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CHAPTERR IV 

VISUALL  EVENT-RELATE D POTENTIAL S IN CLINICALL Y 
NON-ENCEPHALOPATHI CC PATIENT S WITH CIRRHOSIS 

Vesselaa I. Giger-Mateeva, Frans C.C. Riemslag, Dik Reits, E. Anthony Jones, Boris 
Liberovv and Henk Spekreijse, submitted for publication 

Abstract t 
Background'Aim:Background'Aim: The purpose of this study was to screen ambulant patients with 
cirrhosiss and no overt evidence of encephalopathy for electrophysiological evidence 
off  impaired brain function. 
Methods:Methods: Visual event-related potentials (ERPs), onset/offset visual evoked 
potentialss (VEP) and pattern-reversal potentials, as well as the spontaneous 
electroencephalogramm were recorded from 20 control subjects, with an age range 
fromfrom 40 to 60 years and 28 patients with histologically-proven cirrhosis and no 
clinicall  evidence of encephalopathy. For recording of the visual ERPs "frequent" 
checkerboardd stimuli were randomly interleaved with "infrequent" ones. Normative 
valuess for the visual ERPs (N200, P3a, and P3b) were determined using an 
optimizedd visual stimulus for separation of these components. The latencies and 
amplitudess of the onset and pattern-reversal VEPs were measured as well as the peak 
frequencyfrequency of die alpha rhythm and a number connection test (NCT) was applied. 
Results:Results: The diagnostic value and sensitivity of the method developed to record 
ERPss were assessed by comparing the latencies of ERPs in the 20 control subjects 
andd 19 age-matched patients. 
Significantlyy prolonged latencies of the P3a and/or P3b components were detected in 
sevenn of the 19 cirrhotic patients and in four patients the NCT was prolonged. The 
amplitudess of the ERP components were in all patients within the normal range as 
welll  as the latencies and amplitudes of the onset VEP, the pattern-reversal responses 
andd the alpha frequency. 
Conclusion:Conclusion: Cirrhotic patients with prolonged P3a and/or P3b latencies may have 
subclinicall  hepatic encephalopathy. 
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Introductio n n 

Thee occurrence of subclinical hepatic encephalopathy (SHE) is generally 
acceptedd (Chalasani and Gitlin, 1997). However, there is currently a lack of 
agreementt regarding the definition of this entity or the criteria for diagnosing it. 
Hepaticc encephalopathy (HE) is a complication of liver failure, characterized by 
"globall  depression of CNS function" (Basile et aL, 1991). In patients with cirrhosis it 
mayy occur as acute episodes of disorientation and impaired consciousness or as a 
moree chronic impairment of intellectual function, characterized in early stages by 
changess in personality and behavior, deficits of cognitive abilities and deterioration 
off  short-term memory and attention. Both acute and chronic HE may progress to 
comaa (Scherlock and Dooley, 1997). 
Thee neuropsychiatric features of the earliest stage of overt HE (stage I) tend to be 
subtlee and non-specific, and the diagnosis of stage I HE is often made in retrospect, 
afterr the patient has progressed to a more advanced stage of encephalopathy. In stage 
II  HE personality changes, discrete psychomotor dysfunction and alteration of sleep 
rhythmm may occur. In contrast, in SHE no neuropsychiatric deficit is detectable on 
routinee clinical examination. The subpopulation of cirrhotic patients with subclinical 
orr stage I HE may superficially appear to have normal mental function, particularly 
verball  function (Schomerus et aL, 1981). The spontaneous electroencephalogram 
(EEG)) seems to provide inconsistent data on neuroelectrophysiological changes in 
thee brain in cirrhotic patients without overt HE (Levy et al., 1987; Weissenborn et 
aL,, 1990; Van der Rijt et al, 1984; Kuba et al., 1996; Amodio et al., 1998), but the 
EEGG is consistently abnormal in cirrhotic patients with clinically overt HE (Parsons-
Smithh et al., 1957; Van der Rijt et al., 1984; Weissenborn et al., 1990). Psychometrie 
testss which are rather subjective (Conn, 1977; Weissenborn et al, 1988; Zeneroli et 
al.,, 1992) such as the number connection test (NCT), are abnormal in some cirrhotic 
patientss without overt encephalopathy (Gitlin et al., 1986; Sood et al., 1989; Quero et 
aL,, 1996; Schomerus et al., 1993; Amodio et aL, 1998). Primary sensory components 
off  potentials evoked by visual, auditory and somatosensory modalities have also 
yieldedd inconsistent results in cirrhotic patients without overt HE and appear to be 
unreliablee in the recognition of SHE (Johansson et aL, 1989; Mendiratta et al., 1990; 
Sandfordd and SauL 1988; Yang et al., 1985; Yang et aL, 1986; Yen and Liaw, 1990; 
Zenerolii  et al., 1984). However, the magnocellular system of the visual pathway, 
assessedd by motion-onset VEP, has been reported to be sensitive in the detection of 
SHEE (Kuba et al., 1996). The P300 component of visual or auditory event-related 
potentialss (ERPs) appears to be more frequently and consistently delayed in cirrhotic 
patientss without overt encephalopathy than primary sensory components of evoked 
potentialss (Weissenborn et al., 1990; Davies et al., 1990; Kügler et al., 1992). The 
P3000 is a complex consisting of distinct potentials N200, P3a, and P3b. This 
complexx can be elicited when subjects respond to "infrequent" auditory stimuli 
(Squiress et al., 1975). We developed an optimized method for recording distinct 
visuall  event-related components (N200, P3a, P3b) in the brain and applied it to 20 
normall  subjects (Giger-Mateeva et al., 1999a). We then applied the method to 
determinee whether electrophysiological changes could be detected in the brain of 
cirrhoticc patients without overt encephalopathy. We compared the visual ERPs with 
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standardd onset/offset VEP, pattern-reversal evoked potentials, the spontaneous EEG 
andd the NCT. 

Material ss and methods 

Normativee data were derived from 20 healthy subjects (age of 40 to 60 years) with 
normall  (or corrected) visual acuity (better than 1.0) and without neurological or 
hepaticc diseases. In addition, 28 patients were evaluated electrophysiological!)-' (7 
femaless and 21 males, 22 to 80 years; normal or corrected to normal visual acuity). 
Twentyy six of them had histologically confirmed cirrhosis without evidence of overt 
encephalopathy.. One patient had grade II HE (Parsons-Smith et al., 1957). The cause 
off  cirrhosis was alcohol abuse (9 patients), chronic viral hepatitis (13 patients), and 
autoimmunee or cryptogenic cirrhosis (5 patients). The data on nine patients were 
excludedd from the study because two of them were taking sedatives, five had an age 
outsidee the specified range (40 to 60 years), one had primary hepatocellular cancer 
andd one did not have a diagnosis of cirrhosis confirmed by liver biopsy. Of the 
remainingg 19 patients at the time of study no patient was known to be taking ethanol 
orr any neuroactive drug, and none of these patients had any major medical disorder 
otherr than cirrhosis, including Parkinson's disease, Alzheimer's disease, multiple 
sclerosis,, diabetes mellitus, ophthalmological lesion or active infection. The Child-
Pughh classification of each of these 19 patients is included in Table 2. 
Alll  subjects and patients were fully informed about the purpose of the tests and the 
generall  procedures. Any caffeine-containing beverage was prohibited for 12 hours 
beforee and throughout the period of evaluation. 

Subjectss and patients were evaluated in a semi-darkened room (mean illuminance 
30-400 lux). They sat at a distance of 1.20 m from a television screen 
(HP20W15.7/50,, Tetracon, Breda,, The Netherlands; mean luminance 200 cd/m2) on 
whichh the visual stimuli appeared. 
Too evoke visual ERPs frequently presented black-and-white 12' checkerboard stimuli 
att 10% contrast were randomly interleaved with 200' events of 10% contrast (every 
4**  to 8th presentation of the 12' stimulus, i.e., about once every 3.84 s). The cycle 
periodd for both kind of stimuli was 640 ms, the duration of the onset of the checks 
wass 40 ms, and the offset 600 ms. The EEG was sampled every 4 ms from four Ag-
AgCII  scalp electrodes near the Fz (frontal), Cz (central), Pz (parietal), and Oz 
(occipital)) positions.28 The EEG signal was filtered between 0.6 and 4.5 Hz. Each 
separatee recording lasted about 150 s. The subject was asked to count the number of 
thee presented events. Comparison between the reported number and the actual 
numberr presented was used to check the vigilance of the subject. 
Standardd pattern onset/of&et VEP to 200' checks at 10% contrast and to 12*  checks at 
80%% contrast, and pattern-reversal VEP to 60' check stimuli at 95% contrast were 
alsoo recorded (filter bandwidth: 0.5-70 Hz). For the standard onset/offset stimuli the 
cyclee period was 440 ms: 40 ms black-and-white check and 400 ms offset with the 
samee mean luminance. During the analysis the recordings evoked by the onset of 
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200'' checks were filtered between 0.6 and 4.5 Hz to enable comparison with the 
ERPs.. The cycle period of the pattern-reversal stimuli was 800 ms: each check was 
blackk for 400 ms and white for another 400 ms, so that a sweep time of 800 ms 
resultedd in two responses being recorded. The amplitudes of the long-latency 
componentss (N200, P3a, and P3b), the striate C2 component (first negative 
componentt of the VEP to 12' checks onset/offset), the extrastriate positive C3 
componentt of the standard onset/offset VEP to 12' checks and the PI00 peak 
(pattern-reversall  VEP) were measured in relation to the mean voltage of the first 40 
mss after the stimulus onset. The peak latencies of the components were measured 
fromfrom stimulus onset. 
Thee NCT was performed as follows: after explanation and demonstration, each 
subjectt (patient) was asked to connect in correct order as quickly as possible a 
sequencee of numbers from 1 to 25 that were randomly distributed on a sheet of 
paper.. 11 Two different tests of equal difficulty were performed one after the other 
andd the time (in seconds) to complete each test was recorded. 

Spontaneouss EEG activity was recorded with "eyes open" and "eyes closed". During 
thee "eyes closed" recording, the participants were asked to move a finger from time 
too time, to maintain their state of wakefulness (filter bandwidth 0.5-31 Hz). The 
peak-frequencyy of the alpha rhythm was measured from the powerspectrum (Oz 
derivation)) and compared to the normative values of alpha rhythm for the relevant 
agee range (40 to 60 years). 

Inn 19 clinically non-encephalopathic cirrhotic patients responses to visual stimuli 
whilee counting the visual 200*  events and standard 200' pattern onset/offset 
conditionss were recorded. In seven of these patients standard VEP to 12' onset/offset 
stimulii  and pattern-reversal potentials were also recorded. Eight of these patients 
weree tested again (more than six months later). During retesting the result of a NCT 
andd the spontaneous EEG were also recorded. One whole data acquisition period 
lastedd about 45 minutes. 
Laboratoryy blood tests included serum bilirubin (total and direct), albumin, alkaline 
phosphatase,, gamma-glutamyl transpeptidase (gamma-GT), alanine aminotransferase 
(ALAT) ,, aspartate aminotransferase (ASAT), prothrombin time and platelet count. 
Bloodd samples were taken within three weeks of the psychometric and 
electrophysiologicall  tests. 
Thee study protocol was approved by the Medical Ethical Committee of the 
Academicc Medical Centre, University of Amsterdam. Written informed consent was 
obtainedd from all patients in accordance with guidelines for Good Clinical Practice, 
whichh underwrite the principles of the Declaration of Helsinki, 1975. 
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Results s 

Visuall  event-related potentials 

A.. Healthy subjects 
Too isolate the different long-latency components (N200, P3a, P3b) large (200') 
checkss at low (10%) contrast were used as visual events. Since these stimuli evoked 
smalll  sensory early components the overlap in time between 

Frequentt 12' checks (10%) 

P3aa 332 ms -

5uV V 

--

A A 

AK AK AA / V -
1000 ms 

Fz z 

Cz z 

Pz z 

Oz z 

Infrequentt 200'checks (10%) 

P3aa 232 ms 

y y 
' ^ ^ 

/ / M M 
r r 

\\ P3b 352 ms 

"\V V 
IOMVII . ^ V 

\ \ V V 
N2001800 ms 

ff V 
countedd events 

Fig.Fig. 1 Event-related potentials in response to visual stimuli at 10% contrast in a normal 
(healthy)(healthy) subject. The recording is made from four Ag-AgCl midline scalp electrodes located 
nearnear the frontal (Fz), central (Cz), parietal (Pz) and occipital (Oz), fdtered between 0.6 and 
4.54.5 Hz (Jasper, 1958). The responses evoked by counting 200' events are shown on the right. 
TheThe indicators point to the long-latency components evoked: N200 at Oz (latency of 180 ms), 
P3aP3a at Fz (latency of 232 ms) and the cognitive P3b with a maximum at Pz (latency of 352 
ms).ms). The responses evoked by the "frequent" 12' checks (10% contrast) are shown on the left. 
TheseThese stimuli evoke a cortical VEP (Oz) and a P3a component (Fz, Cz), the latency of which is 
longerlonger than when evoked by the 200' checks (latency of 332 ms; Giger-Mateeva et al, 1999a). 

thee early primary sensory and the late components was small. Figure 1 illustrates 
dataa from a normal subject. The recorded signal is filtered between 0.6 and 4.5 Hz. 
Onn the left are the primary sensory responses to the "frequent" 12' checks (Oz) at 
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10%% contrast, and on the right are the responses to the 200' events showing three 
distinctt late components: N200 (Oz), P3a (Fz) and P3b (Cz, Pz). The P3a component 
cann also be recognized in the response to the "frequent" 12' stimuli (Fz, Cz), with a 
latencyy longer than when evoked by 200' stimuli (Giger-Mateeva et al., 1999a). 
Usingg the 10% contrast "frequent" 12' stimuli and the 200' events the peak latencies 
andd amplitudes of the three event-related components (N200, P3a, P3b) were 
measuredd in 20 healthy subjects to generate normative data. The mean values for the 
healthyy subjects are presented in Table 1. The mean peak latency for N200 was 207 

 16 ms (SD), and its mean amplitude 3.6  1.4 ^V (18 healthy subjects); the mean 
peakk latency for P3a was 259  27 ms and its amplitude 3.4  1.2 uV (18 healthy 
subjects);; and the mean peak latency for P3b was 384  37 ms and its amplitude 7.3 

 2.9 uV (20 healthy subjects). 

Tablee 1. Mean normative data of event-related components (age 40 to 60 years) 

Component t 

N200 0 

P3a a 

P3b b 

latency y 

meanmean  SD (ms) 

2077 6 

2599 7 

3844 7 

amplitude e 

meann  SD (u.V) 

3.66 4 

3.44 2 

7.33 9 

numberr  of 

subjects s 

18 8 

18 8 

20 0 

Thee intra-individual reproducibility of N200, P3a, and P3b latencies, amplitudes and 
waveformss were assessed from repeated measurements (total of two measurements 
perr subject). Within one experimental session the mean intra-individual difference 
wass -1  10 ms for N200 latency (18 healthy subjects), -3  9 ms for P3a latency (16 
healthyy subjects) and +4  18 ms for P3b latency (20 healthy subjects). The 
differencee value was obtained by subtracting the latency value of a component 
duringg the first recording from the latency value of that component during the second 
recording. . 
Fivee healthy subjects were evaluated on a second occasion within one year of the 
firstfirst evaluation. The mean inter-session latency difference was -0.5  6 ms for N200, 
-44  7 ms for P3a, and -9  11 ms for P3b (second occasion result minus the 
correspondingg first occasion result). 
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B.. Patients with cirrhosis 
Duringg the evaluation all patients were well oriented with respect to time and place 
andd responded to instructions appropriately. For each patient the number of the 
countedd visual events corresponded closely to the number of events presented. 

Thee mean N200, P3a, and P3b values for the 19 patients are presented in Table 2. 
Eachh value is the mean of two separate recordings. Latencies longer than the mean 
pluss two SD of the mean for the (age-matched) controls were regarded as abnormal 
(delayed).. Six of the 19 patients had prolonged latencies of ERPs. In these six 
patientss the amplitudes were within the normal range. N200, when detected (13 
patients),, always had a normal latency. P3a was detected in 17 patients. In three 
patientss P3a was delayed while P3b latency was within the normal range. Both P3a 
andd P3b were delayed in two patients. P3b alone was delayed in one patient. 

Figuree 2 depicts examples of delayed P3a and/or P3b components elicited while 
patientss counted the 200' events at 10% contrast. On the left of the figure are 
responsess from a patient, in which the P3a component is significantly delayed (328 
ms),, but the P3b has a normal latency (416 ms). A repeat evaluation in that patient 
yieldedd similar results (patient 6, Tables 2 and 3). Shown on the right of Figure 2 are 
responsess from another patient, in which both the P3a (320 ms) and P3b (504 ms) are 
delayedd (patient 10, Table 3). The N200 component of both patients could not be 
detected. . 

Tablee 3 shows the mean visual ERP data from eight patients who were tested again 
onn a second occasion. The patients' numbers (first column) are those of Table 2. In 
twoo cases the latency of the N200 component was shorter (patients 3 and 8), but 
remainedd within the normal limits. In two patients the P3a and P3b components were 
significantlyy delayed on both occasions (patients 6 and 8). In patient 6 the latency of 
P3aa was 32 ms longer in the repeat evaluation. In three other patients the latencies of 
P3bb were appreciably shorter on the second occasion (patients 2, 5 and 7), but these 
latenciess also remained within the normal limits. In one patient (patient 10) the 
latenciess of both P3a and P3b components, which were normal at the first evaluation 
(Tablee 2), were significantly prolonged at the repeat evaluation (Table 3). Another 
patientt was tested three months before (patient 2, Table 2) and three months after 
liverr transplantation (Table 3). On both occasions the latencies and amplitudes of the 
latee components were within the normal age range. However, all three components 
(N200,, P3a, and P3b) hadd shorter latencies after the transplantation than before. 
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Tablee 2. Mean latencies and amplitudes of ERPs (of two successive recordings) in 
cirrhoti cc patients without overt encephalopathy (age 40 to 60 years). 

PATIEN T T 
N=19 9 
Child --
Pugh h 

Classifica a 
tion tion 

11 A 6 ,A 

2 A ? ,B B 

33 6,A 

44 ?,B 

55 5,A 

66 6,A 

77 7, A 

88 8,B 

99 5,A 

100 8,B 

111 5, A 

122 5, A 

13A 5,A A 

144 9,B 

15A 6,A A 

166 5, A 

177 5,A 

188 5,A 

199 6, A 

N200 0 
latency y 
(ms) ) 

200 0 

208 8 

216 6 

--

208 8 

--

208 8 

200 0 

--

--

200 0 

186 6 

210 0 

--

228* * 

220 0 

--

198 8 

190 0 

N200 0 
amplitude e 
(HV) ) 

7.7 7 

1.9 9 

4.7 7 

--

1.6 6 

--

2.4 4 

2.0 0 

--

--

2.6 6 

5.4 4 

3.8 8 

--

4.8 8 

13 3 

--

1.1 1 

1.1 1 

P3a a 
latency y 
(ms) ) 

_ _ 

226 6 

278 8 
419*** * 

300* * 

328** * 

298* * 

388*** * 

304* * 

306* * 

320** * 

270 0 

256 6 

--

288* * 

240 0 

270 0 

340** * 

262 2 

P3a a 
amplitude e 
0»V) ) 

_ _ 

7.0 0 

3.6 6 

3.8 8 

7.7 7 

3.2 2 

63 3 

2.4 4 

5.5 5 

4.4 4 

1.7 7 

33 3 

7.4 4 

--

4.4 4 

1.9 9 

4.8 8 

8.4 4 

6.4 4 

P3b b 
latency y 
(ms) ) 

375 5 

421* * 

460** * 

476** * 

454* * 

416 6 

434* * 

480** * 

402 2 

398 8 

411 1 

398 8 

412 2 

400 0 

420 0 

346 6 

446* * 

440* * 

454* * 

P3b b 
amplitude e 
(uV) ) 

18.9 9 

5.8 8 

7.8 8 

6.9 9 

9.9 9 

4.8 8 

6.2 2 

2.5 5 

9 9 

8.1 1 

23 3 

19 9 

7.6 6 

3.9 9 

4.0 0 

2.7 7 

4.4 4 

8.8 8 

10 0 

(A)) Patients, in whom the NCT-time was delayed (Le., longer  than 43 s), but the ERPs 
weree within normal limits. (-) Patients, in whom an ERP was not detected. 

Child-Pughh scores: range from 5 to 15, with 5 best and 15 worst; grade A is better 
thann B, which is better  than C. 
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Tablee 3. Second assessment of cirrhoti c patients without overt encephalopathy 

Patient t 

1 1 

2 2 

3 3 

5 5 

6 6 

7 7 

8 8 

10 0 

N200 0 
latency y 
(ms) ) 

208 8 

196 6 

184 4 

208 8 

216 6 

--

176 6 

--

N200 0 
amplitude e 

0*v) ) 

3.9 9 

5.7 7 

3.7 7 

2.4 4 

2 2 

--

1.9 9 

--

F3a a 
latency y 
(ms) ) 

— — 

211 1 

252 2 

298* * 

360*** * 

279 9 

396*** * 

320** * 

F3a a 
amplitude e 
(uV) ) 

„ „ 

6.8 8 

3J J 

7.2 2 

5.8 8 

3.9 9 

3-3 3 

5.7 7 

F3b b 
latency y 
(ms) ) 

390 0 

396 6 

452* * 

417 7 

420 0 

380 0 

464** * 

504*** * 

P3b b 
amplitude e 

OiV) ) 

10.6 6 

4.8 8 

6.7 7 

9.9 9 

8.6 6 

6.1 1 

3.9 9 

7.6 6 

Tested d 
after r 

months s 

10 0 

8 8 

7 7 

7 7 

8 8 

5 5 

7 7 

6 6 

(-)) Patients, in whom an ERP was not detected 

Normativee data of the healthy subjects (age 40 to 60 years) 

N2000 latency (ms) 

**  >mean+lSD(223) 

***  >mean+2SD(239) 

***>mean+3SD(255) ) 

P3aa latency (ms) 

**  >mean+lSD(286) 

***  >mean+2SD(313) 

***>mean+3SD(340) ) 

P3bb latencyy (ms) 

**  >mean+lSD(421) 

***  >mean+2SD(458) 

***>mean+3SD(495) ) 
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Infrequentt 200' checks (10%) 

P3aa 328 ms —i 

Infrequentt 200'checks (10%) 

P3aa 320 ms—i 

rr P3b416ms 

10uV V 

Fz z 

Cz z 

Pz z 

jsA/V'' oz 

P3bb 504 ms 

1000 ms 

Fig.Fig. 2 Event-related potentials to counted visual 200' events at 10% contrast in two cirrhotic 
patientspatients without evidence of overt encephalopathy. In both cases the N200 component is not 
clearlyclearly isolated. The left panel shows a recording from a 54-year-old female patient (patient 6, 
TablesTables 2 and 3). The P3a response to the visual 200' events is delayed (latency of 328 ms) and 
thethe P3b is within the normal range (latency of 416 ms). The right panel shows a recording 
fromfrom a 55-year-old male patient in which the latencies of both the P3a component (latency of 
320320 ms) and the P3b component (latency of 504 ms) are prolonged (greater than the upper 
limitlimit  of the normal range; patient 10, Table 3). 

Thee cumulative distributions of the mean ERP latencies of the healthy subjects and 
cirrhoticc patients are presented in Figure 3. The distributions of the N200 latencies of 
healthyy subjects and patients do not differ, whereas the distributions of P3a and P3b 
latenciess of the patients clearly deviate from those of the healthy subjects. For the 
P3aa the median (point at 0.5 probability) is shorter and the standard deviation (slope 
off  the distribution) smaller in the normal subjects than in the patients. For the P3b 
thee median of the distribution is different in the two groups, whereas the standard 
deviationn is comparable. The latencies of the P3a in nine patients are longer than the 
longestt P3a latency in the normal subjects (296 ms). The latencies of the P3b in five 
patientss are longer than the longest P3b latency in the normal subjects (447 ms). 
Eitherr P3a or P3b latency is longer in 11 patients than the longest latency in the 
normall  subjects. 
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Cumulativee visual ERPs distribution 
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Fig.Fig. 3 Cumulative distribution of the mean latencies ofN200, P3a, and P3b components in 
healthyhealthy subjects and cirrhotic patients. The distribution of the N200 latencies of healthy 
subjectssubjects and patients is similar. There are distinct differences between the P3a and P3b 
latencylatency distributions of healthy subjects and patients. 

Patientt  with stage II  HE 
Thee patient with grade II HE did not count the events properly. The P3a and P3b 
componentss of the ERPs of this patient could not be detected and the frequency of 
thee alpha rhythm was abnormally low (6.4 Hz). When pattern onset 200' checks were 
usedd no P3a could be detected. The latencies and amplitudes of the primary sensory-
evokedd components with 12' onset/offset checkerboards were normal in this patient. 

Visuall  evoked potentials 
Inn the 20 control subjects the mean C2 latency of the cortical VEP (Oz) was 104  13 

ms,, and its amplitude 16  11 uV; the mean C3 latency of the cortical VEP was 188 

 8 ms, and its amplitude 22  12 uV; the mean latency of the P100 component of 

thee pattern-reversal VEP was 110  5 ms and its amplitude 8  3 uV The latencies 

andd amplitudes of the cortical VEP (Oz) of the patients were all within normal limits 
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(77 patients tested). The mean values for the patients were: CI latency 99  8 ms, C2 
amplitudee 18  12 uV; C3 latency 185  11 ms, C3 amplitude 29  16 uV; and PI00 
latencyy 113  8 ms, P100 amplitude 6  2 uV. 

EEG G 
Thee alpha rhythm of the spontaneous EEG of all the cirrhotic patients was normal 
(alphaa rhythm between 8 and 13 Hz). 

Numberr  connection test 
Thee average time for the 20 control subjects to complete a NCT was 29  7 s. Four 
patientss took an abnormally long time to perform the NCT (greater than the mean + 
2SDD of the mean for normal subjects; i.e., 43 s); the latencies of the event-related 
componentss in these patients were within normal limits (these four patients are 
indicatedd with (A) in Table 2). 

Tablee 4. Biochemical data of cirrhoti c patients without overt encephalopathy 

Variables s 

Serumm bilirubi n (u.mol/1) 

Totall  and [Direct] 

alkalinee phosphatase (u/1) 

gamma-GTT (u/1) 

ALA TT (u/1) 

ASATT (u/1) 

Albumi nn plasma level 
(range,, g/1) 

Prothrombi nn time 
(range,, s) 

Plateletss (range, 10E9/1) 

Controls s 
(40-600 years) 

<< 17 

1*7] ] 

<37 7 

^4 7 7 

^^  68 

^^  103 

35-50 0 

10-12.7 10-12.7 

150-350 0 

Patients s 
(40-600 years) 
meann  SD 

244 8 

[133  14] 

1288  53 

1422 4 

555 9 

700 1 

411 9 

2 2 

1133 1 

Numberr  of 
patients s 

17 7 

19 9 

19 9 

19 9 

19 9 

19 9 

17 7 

19 9 

gamma-GT,, gamma-glutamyl transpeptidase; ALAT , alanine 
aminotransferase;;  ASAT, aspartate aminotransferase 
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Routinee laboratory tests 
Thee mean results of the routine serum biochemical liver tests, prothrombin time and 
platelett count in the 19 patients are shown in Table 4. There were no significant 
correlationss between ERP latencies and routine laboratory data. Furthermore, there 
weree no significant differences between routine laboratory data in patients with 
prolongedd ERPs, or patients with an abnormal NCT, and patients with normal ERPs 
andd NCTs. 

Discussion n 

Wee have shown that the event-related P3a and P3b components of ERPs may be 
delayedd in cirrhotic patients without clinical evidence of encephalopathy. In patients 
withh delayed P3a and/or P3b components, the N200 component, the primary sensory 
VEP,, the PI 00 potential, the alpha frequency of the spontaneous EEG and the time 
requiredd to complete the NCT were all within normal limits. Cirrhotic patients with 
delayedd P3a and/or P3b components may have SHE. 
Inn a previous report of visual pattern-flash ERPs (N250 and P300) in cirrhotic 
patients,, it was suggested that these measurements might be useful for detecting SHE 
(Küglerr et al., 1992). In that study only one component (P300) could be identified for 
twoo reasons. First, only one derivation for measuring late components was used (Oz-
Fz).. Second, there was a large overlap between components of the primary sensory 
("early")) response and the "later" event-related response as a consequence of the high 
("flash")) contrast and small check size (12') of the "infrequent" stimuli used. Figure 
44 shows an example of a recording at 80% contrast with 200' "frequent*' checks and 
12'' visual events in a healthy subject. Oily one component (P300) can be seen in the 
responsee to the visual events in the Oz-Fz derivation (Fig. 4) compared to the three 
componentss using four midline electrodes when 200' visual events 10% contrast 
weree presented to the same subject (Fig. 1). Because the recorded signal in Fig. 4 is 
alsoo filtered between 0.6 and 4.5 Hz, it contains no additional high frequencies (filter 
bandwidthh used in previous studies: 1-30 Hz, Taghavy and Kügler, 1988; Kügler et 
al.,, 1992). To study more definitively the sensitivity of the different event-related 
componentss they should be isolated separately at their most optimal locations over 
thee scalp. In our baseline study (Giger-Mateeva et al., 1999a) it was concluded that 
fourr midline electrodes (Fz, Cz, Pz, Oz) are sufficient to record in isolation the 
N200,, P3a, and P3b late components, and that the onset of a large pattern (200' 
check)) at 10% contrast as an event "enhances" the late components (Giger-Mateeva 
ett al, 1999a). 
Inn the present study we found that the three ERPs (N200, P3a, and P3b) are affected 
differentlyy by the neuropathophysiological changes that occur in the brain of patients 
withh cirrhosis. In particular, in patients with cirrhosis, but without overt 
encephalopathy,, the latencies of either P3a or P3b or both may be prolonged, but 
N2000 never. 
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Fig.Fig. 4 Event-related responses to counted visual 12' events in a healthy subject (same subject 
asas in Figure 1). The responses evoked by the events (12' checks, 80% contrast) are presented 
onon the right. The recorded signal is filtered between 0.6 and 4.5 Hz. The early (cortical) visual 
evokedevoked potential (VEP; Oz) is large in amplitude compared to the VEP on the left side, which 
waswas evoked by "frequent" stimuli (200' checks, 80% contrast). Due to the time overlap 
betweenbetween the large "early" and the "late" long-latency responses, no separate late components 
cancan be seen (especially at the bipolar Oz-Fz derivation). The main response to the events is 
thethe P300 component. 

Wee also found that primary VEP and pattern-reversal PI  00 were normal in all of the 
cirrhoti cc patients studied which is in agreement with previous studies (Kuba et al., 
1996;;  Mendiratt a et al., 1990). We infer  that primar y potentials are less sensitive 
mann ERPs in detecting early electrophysiological changes in the brain in cirrhoti c 
patients.. Our  findings complement and extend previous reports on evoked potentials 
inn patients with chronic liver  disease (Kullmann et al., 1995). As previously reported 
thee alpha rhythm of the spontaneous EEG did not appear  to be a sensitive index of 
abnormall  brain function in clinically non-encephalopathic cirrhoti c patients (Van der 
Rij tt  et al., 1984). 
Previouss studies suggest that NCT measures cognitive motor  abilities, which may be 
impairedd in patients with SHE (Quero et al., 1996). We found that the NCT was 
abnormall  in four  patients and in these patients the ERPs were within normal limits. 
Inn the seven patients with abnormal P3a and/or  P3b components the NCT was 
normal.. This implies that only sensory cognitive, but not motor  cognitive function 
wass impaired in these patients. We infer  that both tests: NCT and visual ERPs give 
differentt  and complementary information about the "cognitive"  function of the brain 
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inn cirrhotic patients without overt encephalopathy. Accordingly, we advice that both 
NCTT and ERP tests should be applied in the assessment of early neurophysiological 
changess in cirrhotic patients. In SHE either cognitive motor function or cognitive 
sensoryy function, or both may be abnormal. 
Noo significant relationship between the results from routine serum biochemical liver 
testss and neurophysiological status were found in the cirrhotic patients studied. 
However,, data on specific tests to quantitate overall hepatocellular function, such as 
thee galactose elimination capacity, were not available (Kügler et al., 1992). 
Att the time of the first evaluation in one patient (patient 10) who exhibited normal 
responsee latencies (N200, P3a, and P3b; Table 2), we were not aware that he had 
beenn taking a benzodiazepine (Oxazepam 10 mg nocte, i.e., at least 12 hours before 
evaluation)) recently. Six months later the same patient was tested again, one and a 
halff  months after the benzodiazepine had been discontinued. In the second study the 
patientt exhibited delayed P3a and P3b components. During both studies this patient 
appearedd to be well orientated with respect to time and place and counted the number 
off  the visual events properly. On the basis of these findings we conclude that 
betweenn the first and second studies, this patient may have developed SHE. 
Furthermore,, delayed P3a and P3b components may not be indicative of 
benzodiazepine-inducedd enhancement of gamma-aminobutyric acid (GABA)-
mediatedd neurotransmission (Basile et al., 1991). 
Thee dynamic changes of the ERP latencies observed when evaluations were repeated 
inn cirrhotic patients suggest that abnormalities of ERPs in these patients reflect 
metabolicc neuropathophysiological rather than structural neuronal changes (Basile et 
al,, 1991). 
Wee conclude that visual ERPs have potential for the detection of SHE and for 
evaluationn of treatments for SHE. Visual ERPs appear to be more sensitive in 
detectingg abnormal brain electrophysiology in cirrhotic patients than primary VEP, 
pattern-reversall  VEP and alpha frequency. The NCT provides complementary data 
onn brain function in cirrhotic patients, who have no clinical evidence of overt 
encephalopathy.. We propose that in screening patients for SHE both visual ERPs and 
NCTT (or other psychometric tests) should be applied. Eliciting the various event-
relatedd components is optimized by the methodology that we have applied 
specificallyy the counting of low (10%) contrast large (200') checkerboard events. 
Visuall  event-related components (N200, P3a, and P3b) are affected differently by the 
neuropathophysiologicall  changes that occur in the brain of patients with cirrhosis 
withoutt clinically overt encephalopathy. Since the latency of N200 was never 
prolonged,, testing of adult patients could be reduced to three recording sites (Fz, Cz, 
andd Pz). In children, however, also the Oz site is needed since their P3b has a more 
occipitall  location (chapter 3). 
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