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Abstract
AIM
To evaluate the reversibility of minimal hepatic ence
phalopathy (MHE) following liver transplantation (LT) in 
Egyptian cirrhotic patients. 

METHODS
This prospective study included twenty patients with 
biopsy-proven liver cirrhosis listed for LT and twenty age- 
and sex-matched healthy control subjects. All underwent 
neuro-psychiatric examination, laboratory investigations, 
radiological studies and psychometric tests including 
trail making test A (TMT A), TMT B, digit symbol test 
and serial dotting test. The psychometric hepatic ence
phalopathy score (PHES) was calculated for patients to 
diagnose MHE. Psychometric tests were repeated six 
months following LT in the cirrhotic patient group. 

RESULTS
Before LT, psychometric tests showed highly significant 
deficits in cirrhotic patients in comparison to controls (P < 
0.001). There was a statistically significant improvement 
in test values in the patient group after LT; however, 
their values were still significantly worse than those 
of the controls (P  < 0.001). The PHES detected MHE 
in 16 patients (80%) before LT with a median value 
of -7 ± 3.5. The median PHES value was significantly 
improved following LT, reaching -4.5 ± 5 (P  < 0.001), 
and the number of patients with MHE decreased to 11 
(55%). The pre-transplant model for end-stage liver 
disease (MELD) score ≥ 15 was significantly related to 
the presence of post-transplant MHE (P = 0.005). More 
patients in whom reversal of MHE was observed had a 
pre-transplant MELD score < 15.

CONCLUSION
Reversal of MHE in cirrhotic patients could be achieved 
by LT, especially in those with a MELD score < 15.

Key words: Liver transplantation; Model for end-stage 
liver disease score; Psychometric tests; Minimal hepatic 
encephalopathy; Cirrhosis
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Core tip: We evaluated the reversibility of minimal 
hepatic encephalopathy (MHE) following liver trans
plantation (LT) in Egyptian cirrhotic patients. Twenty 
patients with biopsy-proven liver cirrhosis listed for LT 
and twenty age- and sex-matched healthy controls 
were included. All underwent psychometric tests 
including trail making test A, trail making test B, digit 
symbol test and serial dotting test. Psychometric hepatic 
encephalopathy score was calculated for patients to 
diagnose MHE. Psychometric tests were repeated six 
months following LT in the cirrhotic patient group. We 
found that the reversal of MHE could be achieved by 
LT especially in those with a model for end-stage liver 
disease score < 15.   
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INTRODUCTION
The prevalence of overt hepatic encephalopathy (HE) in 
patients with decompensated liver cirrhosis ranges from 
16% to 21%, while that of minimal HE (MHE) or covert 
HE is 20%-80%[1].

MHE impairs daily functioning, driving performance, 
work capability and learning ability in cirrhotic patients. It 
also predisposes to overt HE and increased mortality[2]. 
There are several methods of diagnosing MHE, such as 
comprehensive neuropsychological examinations, stan
dard psychometric batteries, and computerized testing[3].

The psychometric hepatic encephalopathy score 
(PHES) battery can detect neuropsychiatric abnormalities 
and MHE. It assesses visual perception, construction, 
visual/spatial orientation, motor speed and accuracy, 
concentration, and attention in cirrhotic patients with 
end-stage liver disease. When PHES was compared to 
the standard methods of determining HE, its sensitivity 
and specificity were 96% and 100%, respectively[4].

The PHES was initially composed of seven tests. The 
portosystemic encephalopathy battery was introduced 
later to exclude tests with poor sensitivity. It includes 
the line tracing test (LTT) and/or the digit symbol test, in 
addition to the number connection tests A and B (NCT 
A and B)[5]. The sum of the scores of these tests ranges 
between +5 and -15. A score of below or equal to -4 is 
diagnostic for MHE[4].

The LTT requires the longest time to calculate its 
score, and there is an existing controversy in interpreta
tion of its two outcomes: Time and errors. Thus, only 
three of the four tests, NCT-A, NCT-B and DST, have 
been commonly used for MHE detection[6]. The result of 
any test was regarded to be abnormal if it was beyond 
the 2 standard deviation range of the control subjects. In 
some previous studies, MHE was diagnosed when two of 
these tests were abnormal[7]. In others, it was diagnosed 
when only one test was abnormal[8].

Liver transplantation (LT) is now considered an esta
blished effective and innovative treatment option for 
patients with end-stage liver diseases for a wide range 
of indications over the last fifty years[9]. The surgical 
outcomes and survival rates following LT have been 
previously estimated; however, the effect of LT on MHE 
has not been properly studied. A few studies have 
compared the cognitive performance of cirrhotic patients 
before and after LT. Some demonstrated cognitive im
provement, and others have suggested reversibility of 
MHE after LT[10,11].
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This study aimed to evaluate the reversibility of 
MHE following liver transplantation in Egyptian cirrhotic 
patients.

MATERIALS AND METHODS
This prospective study was conducted at Ain Shams 
Center for Organ Transplant, Ain Shams Specialized 
Hospital, Cairo, Egypt from June 2014 to April 2015. 
It included twenty right-handed patients with biopsy-
proven liver cirrhosis listed for LT.

In addition, twenty age- and sex-matched healthy 
persons were enrolled, constituting the control group. 
The groups were similar regarding number of education 
years and handedness. The healthy controls were co
llected from the outpatient clinics among those coming 
for pre-employment screenings. Liver and systemic 
diseases were excluded by history, physical examination, 
laboratory and radiologic assessment.

Written informed consent was obtained from patients 
and controls prior to inclusion in the study. The study 
protocol was approved by the Research Ethical Committee 
of Faculty of Medicine, Ain Shams University according to 
the ethical guidelines of the 1975 Declaration of Helsinki.

Patients' selection
Exclusion criteria: (1) patients with clinical or laboratory 
evidence of any concomitant infection, severe gastroin
testinal bleeding, anemia, electrolyte abnormalities, or 
renal insufficiency; (2) overt hepatic encephalopathy 
(persistent or episodic) as revealed by a standard 
clinical neurological examination; (3) significant cortical 
atrophy or other structural brain changes as revealed by 
conventional neurological imaging studies; (4) regular 
use of psychotropic drugs, such as benzodiazepines; (5) 
known major psychiatric disorder; (6) patients unable 
to perform the tests (illiterate or with upper limb motor 
handicaps); (7) less than 6 mo of complete alcohol 
abstinence; and (8) post-transplant toxic levels of immu
nosuppressive drugs.

All of the following were performed to recruited 
patients and controls: (1) full history taking together with 
a full clinical, neurological and psychiatric examination 
done by both an experienced hepatologist and neuro-
psychiatrist; (2) laboratory investigations including com
plete blood count; liver function tests: Alanine transa
minase, aspartate transaminase, total and direct bilirubin, 
international normalized ratio (INR), prothrombin time, 
serum albumin; kidney function tests and full electro
lytes including blood urea nitrogen, creatinine, sodium, 
potassium, magnesium, calcium, phosphorus; C-reactive 
protein to exclude patients with any infections; and post-
transplant immunosuppressive drug levels for patients 
only to exclude those with toxic levels. The modified 
Child-Pugh score was calculated for patients, and each 
patient was categorized as A, B or C. Additionally, 
the model for end-stage liver disease (MELD) score 
was calculated for patients using laboratory results 
collected immediately before LT with no adjustments 

for malignancy. We calculated the MELD score using the 
following formula: MELD = [0.957 × ln(creatinine mg/dL) 
+ 0.378 × ln(bilirubin mg/dL) + 1.12 × ln(INR) + 0.643 
× 108]; (3) radiological studies included pelvi-abdominal 
ultrasound with examination of liver size, echogenicity, 
splenomegaly, amount of ascites, portal vein diameter 
and patency, presence of any hepatic focal lesions or any 
abdominal malignancy and a detailed kidney examina
tion pre- and post-transplantation (Hitachi, EUB-5500). 
A computerized tomography (CT) for the brain was per
formed to all patients to exclude any brain pathology 
(Toshiba, High Speed 16 Slice); and (4) psychometric 
tests included the following neuropsychological tests. 

Trail making test A: Patient should draw a line from 
number (1) to number (2) and from (2) to number (3) 
till reaching number (24), without elevating the pencil 
from the paper. The time was recorded in seconds. If the 
patient made an error, the examiner told him to correct 
it, but the timing was not stopped. The average score 
was 29 s, while the deficient score was > 78 s and the 
rule of thumb was that most completed it in 90 s. The 
rule of thumb is a broadly accurate guide or principle, 
based on practice rather than theory[12,13].

Trail making test B: Patient should draw a line 
from number (1) to letter (A), then from letter (A) to 
number (2), then from number (2) to letter (B), and 
so on, alternating the number and letter respecting the 
alphabetical order till letter (L). After explaining the test 
to the patient, timing should be started and recorded 
in seconds, including time needed to correct any error 
done. The average score was 75 s, while > 273 s was 
considered deficient and the rule of thumb was that 
most completed it in 3 min. 

Digit symbol (substitution) test: A coding key was 
presented consisting of nine abstract symbols, each 
paired with a number. The patient was required to scan 
the key and write down the symbol corresponding to 
each number as rapidly as possible. Ninety seconds were 
given to the patient and when the time was finished, 
the number of symbols performed by the patient was 
counted. The score was recorded in points. If the patient 
made any errors, timing continued towards their 90 s, 
and the patient might lose time. A healthy individual 
should be able to complete the test in 90 s or less. A fall 
of 1 to 1.5 SD below the mean is considered suggestive 
of cerebral dysfunction.

Serial dotting test:  Also called the circle dotting test, 
the serial dotting test (SDT) was used to test pure 
motor speed. The patient was asked to put a dot in 
each of the 100 circles given on the sheet after being 
prepared first by dotting the 20 circles at the top of the 
sheet. 

The results of the trail making test A (TMT A), TMT 
B, and SDT were measured in seconds, including the 
time needed to correct any errors, and the results of 
digit symbol (substitution) test (DST) were measured as 
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points. 
Accordingly, a better performance was reflected by a 

higher result of DST and lower results of other tests.

Interpretation of the score: To obtain the measure of 
overall visual-motor and visual-constructive performance, 
we calculated the average percentile score of the 4 
selected tests: TMT A, TMT B, DST and SDT. The average 
score of these tests was arbitrarily named the visual-
motor and visual-constructive performance (VMCP) score 
or PHES. The patient was diagnosed to have MHE when 
his total score was equal or below -4.

Post-transplantation follow-up
The immunosuppressive regimen included cyclosporine 
or tacrolimus, mycophenolate mofetil (MMF), and cortico
steroids in all patients except those transplanted for 
hepatocellular carcinoma (HCC). In patients transplanted 
for HCC, the regimen included calcineurin inhibitors and 
steroids only. Trough levels of cyclosporine were main
tained between 200 and 300 ng/ml while those of tacro
limus were maintained between 8 and 12 ng/ml. Rapid 
withdrawal of corticosteroids within three months was 
routine in all patients. 

In cases of acute rejection, the first-line therapy con
sisted of optimization of the maintenance level of immu
nosuppression. If there was no response, then MMF or 
rapamycin were added to the patient’s regimen, if not 
already being taken. In some cases, a shift from cyclo
sporine to tacrolimus was beneficial. A small dose of 
steroids was used if all other measures failed.

The complete psychometric battery was repeated six 
months following LT in the cirrhotic patient group. The 
post-transplant testing was done while the patient was in 
a stable condition with no clinical or laboratory evidence 
of any concomitant infection, anemia, electrolyte ab
normalities, acute transplant rejection episode or other 
severe clinical problems. 

Statistical analysis
Data were analyzed using the SPSS software computer 
program version 18 (SPSS, Chicago, IL, United States). 
They were described as the mean ± standard devia
tion (SD) for quantitative (parametric) variables and 
as median ± inter-quartile range (IQR) for quantitative 
(non-parametric) variables. Qualitative (categorical) 
variables were presented as frequency and percentage. 
The independent samples t-test was used for the 
comparison of quantitative parametric variables among 
two independent groups and the Mann Whitney U test 
was used for non-parametric data. The Wilcoxon Signed 
Ranks test was used for the comparison of quantitative 
non-parametric variables among two dependent groups 
(before and after transplantation). The χ2 test (or Fisher’s 
exact test when appropriate) was used for comparison 
of distribution of qualitative variables among different 
groups. 

Significance level (P) value: (1) P ≤ 0.05 was signi
ficant; (2) P < 0.01 was highly significant; and (3) P > 

0.05 was non-significant.
The statistical methods of this study were reviewed 

by Azza M Hassan, Department of Community, Environ
mental and Occupational Medicine, Faculty of Medicine, 
Ain Shams University, Cairo, Egypt.

RESULTS
This prospective study included twenty patients with 
biopsy-proven hepatitis C virus (HCV)-related liver 
cirrhosis listed for LT. Their mean age was 53.2 ± 5.39 
years and they consisted of 17 males (85%) and 3 
females (15%). Five patients were diagnosed with 
hepatocellular carcinoma on top of liver cirrhosis. 

In addition, twenty age- and sex-matched healthy 
subjects were enrolled, constituting the control group. 
Their mean age was 53.4 ± 6.49 years and they 
consisted of 15 males (75%) and 5 females (25%). 

Before LT, the median ± IQR of Child-Pugh score of 
the enrolled patients was 9 ± 4.5; five patients (25%) 
were Child A, six (30%) were B and nine (45%) patients 
were Child C. Their median ± IQR of MELD score was 
14.5 ± 6.5, where 50% (10 patients) had a MELD score 
below 15% and 50% (10 patients) had a MELD score 
above 15.

Six months following LT, the median ± IQR of Child-
Pugh and MELD scores were 6 ± 1.8 and 11.5 ± 4.5, 
respectively, with a statistically significant improvement 
(P < 0.001 and 0.002, respectively) (Table 1).

Table 2 shows the analysis of the median score 
values of different psychometric tests (TMT A, TMT B, 
DST and SDT) and the VMCP score in patients before 
and after LT, as well as in healthy control subjects. 
Before LT, the psychometric tests and the VMCP score 
showed highly significant deficits in cirrhotic patients in 
comparison to controls (P < 0.001). 

After LT, there were statistically significant im
provements in test values in the patient group when 
compared to their values before LT. However, the values 
of patients after LT were still significantly worse than 
those of the control subjects (P < 0.001).

Among the studied 20 cirrhotic patients, the PHES, 
represented by the VMCP score, detected MHE in 16 
patients (80%) before LT, with a median value of -7 ± 
3.5. The median PHES value was significantly improved 
following LT, reaching -4.5 ± 5 (P < 0.001), and the 
number of patients with MHE decreased to 11 (55%) 
post-LT.

Table 3 shows that the pre-transplant MELD score 
≥ 15 was significantly related to the presence of post-
transplant MHE (P = 0.005). In cirrhotic patients with 
a pre-transplant MELD score ≥ 15, 100% had pre-
transplant MHE and 90% had post-transplant MHE. 
On the other hand, among those with a MELD score < 
15, 60% had pre-transplant MHE and 20% had post-
transplant MHE. A higher number of patients in whom 
reversal of MHE was observed had a pre-transplant MELD 
score < 15.
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Table 4 shows comparison between patients who 
recovered from MHE (n = 5) and those who didn’t re
cover (n = 11) regarding age, sex, pre-transplant lab 
investigations and pre-transplant Child and MELD scores. 
We found that non-recovered patients had significantly 
higher INR, total bilirubin, Child and MELD scores than 
recovered ones (P = 0.027, 0.013, 0.038 and 0.009, 
respectively). 

DISCUSSION
In the current study, twenty cirrhotic patients listed for 

LT and twenty healthy controls were included. Patients 
with pre or post-transplant clinical or laboratory evidence 
of infection, electrolyte imbalance, renal impairment or 
immunosuppressive drugs toxicity were excluded from 
the study. The etiology of liver cirrhosis in the included 
patients was chronic hepatitis C. Egypt has the highest 
prevalence of HCV worldwide, with an exceptionally high 
burden of liver disease[14].

A neuropsychological test battery, consisting of TMT 
A, TMT B, SDT and DST was applied to both the cirrhotic 
patient and control groups before and six months after 
LT. These are the same tests used by Wang et al[3] and 
Tsai et al[15] to diagnose MHE. They have high sensitivity 
and specificity and are easily applied with no difficulty in 
their score calculation[15,16]. These tests monitor changes 
in attention, motor speed and executive functions, which 
are the first to improve in the post transplantation pe
riod[3,16]. The TMT is a measure of attention, speed, and 
mental flexibility. It also tests spatial organization, visual 
pursuits, recall, and recognition[12]. Part A tests visual 
scanning, numeric sequencing, and visuo-motor speed, 
while part B tests cognitive demands including visual 
motor, visual spatial abilities and mental flexibility[16,17]. 
The DST measures the perceptual ability[18], while the 
SDT tests the pure motor speed[19].

The total score of the four tests (TMT A, TMT B, SDT 

Variable Before LT (median ± IQR) After LT (median ± IQR) Z P  value

INR    1.5 ± 0.6   1.4 ± 0.4 2.198    0.0291

ALT (N: 7-40 IU/L)      24.5 ± 35.25   19.5 ± 29.8 2.201    0.0261

AST (N: 7-37 IU/L) 44.5 ± 28     22.5 ± 13.75 2.918    0.0022

Total bilirubin (N: 0.2-1.2 mg/dL)         2 ± 2.45   1.4 ± 0.8 2.156    0.0291

Albumin (N: 3.5-5.3 g/dL)      2.3 ± 1.15   3.3 ± 0.9 3.021    0.0211

Creatinine (N: 0.5-1.2 mg/dL)   0.9 ± 0.4      1 ± 0.2 0.176   0.893
BUN (N: 20-40 mg/dL)    12 ± 6.8 11.5 ± 4.8 0.218   0.839
Sodium (N: 135-147 mEq/L)   132.5 ± 11.75 134.5 ± 10.8 0.197   0.856
Potassium (N: 3.5-5.3 mEq/L)   3.8 ± 0.7   4.4 ± 0.8 2.469    0.0111

Calcium (N: 9-11 mg/dL)   8.6 ± 1.1   8.9 ± 1.3 2.584    0.0072

Phosphorus (N: 3-4.5 mg/dL)   3.2 ± 0.6   3.6 ± 1.3 3.219 < 0.0012

Magnesium (N: 1.8-3.6 mg/dL)   2.1 ± 0.6   2.2 ± 0.7 1.777   0.076
Child-Pugh score      9 ± 4.5      6 ± 1.8 3.549 < 0.0012

MELD score 14.5 ± 6.5 11.5 ± 4.5 2.928    0.0022

Table 1  Laboratory data, Child-Pugh and model for end-stage liver disease scores before and after 
liver transplantation in the patients’ group

1Significant; 2Highly significant. Z: Wilcoxon signed ranks test; IQR: Inter-quartile range; INR: International normalized 
ratio; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN: Blood urea nitrogen; MELD: Model for 
end-stage liver disease; LT: Liver transplantation; N: Normal range. 

Controls Patients before LT Patients after LT Patients before LT vs  
after LT (P  value)1

Controls vs  patients 
before LT (P  value)2

Controls vs  patients 
after LT (P  value)2

TMT A (median ± IQR) 27 ± 8    110 ± 32.5      80 ± 30.8    0.010 < 0.001 < 0.001
TMT B (median ± IQR)      62 ± 17.3   282.5 ± 137.5 167.5 ± 72.0    0.002 < 0.001 < 0.001
DST (median ± IQR)      60 ± 4.75 22 ± 6   28.5 ± 14.5    0.001 < 0.001 < 0.001
SDT (median ± IQR)      34 ± 3.75        62 ± 20.75      51 ± 27.5    0.002 < 0.001 < 0.001
VMCP (median ± IQR)   1 ± 1    -7 ± 3.5  -4.5 ± 5.0 < 0.001 < 0.001 < 0.001

Table 2  Median score values of different psychometric tests in controls and patients before and after liver transplantation

1Wilcoxon signed ranks test; 2Mann Whitney U test. TMT: Trail making test; DST: Digit symbol test; SDT: Serial dotting test; VMCP: Visual-motor and 
visual-constructive performance score; LT: Liver transplantation; IQR: Inter-quartile range.

Pre-transplant MELD score χ 2 P  value

< 15 (n  = 10) ≥ 15 (n  = 10)
Pre-transplant 
MHE

-ve 4 (40) 0 (0) 5.0001 0.087
+ve 6 (60)   10 (100)

Post-transplant 
MHE

-ve 8 (80)   1 (10) 9.8991  0.0052

+ve 2 (20)   9 (90)

Table 3  Relation between pre-transplant model for end-
stage liver disease score and the presence of pre- and post-
transplant minimal hepatic encephalopathy n  (%)

1Fisher’s exact test; 2Highly significant. MELD: Model for end-stage liver 
disease; MHE: Minimal hepatic encephalopathy; -ve: Negative; +ve: 
Positive.
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and DST), which represents the VMCP score or PHES, 
has a cutoff level of -4. Any patient with a score below or 
equal to -4 is defined as having MHE[3,15,16].

With regard to the scores of TMT A, TMT B, DST 
and SDT, and the total PHES score in the current study; 
significant differences were found between patients and 
control subjects, together with the significant improve
ment in the patient scores after LT. This is in agreement 
with Mattarozzi et al[20].

The significant improvement of the patients’ MELD 
score after LT agrees with Lin et al[10] and Mattarozzi et 
al[20]. 

The present study supports the relation between 
MHE and higher values of a MELD score. This is also in 
agreement with Mattarozzi et al[20] and Montagnese et 
al[21]. More patients with a pre-transplant MELD score 
> 15 experienced pre- and post-transplant MHE. More 
patients in whom reversal of MHE was observed had a 
pre-transplant MELD score < 15, indicating that early LT 
for patients with a MELD score < 15 may be associated 
with a higher incidence of reversal of MHE and could save 
the brain from the irreversible damages associated with 
end-stage liver disease. These findings may change the 
LT priority for patients with MHE with a MELD score < 15 
receiving priority over those with a MELD > 15.

In a trial to find the factors affecting the reversibility 
of MHE, comparison between patients who recovered 
and those who didn’t was done in the present study. 
Pre-transplant Child and MELD scores were significantly 
lower in patients who recovered from MHE. Age and 
sex differences were insignificant between those who 
recovered and those who didn’t. 

This is different from the study of Mechtcheriakov 
et al[22], in which the duration of liver cirrhosis and its 
severity (as determined by the Child classification) 
did not influence the improvement after LT. However, 
O’Carroll et al[23] reported that severe liver disease at 
pre-transplant assessment was associated with more 
slowing of reaction times and increased bioelectric dys
function of the brain. In the study of Mechtcheriakov 
et al[22], patients’ age was not related to recovery from 
MHE after LT which is similar to our study.

Although there was improvement in the cognitive 
function after LT in the current study, it did not reach 
the normal optimal levels of the healthy controls. This 
observation agrees with O’Carroll et al[23], Tarter et al[24] 
and Garcia-Martinez et al[25] indicating that MHE and the 
deterioration in cognitive function in liver disease patients 
are not completely reversible after LT. 

It was hypothesized by Rose et al[26] that hepatic 
encephalopathy may be manifested by either “delirium-
like” or “dementia-like” clinical features. The former 
is likely to be metabolic in origin, whereas the latter is 
likely to be due to a structural brain lesion, which may be 
specific to liver disease.

Ammonia has been suggested to have a role in the 
metabolic pathogenesis of MHE. Hyperammonemia in 
patients with liver cirrhosis may result in an increase in 
the brain glutamine with subsequent reduction in the 
brain magnetization-transfer ratio[25]. 

Teperman[11] demonstrated that patients who sur
vived 10 years post-LT had significant cognitive dys
function and poor health-related quality of life. This 
supports the evidence for a “dementia-like” parameter 

Variable Recovered (n  = 5) 
(median ± IQR)

Non-recovered (n  = 11) 
(median ± IQR)

Z 1 P  value

INR    1.5 ± 0.5     1.7 ± 0.5 2.231 0.027
ALT    25 ± 51     38 ± 36 0.397 0.743
AST       49 ± 45.5     53 ± 39 0.283 0.827
Total bilirubin 1.4 ± 1     3.1 ± 2.9 2.437 0.013
Albumin 2.3 ± 1     2.3 ± 0.5 1.208 0.267
Creatinine    0.7 ± 0.5     0.9 ± 0.4 0.517 0.661
BUN       11 ± 11.5   12 ± 5 0.514 0.636
Sodium     139 ± 12.5 132 ± 7 0.910 0.377
Potassium       4 ± 1.2     3.6 ± 0.8 1.310 0.221
Calcium    8.9 ± 0.7     8.3 ± 1.3 0.746 0.482
Phosphorus    2.7 ± 0.8     3.2 ± 1.3 1.204 0.259
Magnesium    2.3 ± 0.6       2 ± 0.6 0.969 0.355
Child-Pugh score       9 ± 1.5   11 ± 1 2.140 0.038
MELD score     13 ± 3.5   17 ± 5 2.557 0.009
Age (mean ± SD)  56.6 ± 1.7   51.2 ± 6.1  1.9112 0.077
Sex 
   Male (n, %) 4 (80) 9 (81.8)  0.0073 1.000
   Female (n, %) 1 (20) 2 (18.2)

Table 4  Comparison between recovered and non-recovered patients regarding age, 
sex, pre-transplant laboratory investigations and pre-transplant Child and model for 
end-stage liver disease scores

1Mann Whitney U test; 2Independent samples t-test; 3χ 2, Fisher’s exact test. INR: International 
normalized ratio; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN: Blood 
urea nitrogen; MELD: Model for end-stage liver disease; IQR: Inter-quartile range; SD: Standard 
deviation.
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of MHE that is irreversible after LT. Lin et al[10] showed 
improvement of both the extracellular cerebral edema 
and the demyelination of white matter in patients with 
MHE following LT, but they still did not reach the control 
level.

In the current study, gross structural brain lesions 
were excluded by CT brain before and after LT. Future 
studies should expand and should include larger sample 
size in order to investigate different metabolic, neuro
logical and physical tests that could identify the exact 
causes of incomplete recovery of the brain cognitive 
functions.

In conclusion, the reversal of minimal hepatic ence
phalopathy in cirrhotic patients can be achieved by liver 
transplantation, especially in those with a pre-transplant 
MELD score < 15. 

COMMENTS
Background
Minimal hepatic encephalopathy (MHE) impairs daily functioning, driving 
performance, work capability and learning ability in cirrhotic patients. It also 
predisposes to overt hepatic encephalopathy and increases mortality. The 
psychometric hepatic encephalopathy score (PHES) battery can detect neuro­
psychiatric abnormalities. It assesses visual perception, construction, visual/
spatial orientation, motor speed and accuracy, concentration, and attention in 
cirrhotic patients with end-stage liver disease. Liver transplantation (LT) is now 
considered an established effective and innovative treatment option for patients 
with end-stage liver diseases. The effects of LT on MHE are poorly studied.

Research frontiers
The authors evaluated the reversibility of MHE following LT in Egyptian cirrhotic 
patients. Twenty right-handed patients with biopsy-proven liver cirrhosis listed for 
LT and twenty age- and sex-matched healthy control subjects were included. All 
underwent psychometric tests including trail making test A (TMT A), TMT B, the 
digit symbol test and the serial dotting test. The PHES was calculated to diagnose 
MHE. Psychometric tests were repeated six months following LT in cirrhotic 
patient group. They found that reversal of MHE in cirrhotic patients could be 
achieved by LT, especially in those with a MELD score < 15.

Innovations and breakthroughs
This is the first Egyptian study that addresses the reversibility of minimal 
hepatic encephalopathy following LT.

Applications
The findings of this study may represent a future strategy, indicating that 
early LT for patients with a MELD score < 15 may be associated with a higher 
incidence of reversal of MHE and could save the brain from the irreversible 
damage associated with end-stage liver disease.

Terminology
MHE is a neuropsychiatric syndrome that may occur in cirrhotic patients with 
no recognizable clinical symptoms of hepatic encephalopathy but with mild 
cognitive and psychomotor deficits, impairing daily functioning.

Peer-review
This study provides very interesting results which indicate that liver transplantation 
cannot fully recover all Egyptian patients from MHE caused by hepatitis C virus-
induced cirrhosis, and has the most beneficial effect in patients with pre-transplant 
MELD score less than 15. This is the first study that investigated the reversibility 
of MHE in Egyptian population after liver transplantation, and provides important 
information regarding the effect of transplantation on the course of MHE.
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