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CHAPTERR VI 

GENERALL  DISCUSSION 

Inn general, electrophysiological recordings of the visual system comprise 
recordingg of "early" (primary) and "late'*  (event-related) components. The cellular 
basiss of electric brain activity and different recording techniques, including EEG and 
MEG,, are introduced in the first chapter. Chapter 2 of mis thesis reports on an 
improvedd method for the clear identification of visual event-related components, 
whichh can be achieved by optimizing the stimulus parameters, in particular low 
contrastt and large checks, and by choosing an age-group specific number of 
recordingg sites over the scalp. 
Inn a complementary approach, described in chapter 3, visual event-related 
componentss simultaneously recorded with EEG and MEG techniques in young 
subjectss are described, revealing overlapping yet distinct findings. Strengths and 
weaknessess of both techniques are discussed based on recordings of visual event-
relatedd potentials (ERPs). 
Inn a clinically oriented study, described in chapter 4, the latencies of the components 
off  the visual ERPs are compared between healthy (control) subjects and patients with 
subclinicall  hepatic encephalopathy (SHE): delayed P3a and P3b components were 
foundd to be suggestive of early (subclinical) stages of hepatic encephalopathy. 
Takenn together, the improved recording techniques facilitate the characterization of 
individuall  evoked components, some of which are altered in early stages of brain 
pathology,, and could therefore be instrumental for a better understanding of brain 
function. . 

6.1.. Clinical relevance of the visual ERP 

Deviationss of event-related potentials, especially of the auditory P3b* component, 
havee been found to be indicative of initial or advanced forms of cognitive disorders, 
inn particular memory, alertness, and other attention-based deficits. In some of these 
disorders,, the cognitive function is affected primarily, whereas in others, it is 
secondaryy to another neurological or non-neurological disease. For example, various 
typess of dementia, including Alzheimer's disease and Huntington's disease belong to 
thee primarily cognitive disorders, and display changes in the latency and amplitude 
off  P300. (Goodin et al., 1978; Rosenberg et al., 1985; St Clair et al., 1985, 1988; 
Gordonn et al., 1986; Patterson, 1988; Ito, 1991; Pohch and Hoffinan, 1997). 
Neurologicall  disorders with secondarily affected cognitive function are, for example, 
Parkinson'ss disease (Hansen et al., 1982, Lagopoulos et al., 1998) and multiple 
sclerosiss (Tourtellotte et al., 1984; Giesser et al., 1992). Delayed P3b latencies have 

11 In the literature the term P3b has been applied with the same meaning as P3 and P300. 
Studiess have shown that all these terms hold for the positive component with a parietal 
maximum,, peaking about 300 ms after the stimulus onset 
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beenn found also in metabolic disorders based on chronic renal failure (Cohen et al., 
1983),, liver failure (Kügler et al., 1991, 1992), chronic or acute ethanol intoxication 
(Pfefferbaumm et al., 1987; Taghavy et al., 1991), and hypoxia (Fowler and Lindeis, 
1992). . 
Itt is still under discussion whether P3b is usable in clarifying the extend of the 
cognitivee impairment in neuropsychiatric disorders such as epilepsy, schizophrenia, 
andd depression (Pfefferbaum et al., 1984; Pritchard, 1986; Gottlieb et al., 1991; 
Naganumaa et al., 1997). 
Too record ERPs in children, auditory stimuli have been more frequently used than 
visuall  stimuli since it was shown that for a child it is more difficult to maintain 
attentionn to a screen than to listen to sounds. In clinical research ERPs have been 
investigatedd in children with a family history of alcoholism (Van der Stelt et al., 
1998;; Rodriguez-Holguin et al., 1998), with increased risk of schizophrenia, 
(Schreiberr et al., 1996), with cochlear implants (Kileny et al., 1997), with partial 
epilepsyy (Naganuma et al., 1997), and in Down's syndrome (Kaneko et al., 1996). 
Thee results showed that P3 latency and/or amplitude can be altered, and thus could 
bee indicative of the cognitive impairment in these disorders. 
Thee study described in chapter 4 parallels and extends the observation that both 
visuall  (non-cognitive) P3a and cognitive P3b components can be used for the 
detectionn of initial neur©pathophysiological changes in the brain. In particular, this 
studyy demonstrates for the first time that in patients with cirrhosis but without 
clinicall  signs of encephalopathy the latencies of both visual P3a and/or P3b 
componentss can be altered, i.e., that these patients may have subclinical hepatic 
encephalopathyy (SHE). Interestingly, P3a and P3b exhibit different "sensitivity" in 
detectingg SHE, whereas N200 is not altered, and therefore has no diagnostic value. 
Thiss latter finding is not consistent with previous findings on visual N200 in 
detectionn of SHE (Taghavy and Kügler, 1988). In this study, however the visual 
stimulii  were not optimized to evoke ERPs (small checksize events presented with 
highh contrast, i.e., flash) and the distinction among the various event-related 
componentss was limited since the recording was estimated from one derivation only 
(Oz-Fz,, see below for details). In contrast, the latencies of the auditory P3a and P3b 
inn patients with cirrhosis and without clinical signs of encephalopathy did not appear 
too bee indicative of detecting SHE compared to the latencies of the visual P3a and P3b 
inn these patients. In our study this was shown in nine cirrhotic patients, to whom, 
duringg the course of the visual stimuli, two types of auditory tone bursts were 
presented:: "frequent" auditory stimuli at 2 kHz (low tone) and events at 8 kHz (high 
tone).. The presentation of the "frequent" stimuli of both modalities rarely coincided 
inn time, whereas the "events" never coincided (chapter 2). The ERPs were recorded 
ass the patient counted either the visual events or the auditory events. In two of these 
patientss the latency of the visual P3a was delayed (i.e., latency greater than mean 
latencyy + 2SD), and in one of them the auditory P3a was delayed as well. In three 
patientss the visual P3b component was significantly delayed, whereas in only one of 
themm the auditory P3b was delayed (the same patient with the delayed visual and 
auditoryy P3a components), in the remaining two patients the auditory P3b was within 
thee control range. These results suggest that ERPs elicited by visual stimuli are more 
sensitivee in detecting SHE than ERPs generated by auditory stimuli. This is further 
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supportedd by results from other studies on patients with cirrhosis in whom detection 
off  SHE through the latency and/or amplitude deviations of auditory ERPs was 
unreliablee (Davies et al., 1990; Weissenborn et al., 1990). The auditory stimuli, 
whichh we used, were not optimal to evoke N200, and thus, this component could not 
bee detected neither in patients nor in control subjects. 
Inn consistence with previous studies on SHE, our results show that the amplitudes of 
thee event-related components are not altered and therefore cannot be suggestive for 
developmentt of SHE in patients with cirrhosis (Taghavy and Kügler, 1988). 
Inn the patients described in chapter 4 the primary onset/offset visual evoked 
potentialss (VEP), pattern-reversal VEP and alpha rhythm of the spontaneous EEG 
weree also recorded, and they showed non-significant deviations (latency, amplitude, 
frequency)frequency) from normals. This is in agreement with previous studies on SHE (Van 
derr Rijt et al., 1984; 
Mendirattaa et al., 1990) and leads to the conclusion that the visual "late" components 
aree more reliable in detecting abnormal brain function in cirrhotic patients than 
primaryy ("early") components or the spontaneous EEG. 
Previouslyy it has been found that the number-connection test (NCT) is related to 
aspectss of cognition different from the ERPs, in particular that NCT measures 
cognition-guidedd motor abilities, whereas ERPs measure sensory-based cognitive 
abilitiess (Quero et al., 1996). This idea is in line with our results that the sensitivity 
off  NCT is different from the sensitivity of ERPs: In particular, in patients with 
cirrhosiss without overt encephalopathy, in whom the NCT time was delayed, the 
ERPss were within normal limits and vice versa (chapters 4 and 5). Furthermore, it 
appearss that in SHE various stages of cognition are differently affected (P3b 
componentt and NCT), but also non-cognitive mechanisms are disturbed (P3a 
component).. Thus, to ascertain initial brain impairment in patients with cirrhosis 
withoutt overt encephalopathy both types of tests, visual ERPs and NCT, should be 
applied. . 
Inn addition, for clinical investigations age-matched control data are a prerequisite 
sincee the ERPs vary with age, showing large latency variations during brain 
maturationn (Polich, 1998; chapters 2 and 3 of this thesis), and may also depend on 
laboratory-specificc stimulus and recording conditions. 

6.2.. Number  of scalp electrodes required to record visual ERP 

Inn most studies on visual, auditory, and somatosensory ERPs in healthy adults, three 
recordingg positions along the midline of the scalp have commonly been used (Fz, Cz, 
andd Pz; Ford et al., 1982; Pfefferbaum et al., 1984; Pfefferbaum and Ford, 1988; 
Gordonn et al., 1986; Patterson et al., 1988). In these reports, however, emphasis was 
placedd on the parietal P3 (P3b) component, and less on the frontal P3a. Taghavy and 
Küglerr (1988) recorded visual ERPs from only one derivation: the Oz-Fz bipolar 
leadd (Taghavy and Kügler, 1988). This technique does not allow separate detection 
off  P3a and P3b components, and the only isolated late components are "N250" and 
"P300".. Moreover, the stimuli presented by these investigators elicited responses in 
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whichh it was difficult to distinguish between "early" (primary) and "late" (event-
related)) components (discussed also in chapter 2). The methodology described has 
beenn used in evaluating brain function of patients with cirrhosis without clinical 
signss of encephalopathy, in whom the latencies of both N250 and P300 were found 
too be changed implicitly (Kügler et al., 1992). 
Too record ERPs in children and young adults multiple scalp electrodes (mounted in 
ann electrode cap) or fewer number of electrodes have been employed (Van der Stelt 
ett al., 1998; Harter and Anllo-Vento, 1991). Courchesne et al., (1981) described a 
negativee "Ne" and following positive "Pc" component in the responses to frequently 
presentedd feces (best recorded frontally) and Nc only to "infrequent" feces of 4 to 7 
monthss old infents (Courchesne et al., 1981). These components were recorded with 
thee same optimal recording sites in 6 to 8 year old children, in whom a clear P3b-like 
componentt to rare auditory stimuli has been described (Courchesne 1987). Nc and Pc 
aree already present in the earliest months of life, decrease in amplitude with age and 
wanee in adolescence, whereas P3 is the only detectable peak after the first year of 
life,, and develops more slowly. It is best recorded occipitally and becomes 
prominentt parietally in adulthood. 
Too record visual ERPs in healthy adults (40-60 years) we used four scalp recording 
sitess (near Fz, Cz, Pz, and Oz; chapter 2): The N200 component is spatially limited 
occipitallyy (near Oz), P3a has a fronto-central maximum (near Fz; Cz) and P3b has a 
parietall  maximum (near Pz). The data obtained from 32 scalp electrodes do not add 
extraa information to latency and amplitude determination of these components. In 
adultt patients with cirrhosis without overt encephalopathy (40-60 years), however, 
wee conclude that only three electrodes are enough to record visual ERPs (Fz, Cz, and 
Pz)) since the latency changes of the fronto-central P3a and the parietal P3b are of 
clinicall  importance for the detection of subclinical hepatic encephalopathy (SHE; 
chapterr 4). 
Ourr results show that in children (4-12 years) and young adults (13-20 years) the 
montagee with four electrodes near Fz, Cz, Pz, and Oz can be commonly used for 
bothh healthy subjects and patients: N200 is maximal occipitally just as in adults, 
whereass P3a has a centro-parietal maximum and P3b has an occipital maximum. 
Thus,, the optimal locations for both P3a and P3b components in children are 
"shifted""  towards the occipital part of the head, which is in accordance with previous 
findingsfindings of Van der Stelt and colleagues (Van der Stelt et al., 1998). To avoid 
occasionall  overlap between P3a and P3b, the P3a peak should be measured at Fz 
and/orr Cz, where it can be recorded as a single peak. The occipital electrode site is 
moree informative in children compared to adults, in addition to N200 and P3b, a 
laterr P3c component with an occipital maximum is also detected, especially in 
childrenn below 12 years of age (chapter 3). Because in children various components 
aree isolated from the occipital area of the head (N200, P3b, and P3c) and the inter-
hemisphericc variation of their maximal amplitude appears to be large (N200, P3c), 
wee attached additional occipital electrodes when investigating visual ERPs in 
childrenn (near Oi and 02). Thus, four midline electrodes (near Fz, Cz, Pz, and Oz) 
andd two occipital electrodes (near O, and 02) are used best when recording visual 
ERPss in children. 
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6.3.. Stimulus conditions to record visual ERP 

Itt is well known that to generate event-related potentials two kinds of stimuli are 
presented,, one of which occurs more frequently ("frequent" stimulus) than the other 
(event).. In an experimental session, the subject is required to mark the occurrence of 
thee relatively rare stimulus, i.e., event, by pressing a button or by mental counting, 
so-calledd "counting" or "task-relevant" condition. Such stimulus evaluation results in 
ann enhanced P3 component with a centro-parietal scalp distribution, termed as P3b 
by y 
Squiress et al., (1979). Importantly, P3b is evoked by rare "meaningful" events, but 
independentt of the sensory modality of the event. When a subject is asked to ignore 
thee "events", a component with a fronto-central scalp distribution, P3a is produced, 
so-calledd "ignoring" or "task-irrelevant" condition (Squires et al., 1975). P3a is 
foundd also to result from novel stimuli (Courchesne et al., 1975). There are no 
reportss on modality dependence of P3a. 
Itt was found that the scalp topography of N200 component is related to the sensory 
modalityy of the stimulation. For example, auditory N200 appears with a fronto-
centrall  maximum, whereas visual N200 with an occipital maximum (Simson et al., 
1977;; Alho et al., 1994). N200 is usually described in association with the modality 
specificc mismatch negativity (MMN; Naatanen, 1978, 1991; Alho et al., 1994; 
Tiitinenn et al., 1997). 

ERPss have been recorded in response to a variety of visual stimuli among which are 
"go-no-go""  words of Pfefferbaum and Ford (1988), letters or numbers (Beck et al., 
1980;; Courchesne et al., 1977), symbols (Knight, 1997), colored stimuli (Picton et 
al.,, 1984), and flashes (Ford et al., 1982). Pattern-flash checkerboard stimuli 50' 
("frequent")) and 12.5' (event) were presented by Taghavy and Kügler (1988), who 
couldd not isolate separate P3 components for two reasons. Firstly, only one 
derivationn for measuring late components was used (Oz-Fz). Secondly, there was a 
largee overlap between components of the primary sensory ("early") response to the 
stimuluss itself and the "later" event-related response as a result of the high contrast 
("flash")) and small check size (12.5') of the event (see chapter 1). 
Polichh (1998) in his review on clinically applied auditory ERPs suggests optimized 
"event-related""  stimulation: 1000 Hz ("frequent") and "infrequent" 2000 Hz tone 
("event"),, with 70 dB sound pressure level (SPL). The choice of such stimuli is 
basedd on the sensitivity of the auditory system to these particular frequencies and 
SPL,, which appear often in speech (Polich, 1998). 
Somatosensoryy modality is also used to elicit ERPs. For example, electric pulses or 
shockss have been applied to the index and middle fingers of both hands in human 
subjects,, instructed to respond to stimulation of only one finger (Yamaguchi, 1991; 
Barrett,, 1987; Picton et al., 1984). These stimuli could evoke P3 component 
Inn chapter 2 of this thesis it is shown that although the "counting" task is relatively 
simple,, its experimental application requires consideration of stimulus characteristics 
(patternss size, frequency, contrast, intensity), number of recording sites and their 
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locationss across the scalp. In addition, processing of the detected signals, 
amplificationn and proper filtering are critical for the outcome of the recording. 
Inn this thesis the stimulus parameters for recording visual ERPs were optimized 
(chapterr 2), and applied in two consecutive clinical studies (chapters 4 and 5). 
Too diminish the "early" primary components of the ERP and to record distinct "late" 
components,, large pattern "infrequenf * visual stimuli at low contrast can be used 
(e.g.,, 200' checks at 10% contrast, Giger-Mateeva et al., 1999a). There is no need to 
correctt precisely the size of the "infrequent" checkerboard stimuli, as long as it is 
certainn that the subject is able to discriminate the large events on the screen. 
Furthermore,, our findings are in agreement with these of SchOrmann et al. (1995) 
andd Yordanova and Kolev (1998) that a narrow-band filtering of the recorded signal, 
inn particular from 0.5 to 5 Hz, is usable to extract the event-related responses of 
interestt N200, P3a, P3b, and P3c (chapter 2). 
Inn chapter 2 it was shown that N200 component is evoked under both counting and 
ignoringg the visual events (i.e., large checks), whereas P3a is elicited under counting 
andd ignoring the large checks conditions, and also after standard onset/offset large 
checks.. The P3b component was detected in the counting condition, for some cases 
alsoo in the ignoring condition, especially if a subject was already familiar with the 
experimentss (i.e., retesting experienced subjects). This suggests that memorising the 
taskk could be involved. 
Thee auditory stimuli used in the thesis were not optimized for eliciting distinct late 
components:: The aim was to create a distractive event of modality other than visual, 
andd to focus on the visual ERPs in mis experimental condition, in particular on the 
amplitudee of visual P3b in that condition. Thus, auditory N200 could not be elicited, 
whereass both auditory P3a and P3b were clearly isolated. 

6.4.. Source localization with EEG and MEG 

Off  great interest in (cognitive) neuroscience is to localize distinct areas in 
thee brain, which are involved in "higher processing" of input sensory information. 
Onee approach toward elucidating which structures in the brain participate at different 
levelss of information processing is the monitoring of evoked electrical potentials 
(EPs)) and/or evoked magnetic fields (EFs). 
Measurementss of EPs or EFs have been used to determine the location of distinct 
brainn activity. Usually this was done by presenting specific sensory stimuli and 
analyzingg the data recorded from many different electrode/sensor positions on the 
scalp.. Given the distribution of the EP or EF over the scalp, there are two methods to 
determinee the location(s) of the underlying sources (Regan, 1989). The so-called 
"forward""  method is used to make an "informed guess" about the electrical 
characteristics,, location and geometry of the generators (sources) and then calculate 
thee scalp distribution. Alternative source geometries are then compared with the 
experimentallyy measured EP and EF topography. An alternative method is the 
"inverse""  method (so-called "inverse problem"). This method is used to calculate the 
locationss of the generators directly from the distribution over the scalp of the EPs 
and/orr EFs scalp distribution. Because the "inverse" method is more frequently used, 
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includingg work presented in this thesis, a short explanation of its procedure is 
necessary. . 
Thee dipole model is a good approximation of the origin of bioelectrical activity. One 
departss from the dipole model to solve the "inverse problem". The "inverse problem" 
aimss to find those dipole parameters for which the model predictions fit  the EP and 
EFF recordings best. However, apart from the dipole model, which models the 
generationn of the sources, a head model is needed as well. For VEP studies, the head 
iss usually described with the so-called four sphere model in which the four spheres 
representt brain, cerebrospinal fluid, skull, and skin (Hosek, 1978; Stok et al., 1986). 
Eachh of these spheres is inhomogeneous and has a different conductivity. There are 
twoo strategies of dipole modeling, the moving and stationary dipole model. In the 
movingg dipole model it is assumed that the activity of the brain derives from a single 
dipolee source that changes its position, orientation and amplitude at every time 
instantt (Kavanagh et al., 1978; Stok et al., 1986). The stationary dipole model 
assumess that the responses originate from stationary dipoles, each with fixed position 
andd orientation, but varying in strength (Maier et al., 1987; De Munk et al, 1990). 
Thee exact procedure of solving the "inverse problem" involves complicated 
mathematicall  procedures that are beyond the scope of this thesis (for details see 
Regan,, 1989). 
Thee distribution of the electric fields at the surface of a conductor due to a dipole 
sourcee sphere-head model strongly depends on the conductivity in the conductor, 
whereass the distribution of the corresponding magnetic fields does not depend on the 
conductivityy in the conductor (Lopes da Silva and Van Rotterdam, 1987). 
Furthermore,, a source tangential to the surface contributes to both electric and 
magneticc fields, whereas radial sources (superficial or deep) contribute only to 
electricc fields (Lopes da Silva and Spekreijse, 1991). 

ClinicalClinical applications of EEG and MEG source evaluation In the presurgical 
evaluationn of patients with temporal lobe epilepsy (TLE), invasive methods 
employingg depth or subdural electrodes have been used if results of various non-
invasivee methods are not accurate enough to identify the underlying epileptogenic 
foci.. Since surgical procedures are involved to place these electrodes, such invasive 
methodss cannot avoid carrying potential risks of infection and brain damage to the 
patient. . 
Ass an alternative method, recently, MEG has been considered as a promising tool to 
locatee and investigate in a non-invasive way sources of focal epilepsy, in particular 
whenn the activity is located superficially, for example in the lateral temporal lobe 
(Barthh 1984; Ricci et al., 1985; Rose et al., 1987). However, there are limitations to 
thiss approach, for example it is difficult to detect epileptiform spikes coming from 
deepp and central structures in the brain (Ricci et al., 1985; Mikuni et al., 1997). A 
possiblee explanation for the difficulties experienced with deep sources is that the 
magneticc field over the scalp produced by deep currents is small in comparison with 
thee magnetic fields of the background brain activity, which originate from the 
superficiall  cortex (see chapter 1, section 1.5). 
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Resultss from multiple scalp electrodes have suggested that the N200 component of 
ERPss originates from modality specific sensory association cortices (Renault et al., 
1982;; Naatënen and Picton, 1986). Surface and intracranial recordings of P3a and 
P3bb have shown deep brain sources such as the hippocampal region for P3a (Knight, 
1996),, and multiple in particular deep (hippocampus, thalamus) and cortical sources 
forr P3b (McCarthy et al., 1989; Rogers et al., 1991; Verleger et al., 1994; Knight, 
1997).. MEG studies have provided additional evidence that multiple posterior brain 
regionss including modality specific cortices contribute to the scalp-recorded visual 
andd auditory P3b (Rogers et al, 1993). However, it is important to keep in mind, that 
thesee measurements cannot detect dipoles perpendicular to the scalp, which is a 
majorr limitation of MEG for source localization (Hari and Lounasmaa, 1989). 
Thee results from the source analysis of deep generators like these of P3a and P3b 
usingg EEG and MEG techniques (chapters 2 and 3 of this thesis) are in accordance 
withh previous results on source localization of deep sources (especially in epilepsy), 
applyingg the same techniques (Ko DY et al., 1998; Watanabe et al., 1996). Thus, 
EEGG facilitates detection of deep sources, whereas MEG records superficial and 
tangentiall  sources or such components of deeper sources (chapter 3). For example, 
P3aa and P3b components can be best recorded and evaluated from scalp electrodes 
(chapterss 2 and 3), whereas MEG detects corresponding time-locked components 
comingg from superficial and tangential to the scalp brain areas. 
Note,, that MEG also detects some activity from deeper sources, like in the case of 
P3aa (chapter 3). 

Itt is well established that full-field stimulation of the eyes causes symmetrical 
activationn of the visual cortex of both hemispheres. This has been described for the 
"early""  components of the cortical VEP to onset/oflset checkerboards (CI, CII and 
CIII)) the underlying sources of which are superficial with respect to the scalp (Maier 
ett al., 1987; Ossenblok and Spekreijse, 1991). It was shown that in order to find out 
thee minimal number of sources underlying an activity in the visual cortex firstly the 
numberr of sources in each hemisphere must be determined. Presenting half-field 
stimulationn to the eyes leads to asymmetrical, in particular contralateral to the visual 
fieldfield hemispheric activation of the visual cortex. This approach has been useful for 
investigatingg superficial sources for example, the source underlying the CI 
componentt of the cortical VEP to onset/offset checkerboards (Creel et al., 1981; 
Ossenblokk and Spekreijse, 1991). Accordingly, to investigate sources in the right 
hemisphere,, stimuli are presented in the left half of the visual field, and vice versa 
forr the sources in the left hemisphere. 

Inn our recordings we have seen that when N200 is evoked, both hemispheres are 
symmetricallyy active or the activity dominates in one of them (32 electrodes, 3 
healthyy adults, see chapter 2). Furthermore, source localization of N200 (assuming 
onee equivalent dipole) showed that its generator is moree superficial compared to the 
sourcess generating the P3a and P3b components of the visual ERPs (see chapters 2 
andd 3). In chapters 2 and 3 of this thesis it is discussed that the source of N200 can 
bee localized with both EEG and MEG, however in the EEG the radial component of 
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thiss source is detected, whereas MEG detects the superficial and tangential 
componentt of this source. 
Too determine the number of sources underlying N200 in four subjects we performed 
additionall  tests (age range between 29-56 years). On consecutive trials subjects were 
countingg full-field, left-half field and right half-field 171* visual events with a low 
contrastt (7-10 % contrast; mean luminance of the LCD screen 21 cd/m2). The event-
relatedd responses were recorded in the EEG (40, 60 or 63 electrodes) and MEG (148 
orr 151 sensors). Fig. 1 shows an example of the topographic maps of the electric 
fieldsfields in time (every 48 ms after stimulus onset) of a 29 years old subject. The 
recordingss are made while counting full-field (on the left), left (in the middle) and 
rightt (on the right) half-field 171' visual events. The N200 maximum is occipital 
aroundd 240 ms. Upon counted full-field visual events both hemispheres are activated, 
whereass upon counted left or right half-field visual events the activity is coming 
fromfrom the contralateral to the visual field hemisphere. The simultaneously recorded 
magneticc fields are presented in Fig. 2 and the results are consistent with these of the 
electricc fields. These findings suggest that there are two sources underlying N200 
evokedd upon full-field visual events. Furthermore, this is also in line with the source 
modelingg of the magnetic fields of N200 (assuming a single equivalent dipole), i.e., 
uponn full-field stimulation the source is in the middle of the head, whereas upon left 
half-fieldd stimulation the source is in the right hemisphere, and upon right half-field 
inn the left hemisphere. Source modeling of the corresponding electric fields was 
technicallyy difficult. 
Thee distribution of the electric fields of both P3a (around 340 ms) and P3b (around 
4800 ms) across the head is broad (Fig. 1) and does not change with the field of the 
presentedd visual events (full-field or half-field stimuli, Fig. 1). Similarly, there is no 
differencee in the distribution of the magnetic fields of P3a and P3b upon the field of 
thee visual stimulation (Fig. 2). 
Thus,, half-field stimulation is usable when investigating superficial sources of visual 
ERPss like these underlying the N200, whereas it has a weak advantage for localizing 
deepp ERP sources like these of the P3a and P3b. Furthermore, these findings strongly 
supportt that the visual N200 component originates from the area of the visual cortex. 

6.5.. Advantages and disadvantages of EEG and MEG techniques 

6.5.1.. Comparison 
Onee of the major advantages of MEG over EEG is the high spatial resolution, which 
allowss precise localization of the electrical sources that generate the corresponding 
magneticc fields (Romani et al., 1982). Studies using artificial conductive spheres 
withh implanted dipole sources and craniums from cadavers indicate a source 
localizationn accuracy within a few millimeters (Barm et al., 1986, Hari et al., 1988). 
Furthermore,, MEG signals pass through the tissue-layers surrounding the brain with 
relativelyy little distortion compared to the EEG signals (Cohen, 1972; Barth et al., 
1986).. Therefore, the magnetic pattern is unchanged, whereas the electric potentials 
aree dispersed and smeared. Importantly, MEG sensors detect fields from current 
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sourcess tangential to the scalp, whereas both radial and tangential currents cause 
electricall  fields on the surface. When the depth of the sources increases, the strength 
off  the magnetic fields decreases relatively more rapidly than the amplitude of the 
electricc fields. This means that a source located in the center of a sphere does not 
causee any external magnetic field, whereas electrical signals still can be recorded on 
thee surface. Therefore, MEG is suitable for studying mainly the cortical and 
tangentiall  contributions for a certain activity. 
MEGG technique is non-invasive, whereas EEG technique requires electrode 
attachmentt on the head surface or subdurally in the brain. MEG is designed to detect 
magneticc fields outside the head, originating from active brain structures (internal 
brainn currents), but it also detects the so-called "external magnetic fields", for 
examplee originating from cars passing by, chairs moving, metal objects moving. To 
isolatee internal from external fields and to obtain optimal quality brain recordings, 
experimentss ought to be carried out within magnetically shielded rooms, in particular 
madee of mu-metal (which provides shielding for low frequency external fields) and 
aluminumm (shielding for high frequency external fields). All moving magnetic 
materialss (magnets, metals, watches, etc.) should be avoided near the tested subjects. 
Thuss MEG measurements can best be done in a magnetically shielded room, whereas 
thee EEG can be recorded almost everywhere. 

6.5.2.. Suggestions 
Basedd on the experience gained during the work with simultaneous EEG/MEG 
techniques,, there are some practical points that are worth to be considered when 
choosingg between these two techniques. 
Theree is no control of the head position needed when working with EEG scalp 
electrodes,, whereas for MEG recordings head position ought to be determined This 
iss an important point, especially when working with children and young adults. 
Whenn using the EEG technique it is easier to observe and instruct (correct) the 
subjectt (patient) during the recording session since the contact with the 

Fig.Fig. 1 Maps of the distribution of the electric fields over the head (every 48 ms after stimulus 
onset;onset; 60 EEG channels) of a 29 years old subject. Electric fields evoked by counted full-field 
visualvisual events (171' checks, 7-10 % contrast) are shown on the left, by counted left half-field 
eventsevents in the middle and by counted right half-field events on the right of this figure. The 
meaningmeaning of the colors is red for positive, blue for negative and yellow for zero electric fields; 
thethe color scale is in the bottom of this figure. There are three maxima in the electric fields: 
occipitaloccipital ofN200 around 240 ms, fronto-central of P3a around 340 ms and parietal ofPib 
aroundaround 480 ms. Upon full-field  counted visual events, both left and right occipital regions of 
thethe head are symmetrically active during the time of N200, whereas upon left-half field 
stimulationstimulation the right occipital region is active alone, and upon right half-field stimulation the 
activityactivity comes from the left occipital region. The distribution of the electric fields ofP3a and 
P3bP3b are not significantly changed with the field of the presented visual events. 
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experimenterr is closer. The experimenter who is obtaining the data and the tested 
subjectt (patient) are both in the same room. In particular for patients and children 
suchh surrounding attention is especially important to get them relaxed and motivated. 
Ass mentioned earlier an important prerequisite for obtaining optimal MEG signals is 
forr the tested subject (patient) to remain alone in the acquisition room during the 
recordingg session. This condition, however, might be unbearable for a subject who 
hass difficulties with being isolated in a closed area, in particular claustrophobic 
individuals.. On the other hand our experience shows that recording MEG signals 
fromfrom very young children often requires the presence of a parent or experimenter, 
althoughh an extra person in the room is a potential source of additional "noise" to the 
signall  of interest (explained in chapter 1, 1.4.2). In such cases it is useful to record 
moree averages. For more "co-operative" children, however, the recording is possible 
sincee the attention of the child was focused on the screen while listening to the voice 
off  the mother who was reading a story through a microphone outside the 
experimentall  room. 
Ann additional external source of artefacts is (if used) the LCD screen on which visual 
stimulationn was presented (chapter 3). This artefact was recognised in the MEG and 
wass not present in the simultaneously obtained EEG (the peak-latency of the 
stimuluss artefact is 24 ms; Fig. 3a, chapter 3). Additional off-line artefact rejection of 
thee MEG data has improved the recorded picture (Fig. 3b, chapter 3). Furthermore, a 
subjectt her/himself may also contribute to artefacts in the signal. For example, 
movementss of the head and eye blinks in both EEG and MEG, as well as heartbeats 
inn the MEG may significantly disturb the recorded signals. 

Fig.Fig. 2 Maps of the distribution of the magnetic fields over the head of the subject 
whosewhose simultaneously recorded electric fields are shown in Fig. 1 (every 48 ms after 
stimulusstimulus onset; 151 MEG sensors). Magnetic fields evoked by counted full-field 
visualvisual events (171' checks, 7-10 % contrast) are shown on the left, by counted left 
half-fieldhalf-field events in the middle and by counted right half-field events on the right of 
thisthis figure. The meaning of the colors is blue for outgoing magnetic fields (positive), 
redred for incoming magnetic fields (negative) and yellow for zero magnetic fields; the 
colorcolor scale is in the bottom of this figure. The magnetic fields of the time 
correspondingcorresponding event-related equivalents are N200 around 240 ms, the P3a around 
340340 ms and the parietal of P3b around 480 ms. The distribution of the magnetic 
fieldsfields of the N200 is mid-occipital upon counted full-field visual events, right 
occipitaloccipital upon left-half field and left occipital upon right half field visual events. This 
resultresult is consistent with the results of the corresponding electric fields of N200 
shownshown in Fig. 1. The distribution of the magnetic fields of P3a and P3b are not 
changedchanged with the field of the presentation similarly to the corresponding electric 
fields. fields. 
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6.6.. Integration of MEG with other  functional brain imaging 
techniques s 

Thee various imaging techniques used to investigate the human brain fell into two 
categories:: structural and functional. Structural imaging techniques are designed to 
analyzee the anatomical features of the brain and any pathological structures such as 
tumorss and epileptogenic loci. Functional imaging techniques, on the other hand, are 
usedd to investigate which areas of the brain are active while performing a task, the 
sequencee of activation of those areas, and what happens to this functional 
organizationn in disease. 
Differentt brain imaging techniques are employed to assess the relationship between 
activee brain areas and their potential functions under different experimental 
conditions.. Functional imaging methods include (1) PET (positron emission 
tomography)) and SPECT (single photon emission computerized tomography), (2) 
fMRII  (functional magnetic resonance imaging), (3) EEG and (4) MEG. Each of them 
dealss with different aspects of brain activity and has different characteristics of 
spatiall  and temporal resolution. For example, PET and SPECT reveal details 
associatedd with the functional organization of the brain, in particular the relationship 
betweenn increased activity in a certain brain region and the increased glucose 
metabolismm in mat same area. To use any of these methods a radioactive tracer such 
ass an isotope of C (Carbon), N (Nitrogen), O (Oxygen) or F (Fluor) is injected into 
thee subject, which is preferentially taken up by parts of the brain that are very active. 
Gammaa rays associated with positron emission (or single photon emission) from 
thesee areas can be detected and analyzed to provide a functional map of brain 
activation.. In these techniques, the signal to noise ratio is often so poor that averages 
overr many subjects must be used, ignoring the feet that there can be a significant 
structurall  variation between different people. Both techniques are invasive and 
althoughh each individual radioactive dosage is low, experiments cannot be repeated 
manyy times in a short period of time. The temporal resolution of these techniques is 
poor,, and the spatial resolution of the acquired image is between 4 and 8 mm. 
Thee human body is primarily water and lipids, both containing many hydrogen atoms 
(approximatelyy 63 % hydrogen atoms). Hydrogen nuclei can be seen with magnetic 
resonancee imaging (MRI). For these reasons when placing a certain body portion 
(e.g.. a brain portion) in a strong magnetic field, a three-dimensional image of the 
distributionn of hydrogen nuclei in that portion can be obtained. Thus, MRI provides 
detailedd density images of the brain to millimeter accuracy. When such MRI images 
aree obtained before ("steady") and after ("activated") sensory stimulation (for 
example,, visual stimuli), this sequential "steaoyVactivated" examination is called 
functionall  i.e., fMRI. Thus, one image is subtracted from another and areas of the 
brainn with increased metabolism stand out as hotspots. The structural changes in 
thesee areas due to enhanced local blood flow and swelling of tissues are assumed to 
correlatee well with adjacent cortical areas being active. Note, that fMRI is a non-
invasivee test, but long-lasting (30-45 min) and taking place in a space-restricted 
device,, which is not suitable for claustrophobic subjects (patients). The fMRI image 
hass a better spatial resolution than the PET and SPECT images. However, all fMRI, 
PETT and SPECT suffer from several problems. Firstly, neither technique is a primary 
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measuree of cortical activity, but is an associated metabolic measure, which is 
assumedd to correlate with the area, which generates neuronal activity. Secondly, they 
alll  rely on baseline subtraction techniques, i.e., separate images are taken before and 
duringg stimulation. There is some ambiguity over whether an activated area revealed 
byy this process is only present during the stimulus-specific image. Finally, the time 
resolutionn of all three techniques is poor, in the order of tens of seconds. 
Tlius,, high temporal resolution, in the order of milliseconds, can only be achieved by 
usingg techniques, which measure the neuronal activity of the brain directly, for 
examplee EEG and MEG. Note, that the spatial resolution of EEG is better than MEG 
forr localizing radial (deep or superficial) brain sources, whereas both EEG and MEG 
alloww source localization of tangential sources. MEG is non-invasive and much 
festerfester than the other brain imaging procedures. Furthermore, both EEG and MEG 
alloww source modeling, but do not provide information about the exact size of the 
regionn of interest. The latter can be further specified by fMRI, which is superior to 
PETT and SPECT in this respect. 
Inn sum, to acquire an optimal temporal and spatial resolution brain image with 
optimall  convenience for the subject (patient), one can use a battery of functional 
brainn imaging techniques. Definitely, for basic and clinical studies a sequence of 
fMRI-EEG/MEGG techniques should be applied. 

6.7.. Concluding remarks 

Electrophysiologicall  analysis of the visual system and its associated brain 
areass in both experimental animals and human has provided functional insight in the 
processingg of sensory input at various hierarchic levels of the brain. In my thesis, the 
mainn focus was on EEG and MEG recordings of man as a mean to assess brain 
functionn under various experimental conditions. Recording conditions for event-
relatedd potentials (ERPs) were optimized and standardized to develop a sensitive 
systemm to detect distinct visual event-related components, m contrast to the "early" 
(primary)) components of the visual evoked potential (VEP), the "late" (event-
related)) components N200, P3a, P3b are largely independent of the physical quality 
off  the visual stimulus. Late components are assumed to result from "higher level" 
processingg of sensory input and originate from different brain areas. Superficial 
sourcess are likely to originate from associative cortical areas, and can be approached 
byy both EEG and MEG, whereas deep (subcortical) sources are more difficult to 
locate,, however, approximations based on EEG source modeling can be made. 
Simultaneouss EEG and MEG recordings in combination with fMRI will allow more 
accuratee source localization of radial as well as superficial and tangential sources (or 
componentss of a source). 

Althoughh recent progress has been made in brain imaging techniques, both 
onn the structural (anatomical) and functional levels, one of the most challenging 
taskss remains the interpretation of the collected data and the design of models that 
couldd explain certain brain functions. For example, what is the neuronal basis of 
attention,, recognition or memory? In light of the tremendous complexity of human 
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brainn functioning, powerful imaging techniques combined with cellular and 
molecularr neurobiological approaches will be needed to bring us closer to an answer 
off  some of these classic questions. 

132 2 


