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Abst rac t  Quantitative analysis of scalp EEGs was per- 
formed on 13 patients with Gilles de la Tourette syndrome 
(GTS) and 25 matched controls. The analysis method was 
adaptive segmentation, which describes the topography 
and sequence of brain electric fields in continuous EEG. 
The GTS patients showed an abnormal increase in fields 
with a right-frontal/left-posterior configuration. The GTS 
patient's EEGs did not differ from normal controls in the 
average duration of the brain electric microstates, field 
stability and EEG carrier frequency. To find out whether 
the abnormal activity is similar to movement-related ac- 
tivity a simple and a complex motor task were performed. 
Both tasks led to distinct changes of brain electric activity, 
but not to an increase in right-frontal-/left-posterior-ori- 
ented patterns. Motor-related activity was contrasted with 
two auditory tasks. We conclude that GTS patient's EEG 
show abnormal topographic patterns of brain electric ac- 
tivity. Unlike other psychiatric disorders, the temporal de- 
scriptors of the EEG aspects are unaffected. The abnormal 
EEG patterns in GTS patients are not similar to those 
elicited by simple or complex movements; thus, the pres- 
ence of abnormally facilitated, near-threshold motor ac- 
tivity in GTS patients seems not a likely explanation. 
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Introduction 

Gilles de la Tourette syndrome (GTS) is characterized by 
multiple motor and vocal tics (acording to DSM-III-R), 
which typically wax and wane over time, but abate in later 
life. GTS is transmitted genetically in an autosomal-dom- 
inant pattern with high, but gender-dependent, penetrance 
(Eapen et al. 1993) and childhood onset. Occasionally, 
GTS-symptoms may arise in Huntington's Chorea or from 
ischemic lesions involving the basal ganglia. GTS over- 
laps considerably with obsessive-compulsive behavior 
(OCB), with 50-70% of the patients suffering also from 
OCB and compulsive thought. Pauls et al. (1986) have 
suggested that both disorders may represent alternative 
phenotypes of the same autosomal gene. There is also 
prominent comorbidity with self-injurious behavior (7-  
30%; Robertson and Yakeley 1993), and half of the GTS 
patients had a childhood diagnosis of attention deficit hy- 
peractivity disorder (ADHD; Towbin and Riddle 1993). 
Neurocognitive tests have revealed that, depending on co- 
morbidity, GTS patients are impaired in a number of cog- 
nitive and affective functions, e.g., they have reduced at- 
tention span, restlessness, concentration deficits, and di- 
minished impulse control, but usually normal intelligence. 
They also suffer from severe mood swings, anxiety, and 
temper outbursts (Erenberg et al. 1987; Robertson et al. 
1988). The underlying biological process is not known, 
although the mechanism of how motor and vocal behavior 
or thoughts are initiated, and how involuntary and volun- 
tary acts blend into each other, is of high interest. The 
good response to neuroleptic drugs and increased cere- 
brospinalfluid (CSF) levels of monoamine transmitter 
metabolites (Leckman et al. 1995) suggest involvement of 
dopaminergic pathways. Recent SPECT investigations 
have reported increased dopamine-transporter levels in 
GTS patients' basal ganglia (Malison et al. 1995). There 
are no gross neuropathologic lesions apparent from CT 
studies. Recent MRI volumetric studies found a reduction 
of left lenticular nuclei volume (Peterson et al. 1993; 
Singer et al. 1993). Functional examinations (HMPAO- 



SPECT) have revealed lower perfusion rates in the left 
caudate and the anterior cingulate cortex (Moriarty et al. 
1995; Riddle et al. 1992). Similar brain areas have been 
implicated in OCB (Rubin et al. 1992; Baxter et al. 1988; 
Swedo et al. 1989). 

Electrophysiologic studies of  GTS are numerous. Most, 
under awake resting conditions (e.g., Volkmar et al. 1984; 
Verma et al. 1986; Robertson et al. 1988), found focal 
paroxysmal  discharge and increased theta activity. Hyde  
et al. (1994) reported 42% o f  the EEGs as abnormal by 
IFSCEN (1974) criteria, with increased theta activity. No- 
tably, even the more recent studies by Hyde et al. (1994), 
Verma et al. (1986), and Volkmar et al. (1984) evaluated 
the EEGs by visual inspection. Whereas Krumholz  et al. 
(1983) have not found alterations of  amplitude or latency 
of  visual, auditory, or somatosensory potentials, Drake 
et al. (1992) reported that GTS patients with OCD have 
shorter auditory N200 and P300 latencies than controls. 

The  current pathogenet ic  mode l  for  GTS postulates 
dysfunction o f  a loop comprising dorsolateral prefrontal 
cortex, dorsolateral caudate, and dorsomedial  pallidum, 
as well as VA and M D  thalamic nuclei (Moriarty et al. 
1995).The pathobiology of  GTS is thought  to be similar to 
OCB,  where hyperactivi ty of  motor  and vocalization cir- 
cuits is assumed (Insel 1992). The dysfunction underlying 
GTS may  imply altered levels of  neuronal activity in ab- 
normally facilitated motor  or premotor  circuits. Alterna- 
tively, abnormal activity may result f rom the attempt to 
inhibit the abnormal movements  (Moriarty et al. 1995). In 
either case, provided that the ensembles o f  cortical neu- 
rons involved are large enough, analysis of  E E G should 
yield abnormal spatiotemporal patterns in GTS patients. 

In a previous paper (Gtinther et al. 1996) the results o f  
spectral power  analysis of  the same set of  subjects were 
presented. The main finding was that GTS patients showed 
less reduction in E E G  alpha power  than controls when 
performing various tasks~ which was interpreted as im- 
paired cortical activation. However, the abnormalities could 
not be explained exclusively by aberrant motor  function. 
The present report analyzes the topography and temporal  
sequence of  scalp electrical fields. The hypothesis is that 
the topographic organization o f  E E G in GTS patients dif- 
fers f rom that o f  healthy controls. In addition, if the ab- 
normal  activity is similar to the kind of  activity elicited by 
voluntary movements ,  EEGs f rom controls and from GTS 
patients should differ most  at rest, and less so when both 
groups perform movements .  The data are analyzed by 
adaptive segmentation o f  continuous EEG (Lehmarm et 
al. 1987; Strik et al. 1993, 1995). Adaptive segmentation 
identifies periods o f  topographically stable electric fields. 
Lehmann et al. (1987) and Wackermann et al. (1993) have 
demonstrated that successive brain electric fields do not 
blend into each other. Instead there are distinct switches 
from one configurat ion to the next. It is assumed that the 
epochs during which field configurations are stable (the 
brain electric microstates) represent distinct states of  brain 
activity. Adapt ive segmentation is thus suitable to evalu- 
ate the topographic distribution and the temporal  succes- 
sion o f  brain electric states. 
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Methods 

Patients and controls 

Thirteen patients with GTS, were recruited at the Psychiatric Hos- 
pital of Munich University. They were consecutive admissions re- 
ferred for diagnosis and/or treatment of tic disorder. Written con- 
sent was obtained from each subject. Exclusion criteria were psy- 
chiatric or neurologic diagnoses other than GTS. Diagnoses were 
made by an expert, according to DSM-III-R criteria. Table 1 de- 
scribes the patient and the control population. All patients were off 
medication for at least 2 weeks. A total of 25 healthy controls were 
matched for age and gender with the patients. All subjects were 
right handed. 

EEg recordings 

The EEGs were recorded from patients resting in a reclined chair, 
using 21 electrodes placed according to the 10-20 convention at 
the following sites: FP1, FPz, FP2, F7, F3, Fz, F4, F8, T3, C3, Cz, 
C4, T4, T5, P3, Pz, P4, T6, O1, Oz, and 02. Standardized elec- 
trode positioning was achieved by using the Etectrocap (Gelimed, 
Munich) system. Linked ears served as reference. Impedance was 
< 5 kOhms. The data were amplified from 0.016-64 Hz, and stored 
at a sampling rate of 128 Hz. Vertical and horizontal eye move- 
ment, as well as ECG, were recorded by bipolar leads, using the 
same amplifier setting and stored at the same rate as the EEG sig- 
nals. They were used for off-line correction for artifacts by multi- 
ple linear regression (Gratton et al. 1983). The EEGs were visually 
inspected and five epochs of 2 s artifact-free EEG from the center 
of each task were chosen for further analysis. One control EEG 
was lost due to artifacts. 

The EEGs were acquired during a resting condition, followed 
by four tasks, each separated by 1 rain of rest. All tesks and the rest 
conditions were performed with closed eyes. All instructions were 
given verbally and in a standardized way. After the resting period, 
a simple motor task was demanded. The instruction was to flex the 
thumb against the index finger in a slow, self-paced way for 1 rain. 
After another resting period, the next insfruction was to flex the 
thumb against the index finger twice, the middle finger once, the 
ring finger three times, the little finger twice, and then reverse the 
sequence. After another resting period, a simple auditory task was 
performed: A stereotyped Rumba-rhythm in a rising cadence was 
played for 1 min by binaural headphones. After a resting period of 
1 min, the beginning of Mozart's "Hunting Quartet" K458 was 
played through the headphones for 1 min. 

EEG analysis 

The data were automatically processed as described by Lehmann 
et al. (1987) and Strik et al. (1993, 1995). In short, the EEGs were 

Table 1 Description of patient and control populations 

Gilles de la Controls 
Tourette 

N 13 26 
Male/female 11/2 21/4 
Mean age (years) 36.4 + 11.3 35.2 + 11.3 
TSGS mean score 31.3 + 14.4 

(Harcherik et al. 1984) 
YGTSS mean score 50.2 + 19.8 

(Leckxnan et al. 1989) 

NOTE: TSGS and YGTS are rating scales for tic severity. Scores 
indicate moderate to severe disease 
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transformed into average reference recordings to remove spatial 
DC offset and digitally filtered to a bandwidth of 2-15 Hz. The ra- 
tionale in choosing this frequency band was that the microstates 
obtained from the higher-frequency range (15-35 Hz) contribute 
nothing to variance explained by diagnoses and conditions, as pre- 
liminary experiments showed. For every sampling point (at 128 
Hz) the global field power (GFP) was determined and the maps 
with maximum field strength (maximal GFP) were selected. Field 
topography is described by the coordinates of the two centroids in- 
dicating the center of gravity of positive and negative field areas. 
The coordinates are given as x- and y-values, the x value corre- 
sponding to a left-right gradient, and the y value to an anterior- 
posterior gradient. The units are electrode distances (10/20 system) 
with a left frontal origin, i.e., 1/3 describes the T3 electrode site. 
During each microstate the polarity of the centroids changes re- 
peatedly, whereas the field topography remains stable. Therefore, 
the centroids are not designated "positive and negative", but instead 
"anterior and posterior". A new brain microstate is assumed, when 

Table 2 EEG segmentation data 

Group GTS Controls 
(n = 13) ~ (n = 25) a 

Average duration of EEG microstates (ms) 
Rest 129 + 33 141 + 48 
Simple hand movement 121 + 25 139 + 52 
Complex hand movement 111 + 25 125 + 38 
Rhythm 116 + 24 120 + 29 
Mozart 121 + 32 125 + 45 

No. of single-peak segments per second 
Rest 12.7 + 6.2 11.5 + 4.9 
Simple hand movement 14.6 + 4.6 12.2 + 4.8 
Complex hand movement 16.2 +_ 4.8 14.7 + 6.6 
Rhythm 14.6 + 5.2 13.6 + 4.9 
Mozart i4.6 + 5.3 13.5 _+ 5.4 

GFP peaks/s (n) 
Rest 23.5 + 2.9 23.6 + 2.3 
Simple hand movement 23.5 + 2.4 24.1 + 3.1 
Complex hand movement 24.6 + 2.9 25.1 + 3.6 
Rhythm 24.3 + 2.7 24.8 + 3.2 
Mozart 24.4 -2-- 2.7 24.9 +_ 3.2 

Centroid location x-position 
Rest 3.00 + 0.04 2.99 _+ 0.04 
Simple hand movement 3.01 + 0.05 3.02 + 0.05 
Complex hand movement 3.00 + 0.03 3.00 + 0.06 
Rhythm 3.00 + 0.04 2.98 +_ 0.07 
Mozart 3.00 + 0.06 2.98 +_ 0.08 

Centroid location y-position 
Rest 3.15 + 0.08 3.15 + 0.10 
Simple hand movement 3.15 + 0.08 3.15 + 0.13 
Complex hand movement 3.06 + 0.10 3.10 + 0.11 
Rhythm 3.09 +_ 0.08 3.13 + 0.13 
Mozart 3.11 + 0.08 3.10 +_ 0.16 

Centroid axis (clockwise, in degrees from 0 ~ -- ear - ear) 
Rest 99.3 + 9.2 88.3 + 13.0 
Simple hand movement 99.6 + 7.6 86.9 +_ I0.1 
Complex hand movement 100.0 + 9.2 89.0 + 9.8 
Rhythm 99.9 + 8.0 86.1 + 20.1 
Mozart 101.4 + 10.0 95.6 + 22.4 

aMean _+ SD 

one of the centroids moves out of a circular area (the topographic 
window) which was set by the preceding centroid locations. The size 
of the circular shaped window was determined for each subject and 
condition in a data-driven way as described by Strik and Lehmann 
(1993). The size corresponds to the precision with which the field 
is maintained. To render comparison of parameters depending 
upon window size meaningful, these were determined by employ- 
ing a constant window (r = 0.49). The number of GFP peaks/s in- 
dicates the frequency of field strength maxima, i.e., the carrier fre- 
quency. The brain microstates are characterized by their duration 
(milliseconds) and their topography. The summary topography as 
presented in Table 2 indicates for each condition and diagnostic 
group the center of gravity of all centroid locations, denoted in the 
same x/y-coordinate system described above, the average orienta- 
tion of the axis connecting the two centroids (in degrees, clockwise 
from ear-ear = 0~ For reasons of space, the distance between the 
centroids and the size of the topographic window is not given. The 
number of single-peak segments/s represents the frequency of 
fields containing only one GFP maximum. These were excluded 
from data analysis, because they did not contribute to variance ex- 
plained. They represent noise or instances of rapid field changes 
(Strik et al. 1995). To obviate bias introduced by their omission, 
the data were also examined including the 2-35 Hz frequency range 
and single-peak segments. This diminished statistical effects (data 
not shown), thus confirming the findings of Strik et al. (1995). 

Statistical analysis 

After testing for normal distribution and homogeneity of variance, 
the data were analyzed by multivariate repeated measures ANOVA, 
one for the variables describing temporal organization of the EEG, 
and one for topographic organization. In both designs the between- 
groups factor was "diagnosis," the within factor "condition," with 
age as covariate, followed by post-hoc univariate F-tests to locate 
effects. When MANOVAs indicated an (within cells) effect for the 
covariate, standardized regression coefficients (beta) and their 
significance for the covariate were calculated. Significance was 
assumed at p < 0.05. Covariance matrices were analyzed by 
Mauchly's test of sphericity and correction by Greenhouse-Geis- 
ser's epsilon was applied if appropriate. F-values cited represent 
averaged multivariate results. 

Results 

T h e  e f fec t s  r e s id ing  in t e m p o r a l  p roper t i es  o f  the  s ignal  
are  p r e s e n t e d  first ,  f o l l o w e d  by  the  pa r ame te r s  de sc r ib ing  
f ie ld  t o p o g r a p h y  (Table  2). First ,  an ana lys i s  o f  al l  f i ve  

tasks  (rest,  s imp le  motor ,  c o m p l e x  motor ,  r hy thm,  M o -  
zart)  is of fered .  S ign i f i c an t  m a i n  e f fec t s  and f i r s t -degree  
in te rac t ions  f r o m  this ana lys is  are  then  b r o k e n  d o w n  to 
va r i ab le s  and to d i f f e rences  b e t w e e n  ind iv idua l  tasks.  

T e m p o r a l  p a r a m e t e r s  

T h e r e  was  no m a i n  e f fec t  for  d i agnos i s  on  E E G  s e g m e n t  
duration, number  o f  G F P  peaks/s  and s ingle-peak segments /s  
(F4 ,32  = 1.48,n.s.).  T h e  c o n d i t i o n  e f fec t  was  s ign i f i can t  
(F8 ,29  = 4.06,  p < 0.01),  cons i s t ing  (in un iva r i a t e  ana ly-  
sis) o f  a dec rea se  in E E G  m i c r o s t a t e  dura t ion  (F2 ,72  = 
7.49,  p < 0 .001)  f r o m  res t  to the s i m p l e  hand  m o v e m e n t  
and  aga in  to the  c o m p l e x  m o v e m e n t  and the aud i to ry  
tasks.  T h e  n u m b e r  o f  s i n g l e - p e a k  s e g m e n t s  pe r  s e c o n d  
(F2 ,72  = 13.40, p < 0 .001)  and  o f  G F P  peaks / s  (F2 ,72  = 
13.34, p < 0 .001)  i n c r e a s e d  f r o m  res t  to m o v e m e n t  and 



auditory conditions. The interaction diagnosis x condition 
was not significant (F8,29 = 1.18,n.s.). When only the 
motor tasks (simple vs complex) were compared, the con- 
dition effect remained (F4,33 = 2.76, p < 0.05). Univari- 
ate statistics comparing the simple and the complex motor 
task indicated effects for microstate duration (F1,36 = 5.1, 
p < 0.03), for the number of single-peak segments per sec- 
ond (F1,36 = 8.8, p < 0.01), and for the GFP peaks/s 
(F1,36 = 10.2, p < 0.01). Between the two auditory tasks, 
no differences were found (F4,33 = 0.84,n.s.). 

Topography parameters 

Repeated measures ANOVA indicated a main effect for 
diagnosis (F4,32 = 3.34, p < 0.02), consisting of a 10 ~ 
counterclockwise shift of the axis connecting the EEG 
centroids in the GTS patients (F1,36 = 13.6, p < 0.001). 
This shift was stable through all conditions (diagnosis x 
condition interaction: F8,29 = 1.04,ns). A significant con- 
dition effect was found (F8,29 = 3.59, p < 0.001) consist- 
ing of a shift in the center of gravity of the centroids to the 
anterior in the simple motor and auditory tasks as com- 
pared with rest and the complex motor task (F2,72 = 10.4, 
p < 0.001). Also, the distance of the positive and the neg- 
ative centroids was reduced in the active tasks (both mo- 
tor and auditory) (F2,72 = 5.6, p < 0.02). Statistical analy- 
sis (contingency tabulation) of the observed frequencies 
for each field class in controls and in GTS patients indi- 
cated that not a single abnormal field type was responsi- 
ble; instead, a diffuse increase of right-anterior/left-poste- 
rior oriented fields prevailed in the TGS group (for rea- 
sons of space, the data describing field distribution are not 
given). When the simple and complex motor tasks were 
compared, the effect for diagnosis, loading on the orienta- 
tion of the axis connecting the centroids was of the same 
magnitude (F1,36 = 13.9, p < 0.001). There was also a 
significant condition effect (F4,33 = 5.3 p < 0.001): load- 
ing on the y-position of the centroids' center of gravity 
(F1,36 = 18.8, P < 0001). When motor and auditory tasks 
were compared (i.e., the resting condition was excluded), 
the effect for diagnosis (the axis shift) was found again; 
there was also an effect for condition (F12,25 = 3.17, p < 
0.01) due to a shift in centroid y-position (univariate F- 
test: F3,108 -- 6.3, p < 0.001) and the distance between the 
centroids (F3,108 = 2.93, p < 0.05). Comparison of the 
two auditory tasks gave no significant effects. 

For the covariate (age), no effect was found. There was 
no overall trend in any parameter related to the time 
elapsed since the begin of the experiment (rank correla- 
tion test). 

Discussion 

The study presented herein evaluates the temporal and 
topographic characteristics of the EEG of 13 GTS patients 
and of 25 controls during various cognitive states. The 
EEGs were analyzed by adaptive segmentation of contin- 
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uous EEG (Lehmann et al. 1987; Strik et al. 1993, 1995). 
Adaptive segmentation describes the temporal and topo- 
graphic evolution of electric fields and thus examines the 
functioning of brain on a spatial and temporal axis. No 
difference was found in the temporal dynamics of the 
EEG in GTS patients and controls. This distinguishes GTS 
from, for example, depression, with decreased microstate 
duration and larger topographic variance (Strik et al. 
1995), and also sets GTS apart from schizophrenia, with in- 
creased duration of brain electric microstates and reduced 
topographic variability (Stevens et al., in press; Koukkou 
et al. 1994). Microstate duration indicates how long the 
brain maintains the same field configuration. It allows to 
derive the rate of switches (per time unit) between distinct 
electric field configurations, which was approximately 7 
Hz for both GTS patients and the controls. Also, the car- 
rier frequency of the EEG (GFP peaks/s) was similar for 
both groups. The main difference lay in the topography of 
brain electric fields. The EEGs from GTS patients showed 
a constant twist of the prevailing centroid locations to- 
ward right anterior and left posterior. This was not due to 
focal hyperactivity over a singular brain site, but to a 
larger number of field types with a right-anterior to left- 
posterior orientation was noted. The broad distribution 
also renders the systematic contamination of GTS EEGs 
by an artifact unlikely. The apparent explanation is that in 
GTS patients different cortical areas are activated than in 
normal controls. Centroid topography does not allow to 
localize the cortical generators unambiguously, but the data 
align well with those of a HMPAO-(SPECT) study by 
George et al. (1992), who noted that in GTS right-frontal 
areas are more active at rest than in normal controls. 

The abnormal EEG activity in GTS patients seems not 
to arise from abnormally facilitated motor circuits, be- 
cause it is not similar to activity elicited by movements. 
When motor  tasks were performed,  the related EEG 
changes were clearly discernible and comprised alter- 
ations of microstate duration, carrier frequency, and cen- 
troid topography, but not of centroid axis orientation. As a 
consequence, the difference between GTS patients and 
controls did not resolve when movements were per- 
formed. In order to establish whether the motor tasks used 
elicited specific EEG changes as opposed to non-specific 
phenomena, auditory tasks were evaluated as well. These 
produced patterns of activation distinct both from rest and 
from motor activity, whereas right-frontal/left-posterior 
fields in GTS patients persisted. Previous EEG studies 
of GTS patients have been summarized by Hyde et al. 
(1994). Most described a diffuse slowing, which was not 
evident in the present set of data (Giinther et al, in press). 
A few (e.g., Volkmar et al. 1984) found a parietal to cen- 
tral focus of abnormal activity, suggesting involvement of 
the (anterior) cingulate gyms (Bonnet 1982). There are 
more studies on the psychophysiology of the related OCB 
disorder, reviewed by Shagass et al. (1984a, b) and by 
Towey et al. 1994. Current interpretations propose gener- 
ally increased cortical activity, left frontal hyperactivity, 
or abnormally facilitated arousal to minimal or irrelevant 
stimulation (Beech et al. 1983). Insel (1992) discussed 
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functional brain imaging, morphologic studies, and neu- 
roanatomy of OCB thoroughly and proposed disinhibition 
rather than primary hyperactivity of motor circuits, which 
comprise cortex, caudate nuclei, globus pallidus, and thal- 
amus. The present data suggest a disturbance beyond or 
other than motor loops in GTS, because the voluntary ac- 
tivation of motor functions did not abolish the abnormal 
field distribution. On the other hand, the present study 
evaluated only self-paced movements. Involuntary move- 
ments in GTS patients may arise differently from these, e.g., 
they are not preceded by a Bereitschaftspotential (Obeso 
et al. 1981). In our previous report (Gtinther et al. 1996) 
reduced alpha attenuation during active tasks suggested 
impaired, rather than abnormally facilitated, cortical acti- 
vation (granted that alpha attenuation reflects cortical ac- 
tivation). However, attenuation of alpha activity is a rela- 
tive phenomenon, and pathologic acitvity going on at rest 
may reduce the amount of alpha attenuation observed dur- 
ing active tasks. Spectral power analysis and adaptive 
segmentation evaluate different aspects of the EEG. The 
former resolves the EEG into separate spectral bands, re- 
flecting the activity of different layers of cortical neurons 
(Lopes da Silva 1977; Murthy and Fetz 1992), and it inte- 
grates local activity over time. Adaptive segmentation adds 
the perspective of temporal dynamics and studies the 
global patterns of electric activity generated at each point 
in time. It offers a measure of how the brain peruses dif- 
ferent functional states, and how these states differ in 
topography. The interpretation of the data generated by 
each method depends heavily on the model of brain func- 
tion assumed. Herein, we understand that patterns of cor- 
tical activity, which are large enough to be recorded with 
relatively few (21) scalp electrodes, arise from large cor- 
tico-striatal-thalamic networks, which temporarily syn- 
chronize numerous cortical neurons into coherent activity 
(Alexander et al. 1986; Lopes da Silva 1991; Steriade et 
al. 1991). Our study may be criticized for evaluating only 
the 2-15 Hz EEG bandwidth. Evaluation of the data with 
inclusion of the higher frequencies (2-35 Hz; data not 
shown) indicated that they do not contribute to variance 
explained by diagnoses and conditions. Other evidence 
that the lower frequencies contain much of the informa- 
tion related to cortical processing is offered by Merzenich 
et al. (1993). Reviewing the literature on temporal infor- 
mation processing in the cortex they concluded that many 
cortical fields show "best modulation" (working) frequen- 
cies in the range of 2-5 Hz, corresponding to the 200- to 
500-ms time periods known from psychophysiology ex- 
periments involving higher cognitive tasks. Merzenich et 
al. (1993) proposed that information is "chunked" into 
200- to 500-ms sequences when processed at higher corti- 
cal levels, and that these time periods are imposed by in- 
trinsic cortical oscillations. Similarly, Buzsaki and Chro- 
bak (1995) have compiled evidence that information, at 
least in some brain areas and for some cognitive func- 
tions, is handled by theta (3-7 Hz) modulation of (40 Hz) 
gamma activity. 

Drawing on animal and human studies, Insel (1992) ar- 
gued that OCB patients are possibly impaired in their abil- 

ity to disregard internal cues. Interestingly, 70-80% of 
GTS patients report distinct sensory experiences immedi- 
ately preceding the tics (Lang 1993). These observations 
suggest also that cortical circuits other than motor are in- 
volved in GTS. Pfurtscheller and Neuper (1992) have re- 
ported desynchronization of alpha activity before and dur- 
ing motor performance over primary and supplementary 
motor areas. Our data do not permit direct comparison, 
but the acceleration of the carrier frequency during active 
tasks may reflect activity-related synchronization with 
higher EEG frequencies. The decrease in microstate dura- 
tion from rest to simple and again to complex movements 
indicates that during the tasks the brain peruses more 
functional states per time unit than at rest. Nashmi et al. 
(1994) evaluated regional shifts in EEG power by Lapla- 
cian operators and also noted differential activation in 
simple and complex motor tasks. The fact that this rela- 
tionship was unimpaired in GTS patients suggests normal 
functional adaptability. 

In summary, both hypotheses were confirmed: The 
topography of cortical activity is abnormal in GTS, and 
the underlying pathophysiology is not explained by ab- 
normal activity of the type (normally) elicited by volun- 
tary movements. Either there are other circuits involved, 
or the abnormal activity is related to the suppression of in- 
voluntary movements. The results combine well with spec- 
tral power analysis (Gtinther et al, in press) and SPECT 
data (Moriarty et al. 1995; Rubin et al. 1992), which have 
emphasized alterations in basal ganglia function. The al- 
teration in large scale activity patterns reported herein are 
consistent with the assumption of basal ganglia dysfunc- 
tion, because large-scale cortical phenomena are probably 
mediated by subcortical processes (Lopes da Silva 1991; 
Destexhe and Babloyantz 1991). Further studies, e.g., 
whether the EEG changes reported herein are state or 
trait, and how they change under pharmacotherapy, may 
shed more light on GTS pathobiology. 
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