearestpeak of all studied subjects. Student's t test: latencies and waveforms are constant. This reli-
*p<0-01 vs normal subjects and HEO0,. ability depends on a few constant factors maintained

294



Visual evoked potential for the assessment of hepatic encephalopathy

Fig. 3 Visual evoked
potentials in liver cirrhosis
patients with encephalopathy.
HE, panel represents the visual
evoked potential pattern in one
patient with encephalopathy
degree 1, HE2 panel represents
visual evoked potential in one
patient with HE degree 2, HE3
and HE4 panels represent
respectively visual evoked
potentials recorded in patients
with encephalopathy degrees 3
and 4. Means and SD ofall
studied subjects are reported as
described in Fig. 1. Student's t
test: **p<000I vs normal
subjects, *p<001 vs HE2.

520
Time (ms)

Time (ms)

600

Fig. 4 Visual evoked potential patterns recorded in the
patient with portocaval anastomosis examined twice in
degree 4 ofencephalopathy (-, HE4) and in degree 2 of Fig. 5 Visual evoked potential recording in the patient with
encephalopathy (- - -, HE2). opioid induced stupor state.
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during the study: stimulus frequency and intensity,
position of recording electrodes, size of pupils and
distance of the lamp. For this reason results from
one laboratory are not fully applicable to another
when apparatus and recording conditions are
different. 34 42

This method proved objective and sensitive
enough in grading the different stages of hepatic
encephalopathy as substantial differences between
the four degrees of coma were documented.
Differentiating parameters seem to be the latency of
the N3 wave for HE1 vs HEO-1, the wave pattern for
HE2 vs HE1, the latency of the last negative wave
for HE3 vs HE2, and the wave pattern for HE4. On
the basis of the visual evoked potential changes
recorded in the same liver cirrhosis patients with
different neurological conditions, and in accordance
with study during sleep or anaesthesia,43 44 these
patterns seem to reflect the neurological disturbance
variations occurring in the brain during hepatic
encephalopathy.
Both visual evoked potential and EEG are an

expression of postsynaptic cellular potential
activity,45 46 but the advantages of visual evoked
potential as compared to EEG are (a) the synchron-
isation of cellular activity of the cortical neurons by
flash stimulus, (b) the recording by averaging
several responses to stimuli, (c) the performance not
being time consuming, (d) the simplicity in quanti-
fying and comparing waves so that every member of
an intensive care unit can exactly evaluate the
degree of coma.
Another important point in favour of the visual

evoked potential is the fact that it appears to be a
sensitive method in the recognition of the preclinical
stage of hepatic encephalopathy. In fact, with this
method we could select as abnormal a group of
patients (HEO11) who appeared normal to neuro-
psychiatric examination and to EEG recording.
Biochemical parameters and the observation of a
clear encephalopathic state which two of these
patients developed a few weeks later suggested that
these subjects were in a preclinical stage of hepatic
encephalopathy when tested.
So far, there are considerable difficulties in

detecting the preclinical stage of hepatic encephalo-
pathy. Electroencephalographic studies after
administration of morrphine or a high protein diet or
ammonium salts47-49 cannot be considered as
routine tests and psychometric teStS5-7 50 are
imprecise and liable to tolerance.7 51 Of all
proposed tests, the continuous reaction time7 seems
sensitive and objective in the evaluation of the latent
state of hepatic encephalopathy, but it seems
unsuitable in the evaluation of the severe stage of
hepatic encephalopathy, while visual evoked poten-

tial recording is able to provide a complete exami-
nation in all stages.

In summary, on the basis of this preliminary study
visual evoked potential recording seems to be a
suitable and objective method for the compre-
hensive evaluation of the different degrees of
encephalopathy due to cirrhosis of the liver and of
the preclinical stage of encephalopathy. The advan-
tages of visual evoked potential could therefore be
of service in the follow up of outpatients with liver
cirrhosis in order to prevent the occurrence of
encephalopathy and it could be useful in monitoring
inpatients during therapy.

These data were partially presented to the 17th
EASL meeting, Goteborg, 1982. The authors are
grateful to Mrs Giovanna Caselgrandi for her
valuable technical assistance with the biochemical
assay and to Mr Luciano Gatti for his technical
assistance with the EEG recordings.
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