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Abstract

Objective: This study aims to evaluate the efficiency of top-down and bottom-up processes in the extrastriate cortex of cirrhotic patients

without overt hepatic encephalopathy (HE).

Methods: Reaction times (RTs), accuracy and event-related potentials (ERPs) were recorded during the execution of a visual Simon task in

17 cirrhotic patients and 10 healthy controls. Amplitude and latency of the P1 and N1 (indexes of bottom-up processes) and of the N2pc

(index of top-down processes) were measured.

Results: Patients were slower than controls, and patients with minimal HE (MHE) were slower than patients without MHE. The distribution

analysis of RTs showed that the Simon effect decays with slower RTs in all the groups and that the shape of the distribution was different in

MHE patients.

No differences were found between cirrhotic patients and controls for P1 and N1 amplitude and latency. In contrast, N2pc latency was

delayed in cirrhotic patients compared to controls independently of MHE.

Conclusions: In the extrastriate cortex of cirrhotic patients without HE, top-down processes are altered whereas bottom-up processes are

preserved.

Significance: The analysis of exogenous and endogenous visual components of ERPs provides a model to study the functional dissociation

between top-down and bottom-up processes inside the extrastriate cortex.

q 2006 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Hepatic encephalopathy (HE) is a neuropsychiatric

syndrome occurring in acute or chronic liver failure. In its

subclinical or minimal expression, HE is characterized by

the presence of cognitive and neurophysiological abnorm-

alities in cirrhotic patients with normal or near-normal
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neurological and mental status (Gitlin et al., 1986; Rikkers

et al., 1978; Tarter et al., 1984).

Minimal hepatic encephalopathy (MHE) is detectable in

20–60% of cirrhotic patients (Amodio et al., 2004; Ferenci

et al., 2002). This neuropsychiatric syndrome is charac-

terized by many neuropsychological dysfunctions concern-

ing visual-constructive abilities, orienting of visual

attention, psychomotor speed, inhibitory processes and

executive functions (Amodio et al., 1995, 1998, 2005;

Schiff et al., 2005; Weissenborn et al., 2001). Chronometric

studies showed that in patients without overt HE (patient

with or without MHE), the delay of simple reaction times
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(RTs) tasks is smaller compared to the delay of choice RTs

tasks. Furthermore, there are evidences that MHE patients

fail in cognitive tasks, which need higher levels of control

and inhibition of non-relevant information (Amodio et al.,

1999a, 2005; Rikkers et al., 1978; Schiff et al., 2005;

Schomerus et al., 1981). These data suggest that when

performance need the control of incoming information (top-

down processes), patients show a worse performance.

Additional information about brain dysfunctions in

cirrhotic patients come from brain imaging studies. Reduced

brain metabolism was observed in MHE patients in the

following associative cortical areas: the anterior cingulate

cortex, the dorsolateral prefrontal cortex, the occipito-

parietal cortex, the medial temporal cortex and the

extrastriate cortex (Lockwood, 2000; Lockwood et al.,

1993, 2002; Zafiris et al., 2004).

These neuropsychological and brain imaging findings

suggest a correlation between the alterations observed in

cirrhotic patients and top-down processes involved in

stimulus discrimination and response selection during

goal-directed behaviour (Corbetta and Shulman, 2002).

Information inside the brain can travel from sensory

input, through perceptual analysis, towards motor output,

or from ‘higher’ associative cortices to ‘lower’ primary

cortices involving feedback or re-entrant connections.

The former types of processes are called bottom-up

processes and are exogenous in nature (stimulus-driven);

the latter are called top-down processes and are

endogenous (goal-directed) in nature. Since, the control

of visual and spatial selective attention affect information

processing in extrastriate cortex (Corbetta and Shulman,

2002; Desimone and Duncan, 1995; Luck et al., 1997), it

may be expected that a dissociation between the

efficiency of top-down and bottom-up processes in

cirrhotic patients with MHE may be detected in this

area using event-related potentials techniques.

Event-related brain potentials (ERPs) are useful for the

temporal analysis of cognitive processes (Rugg and Coles,

1995). ERPs reflect phasic modulations of brain activity,

which are time-locked to the onset of an external or internal

event. The abrupt onset of a visual stimulus evokes,

independently of any task demand, two early ERP

components named P1 and N1. Many reports claim that

the origin of the P1/N1 lies in the extrastriate pathway and

they represent the early multi- level analysis of visual

information coming from V1 (Eimer, 1998; Heinze et al.,

1994; Hillyard and Anllo-Vento, 1998; Hopfinger and

Maxwell, 2005; Johannes et al., 1995; Mangun and

Hillyard, 1995) However, a minority of reports claim that

their origin, at least P1, lie in the striate pathway

(Hashimoto et al., 1999; Hoshiyama and Kakigi, 2001).

Even if the amplitude of these two components can be

modulated by selective attention, their nature is mainly

exogenous (Eimer, 1998). Spatial attention can have an

effect on P1 and N1 components in trial-by-trial cueing

situations (Mangun et al., 1993), which indicates a spatially
selective modulation of processing in the V1–IT pathway.

When the stimulus located in the unattended visual field,

these components are markedly attenuated.

In multi-stimulus array visual search tasks, it has recently

been described a negative ERP component that occurs in the

N2 latency-window in the posterior sites contralateral to

target position. This location-specific processing modu-

lations in the ventral pathway was called N2pc (Luck and

Hillyard, 1994a,b). N2pc can be also observed when a target

stimulus is laterally displayed and only a single irrelevant

stimulus is presented simultaneously in the opposite visual

field (Eimer, 1996; Oostenveld et al., 2001; Valle-Inclán,

1996; Wascher and Wauschkuhn, 1996; Wijers et al., 1997).

From a functional point of view, the N2pc seems to reflect

the spatial filtering of irrelevant information (Luck and

Hillyard, 1994b). An alternative possibility is that the N2pc

reflects the detection and the selection of the task-relevant

information (Eimer, 1996). In any case, it is an index of

visuospatial selective attention (Eimer, 1996, 1998). The

most probable generator of the N2pc seems to be located in

the ventro-lateral temporal cortex (Oostenveld et al., 2001;

Praamstra and Oostenveld, 2003; Wijers et al., 1997;

Woldorff et al., 2002), even if a small early contribute to

this component was detected in the parietal cortex (Hopf et

al., 2000). In recent models regarding the enhanced neural

activity induced by selective attention in the extrastriate

cortex, it was suggested that, during visual search tasks, the

interaction between bottom-up and top-down processes can

start early in the P1–N1 latency-window, but the N2pc

is evoked only when target location is selected (Woldorff

et al., 2002). For this reason, the latency of this attentional

modulation can vary depending on the difficulty of the target

localization (Shedden and Nordgaard, 2001; Wascher,

2005). Many authors, indeed, prefer to use the term

posterior contralateral negativity (PCN) to dissociate this

lateralized endogenous component from the N2 component

(van der Lubbe et al., 2001; Wascher et al., 2001).

Albeit many studies (Amodio et al., 1999a, 2005;

Rikkers et al., 1978; Schiff et al., 2005; Schomerus et al.,

1981) suggest an impairment of top-down processes in

MHE, there is not yet direct evidence for a clear dissociation

between the efficiency of top-down and bottom-up

processes in the extrastriate cortex of cirrhotic patients. In

the present study we tested the integrity of these two kinds

of processes in the extrastriate cortex in a group of cirrhotic

patients with no signs of overt HE, in order to clarify this

still unknown characteristic of MHE. For their obligatory

nature, we used the P1 and N1 components as indexes of

bottom-up (i.e. stimulus-driven) perceptual processing in

the extrastriate cortex, and the N2pc, given its selective

nature (Eimer, 1996), was used as an index of top-down (i.e.

goal-directed) post-perceptual processing.

We used a choice RTs task involving visual discrimi-

nation. It is known that in a choice RTs task, if target stimuli

are presented laterally with respect to a central fixation

point, RTs are faster when the position of the responding



Table 1

Demographic, clinical and biochemical data of cirrhotic patients and

demographic data of controls

Cirrhotic

patients

Healthy controls

Age (years)a 51 (11) 50 (11)

Females (%) 25% 30%

Education (years)a 8 (5) 13 (8)

Aetiology

(N8)

HBV 3

HCV 10
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hand corresponds, spatially to the position of the target (Fitts

and Deininger, 1954; Fitts and Seeger, 1953). This effect

occurs even if the spatial position of the target is not relevant

for the task. In this case it is called Simon effect (Simon and

Rudell, 1967). In the Simon task it is assumed that stimulus

localization process automatically activates a response code

ipsilateral to the stimulus position (De Jong et al., 1994;

Wascher et al., 2001). If the automatic activated response

corresponds to the appropriate response, faster RTs follow.

If the automatic activated response does not corresponds to

the appropriate response, it has to be inhibited. This

inhibitory process requires additional time that slows RTs

down in the non-corresponding condition. Moreover, the

response automatically activated by the irrelevant position

of the target stimulus is assumed to be transient in nature.

Many studies, using the distributional analysis of RTs,

showed that the automatically generated response decays

with time. Therefore, with the longest RTs the Simon effect

tends to disappear (De Jong et al., 1994; Hommel, 1993,

1994; Nicoletti and Umiltà, 1994) at least under some

conditions (Ansorge, 2003; Vallesi et al., 2005; Wascher

et al., 2001; Wiegand and Wascher, 2005).

The first aim of the present study was to demonstrate a

clear dissociation in the efficiency of bottom-up and top-

down processing of cirrhotic patients in the extrastriate

cortex using ERP correlates of early stimulus-driven

processing, indexed by the P1 and N1, and of late goal-

directed processing, expressed by the N2pc. To avoid

exogenous perceptual asymmetries in the EEG signal an

irrelevant distracter was displayed in the opposite visual

field together with the target stimulus (Valle-Inclán, 1996).

Under these conditions P1, N1 and the N2pc are frequently

described (Eimer, 1996; Praamstra and Oostenveld, 2003;

Valle-Inclán, 1996; Wascher and Wauschkuhn, 1996;

Wascher et al., 2001). A second aim of the study was to

evaluate the presence of any difference between controls

and patients with regard to the Simon effect and its time-

course. Distribution analysis of RTs provide a measure of

RTs dispersion. In a previous study, Elssas and co-workers

(1985) showed that this dispersion in RTs distribution in

cirrhotic patients with overt HE was higher both compared

to healthy controls and patients with brain damage. If this

effect is associated with the presence of motor alteration in

HE patients, this effect may be detectable also in patients

with less severe motor or cognitive alteration.
Other 4

Child–Pugh

class (N8)

A 3

B 8

C 6

Biochemical

dataa
Albumin (g/L) 31 (13)

Prothr.

activity (%)

61 (18)

Total bilirubin

(mmol/L)

40 (26)

AST (UI) 88 (71)

No of Cirrhotic patients with MHE (TMT-A or EEG alteration): 7/17.
a Median (interquartile interval).
2. Material and methods

2.1. Subjects

The population study comprised of 17 patients (4 females)

with non-alcoholic cirrhosis and without evidence of overt

HE and 10 healthy matched control participants (3 females)

The mean age of the patients was 50G10 years and the mean

age of the controls was 48G7 years (see Table 1).
The diagnosis of cirrhosis was made on the basis of

historical, clinical, laboratory, endoscopic and ultrasono-

graphic findings; histological confirmation was obtained

when needed (12 patients). With one exception, none of the

patients had ever manifested overt bouts of HE and none

was on maintenance treatment for this condition. Moreover,

none had evidence of overt HE at the time of the study.

Mental state evaluation did not show abnormal orientation

(personal identity, present situation, place and time),

patients were self-governing and carried out their normal

occupations, they did not have neurological abnormalities

on routine neurological examination (however, two patients

had mild tremor).

None of the study participants had a history of past or

current alcohol misuse, a history or current evidence of

neurological disease (i.e. transitory ischemic attach, stroke,

head trauma, or epilepsy), systemic disease likely to affect

cerebral functioning (i.e. diabetes, cardiovascular, respir-

atory or renal insufficiency, neuropsychiatric disorders or

dementia), none used psychotropic medications and none

had uncorrected impairment of visual acuity or was colour

blind.

The presence of visuo-motor alterations abilities were

assessed in all patients on the basis of their performance on

the Trail-making Test A (TMT-A). The TMT-A was

evaluated using an age- and education level-adjusted Z

score: values O2 were considered to be abnormal (Amodio

et al., 2001, 2002). Spectral analysis of digitalized EEG was

also considered for patient characterization (Quero et al.,

1996). Details on EEG analysis were reported previously

(Amodio et al., 1999b, 2001). In brief, the EEG was

considered to be abnormal if the mean dominant frequency

(MDF) was %7.3 Hz or the theta relative power S35%

(Amodio et al., 1999b). Seven patients who showed



S. Schiff et al. / Clinical Neurophysiology 117 (2006) 1728–1736 1731
abnormalities in the TMT-A or EEG were considered to

have MHE (Quero et al., 1996).

The study was conducted according to the Helsinki

criteria and approved by the local Ethical Committee.

Informed consent was obtained by each patient before the

beginning of the experimental session.
2.2. Behavioural task

During the experimental session, participants were

seated in front of a computer screen with their head

positioned in an adjustable head-and-chin rest with a

distance between the eyes and the screen fixed at 80–

85 cm. The target stimuli were 4!4 red-and-black or green-

and-black checkerboards subtending a visual angle of 1.48.

The stimuli were presented one at a time and in a random

sequence 3.38 to the right or to the left of a central fixation

cross on a constantly white background. A 4!4 black-and-

white checkerboard was used as contralateral distracter.

Stimuli were displayed for 176 ms.

Participants were encouraged to maintain fixation on the

cross in the centre of the screen and to react as quickly and

accurately as possible. One half of the participants

(randomly selected) were instructed to press the left button

(the letter ‘Z’ of the keyboard) with their left index finger if

the displayed target was red-and-black, and the right button

(the letter ‘M’) with their right index finger if it was green-

and-black, independently of its spatial position. The

remaining participants were given opposite instructions. A

practice run of 40 trials was performed and then each colour

by position combination was presented 75 times in a

randomized sequence, for a total of 300 experimental trials.

The inter-trial interval ranged from 800 to 1200 ms in a

random fashion. RTs and accuracy were recorded for each

trial.
2.3. Electrophysiological recordings

The electroencephalogram (EEG) was continuously

recorded (Equipment: Micromed System Plus, Mogliano

Veneto, Italy) by Ag/AgCl electrodes from 29 standard

locations according to the international 10/20 system

(American Electroencephalographic Society, 1994), using

a pre-cabled elastic cap. FPz was used as ground and

reference was provided by the earlobe electrodes sorted

together. Two electrodes were placed on the outer cantus

and under the left eye, respectively, to record eye

movements (horizontal and vertical EOG). Each channel

had its own analogical-to-digital converter (ADC). The

EEG and EOG signals were digitalised on-line with a

frequency rate of 512 Hz and a conversion resolution of

0.19 mV/digit.
Impedance was kept lower than 5 kU. Signals were

digitally filtered in the 0.03–30 Hz range.
2.4. Data analysis

The maximal RT allowed was 1500 ms. All trials with

incorrect response were excluded from further analyses.

Trials with erroneous or anticipated responses (RT!
150 ms), trials without response and those with artefacts

(e.g. EOG variations exceeding G50 mV, or variations of

any scalp electrode exceeding G100 mV), were automati-

cally excluded from further analyses.

EEG and EOG signals were epoched off-line in the

interval starting with 100 ms prior to stimulus onset and

ending at 900 ms after. Baseline correction was applied using

the sample points recorded 100 ms prior to stimulus onset.

The electrodes O1/2, PO3/4, T5/6, P3/4 were considered.

Component peak latencies were defined as the sample point

with maximal value, for the P1, and minimal values for the

N1 and the N2pc in the 80–180, 120–250, 180–300 latency-

windows, respectively. Component peak amplitudes were

defined as the amplitude of the same sample points. The

N2pc was computed as the difference between the waves

ipsilateral and contralateral to the target in the T5/T6

electrodes, where the component has been found to have the

highest amplitude (Wascher and Wauschkuhn, 1996).

2.5. Statistics

Each variable was checked by Kolmogorov–Smirnov test

to evaluate its fit to the Gaussian distribution. The Gaussian-

distributed variables are expressed as meanGSD; the non-

Gaussian distributed ones are expressed as median and

interquartile interval.

Repeated measures were compared by the paired

Student’s t test for Gaussian distributed variables, and by

the Wilcoxon test for non-Gaussian distributed variables.

Repeated-measures ANOVA was used, with the group

(cirrhotics vs. controls or patients with MHE vs. without

MHE) as the between-subjects factor, and Simon task

condition (corresponding vs. non-corresponding) as the

within-subjects factor.

To analyse the time course of the Simon effect, RTs were

divided in quintiles (bins) from the fastest to the slowest,

separately for corresponding and non-corresponding trials

and a repeated-measures ANOVA was performed with the

group as between-subjects factor, the Simon task conditions

and the Bin (5 quintiles from the fastest to the slowest) as

within-subjects factors.

For the significant effects, Post-hoc analysis was carried

out using the Tukey HDS test.
3. Results

3.1. Behavioural data

Behavioural results are summarized in Table 2. The

Simon effect (i.e. slower RTs in the non-corresponding



Table 2

Mean reaction times and accuracy of cirrhotic patients and controls

Conditions of the Simon task

S–R corre-

sponding

S–R non-corre-

sponding

Reaction times

(ms)

Cirrhotic

patients

623 (138)** 655 (134)*,**

Cirr. without

MHE

537 (93) 575 (91)*,**

Cirr. with MHE 745 (89)**,*** 772

(94)*,**,***

Healthy con-

trols

473 (76) 497 (73)*

Correct

responses (%)

Cirrhotic

patients

93 (7) 91 (8)*

Cirr. without

MHE

95 (4) 93 (6)

Cirr. with MHE 89 (9)** 88 (9)**

Healthy con-

trols

97 (2) 95 (3)

*P!0.05 vs. corresponding condition; **P!0.05 vs. controls; ***P!0.05

vs. cirrhotics without MHE. Values expressed as mean (SD).

Fig. 1. The graph represents the temporal evolution of the Simon effect in

controls subjects (black lines), cirrhotic patients without MHE (dark grey

lines) and with MHE (bright grey lines). Corresponding condition is

depicted with solid lines and the non-corresponding condition is depict with

dashed lines. Even if a shift along the temporal dimension is evident, the

decay of the Simon effect with slower RTs is present in all 3 groups.

Patients with MHE showed a higher increase of RTs with bins compared to

both controls and patients without MHE.
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condition) was observed both in cirrhotic patients (P!
0.0001) and healthy controls (P!0.005). Accuracy in non-

corresponding trials was found significantly lower than the

corresponding one in control subjects (P!0.005), but not in

cirrhotic patients. In cirrhotic patients, RTs for both the

corresponding and non-corresponding conditions were

significantly delayed compared to healthy controls (P!
0.005). Accuracy was not significantly reduced in cirrhotic

patients compared to controls, even if a trend for a lower

accuracy was observed (see Table 2). No interactions

involving groups and task conditions were found, even if a

trend for a grater Simon effect in cirrhotic patients than in

controls was detectable (32 vs. 24 ms, PZ0.32).

In patients with MHE the RTs were significantly slower

than in the other groups (F2,24Z22.1, P!0.01; post hoc

test: MHE vs. non-MHE, and MHE vs. controls: P!0.001),

in both the Simon task conditions. In contrast, patients

without MHE showed slower RTs compared to controls

only in the non-corresponding condition (post hoc test: PZ
0.05). Patients with MHE performed the task with a lower

accuracy than both controls and patients without MHE

(ANOVA: F2,24Z6.4, P!0.05; post hoc test: MHE vs.

controls and MHE vs. non-MHE: P!0.05).

The RT distributional analysis revealed a significant

group effect (ANOVA: F2,24Z22.1, P!0.001): cirrhotic

patients with MHE showed slower RT than either controls

or patients without MHE (post hoc tests: P!0.05); a

significant within effect of task conditions (ANOVA:

F1,24Z37.6, P!0.001): slower RT in the non-correspond-

ing condition; as expected, a significant interaction between

bins and task conditions (ANOVA: F4,96Z24.4, P!0.001):

the Simon effect disappears with slower RTs. Planned

comparisons between consecutive pairs of bins revealed that

the Simon effect decreased significantly from the forth bin

to the fifth in both controls and patients (for all P!0.01). An
additional bin x group interaction was found (ANOVA:

F4,96Z24.394, P!0.001): patient with MHE showed

slower RTs with later bins compared with both controls

and patients without MHE (see Fig. 1).
3.2. Electrophysiological data

Mean amplitude and latency of the P1, N1 and N2pc ERP

components, measured in T5/T6 derivations, both in

patients and controls, are reported in Table 3.

Repeated-measures ANOVAs were performed for both

latency and amplitude of P1 and N1 components. Group was

used as between-subjects factor and electrode site (O1/2,

PO3/4, T5/6 and P3/4) as within-subjects factor.

No significant differences between cirrhotic patients and

controls and between patients with and without MHE were

found in P1 and N1 latency. Moreover, no significant

differences between cirrhotic patients and controls and

between patients with and without MHE were found for P1

and N1 amplitude. A significant effect of electrode site was

found for both P1 and N1 amplitude (F3,75Z2.8; P!0.05

and F3,75Z6.05; P!0.001, respectively). Concerning P1

amplitude, post-hoc analysis showed no significant

differences among various electrode sites. In contrast, for

N1 the effect of electrode site is due to a significant

difference between P3/4 and the others electrodes in patients

without MHE (post hoc test: P!0.001).

In contrast to P1 and N1 exogenous components, N2pc

latency (but not its amplitude) was found to be significantly

different in cirrhotic patients compared with controls (t25Z
3.1, P!0.01). The latency of N2pc was delayed in cirrhotic

patients with respect to controls (265G25 vs. 237G20 ms).

No difference was found between patients with and without

MHE (see Fig. 2).



Table 3

Mean amplitude and latency of P1, N1 and N2pc ERPs components

Amplitude (mV) Latency (ms)

P1 Cirrhotic patients 2.9 (2) 112 (31)

Cirr. without MHE 2.2 (2.4) 106 (22)

Cirr. with MHE 3.9 (2.4) 121 (36)

Healthy controls 2.3 (1.5) 109 (12)

N1 Cirrhotic patients K4.1 (4.2) 161 (23)

Cirr. without MHE K5.6 (2.5) 158 (13)

Cirr. with MHE K2.4 (2.1) 166 (34)

Healthy controls K3.9 (1.8) 155 (16)

N2pc Cirrhotic patients K3.1 (1.6) 265 (25)*

Cirr. without MHE K3.2 (1.9) 270 (18)*

Cirr. with MHE K2.8 (0.8) 260 (33)*

Healthy controls K2.3 (0.9) 237 (20)

*P!0.05 vs. controls. Values measured in T5/T6 expressed as mean (SD).
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4. Discussion

In this study, the efficiency of bottom-up and top-down

mechanisms involved in perceptual and post-perceptual

selective processes of the extrastriate cortex of cirrhotic

patients without overt HE was explored. To that purpose,

ERPs were recorded during the execution of a visual

discrimination Simon task. The analysis of the ERPs

revealed that the early stages of visual information

processing (P1 and N1 components) are maintained even

when target selection processes are altered (N2pc), and that

an alteration of these processes is detectable even in patients

without MHE.
Fig. 2. Target ipsi/contra difference of ERPs recorded in T5/T6 derivation sites in c

with MHE (dotted line). The N2pc is the component with its negative peak betw

patients compared with controls. No difference was found between patients with
Deficit of visual selective attention is a well recognised

feature that may occur in cirrhotic patients, even in those

without overt HE (Amodio et al., 1995, 1998, 2005;

Weissenborn et al., 2001). Visual input travels from V1

through two possible pathways: the ventral and dorsal

stream (Ungerleider and Mishkin, 1982). The ventral

pathway connects V1 and V2 with V3 and V4 and these

areas, in turn, with the inferotemporal cortex (IT). Its main

function is object discrimination and identification. The

dorsal pathway connects V1 and V2 to the posterior parietal

cortex and its main function is the analysis of spatial aspects

of visual objects. The interaction between these two

pathways allows goal-directed selection. This interaction

is also modulated by sub-cortical structures such as the

thalamus and the superior colliculus (LaBerge, 1995). P1

and N1 latencies provide temporal markers of those

processes involved in the analysis of visual input flowing

from V1 to IT along the ventral stream. In contrast, N2pc

latency provides a temporal marker of the top-down

modulation coming from the posterior parietal cortex and

dorsolateral prefrontal cortex (Eimer, 1998).

In the present study the analysis of visual P1 and N1

amplitudes and latencies showed that cirrhotic patients’

extrastriate bottom-up processes are maintained while the

extrastriate top-down processes reflected by the N2pc are

already altered. These findings are in agreement with a

previous study of Kugler et al. (1994), who studied a group

of cirrhotic patients recording P1, N250 and P300 latency

evoked by a visual oddball task. They found that patients
ontrol subjects (solid line), cirrhotic patients without MHE (dashed line) and

een 200 and 300 ms. The latency of this component is delayed in cirrhotic

and without MHE.
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without overt HE showed delayed N250 and P300 latency

but a normal P1. The latency of the P1 increased

significantly only in patients with overt HE (Kugler et al.,

1994).

The neurobiology of higher sensitivity of top-down than

bottom-up processes to the neurotoxins causing HE is far to

be explained. Both differences in neuromediators-receptors

and synaptic pathways can be hypothesized. At any rate,

behavioural studied measuring RTs showed that the higher

is task complexity, the higher is the difference between the

performance of cirrhotic patients and healthy subjects.

Since, high complex tasks require high top-down control, it

is arguable that these processes are more involved in the first

stages of HE. Furthermore, hypo-metabolism in specific

target associative brain areas suggest an impairment of the

control of tasks demands.

A second aim was to study the Simon effect and its time

course in cirrhotic patients. We found that cirrhotic patients

without overt HE showed delay RTs in the non-correspond-

ing condition of the Simon task compare to controls and that

patients with MHE have delayed RTs also in the

corresponding condition compared to both patients without

MHE and controls. Distributional analysis of RTs showed

that the Simon effect decays parallel to the increase in RTs

both in controls and in patients with and without MHE.

Moreover, the interaction between bin and groups showed

that patients with MHE had slower RTs especially in the

latest bins compared to patients without MHE and to

controls. A similar result was previously described by Elssas

and collaborators (Elsass et al., 1985) with a simple RT task.

These authors showed that the slowest RTs discriminate

better the performance of controls from that of patients with

HE compared to the fastest RTs. The difference in the

distribution of RTs between patient with MHE and controls

may be ascribed to the impairment at the stage of response

selection that is detectable in patients with MHE (Joebges et

al., 2003; Schiff et al., 2005).

As suggested by Wascher (2005), the N2pc latency

seems to be related to the time course of the Simon effect.

The decay hypothesis of the Simon effect postulates a

dependency between the timing of stimulus localization and

response execution (Hommel, 1993, 1994; Wascher, 2005).

Following this hypothesis, if target localization (indexed by

N2pc latency) is delayed in cirrhotic patients also the decay

of the Simon effect should be shifted along the temporal

dimension. In accordance with this prediction, our data

showed that cirrhotic patients delayed RTs and N2pc

latency, but the time course of the Simon effect were

found to be normal. In contrast, patients with MHE showed

longer RTs than controls and patients without MHE, while

their N2pc latency was delayed compared to controls, but

not compared to patients without MHE. However, it is

important to underline that the processes involved in target

localization and selection are not the only ones involved in

the Simon task. Pre-motor and motor processes are also

modulated by task conditions (Oostenveld et al., 2001;
Praamstra and Oostenveld, 2003; Valle-Inclán, 1996;

Vallesi et al., 2005; Wascher et al., 2001; Wiegand and

Wascher, 2005). In a recent study, Schiff et al. (2005)

showed, using the lateralized readiness potential (LRP),

that spatial code interferes at pre-motor level with response

selection in both cirrhotic patients with and without MHE;

in contrast, motor processes are delayed in MHE patients

only. These data corroborate our finding of a greater

difference between patients with MHE and without MHE in

the slowest part of RTs distribution.

In conclusion, the present study showed that: (1) in

cirrhotic patients a functional dissociation between top-

down and bottom-up processing efficiency in the

extrastriate cortex dose exist; (2) the alteration of top-

down, but not bottom-up, extrastriate processes contrib-

utes to the slowing of RTs detectable in cirrhotic patients

without overt HE; (3) RTs delay in patients with MHE

increases with bins.
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