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Abstract

Visual event-related potentials and spline map topography during a discriminative response task (DRT) were studied in 8
obsessive-compulsive disorder (OCD) patients without comorbidity for panic disorder or depression and in 12 age-matched
controls. In the DRT task (like in a go/no-go task) the subject had to press a button when the target stimuli appeared and had

to retain the response when the non-target stimulus appeared (vertical bars were intermixed with an equal probability of
horizontals). OC patients had greater N1 latency than controls and their N1 and P3 amplitude was larger for the target stimuli,
but not for non-target stimuli. In the normals, non-target stimuli (no-go task) produced a larger activation than target stimuli

(go task). In the OCD patients the target stimuli produced the same large activation as the non-target. These ®ndings are
consistent with theories that consider OCD to be an attentional disorder deriving from a misallocating of cognitive resources.
Moreover, spline map topography con®rmed that P3 hyperactivation is localised principally on the frontal lobes. # 2000
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1. Introduction

Cognitive dysfunction has been documented through
the study of event-related potentials (ERPs) in some
OCD patients, even though there is still disagreement
about whether alterations are related to a dysfunction
of neural structures underlying the information proces-
sing (Purcell et al., 1998), or whether they may be con-
sidered as an expression of a metacognitive e�ect as a
result of the anxiety component of the disorder
(McGuire et al., 1994).

Previous studies with auditory modality ERP have
shown reduced P3 latencies in OCD patients than nor-
mal controls with an increasing task di�culty and lar-
ger amplitude negativity than normal controls in the

N200 region (Towey et al., 1990). N200 amplitude has
been generally reported as larger in OCD patients than
in normals (De Groot et al., 1997).

Tendency to overfocus in attentional performances
has been suggested by Towey et al. (1994) in an inter-
esting experiment where, in comparison to healthy
controls, in OCD patients reduced P3 amplitudes were
recorded with target stimulus but enlarged ones were
recorded with non-target stimulus. This hypothesis is
consistent with neuropsychological studies of inhibi-
tory processes in these patients, which have used, for
example, the negative priming task. In this task, OCDs
failed to exhibit the normal negative priming e�ect and
there was a faster response than in controls (Enright
and Beech, 1993). The same psychophysiological sig-
ni®cance can be attributed to the shorter N1 and P2
latencies on the AEP (Savage et al., 1994). In OCD
patients, peak P1 and P2 latencies were topographi-
cally undi�erentiated and N2 was delayed. (Oades et
al., 1996).
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Some researchers have used the `oddball' paradigm
and task types that are di�erentiated by di�culty
(Ciesielski et al., 1981; Beech et al., 1983), lending sup-
port to the hypothesis of cortical hyperactivity and
ultrafocused attention in OCD patients. Apart from
the `oddball' paradigm, the go/no-go paradigm has
often been used, which because it involves the appear-
ance of the contingent or `warning' stimulus and the
maximum uncertainty of the target stimuli, exacerbates
the di�culty of inhibiting the response following the
appearance of a no-go stimulus (Jodo and Kayiama,
1992; Falkenstein et al., 1995).

Given the hypothesis of frontal dysfunction in
OCD, there is need for a more e�ective electrophysio-
logical paradigm and types of stimulus than other
already-existing ones, in order to register frontal func-
tionality/dysfunctionality (Behar et al., 1984; Martinot
et al., 1990; Veale et al., 1996; Purcell et al., 1998).
The ERPs paradigms usually used in previous studies
(P3 `oddball' and go/no-go) have been criticised
because of their limited e�cacy in measuring frontal
functionality (Towey et al., 1994; Morault et al., 1997).
In the classical `oddball' paradigm the high probability
of non-target stimuli probably permits only a small
involvement of the frontal inhibition system (Ritter et
al., 1983). In the go/no-go paradigm, one could point
out that the greater wave amplitude that occurs when
the subject doesn't have to respond to the stimulus
(no-go) is caused by the warning stimulus and not
only by the inhibitory activity itself. Therefore, in rea-
lity it is not certain that only the inhibitory activity
(without a warning stimulus) is su�cient to produce a
greater wave amplitude (Ritter et al., 1983).

Consequently, to emphasise the aspects of activation
and inhibition, a task similar to a go/no-go paradigm
was chosen, but without a warning signal. This para-
digm could also considered as an equal-frequency var-
iant of the `oddball' paradigm. In the present paper
visual ERPs were examined in OCD patients during a
discrimination response task (DRT) employing simple
visual stimuli. In this paradigm (the auditory version
was devised by Ritter) the non-target stimulus requires
a high degree of inhibition with considerable frontal
involvement (Ritter et al., 1983).

The purpose of present study is to attempt to intro-
duce an original modality variant of Ritter's paradigm,
variant in the quest for better paradigms with which to
investigate putative fronto-striatal dysfunction in OCD
and to clarify the confounding issue of task di�culty
and stimulus complexity. Moreover, because comor-
bidity is a common condition in OCD (Hollander,
1998) and abnormalities of ERP have also been docu-
mented both in major depression (Vandoolaeghe et al.,
1998) and panic disorder (Clark et al., 1996), we con-
sider in the present study OCD patients without Axis-
1 comorbidity, which was evaluated with the SCID-P.

As treatment seems to bring both clinical and neuro-
physiological improvements (Morault et al., 1997), we
only selected drug-naive patients.

2. Material and methods

2.1. Subjects

Eight OCD patients (mean age 29.726.3, 4 females)
and 12 age-matched normal controls (30.425.3 years,
6 females) participated in this study after informed
consent; all subjects were right-handed and have nor-
mal or corrected vision. Patients were recruited at the
Institute of Neurosciences (Florence). Diagnostical and
clinical assessment included SCID P (Spitzer et al.,
1990) which generated both a principal diagnosis and
a comorbid psychiatric diagnosis. The OCD inclusion
diagnosis was carried out by SP and three other senior
psychiatrists who are not involved in the present
paper. Patients with panic disorder, unipolar de-
pression, or bipolar disorder were excluded from the
study. Assessment of symptomatology was elicited by
means of the Obsessive Compulsive Scale, Y-BOCS
(Goodman et al., 1989a, 1989b). The median values of
our patients was 30,526,40 (normal values 0±40).
Individual values are shown in Table 1. The duration
of illness ranged between 36 and 48 months (mean
42.724.3 months). All the patients were drug-naive at
the moment of the ERPs recording.

2.2. Procedure

Subjects were comfortably seated in a dimly lit,
sound-dampened room and stimuli came from a VGA
computer monitor at a distance of 100 cm, the screen
provided a 248 � 188 visual angle. A small circular red
spot (0.38 � 0.38) in the centre of the display was the
®xation point. Stimuli were generated by the STIM2

system (NeuroScan Inc.) and were composed of verti-
cal and horizontal yellow bars (58 � 0.58). The stimuli
were present in the centre of the screen for 100 ms on
a dark grey background, the vertical and horizontal

Table 1

Y-BOCS values of patients sample (Y-BOCS range 0±40)

Patient Obsession Compulsion Total

CI 14 10 24

SO 15 11 26

CF 18 18 36

GI 16 18 34

GS 16 17 33

CY 15 19 34

CO 15 14 29

SI 16 12 28
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line sequence was random with a Stimulus Onset
Asynchrony (SOA) of 2.5 sec and with an equal prob-
ability ( p = 0.5).

Every subject performed two tasks: (1) a discrimina-
tive response task (DRT) for horizontal bars; the sub-
jects had to press a button with their right hand, as
quickly as possible, only when a horizontal bar
appeared on the screen (the horizontal bar was the tar-
get and the vertical bar was the non-target). (2) a
DRT for vertical bars (reverse condition).

The two runs for the DRT condition consisted of a
sequence of 101 trials each. The ®rst trial of each run
was excluded from further analysis to avoid orienting
response contamination. A warm-up was included;
subjects had to press the button when a bar appeared.
The order of presentation was randomised across sub-
jects. The duration of each condition was six minutes
with a pause of one or two minutes between the two
(total duration about 15 min.).

2.3. Data recordings

The reaction times (RTs) and ERPs were recorded
on-line as the subjects performed the tasks. EEG and
EOG were sampled continuously at 2 ms/channel
using NeuroScan Inc. software (SCAN ver. 3.1) on a
Pentium PC. The EEG was recorded from 20 scalp

electrodes (Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz,
C4, T4, T5, P3, Pz, P4, T6, O1, Oz, O2) according to
the 10±20 system using an electrode cap (Electro-Cap
International). Vertical and horizontal EOG was
recorded with disk electrodes situated above and below
the right eye and on the outer canthi of each eye re-
spectively (both bipolar). The EOG was ampli®ed
25,000 fold (dynamic range 11 mV, sensitivity 0.168
mV/bit), the EEG was ampli®ed 50,000 fold (dynamic
range 5.5 mV, sensitivity 0.084 mV/bit) using a
SYNAMPS DC coupled ampli®er, band-pass DC 70
Hz (ÿ12 dB down). Linked mastoids were used as sig-
nal reference for all EEG electrodes and FPz was used
for the signal earth.

2.4. Data analysis

The reaction-time window was from 100 to 800 ms
after stimuli. Epochs of 1200 ms duration including a
200 ms pre-stimulus baseline were extracted from the
continually digitised EEG. All epochs in which EOG
amplitudes were greater than 280 mV and EEG ampli-
tudes greater than 260 mV were excluded from further
analysis. Epochs were also excluded if a miss or false
alarm was associated with eliciting stimulus.

ERPs from the two DRT runs were combined and
sorted into two categories for each subject: ERPs for

Fig. 1. Grand average ERP in normal and ODC patients for target (right panel) and non-target (left panel) conditions recorder in ®ve selected

electrodes.
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non-target stimuli (non-target condition) and ERPs for
target stimuli (target condition).

Peak amplitudes (relative to the pre-stimulus base-
line) and peak latencies of major ERPs component
were calculated for each subject in the following time
window: P1 (70±150 ms), N1 (130±230 ms), P2 (200±
300 ms), N2 (250±350 ms) and P3 (300±500 ms).

The data of each time window were evaluated with
a separate factorial analysis of variance (ANOVA).
Considered the low number of subjects, the electrode
sites included in the analysis were reduced in order to
be able to perform the ANOVAs and were selected
those sites where the respective components are most
frequently observed at greatest amplitudes in similar
visual paradigms. For early components (P1, N1 and
P2) one two-level independent factor was the group
(normals and OCD patients), one two-level repeated
factor was the task (target, non-target) another eight-
level repeated factor was the electrode position (T5,
P3, Pz, P4, T6, O1, Oz and O2), 2 � 2 � 8 design. For
late components (N2 and P3) one two-level indepen-
dent factor was the group (normals and OCD

patients), one two-level repeated factor was the task
(target and non-target) another nine-level repeated fac-
tor was the electrode position (F3, Fz, F4, C3, Cz, C4,
P3, Pz and P4), 2 � 2 � 9 design. Behavioural data
from RT were submitted to one factor ANOVA
(group) with two levels. The post-hoc comparisons
were conducted with the Tukey Honest Di�erence test.
To avoid the risk of in¯ated p values, the overall
alpha value was ®xed at 0.01.

2.5. Mapping

Electric ®eld maps were generated using a spherical
spline map interpolation algorithm. For the spline
maps FOCUS 1.1 software was used and the algorithm
was licensed by INSERM U. 280. The 20 electrodes
were considered to be located on the best ®tting
sphere. The spline interpolation was performed on the
sphere and reconstructed on 2D maps by computing
the radial projection from the vertex (top-view). The
topography was represented by iso-voltage contours.

Fig. 2. Mean latency (upper panels) and amplitudes (lower panels) of early components.
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3. Results

3.1. Behavioural data

The motor reaction time did not di�er between
groups (F(1,18)=1.209 NS), the mean latencies were
286216 ms for normals and 331232 ms for OCD
patients. The error rate for normals was 2.7% (omis-
sion 2.1%, false alarm 3.3%), for patients was 3.1%
(omission 2.4%, false alarm 3.8%).

3.2. ERP data

The grand average ERP waveforms of normal sub-
jects and OCD patients are presented in Fig. 1. Five
major peaks were always identi®ed across the three
conditions, a small positive peak (P1) at around 100
ms, a large negative peak (N1) at around 150 ms, a
positive peak (P2) around 240 ms, a negative peak
(N2) at around 320 ms and a large positive peak (P3)
at around 370 ms.

3.3. Latencies

For P1 latency (Fig. 2a) no e�ects or interactions
were signi®cant. Mean latency was 9524ms. N1
latency (Fig. 2b) showed a signi®cant e�ect of group
(F(1,18)=4.427 p < 0.01); OCD patients' N1 latency
was slower (17927 ms) than normals (14725ms).
Other interactions or e�ects were not signi®cant. For
P2 latency (Fig. 2c) no e�ects or interactions were sig-
ni®cant. Mean latency was 25328ms. For N2 latency
(Fig. 3a) no e�ects or interactions were signi®cant.
Mean latency was 29129 ms. For P3 latency (Fig. 3b)
no e�ects or interactions were signi®cant. Mean
latency was 377210 ms.

3.4. Amplitudes

For P1 amplitudes (Fig. 2d) no e�ects or interactions
were signi®cant. Mean amplitude was 2.220.4 mV.
For N1 amplitudes (Fig. 2e) no e�ects or interactions
were signi®cant. Mean amplitude was ÿ4.720.3 mV.
For P2 amplitudes (Fig. 2f) no e�ects or interactions

Fig. 3. Mean latency (upper panels) and amplitudes (lower panels) of late components.
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were signi®cant. Mean amplitude was 3.620.4 mV.
For N2 amplitudes (Fig. 3c) no e�ects or interactions
were signi®cant. Mean amplitude was ÿ2.120.4. P3
amplitudes (Figs. 3d and 4) showed a signi®cant group
by task by electrode-location interaction
(F(8,144)=8.243 p < 0.01); post-hoc analysis showed
that in normals P3 amplitude for non-target was larger
( p < 0.001) than target only for the Cz and Fz elec-
trodes (Cz non-target=6.720.5 mV, Fz non-tar-
get=7.620.6 mV, Cz target=3.520.4 mV, Fz
target=2.720.6 mV). In patients non-target (6.420.5
mV) and target (6.320.5 mV) did not di�er
( p = 0.1480), in target condition Fz amplitude
(7.120.7 mV) was higher ( p < 0.01) than Pz
(5.320.7 mV). Moreover, target P3 amplitude in
patients was higher ( p < 0.005) than normals while in
non-target condition normals and patients' P3 ampli-
tude did not di�er. Other comparisons were not signi®-
cant.

3.5. Spline map topography

For almost all ERPs components, spline map topo-
graphy did not show a great di�erence in scalp distri-

bution between subjects. P1 component showed a
posterior activation located on the middle occipital
areas. N1 component showed a bilateral activation of
the parietal areas. N2 showed a spatial distribution
centred on the middle central-parietal area. The only
component that appears to change between tasks and
between groups was that of P3. In normal subjects,
target P3 activation (Fig. 5) was centred on the vertex,
while non-target P3 was centred on frontal lobe. In
patients, target P3 topography showed two activation,
one centred on frontal lobes and another on central
areas. The scalp distribution of the non-target P3 com-
ponent was centred on frontal areas.

4. Discussion

The obsessive-compulsive patients showed altered
visual ERPs: N1 latency was delayed and Target P3
amplitudes was increased. The main result that we
found was that OCD patients do not show any di�er-
ences in the two di�erent conditions (go/no-go): P3 is
as large in both conditions as observed in normals
during the no-go condition. In normals, the non-target

Fig. 4. Mean latency (upper panels) and amplitudes (lower panels) of P 3 components recorded in three selected electrodes.
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stimuli produced a larger P3 amplitude than target
stimuli (as usually is the case in the go/no-go para-
digm). Target and non-target P3 had di�erent distri-
butions in normals as well as in OCD patients. The
present results show a larger non-target P3 with the
maximum activation located on the frontal areas,
which are presumably involved in the inhibition sys-
tem. Our data support the hypothesis that no-go P3
re¯ects the activity of a response inhibition system in
the brain (Jodo and Kayama, 1992; Roberts et al.,
1994).

A hypothetical explanation for this data is that for
OCD patients the decision to respond or not respond
to a stimulus involves the same amount of energy
from a cognitive point of view. Thus, in this case it
can be supposed that both the P3 in response to go to
no-go occur at the frontal level, an area which in nor-
mals becomes active only in the no-go condition.
These results support the overfocused attention hy-
pothesis with hyperactivation of frontal lobe regions in
OCD patients (Towey et al., 1994).

Apart from task di�culties, the other item requiring
discussion is stimulus complexity. In the work of
Beech et al. (1983)the visual stimulus was complex and
the N220 and P3 amplitudes were decreased, while in

Towey et al. (1994) the auditory stimulus was simple
and the N200 amplitudes were increased. Finally, in
Morault et al. (1997)the auditory stimulus was com-
plex and the N2 and P3 amplitudes were decreased.
These ERPs abnormalities in OCD have been inter-
preted in terms of increased arousal to minimal stimu-
lation (Beech et al., 1983); overfocused attention with
cerebral hyperactivation of the frontal lobe region and
a prevalence of task-directed processes that induces a
subsequent loss of information (Towey et al., 1994);
OCD subjects are overfocused on the physical features
de®ning the relevant stimuli (Morault et al., 1997).
Moreover, while previous studies did not adopt rigor-
ous selection methods for the sample as regards
comorbidity between OCD and depression, panic and
social phobia, we considered OCD patients without
Axis-1 comorbidity, evaluated with SCID P (Spitzer et
al., 1990).Morault et al. (1997), on the other hand,
adopted only generic exclusion criteria, without indi-
cating the instruments used for evaluation. The hyper-
frontability that we found is, therefore, particularly
reliable characteristic data for OCD, given that the
sample did not include anyone with a�ective or anxiety
disorders and all were drug naive.

Vandoolaeghe et al. (1998) have, in fact, observed in
a sample of depressed patients electrophysiological pat-
terns that are comparable to those of OCD patients,
for example a larger P3 latency.

These ®ndings maintain the hypothesis of an electro-
physiological tendency on the part of OCD patients,
which has a certain degree of correspondence at a cog-
nitive level: patients with OCD showed speci®c cogni-
tive de®cit on tasks of executive and visual memory
function, re¯ecting dysfunction of the frontal-striatal
system (Purcell et al., 1998).

The ®ndings of the present study, when patients
either with comorbidity for panic disorder (where
enlarged P3 due to stimulus change has been documen-
ted) (Clark et al., 1996) or for depression (where docu-
mentation of prolonged P300 amplitude and increased
P200 amplitude were also interpreted as a possible pre-
dictor for subsequent antidepressive therapy)
(Vandoolaeghe et al., 1998) were excluded, con®rm the
presence of a pattern of hyperfrontability in OCD
patients without comorbidity. It remains to be estab-
lished, given the possible predictive value hypothesised
in major depression, if there could be any clinical cor-
relation with course (e.g. chronic or episodical) or with
prognostic features and treatment response, as
suggested by Morault et al. (1997)for the N2 com-
ponent.

Furthermore given that the equal probability of the
occurrence of stimuli envisaged by the DRT paradigm
that we used increases the complexity of the task, one
might ask whether the ERP modi®cations that we
observed are speci®c to this kind of task, whether, that

Fig. 5. Topographic distribution of P3 component evoked by non-

target and target stimuli in the two groups. Each iso-potential line

represent 1 mV.
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is, they arise only with this type of task. To clarify
this, it would be necessary to conduct di�erent types
of task with the same sample of patients.

A further consideration regards the possible corre-
lation between electrophysiological patterns and neu-
rophysiological tests, which were not evaluated in our
study, but which would permit the monitoring of ac-
tivity linked to speci®c cerebral areas, whose func-
tionality can be revealed electrophysiologically: target
and non-target P3 had di�erent scalp distributions, in
normal as well as in OCD patients and this could
suggest that target and non-target stimuli activate
(between 300 and 400 ms) at least two di�erent
neural generators, one centrally located (target P3)
and another frontally located (non-target P3)
(Johnson, 1993).

Further research associating neuropsychological and
neurophysiological tests, with a clinical subtyping that
is not only symptomatological but which regards also
course, would be useful in order to establish the poss-
ible clinical usefulness of electrophysiological data.

Acknowledgements

We would to like to thank Irina Boscagli and an
anonymous reviewer for the help and discussions.

References

Beech HR, Ciesielski KT, Gordon PK. Further observations of

evoked potentials in obsessional patients. British Journal of

Psychiatry 1983;142:605±9.

Behar D, Rapoport J, Berg CJ, Denckla MB, Mann L, Cox C,

Fedio P, Zahn T, Wolfman MG. Computerized tomography and

neuropsychological test measures in adolescents with obsessive-

compulsive disorder. American Journal of Psychiatry

1984;141(3):363±9.

Ciesielski KT, Beech HR, Gordon PK. Some electrophysiological

observations in obsessional states. British Journal of Psychiatry

1981;138:479±84.

Clark CR, McFarlane AC, Weber DL, Battersby M. Enlarged fron-

tal P3 to stimulus change in panic disorder. Biological Psychiatry

1996;39(10):845±56.

De Groot CM, Torello MW, Boutros NN, Allen R. Auditory event-

related potentials and statistical probability mapping in obsessive-

compulsive disorder. Clinical Electroencephalography

1997;28(3):148±54.

Enright SJ, Beech AR. Reduced cognitive inhibition in obsessive-

compulsive disorder. British Journal of Clinical Psychology

1993;32:67±74.

Falkenstein M, Koshlykova NA, Kiroj VN, Hoorman J, Hohnsbein

J. Late ERP components in visual and auditory go/no-go tasks.

Electroencephalography and Clinical Neurophysiology

1995;96:36±43.

Goodman WK, Price LH, Rasmussen SA, Mazure C, Fleischmann

RL, Hill CL, Heninger GR, Charney DS. The Yale-Brown

Obsessive Compulsive Scale. I. Development, use and reliability.

Archives of General Psychiatry 1989a;46(11):1006±11.

Goodman WK, Price LH, Rasmussen SA, Mazure C, Delgado P,

Heninger GR, Charney DS. The Yale-Brown Obsessive

Compulsive Scale. II. Validity. Archives of General Psychiatry

1989b;46(11):1012±6.

Hollander E, Greenwald S, Neville D, Johnson J, Hornig CD,

Weissman MM. Uncomplicated and comorbid obsessive-compul-

sive disorder in an epidemiologic sample. CNS Spectrums

1998;3(5 Suppl. 1):10±8.

Jodo E, Kayiama Y. Relation of a negative ERP component to re-

sponse inhibition in a go/no-go task. Electroencephalography and

Clinical Neurophysiology 1992;82:477±82.

Johnson R. On the neural generators of the P3 component of the

event-related potential. Psychophysiology 1993;30:90±7.

Martinot JL, Allilaire JF, Mazoyer BM, Hantouche E, Huret JD,

Legaut-Demare F, Deslauriers AG, Hardy P, Pappata S, Baron

JC, Syrota A. Obsessive-compulsive disorder: a clinical, neuropsy-

chological and positron emission tomography study. Acta

Psychiatrica Scandinavica 1990;82:233±42.

McGuire PK, Bench CJ, Frith CD, Marks IM, Frackowiak RS,

Dolan RJ. Functional anatomy of obsessive-compulsive phenom-

ena. British Journal of Psychiatry 1994;164:459±68.

Morault PM, Bourgeois M, Laville J, Bensch C, Paty J.

Psychophysiological and clinical value of event-related potentials

in obsessive-compulsive disorder. Biological Psychiatry

1997;42(1):46±56.

Oades RD, Zerbin D, Dittmann-Balcar A, Eggers C. Auditory

event-related potential (ERP) and di�erence-wave topography in

schizophrenic patients with/without active hallucinations and

delusions: a comparison with young obsessive-compulsive dis-

order (OCD) and healthy subjects. International Journal of

Psychophysiology 1996;22(3):185±214.

Purcell R, Maru� P, Kyrios M, Pantelis C. Cognitive de®cits in

obsessive-compulsive disorder on tests of frontal-striatal function.

Biological Psychiatry 1998;43:348±57.

Ritter W, Simson R, Vaughan Jr. HG. Event-related potential corre-

lates of two stages of information processing in physical and

semantic discrimination tasks. Psychophysiology 1983;20:168±79.

Roberts LE, Rau H, Lutzemberger W, Birbaumer N. Mapping P3

waves onto inhibition: go/no-go discrimination.

Electroencephalography and Clinical Neurophysiology

1994;92:44±55.

Savage CR, Weilburg JB, Du�y FH, Baer L, Shera DM, Jenike

MA. Low-level sensory processing in obsessive-compulsive dis-

order: an evoked potential study. Biological Psychiatry 1994;15;

35(4):247-252.

Spitzer RL, Williams SBW, Gibbon M, First M. Structured Clinical

Interview for DSM-III-R, Patient Edition (SCID-P), Version 1.0.

Washington, DC: American Psychiatric Press, 1990.

Towey J, Bruder G, Hollander E, Friedman D, Erhan H, Liebowitz

M, Sutton S. Endogenous event-related potentials in obsessive-

compulsive disorder. Biological Psychiatry 1990;15; 28(2):92-98.

Towey JP, Tenke CE, Bruder GE, Leite P, Friedman D, Liebowitz

M, Hollander E. Brain event-related potential correlates of over-

focused attention in obsessive-compulsive disorder.

Psychophysiology 1994;31(6):535±43.

Vandoolaeghe E, van Hunsel F, Nuyten D, Maes M. Auditory event

related potentials in major depression: prolonged P300 latency

and increased P200 amplitude. Journal of A�ective Disorders

1998;48:105±13.

Veale DM, Sahakian BJ, Owen AM, Marks IM. Speci®c cognitive

de®cits in tests sensitive to frontal lobe dysfunction in obsessive-

compulsive disorder. Psychological Medicine 1996;26:1261±9.

F. Di Russo et al. / Journal of Psychiatric Research 34 (2000) 75±8282


