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Abstract 

Background: Minimal hepatic encephalopathy (MHE) impairs quality of life and predicts overt he-
patic encephalopathy in cirrhotic patients. Diagnosis of MHE requires cumbersome tests. Lactu-
lose is effective in the treatment of MHE. Aim: This study aimed to detect the prevalence of (MHE) 
among chronic hepatitis C patients and assessment of the response of MHE patient's to treatment 
with lactulose after one month. Patients and Methods: One hundred and fifty six patients were 
evaluated by psychometry (number connection tests A, B or figure connection tests A, B), venous 
ammonia, and critical flicker frequency (CFF). MHE was diagnosed by abnormal psychometry 
(>2SD age matched controls) and abnormal CFF (CFF was considered abnormal when the value 
was <39 Hz). MHE patients were treated with lactulose for one month. Response was defined by 
normalization (<2SD of matched controls) of both psychometry and CFF (>39 Hz). Results: Of the 
156 patients (age was 44.6±12.3 years, M:F was 52.8:47.2), Child Turcott Pugh groups A:B:C were 
47:31:22, 116 (74.4%) had abnormal results of psychometric tests, and 111 (71.2%) had abnormal CFF. 
One hundred and two (65.4%) patients were diagnosed as having MHE. Child groups A:B:C among 
thus patients was 33:37:30. The percentage of MHE in different Child groups A, B & C was 46.6%, 
79.2%& 86% respectively. After treatment for one month, 69 (67.6%) patients recovered, while 33 
(32.3%) continued to have MHE. Conclusion: MHE is prevalent among patient with CHC especially 
among child B and C groups of patients. Lactulose is effective in the treatment of MHE. 
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Introduction 

MHE has been described previously using 
several different names, such as, early, low-
grade, latent or subclinical, HE to identify 
patients with subtle cognitive function ab-
normalities(1,2). In 1970, Zeegen et al(3) were 
the first to describe this condition, when 
they discovered that 38% of patients who 
had undergone portal decompression sur-
gery scored abnormal in the Reitan 
trailmaking test (number connection test). 
Eight years later, the term subclinical HE  

was introduced to describe patients with 
abnormal psychometric tests and an ab-
normal EEG(4). In recent years, the term 
MHE has been preferred to latent, preclini-
cal or subclinical HE, which may mislead by 
indicating that the condition is below the 
threshold of significance(5,6). Minimal he-
patic encephalopathy (MHE) is the mildest 
form of spectrum of hepatic encephalopa-
thy (HE). Patients with MHE have no rec-
ognizable clinical symptoms of HE but have 
mild cognitive and psychomotor deficits. 
There are no accurate data on the inci-
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dence of HE(5,6). However, several studies 
suggest that the majority of patients with 
cirrhosis will develop some degree of HE at 
some point during the course of disease. 
Overt HE occurs in approximately 30% to 
50% of cirrhotic patients(7) and 10–50% of 
patients with transjugular intrahepatic 
portosystemic shunt (TIPS)(7-9). The preva-
lence of MHE is high in patients with cir-
rhosis of liver and varies between 30% and 
84%; it is higher in patients with poor liver 
function. The diagnosis of HE has tradition-
ally been linked to patients with cirrhosis of 
liver. However, impairment of cognitive 
function has been shown in patients with 
non cirrhotic portal fibrosis(10) and extra 
hepatic portal venous obstruction and has 
been related to portosystemic shunting(11). 

The diagnostic criteria for MHE have not 
been standardized but rest on careful pa-
tient history and physical examination, 
normal mental status examination, demon-
stration of abnormalities in cognition 
and/or neurophysiological function, and 
exclusion of concomitant neurological dis-
orders. Various tools have been evaluated 
for the diagnosis of MHE and include the 
neuropsychological tests, computerized 
tests(12), short neuropsychological, com-
puterized test batteries, and neurophysio-
logical tests. Regional cerebral blood flow 
changes, magnetic resonance imaging, and 
spectroscopy(13,14), though useful for un-
derstanding pathogenic mechanisms, are 
currently not considered of diagnostic val-
ue. There is no ideal test for the diagnosis 
of MHE. However, the diagnosis of MHE 
requires a normal mental status examina-
tion and impairment in the performance of 
at least two of the following tests: number 
connection test-A (NCT-A), number con-
nection Test-B (NCT-B), block design test 
(BDT) and digit symbol test (DST)(5), also 
the use of [PSE-Syndrome-Test or psycho-
metric hepatic encephalopathy score 
(PHES)], a standardized test battery includ-

ing (NCT-A) and B, the line-tracing test 
(LTT), the serial-dotting test (SDT), and 
DST(15,16). When possible, quantitative neu-
rophysiologic tools (like EEG with mean 
dominant frequency, P300 auditory evoked 
potentials)(12) should be used. Critical flicker 
frequency (CFF) and inhibitory control test 
(ICT) are recent additions to the tests for 
the diagnosis of MHE. CFF tests the ability 
of a patient to perceive flickering and its 
fusion threshold. Two recent studies that 
evaluated its utility in the diagnosis of MHE 
found it to be a simple, reliable and accu-
rate method for the diagnosis of MHE, and 
to be independent of age, education or 
training(17-19). 

MHE is associated with impaired health-
related quality of life, predicts the devel-
opment of overt HE and is associated with 
poor survival. Hence, screening all patients 
with cirrhosis for MHE using psychometric 
tests, and treatment of those patients di-
agnosed to have MHE have been recom-
mended(15,16,). In a landmark study, Wein 
and colleagues(20) found that fitness to 
drive a car was impaired in cirrhotic pa-
tients with MHE. Patients without MHE 
scored similar to controls. Increased risk of 
automobile accidents is related to a decline 
in cognitive function. Bajaj et al(21) reported 
a higher self-reported occurrence of viola-
tions and accidents in patients with cirrho-
sis and MHE compared to healthy volun-
teer. Navigation is a complex activity re-
quired for safe driving and is dependent on 
functioning working memory, attention, 
and speed of mental processing. Impaired 
navigation skills correlate with impairment 
in response inhibition and attention. Pa-
tients with cirrhosis and MHE also pose 
navigation difficulty(22). 

Ammonia plays a key role in the patho-
genesis of MHE(23-27). Various treatment 
modalities have been tried for MHE, includ-
ing dietary protein manipulation(29), 
branched-chain amino acids(30,31), lactu-
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lose(32-37), flumazenil(38), L–ornithine L–
aspartate(39), acetyl Lcarnitine(40), and pro-
biotics/synbiotics(41-43). A majority of these 
attempts were aimed at reducing blood 
ammonia level, and most studies have 
shown improvement in psychometric 
measurements, ammonia levels, cerebral 
edema and HRQoL. 

Patients and Methods  

This study was conducted in the Communi-
cable Disease Research and Training Center 
(CDRTC) in Suez city in the period from 
March 2011 until October 2011. Informed 
consent was obtained and the research 
protocol was approved by the ethics com-
mittee of the hospital in accordance with 
the ethical guidelines of the 1975 Declara-
tion of Helsinki. 

Patients 
One hundred and fifty six consecutive 
chronic hepatitis C (CHC) patients attend-
ing Communicable Disease Research and 
Training Center (CDRTC) in Suez city from 
March 2011 to October 2011, without HE 
were screened for MHE. CHC was diag-
nosed on a clinical basis involving HCV Ab, 
laboratory tests, endoscopic evidence, and 
sonographic findings. The exclusion criteria 
were: 1) the presence of overt HE or a his-
tory of HE at enrollment, 2) a history of tak-
ing lactulose or any antibiotics, 3) alcohol 
intake, gastrointestinal hemorrhage or 
spontaneous bacterial peritonitis during 
the past 12 weeks, 4) previous TIPS or 
shunt surgery, 5) significant co-morbid ill-
ness such as heart, 6) respiratory or renal 
failure, and 7) any neurologic diseases 
(such as Alzheimer's disease, Parkinson's 
disease and non hepatic metabolic en-
cephalopathies, patients on psychoactive 
drugs such as antidepressants or sedatives 
and antiepileptic drugs, also Patients with 

color blindness, mature cataract or diabetic 
retinopathy were also excluded).  

Study maneuver  
All patients were subjected to the follow-
ing: Revision of patients’ files: Full History 
taking and Clinical examination: the clinical, 
biochemical (After overnight fasting, ve-
nous blood was taken for routine liver 
function and hematological tests, i.e. CBC, 
ALT, AST, total and direct bilirubin, albu-
min, prothrombin time and creatinine, im-
aging (abdominal ultrasound) and Venous 
ammonia was assessed by the ammonia 
checker ΙΙ) before and after treatment for 
one month. Psychometric testing: All pa-
tients underwent a series of psychometric 
tests including number connection tests 
(NCT-A, NCT-B) if literate, and figure con-
nection tests (FCT-A, FCT-B) if illiterate. 
Four parallel forms are available for both 
NCT and FCT, and we used 2 of them to 
avoid learning effects, one at the start, and 
the other at the end. The test score is the 
time required to complete the test, includ-
ing the time needed to correct any errors. 
The results of tests were considered ab-
normal when test scores were more than 
the mean +2SD from age and education-
matched controls(15,16). The result of a psy-
chometric test was considered abnormal 
when the results of both NCT-A and NCT-B 
or FCT-A and FCT-B were abnormal. 

Measurement of CFF threshold  
CFF threshold was used to measure visual 
discrimination and general arousal. CFF was 
determined with a HEPAtonorm analyzer at 
the bedside. Patients were first instructed 
and trained about the procedure. Flicker 
frequencies were measured 6 times and 
the mean value was calculated. CFF was 
considered abnormal when the value was 
<39 Hz(17-19). The CFF thresholds and psy-
chometric measurements were determined 
on the same day. It was measured at the  
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time of enrollment and after one month of 
treatment (4 weeks treatment and meas-
urement directly after the last lactulose 
administration).  

Treatment 
Patients were given 30-40 ml lactulose per 
day. Compliance with the therapy was as-
sured primarily by ensuring increased stool 
frequency and a change to a softer con-
sistency.  

Statistical analysis 
Data are presented as mean ± SD. Statisti-
cal analysis was made using Student's 
paired t test and Fisher's exact test. Corre-
lations between different tests were calcu-
lated by Spearman's rank-order correlation 
coefficient. A significance level of ≤0.05 
was used in all analyses. Statistical analyses 
were made using the software SPSS ver-
sion 10.0 (SPSS, Chicago, IL). 

Results 

Of the 156 patients included in this study 
(age was 44.6±12.3 years, M:F was 
52.8:47.2) (Table 1); (Child Turcott Pugh 
groups A:B:C were 47:31:22, 102 (65.4.%) pa-
tients were diagnosed with MHE. Baseline 
characteristics of MHE and non-MHE pa-
tients were compared (Table 2). Child Tur-
cott Pugh groups A:B:C among thus pa-
tients was 33:37:30. The percentage of 
MHE among different Child Turcott Pugh 
groups A, B &C patients were 46.6%, 79.2% 
& 86% respectively. MHE was significantly 
higher among patients with Child score C 
and B compared to patients with Child A 
score. One hundred and two patients were 
followed-up for one month and both 
psychometry and CFF were determined 
immediately after 4 weeks of treatment. 
Sixty-nine (67.6%) of them recovered, while 
33 (32.3%) continued to have MHE (abnor-

mal results of psychometric or CFF tests) 
(Table 3). 

 
Table 1: Demographic, clinical, and biochemi-
cal characteristics of the study group (n=156) 
Characteristics Values 
Age (years) 
Sex (M/F) 
Educational status 

Illiterate 
≤ 12 year education 
> 12 year education  

ALT (U/L) 
AST (U/L) 
S. Albumin(g/dl) 
S. Total Bilirubin (mg/dl) 
INR 
Ammonia (μmol/L) 
Child A, n (%) 
Child B, n (%) 
Child C, n (%) 

44.6±12.3 
52.8/47.2 
 
41 (26.3) 
91 (58.3) 
24 (15.4) 
44.7±29.1 
51.5±33.8 
3.6±2.1 
2.8±1.4 
1.1±0.6 
91.9±33.5 
73 (47%) 
48 (31%) 
35 (22%) 

Data are presented as mean ± SD; INR= international 
normalization ratio; ALT= alanine aminotransferase; 
AST=Aspartate aminotransferase 

Psychometric tests  
Out of the 156 patients, 41 were illiterate, 
91 were sub-graduates (≤12 years of educa-
tion), and 24 were graduates (>12 years of 
education). Of all patients, 115 (73.7%) could 
have NCT and 41 (26.4%) had FCT due to il-
literacy. One hundred and sixteen patients 
(74.4%) had abnormal results of psycho-
metric tests, and 12 (7.7%) patients with ab-
normal results of psychometric tests had 
normal CFF. After one-month treatment of 
MHE, the results of psychometry were ab-
normal in 33 (21.2%). 

CFF test 
Among the studied patients, the mean CFF 
was 43.8±5.1. CFF was abnormal (>39 Hz) in 
111 (71.2%) patients. After one-month treat-
ment of MHE, the results of CFF was ab-
normal in 30 (19.2%). CFF significantly corre-
lated with psychometric tests, Child score, 
and venous ammonia, before and after 
treatment (Table 4).  
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Table 2: Demographic, clinical, and biochemical characteristics of patients 
with and without MHE 
Baseline parameters MHE  

(n=102) 
Non-MHE  
(n=54) 

P 

Age (years)  
Sex (M/F) 
CFF(Hz)  
Psychometric tests (sec) 

NCT-A  
NCT-B  
FCT-A  
FCT-B  

Ammonia (μmol/L)  
Child score  
Child A, n (%)  
Child B, n (%)  
Child C, n (%)  

42.6±11.3 
49/11 
34.2±2.7 
 
59.2±10.1 
163.3±19.7 
77.8±13.8 
161.9±13.9 
98.4±29.1 
9.1±2.9 
34 (46.6%) 
34 (79.2%) 
30(80%) 

40.3±12.1 
33/17 
43.8±5.1 
 
31.8±14 
89.4±41 
40.7±16.8 
74.5±47 
68.5±24.9 
7.0±1.9 
39 (53.4%) 
14 (20.8%) 
5 (20%) 

0.30 
0.70 
0.001* 
 
0.5 
0.1 
0.001* 
0.2 
0.001* 
0.003* 
0.001* 

MHE= minimal hepatic encephalopathy; CFF= critical flicker frequency; NCT= 
number connection test; FCT= figure connection test; Data are presented as 
mean±SD. 
*=p ≤0.05 (statistically significant). 

 
 
Table 3: Treatment response in MHE patients 

Parameters MHE  
(n=102) 

After treatment 
(n=102) 

P 

CFF (Hz) 
Psychometric tests (sec) 

NCT-A 
NCT-B 
FCT-A 
FCT-B 

Venous ammonia (μmol/L) 
Child score 

34.2±2.7 
 
59.2±10.1 
163.3±19.7 
77.8±13.8 
161.9±13.9 
98.4±29.1 
9.1±2.9 

41.5±4.4 
 
31.9±10.4 
71.2±35.6 
41.9±13.3 
77.8±44 
73.8±29.5 
8.1±1.5 

0.001* 
 
 0.5 
 0.4 
0.007* 
 0.8 
0.001* 
 0.390 

MHE= minimal hepatic encephalopathy, CFF= critical flicker frequency; NCT= number 
connection test; FCT= figure connection test; Data are presented as mean ± SD. * p 
≤0.05 is statistically significant 
 

 
Discussion 

In this study, the prevalence of MHE 
among CHC patients was 65.4%. CFF alone 
diagnosed MHE in 71.2% of patients, and 
psychometric tests diagnosed MHE in 74.4% 
of patients. Various methods, including 
neurophysiological or psychometric test or 
in combination, have been used in the 
diagnosis of MHE(5,15,16). Among these 
methods NCT (A, B) is commonly used for 
detecting MHE, but this test may over-
diagnose if corrections for age and educa-
tional status are not applied(5,15,16).  

 
Illiterate people and those unfamiliar with 
roman alphanumeric notations, especially 
in deve-lopping countries, cannot perform 
NCT. FCT is based on the subject's iden-
tification of figures rather than the 
alphabet or numerals. FCT is as useful as 
NCT in detecting psychomotor perfor-
mance defects in a large cohort of cirrhotic 
patients without overt encephalo-pathy 

(44,45). In this study, 41 patients could not 
perform NCT due to illiteracy; hence, FCT is 
an important test in these patients.  
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Table 4: Correlation (r) of CFF to psychometry, child score, and venous ammonia 
(Before and after treatment) 

Parameters   Before treatment 
    (r)                            p 

After treatment 
    (r)                         p 

NCT-A (sec)  
NCT-B (sec)  
FCT-A (sec) 
FCT-B (sec) 
Child score 
Venous ammonia (μmol/L)            

  -0.434 
  -0.425 
  -0.305 
  -0.311 
  -0.490 
  -0.452 

0.001* 
0.001* 
0.310 
0.381 
0.001* 
0.001* 

  -0.325 
  -0.222 
  -0.380 
  -0.229 
  -0.493 
  -0.552 

0.049 
0.287 
0.190 
0.417 
0.001* 
0.001* 

MHE= minimal hepatic encephalopathy, CFF= critical flicker frequency; NCT= number 
connection test; FCT= figure connection test, * p ≤0.05 is statistically significant 

 
Using the same variant for follow-up of 
MHE patients may give a false impression 
of improvement, but this can be 
circumvented if a different variant is used, 
as we did in this study. In addition, no 
single psychometric test can pick up MHE 
reliably(44,45).  

Although the majority of previous 
studies agreed that MHE is a significant 
problem requiring testing, and there is 
actually  a problem in the diagnosis of MHE 
as part of regular clinical practice because 
of lack of standardization of diagnostic 
tests and its normal values, and the time 
needed to do a battery of tests(15,16,46). 
Evaluation of cortical and sub cortical 
cognitive function, complicating factors 
such as movement disorders may give a 
false impression of significant cognitive 
deficits in patients with reduced peripheral 
motor skills needed for psychometric 
tests(15,16,44).  

CFF is a well-established neurophysiolo-
gical technique that measures the ability of 
the central nervous system to detect 
flickering light, which is directly influenced 
by cortical activity(17). CFF appears to detect 
a broad spectrum of neuro-psychological 
abnormalities ranging from visual signal 
processing (retinal gliopathy) to cognitive 
functions(47). In recent years, various 
studies have shown CFF in the diagnosis of 
MHE(15,16,45). In this study CFF significantly 
correlated with the other used tests in the 
diagnosis of MHE before and after treat-

ment(15,16), psychometric tests NCT-A, child 
score and Venous ammonia level (p=0.001) 
in the diagnosis of MHE and assessment of 
its recovery. These relation-ships suggest 
that CFF measurements can used as a 
specific and sensitive test for diagnose 
MHE in cirrhotic patients. It can be 
administered easily with relatively little 
training to the doctors and patient, and 
does not show a learning effect(15,16). 
Ammonia has been shown to be an 
important etiological parameter in the 
pathogenesis of MHE(23-27). In this study, 
venous ammonia was significantly higher in 
MHE patients than in non-MHE patients 
(p=0.001). 

In this study there was also significantly 
higher prevalence of MHE in child B and C 
patients, while previous studies suggested 
that the neurological abnormality in 
cirrhotic patients has little or no relation-
ship with the degree of liver failure, but is 
correlated with disturbances in nitrogen 
metabolism(23,26). We also demonstrated a 
significant correlation of venous ammonia 
level with CFF, in accord with Kircheis et 
al(21). Lactulose is an effective treatment for 
MHE. In this study, lacunose also improved 
MHE in 67.6% of patients, and all patients 
tolerated it well without any noticed side 
effects. Few studies used psychometric 
tests in assessment of response to treat-
ment with lactulose(35), because there are 
no data validating their use in a serial 
longitudinal  
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manner, also age, education, and learning 
effects may adversely affect the results. 
Similarly, some studies used methods like 
brain stem auditory evoked potential and 
P300ERP to assess recovery from MHE 
(33,34,37). Though these tests are more 
objective and do not show learning effects, 
they are expensive, difficult to perform and 
cannot be done at the bedside without 
trained personnel and standardization(36). A 
limitation of this study is the lack of a 
placebo limb for the management of MHE 
and evaluating diagnostic tests for the 
same group.  

Conclusions 

MHE is highly prevalent among patients 
with CHC especially with child B and C and 
assessment of patients in these child 
groups is highly recommended. MHE is 
associated with significant disability and 
poor HRQOL. An early identification of 
MHE may improve the HRQOL and the 
prognosis of these patients. CFF is a simple, 
relatively reliable test for the diagnosis of 
MHE and assessment of its recovery. We 
highly recommend the use of this test for 
assessment of drivers before approving 
them for having a driver license. Lactulose 
is highly effective, economic and a well 
tolerated treatment for MHE. 
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