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Abstract

OBJECTIVE: The goal of this study was to assess the activity of intracortical EEG sources in patients with OCD. METHODS:
We compared resting state EEG from 50 OCD patients and 50 matched controls using standardized low-resolution
electromagnetic tomography (sLORETA) and normative independent component analysis (NICA). Data were analyzed with 1
Hz frequency resolution. Group ICA was used to separate 7 independent components from the control group data. The
resulting weights and norms served to derive the same components from the OCD group and to compare their power with
controls. RESULTS: In OCD, sLORETA indicated low-frequency power excess (2 — 6 Hz) in the medial frontal cortex, whereas
group ICA showed increased low-frequency power in a component reflecting the activity of subgenual anterior cingulate,
adjacent limbic structures and to a lesser extent also of lateral frontal cortex. CONCLUSIONS: Both methods provided
evidence for medial frontal hyperactivation in OCD. SIGNIFICANCE: Our study is the first to use normative ICA in a clinical
sample and indicates its potential utility as a diagnostic tool. The findings provide consistent results based on EEG source
localization in OCD and are of practical interest for therapeutic interventions.

INTRODUCTION

Obsessive-compulsive disorder (OCD) is a common neuropsychiatric disorder marked by recurrent intrusive
thoughts (obsessions) and repetitive behaviours (compulsions) with a prevalence of 2-3% (Karno et al., 1988).
Neuroimaging studies provide evidence for the involvement of cortico-striatal circuits in OCD pathophysiology
(Aouizerate et al., 2004). The traditional and most widely accepted model, supported by a large body of
scientific evidence, postulates a hyperactive orbitofronto-striatal circuit including orbitofrontal and cingulate
cortex, ventral striatum, ventral pallidum, mediodorsal thalamus, hippocampus and amygdala (Menzies et al.,
2008a). However, accumulating evidence from various methodological approaches suggests that OCD is
mediated by more widely distributed neural networks including also dorsal brain regions such as dorsolateral
prefrontal cortex (Gu et al., 2008; Remijnse et al., 2006; van den Heuvel et al., 2005), parietal cortex (Menzies
et al., 2008b) or cerebellum (Nabeyama et al., 2008; van den Heuvel et al., 2009). A recent multimodal review
and meta-analytic study by Menzies et al. (2008a) proposed a more comprehensive OCD model including two
relatively segregated fronto-striatal networks: affective orbitofronto-striatal loop and dorsolateral prefronto-
striatal loop which also includes parietal and lateral prefrontal cortex and subserves spatial and attentional
functions. Aberrant functioning and imbalanced interactions between frontostriatal networks might explain
clinical OCD symptoms and neuropsychological deficits such as excessive perception of error (Ullsperger and
von Cramon, 2006), abnormal reward processing (Remijnse et al., 2006), cognitive and behavioural inflexibility
(Gu et al., 2008) and difficulty to inhibit prepotent responses (Roth et al., 2007).

Electroencephalographic (EEG) studies based on quantitative analysis reported abnormalities registered at
frontal or frontotemporal electrode sites in OCD (e.g. Karadag et al., 2003; Pogarell et al., 2006; Prichep et al.,
1993). However, only limited attention has been paid to the localization of generators of the aberrant EEG
activity in OCD. EEG sources have been investigated in relation to treatment response (Bolwig et al., 2007;
Fontenelle et al., 2006) and in subjects with obsessive-compulsive symptoms (Sherlin and Congedo, 2005) and
recently also in drug naive obsessive-compulsive patients (Velikova et al., 2010). All studies using low-
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resolution electromagnetic tomography in OCD (Fontenelle et al., 2006; Sherlin and Congedo, 2005; Velikova et
al., 2010) reported significant results in anterior cingulate (ACC). In addition, abnormal ACC functioning in OCD
has been supported by evoked-potential EEG research that revealed an enhanced error-related negativity
(ERN) in OCD patients. ERN is generated after erroneous response or in conflict situations and reflects activity
of the performance monitoring system in OCD (Endrass et al., 2008). Its source has been localized near to
dorsal ACC (Dehaene et al., 1994) using electrophysiological inverse solution methods as well as simultaneous
EEG and fMRI recording (Debener et al., 2005). Functional magnetic resonance studies confirmed the
overactivity of the performance monitoring system in OCD and its link with ACC and medial frontal cortex
hyperactivation (Fitzgerald et al., 2005; Ursu et al., 2003). It has been hypothesized that an overactive
performance monitoring system generates a feeling that something is wrong or not just right and triggers
compulsive behaviour, thus providing a possible explanation how brain abnormalities translate in clinical
symptoms of OCD (Maltby et al., 2005).

Our study aimed to compare resting state current density power in intracortical sources between OCD patients
and control subjects as well as between unmedicated patients and patients medicated with selective serotonin
reuptake inhibitors (SSRIs). To address this issue we used two different methods of EEG analysis: standardized
low-resolution electromagnetic tomography (sLORETA) and normative independent component analysis (NICA)
recently described by Congedo et al. (2010). sSLORETA (Pascual-Marqui, 2002) is a widely used inverse solution
technique that estimates the intracranial distribution of electrical activity in the cortex based on a head model.
ICA is a data-driven (i.e. model-free) technique widely used to decompose the multivariate EEG signal into
sources as independent as possible (Congedo et al., 2008; Onton et al., 2006). The assumption of EEG source
independence is consistent with the fact that the cortex is organized into functionally distinct areas and that
neighbouring and highly connected regions (e.g. via corpus callosum) are likely to fire in synchrony (Onton et
al., 2006). Physical and statistical principles supporting the use of decomposition methods based on second-
order statistics for EEG data have been reviewed in Congedo et al. (2008).

Whereas sLORETA focuses on voxel by voxel analysis without searching for relationships between them, ICA
separates the signal based on its intrinsic relationships. For example, SLORETA may identify abnormal power in
a cluster containing a number of independent sources that ICA would split into several components. On the
other hand ICA would group correlated sources into the same components, even if they are distant in space
from each other. The two methods provide complementary information and their application on the same data
may provide a more comprehensive and consistent view, especially considering a high sample size as in this
study.

METHODS

Subjects

Fifty in-patients diagnosed with OCD according to ICD-10 (World Health Organisation, 2009) and DSM-IV
(American Psychiatric Association, 1994) criteria and 50 healthy controls matched for age, sex and handedness
were included in the study (Table 1). Exclusion criteria involved concurrent severe or chronic medical disease,
substance abuse, mental retardation, organic mental disorder, lifetime history of psychosis, mood disorders,
severe head injury and neurosurgery. In addition, controls were required to have no history of any mental
disorder. At the time of EEG recording, 20 patients were drug-free and 30 were using SSRIs medication. The
medication status was stable for at least four weeks prior to the study. Besides the diagnosis of OCD, the
rationale to include both SSRIs medicated and drug-free patients was the presence of marked clinical
symptoms that could possibly be reflected in EEG. At the same time, the drug-free subgroup served as a
reference group allowing a control of the effect of the SSRIs medication. Clinical data in the patient group
included age of OCD onset, illness duration and symptom severity (Table 1). Symptom severity was assessed
using the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) (Goodman et al., 1989). The level of general anxiety
was measured with the Hamilton Anxiety Rating Scale (HAMA) (Hamilton, 1959). The study was carried out in
accordance with the Declaration of Helsinki and written informed consent was obtained from all subjects.

EEG recording and data preprocessing

EEG was recorded during eyes-closed resting state on a BrainScope differential amplifier (Unimedis, Ltd., Czech
Republic) against the AFz, FCz or Cz reference. The signal was obtained from 19 scalp locations according to the
international 10-20 system using an ECI electro-cap (Electro-Cap International, Inc., Eaton, USA). The EEG
recording system acquired the data with a 16-bit depth and a 7.63 nV/bit resolution (i.e. approx. 130 bit/ uV)
and a dynamic range of + 250 pV. The data were sampled at a rate of 250 or 256 Hz and filtered with a 0.15 —
70 Hz band-pass filter.



Data were imported to EureKa software (NovaTechEEG, Inc., Mesa, Arizona, USA) to remove episodic artefacts.
If necessary, continuous muscle artefacts were removed as independent components using ICoN software
(http://sites.google.com/site/marcocongedo/software/nica). This procedure was done by a trained clinician
with a special attention to K-complexes and was equal in both groups. At least 60 s of artefact-free data were
analyzed in subsequent analysis. Before analysis, all data filtered between 2 — 45 Hz were re-referenced against
the average reference montage and re-sampled at 128 Hz. Several comparisons of subgroups recorded with
different references and re-referenced against the average reference montage were performed by means of
SsLORETA and normative group ICA confirming that there was no systematic effect due to different recording
references.

Mean normalized absolute power at all electrodes for both groups of subjects is shown in Figure 1.

SLORETA analysis

Average Fourier cross-spectral matrices were computed for each frequency in the range of 2 — 45 Hz with 1 Hz
resolution as well as for 11 frequency bands defined analogous to the previous LORETA study in obsessive-
compulsive subjects (Sherlin and Congedo, 2005): delta (2 — 3.5 Hz), theta (4 — 7.5 Hz), alphal (8 — 10 Hz),
alpha2 (10 — 12 Hz), betal (12 — 16 Hz), beta2 (16 — 20 Hz), beta3 (20 — 24 Hz), betad (24 — 28 Hz), beta5 (28 —
32 Hz), gamma (32 — 45 Hz) and total band (2 — 45 Hz). Subsequently, absolute and relative current density
power were computed in 2394 cortical voxels using sLORETA and the three-shell spherical head model co-
registered with the Talairach atlas as implemented in the LORETA-Key software (Key Institute for Brain-Mind
Research, Zurich, Switzerland). Current density power was normalized in the solution volume. Absolute and
relative current density data were log transformed, smoothed with a 14 mm spatial moving average filter and
compared between groups (drug-free vs. medicated patients, all patients vs. controls, drug-free patients vs.
controls and medicated patients vs. controls) by means of randomization-permutation statistics (100 000
permutations) using MHyT software (NovaTechEEG, Inc.). All bands were treated simultaneously in the t-
between two-sided max-statistics test guaranteeing that the family-wise type | error (FWE) did not exceed the
nominal level (0.05). Mean current densities in the significant regions of interest (ROls) were extracted and a
correlation analysis was performed to investigate their relationships with clinical symptoms as assessed with Y-
BOCS, the level of general anxiety measured with HAMA, age of onset and illness duration. A partial correlation
analysis was used to eliminate the potential confounding effect of age. Before the analysis, all data were tested
for severe departures from gaussianity.

Group ICA and group comparison

We employed the blind source separation approach described in Congedo et al. (2008) that can separate
uncorrelated sources provided they have non-proportional power spectrum. For normal brain we have reasons
to suppose that a great majority of healthy individuals share the same resting-state components (discussed in
Congedo et al., 2010) which ensures that the group components are meaningful. However, the same may not
be true for the clinical sample, which is in general much more heterogeneous in terms of EEG features.
Therefore, in this research, we have focused on the identification of normal EEG features that deviate
significantly in the OCD population.

The procedure used in this study is fully explained in Congedo et al. (2010). In brief, we estimated Fourier
cospectral matrices for each subject in the control group and each frequency. Group ICA was performed as the
approximate joint diagonalization of the grand-average Fourier cospectral matrices. We diagonalized cospectra
in the range of 2 — 26 Hz. Based on the previous study by Congedo et al. (2010) on large samples of normal
individuals we extracted the seven most energetic components (normative components). The resulting
demixing matrix was used to extract the power of the same components from the OCD group as well as to
compute the mixing matrix which contains in columns scalp spatial pattern associated with each components
and thus can serve as an input for sSLORETA to estimate their cortical location. For each component, absolute,
relative and normal power (normal power indicates for each frequency the proportion of power expressed by
each component compared to the all of them) were computed with 1 Hz resolution and compared to
normative data obtained from the control group using the randomization-permutation multiple-comparison
approach as in sLORETA. The individual power values were used for correlation analyses as described above.

RESULTS

Demographic data

All groups were equivalent for age, sex and handedness. Drug-free and SSRIs medicated OCD patients did not
differ in clinical characteristics with the exception of higher compulsion score in medicated patients (Table 1).
The mean Y-BOCS scores 19.4 indicates marked severity of obsessive-compulsive symptomes.



SLORETA

Drug-free and SSRIs medicated patients did not differ from each other in absolute or in relative power,
therefore they were further tested as a unitary group. Compared with controls, OCD patients had higher
normalized absolute current density power at low frequencies (2 — 6 Hz) in the medial frontal cortex (anterior
cingulate, medial frontal gyrus, medial orbitofrontal cortex) and at 2 and 3 Hz frequencies in the left
parahippocampal gyrus and uncus (Table 2). The highest t-values were localized in the dorsal anterior cingulate
(tmax = 4.24, p < 0.05, FWE corrected, Figure 2). A comparison of the SSRIs and control groups yielded the same
results (tmax = 4.39, p < 0.05, FWE corrected). A comparison of drug-free patients and controls was not
significant at p < 0.05, however, moving the t-value threshold down the same pattern of increased low
frequencies in the medial frontal cortex was seen also in drug-free OCD patients (local t-value maxima 2.44,
2.58, 3.07, 3.32, 3.33 were found at 2, 3, 4, 5 and 6 Hz respectively, Figure 3). In a broader band comparison,
delta and theta absolute current density power were higher in OCD (t,,., = 4.39, p < 0.05, FWE corrected).
Relative power also tended to be higher in OCD patients in the same region and frequencies as absolute power,
however, the significance threshold was exceeded only at 5 Hz and was localized in the dorsal ACC.
Additionally, an increase in relative current density at 18 and 19 Hz was found in a very small cluster (7 and 3
voxels, respectively) in the right superior and middle temporal gyrus (tn.x = 3.77, p < 0.05, FWE corrected). In
broader band testing, OCD patients had higher relative power in the beta2 band in a small area of the right
superior and middle temporal gyrus (tyax = 3.57, p < 0.05, FWE corrected).

Correlation analysis did not reveal any relationship between low-frequency current density power and
obsessive-compulsive symptoms, anxiety, age of onset and illness duration.

Group ICA

The 7 components separated through the group independent component analysis performed on the whole
control sample are shown in Figure 4. Only component 5 differed in power between OCD patients and controls
(p < 0.05, corrected). Relative power was higher in OCD at low frequencies (3 — 6 Hz) and normal power was
elevated at 2 — 6 Hz and at 20 Hz (Figure 5). The local maxima of this component were localized in subgenual
anterior cingulate (BA 25), subcallosal gyrus (BA 34), rectal gyrus (BA 11), insula (BA 13), superior temporal and
parahippocampal gyrus (BA 38), midcingulate (BA 24) and marginally in lateral frontal lobe (BA 6, 8, 9). The
component was bilateral and more pronounced on the left side. When comparing separately, neither drug-free
nor medicated patients showed any difference compared with controls at the adopted threshold (p < 0.05,
corrected). However, both groups displayed the same pattern of difference from controls at lower significance
level (p < 0.1, corrected).

Correlation analysis did not reveal any relationship between component 5 power at frequencies that were
significant in the inter-group analysis and obsessive-compulsive (Y-BOCS) or anxiety (HAMA) rating scale scores.
Age of onset showed a trend towards a positive correlation with normal power in component 5 at 4 and 5 Hz (r
=0.27, p =0.078, resp. r =0.27, p = 0.082).

DISCUSSION

Both methods, sLORETA and group ICA, indicated abnormal functioning of medial frontal cortex in OCD. The
results converge with the leading orbitofronto-striatal model of OCD as well as with the performance
monitoring hypothesis.

The orbitofronto-striatal model postulating hyperactivation of the medial frontal cortex has been reported
using a variety of methodological approaches (Rotge et al., 2008; Yucel et al., 2007). Low frequencies generated
in the frontal midline cortex have been connected with mental activity (Onton et al., 2005) and higher cerebral
glucose metabolism (Leuchter et al., 1999; Pizzagalli et al., 2003). Thus, our findings are in agreement with
medial frontal hyperactivation in OCD. In line with performance monitoring hypothesis and ERN findings in
OCD, sLORETA revealed an excess in absolute power at slow frequencies peaking at 4 and 5 Hz and reaching
maximal t-values in dorsal ACC. Studies show that ERN arises at least in part from ongoing theta activity of 4 — 7
Hz (Luu et al., 2003; Luu et al., 2004; Luu and Tucker, 2001; Trujillo and Allen, 2007). Although the main role in
performance monitoring has been attributed to dorsal medial frontal cortex, it has been shown that other
medial frontal and limbic structures (Luu et al., 2003) are necessary for the generation of ERN. Accordingly, the
low-frequency excess revealed by sLORETA in our study was not confined to dorsal ACC but included the entire
ACC, medial orbitofrontal cortex and part of the left parahippocampal gyrus.

The independent component that differentiated patients and controls received the strongest signal from the
subgenual part of anterior cingulate. This structure is an important gateway in the regulation of neural circuits
involved in mood and anxiety disorders (Van et al., 2006). It has been shown that metabolic activity in
subgenual ACC predicts therapeutic response to anterior capsular electrostimulation in patients with OCD and
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comorbid depression and decreases post-treatment (Van et al., 2006). Interestingly, the most promising targets
of deep brain stimulation in OCD and depression focus on fronto-striatal pathways, especially on fibres
connecting the subgenual anterior cingulate and orbital cortex with basal ganglia, thalamus, and amygdala
(Haber and Brucker, 2009).

In the context of the enhancing effect of negative affect on ERN (Luu et al., 2000), we hypothesize that the
hyperactive neural circuit of subgenual ACC represented by the component which is abnormal in OCD might
impact on possibly vulnerable dorsal ACC and thus lead to generation of obsessive-compulsive symptoms as
suggested by Pitman (1987).

The component that was abnormal in OCD in our study was localized more on the left side and included the
insula, parahippocampal gyrus, midcingulate and lateral frontal cortex. The increasing body of evidence
indicates that lateral frontal cortex is necessary for the performance monitoring system (Maltby et al., 2005;
Ridderinkhof et al., 2004) and there is also support for the insular contribution in error detection (Menon et al.,
2001). Moreover, insula is connected with ACC and midcingulate (Taylor et al., 2009), other parts of the neural
circuit represented by the component. It has been suggested that the performance monitoring network
communicates via transient synchronous oscillations in the theta range (Cavanagh et al., 2009). Interestingly,
already Gevins et al. (1989) revealed that theta activity over the frontal midline sites was related to theta
recorded at the left lateral frontal electrodes during error feedback signal. Our findings involve the classic theta
(4 — 8 Hz) as well as delta bands encompassing even lower frequencies. However, given that the abnormalities
in both bands concerned the same location and component, we suggest that the low frequency increases at 2 —
6 Hz reflect the same pathophysiological process. Interestingly, a recent factor analysis indicated similarities
between low frequencies and proposed a broader low frequency band ranging from 1.5 Hz to 7 Hz (Pascual-
Marqui et al., 2007). Moreover, it has been found that at low frequencies, the highest correlation with cerebral
perfusion as measured by positron emission tomography was in the 2 — 6 Hz frequency band (Leuchter et al.,
1999) which corresponds with our findings. Although most ERP studies used a 4 Hz high-pass filter and thus a
priori excluded lower frequencies (Luu et al., 2003; Luu et al., 2004; Luu and Tucker, 2001), delta activity has
also been related to performance monitoring processes (Yordanova et al., 2004).

Another approach that might explain our findings is based on the concept of thalamocortical dysrhythmia
(Llinas et al., 1999). Thalamocortical dysrhythmia is a disrupted dynamic between thalamus and cortex arising
due to changes in the behavior of thalamic cells caused by their hyperpolarization. This leads to pathological
theta oscialtion in the cortex. In neuropsychiatric symptoms the areas where we expect to see maximal low-
frequency activity include the cingulate, medial prefrontal, and orbitofrontal cortices (Llinas et al., 1999) which
corresponds with our findings.

Our results indicate that medial frontal low-frequency excess was present in both the drug-free and SSRls
medicated group and in sLORETA it was even more pronounced in the SSRIs group. This suggests that the
increased low-frequency power was not due to medication and, moreover, that SSRIs did not normalize this
EEG pattern. Previous studies in OCD show that treatment response to serotonin reuptake inhibitors is linked
with a decrease in alpha power which is enhanced pre-treatment in responding patients (Hansen et al., 2003;
Prichep et al., 1993). On the other hand, pre-treatment EEG analysis in patients who did not respond to
serotonin reuptake inhibitors showed an excess in the theta frequency band (Prichep et al., 1993). On average,
our patients had marked obsessive-compulsive symptoms and had been suffering from OCD for more than
twelve years despite previous treatment. Therefore, it is plausible that our sample included a high percentage
of SSRIs non-responders. In our opinion, this is the main reason why our results differ from those reported by
Velikova et al. (2010). Although in the context of the electrophysiological effect of serotonin reuptake inhibitors
in OCD and the presence of low-frequency excess in both medicated and drug-free patients (a trend in SLORETA
and a significant finding in group ICA analysis) it does not seem likely that the results would be due to poor
treatment adherence in medicated patients, it should be acknowledged that EEG was recorded at the
beginning of hospitalization and that we do not have data about prior treatment adherence. An interesting
view of these results would be provided by extending the study to clinical control groups that would allow us to
resolve the question of whether our findings are specific for OCD or whether they represent a more general
characteristic of a broader diagnostic category.

The fact that low-frequency power excess did not correlate with clinical data may have several reasons. Firstly,
clinical rating scales evaluate symptom severity experienced up to one week before, whereas EEG recording
comprises only a few minutes. Secondly, inter-individual differences in expectations and anxiety during EEG
examination might have confounded the results. Finally, similarly to anatomical and functional abnormalities
(Chamberlain et al., 2008; Menzies et al., 2007) our findings may represent a neurobiological substrate for the
disorder rather than a correlate of symptom severity.



Several limitations of this study should be mentioned. First, the identified regional activity cannot be assumed
to measure neuronal activity at those sites. It is instead used to infer an activity that is consistent with the
sLORETA model. Source localization is susceptible to errors and it is less accurate than direct measurements
from anatomical regions. The spatial resolution of the SLORETA method is low and a confounding effect comes
also from the use of a standard head model that was applied in our study as individual MRI anatomical data
were not available.

Second, the seven separated components were only partially identical with those reported in Congedo et al.
(2010). The components 1, 3 and 5 in our sample correspond with those described in Congedo et al. (2010) in
terms of both, spatial and spectral distribution. The component 4 has a similar spatial distribution as the
corresponding component in Congedo et al. (2010), however it does not have low normal alpha power. On the
other hand, the components 2 and 6 correspond with their counterparts in the power distribution but their
localization is only partially identical. We did not find the anterior cingulate component (component 5 in
Congedo et al.,, 2010) and found instead an extra component localized in BA 6 and the adjacent regions
(component 7). There are several reasons for this discrepancy. First, the mean age of our sample was higher
than the age of subjects in both databases used in Congedo et al. (in 2010). Second, the sample size in all
databases might not be high enough. Third, our data were re-referenced to average reference montage before
the analysis which we believe to be the major factor explaining the divergence of the result. However, despite
the different settings and machines used in the three samples, the overall similarities are substantial.

We are aware of a special attention that should be paid to ocular artifacts because the main result of our study
is at low frequencies. Although we did not record electrooculogram, we are confident that the main result is
not due to eye movement artifacts because 1) the samples are large, 2) the peak effect was observed at 4 and
5 Hz, whereas the effect due to eye movements would peak at very low frequencies, 3) there were visible low-
frequency abnormalities in the raw EEG in the OCD group described by a certified neurologist as focal 4 — 5 Hz
theta with highest amplitude at electrodes F7, Fz, F3 or T3 without simultaneous amplitude increase (or any
sign of propagation) at Fpl or Fp2. Another potential confounding factor at low frequencies may be the
presence of K-complexes. Although the artefact-free segments in our study were selected with a special
attention to K-complexes, we asked a certified neurologist to independently review the data. He confirmed
that OCD subjects did not present enhanced K-complexes during resting state EEG and, therefore, that the
results are not due to K-complexes.

A long research tradition has shown the importance to consider individually-defined frequency bands for EEG
analysis. For example, Klimesch and colleagues described three narrow alpha sub-bands that can be defined in
each individual based on the alpha peak frequency and showed their different physiological meaning (Klimesch,
1999; Klimesch et al., 1997). According to Klimesch (1999) the individual alpha frequency should be used as a
reference point not only for adjusting different alpha frequency sub-bands but also for theta range definition
(Klimesch, 1999). Because our results are also within the theta band, we tested if there are differences in the
alpha peak between OCD patients and healthy controls. We extracted the alpha peak frequency with 0.5 Hz
resolution for each individual and compared the groups. The mean alpha peak in the patient group was
10.5441.059 Hz and the mean alpha peak in the control group was 10.36+0.969 Hz. The groups did not differ in
the alpha peak frequency (p=0.370). Therefore, on these samples it is not necessary to individualize the band
definition.

In summary, our study presents the largest set of results concerning resting state EEG in OCD patients.
Consistently with previous EEG studies it confirms a differential EEG pattern between OCD patients and healthy
controls. Although this study was not conceived to distinguish between SSRIs responders and non-responders,
it supports previous findings on theta excess in non-responding patients. In addition, it provides information
about the sources of enhanced low-frequency activity in OCD. Their localization in the medial frontal cortex and
mainly in ACC is congruent with neuroimaging findings on medial frontal hyperactivation in OCD as well as with
the performance monitoring hypothesis. Both the sLORETA and group ICA methods deserve further
investigation as diagnostic tools. Our results are of practical interest for potential nonpharmacological
treatment such a neurofeedback intervention aimed at normalizing EEG patterns.
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Tables:

Table 1: Demographic and clinical characteristics of the groups of subjects.

ocb controls OCD - DF OCD - SSRIs OCD vs. OCD-DF OCD-SSRIs OCD-DF vs.

(N =50) (N =50) (N =20) (N =30) controls  vs. controls vs. controls OCD-SSRIs
Sample characteristics mean SD mean SD mean SD mean SD stat. test p p p p
Demographic
age (years) 29.2 5.0 284 56 284 47 291 5.3  Wilcoxon 0.319 0.303 0.533 0.781
sex (men:women) 20:30 NA 23:27 NA 7:13 NA 13:17 NA chi-square 0.545 0.401 0.816 0.556
handedness (right:left) 48:2 NA 48:2 NA 1911 NA 291 NA chi-square 1.000 0.852 0.879 0.768
Clinical
Y-BOCS (n = 38) 194 8.0 NA NA 164 76 210 7.9 t-test NA NA NA 0.092
obsessions 9.8 3.4 NA NA 9.4 3.6 10.0 3.3 t-test NA NA NA 0.576
compulsions 9.8 5.0 NA NA 75 44 11.0 5.0 t-test NA NA NA 0.040
HAMA (n = 35) 12.7 6.0 NA NA 12.7 5.0 12.7 6.5 t-test NA NA NA 0.979
age of onset (years) 169 7.2 NA NA 181 6.9 16.1 7.4 t-test NA NA NA 0.406
iliness duration (years) 125 7.9 NA NA 112 8.8 13.3 7.4 t-test NA NA NA 0.402

Abbreviations: Y-BOCS - Yale-Brown Obsessive-Compulsive scale, SD - standard deviation, DF - drug-free, SSRIs — selective serotonin reuptake inhibitors,

NA - not applied/not applicable

Table 2: Number and localization of voxels with excessive absolute current density in OCD compared with controls (p < 0.05). The
structures are reported in their mean t-value order.

2 Hz 3 Hz 4 Hz 5 Hz 6 Hz
Brain structure and Brodmann area meant voxels meant voxels meant voxels meant voxels meant voxels
Anterior cingulate (BA 24, 25, 32, 33) 4.86 45 4.91 49 5.26 55 5.26 58 5.04 55
Cingulate gyrus (BA 24, 32) 4.65 21 4.76 27 4.82 38 4.83 31 4.60 17
Subcallosal gyrus (BA 25, 34) 4.70 15 4.65 14 4.77 14 4.78 10 4.62 8
Medial frontal gyrus (BA 9, 10, 11, 25) 4.58 22 4.55 29 4.71 45 4.79 51 4.62 47
Rectal gyrus (BA 11) 4.57 14 4.59 14 4.62 15 4.57 17 4.40 12
Left parahippocampal gyrus (BA 28, 34, 35, 37) 4.48 16 4.39 9 4.42 5 4.71 1 n.s. 0
Inferior frontal gyrus (BA 47) 4.42 8 4.40 5 4.38 6 4.34 3 n.s. 0
Left uncus (BA 28, 36) 4.40 10 4.33 3 n.s. 0 n.s. 0 n.s. 0
total 151 150 178 171 139
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Figure 1: Mean normalized absolute power at all electrodes in OCD patients (grey line) and healthy controls (black line).
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Figure 2: Sagittal view (left of the picture is front of the head) of absolute current density increase in OCD patients compared with controls

at 2 — 6 Hz. Each figure is sliced to its own t-value maximum (tmax2Hz = 5:36, tmax3Hz = 5-46, tmaxaHz = 5-87, tmaxsHz = 5-82, tmaxeHz = 5.56).
Figures show only the most significant voxels (the darker the red colour, the higher the t-value). For all significant voxels see Table 2.

Mean abs. power in significant voxels at 2 - 6 Hz

sLORETA absolute power in controls and patients

Controls - drug-free OCD - OCD medicated with SSRIs

Figure 3: Mean absolute current density at low frequencies (2 — 6 Hz) in controls (circles), drug-free (triangles) and medicated OCD
(diamonds) patients. The filled elements indicate the mean current density value in each group.
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Figure 4: Seven independent components separated in the control group. The components are sorted according to explained variance and
the images are sliced to their own maxima. From left to right, the inserts 1 to 7 show the axial (top of the picture is front of the head),
sagittal (left of the picture is front of the head) and coronal (top of the picture is top of the head) view. The intensity of the red colour
indicates the intensity of the signal contributing to the component (arbitrary unit and scaled to its own maximum for each component).
Component 5 is also displayed on a three-dimensional cortical template.
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Figure 5: Absolute, relative and normal power (arbitrary units) of the 5t component along frequencies in the range 2 — 45 Hz. Comparison
between OCD patients and controls (a), drug-free patients and controls (b) and medicated patients and controls (c). In each insert the solid
and dotted lines indicate the mean and 95% confidence interval for the normal group, whereas the disks indicate the mean of the OCD
group, with violet disks flagging significant power increase (p < 0.05, corrected).
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