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ABBREVIATIONS

Abbreviation Explanation
ALP alkaline phosphatase

ALT alanine aminotransferase

AST aspartate aminotransferase

AUC area under the curve

CD cognitive disturbances

F fibrosis

GGT y-glutamyl transpeptidase

HBV hepatitis B virus infection

HCV hepatitis C virus infection

HE hepatic encephalopathy

Hgb hemoglobin

ICT computerized inhibitory control test
IL interleukin

INR international normalized ratio
LC liver cirrhosis

L lures

MHE minimal hepatic encephalopathy
PHES psychometric hepatic encephalopathy score
Plt platelet count

ROC receiver operating characteristic
SD standard deviation

SPA Stago prothrombin assay

TA target accuracy

WBC white blood cell count

WL weighted lures




1. INTRODUCTION

Minimal hepatic encephalopathy (MHE) - is a non symptomatic form
of hepatic encephalopathy (HE) and is characterized by cognitive and psy-
chomotor disorders that interfere with patients’ attention, motor skills,
and ability to quickly process information and perform coordinated move-
ments. The incidence of the disease is not fully known. Data varies from 22
to 74 %, because different diagnostic methods and their criteria are being
used.

MHE is diagnosed using neuropsychological (PHES set), neurophysio-
logical (electroencephalography, P300 evoked potentials test) and comput-
erized tests (critical flicker frequency test, computerized inhibitory control
test (ICT)). The majority of these tests take time, instructed personnel and
additional equipment; moreover they depend on the age, education and
motivation of the patient.

We decided to assess the diagnostic value of computerized inhibitory
control test in MHE, since the data about usefulness of this method is still
contradictory (Bajaj, 2007, 2008; Sharma, 2013; Taneja, 2012; Amodio,
2010). In addition to this, we planned to find the diagnostic value of in-
terleukin 6 (IL - 6), ammonia and routine laboratory blood tests in the
diagnosis of MHE. We took into account Montoliu (2009) study results,
showing 100 percent of sensitivity and specificity of IL — 6 in MHE diag-
nosis. Opposite to authors mentioned, our research included not only pa-
tients diagnosed with different etiology liver cirrhosis (LC) and 0° hepatic
encephalopathy, but patients with different etiology chronic hepatitis as
well. We followed other researchers, claiming cognitive disturbances (CD)
can be observed before liver cirrhosis is present (Felipo, 2012; Hilsabeck,
2002). We determined to detect existing differences or similarities between
patients diagnosed with liver cirrhosis or chronic hepatitis when perform-
ing computerized inhibitory control test or blood tests. Since normative
ranges of psychometric tests depend on cultural peculiarities between dif-
ferent countries, we chose a twofold value of PHES test, where total score
is less than -4 and less than -8.



Aim of the study

To assess the value of computerized inhibitory control test and IL - 6,
ammonia and routine blood tests in cognitive disturbances diagnosis for
patients with chronic liver diseases.

Purposes of the study

1. To evaluate the frequency of cognitive disturbances in chronic hep-
atitis and liver cirrhosis groups, and find potential risk factors.

2. To identify the diagnostic value of computerized inhibitory control
test in minimal hepatic encephalopathy diagnosis for patients with
liver cirrhosis.

3. To evaluate the concentration of IL - 6, ammonia, hemoglobin
(Hgb), bilirubin, albumin, Stago prothrombin assay (SPA), inter-
national normalized ratio (INR) and glucose; level of alanine ami-
notransferase (ALT), asparagine aminotransferase (AST), alkaline
phosphatase (ALP) and y-glutamyl transpeptidase (GGT); white
blood cell (WBC) and platelet (Plt) count and assess their diagnos-
tic value for minimal hepatic encephalopathy.

4. To compare the results of computerized inhibitory control and
blood tests in cognitive disturbances diagnosis for patients with
chronic hepatitis and liver cirrhosis.

Scientific novelty and significance of the study

1. We examined whether computerized inhibitory control test, IL - 6
and ammonia concentration and routine blood tests are valuable in
minimal hepatic encephalopathy diagnosis.

2. Heretofore no research has been made to evaluate if there are ana-
logical ICT parameters changes and increase in interleukins con-
centration between patients with chronic hepatitis and cognitive
disturbances and patients with liver cirrhosis and MHE.

3. We aimed to find which parameters of computerized inhibitory
control and blood tests are the most valuable in prognosticating
cognitive disturbances in chronic hepatitis group.

4. In order to eliminate incidental participants grouping inaccuracies,
we calculated the change in correlation of computerized inhibitory
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control and blood tests parameters after tightening diagnostic crite-
ria of MHE (not only when total score of PHES is less than -4, but
also less than -8.

Thesis to defend

1. Computerized inhibitory control test is not valuable for routine di-
agnosis of MHE.

2. Normative results of IL - 6 are inapplicable for MHE diagnosis for
patients with liver cirrhosis.

2. METHODS

2.1. Participants of the study

The study was conducted between October 2011 and May 2013 in the
Centre of Hepatology, gastroenterology and dietetics in Vilnius university
hospital Santariskiu klinikos. 62 cirrhotic patients without clinical signs
of overt hepatic encephalopathy, 73 patients with chronic hepatitis and 53
healthy participants (control group) were enrolled in the study. The re-
search included patients observed and treated in out-patient (n=3) and
in-patient (n=102) departments for liver disease.

The degree of liver fibrosis (F) in case of chronic hepatitis was assessed
after liver biopsy (F I - ITI° according to METAVIR classification). Diagno-
sis of liver cirrhosis was confirmed by clinical, laboratory and instrumental
tests, transient liver elastography and/ or liver biopsy (F IV® according to
METAVIR).

Inclusion criteria: 18 — 65 years old patients, diagnosed with different
etiology chronic liver disease and different degree of liver fibrosis (FI - IV°
according to METAVIR), without clinically overt cognitive dysfunction
and conditionally healthy volunteers; participants capable to understand
and perform tasks, who have signed the Informed patient consent form;
patients free of visual impairment or having corrected visual disorder; lit-
erate participants.

Exclusion criteria: concomitant diseases, that may interfere with study
results - e. g. oncologic, decompensated cardiovascular, pulmonary, renal,
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autoimmune, mental, neurologic and infectious diseases; pregnant women;
participants taking medicine, that can influence test results; alcohol abuse
during last 3 months, drug abuse; patients after transjugular intrahepatic
portosystemic shunt, surgical portosystemic shunt formation surgeries.

All participants read and signed Informed patient consent form and
Patient consent form. Permission of Vilnius Regional Biomedical Research
Ethics Committee was received before the study (2011- 06- 07, No 158200-
07- 372- 99).

2.2. Process of the study

Venous blood test and finger stick capillary blood for ammonia con-
centration were taken for participants, after overnight fasting. The same
day participants performed psychometric tests — digit symbol test, number
connection tests A and B, line tracing test, serial dotting test. The com-
puterized psychometric inhibitory control test was performed soon after.
Process of the study and participant groups is presented in Figure 1.

PARTICIPANTS
« BLOOD TESTS
o PHES TEST
« ICT

PATIENTS ﬂ HEALTHY PARTICIPANTS
N =135 N=53

I GROUP I GROUP IVGROUP
CHRONIC HEPATITIS LIVER CIRRHOSIS | | LIVER CIRRHOSIS
COGNITIVE DISTURBANCES (-), MHE (), MHE (+),
N =33 N=18 N=44
IIGROUP
CHRONIC HEPATITIS
COGNITIVE DISTURBANCES (+),
N =40

Figure 1. Process of the study, groups of participants
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2.3. Laboratory blood tests

Concentration of ammonia in capillary blood was measured indirectly
by micro- diffusion method using a blood ammonia meter (PocketChem
BA, Arkray, Japan) and ammonia reagent kit (Ammonia Test Kit II, Arkray,
Kyoto, Japan). Other blood tests were taken in laboratories of clinical
chemistry and immunology in Centre of laboratory medicine in Vilnius
university hospital Santariskiu klinikos. Measurements were made using
these analyzers: WBC, Hgb and Plt were measured by hematologic analyzer
Sysmex XE- 5000, Coulter LH- 780; SPA/ INR by STA Compact, Germany;
albumins, total bilirubin, fasting glucose, AST, ALT, ALP and GGT by Ar-
chitect ¢8200, Abbott, USA; IL- 6 concentration in the serum was measured
using the solid phase chemiluminescence immunometer analysis (Immu-
lite 1000 Immunoassay System, Siemens, Japan). The centrifugated serum
was frozen to -80°C until the analysis was performed later.

2.4. Psychometric tests

All participants performed the PHES battery (Swets & Zeitlinger B.V.,
Swets Test Services Press, 1999, Germany). The battery is compound of
those parts: digit symbol test, number connection test A, number connec-
tion test B, serial dotting test and line tracing test. All participants were
tested under the same conditions. Every task was explained according
to the publisher’s instructions and everyone performed trial tests, even
though they understood instructions properly.

« Digit symbol test — participant was asked to fill empty symbol window
while watching the sample table in the top of the page, where every
number from 1 to 9 was attached to the symbol.

o Number connection test A — participants had to connect numbers
from 1 to 25 that are scattered along the page in the increasing order.

« Number connection test B - participants were given the page with
scattered numbers from 1 to 13 and letters from A to L, and were asked
to connect them in such order: 1-A, A-2, 2-B and etc finishing with the
number 13.

o Serial dotting test — participants were told to mark a dot in the centre
of the empty circles, not missing single of them.
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« Line tracing test — participant was asked to draw a line in the “laby-
rinth”, without touching it, raising a hand or turning the page.

All tests were examined according to publisher instructions.

PHES test battery is not validated in Lithuania; therefore all results were
compared between patients and control group. Just after collecting results of
psychometric tests of control group, standard deviation (SD) (+1, 0, -1, -2,
-3) and total PHES score of every patient with chronic liver disease was cal-
culated. Cognitive disturbances were diagnosed with the score less than -4.

2.5. Computerized inhibitory control test

Computerized inhibitory control test program was freely accessible in
the internet: <http://www.hecme.tv/featured_topics/topics/ict_admin/in-
dex.cfm?cme_proj_id=2>. It’s use was permitted under these rules — use
for only non commercial purposes, no possibility to make program chang-
es, authors and program source must be referred (Bajaj et al., 2008). All
participants were instructed to perform the test: they had to watch rapidly
changing letters in the computer screen and concentrate on the X and Y
(targets). They were instructed to press “space” when Y follows X or con-
versely. When X is followed by another X or Y by another Y “space” needed
not to be pressed (lures (L)).

At the end of the test correct and incorrect, incidental button press (pa-
rameters of correct and incorrect reaction to lures, correct estimation and
incorrect omission of targets, incidental reaction) were calculated auto-
matically. In addition to this derivative parameters were counted: total ICT
error score (amount of incorrect reaction to lures and incorrect omission
of targets), target accuracy (TA, proportion between number of correctly
found letter combinations and total number of correct letter combina-
tions) and weighted lures (WL, WL= L/TA?).

2.6. Statistical analysis

Statistical analysis was performed using Microsoft Excel and SPSS 17.0
version statistical programs. Data are presented in means with standard
deviation. Covariant analysis ANCOVA, Student criteria, chi square (x?)
and Fisher exact test were used to compare the groups. Sensitivity and
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specificity of discrete laboratory and computerized test results for diag-
nosis of cognitive disorders were evaluated according to AUROC system.
Correlation between analyzed variables was calculated using Pearson coef-
ficient. Data were considered to be significant, when p< 0. 05.

3. RESULTS

All of the participants underwent blood test, psychometric tests, and
computerized inhibitory control test. Depending on the stage of the liver
disease and cognitive condition, participants were divided into four groups:
o I group - chronic hepatitis without cognitive disturbances (chronic

hepatitis CD (-)),

o II group - chronic hepatitis with cognitive disturbances (chronic hepa-
titis CD (+)),
o III group - liver cirrhosis without minimal hepatic encephalopathy (LC

MHE (-)),

o IV group - liver cirrhosis with minimal hepatic encephalopathy (LC

3.1. Distribution of participants according to age,
gender and duration of education

This research enrolled 135 patients (62 diagnosed with liver cirrhosis
and 73 with chronic hepatitis) and 53 healthy subjects.

The mean age of the participants was 44.44 years. 85 of them were
males (62.96%) and 50 - females (37.04%). Males compounded 60.27%
(n=44), female - 39.73% (n=29) of all participants in the chronic hepatitis
groups. Liver cirrhosis group was comprised of 66.13% (n=41) of men and
33.87% (n=21) women.

The mean age in the control group was 39.5 years, distribution of male
and female - respectively n=27 (50.94%) and n=26 (49.06%).

Comparing patient groups under the age statistically significant differ-
ence was found between I and III, IV groups; II and III groups (F=10.809;
p<0.001; more detailed information is presented in 1% table). Therefore
patients included into chronic hepatitis group were younger than those
from liver cirrhosis group.
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Irrespective of cognitive condition, patients diagnosed with chronic
hepatitis were similar in age (I group 39.45+11.4 vs. II group 40.28+11.74;
p=0.764). Analogous results were observed in liver cirrhosis groups
(III group 50.67+7.99 vs. IV group 49.43+7.99; p=0.584).

Not only the age, but duration of overall education can influence the
results of psychometric tests, therefore we had to take into account.

The mean duration of education was 13.47 years in patient groups
(n=135) and 16.35 years - in control group. Patients were more educated in
group of chronic hepatitis without cognitive disorders compared to groups
of chronic hepatitis or liver cirrhosis with cognitive dysfunction (I group
14.64%2.51 yrs vs. I group 13.2+2.65 yrs; IV group 12.61+2.97 yrs; F=3.865;
p=0.011; Table 1). No obvious difference according to the duration of edu-
cation was noticed in liver cirrhosis groups (III group 14.05£2.62 vs. IV
group 12.61£2.97; p=0.067).

3.2. Comparison between chronic hepatitis
and liver cirrhosis groups

Differences between chronic hepatitis and liver cirrhosis groups

by laboratory parameters

No significant difference was found according to ammonia concentra-
tion in capillary blood and starving glucose concentration in venous blood
(p> 0.05).

Furthermore, no significant correlation was found comparing all four
groups by AST, ALP and GGT (p> 0.05). Higher ALT activity was noticed
in chronic hepatitis with cognitive disorders group comparing to chronic
hepatitis with normal cognitive function and liver cirrhosis with minimal
hepatic encephalopathy groups (157.40+187.04 U/l vs. 90.36+96.14 U/l
and 85.51+73.62 U/l; F=2.724; p=0.047).

Synthetic liver function is characterized by total bilirubin and albu-
mins. These parameters differed significantly between groups. Concentra-
tion of total bilirubin is higher in LC MHE (+) group comparing to chronic
hepatitis CD (-) and CD (+) groups (respectively 30.66+25.41 umol/l vs.
13.44+4.67 umol/land 13.41+8.31 pmol/l; F=6.509; p<0.001). Albumin lev-
els were higher in chronic hepatitis CD (-) and CD (+) groups (respectively
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42.53+2.27 and 42.74+ 3.73) comparing to liver cirrhosis MHE (-) and
MHE (+) groups (respectively 34.57+4.98 umol/l and 34.40+5.53 pumol/l;
F=12.541; p<0.001).

SPA and INR are further parameters representing synthetic function
of the liver. As INR is a parameter derived from SPA and as differences
between groups were similar, we chose only SPA to analyze by.

Though coagulation parameters were worse in liver cirrhosis groups
irrespectively from cognitive function (F=15.977; p<0.001), however SPA
in LC MHE (-) group was within normal range (71.85+£27.96). Therefore
chronic hepatitis groups differed only from LC MHE (+) group (I group
100.66+25.57; II group 93.85+27.22 vs. IV group 66.41+20.86).

All three parameters in complete blood count - white blood cell count,
hemoglobin and platelet count — were assessed.

White blood cell count was significantly greater (F=4.285; p=0.007) in
chronic hepatitis groups comparing to those of liver cirrhosis; yet white
blood cell count was within normal range in all groups, therefore this re-
sult is not clinically significant.

The concentration of hemoglobin was higher in chronic hepatitis group
(Iand II groups) comparing to liver cirrhosis MHE (+) (IV group) (respec-
tively 142.58+13.87 and 143.36+16.15 vs 128.26+21.17; F=5.758; p=0.001).
The normal value of hemoglobin is 120 — 140 g/I for females and 140 -
160 g/1 for males. That is why such difference between the groups by hemo-
globin concentration is significant only in male population.

One of the initial signs of hypersplenism and portal hypertension is
thrombocytopenia. ~ Statistically significant decrease in platelet count
was noticed in liver cirrhosis groups comparing to patients with chronic
hepatitis: Plt in the I1I'¢ group - 133.48+104.33 and in the IV group -
101.82+55.85 vs. in the I group - 212.25+ 49.21, in the 11" group -
208.03+67.28 (F=24.428, p<0.001).

IL - 6 serum concentration was significantly higher in LC MHE (+)
group (9.35£15.25 ng/l) than in LC MHE (-), chronic hepatitis CD (+)
and chronic hepatitis CD (-) groups (respectively 3.36+2.48; 2.9+ 2.5;
2.22+ 0.48; F=4.418; p=0.006).

The comparison of all laboratory parameters is shown in Table 1.
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Relation between ICT parameters (target accuracy and incorrect
reaction to lures) and duration of education, degree of liver
condition (“healthy”; “hepatitis”; “cirrhosis”).

The duration of education differed by 2.88 years on average between
patient and control groups. Statistical analysis was invoked to find whether
it could not influence results of ICT- target accuracy, incorrect reaction to
lures.

According to the duration of study years, education was subdivided into
3 groups (by means+ standard deviations): under 11 years, 11-16.9 years,
17 years and more. We compared the results (both patients and control
group) of target accuracy, incorrect reaction to lures depending on years
of education (Table 2). Participants with over 17 years of education had
the best target accuracy (F=6.357; p=0.002). Incorrect reaction to lures did
not depend on education (F=2.721; p=0.069).

Table 2. Correlation between ICT parameters and duration of education of all par-
ticipants (n=180)

Duration of Post
ICT t N M SD F
PArAMELEEs | education can P hoc*
<11 35 0.9185 0.08951

Target accuracy 11-16.9 106 | 0.9420 | 0.07292 | 6.357 | 0.002 | 3>1,2

>16.9 39 0.9758 | 0.03288

<11 35 10.0286 | 7.15577

Incorrect

i 11-16.9 106 7.8774 5.94691 | 2.721 | 0.069
reaction to lures

>16.9 39 6.9231 | 4.31268

* Post hoc indicates statistically significant difference between group results (according
to years of education: 1% group under 11 years; 2" group 11 - 16.9 years; 3'4 group 17
years and more).

The same parameters compared between chronic hepatitis, liver cir-
rhosis and control groups (dependence of ICT parameters on diagnosis
“healthy”, “hepatitis”, “cirrhosis”. (Table 3). Statistically significant differ-
ences between patients and healthy patients were found according to tar-
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get accuracy (F=7.428; p=0.001), ICT incorrect reaction to lures (F=4.667;
p=0.011). Patients found less correct sequences of letters, reacted to lures
more frequently comparing to healthy subjects.

Table 3. Correlation of ICT parameters between chronic hepatitis, liver cirrhosis
and control groups

Post

ICT parameters | Groups N Mean SD F P h
oc

Hepatitis | 71 0.9383 | 0.06790

Target accuracy Cirrhosis 56 0.9258 0.09313 7.428 | 0.001 | 3>1,2

Control 53 0.9750 | 0.03179

Hepatitis 71 8.8310 | 6.15510

I t
neortee Cirthosis | 56 | 9.0893 | 6.56790 | 4.667 | 0.011 | 3<1,2
reaction to lures

Control 53 6.0377 | 4.40253

* Post hoc indicates statistically significant difference between group results (1% group —
chronic hepatitis; 2" - liver cirrhosis; 34 - control group).

Covariant analysis ANCOVA was invoked to obtain correlations after
consideration to patient groups according to the diagnosis (chronic hepa-
titis, cirrhosis, healthy) and duration of education. Results demonstrate,
that differences between groups by incorrect reaction to lures disappears
(p=0.634). The same is observed for target accuracy parameter- differences
disappear too (p=0.638).

Pearson correlation coeflicient was used to calculate correlations be-
tween variables (Table 4). There is a negative inverse correlation between
incorrect reaction to lures and target accuracy (r=-0.159; p=0.033) - the
bigger the second parameter is, the lesser is the first. Target accuracy and
incorrect reaction to lures depend on duration of education (respectively
r=0.325; p<0.001 and r=-0.214; p=0.004) and does not correlate with the
age (respectively r=0.006 and r=0.09; p>0.05).

No correlation was found between analyzed variables and age in hepa-
titis (I vs. IT) or only in cirrhosis (III vs. IV) groups. Incorrect reaction to
lures in these groups did not depend on duration on education, in contrast
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Table 4. Correlation between duration of education, age, incorrect reaction to lures
and target accuracy in general chronic hepatitis and liver cirrhosis groups

Incorrect Target | Duration of A
e
reaction to lures | accuracy | education 8
Incorrect | Pearson correlation . 0159 | 0214 0.09
reaction to | coefficient
lures Mutual p value 0.033 0.004 0.228
Pearson correlation . 0,325 0.006
Target coeflicient ' '
accuracy
Mutual p value 0.000 0.937

p*<0.05, **p<0.01.

to target accuracy (Pearson correlation coefficient for this variable was as
follows: in hepatitis groups r=0.297, p=0.012; in cirrhosis groups r=0.300,
p=0.025). Same as in general group, ICT negative inverse correlation was
seen between ICT parameters in chronic hepatitis patients (r=-0.301;
p=0.011). This correlation was not observed only in liver cirrhosis group
(r=0.085; p=0.532).

Comparison of ICT parameters between chronic hepatitis

and liver cirrhosis groups

When comparing ICT parameters together between all four patient
groups (I- IV groups), no statistically significant differences according to
correct or incorrect reaction to lures were noticed (F=0.775; p=0.510).

Results of correct targets estimation and target accuracy in chronic hepa-
titis without cognitive disturbances group (I group) were significantly better,
and total error score — lesser, comparing to chronic hepatitis and liver cir-
rhosis patients with cognitive dysfunction (Il and IV groups) (p<0.05).

It was expected that weighted lures (L/TA2), suggested by Amodio
(2010), and would be more specific than incorrect reaction to lures. How-
ever, this parameter (WL) did not differ significantly between groups ei-
ther (p=0.230). What is more, count of incidental reactions did not differ
significantly too (p=0.953). Table 5 represents comparison of ICT pa-
rameters of all patients.
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3.3. Comparison between chronic hepatitis groups

Psychometric test revealed that 40 (54.79%) of 73 patients with chronic
hepatitis had cognitive disturbances (I group - patients with chronic hepa-
titis with normal cognitive function; II- patients with chronic hepatitis and
cognitive disturbances).

The age did not differ between both chronic hepatitis groups (p=0.764;
Table 6). Patients from I** group studied significantly more years of time
comparing to II"d group: respectively 14.64+2.51 and 13.20+2.65; F=5.552;
p=0.021. Chronic hepatitis was diagnosed for 44 male and 29 female par-
ticipants. Cognitive disorders were diagnosed for 24 male (54.55%) and 16
female (55.17%) patients.

According to etiologic factors, chronic hepatitis group consisted
chronic hepatitis C (n=53; 72.6%), chronic hepatitis B (n=7; 9.59%), alco-
holic hepatitis (n=0), mixed etiology hepatitis (n=0), steatohepatitis (n=7;
9.59%), autoimmune hepatitis (n=1; 1.37%), primary biliary cirrhosis
(n=5; 6.85%). However no relation was found between cognitive distur-
bances and etiologic factor in chronic hepatitis groups (F=1.579; p=0.454).

Liver biopsy was made for 69 patients from 73 (94.52%) in order to
specify liver fibrosis and inflammatory activity. Stage of fibrosis for re-
mainders was specified by method of transient elastography.

Distribution of fibrosis level according to METAVIR between those
patients is as follows: F I° - 4,54% (n=3), F 1I° - 57.97% (n=40), F III° -
37,67% (n=26); according to inflammatory changes by ISHAK: minimal
activity (1- 3 points) — 31,73% (n=15), low activity (4- 8 points) — 68,11 %
(n=47), moderate activity (9- 12 points) - 10,14 % (n=7). No significant
difference was found between both chronic hepatitis groups according
to ISHAK liver inflammatory activity, stages of fibrosis by METAVIR
(p> 0.05, Table 6). However, correlation between stage of fibrosis and cog-
nitive disorders in general group (not only chronic hepatitis, but cirrhosis
as well) revealed that when degree of fibrosis increases, the incidence of
cognitive disturbances increases too (F=9.292; p=0.026).
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Table 6. Comparison of different cognitive condition in patients with chronic hepa-
titis according to age, duration of education, activity of the inflammation and level
of fibrosis

Chronic hepatitis Chronic hepatitis
CD (-) CD (+) F p
N M SD N M SD
Age, years 33 39.45 | 11.40 40 40.28 | 11.47 | 0.091 | 0.764

Duration of
. 33 14.64 | 2.51 40 13.20 | 2.65 | 5.552 | 0.021
education, years

Fibrosis according

to METAVIR 31 229 | 046 39 2.41 0.68 | 0.709 | 0.403

Activity according

31 4.71 1.51 37 4.97 242 | 0.276 | 0.601
to ISHAK

No significant differences was found between chronic hepatitis CD (-)
and CD (+) groups by either of laboratory parameters (ammonia, ALT,
AST, ALP, GGT, total bilirubin, albumins, glucose, SPA/INR, white blood
cell count, platelet count, hemoglobin, IL - 6) (p>0.05).

Parameters of correct and incorrect reaction to lures, WL and inciden-
tal reactions of computerized inhibitory control test did not differ signifi-
cantly between chronic hepatitis groups (p>0.05). Yet significant difference
between patients with chronic hepatitis having cognitive disturbances and
without them was found according to correct estimation and omission
of targets, target accuracy (F=7.428; p=0.008) and total ICT errors score
(F=6.876; p=0.011) (Table 7).

When comparing correlation between parameters of computerized in-
hibitory control test and laboratory findings in chronic hepatitis CD (-)
group, no significant correlation was noticed.

Incorrect and correct reaction to lures and weighted lures had correla-
tion with ammonia concentration in capillary blood in chronic hepatitis
CD (+) group (Table 8).

21—



Table 7. Comparison of different cognitive condition in patients with chronic
hepatitis according to the parameters of computerized inhibitory control test

Chronic hepatitis | Chronic hepatitis
CD (-) CD (+) E

N M SD | N M SD

ICT parameters

Incorrect reaction to lures | 33 | 7.97 553 | 38 | 9.58 6.64 | 1.211 | 0.275

Correct reaction to lures 33| 32.03 | 553 | 38 | 3042 | 6.64 | 1.211 | 0.275

Correct estimation of
targets

33 1203.70 | 10.58 | 38 | 194.76 | 16.03 | 7.428 | 0.008

Incorrect omission of 33| 830 | 1058 | 38 | 17.24 | 16.03 | 7.428 | 0.008

targets

Total ICT errors score 33 ] 16.09 | 14.10 | 38 | 26.50 | 18.63 | 6.876 | 0.011
Incidental reaction 33| 570 | 416 |38 | 6.13 | 4.63 |0.171 | 0.681
Weighted lures 33 9.02 | 675 | 38 | 11.81 | 8.60 |2.267 | 0.137
Target accuracy 331 096 | 0.05 | 38| 092 | 0.08 |7.428 | 0.008

We analyzed the specificity and sensitivity of all laboratory parameters
when prognosticating cognitive disturbances in chronic hepatitis group.
The best AUC (“area under the curve”) results were only satisfactory (ALT
AUC=0.691; AST AUC=0.649; ALP AUC=0.622; GGT AUC=0.604);
what is more results of IL — 6 (AUC=0.537), ammonia (AUC=0.347) and
others - insufficient (AUC in interval from 0.5 to 0.6). Critical points:
ALT - 72 U/1, AST - 46.5 U/l, ALP - 63.5 U/l, GGT - 39 U/L.

Tightening of cognitive disturbances diagnosis in chronic hepatitis
group (if PHES <-8) revealed positive tendency of GGT (AUC=0.706; crit-
ical point 48 U/l - nearly normal).

The specificity and sensitivity of ICT parameters was counted for as-
sessing cognitive disturbances. The best results were for incorrect omission
of targets (AUC=0.699), total ICT error count (AUC=0.679), while results
of remainders were insufficient.

When analyzing ROC curves in chronic hepatitis groups with PHES
<-8, all values of AUC of other ICT parameters were <0.6.
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3.4. Comparison between patients with liver cirrhosis groups

In conformity with PHES test results 44 patients (70.97%) from 62 were
diagnosed with minimal hepatic encephalopathy. No significant differenc-
es was observed between III group LC MHE (-) and IV group LC MHE (+)
according to age and duration of education. Minimal hepatic encephalopa-
thy was diagnosed for 75.6% of male and 61.9% of female patients. Demo-
graphic statistics is represented in Table 9.

After grouping cirrhotic patients according to etiologic factors, signif-
icant statistical difference was found between groups - all patients with
mixed etiology LC (C virus and alcoholic) performed PHES test the worst,
and the least number of patients with C virus related liver cirrhosis were
diagnosed with MHE (Table 9). Significant correlation between etiologic
factor and cognitive disorders was also found in general patient group
(patients with cognitive disorders compounded 53.01% in case of HCV
infection; 64.29% in case of HBV infection; 87.5% in case of alcoholic liver
disease; 100% in case of mixed etiology and 73.9% in case of remaining
etiology; F=10.783; p=0.029).

Table 9. Demographic data and distribution under etiologic factors between cir-
rhotic patients with different cognitive function

Liver cirrhosis MHE (-) | Liver cirrhosis MHE /F
(n=18) (+) (n=44) P

Age, years 50.67 (+7.99) 49,43 (+7.99) 0.553 | 0.584
Duration of 14.05 (£2.62) 12,61 (£2.97) 1.886 | 0.067
education, years
Mal 49 .69

ale 10 (24.4%) 34 (75.6%) 1266 | 0202
Female 8 (38.1%) 13 (61.9%)
Etiologic factor of LC
Virus C related LC 14 (46.7%) 16 (53.3%)
Alcoholic LC 1(12.5%) 7 (87.5%)

9.588 | 0.048

Other LC 2 (20.0%) 8 (80.0%)
Virus B related LC 1(14.3%) 6 (85.7%)
Mixed LC 0 (0.0%) 7 (100.0%)

_24 —



No significant difference between groups III and IV was found com-
paring by laboratory parameters (white blood cell count, platelet count,
hemoglobin, total bilirubin, albumins, SPA, INR, ALT, AST, ALP, GGT,
glucose, IL — 6, ammonia) (p >0.05; Table 10).

Table 10. Comparison of laboratory parameters in cirrhotic patients with different
cognitive condition

Liver cirrhosis Liver cirrhosis
Laboratory parameter MHE (-) MHE (+) F p
Mean SD Mean SD
Ammonia, umol/ 95.06 44.15 104.71 55.46 0.428 | 0.515
ALT U/l 104.31 77.08 85.51 73.62 0.731 0.396
AST U/l 94.81 78.37 88.89 57.53 0.096 | 0.758
ALP U/l 117.00 81.46 128.56 69.91 0.246 | 0.622
GGT U/l 145.20 167.11 152.81 221.80 | 0.014 | 0.906
Total bilirubin, pumol/l | 25.49 17.29 30.66 25.41 0.427 | 0.517
Albumins, g/l 34.57 4.98 34.40 5.53 0.007 | 0.932
Glucose, mmol/l 6.35 1.71 5.69 1.73 0.438 | 0.519
SPA, % 71.85 27.96 66.41 20.86 0.561 0.457
INR 1.24 0.25 1.26 0.20 0.070 | 0.793
Hgb, g/l 136.33 20.22 128.26 21.17 1.615 | 0.209
WBC 5.10 2.03 5.20 2.89 0.017 | 0.897
Plt 133.48 104.33 101.82 55.85 2.084 | 0.155
IL- 6 3.36 2.48 9.35 15.25 2.567 | 0.155

No significant differences were observed between cirrhotic patients
with and without minimal hepatic encephalopathy according the ICT pa-
rameters (p>0.05; Table 11).

When comparing ICT parameters and laboratory findings, correlation
between INR and parameter incorrect omission of targets in computerized
inhibitory control test was found in LC MHE (-) group.

These correlations between ICT parameters and blood test results were
found in liver cirrhosis MHE (+) group: between incorrect and correct re-
action to lures and glycemia; between cholestatic enzymes (ALP and GGT)
and correct estimation of targets, incorrect omission of targets, total ICT
error count, target accuracy. Correlation between incidental press with
Hgb, ALT and AST was estimated as clinically insignificant.
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Table 11. Comparison of ICT parameters between liver cirrhosis groups with
different cognitive condition

Liver cirrhosis Liver cirrhosis
ICT parameter MHE (-) MHE (+) F p
Mean SD Mean SD
Incorrect reaction to lures 7.60 6.00 9.63 6.75 1.054 | 0.309
Correct reaction to lures 32.40 6.00 30.37 6.75 | 1.054 | 0.309

Correct estimation of targets | 201.87 8.39 194.22 | 22.25 | 1.668 | 0.202
Incorrect omission of targets |  10.13 8.39 17.78 22.25 | 1.668 | 0.202

Total ICT error count 19.53 14.06 27.17 22.34 | 1.522 | 0.223
Incidental reactions 6.27 4.56 5.73 443 | 0.158 | 0.693
Target accuracy 0.95 0.04 0.92 0.10 | 1.668 | 0.202
Weighted lures 8.47 6.63 11.69 7.72 | 2.058 | 0.157

Out of all laboratory findings, only alkaline phosphatase activity and
IL - 6 concentration under AUROC system fall into interval from 0.6 - 0.7;
thereby these parameters could give satisfactory prognostic value for mini-
mal hepatic encephalopathy in case of liver cirrhosis (IL - 6 AUC=0.646,
ALP AUC=0.621). However critical points are within normal values:
IL - 6 - 2.375 ng/ml; ALP - 94 U/l. After adjusting PHES to <-8 in liver
cirrhosis group, the AUC values of IL-6 and ALP don’t improve.

When estimating specificity and sensitivity of computerized inhibitory
control test parameters — the best results might be considered just as satis-
factory. The AUC value of incorrect reaction to lures was 0.601, total ICT
error count — 0.611, weighted lures 0.635. AUC values of remaining ICT
parameters were <0.6. After adjusting PHES to <-8 in liver cirrhosis group,
the AUC value of incorrect reaction to lures decreases to 0.575 (vs. 0.601
when PHES <-4); AUC value of total ICT errors count remains similar
(0.644 vs. 0.611 when PHES <-4), AUC value of weighted lures decreased
t0 0.597 (vs. 0.635). AUC values for remaining ICT parameters in liver cir-
rhosis group was <0.6 (when PHES<-8).
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3.5. Comparison of groups with different cognitive conditions,
when PHES score is <-4

We compared two groups of patients. Patients with chronic hepati-
tis and liver cirrhosis and PHES score bigger than -4 referred to the first
group; patients with PHES score lesser than -4 — to the second group.

No significant differences were found by the age, gender and type of
disease (hepatitis or cirrhosis).

Patients, diagnosed with cognitive disorders, noted shorter duration of
education comparing to those without cognitive dysfunction (respectively
12.89+2.8 and 14.43+2.54; p=0.02).

All the participants performed number connection test B, which was
aggravated by inaptitude of alphabet; therefore we made additional re-
marks of whether Lithuanian language was native and knowledge of alpha-
bet were good. Out of 135 patients, Lithuanian language was not native for
37 (27.4% ); 48 (35.55%) did not understand Lithuanian alphabet. Lithua-
nian language was not a native language for 11 (20.75%) participants from
control group and 5 (9.43%) of them did not know the alphabet.

No significant difference was found between groups comparing by most
of the laboratory parameters (AST, ALT, ALP, GGT, total bilirubin, albu-
mins, ammonia, glucose, white blood cell count, and hemoglobin). How-
ever significantly lesser quantity of platelets was found for patients with
cognitive disorders (x?>=6.648; p=0.010; 154.92+81,42 vs. 187.11£79.51;
F=4.664; p=0,033), but the concentration of IL - 6 was higher (x?=5.929;
p=0.015; 6.71+12.20 vs. 2.66+1.66; F=4.773; p=0.031). Some differences
were found according to SPA and INR (p<0.05), notwithstanding both of
these parameters were within normal values, consequently the results is of
no clinical significance.

Participants, diagnosed with cognitive disturbances performed worse
when finding correct sequences in computerized inhibitory control test
(194.48+19.39 vs. 203.13+9.89; p=0.005), they also missed more of correct
sequences (17.52+19.39 vs. 8.88+9.89; p=0.005), had worse target accura-
cy (0.92+0.09 vs. 0.96£0.05; p=0.005), more total ICT errors (26.85+20.51
vs. 17.17£14.03; p=0.005) and weighted lures (11.75+8.10 vs. 8.85+6.64;
F=4.372; p=0.039).
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The specificity and sensitivity of laboratory parameters for prognosti-
cating cognitive disorders were assessed. The best results by AUROC can
be estimated only as satisfactory: AST AUC=0.619; ALP AUC=0.643; GGT
AUC=0.604; INR AUC=0.633; IL - 6 AUC=0.628. However critical points
of ROC curves fall into the normal range or not far from it (critical points
of AST - 55 U/I, ALP - 75 U/l, GGT - 42 U/], INR - 1.07; IL - 6 - 2.02),
therefore the parameters are clinically insignificant.

Parallel calculation was made to evaluate the specificity and sensitivity
of ICT parameters: incorrect omission of targets AUC=0.650; total ICT er-
ror score AUC=0.658; weighted lures AUC=0.605.

3.6. Comparison of groups with different cognitive conditions,
when PHES score is <-8

Since we found no weighty sensitivity and specificity of computerized
inhibitory control test parameters and IL - 6 for prognosticating cogni-
tive dysfuntions, we tightened the diagnostic criteria for cognitive distur-
bances contrariwise to Bajaj (2008) and Montoliu (2009). Our aim was to
eliminate potential inaccuracies of grouping that could have influenced the
negative end results.

Weissenborn and Shomerus (2002) reported total PHES score of less
than -4 to be pathological in MHE diagnosis. Depending on the fact that
differences of cognitive function depend on the culture in which the re-
search is done, we assumed that variations of PHES test results might be
possible too. The way of performance of this test by Lithuanians, English-
men or Germans can differ because of complicated verbal information.
For example, it is easier for German or Englishmen to keep in short- term
memory number “4” (monosyllabic words: “four” in English; “vier” in
German) comparing to those who speak Lithuanian (three- syllable word
“ke- tu- ri”). Therefore the search of these numbers can linger as well as
performance of other tasks.

We also made calculations with total PHES score being less than -8. The
difference between groups was statistically significant (p<0.05) according to
the GGT activity (CD (-) group 103.49+£170.13 vs. CD (+) 207.83+322.62),
albumin concentration (CD (-) group 38.20+6,18 vs. CD (+) 33.6944.55),
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platelet count (CD (-) 175.74+84.14 vs. CD (+) 139.43+68.53), IL - 6
concentration (CD (-) 3.6+£7.01 vs. 9.89+14.69) (there was a difference
between groups by the ALP concentration, but both results were within
normal values).

Comparing to x2 values differences were found according to diagnosis
(hepatitis — cirrhosis), GGT, SPA, albumins, hemoglobin and IL - 6.

ROC curves of IL- 6 (AUC=0.673), ALP (AUC=0.637) and value of
incorrect targets omission parameter (AUC=0.624) were estimated as sat-
isfactory; ROC curves of GGT (AUC=0.718) - as good.

ICT parameters were comparable in both groups irrespective of cogni-
tive condition - statistically significant differences were not observed.

AUC of value of targets omission parameter was 0.624 in general cogni-
tive disorder group (PHES<-8), however AUROC of all other parameters
was less than 0.6.

4. CONCLUSION

1. Cognitive disturbances were diagnosed for 54.79% of patients in chron-
ic hepatitis group, minimal hepatic encephalopathy - for 70.97% of pa-
tients in liver cirrhosis group. The most significant factors predisposing
cognitive disturbances in case of chronic liver disease are: shorter du-
ration of education, degree of fibrosis and two etiological factors. The
age and the gender have no influence on predisposing cognitive distur-
bances.

2. The prognostic value of computerized inhibitory control test param-
eters (incorrect reaction to lures, weighted lures, total ICT error score)
for minimal hepatic encephalopathy in case of liver cirrhosis is barely
satisfactory, therefore computerized inhibitory control test is not suit-
able for diagnosing MHE.

3. From all laboratory blood tests that were analyzed in liver cirrhosis
group, concentration of IL - 6 prognosticates minimal hepatic encepha-
lopathy best, however it can be estimated only as satisfactory according
to AUROC, therefore it is impracticable for diagnostics.

4. Cognitive disturbances correlate with ICT parameters, which reflect
ability to concentrate and retain attention, and increase of liver en-
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zymes in chronic hepatitis group. In liver cirrhosis group, cognitive
disturbances correlate to the IL - 6 concentration and ICT parameters,
which indicate suppression of brain activity.

5. PRACTICAL RECOMMENDATIONS

. Cognitive disturbances are frequent in case of chronic hepatitis and
liver cirrhosis, therefore it is essential to eliminate etiologic factors and
hepatic or systemic inflammation activity.

. Laboratory blood tests and computerized inhibitory control test are not
valuable for minimal hepatic encephalopathy diagnosis.

. PHES test battery should be the “gold” standard when diagnosing min-
imal hepatic encephalopathy.

6. SCIENTIFIC ACTIVITY UNDER
THE DISSERTATION TOPIC
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SANTRAUKA

Ivadas

Minimali hepatiné encefalopatija (MHE) - asimptominé hepatinés
encefalopatijos (HE) forma, kuriai budingi kognityviniai ir psichomoto-
rikos sutrikimai, sutrikdantys pacienty démesj, motorikg, gebéjima greitai
apdoroti gautg informacijg, atlikti koordinacijos reikalaujancius darbus.
Jos paplitimas tiksliai nezinomas. Duomenys labai jvairuoja nuo 22 % iki
74 %, nes taikomi skirtingi diagnostikos metodai ir jy vertinimo kriterijai.

Dél MHE nukendia pacienty gyvenimo kokybé, jiems sunkiau islaikyti
darbo vietg, padaznéja eismo jvykiy, keliy eismo taisykliy pazeidimy, blo-
géja orientacija keliuose, didéja kliniskai ryskios hepatinés encefalopatijos
issivystymo rizika.

Jos diagnostikai naudojami neuropsichologiniai (PHES rinkinys), neu-
rofiziologiniai testai (elektroencefalografija, P300 sukeltyjy potencialy ty-
rimas), kompiuterizuoti testai (kritinio mirgéjimo daznio testas, kompiu-
terizuotas inhibicijos kontrolés testas (IKT)) arba jy deriniai. Dauguma iy
metody uzima daug laiko, reikalauja papildomos aparatiiros ir apmokyto
personalo, priklauso nuo paciento amziaus, i$silavinimo, motyvacijos at-
likti tyrimg.

Misy tyrime nusprendéme nustatyti kompiuterizuoto inhibicinio kon-
trolés testo diagnostine verte MHE, nes pateikiama priestaringy duome-
ny dél $io metodo naudingumo (Bajaj, 2007, 2008; Sharma, 2013; Taneja;
2012; Amodio, 2010). Taip pat tyréme interleukino - 6 (IL-6), amoniako ir
jprastiniy laboratoriniy kraujo tyrimy vert¢ MHE diagnostikai. Atsizvel-
géme j C. Montoliu (2009) duomenis; $i autoré gavo IL-6 100 % jautruma
ir specifiskuma diagnozuojant MHE. Skirtingai nei visi $ie autoriai, i ty-
rimg jtraukéme net tik pacientus, sergancius jvairios etiologijos kepeny
ciroze (KC) ir 0° hepatine encefalopatija, bet ir tuos, kurie serga jvairios
etiologijos létiniu hepatitu. Rémémeés kity autoriy darbais, kuriuose teigia-
ma, kad kognityviniai sutrikimai nustatomi ir dar nesant kepeny cirozes
stadijos (Felipo, 2012; Hilsabeck, 2002). Siekéme iSsiaiskinti serganciyjy
létiniu hepatitu ir kepeny ciroze skirtumus ar panasumus, atlikdami kom-
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piuterizuotg inhibicinj kontrolés ar kraujo testus. Kadangi psichometriniy
testy normatyvai priklauso nuo kulttriniy kiekvienos $alies ypatumy, tai
pasirinkome dvejopg PHES testy rinkinio vertinimg, kai PHES bendras
baly skaicius <-4 ir <-8.

Darbo tikslas

Nustatyti kompiuterizuoto inhibicinio kontrolés testo ir IL-6, amonia-
ko bei jprastiniy laboratoriniy rodikliy verte diagnozuojant kognityvinius
sutrikimus asmenims, sergantiems létinémis kepeny ligomis.

Darbo uzdaviniai

1. Nustatyti kognityviniy sutrikimy daznj ir galimus jy rizikos veiksnius
létinio hepatito ir kepeny cirozés grupiy pacientams.

2. Nustatyti kompiuterizuoto inhibicinio kontrolés testo verte diagnozuo-
jant minimalig hepatine encefalopatija pacientams, sergantiems kepe-
ny ciroze.

3. IstirtiIL-6,amoniako koncentracijg kraujyje, leukocity (WBC), trombo-
city (Plt) skaiciy, asparaginoaminotransferazés (AST), alaninoamino-
transferazés (ALT), $arminés fosfatazés (SF), y-gliutamiltranspeptidazés
(GGT) aktyvuma, hemoglobino (Hgb), bendrojo bilirubino, albuminy,
gliukozés koncentracija, protrombino komplekso aktyvuma Stago me-
todu (SPA, angl. Stago protrombin assay), tarptautinj normalizuotg san-
tyki (INR, angl. international normalized ratio) ir nustatyti jy verte di-
agnozuojant minimalig hepating encefalopatija asmenims, sergantiems
kepeny ciroze.

4. Palyginti kompiuterizuoto inhibicinio kontrolés ir kraujo testy rezulta-
tus nustatant kognityvinius sutrikimus asmenims, sergantiems létiniu
hepatitu ir kepeny ciroze.

Moksliné darbo reik§mé ir naujumas

Istyréme, ar minimalios hepatinés encefalopatijos diagnostikai yra ver-
tingi kompiuterizuotas inhibicinis kontrolés testas ir jprasti laboratoriniai
kraujo amoniako, IL-6 tyrimai. Iki $iol jie badavo atliekami kepeny ciroze
sergantiems pacientams, kuriems yra 0° ar didesnio laipsnio hepatiné en-
cefalopatija, o gauti rezultatai lyginami su sveiky asmeny grupe. Skirtingai
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nei kituose atliktuose tyrimuose, jtraukéme pacientus, kuriems yra anks-
tyvesnés stadijos létiné kepeny liga (kepeny fibrozé pagal METAVIR FI -
F III°). Iki $iol nebuvo tirta ar pacientams, kurie serga létiniu hepatitu ir
turi kognityviniy sutrikimy, badingas analogiskas interleukiny koncentra-
cijos padidéjimas ir IKT rodikliy pakitimai, kaip ir asmenims, sergantiems
kepeny ciroze ir MHE. Siekéme i$siaiskinti, kokie kraujo ir kompiuteri-
zuoto inhibicinio kontrolés testo rodikliai geriausiai prognozuoja létinio
hepatito grupés pacienty kognityvinius sutrikimus.

Siekdami atmesti atsitiktinius tiriamyjy grupavimo netikslumus, ap-
skai¢iavome, kaip keiciasi kompiuterizuoto bei kraujo rodikliy koreliacijos
sugrieztinus MHE diagnostikos kriterijus (kai PHES bendras baly skaicius
ne tik <-4, bet ir <-8).

Ginamieji teiginiai

1. Kompiuterizuotas inhibicinis kontrolés testas néra tinkamas rutininei
MHE diagnostikai.

2. Remiantis norminiais IL-6 rezultatais negalima nustatyti MHE asme-
nims, sergantiems kepeny ciroze.

Tyrimo metodika

Tyrimas atliktas nuo 2011 m. spalio iki 2013 m. geguzés V3] Vilniaus
universiteto ligoninés Santariskiy kliniky Hepatologijos, gastroentero-
logijos ir dietologijos centre. Jtraukti 62 ligoniai, sergantys kepeny ci-
roze ir neturintys kliniSkai ryskiy hepatinés encefalopatijos pozymiy, ir
73 ligoniai, sergantys létiniu hepatitu, bei 53 sveiki asmenys (kontroliné
grupé). Serganciyjy létiniu hepatitu kepeny fibrozés laipsnis patikslintas
atlikus kepeny biopsijg (F I - III° pagal METAVIR), o kepeny cirozés di-
agnozé patvirtinta klinikiniais, laboratoriniais, instrumentiniais tyrimais,
kepeny salygine elastografija ir (ar) atlikus kepeny biopsija (F IV°® pagal
METAVIR).

Jtraukimo j tyrima kriterijai: 18 - 65 mety amziaus pacientai, sergantys
jvairios etiologijos skirtingo fibrozés laipsnio (F I — IV® pagal METAVIR)
létine kepeny liga ir neturintys kliniskai ryskiy kognityviniy sutrikimy, ir
salygiskai sveiki savanoriai; tiriamieji, galintys suprasti ir atlikti uzduotis,
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pasirase Informuoto asmens sutikimo forma, pacientai, neturintys regos
patologijos arba turintys koreguoty regos sutrikimy; rastingi dalyviai.

Nejtraukimo j tyrima Kkriterijai: ligoniai, sergantys gretutinémis ligo-
mis, kurios gali atsiliepti tyrimo rezultatams (onkologinés ligos, dekom-
pensuotos Sirdies ir kraujagysliy sistemos, plauciy, inksty, autoimuninés
ligos, psichinés, neurologinés ir infekcinés ligos; nésc¢ios moterys; ligoniai,
vartojantys vaisty, kurie gali iSkreipti tyrimo rezultatus; asmenys, piktnau-
dziaujantys alkoholiu, aktyvis narkotiky vartotojai; pacientai, kuriems at-
liktos portosisteminio nuosrtvio suformavimo operacijos.

Visiems dalyviams pateikta Informuoto asmens sutikimo forma ir As-
mens informavimo forma , kurias jie privaléjo perskaityti ir pasirasyti. Sis
tyrimas buvo atliktas gavus Vilniaus regiono biomedicininiy tyrimy etikos
komiteto leidimg (2011-06-07, nr. 158200-07-372-99).

Tyrimo eiga

Per naktj nevalgiusiems tiriamiesiems buvo paimama veninio kraujo
laboratoriniams tyrimams ir kapiliarinio kraujo i$ pir§to amoniako kon-
centracijai nustatyti. Tq pacig dieng tyrimo dalyviai atlikdavo kompiuteri-
zuotg inhibicinj kontrolés testa ir PHES rinkinio testus.

Laboratoriniai kraujo tyrimai

Amoniako koncentracija tirta kapiliariniame kraujyje netiesiogiai, mi-
krodifuzijos metodu, naudojant amoniako matuoklj (PocketChem BA,
Arkray, Japonija) ir amoniako reagenty rinkinj (Ammonia Test Kit II,
Arkray, Kyoto, Japonija).

Kiti kraujo tyrimai buvo atlikti V§] VUL Santariskiy kliniky Laborato-
rinés medicinos centro Klinikinéje, biochemijos ir imunologijos labora-
torijose. Tyrimai atlikti naudojant Siuos analizatorius: WBC, Hgb, PIt tirti
hematologiniu analizatoriumi Sysmex XE-5000, Coulter LH-780; SPA/
INR - STA Compact, Vokietija; albuminai, bendrasis bilirubinas, gliukozé,
AST, ALT, SE, GGT - Architect c8200, Abbott, JAV. IL-6 koncentracija tir-
ta kietosios fazés chemiliuminescencinés imunometrijos badu (Immulite
1000 Immunoassay System, Siemens, Japonija). IL-6 tirtas ne i$ karto, to-
dél centrifuguojant serumas buvo atskirtas ir at$aldytas -80°C temperati-
roje bei laikomas iki tyrimo.
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Psichometriniai testai (PHES testy rinkinys)

Visi tiriamieji turéjo atlikti PHES rinkinio testus (Swets & Zeitlinger
B.V., Swets Test Services leidykla, 1999 m., Vokietija). Visas rinkinys su-
darytas i§ $iy daliy: skaic¢iy ir simboliy testo, skai¢iy sujungimo testo A
bandomosios dalies, skai¢iy sujungimo testo A, skaiciy sujungimo testo B,
tasky serijy Zyméjimo testo, linijy brézimo bandomojo testo, linijy brézi-
mo testo. Testavimas atliktas visiems tiriamiesiems vienodomis sglygomis.
Kiekvienos uzduoties atlikimas paaiskintas pagal leidyklos isleisto vadovo
instrukcijas. Visi turéjo atlikti bandomuosius testus, nors ir gerai suprato
uzduotj.

o Skaiciy ir simboliy testas — tiriamojo buvo prasoma zitrint j pa-
vyzdine lentele puslapio vir$uje, kurioje kiekvienam skaic¢iui nuo 1
iki 9 priskirtas simbolis, per 90 sekundziy uzpildyti apacioje tusc¢ius
simboliy langelius.

 Skai¢iy sujungimo testas A — dalyviai turédavo sujungti skaicius
nuo 1 iki 25 iSmétytus po visa popieriaus lapg didéjimo tvarka,
trumpiausiu keliu ir taip greitai kaip tik jie sugeba. « Skai¢iy sujun-
gimo testas B. Siame teste tiriamieji maté atsitiktine tvarka iSméty-
tus skaicius nuo 1 iki 13 ir raides nuo A iki L ir buvo prasomi juos
jungti tokia tvarka: 1-A, A-2,2-Birt. t.

o Tagky serijy Zyméjimo testas. Visi dalyviai turéjo pazymeéti po tas-
kg tus¢iy apskritimy centruose nepraleisdame né vieno apskritimo,
islaikydami nuoseklumg, maksimaly greitj ir kiekvieng karta nauja
eilute pradédami i$ kairés puseés.

« Linijy bréZimo testas. Siame teste reikéjo brézti linija ,labirintu“ jo
neprilieciant, neatkeliant rankos ir nepasukant popieriaus lapo.

Visy penkiy testy rezultatai ir sudaro PHES baly skai¢iy. Surinkus <-4
rezultatai laikomi patologiniais.

Kompiuterizuotas inhibicinis kontrolés testas

Kompiuterizuoto inhibicinio kontrolés testo programa laisvai prieina-
ma internete:<http://www.hecme.tv/featured_topics/topics/ict_admin/in-
dex.cfm?cme_proj_id=2>. Naudotis ja leista laikantis $iy taisykliy: naudoti
tik nekomerciniais tikslais, nekeisti programos, nurodyti autorius ir gautos
programos 3altinj (Bajaj, 2008). Sio tyrimo metu pacientas turéjo stebéti
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ekrane besikeiciancias raides, spausti tarpo mygtuka pastebéjus, kai po X
seka Y (arba atvirksciai). Taip pat sulaikyti, jei po Y seka Y, arba po X - X.

Statistinés analizés metodai

Statistinei analizei naudota Microsoft Excel ir SPSS 17.0 statistinés pro-
gramos. Rezultatai pateikti vidurkiais su standartiniais nuokrypiais. Lygi-
nant grupes naudota kovariantiné analiz¢ ANCOVA, Studento kriterijus,
chi kvadrato ir Fisherio tikslusis testai. Atskiry laboratoriniy ar kompiute-
rinio testo rezultaty jautrumas ir specifiSkumas diagnozuojant kognityvi-
nius sutrikimus vertintas pagal AUROC sistema. Analizuojamy kintamuyjy
tarpusavio koreliacijos skai¢iuotos naudojant Pearsono koeficienta. Duo-
menis laikéme patikimais, kai p<0,05.

Rezulatatai
Tiriamiesiems atlikti kraujo tyrimai, psichometriniai testai, kompiute-
rizuotas inhibicinis kontrolés testas. Pagal kepeny ligos stadija ir neuroko-
gnityvine bukle ligoniai suskirstyti j keturias grupes:
o TIgrupé - ligoniai, sergantys létiniu hepatitu ir neturintys kognityvi-
niy sutrikimy (létinis hepatitas KS(-));
o II grupé - ligoniai, sergantys létiniu hepatitu ir turintys kognityvi-
niy sutrikimy (létinis hepatitas KS (+));
o III grupé - ligoniai, sergantys kepeny ciroze be minimalios hepati-
nés encefalopatijos (KC MHE (-));
o IV grupé - ligoniai, sergantys kepeny ciroze su minimalia hepatine
encefalopatija (KC MHE (+)).

Tiriamyjy pasiskirstymas pagal amziy, lyti, mokymosi trukme,

etiologinius veiksnius, fibrozés laipsnj

I$ viso tyrime dalyvavo 135 ligoniai (62 sergantys kepeny ciroze, 73 -
létiniu hepatitu) ir 53 sveiki asmenys.

Vidutinis tirty ligoniy amzius 44.44 mety. I§ tiriamyjy 85 buvo vyrai
(62.96 %), 50 motery (37.04 %).

Létinio hepatito grupése vyrai sudaré 60,27 % (n=44), moterys — 39,73 %
(n=29). Kepeny cirozés grupése vyry buvo 66,13 % (n=41), motery — 33,87 %
(n=21). Nei létinio hepatito, nei kepeny cirozés grupése nenustatytos statis-
tiskai patikimos koreliacijos tarp pacienty Iyties ir kognityviniy sutrikimy.
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Kontrolinés grupés vidutinis amziaus vidurkis — 39,5 mety, vyry ir mo-
tery pasiskirstymas — atitinkamai n=27 (50,94 %) ir n=26 (49,06 %).

Palyginus pagal amziy visas tiriamuyjy grupes - statistiskai reik§mingas
skirtumas gautas tarp I grupés bei III ir IV grupiy (F=10,809, p<0,001).
Taigi, létinio hepatito grupiy pacientai buvo jaunesni nei kepeny cirozés
grupes.

Sergantys létiniu hepatitu ligoniai nepriklausomai nuo kognityvinés
buklés buvo panasaus amziaus (I gr. 39,45+11,4 vs. II gr. 40,28+11,74,
p=0,764). Analogiski rezultatai ir serganciyjy kepeny ciroze grupése
(IIT gr. 50,67£7,99 vs. IV gr. 49,43£7,99, p=0,584).

Vidutiné pacienty mokymosi trukmé - 13,47 mety, kontrolinés gru-
pés — 16,35 mety. Létinio hepatito be kognityviniy sutrikimy grupés pa-
cientai buvo labiau i$silavine nei hepatito ir cirozés grupiy pacientai, ku-
riems $ie pakitimai nustatyti (I gr. 14,64+2,51 vs. II gr. 13,2+2,65, IV gr.
12,61+2,97; F=3,865, p=0,011). Kepeny cirozés grupiy tiriamuyjy issilavi-
nimas zenkliau nesiskyré (p=0,067).

Pacienty ir kontrolinés grupés issilavinimas skyrési vidutiniskai 2,88
mety. Taikant statistinius metodus analizuota, ar tai negaléjo paveikti IKT
rezultaty — uzduoties atlikimo tikslumo, neteisingo reagavimo j klaidinan-
Cias sekas. Taikant kovariantine analize ANCOVA palyginta, kokios ko-
reliacijos gaunamos, kai atsizvelgiama j pacienty grupes pagal diagnozes
(létinis hepatitas, cirozé, sveiki) ir mokymosi trukme. Rezultatai rodo, kad
skirtumai tarp grupiy pagal neteisingg reagavima j klaidinancias sekas is-
nyksta (p=0,634). Ta patj pakartojus su uzduoties atlikimo tikslumo rodi-
kliu - skirtumy taip pat nelieka (p=0,638).

Analizuojant nenustatyta rysio tarp kognityviny sutrikimy ir etiologi-
nio létinio hepatito grupiy veiksnio (F=1,579, p=0,454). Suskirscius kepe-
ny ciroze sergancius pacientus pagal etiologinius veiksnius, gautas reiks-
mingas statistinis skirtumas tarp grupiy - visi pacientai, sergantys misria
KC (C ir alkoholine), atliko PHES testus blogai, o sergantys C virusine ke-
peny ciroze turéjo maziausiag MHE atvejy skai¢iy. Bendroje pacienty gru-
péje (suskirscius pagal kognityvine bukle, neatsizvelgiant j fibrozés laipsnj)
taip pat gauta statistiskai patikima koreliacija tarp etiologinio veiksnio ir
kognityviniy sutrikimy (kognityviniai sutrikimai esant HCV infekcijai -
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53,01 %, HBV infekcijai — 64,29 %, alkoholinei kepeny ligai - 87,5 %, mis-
riai etiologijai — 100 %, kitai etiologijai — 73,91 %; F 10,783, p=0,029).

Tiriamuyjy, kuriems atlikta biopsija, pasiskirstymas pagal METAVIR:
FI° - 4,54 % (n=3), F II° - 57,97 % (n=40), F III° - 37,68 % (n=26). Pa-
gal kepeny uzdegiminius pokyc¢ius ISHAK: minimalaus aktyvumo (1-3
balai) - 21,73 % (n=15), mazo aktyvumo (4-8 balai) - 68,11 % (n=47),
vidutinio aktyvumo (9-12 baly) - 10,14 (n=7). Pagal kepeny uzdegiminj
aktyvumg ISHAK, fibrozés laipsnius pagal METAVIR ir ISHAK statistinio
skirtumo tarp dviejy hepatito grupiy negauta (p>0,05). Taciau paanaliza-
vus, kaip fibrozés laipsnis koreliuoja su kognityviniais sutrikimais bendro-
je grupéje (ne tik hepatity, bet ir ciroziy), nustatyta, kad didéjant fibrozei,
daugéja kognityviniy sutrikimy (F=9,292, p=0,026).

Létinio hepatito grupiy palyginimas

Atlikus psichometrinius testus, i§ 73 létinio hepatito grupiy pacienty
net 40 (54,79 % ) nustatyta kognityviniy sutrikimy.

Nerasta statistiskai patikimy skirtumy tarp létinio hepatito KS (-) ir
KS (+) grupiy pagal jokius laboratoriniy tyrimy rodiklius (amoniakas,
ALT, AST, SE, GGT, bendrasis bilirubinas, albuminai, gliukozé, SPA/INR,
leukocitai, trombocitai, hemoglobinas, IL-6) (p>0,05).

Létinio hepatito grupéje iSanalizuotas visy laboratoriniy rodikliy jau-
trumas ir specifiskumas prognozuojant kognityvinius sutrikimus. Gau-
ti geriausi rezultatai vertinami tik patenkinamai (ALT AUC=0,691, AST
AUC=0,649, SF AUC=0,622, GGT AUC=0,604). Kritiniai taskai ALT -
72 U/l, AST - 46,5 U/l, SF - 63,5, GGT - 39 U/L Sugrieztinus létinio he-
patito grupiy pacienty kognityviniy sutrikimy diagnostika (kai PHES<-8),
gauta teigiama tendencija tik GGT, kurio AUC=0,706, kritinis taskas
48 U/l (beveik norma).

Létinio hepatito grupiy pacienty kompiuterizuoto inhibicinio kontro-
lés testo neteisingo ir teisingo reagavimo j klaidinancias sekas rodikliai,
WL, atsitiktinis reagavimas statistiskai reik$mingai nesiskyré (p>0,05). Ta-
Ciau pagal teisingy seky nustatyma ir praleidimg, uzduoties atlikimo tiks-
lumg (F=7,428, p=0,008), bendrg IKT klaidy skaiciy (F=6,876, p=0,011)
gauti statistiskai reik§émingi skirtumai lyginant létinio hepatito grupés pa-
cientus, kurie turi kognityviniy sutrikimy ir kurie jy neturi.

_38_



Apskaiciuotas IKT rodikliy jautrumas ir specifiskumas nustatant ko-
gnityvinius sutrikimus. Geriausi rodikliai buvo teisingy seky praleidimo
(AUC=0,699), bendro IKT klaidy skai¢iaus (AUC=0,679), o kity rodikliy
rezultatai nepatenkinami. ISanalizavus ROC kreives létinio hepatito gru-
pése, kai PHES<-8, visos IKT rodikliy AUC reik§més buvo <0,6.

Létinio hepatito su kognityviniais sutrikimais grupés pacienty netei-
singas ir teisingas reagavimas j klaidinancias sekas, iSvestinis rodiklis WL
tiesiogiai koreliavo su amoniako koncentracija kapiliariniame kraujyje

Kepeny cirozés grupiy palyginimas

Pagal PHES testy rezultatus 44 pacientams (70,97 %) i§ 62-iejy nustaty-
ta minimali hepatiné encefalopatija

Pagal laboratorinius rodiklius (leukocitai, trombocitai, hemoglobinas,
bendrasis bilirubinas, albuminai, SPA, INR, ALT, AST, SE GGT, gliukozé,
IL-6, amoniakas) reik§mingo skirtumo tarp III ir IV grupiy nenustatyta
(p>0,05). I$ visy laboratoriniy rodikliy tik $arminés fosfatazés aktyvumas
ir interleukino-6 koncentracija pagal AUROC sistema patenka j intervala
0,6-0,7 ir gali patenkinamai prognozuoti kepeny ciroze serganciy pacien-
ty minimalig hepatine encefalopatija (IL-6 AUC=0,646, SF AUC=0,621).
Jy kritiniai tagkai patenka j normos ribas: IL-6 - 2,375 ng/l, SF - 94 U/I.
Pritaikius grieztesnius atrankos kriterijus, kai PHES <-8, IL-6 ir SF AUC
reik§més nepageréjo.

Palyginus kepeny cirozés grupiy pacientus, kuriems yra ir néra diagno-
zuota minimali hepatiné encefalopatija, jokiy reiksmingy skirtumy né pa-
gal vieng IKT rodiklj nenustatyta (p>0,05). Apskaic¢iavus kompiuterizuoto
inhibicinio kontrolés testo rodikliy jautrumg ir specifiskuma — geriausi re-
zultatai téra vertinami tik patenkinami. Neteisingo reagavimo j klaidinan-
¢ias sekas rodiklio AUC=0,601, bendro IKT klaidy skai¢iaus AUC=0,611,
i$vestinio rodiklio WL AUC=0,635. Kity AUC reiksmés <0,6.

Kepeny cirozés grupéje, kai PHES <-8, lyginant su analogiska grupe,
kai PHES <-4, klaidingo reagavimo j klaidinancias sekas rodiklio AUC
reik§mé sumazéja 0,575 (vs. 0,601), bendro IKT klaidy skai¢iaus rodiklis
islieka panasus 0,644 (vs. 0,611), i$vestinio rodiklio WL AUC sumazéja
0,597 (vs. 0,635). Kity IKT rodikliy AUC reik$meés sergantiems kepeny ci-
roze, kai PHES <-8, nevirgija 0,6.
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Skirtingos kognityvinés biitklés pacienty grupiy palyginimas,

kai PHES baly skaicius <-4

Siame tyrime palyginome dvi pacienty grupes. Pirmajai grupei prisky-
réme létiniu hepatitu ir kepeny ciroze sergancius pacientus, kuriy PHES
bendras baly skai¢ius >-4, o antrajai grupei - kuriy PHES <-4.

Visi tyrimo dalyviai turéjo atlikti skai¢iy sujungimo testa B, kurj dau-
geliui daryti buvo sunku, nes nemokeéjo abécélés, todél papildomai zyme-
jomes, ar lietuviy kalba gimtoji, ar tiriamieji moka abécéle. I$ 135 pacienty
37 (27,4 %) asmenims lietuviy kalba buvo negimtoji, 48 (35,55 %) nemo-
keéjo lietuvisko raidyno, o i§ 53 kontrolinés grupés pacienty — 11 (20,75 %)
lietuviy kalba negimtoji, o 5 (9,43 %) nemokéjo abécélés. Taigi, kognityvi-
niy sutrikimy grupéje daugiau buvo kitakalbiy (17,65 % vs. 33,33 %), bet
abécélés mokéjimo skirtumy nebuvo (nes dalis lietuviy irgi jos nemokéjo).

Statistiskai reik§mingo skirtumo tarp grupiy pagal dauguma laboratori-
niy rodikliy (AST, ALT, S, GGT, bendrasis bilirubinas, albuminai, amoni-
akas, gliukozé, leukocitai, hemoglobinas) nenustatyta. Ta¢iau kognityviniy
sutrikimy turindiy pacienty kraujyje rastas reikémingai mazesnis trombo-
city skaicius (x2=6,648, p=0,010; 154,92+81,42 vs. 187,11£79,51, F=4,664,
p=0,033), didesné IL-6 koncentracija (x2=5,929, p=0,015; 6,71+12,20 vs.
2,66+1,66, F=4,773, p=0,031). Pagal SPA, INR rodiklius grupés skyrési
(p<0,05), ta¢iau abu rodikliai buvo normos ribose, todél kliniskai rezulta-
tas nevertingas.

Apskaiciuotas laboratoriniy rodikliy jautrumas ir specifiSkumas pro-
gnozuojant kognityvinius sutrikimus. Geriausi rezultatai vertinami tik
kaip patenkinami: AST AUC=0,619; SF AUC=0,643; GGT AUC=0,604,
INR AUC=0,633; IL-6 AUC=0,628. Taciau jvertinus ROC kreiviy kritinius
taskus gaunami skaiciai patenka j normatyvus arba nedaug nuo jy tenu-
krypsta (kritiniai taskai - AST - 55 U/1, SF - 75 U/, GGT - 42 U/I, INR -
1,07; IL-6 - 2,02), todél klinigkai nereik§mingi

Tiriamieji asmenys, turintys kognityviniy sutrikimy, atlikdami
kompiuterizuoty inhibicinj kontrolés testa statistiskai reik§mingai blo-
giau rasdavo teisingas sekas (194,48+19,39 vs. 203,13£9,89), daugiau jy
praleisdavo (17,52+19,39 vs. 8,88+9,89), mazesnis uzduoties atlikimo
tikslumas (0,92+0,09 vs. 0,96+0,05), didesnis bendras IKT klaidy skai-

_ 40—



¢ius (26,85+20,51 vs. 17,17+14,03, p=0,005) bei ivestinis rodiklis WL
(11,75+8,10 vs. 8,8516,64, F=4,372, p=0,039).

Nustatytos tokios IKT rodikliy vertés: teisingy seky praleidimo
AUC=0,650, bendro IKT klaidy skai¢iaus AUC=0,658, i$vestinio rodiklio
WL AUC=0,605.

Skirtingos kognityvinés buklés pacienty grupiy palyginimas,

kai PHES baly skaicius <-8

Kadangi, skirtingai nei J. S. Bajaj ir C. Montoliu [2; 26], musy gauti
kompiuterizuoto inhibicinio kontrolés testo rodikliai ir IL-6 nepasizyméjo
dideliu jautrumu ir specifiskumu diagnozuojant kognityvinius sutrikimus,
sugrieztinome kognityviniy sutrikimy diagnostikos kriterijus, siekdami
atmesti galimus grupavimo netikslumus, nulémusius neigiamus galutinius
rezultatus. K. Weissenborn, H. Shomerus patologiniu diagnozuojant MHE
bendru PHES baly skai¢iumi laiké <-4. Siame tyrime atlikome skai¢iavi-
mus, kai PHES bendras baly skaicius sieké <-8. Palygine grupes nustatéme,
kad jos skyrési statistiSkai patikimai (p<0,05) pagal GGT aktyvuma, albu-
miny koncentracijg, trombocity skai¢iy, IL-6 koncentracija.

Patenkinamai vertinamos ROC kreivés: IL-6 (AUC=0,673), SF
(AUC=0,637), teisingy seky praleidimo rodiklio (AUC=0,624), gerai —
GGT (AUC=0,718).

Bendroje kognityviniy sutrikimy (PHES<-8) grupéje neteisingo reaga-
vimo | klaidinancias sekas AUC=0,5438, teisingo reagavimo j klaidinancias
sekas AUC=0,452, teisingy seky nustatymo AUC=0,376, teisingy seky pra-
leidimo AUC=0,624, bendro IKT klaidy skai¢iaus AUC=0,596, uzduoties
atlikimo tikslumo AUC=0,376, i$vestinio rodiklio WL AUC=0,559.

Isvados

1. Létinio hepatito grupéje kognityviniy sutrikimy rasta 54,79 %, o kepeny
cirozés grupéje MHE diagnozuota 70,97 % tiriamujy asmeny. Svarbiausi
létinémis kepeny ligomis serganciy ligoniy kognityviniy sutrikimy pre-
dispoziciniai veiksniai yra trumpesné mokymosi trukmeé, fibrozés laips-
nis, dvejopas etiologinis veiksnys, o amzius ir Iytis jtakos neturi.

2. Kompiuterizuoto inhibicinio kontrolés testo rodikliai (neteisingo rea-
gavimo ] klaidinancias sekas, i$vestinis WL, bendro IKT klaidy skai-
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¢iaus rodikliai) minimalig hepatine encefalopatija sergant kepeny ci-
roze prognozuoja tik patenkinamai, todél kompiuterizuotas inhibicinis
kontrolés testas néra tinkamas minimalios hepatinés encefalopatijos
diagnostikai.

. 1§ visy istirty laboratoriniy kraujo testy IL-6 koncentracija kraujyje ge-
riausiai prognozuoja minimalig hepating encefalopatija sergant kepeny
ciroze, bet pagal AUROC vertinamas tik patenkinamai, todél netinka-
mas jos diagnostikai.

. Létinio hepatito grupés ligoniy kognityviniai sutrikimai koreliuoja su
IKT rodikliais, atspindinciais gebéjima susikoncentruoti ir islaikyti dé-
mesj, ir kepeny fermenty koncentracijos padidéjimu, o kepeny cirozés
grupés ligoniy - su IKT rodikliais, kurie rodo slopinimo procesy sutri-
kimus smegenyse, ir IL-6 koncentracija kraujyje.

Praktinés rekomendacijos

. Kognityviniy sutrikimy daznai pasitaiko ligoniams, sergantiems létiniu
hepatitu ar kepeny ciroze, todél svarbu $alinti etiologinius veiksnius,
kepeny ir sisteminio uzdegimo aktyvumg.

. Laboratoriniai kraujo rodikliai ir kompiuterizuotas inhibicinis kontro-
lés testas néra vertingi nustatant minimalig hepating encefalopatija as-
menims, sergantiems kepeny ciroze.

. MHE diagnostikos aukso standartu turéty bati PHES testy rinkinys.
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