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potential predictive value of quantitative electroencephalography (QEEG) in the responsiveness
of OCD patients to fluvoxamine.

Methods: We included 40 medication-free, non-depressed OCD patients assessed before
the intervention and 6 weeks after that. Five minutes of opened eyes and closed eyes
QEEG records were taken. The relative power of each frequency band was calculated for
all electrodes. The patients received fluvoxamine, 150-300 mg per day. We used univariate
analyses and multivariate logistic regression to compare the brain waves between responders
and non-responders.

Results: Responsiveness was correlated with normal relative powers in FP , FP,, FZ, and F,
and increased relative power in O, in closed eyes condition, increased relative power of alpha
in O, and O,, and normal relative powers in FP, and FP, with open eyes. Unresponsiveness
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Highlights

* This study investigated the predictive value of quantitative electroencephalography (QEEG) in the responsiveness
of obsessive-compulsive disorder (OCD) patients to fluvoxamine.

* Responsiveness was correlated with normal relative powers in FP , FP,, FZ, and F, regions and increased relative
power in the O, region when eyes were closed.

* Responsiveness was correlated with increased relative power of alpha band in O, and O, regions, and normal
relative powers in FP, and FP, regions when eyes were open.

» The QEEG waves of the medial-frontal area and occipital areas can be biomarkers to predict responsiveness to
treatment with fluvoxamine.

Plain Language Summary

Based on the role of the serotonergic system in the pathogenesis of OCD, selective serotonin reuptake inhibitors are
among the most widely used drugs, one of which is fluvoxamine, the first choice in the treatment of OCD. According
to the socioeconomic consequences of failed antidepressant therapy for OCD, any method that can help in predicting
responsiveness would be of high clinical and financial importance. In this study, we investigated the power of QEEG
in predicting the responsiveness of OCD patients to fluvoxamine. The OCD patients were assessed before and 6 weeks
after treatment with fluvoxamine (150-300 mg/day). Their QEEG were recorded with eyes open and closed. Based
on the results, it was concluded that the QEEG waves of the medial-frontal and occipital areas of the brain can be
biomarkers to predict responsiveness to treatment with fluvoxamine.

1. Introduction that indicate the range of productivity that OCD patients
lost were estimated at $6.2 billion. Recent studies stress
bsessive-compulsive  disorder (OCD) the considerable amount of hidden costs imposed on

is characterized by obsessive intrusive payers caused by ineffective treatment or misdiagnosis
thoughts provoking fearful concerns and of OCD and due to care transition (Businesswire, 2021).
leading to rituals that seem to be protec-

tive. Although the content of obsessive For a comprehensive evaluation of the burden imposed
symptoms may vary based on the cultural, ethnical, and by OCD, we must remember the psychological pressure
religious contexts, the whole frames have obvious simi- and financial costs imposed on their caregivers. It has
larities (Rajabi, 2007). Lifelong prevalence of OCD has ~ been proven that although OCD is less disabling than
been estimated to be up to 2%-3% in domestic studies depressive disorders, their caregivers are more burdened

(Salehi et al., 2003). A more recent study has presented and in need of higher levels of accommodation than the
the estimation of lifetime and annual prevalence equal to people who care for depressed patients (Vikas et al.,
2.3% and 1.2%, respectively (Ruscio et al., 2010). Some ~ 2011). Up to 75% of patients present the early symptoms
investigators have calculated that around 10% of out- before 25 and even in childhood, leading to substantial
patients in psychiatric clinics are affected by OCD. Ac- disability-adjusted life years and imposed costs on fami-
cordingly, OCD is the fourth most prevalent psychiatric ~ lies and health systems (Sadock & Sadock, 2009).
disorder, after specific phobias, drug-induced disorders,
and depressive disorders (Kaplan Sadock, 2003). According to highly variable features of this disorder,
different therapeutic methods have been introduced so
Unfortunately, the data about the costs of OCD have far, including psychological interventions (such as re-
not been updated recently. In 1995, DuPont et al. (1995) sponse prevention and mindfulness) and pharmacothera-
estimated the direct and indirect costs imposed by OCD  py; or their combination (Sadock et al., 2007).
via the human capital approach. The calculated total
costs were $8.4 billion, equal to 5.7% of the estimated Based on the role of the serotonergic system in the
costs related to all mental disorders. The indirect costs ~ Pathogenesis of OCD, selective serotonin reuptake in-
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hibitors are among the most widely used drugs. Fluvox-
amine is a member of this group that many clinicians
choose as the first choice in the treatment of OCD10,
and its efficacy has been approved by The United States
Food and Drug Administration (U.S. Food and Drug Ad-
ministration, 2008).

Although the remission of symptoms soon after the
initiation of the trial is a promising signal for respon-
siveness, the outcomes of pharmaceutical interventions
are routinely evaluated after 6 to 12 weeks. The mini-
mum time for assessing responsiveness to the first pre-
scribed selective serotonin reuptake inhibitors (SSRI) is
4 weeks, which would be extended to 6 weeks to evalu-
ate the remission of symptoms. Unfortunately, it is not
surprising for a patient to not respond desirably to the
first choice of medication (Trivedi et al., 2006). In some
cases, achieving the best drug regimen, such as mono-
therapy or combination, may last up to one year (Rush et
al., 2009; Rush, 2007; Keitner et al., 1992). In addition
to the longer suffering that they experience, about 26%
of the patients who did not experience the ameliorative
effects of the first chosen drug will refuse their treatment
after two weeks (Warden et al., 2007), and this ratio in-
creases up to 42% on the 30th day (Olfson et al., 2006).
According to the socioeconomic consequences of failed
antidepressant therapy for OCD, any means that helps in
predicting responsiveness would be of high clinical and
financial importance (Maron & Nutt, 2015).

Digitalization of electroencephalography has made it
possible to work on the correlation between character-
istics of waves and other parameters quantitatively. By
Fourier Transform, any raw electroencephalographic
data obtained from each point could be divided into cat-
egorized waves with specific frequency ranges, and each
one has its amplitude. Investigations to find any corre-
lation between these detailed data and responsiveness
to a particular treatment or prognosis of a condition is
the topic of an increasing number of studies on different
psychiatric and neurologic disorders, such as depression,
drug dependency, psychosis, traumatic brain injuries,
and disorders of consciousness (Spronk et al., 2011;
Widge et al., 2019; Venneman et al., 2006; van Tricht et
al., 2014; Tolonen et al., 2018; Stefan et al., 2018).

Considering what was discussed, we decided to investi-
gate the potential predictive value of quantitative electro-
encephalographic (QEEG) features in the responsiveness
of OCD patients to fluvoxamine. There is no doubt that
such a possible correlation would be of high practical im-
portance to designing anticipatory models and individual-
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ized treatment plans, leading to diminished suffering of
patients and burden on families and health systems.

2. Materials and Methods

This prospective study investigates the predictive
power of QEEG features in the responsiveness of OCD
patients to fluvoxamine. We included 40 cases from Ne-
zam Mafi University Clinic, University of Social Wel-
fare and Rehabilitation Sciences, Tehran City, Iran. The
number of samples was calculated with 95% confidence
and 80% statistical power, based on Equation 1. All
cases were visited by a board-certified psychiatrist and
received the diagnosis of OCD according to DSM-V for
the first time. All of them were medication-free until the
time of participation in our study. They were informed
about the study methods and purposes and their right to
quit at any time, and they signed the consent form.

Equation 1:

We applied the Yale-Brown obsessive-compulsive
scale (Y-BOCS), Persian edition, to assess the sever-
ity of symptoms and responsiveness to treatment at the
beginning of the study and 6 weeks after the initiation
of therapy. This instrument, which a clinician scores, in-
cludes 10 scales and is scored by the Likert system (from
0 to 4 aligned with the severity), ranging between 0 to 40
overall score. According to this scale, scores of 0 to 7, 8
to 15, 16 to 23, 24 to 31, and more than 31 indicate sub-
clinical, mild, moderate, severe, and very severe cases,
respectively. Validity and reliability of this scale and its
Persian version have been proved desirable (Esfahani et
al., 2012; Rabiee et al., 2010). We did not consider any
minimum score of Y-BOCS for inclusion in the study
because we made our diagnosis clinically, and the differ-
ences between pre and post-treatment scores would be
the data of comparison.

QEEG was obtained when patients had not used any
medication with psychotropic effects for at least 72
hours through the algorithms provided by the American
Clinical Neurophysiology Society and Pharmaco-EEG
Guidelines. The records were conducted by Nihon Ko-
hden EEG, Neurofax 1200 J/K, under the direct ob-
servation of a neurologist. The electrodes were placed
based on a 10/20 montage system on O,, O,, T,, T, P,,
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P,P,T,T,C,C,C,F,F F,F, F, FP,FP points
in addition to reference and ground electrodes on au-
ricles. The impedances of each electrode were checked
and rechecked by an expert technician not to be more
than 10 kQ. The sensitivity was tuned on 7 pV/mm, and
low and high-frequency filters (1 and 70 Hz) were acti-
vated. Notch filters (60 Hz) were also used if indicated.
The recordings were performed between 9 AM and 1
PM to diminish the effects of daily rhythms and feeding
on the waves in a semi-sitting position and awake in a
silent, slightly lighted room, kept from hindering envi-
ronmental stimuli. The obtained data were analyzed by
NeuroGuide software 2.3.8, which uses the fast Fourier
transform (FFT) to assess waves. The primary resting
EEG with a closed eye for 5 to 15 minutes was used
to evaluate the electrode placements and potential ar-
tifacts, and abnormal cases, including epileptical par-
oxysm and abnormal alpha waves, were considered the
exclusion criteria. Then, the main records containing 5
minutes with opened eyes and 5 minutes with closed
eyes were taken for the basic analyses. The relative
powers of each frequency range (alpha, beta, high beta,
theta, and delta) were calculated for all 19 electrodes.
The frequencies were analyzed by the software of Neu-
roGuide™ (Applied Neuroscience, Inc, 2023).

After recording the electroencephalographs, the pa-
tients began to take fluvoxamine, 150 to 300 mg per
day, per os. Six weeks after treatment, provided that at
least two weeks have passed since reaching the maxi-
mum dosage (based on clinical symptoms or thera-
peutic window), the patients were reinvestigated by
Y-BOCS. In the analytic phase, the pre-intervention
electroencephalographic waves were compared be-
tween responders and non-responders. Responders
were defined as reducing the severity of symptoms by
50 percent or more. Also, age, gender, and educational
level were considered as potential confounding factors.

The patients were assessed for adverse effects during
the medication period at the end of the first, second,
fourth, and sixth weeks.

Definition of terms

Responder refers to the patients who experienced at
least a 50% reduction in symptoms based on the Y-
BOCS scores.

EEG frequency bands are the electroencephalic waves
categorized based on their frequencies: 1-3 Hz, 4-7 Hz,
8-12 Hz, and 13-25 Hz as alpha, theta, alpha, and beta
bands, respectively.

Basic and Clinical

Z score is the difference between the scores of the ex-
aminee and the normal population, described as stan-
dard deviation. In other words, the Z score indicates
how much the patient’s score deviates from the normal
population.

Multivariate analysis considers some electrodes next
to each other as the indicator of the electroencephalo-
graphic activity of that particular locus. These areas
include: Left lateral by F., T,, and T,; left medial by
FP,F,, C,, P, and O ; left anterior by FP, F_, and F;
left central by T, and C,; left posterior by T,, P, and O ;
midline by Fz, Cz, and Pz; right lateral by F,, T,, and
T; right medial by FP,, F, C,, P, and O,; right anterior
by FP,, F, and F ; right central by T4 and C4; and right
posterior by T, P, and O,. In multivariate analysis, the
Z score indicates deviation from the means among the
normal population.

The inclusion criteria were aged between 18 and 65,
diagnosis of obsessive-compulsive disorder based on
DSM-YV, and volunteer attendance in the study.

The exclusion criteria were severe somatic disorders
(such as organ failures and endocrinological disorders),
neurological disorders (such as a history of traumatic
brain injury, epilepsy, cerebrovascular attacks, multiple
sclerosis, and other degenerative disorders that may
mimic obsessive symptoms), simultaneous suffering
of major depressive disorder or psychotic features of
any reason, usage of other psychotropic medications
such as anticonvulsants, regular consumption of alco-
holic drinks (more than 2-3 and 3-4 units/day in women
and men, respectively), regular smoking, more than 5
cigarettes per day or an equal amount of other tobacco
products, regular consumption of psychostimulants or
opioids at least 3 times a week, heavy drinking of caf-
feine drinks, more than 4 cups per day, and having an
o~ rhythm higher or lower than normal limits.

Statistical analyses

We first used univariate analyses to investigate the
probable correlations, including the Pearson correla-
tion and chi-square tests. Finally, multivariate logistic
regression was performed to assess potential confound-
ing factors. P<0.05 were considered as significant. The
SPSS software, version 22 was used to conduct these
calculations.
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Table 1. Dosages of prescribed fluvoxamine

2025, Vol 16, Special Issue

No. (%)
Dosage (mg)

Patients
150 11(39.3)
200 8(28.6)
250 5(17.9)
300 4(14.3)
Sum 28(100)

3. Results

Our study included 28 samples, 14 males and 14 fe-
males, with a mean age of 34.9+17.5 years. The mean
duration of symptoms was 46.6£11.6, ranging from 3
to 31 years. Six patients (21%) had a high school diplo-
ma, and 18(64.3%) had university degrees. The dosage
of fluvoxamine prescribed for patients is mentioned in
Table 1.

According to the definition of responsiveness to the
treatment described above, Table 2 shows the rate of

about different variables indicated that none of these
confounding factors had led to significant differences.

Table 3 presents the correlations between different
bands of electroencephalographic waves and respon-
siveness to the fluvoxamine regimen. The significant
correlations between waves and loci, including FP,
FP,F,F,, O, and O,, are summarized in Table 4, sort-
ed by the P increasingly.

During the study, none of the cases experienced any
serious adverse effects leading to interruption of phar-

responsiveness based on different variables. The P macotherapy.
Table 2. Demographic characteristics of the samples
No. (%)
Variables P
Non-responder Responder
<30 4(28.6) 4(28.6)
Age (y) 0.9
230 10(71.4) 10(71.4)
Male 8(57.1) 6(42.9)
Gender 0.45
Female 6(42.9) 8(57.1)
Less than a high school diploma 1(7.1) 3(21.4)
Education High school diploma 3(21.4) 3(21.4) 0.54
University degree 10(71.4) 8(57.1)
50 6(42.9) 5(35.7)
200 2(14.3) 6(42.9)
Dosage (mg) 0.34
250 3(21.4) 2(14.3)
300 3(21.4) 1(7.1)

337
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Table 3. Characteristics of quantitative electroencephalography frequencies and responsiveness to fluvoxamine based on elec-
trode location and eye openness

Electrode Response Responder Non-responder P
Normal 7(50)
Increased theta 0 3(21.4)
0.025
Increased delta 0 2(14.3)
Increased theta and delta 0 2(14.3)
Yes 0 3(21.4)
Increased theta 0.06
No 14(100) 11(78.6)
FP,-EC
Yes 0 2(14.3)
Increased delta 0.14
No 14(100) 12(85.7)
Y 0 2(14.3
Increased theta and s ( )
0.14
delta
No 14(100) 12(85.7)
Yes 14(100) 8(57.1)
Normal 0.006
No 0 6(42.9)
Normal 14(100) 8(57.1)
Increased theta 0 5(35.7) 0.02
Increased delta 0 1(7.1)
Yes 0 5(35.7)
Increased theta 0.01
FP,-EC No 14(100) 9(364)
Yes 0 1(7.1)
Increased delta 0.3
No 14(100) 13(92.9)
Yes 14(100) 8(57.1)
Normal 0.006
No 0 6(42.9)
Normal 14(100) 9(64.3)
Increased theta 0 4(28.6) 0.04
Increased theta and delta 0 1(7.1)
Yes 0 4(28.6)
Increased theta 0.03
F,-EC No 14(100) 10(71.4)
Y 0 1(7.1
Increased theta and s (7.1) 03
delta )
No 14(100) 13(92.9)
Yes 14(100) 10(71.4)
Normal 0.03
No 0 4(28.6)
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Electrode Response Responder Non-responder P
Normal 13(92.9) 8(57.1)
Increased theta 0 5(35.7)
0.04
Decreased theta 1(7.1) 0
Increased delta 0 1(7.1)
Yes 0 5(35.7)
Increased theta 0.01
No 14(100) 9(364)
F,-EC
Yes 1(7.1) 0
Decreased theta 0.3
No 13(92.9) 14(100)
Yes 0 1(7.1)
Increased delta 0.3
No 14(100) 13(92.9)
Yes 13(92.9) 9(64.3)
Normal 0.06
No 1(7.1) 5(35.7)
Normal 14(100) 12(85.7)
0.14
Increased theta 0 2(14.37)
Yes 0 2(14.37)
F-EC Increased theta 0.14
No 14(100) 12(85.7)
Yes 14(100) 12(85.7)
Normal 0.14
No 0 2(14.37)
Normal 13(92.9) 11(78.6)
Increased theta 0 1(7.1)
0.24
Decreased theta 1(7.1) 0
Increased delta 0 2(14.3)
Yes 0 1(7.1)
Increased theta 0.3
No 14(100) 13(92.9)
F-EC
Yes 1(7.1) 0
Decreased theta 0.3
No 13(92.9) 14(100)
Yes 0 2(14.37)
Increased delta 0.14
No 14(100) 12(85.7)
Yes 13(92.9) 11(78.6)
Normal 0.28
No 1(7.1) 3(21.4)
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Electrode Response Responder Non-responder P
Normal 12(85.7) 13(92.9)
Increased theta 1(7.1) 1(7.1) 0.59
Decreased theta 1(7.1) 0
Yes 1(7.1) 1(7.1)
Increased theta 0.98
T,EC No 13(92.9) 13(92.9)
Yes 1(7.1) 0
Decreased theta 0.3
No 13(92.9) 14(100)
Yes 12(85.7) 13(92.9)
Normal 0.54
No 2(14.3) 1(7.1)
Normal 13(92.9) 14(100)
0.3
Increased Alpha 1(7.1) 0
Yes 1(7.1) 0
T.-EC Increased alpha 0.3
No 13(92.9) 14(100)
Yes 13(92.9) 14(100)
Normal 0.3
No 1(7.1) 0
Normal 12(85.7) 14(100)
0.14
Increased Alpha 2(14.3) 0
Yes 2(14.3) 0
T,EC Increased alpha 0.14
No 12(85.7) 14(100)
Yes 12(85.7) 14(100)
Normal 0.14
No 2(14.3) 0
Normal 12(85.7) 13(92.9)
Increased theta 1(7.1) 1(7.1) 0.59
Decreased theta 1(7.1) 0
Yes 1(7.1) 1(7.1)
Increased theta 0.98
C,-EC No 13(92.9) 13(92.9)
Yes 1(7.1) 0
Decreased theta 0.3
No 13(92.9) 14(100)
Yes 12(85.7) 13(92.9)
Normal 0.54
No 2(14.3) 1(7.1)
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Electrode Response Responder Non-responder P
Normal 13(92.9) 14(100)
0.3
Increased alpha 1(7.1) 0
Yes 1(7.1) 0
P,-EC Increased alpha 0.3
No 13(92.9) 14(100)
Yes 13(92.9) 14(100)
Normal 0.3
No 1(7.1) 0
Normal 11(78.6) 14(100)
0.06
Increased alpha 3(21.4) 0
Yes 3(21.4) 0
P,-EC Increased alpha 0.06
No 11(78.6) 14(100)
Yes 11(78.6) 14(100)
Normal 0.06
No 3(21.4) 0
Normal 13(92.9) 14(100)
0.3
Increased alpha 1(7.1) 0
Yes 1(7.1) 0
P-EC Increased alpha 0.3
No 13(92.9) 14(100)
Yes 13(92.9) 14(100)
Normal 0.3
No 1(7.1) 0
Normal 6(42.9) 13(92.9)
0.01
Increased alpha 8(57.1) 1(7.1)
Yes 8(57.1) 1(7.1)
0,-EC Increased alpha 0.01
No 6(42.9) 13(92.9)
Yes 6(42.9) 13(92.9)
Normal 0.01
No 8(57.1) 1(7.1)
Normal 8(57.1) 13(92.9)
0.07
Increased alpha 6(42.9) 1(7.1)
Yes 6(42.9) 1(7.1)
O,-EC Increased alpha 0.07
No 8(57.1) 13(92.9)
Yes 8(57.1) 13(92.9)
Normal 0.07
No 6(42.9) 1(7.1)
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Electrode Response Responder Non-responder P
Normal 13(92.9) 8(57.1)
Increased theta 0 4(28.6)
0.04
Increased delta 1(7.1) 0
Increased theta and delta 0 2(14.3)
Yes 0 4(28.6)
Increase theta 0.09
No 14(100) 10(71.4)
FP-EO
Yes 1(7.1) 0
Increased delta 0.3
No 13(92.9) 14(100)
Yes 0 2(14.3)
Increased theta and
0.14
delta
No 14(100) 12(85.7)
Yes 13(92.9) 8(57.1)
Normal 0.02
No 1(7.1) 6(42.9)
Normal 14(100) 10(71.4)
Increased theta 0 2(14.3) 0.09
Increased theta and delta 0 2(14.3)
Yes 0 2(14.3)
Increase theta 0.14
FP-EO No 14(100) 12(85.7)
Yes 0 2(14.3)
Increased theta and
0.14
delta
No 14(100) 12(85.7)
Yes 14(100) 10(71.4)
Normal 0.03
No 0 4(28.6)
Normal 14(100) 12(85.7)
0.14
Increased theta 0 2(14.3)
Yes 0 2(14.3)
F,-EO Normal 0.14
No 14(100) 12(85.7)
Yes 14(100) 12(85.7)
Increased theta 0.14
No 0 2(14.3)
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Electrode Response Responder Non-responder P
Normal 12(85.7) 9(64.3)
Increased theta 0 4(28.6) 0.09
Increased delta 2(14.3) 1(7.1)
Yes 0 4(28.6)
Increased theta 0.03
F,-EO No 14(100) 10(71.4)
Yes 2(14.3) 1(7.1)
Increased delta 0.54
No 12(85.7) 13(92.9)
Yes 12(85.7) 9(64.3)
Normal 0.19
No 2(14.3) 5(35.7)
Normal 14(100) 12(85.7)
0.14
Increased theta 0 2(14.37)
Yes 0 2(14.37)
F-EO Increased theta 0.14
No 14(100) 12(85.7)
Yes 14(100) 12(85.7)
Normal 0.14
No 0 2(14.37)
Normal 11(78.6) 10(71.4)
Increased theta 1(7.1) 2(14.3) 0.82
Increased delta 2(14.3) 2(14.3)
Yes 1(7.1) 2(14.3)
Increased theta 0.54
F-EO No 13(92.9) 12(85.7)
Yes 2(14.37) 2(14.37)
Increased delta 1
No 12(85.7) 12(85.7)
Yes 11(78.6) 10(71.4)
Normal 0.66
No 3(21.4) 4(28.6)
Normal 14(100) 13(92.9)
0.3
Increased delta 0 1(7.1)
Yes 0 1(7.1)
F,-EO Increased delta 0.3
No 14(100) 13(92.9)
Yes 14(100) 13(92.9)
Normal 0.3
No 0 1(7.1)
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Electrode Response Responder Non-responder P
Normal 10(71.4) 12(85.7)
Increased alpha 1(7.1) 1(7.1)
Decreased theta 2(14.3) 0 0.38
Increased delta 0 1(7.1)
Decreased delta 1(7.1) 0
Yes 1(7.1) 1(7.1)
Increased alpha 1
No 13(92.9) 13(92.9)
T,-EO Yes 2(14.3) 0
Decreased theta 0.14
No 12(85.7) 14(100)
Yes 0 1(7.1)
Increased delta 0.3
No 14(100) 13(92.9)
Yes 1(7.1) 0
Decreased delta 0.3
No 13(92.9) 14(100)
Yes 10(71.4) 12(85.7)
Normal 0.45
No 4(28.6) 2(14.3)
Normal 11(78.6) 13(92.9)
Increased alpha 2(14.3) 0
0.24
Decreased alpha 0 1(7.1)
Decreased delta 1(7.1) 0
Yes 2(14.3) 0
Increased alpha 0.14
No 12(85.7) 14(100)
T.-EO
Yes 0 1(7.1)
Decreased alpha 0.3
No 14(100) 13(92.9)
Yes 1(7.1) 0
Decreased delta 0.3
No 13(92.9) 14(100)
Yes 11(78.6) 13(92.9)
Normal 0.28
No 3(21.4) 1(7.1)
Normal 13(92.9) 14(100)
0.3
Increased theta 1(7.1) 0
Yes 1(7.1) 0
T,-EO Increased theta 0.3
No 13(92.9) 14(100)
Yes 13(92.9) 14(100)
Normal 0.3
No 1(7.1) 0
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Electrode Response Responder Non-responder P
Normal 13(92.9) 14(100)
0.3
Increased alpha 1(7.1) 0
Yes 1(7.1) 0
T,EO Normal 0.3
No 13(92.9) 14(100)
Yes 13(92.9) 14(100)
Increased alpha 0.3
No 1(7.1) 0
Normal 12(85.7) 14(100)
0.14
Decreased theta 2(14.3) 0
Yes 2(14.3) 0
C-EO Decreased theta 0.14
No 12(85.7) 14(100)
Yes 12(85.7) 14(100)
Normal 0.14
No 2(14.3) 0
Normal 13(92.9) 14(100)
0.3
Increased theta 1(7.1) 0
Yes 1(7.1) 0
C-EO Increased theta 0.3
No 13(92.9) 14(100)
Yes 13(92.9) 14(100)
Normal 0.3
No 1(7.1) 0
Normal 11(78.6) 13(92.9)
Increased alpha 3(21.4) 0 0.12
Decreased alpha 0 1(7.1)
Yes 3(21.4) 0
Increased alpha 0.06
P,-EO No 11(78.6) 14(100)
Yes 0 1(7.1)
Decreased alpha 0.3
No 14(100) 13(92.9)
Yes 11(78.6) 13(92.9)
Normal 0.28
No 3(21.4) 1(7.1)
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Electrode Response Responder Non-responder P
Normal 13(92.9) 13(92.9)
Increased alpha 1(7.1) 0 0.36
Decreased alpha 0 1(7.1)
Yes 1(7.1) 0
Increased alpha 0.3
P-EO No 13(92.9) 14(100)
Yes 0 1(7.1)
Decreased alpha 0.3
No 14(100) 13(92.9)
Yes 13(92.9) 13(92.9)
Normal 1
No 1(7.1) 1(7.1)
Normal 13(92.9) 13(92.9)
1
Increased alpha 1(7.1) 1(7.1)
Yes 1(7.1) 1(7.1)
P,-EO Normal 1
No 13(92.9) 13(92.9)
Yes 13(92.9) 13(92.9)
Increased alpha 1
No 1(7.1) 1(7.1)
Normal 4(28.6) 13(92.9)
0.0001
Increased alpha 10(71.4) 1(7.1)
Yes 10(71.4) 1(7.1)
0,-E0 Normal 0.0001
No 4(28.6) 13(92.9)
Yes 4(28.6) 13(92.9)
Increased alpha 0.0001
No 10(71.4) 1(7.1)
Normal 8(57.1) 13(92.9)
0.02
Increased alpha 6(42.9) 1(7.1)
Yes 6(42.9) 1(7.1)
0,-EO Normal 0.02
No 8(57.1) 13(92.9)
Yes 8(57.1) 13(92.9)
Increased alpha 0.02
No 6(42.9) 1(7.1)

4. Discussion

The results of our study showed that in closed eyes
condition pre-intervention, the normal relative power
of waves in FP, FP,, FZ, and F, and increased rela-
tive power of waves recorded from O, are correlated

with responsiveness to fluvoxamine. In contrast, in-
creased theta waves in electrodes FP,, FZ, and F, and
no change in alpha waves from electrode O, correlate
with unresponsiveness. In the electroencephalographic
records obtained with opened eyes, the increased rela-
tive power of alpha waves in electrodes O, and O, and
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Table 4. Quantitative electroencephalography variables with significant correlation with responsiveness to fluvoxamine

Locus  Condition Wave Description P
Patients with normal waves in this locus significantly differ
0, EO Normal vs increased alpha from patients with increased alpha waves in this locus 0.0001
regarding the responsiveness to fluvoxamine.
0 EO Normal There is a direct correlatlop between normal waves in this 0.0001
1 locus and responsiveness to fluvoxamine.
0 EO Increased alpha There is an inverse correlat'lon between alpha waves in this 0.0001
1 locus and responsiveness to fluvoxamine.
Fp EC Normal There is a direct correlatlop between normal waves in this 0.006
1 locus and responsiveness to fluvoxamine.
Ep EC Normal There is a direct correlatlop between normal waves in this 0.006
2 locus and responsiveness to fluvoxamine.
Ee EC Increased theta There is an inverse correlation b_etween increased theta 0.01
2 waves in this locus and responsiveness to fluvoxamine.
E EC Increased theta There is an inverse correlation bgtween increased theta 0.01
3 waves in this locus and responsiveness to fluvoxamine.
Patients with normal waves in this locus significantly differ
0, EC Normal vs increased alpha from patients with increased alpha waves in this locus in 0.01
responsiveness to fluvoxamine.
0 EC Normal There is an inverse correlatpn between normal.waves in 0.01
1 this locus and responsiveness to fluvoxamine.
0 EC e cesed aliae There_ls a (_jlrect correlation bereen increased alp_ha waves 0.01
1 in this locus and responsiveness to fluvoxamine.
Normal vs increased theta and Patients with normal waves in this locus significantly differ
FP, EC delta from patients with increased theta waves in this locus with 0.02
regard to responsiveness to fluvoxamine.
rp £O Normal There is a direct correlatlop between normal waves in this 0.02
1 locus and responsiveness to fluvoxamine.
Patients with normal waves in this locus significantly differ
o, EO Normal vs increased alpha from patients with increased alpha waves in this locus 0.02
regarding the responsiveness to fluvoxamine.
0 £EO Normal There is a direct correlatlop between normal waves in this 0.02
2 locus and responsiveness to fluvoxamine.
0 O Increased alpha There is an inverse correlat_lon between alpha waves in this 0.02
2 locus and responsiveness to fluvoxamine.
. Patients with normal waves in this locus significantly differ
Normal vs increased theta, 3 — -
. ) from patients with increased theta, increased delta, and
FP EC increased delta, and increased . o . 0.025
1 increased theta and delta waves in this locus regarding the
theta and delta . .
responsiveness to fluvoxamine.
E EC Increased theta There is an inverse correlation bgtween increased theta 0.03
2 waves in this locus and responsiveness to fluvoxamine.
There is a direct correlation between normal waves in this
F EC Normal . - 0.03
2 locus and responsiveness to fluvoxamine.
P EO Normal There is a direct correlatlop between normal waves in this 003
1 locus and responsiveness to fluvoxamine.
E EO Increased theta There is an inverse correlation bgtween increased theta 0.03
3 waves in this locus and responsiveness to fluvoxamine.
Patients with normal waves in this locus significantly differ
Normal vs increased thetaand  from patients with increased theta and increased theta and
F EC . . X . ) 0.04
2 increased theta and delta delta waves in this locus regarding the responsiveness to
fluvoxamine.
. Patients with normal waves in this locus significantly differ
Normal vs increased theta, - .
. from patients with Increased theta, decreased theta, and
F, EC decreased theta and increased S . . 0.04
delta Increased delta waves in this locus in responsiveness to
fluvoxamine.
. Patients with normal waves in this locus significantly differ
Normal, increased theta, from patients with increased theta, increased delta and
FP, EO increased delta and increased P . 0.04

theta and delta

increased theta and delta waves in this locus regarding the
responsiveness to fluvoxamine.
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the normal relative power of waves in FP, and FP, were
correlated with desirable responsiveness. In contrast, in-
creased alpha waves in electrodes O, and O, were related
to unresponsiveness to fluvoxamine. Accordingly, the
electroencephalographic waves recorded from the me-
dial-frontal area (especially the left side) and occipital
regions (especially the left) can be utilized as biomarkers
to predict the responsiveness of OCD patients to treat-
ment with fluvoxamine.

Previous studies have shown that not only the antide-
pressant agents alter the EEG waves, but also pre-inter-
ventional waves may have predictive power about re-
sponsiveness to these medications and other therapeutic
alternatives. Chronologically sorted, one of the earliest
outstanding studies working on the correlation between
brain waves and OCD subtypes was conducted by Prichep.
Among 27 patients with the diagnosis of OCD following
12 weeks of treatment with fluvoxamine, fluoxetine, or
clomipramine, 16 patients expressed desirable outcomes.
The responsiveness was correlated with the higher relative
power of the alpha wave, while non-responders showed
higher theta waves, especially in temporal and frontal ar-
eas. Our results are compatible with the findings of this
study, although more accurate localization and detection
of an asymmetry of waves are two points of priority in our
research (Prichep et al., 1993).

The next study was conducted by Cook in 1999. In this
study, 24 adult patients affected by major depressive dis-
order were categorized into concordant and discordant
groups based on the assessment of QEEG cordance, a
measure of cerebral energy utilization. Although both
groups were clinically and historically similar before the
intervention, the concordant group experienced a faster
symptom reduction. The authors concluded that QEEG
cordance could distinguish between depressed adults in
terms of responsiveness to fluoxetine (Cook et al., 1999).
Cook et al. reported their further studies on prefrontal ac-
tivity measured by QEEG cordance and its early changes
as a predictor factor to distinguish between responders
and non-responders to antidepressant agents such as
fluoxetine and venlafaxine and in SSRIs non-respond-
ers going to initiate a new treatment by prescription of
their psychiatrists. Compatible with the abovementioned
studies, prefrontal cordance has also been correlated
with responsiveness to treatment (Cook & Leuchter,
2001; Cook et al., 2002; Cook et al., 2005).

Tot reported the results of their study on 22 unmedi-
cated OCD patients and showed that they have higher
frequencies of slow wave bands and a lower frequency
of alpha wave at the frontotemporal region in compari-
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son with a control group. They also found a significant
correlation between increased slow waves. They found a
decreased beta activity at the left frontal area during hy-
perventilation in responders to SSRI agents. They con-
cluded that frontal lobe function was better in this group
than in non-responders (Tot et al., 2002).

Another similar study was conducted by Hansen
(2003), which shows that non-responsiveness to treat-
ment with SSRI agents is related to excessive power of
theta wave in the frontal area while the responders show
higher relative power of alpha wave in the same region.
The pattern of change of brain waves and increased al-
pha is compatible with the results of our study, but the
anterior location of this change was not.

Some other studies at this age have recorded simi-
lar changes in the electroencephalographic waves of
OCD patients. Karadag et al. reported that the relative
power of theta wave and alpha wave are significantly
higher and lower in OCD patients in frontotemporal
sites (Karadag et al., 2003).

Bucci et al. also reported decreased alpha band power
and its negative correlation with the time needed to com-
plete neuropsychological tests about executive functions.
They have suggested that hyperactivity of frontal net-
works in the pathogenesis of OCD (Bucci et al., 2004).

During the same period, some investigators have fo-
cused on a correlation between responsiveness and elec-
troencephalographic features in depressive disorder. In
2000, Knott et al. studied the brain waves in male pa-
tients affected by major depressive disorder before being
treated with paroxetine for 6 weeks. Their study shows
that pre-intervention lower power and frequency of beta
waves in the frontal area are correlated with better re-
sponsiveness to this medication. As increased beta wave
indicates behavioral/affective activation, they concluded
that hypoactivity of the frontal cortex before treatment
predicts a more desirable SSRI treatment outcome
(Knott et al., 2000).

In another study conducted in 2001, Bruder et al.
worked on the power of alpha waves in depressed pa-
tients, considering the negative correlation between its
power and cortical activation and previous evidence
about the asymmetry of alpha waves in depression. Their
sample included 34 depressed patients who responded to
pharmacotherapy with fluoxetine and 19 non-responder
cases. Their study showed that although there was no
significant difference between the overall alpha wave be-
tween the two groups of responders and non-responders,
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they were significantly different in the alpha asymmetry,
which was more prominent in the eyes opened condition.
According to the results, the responders showed more
activation (lower alpha power) in their left hemisphere,
in comparison with the right side, while non-responders
showed lower alpha waves in the right hemisphere and
less asymmetry (Bruder et al., 2001).

Later, in 2008, Bruder reported that higher alpha
waves in the occipital area and alpha wave asymme-
try correlate with better responsiveness to fluoxetine
medication. In this study, after 12 weeks of treatment,
the power and asymmetry of the alpha wave did not
alter. Hence, the investigators concluded that these dif-
ferences are probably a family of traits indicating the
subgroup of depressed patients rather than a state-de-
pendent condition (Bruder et al., 2008).

In 2008, Bares et al. reported that in their sample, which
consisted of 12 responders and 13 non-responders de-
pressed patients, decreased theta band QEEG cordance
in the frontal area after one week is significantly related
to responsiveness to 4 weeks of treatment with venlafax-
ine (Bares et al., 2008).

In 2008, Iosifescu et al. investigated the changes in sui-
cidal ideation during treatment with SSRIs and frontal
electroencephalographic waves in depressed cases. They
reported that worsening of suicidal ideation, which had
occurred in 11% of the samples, equal to 9 of 82 patients,
was correlated with asymmetry of combined theta and
alpha power in that region (Iosifescu et al., 2008).

The study conducted by Hunter and his team on 72
major depressive patients showed that antidepressant
treatment for emergent suicidal ideation that happened
in 13.5% of cases was correlated with a significant tem-
porary decrease of QEEG cordance in the midline and
right frontal area 48 hours after initiation of treatment
with fluoxetine and venlafaxine (Hunter et al., 2010).

Another study conducted by Hunter et al. categorized
patients affected by major depressive disorder into 3
groups based on the pattern of changes in their symp-
toms over time. In the intervention group of 94 cases
that received venlafaxine, 62% were responders, 20%
were non-responders, and 17% were symptomatically
volatile, experiencing fluctuating symptoms. They in-
vestigated QEEG cordance before the intervention and
after one week and showed that responsiveness to the
treatment is correlated with higher degrees of decrease
in QEEG cordance in the midline and right frontal area,
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compared with non-responders, but not volatile cases
(Hunter et al., 2010).

The next study that is available in the literature was
conducted by Ischedeck et al., based on the assumption
of correlation between the risk of anxiety and depressive
disorder and electroencephalographic alpha wave. The
investigators assessed the power of the lower alpha band
(8 to 10 Hz) in 20 patients affected by OCD and com-
pared them with 20 healthy control cases. The novelty
of this study is recording the electroencephalographic
waves during the presentation of neutral, aversive, and
OCD-related images. The reported asymmetry of lower
alpha power in favor of the left side in all three condi-
tions did not exist in parietal areas, and higher alpha
wave and theta and beta frequencies did not exist. They
concluded that their findings supported increased avoid-
ance motivation in this disorder (Ischebeck et al., 2014).

Bares et al. studied the predictive power of electro-
encephalographic features in 103 depressed cases who
underwent treatment by SSRIs and SNRIs (Serotonin
and norepinephrine reuptake inhibitors), 57 and 46 pa-
tients, respectively. They investigated alphal, alpha2,
theta power, prefrontal theta cordance, frontal and oc-
cipital alphal, and alpha2 asymmetry at the pre-inter-
ventional stage and after 1 week. The only parameters
correlated with responsiveness to these groups of antide-
pressants were decreased prefrontal theta cordance and
increased occipital alphal and alpha2 asymmetry in the
first week, positively and negatively, respectively. There
was no significant difference between the cases at base-
line investigations, and the type of received medications
did not alter these correlations too (Bares et al., 2019).

The electroencephalographic features have not only
been used to predict responsiveness to pharmacothera-
py, but some studies (Metin et al., 2020) have also as-
sessed its correlation with responsiveness to transcra-
nial magnetic stimulation in OCD disorder. They have
concluded that QEEG can be used as a determining
factor in choosing the best treatment strategy for OCD
patients (Metin et al., 2020).

The higher alpha waves in occipital areas found in
our study have been reported in some previous inves-
tigations, such as the Bruder study. Our study has also
shown that in closed eyes, the asymmetry between hemi-
spheres and lower alpha in the right occipital region is
correlated with responsiveness to fluvoxamine. Bruder
also reported such a correlation in 2001, while Bares
mentioned opposite findings in 2019, but both were in
depressed cases. The correlation between higher ante-
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rior theta and unresponsiveness has also been reported
by Prichep and Hansen, as well as our study (Prichep et
al., 1993; Hansen et al., 2003).

5. Conclusion

Conclusively, and considering all mentioned above,
the results of our study, supported by previous literature,
have shown that QEEG features, especially occipital
alpha waves and theta waves in frontal areas, have de-
sirable potency to be utilized as predictive biomarkers
about the responsiveness of OCD patients to fluvox-
amine. Indeed, integration of accessible biomarkers such
as electroencephalographic and neuroimaging data can
lead to personalized treatment planning for patients;
studies like ours are the pieces of the puzzle of algorithm
that can make the railroad of choosing the best therapeu-
tic alternative, hopefully minimizing the needed time to
experience the ameliorative effect and maximizing ef-
fectiveness of therapy.

Study limitations

A larger sample size could undoubtedly improve the
significance of outcomes. Similar investigations on other
routinely used medications and even comparisons be-
tween their efficacies may be of high practicality, far be-
yond our study. Further studies with larger samples and
about different therapeutic alternatives, including medi-
cations and neuromodulation methods, are suggested.
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