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Abstract
Background  Minimal hepatic encephalopathy (MHE) is one of the most debilitating complications of hepatic 
cirrhosis, and visual electrophysiology, visual evoked potential (VEP) has long been used for MHE diagnosis. This 
technique only produces a summed response that is greatly dominated by the macular region. Multifocal visual 
evoked potential (mfVEP) imaging minimizes these limitations because it allows topographic recording of the optic 
nerve and visual cortex. The aim of this study was to detect minimal hepatic encephalopathy among cirrhotic 
patients using the mfVEP in comparison to the validated psychometric hepatic encephalopathy score (PHES), paired 
associative learning (PAL) and the Benton visual retention test (BVRT).

Methods  Forty-five patients with compensated hepatic cirrhosis were enrolled in our study and compared to 45 
normal controls who were matched for age, sex and educational level. Both groups underwent psychological tests 
(PHES, PAL, BVRT) and neurophysiological tests (mfVEP).

Results  1According to the validated PHES, 14 patients were found to have MHE, 15 patients were found to have 
abnormal mfVEP, and abnormalities in the BVRT and PAL were found in 11 and 10 patients, respectively. 2-mfVEP 
showed the highest sensitivity in the detection of MHE in reference to the PHES. 3- The mfVEP test and potentially the 
BVRT have the advantage of detecting subtle abnormalities in non-MHE cirrhotic patients, for further research and 
follow-up are needed.

Conclusion  mfVEP demonstates promising results for objective early detection of MHE, with a sensitivity of 
approximately 92.9%.

Keywords  Multifocal visual evoked potentials, Hepatic cirrhosis, Minimal hepatic encephalopathy, Psychometric 
hepatic encephalopathy score
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Introduction
Hepatic encephalopathy (HE) is one of the critical com-
plications of liver cirrhosis. It is a clinical syndrome with 
a wide range of variability, ranging from minimal impair-
ments of intellectual function detectable only by specific 
psychometric testing (termed minimal hepatic encepha-
lopathy [MHE]) to obvious neuropsychiatric abnormali-
ties (termed overt hepatic encephalopathy [OHE]) [1].

MHE is one of the most debilitating complications, 
and it affects the quality of life of patients in addition to 
increasing the socioeconomic burden on family members 
and caregivers. MHE patients are at greater risk of occu-
pational hazards, especially manual workers and drivers, 
and they endanger themselves and others, which is why 
early detection of MHE is necessary [2].

The psychometric hepatic encephalopathy score 
(PHES) battery assesses most MHE-related neuropsycho-
logical impairments; it assesses motor speed and accu-
racy, visual perception, visuospatial orientation, visual 
construction, concentration, attention, and (to a lesser 
extent) memory [3]. It was recommended for the diagno-
sis of MHE at the 11th World Congress of Gastroenterol-
ogy, Vienna, 1998 [4].

Neurophysiological tools (EEG and evoked poten-
tials) reflect changes in signal transmission in cortical 
networks. Neuronal electrogenesis depends on neuro-
nal activity, which is influenced by the energy provided 
by the metabolic system and is sensitive to electrolyte 
homoeostasis and the clearance of toxic substances [5]. 
Therefore, clinical neurophysiology has been used for 
quantitative functional assessment and follow-up of met-
abolic encephalopathies [6].

Many previous studies have investigated the role of 
visual evoked potentials (VEPs), somatosensory evoked 
potentials (SSEPs), brainstem auditory evoked potentials 
(BAEPs) and electroencephalogram (EEG) signals in the 
diagnosis of MHE. (7–8).

The multifocal visual-evoked potential (mfVEP) tech-
nique has been developed to examine conduction in the 
parts of the visual field that conventional VEPs cannot 
assess. The mfVEP technique has a relatively high spatial 
resolution, allowing independent assessments of multiple 
regions [9].

Conventional pattern-reversal visual evoked poten-
tials (PVEPs) only collect responses from the 8–10 cen-
tral degrees of the visual field [10]. The mfVEP responses 
are extracted from the 40 to 50° radius of the visual field 
so that a broader range of optic damage can be detected 
than with conventional VEP [11].

Moreover, the mfVEP can estimate local defects with-
out summing the responses from abnormal and normal 
regions such as the VEP [9].

To the best of our knowledge, no previous studies have 
investigated the role of mfVEP in the detection of MHE. 

Therefore, we designed this case–control study to clarify 
the effect of hepatic cirrhosis on the cerebral cortex and 
subcortical pathways using mfVEP and to elucidate the 
possibility of using multifocal visual evoked potentials 
(mfVEPs) for early detection of MHE among patients 
with compensated liver cirrhosis compared to the vali-
dated psychometric testing PHES.

Methods
Study design and participants
This case‒control study was carried out at Beni-Suef 
University Hospital between October 2021 and April 
2023. The study protocol was approved by the local ethi-
cal council of Beni-Suef University’s Faculty of Medicine, 
and all subjects provided informed written consent prior 
to inclusion in the study.

Ninety patients were enrolled in this study and divided 
into two groups (patients and controls).

Based on clinical assessment, biochemical liver pro-
file, and abdominal ultrasonography, 45 individuals were 
diagnosed with post hepatitis C liver cirrhosis. Patients 
were recruited from the hepatology outpatient clinic 
and the GIT Endoscopy section at Beni-Suef University 
hospitals.

All cirrhotic patients were compensated according to 
their Child‒Pugh score (patients with maintained liver 
function but no ascites or symptomatic hepatic encepha-
lopathy) [12]. The control group consisted of 45 healthy 
volunteers who were age-, sex- and education level-
matched to the patients.

The following patient categories were excluded  1- patients 
with overt hepatic encephalopathy, 2- patients suffering 
from alcoholism, 3- patients suffering from neurologi-
cal illnesses affecting cognition, such as Parkinsonism or 
dementia. 4- Patients with other end-of-life organ failure, 
such as renal, cardiac, or respiratory failure. 5 People who 
have hypernatremia or hypoglycemia 6-Patients younger 
than 18 years old 7-Patients with ocular illnesses that may 
impair visual function (e.g., lenticular or corneal opaci-
ties, glaucoma, uncorrected refraction errors, or diseases 
affecting gaze fixation) or a history of ocular trauma or 
surgery 8-Patients with systemic or metabolic illnesses 
known to impair vision (for example, cerebrovascular 
disease or diabetes mellitus). 9- Patients who were taking 
psychoactive drugs or who had a history of drug misuse, as 
well as those who had been exposed to toxic compounds, 
heavy metals, or any substance known to impair eyesight.

Clinical assessment
Patients were subjected to the following procedures:



Page 3 of 10Sabry et al. BMC Neurology           (2025) 25:45 

(1)	Clinical evaluation included a thorough history and 
physical examination, with a focus on the symptoms 
of chronic liver disease.

(2)	CBC, ESR, urine analysis, liver function tests, 
kidney function tests, hepatitis markers, thyroid 
profile, serum electrolytes, alpha-fetoprotein 
(AFP), and HCV RNA PCR. The Child‒Pugh score 
was calculated based on clinical and laboratory 
characteristics.

(3)	Ultrasonography of the abdomen was used to 
confirm the presence of cirrhosis. The nodular liver 
surface, round edge, and parenchymal nodularity 
were all distinguishing features. Splenomegaly, 
ascites, and portosystemic collaterals could also be 
detected. Doppler ultrasound was performed on the 
hepatic and portal veins, as well as the hepatic artery 
and intra-abdominal portosystemic collaterals.

(4)	Ophthalmological evaluation. A detailed history 
was collected to rule out any ocular, neurological, or 
systemic conditions that could impair vision. Visual 
acuity testing. Ophthalmological examination was 
performed to rule out any problems with the anterior 
or posterior segments.

(5)	Cognitive evaluation

A.	Psychometric Hepatic Encephalopathy Scale (PHES) 
was used to evaluate cognitive skills: ThePHES is 
a battery composed of five psychometric tests: the 
I-Number Connection Test (NCT-A)-IINumber 
Connection Test (NCT-B)-III-Digit Symbol Test 
(DST)-VI-Line Tracking Test (LTT)-V-Serial Dotting 
Test (SDT). The current definition of MHE is based 
on psychometric test scores that are two standard 
deviations above normal on at least two test

B.	 Paired Associate Learning Test (PALT) was used 
to assess auditory verbal memory. The test uses the 
concept of semantic cueing [14].

C.	Benton visual retention test (BVRT): This test was 
used to assess visual perceptual, visual memory, 
visual motor and visuoconstructive abilities [15].

(6) Neurophysiological evaluation (multifocal visual 
evoked potential (mfVEP) test): The tests were performed 
at the Neurodiagnostic Research Centre (NDRC), Beni-
Suef University Hospital, with a RetiScan 21 (Roland 
Consult, Brandenburg a.d. Havel, Germany) Roland RETI 
system (Roland, Germany).

All of the psychological and neurophysiological tests were 
performed within the same session
For mfVEP recording, gold cup electrodes filled with 
conducting cream were utilized, with a specific bridge 
connecting the electrodes to the head box. To achieve 
adequate cleaning, the skin is prepped using an abrasive 

gel (Nuprep). In all cases, the electrode impedance was 
kept below 5k.

For recording, four channels were used. A ground 
electrode on the forehead was used. Electrodes were 
implanted on the back of the skull in the following loca-
tions: one on the inion, another 4  cm above the inion, 
4 cm to the left and 1 cm above the inion, and 4 cm to the 
right and 1 cm above the inion [16].

For stimulation, a cortically scaled dartboard stimu-
lus with 60 segments (eccentricity up to 24 degrees), 
each with 16 checks (eight white and eight black), was 
employed, with a central 1-degree fixation target used as 
the fixing point.

Each segment had a 4 × 4 black and white grid that 
reversed patterns in a pseudorandom order. The com-
puter screen’s average background luminance was 
73.5 cd/m2.

The stimulus was shown on a 20-inch monochrome 
monitor. The black and white checks quickly and regu-
larly change phase (i.e., black to white and white to 
black). The viewing angle was 31 degrees. Vision correc-
tion was carried out when needed. A valid examination 
required an artifact level of less than 10% of the trials.

Each eye was tested individually, beginning with the 
right eye. Each eye received an average of 8 cycles, with 
each cycle consisting of 1000 responses and lasting 
2.14 min.

Data analysis
The reposne consisted of 60 cortically scaled responses, 
and for each segment, the latecy and amplitude of P1 
were calculated. An abnormal mfVEP response was 
defined as three contiguous segments in the same hemi-
field with p values less than 0.05 and at least one segment 
with a p value less than 0.02 (for both latency and ampli-
tude). This is referred to as the cluster criterion (17–18). 
Segments with a statistically significant p value (< 0.05) 
for latency and/or amplitude were considered abnormal.

Ethical statement
The study was approved by the Faculty of Medicine, 
Beni-Suef University Research Ethics Committee (FM 
BSU REC) (FWA00015574 Approval number 30042019). 
Informed written consent was obtained from the 
participants.

Statistical Data Analysis

 	• The collected data were analyzed using SPSS for 
Windows, version 23.

 	• Continuous variables are presented as the 
mean ± standard deviation (SD), and categorical 
variables are presented as percentages.
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 	• The chi-square test and Fisher test were used for 
comparisons among qualitative data, for quantitative 

data, comparisons will be performed using an 
independent sample t test.

 	• For more statistical analysis, suitable statistical tests 
of significance were used.

 	• Statistical significance were considered at p 
values < 0.05.

Results
The mean age of the patients at baseline was 50.9 ± 7.3 
years, whereas the mean age of the patients in the control 
group was 48.13 ± 6.5 years, there was no statistical sig-
nificant diffeence regaridng age (P value 0.064).

There was no significant difference regarding sex 
or years of education (p values of 0.833 and 0.851, 
respectively).

Regarding pschometric testing (PHES and BVRT and 
PAL tests), all tests showed statistically significant dif-
ferences between cirrhotic patients and controls (p 
value < 0.001) (Table 1).

I- neurophysiological data

Analysis of the mfVEP data has been described 
regarding the sum response (the sum curve of all seg-
ments) and individual segment assessment.

 	• For both eyes, the studied patients had a significantly 
greater delay in the sum latency and a lower sum 
amplitude of the mfVEP than did the studied 
controls (P value < 0.001) (Table 2).

 	• Regarding individual segment analysis, there were 
10 segments that showed significant differences 
between patients and controls in latency. The 
segment numbers are (1-27-32-35-41-52-56-57-58-
59). Figure (1-A).

Table 1  Comparison between cases and controls regarding the 
psychometric tests
Tests (mean ± SD) Cases 

(no = 45)
Controls 
(no = 45)

P value

PAL 17.3 ± 3.5 19.4 ± 0.9 < 0.001*
BVRT error score (shapes) 20.1 ± 4.1 23.5 ± 0.9 < 0.001*
BVRTcorrect score (cards) 6.5 ± 2.3 8.8 ± 0.7 < 0.001*
NCT A (sec) 98.5 ± 53 41.4 ± 10.9 < 0.001*
NCT B (sec) 133.9 ± 56 75.1 ± 17.3 < 0.001*
DST (box) 25.6 ± 10.4 43.5 ± 9.9 < 0.001*
SDT (sec) 66.6 ± 21.1 50.1 ± 8.7 < 0.001*
LTT w (points) 86.9 ± 32.5 68.5 ± 13.9 0.001*
*P value is significant
1PAL: paired associate learning
2BVRT: Benton visual retention test (error score)
3BVRT: Benton visual retention test (correct score)
4NCT A: number connection test a
5NCT B: number connection test b
6DST: Digit Symbol Test
7SDT: Serial Dotting Test
8LTT w: Line Tracking Test (weighted score)

Table 2  Comparison between patients and controls regarding 
their multifocal VEP sum latency and amplitude
mfVEP sum 
(mean ± SD)

Cases (no = 45) Controls 
(no = 45)

P value

Rt latency (msec) 141.9 ± 13.2 128.9 ± 8.9 < 0.001*
Lt latency 142.1 ± 13.2 129.1 ± 9.5 < 0.001*
Rt amplitude (µv) 5.8 ± 2.2 8.1 ± 1.9 < 0.001*
Lt amplitude 5.9 ± 2.3 8 ± 1.9 < 0.001*
*P value is significant

mfVEP: multifocal visual evoked potentials, sum latency measured in 
milliseconds (msec), sum amplitude measured in microvolt (µv)

Fig. 1  shows the affected mfVEP segments in the cirrhotic group. A: Latency. B: amplitude
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 	• There were 9 segments with significant differences in 
amplitude. The segment numbers are (37-40-48-50-
53-57-58-59-60). Figure (1-B).

Prevalence of MHE among the patient group using 
the validated PHES.

The initial step was the identification of the variables 
that affected each PHES test. Variables that affected the 
outcomes of the PHES (age and educational level) were 
included in a multiple linear regression model. The 
results were used to construct distribution equations for 
each test according to the independent variables detected 
in relation to each of the tests and to age and years of 
schooling. (Table  3). Finally, we calculated the standard 
deviation (SD) for each test. This allowed us to construct 
normality tables for each psychometric test based on age 
and years of schooling [19].

The current definition of MHE is based on psychomet-
ric test results that are two SDs more than normal on at 
least two psychometric tests [13, 20].

The PHES is the sum of the scores of each test com-
puted from the adjusted Z values according to the follow-
ing formula: Z score = (measured value - expected value)/
standard deviation [21].

According to the PHES results, 14 (31.1%) of the 45 cir-
rhotic patients were found to be positive for MHE. Ver-
sus 31 patients with negative results.

 	• According to the PHES, the patients were further 
subdivided into 2 subgroups according to the 
presence of MHE. The MHE group consisted of 14 
patients, and the Non-MHE group consisted of 31 
patients.

 	• Comparisons between these 2 abnormal subgroups 
and the control group were performed.

Comparisons between the MHE group and the non-MHE 
group vs. the control group

Regarding mfVEP
There was a significantly delayed latency and lower 
amplitude of the sum of the mfVEP on both sides 
between MHE patients and non-MHE patients, as shown 
in Table  4, and both groups showed significant differ-
ences in latency and amplitude compared to those of nor-
mal controls.

B-Regarding psychometric testing
The PAL score was significantly lower in MHE patients 
than in non-MHE patients and controls; however, there 
was no statistically significant difference in the PAL score 
between non-MHE patients and controls.

The Benton correct and error scores were significantly 
lower in the MHE group than in the non-MHE and con-
trol groups; furthermore, the non-MHE group had lower 
scores than the control group. As shown in Table 5.

II- sensitivity and specificity of different tests in the 
detection of MHE based on the PHES validated score using 
the ROC curve
As shown in Table  6, the multifocal VEP sum response 
and the Benton test had a significant role in the detection 
of MHE with high sensitivity and specificity.

Table 3  Multiple linear regression analysis for formula 
calculation
Test SD Formula (regression equa-

tion) for normal patients
DST box 9.9 40.9-0.163×age + 0.812×years 

of education
NCT A sec 10.9 47.4 + 0.048×age-

0.650×years of education
NCT B sec 17.3 81.9 + 0.328×age-1.8×years 

of education
SDT sec 8.7 37.4 + 0.391×age-

0.486×years of education
LTTW 13.9 38.8 + 0.826×age-

0.796×years of education
1DST: Digit Symbol Test
2NCT A: number connection test a
3NCT B: number connection test b
4SDT: Serial Dotting Test
5LTT w: Line Tracking Test (weighted score)

Table 4  Comparison between patients and controls regarding their multifocal VEP sum latency and amplitude
mfVEP sum (mean ± SD) Non MHE (no = 31) MHE (no = 14) Controls (no = 45) P1-value

Non-MHE
vs. MHE

P2-value
Non-MHE vs. Control

P3-value
MHE vs. Control

Rt latency 134.8 ± 7.7 157.9 ± 7.3 128.9 ± 8.9 < 0.001* 0.011* < 0.001*
Lt latency 134.9 ± 7.6 158.17.7 129.1 ± 9.5 < 0.001* 0.014* < 0.001*
Rt amplitude 6.6 ± 1.9 4.1 ± 1.9 8.1 ± 1.9 < 0.001* 0.002* < 0.001*
Lt amplitude 6.7 ± 1.9 4.2 ± 2 8 ± 1.9 < 0.001* 0.010* < 0.001*
*P value is significant

mfVEP: multifocal visual evoked potentials, sum latency measured in milliseconds (msec), sum amplitude measured in microvolt (µv)
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III- agreement
Agreement between PHES and mfVEP in the detection of MHE
By applying the cluster criteria, 3 contiguous segments 
in the same hemifield had a ρ value less than 0.05, with 
at least one segment having a ρ value less than 0.02 (for 
both latency and amplitude) [17, 18, 22]. The cutoff 

values for the sum latency (> 142.9 msec) and sum ampli-
tude (≤ 5.6 µv) were calculated.

Fifteen cirrhotic patients tested positive for mfVEP, 13 
of whom were positive for MHE according to the PHES. 
Thirty cirrhotic patients were found to be normal by 
mfVEP (but one of them was abnormal by PHES).

All abnormal patients had delayed latencies; only 8 of 
them showed amplitudes smaller than the cutoff values in 
addition to their delayed latencies.

According to the kappa agreement test, there was sig-
nificant strong agreement between the multifocal VEP 
and PHES in the detection of minimal hepatic encepha-
lopathy (P value < 0.001), with an overall agreement of 
93.3%., 92.9% sensitivity and 100% specificity (Table 7).

Agreement between the PHES and the PAL tests
The cutoff values for the PAL score were ≤ 14.5 points. 
Ten cirrhotic patients tested positive for PAL, all of 
whom were positive according to the PHES for MHE. 
Thirty-five cirrhotic patients were found to be normal by 
PAL (but 4 of them were abnormal by PHES).

Table 8 shows that there was significant strong agree-
ment between the PAL test and PHES in the detection of 
minimal hepatic encephalopathy (P value < 0.001), with 

Table 5  Comparison between cases and controls regarding the psychometric tests
Tests (mean ± SD) Non MHE (no = 31) MHE (no = 14) Controls (no = 45) P1-value

Non-MHE
vs. MHE

P2-value
Non-MHE vs. Control

P3-value
MHE vs. Control

PAL 19.1 ± 0.8 13.4 ± 4.1 19.4 ± 0.9 < 0.001* 0.719 < 0.001*
BVRT error score (shapes) 22.2 ± 0.8 15.4 ± 4.7 23.5 ± 0.9 < 0.001* 0.016* < 0.001*
BVRT correct score (cards) 7.7 ± 0.6 3.8 ± 2.3 8.8 ± 0.7 < 0.001* < 0.001* < 0.001*
*P value is significant
1PAL: paired associate learning
2BVRT: Benton visual retention test (error score)
3BVRT: Benton visual retention test (correct score)

Table 6  Sensitivity of the mfVEP, PAL and Benton tests in the detection of MHE
Parameters MFVEP sum amp MFVEP sum latency PAL BVRT

shapes
BVRT
cards

AUC 0.972 0.993 0.946 0.971 0.987
P value < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*
Cut off ≤ 5.6 > 142.9 ≤ 14.5 ≤ 20 ≤ 6
Sensitivity 85.71(57.2–98.2) 92.86(66.1–99.8) 71.43(41.9–91.6) 78.57(49.2–95.3) 92.86(66.1–99.8)
Specificity 97.78(88.2–99.9) 100(92.1–100) 100(92.1–100) 97.78(88.2–99.9) 97.78(88.2–99.9)
PPV 92.3(63.1–98.8) 100(85–100) 100(92.1–100) 91.7(60.8–98.7) 92.9(65.1–98.9)
NPV 95.7(85.9–98.8) 97.8(87.2–99.7) 91.8(83.1–96.3) 93.6(84.3–97.6) 97.8(86.9–99.7)
*P value is significant
1PAL: paired associate learning
2BVRT: Benton visual retention test (error score) in shapes
3BVRT: Benton visual retention test (correct score) in cards
4AUC: area under the curve
5PPV: positive predictive value
6NPV negative predictive value

Table 7  Agreement between PHES and mfVEP in the detection 
of MHE

PHES Total
Normal Abnormal

mfVEP NL Number 29 1 30
% within mfVEP 96.7% 3.3% 100.0%
% within PHES 93.5% 7.1% 66.7%

Abn Number 2 13 15
% within mfVEP 13.3% 86.7% 100.0%
% within PHES 6.5% 92.9% 33.3%

Total Number 31 14 45
% within mfVEP 68.9% 31.1% 100.0%
% within PHES 100.0% 100.0% 100.0%

P value < 0.001*
Kappa agreement 0.91
Overall agreement 93.3%
*P value is significant

PHES: psychometric hepatic encephalopathy score

MfVEP: multifocal visual evoked potentials
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an overall agreement of 91.1%, a sensitivity of 71.4%, and 
a specificity of 100.

Agreement between the PHES and the Benton test
The cutoff values for the Benton correct score ≤ 6 points 
and the error score ≤ 20 points were calculated. Eleven 
cirrhotic patients tested positive, all of whom were 
positive for MHE according to the PHES. Thirty-four 
cirrhotic patients were found to have normal Benton cor-
rection scores (3 of whom had abnormal PHES scores).

Table 9 shows that there was significant strong agree-
ment between the Benton test and PHES in the detection 
of minimal hepatic encephalopathy (P value < 0.001), with 
an overall agreement of 93.9%, a sensitivity of 78.6% and 
a specificity of 100%.

Total detection of MHE by all tests
The validated PHES score predicted 14 patients to have 
MHE in the cirrhotic group. The mfVEP was able to pre-
dict 15 patients, followed by the Benton test in 11 abnor-
mal patients and then the PAL in 10 abnormal patients. 
(Table 10)

Discussion
Prevention of MHE is critical because of three factors. 
First, MHE may increase the likelihood of a traffic or 
labor accident. Second, it may have a negative impact on 
patient quality of life. Finally, MHE may be a predictor of 
future bouts of OHE [23].

In this study, we evaluated the mfVEP and compared 
its sensitivity to that of psychometric tests for detecting 
MHE. We examined 45 individuals with compensated 
hepatic cirrhosis, matched with 45 healthy controls based 
on age, sex, and education. Both groups were subjected 
to the following tests: PHES score, psychometric evalua-
tions (PAL and BVRT) and mfVEP.

All five psychometric tests (PHES) revealed a substan-
tial difference between cirrhotic patients and controls. 
According to the PHES, 14 patients (31.1%) were diag-
nosed with MHE. Previous studies have reported MHE 
prevalence among cirrhotics ranging from 30 to 84%, 
depending on the type of patient, technique, control 
group, and degree of liver disease [24–26]. Our patients 
were all compensated cirrhotics (child A), which explains 
their relatively low MHE incidence.

Based on our PHES results, the cirrhotic patients (45 
patients) were further categorized into two groups: the 
MHE group (14 patients) and the non-MHE group (31 
patients). In all subsequent tests, both categories were 
compared to those of the controls.

The PAL and BVRT scores were significantly different 
between cirrhotic patients and healthy controls. Accord-
ing to our predetermined cutoff, 11 patients had abnor-
mal BVRT results, and 10 patients had abnormal PAL 
results.

Both tests revealed a significant difference between the 
MHE and control groups. Only the BVRT test showed a 
significant difference between non-MHE patients and 
controls. Denoting that short-term figural memory tests 

Table 8  Agreement between the PHES and PAL tests for the 
detection of MHE

PHES Total
Normal Abnormal

PAL (Cut 
off of 
abnormal 
values ≤ 14)

NL Number 31 4 35
% within PAL 88.6% 11.4% 100.0%
% within PHES 100.0% 28.6% 77.78%

Abn Number 0 10 10
% within PAL 0.0% 100.0% 100.0%
% within PHES 0.0% 71.4% 22.22%

Total Number 31 14 45
% within PAL 68.9% 31.1% 100.0%
% within PHES 100.0% 100.0% 100.0%

P value 0.001*
Kappa agreement 0.91
Overall agreement 91.1%
*P value is significant

PHES: psychometric hepatic encephalopathy score

PAL: paired associate learning test

Table 9  Agreement between the PHES and the Benton test in 
the detection of MHE

PHES Total
Normal Abnormal

BVRT Normal Number 31 3 34
% within Benton 91.2% 8.8% 100.0%
% within PHES 100.0% 21.4% 75.56%

Abnormal Number 0 11 11
% within Benton 0.0% 100.0% 100.0%
% within PHES 0.0% 78.6% 24.4%

Total Number 31 14 45
% within Benton 68.9% 31.1% 100.0%
% within PHES 100.0% 100.0% 100.0%

P value 0.001*
Kappa agreement 0.94
Overall agreement 93.9%
*P value is significant

PHES: psychometric hepatic encephalopathy score

BVRT: Benton visual retention test

Table 10  Detection of MHE by different tests
PHES validated score mfVEP Benton PAL

MHE 14 15 11 10
Non-MHE 31 30 34 35
1PHES: psychometric hepatic encephalopathy score
2PAL: paired associate learning test
3BVRT: Benton visual retention test
4mfVEP: multifocal visual evoked potentials
5MHE: hepatic patients having minimal hepatic encephalopathy
6Non-MHE: hepatic patients not having minimal hepatic encephalopathy
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are highly sensitive for detecting many types of cognitive 
deficiencies, they are particularly useful for evaluating 
patients with brain damage or disease [27, 28].

According to our estimated cutoff, 15 individuals were 
found to have abnormal mfVEP (all abnormal patients 
exhibited latency abnormalities, with only 8 patients 
having small amplitudes) [7, 8]. Few studies have gone 
beyond the temporal domain to find amplitude reduction 
[29, 30].

These abnormalities have been linked to encephalo-
pathic changes related to cirrhosis. The fundamental cor-
tical pathology is demyelination, which leads to axonal 
loss and fiber malfunction, resulting in low amplitude. 
Furthermore, in cirrhotic patients without MHE, these 
findings could be an early indicator of occipital brain 
demyelination [31]. 

Regarding the sum mfVEP response, significant dif-
ferences were observed between cirrhotic patients and 
healthy controls in both latency and amplitude. Both 
MHE and non-MHE patients exhibited significantly 
delayed and smaller sum responses compared to healthy 
controls, with MHE patients showing more pronounced 
changes.

mfVEP Segment analysis revealed that significant dif-
ferences in latency or amplitude between cirrhotic 
patients and healthy controls primarily located in the 
central part of the visual field. This findings is consistent 
with our previous work in which we tested compensated 
cirrhotic patients with PVEP (using 2 different check 
sizes) as the smaller checks that primary testing the 
central visual field, showed the most significant abnor-
malities, indicated that the central visual field was more 
affected than the peripheral [32]. These findings may also 
correlate with the loss of macular reflexes seen in hepatic 
retinopathy, first reported by Eckstein et al. [33].

Delayed latencies in mfVEP suggest demyelinat-
ing pathology, consistent with early neurophysiological 
markers of MHE (focal edema and myelin fiber dysfunc-
tion) [6, 34]. Amplitude reductions in evoked potentials 
likely reflect decreased number and synchronization of 
activated neurons in certain cortical regions, contribut-
ing to cortical dysfunction in cirrhosis [6].

Functional imaging studies corroborate this, show-
ing the MHE -related brain anatomical and functional 
affection, such as decreased glucose absorption, cerebral 
oxygenation and cerebral blood flow [35–37], neuronal 
enlargement, interstitial edema, and aberrant metabo-
lism in linked brain areas [38, 39]. Other studies showed 
impaired connectivity in cortical visual and associative 
areas such as the cuneus, precuneus, and middle tem-
poral area V5 in MHE patients denoting impairment in 
visual, motion and spatial processing [40–42].

Our results indicate that mfVEP can detect preclinical 
neurodegenerative changes in cirrhotic patients classified 

as non-MHE by conventional psychometrics, revealing 
subclinical visual pathway impairment [43]. This aligns 
with studies showing similar neurophysiological abnor-
malities in non-MHE patients, suggesting a need to 
improve selectivity of the tests to detect even the smallest 
alteration and early monitoring of the cognitive functions 
of cirrhotic patients [44–46].

Comparative test analysis showed strong agreement 
between mfVEP and PHES in MHE detection, with 
mfVEP demonstrating 92.9% sensitivity and 93.5% speci-
ficity and potentially identifying subtle abnormalities that 
could be missed by PHES.

Similarly, the BVRT showed strong agreement with 
PHES, supporting its utility in detecting visuospatial and 
memory dysfunction in MHE [45, 46].

In conclusion, the mfVEP demonstrated high sensitiv-
ity for detection of MHE while showing a strong agree-
ment with the validated PHES.

Conclusion
Cognitive effects in patients with MHE have been largely 
acknowledged [47, 48]; however, well-known practical 
diagnoses based on neuropsychological cognitive tests 
are easily limited by gender, age, education level or bias of 
test repeatability and illiteracy. mfVEP provides an objec-
tive method of detection of MHE beyond the traditional 
psychometrics, adding a sensitivity in detecting MHE.

We propose that combining mfVEP with the PHES 
could help early detection of MHE by identifying the sub-
tle changes, potentially help prevention of more serious 
complications.
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