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Abstract

Purpose: Obsessive-Compulsive Disorder (OCD) is a mental and behavioral disorder in which an individual has
intrusive thoughts and rituals which decrease the distress. It seems that there are many treatments such as EX/RP,
repetitive Transcranial Magnetic Stimulation (rTMS), medications or mindfulness for OCD, but there is no single
effective treatment yet. In this study, we investigated a multi-element daily program on symptom reduction of
OCD people.

Materials and Methods: In a quasi-experimental design 13 patients were included in the study and received daily
rTMS with EX/RP and biofeedback. We utilized BDI, BAI, and YBOCS tools to collect data before and after the
treatment and in the subsequent one-month follow-up.

Results: According to the BDI, BAI, and YBOCS results, the decrease in score was observed at the p<0.001 level
and the changes were significant after a one-month follow-up period.

Conclusion: The results indicated that the combination of sequenced treatments simultaneously such as rTMS and
biofeedback with exposure therapy can facilitate the engagement and enhancement of self-control and distress
tolerance.

Keywords: Obsessive-Compulsive Disorder; Exposure Prevention Response; Repetitive Transcranial Magnetic
Stimulation; Biofeedback.

Copyright © 2024 Tehran University of Medical Sciences.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International
license ( ). Noncommercial uses of the work
are permitted, provided the original work is properly cited.

DOI: https://doi.org/10.18502/fbt.v11i1.14509

Frontiers in
BIOMEDICAL
TECHNOLOGIES


https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.18502/fbt.v11i1.14509
https://orcid.org/0000-0002-8085-7092

The Combined TMS and ERP on OCD

1. Introduction

Unwanted, repetitive, thoughts, images, or impulses
(obsessions) and time-wasting behaviors (compulsions)
with 2-3% lifetime prevalence are the main characteristics
of Obsessive-Compulsive Disorder (OCD) [1].

The currently approved treatments of OCD are
Exposure Response Prevention (ERP) therapy [2],
selective serotonin reuptake inhibitors [3], repetitive
Transcranial Magnetic Stimulation (rTMS) [4], and
intensive residential program [5]. However, despite
utilizing all these modules about a third to half of the
patients fail to respond to treatment [6]. Nevertheless
adding SSRIs to psychological methods seems to have the
most effective therapeutic outcomes [7].

Notwithstanding the supporting research on the
efficacy of exposure therapy as the first-line treatment of
OCD, there exist some negative beliefs about this method
in patients and therapists alike. The main reason is the
increase in distress and high levels of anxiety during
exposure therapy which may lead to dropout or refusal in
patients [8]. Due to this anxiety-provoking nature of ERP,
other CBT methods such as mindfulness-based
interventions—which force the patient to observe their
thoughts and refrain from compulsively acting on them
[9]—play a more effective role in the management of
distress due to obsessive-compulsive disorder treatment
[10].

Based on current knowledge the accurate
pathophysiology of OCD is not completely clear, but it is
supposed that OCD is associated with dysfunctional
networks which are due to the orbitofronto-striato-pallido-
thalamic circuitry [11, 12]. These circuits are most
included:

1- The Dorsolateral Prefrontal Cortex (DLPFC), which
is linked to deficits in monitoring, working memory, and
higher-level planning in OCD [13].

2- Anterior cingulate gyrus and supplementary motor
(SMA) which may explain deficient inhibitory control
over behavior in patients with OCD [14].

3- Hyperactivity of the orbitofrontal cortex (OFC)
(Chamberlain, 2008) can be associated with information
processing and response control dysregulation [15, 16].

4- Thalamus which acts as a relay station between the
striatum and cortex, playing a key role in perception and
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thoughts integration, motor function, sensory information
used in motor control between the basal ganglia, the
cerebellum, and cortical motor areas in OCD people [17].

In addition to the aforementioned traditional
psychological and pharmacological treatments, novel and
efficient neuromodulation techniques such as rTMS can
be utilized to target the various parts of this circuitry more
focally and effectively [18]. For this purpose, deep rTMS,
which has been approved for OCD in 2016 can affect
Cortico-Striato-Thalamo-Cortical circuits (CSTC) [19].
However, standard rTMS with altering the excitability of
different brain regions such as the Supplementary Motor
Area (SMA) can still decrease obsessions and high levels
of distress by regulating information processing and
response control [20]. Hyperactivity in the SMA may
indicate the role of inhibitory control deficiency on
compulsive behaviors in patients with OCD [21], as it has
an association with striat-thalamus regions involved in
response control [22]. Also, the research indicated that
changing sensory experience by mindfulness methods,
which can be associated with some areas like the thalamus
can have impressive effects on response control and
subsequently relapse management [23].

Hence, the combination of sequenced neuromodulation
treatments such as rTMS and biofeedback with exposure
therapy can facilitate the engagement and enhancement of
self-control and toleration of the distress caused by
response prevention.

In this paper, we hypothesized the effect of inhibitory
rTMS on SMA and illustrate it can decrease response
inhibition and processing error. Therefore, utilizing rTMS
in this region can be considered an effective method for
patients to tolerate and control their rituals during EX/RP.
Therefore, we conceptualized it with an intensive, multi-
element daycare program with a combination of 20 rTMS
sessions (six times a week) with ERP sessions, and an
HRYV biofeedback as a mindfulness treatment to control
their thoughts and rituals twice per week as a relapse
management module. We will finally conclude whether
this combinatory method tends to be highly efficacious
and can significantly enhance compliance with exposure
response prevention.
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2. Materials and Methods

2.1. Subjects

In a one-time series quasi-experimental design, 13
patients (10 females and 3 males) between 20 to 50
years of age who were referred to Atieh Clinic after
diagnosing with OCD by a psychiatrist according to
the fifth version of DSM5 after completion of a
consent form were included in the study. The
exclusion criteria were the existence of head trauma or
seizure history in the individuals or their family, a
history of bipolar disorder, psychotic symptoms,
substance abuse, pregnancy, or having metal, any
prosthesis or shunt in the skull or peacemaker. The
factor of medication resistance was also considered
according to the definition that the patient had not
shown a therapeutic response to at least two different
anti-obsessive agents with sufficient dose and duration
of use.

2.2. Experimental Procedure

We utilized BDI, BAI, and YBOCS tools to collect
data before and after the treatment and in the
subsequent one-month follow-up. In our study, each
subject was admitted to the Atieh department day care
center from Saturday to Thursday from 9:00 AM to
12:00 AM. The TMS therapist exposed the patients to
the toilet and wanted them to touch the floor, wall, and
toilet handle. In addition, for ERP protocol [24], we
asked the patient to take off his shoes or put their wet
hands on the ground in the severe stages of exposure.
After the EX, people received the first TMS session
without any prevention response. At the end of the first
rTMS session, the patient was given a rest while no
washing was allowed. At this time, patients had to
drink water to feel the need to go to the toilet. After
half an hour they should repeat the exposure with
floor, handle and wall, and toilet trash again and wash
the floor with a dirty brush, and sited under the TMS
coil. During the treatment, the clients were not
permitted to have any distractions, relaxation, or
reassurance. In the end, a biofeedback session was
performed for the patient, and the abdominal breathing
exercise was taught with a 4-second, 6-second
exhalation protocol to increase their mindfulness. In
the biofeedback session, the patient had to mentally
recall their fears and perform abdominal breathing at
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the same time. As the home exercise, the patients were
also asked to do five-minute mental imagery about
exposing to contamination and abdominal breathing
three times a day at scheduled times. It is worth
mentioning that during the TMS session, the therapist
did not reassure the patient and encouraged them to
tolerate their distress level or even make it worse.

2.3. rTMS

rTMS was performed with a Neuro MS rTMS
device by a figure-of-8-shaped coil. Active Motor
Threshold (AMT) was selected which has been
defined as the minimum stimulus intensity to produce
a motor-evoked response in Abductor Policies Brevis
muscle (APB). Protocol of TMS was delivered at
120% of AMT. The frequency was 1 Hz for 30 min,
1800 pulses per session (36,000 pulses over twenty
sessions). The site of stimulation (supplementary
motor) is on Fcz by 10-20 international system.

2.4. Statistical Analysis

YBOCS, BDI, and BAI depression tests were
completed immediately after 20 sessions and 4 weeks
later. Repeated measures analysis of variance
(RANOVA) was used to analyze the data.

3. Results

Two subjects were excluded from the initial study
design (due to non-cooperation with treatment and
headache) and a total of 13 subjects were included in
this study. The mean age of the group was 35 years (+
8y). Because the inclusion was based on patients who
presented to the clinic for treatment with the drug
resistance and rTMS inclusion criteria, more women
than men were included. The demographics of this
group are described in Table 1.

The results of YBOCS have been shown in Table 2.
As findings, the treatment reduced YBOCS total
scores from 31.00 + 3sdt to 13 £2.00 sdt at the end of
the follow-up, which is due to points decrease.
Through rANOVA, there was seen a significance at
p<0.0001 level (F=65/09, n2=0.79) (Table 2). To get
to the point where these changes take place, the
average of this scale was compared with paired-
sample t-test. The results are shown in Table 3.
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Table 1. Demographic charachteristics of subjects

Patients Medications Age Gender Length of illness (year)
1 Clomipramine/fluoxetine 37.00 Female 12
2 flouxetine /haloperidol 47.00 Female 2
3 Asentra/trifluprazine 41.00 Male 7
4 Haloperidol/clomipramine 29.00 Male 3
5 Fluoxetine 28.00 Female 10
6 Fluoxetine 3300 Female e
7 Clomipramine 2100 Female 11
8 flouxetine /haloperidol 4000 Female 3
9 Fluoxetine 51.00 Female 5
10 flouxetine /haloperidol 29.00 Female 9
11 Fluoxetine 28.00 Female 4
12 flouxetine /haloperidol 36.00 Female 2
13 Haloperidol/clomipramine 35 Male 7

Table 2. YBOCS results: changes in severity of
symptoms based on Yale Brown obsessive compulsive
Scale

) One-month
All patients Pre Post
follow-up
Mean 31.08 14.0 13.0
Standard
o 3.0 2.07 2.0
Deviation
12 0.79
F 0.65
Significance P<0.0001

There’s a significant reduction in the t-test between
the first session to 1 week after (p<0.0001), the first
week to the 10th session to (p<0.003), and the 10th
session to the 20th session of treatment (p<0.001).

According to results, there was a significant
reduction decrease of the score of BDI (p<0.001 level
(F= 29.0, n2, p<0/0001) (Table 4). Also, there’s a
significant reduction in the t-test between the first
session to 1 week after (p<0.0001), the first week to
the 10th session to (p<0.04), and the 10th session to
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Table 3. Paired Samples t-Test in YBOCS scores

Std.

Mean Deviation t Sig

pair  YBOCSpre 31.0 3.0 50  0.000
1 YBOCSlweek  23.0 4.0

Pair  YBOCSlweek  23.0 4.0 30  0.003
2 YBOCS10th 20.0 3.0

Pair  YBOCS10th 20.0 3.0 40 001
3 YBOCS20th 14.0 2.0

pair  YBOCS20th 14.0 2.0 1.0 0.000
4 YBOCSfollow  13.0 2.0

the 20th session of treatment (p<0.0001) (Table 5).
The results of BAI scores indicated a significant
changes at p< 0/0001 (Table 6) and the t- test in the
first, 10th session and the end of treatment (p< 0.0001,
0/0005, 0.001) (Table 7). The results of changes
before and after treatment are given in Figure 1. As the
figure demonstrates, there is a general decrease in all
the scores after the treatments.
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Figure 1. Changes in BDI, BAI and YBOCS scores before, after and in the one-month follow-up

Table 4. BDI results: changes in severity of symptoms

; Table 6. BAI results: changes in severity of symptoms
based on Beck depression Scale

based on Beck anxiety Scale

One-

All pati b b One-month
; patients re ost
All patients Pre Post month follow-up
follow-u
P Mean 390 130 12.0
Mean 30.0 19.0 19.0 Standard o ‘0 ‘0
Standard 6.0 1.0 1.0 Deviation l l l
Deviation
F 108.0
F 29.0
12 0.85
n2 0.68 significance P<0.0001
Significance P<0.0001
Table 5. Paired Samples Test in BDI scores Table 7. Paired Samples Test in BAI scores
Std. Std. _
Mean o t sig Mean o t sig
Deviation Deviation

Pair BDlpre 30.0 6.0 7.0 0.000 Pair BDlpre 39.0 5.0 7.0 0.000

1 BDI1week 24.0 6.0 1 BDI1week 27.07 5.0
Pair BDI1week 24.0 6.0 20 0.04 Pair BDI1week 27.07 5.0 3.0 0.005

2

2 BDILOth  22.0 4.0 BDILOth 220 3.0
Pair BDI10th 220 40 20 0.02 Pair BDI10th 22.0 3.0 5.0 0.000

3 BDI20th 190 1.0 §  BDR0th 130 40
ouir | BDI20Mh 190 10 10 0.000 Pair  BDI20th 13.0 4.0 1.0 0.000

4 BDIfoll 12. 4,
4  BDIfollow  19.07 1.0 oo 0 2
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3.1. One-Month Follow-Up

One month after the subjects completed their
treatment, they were followed up again. Of the 13
original patients, all have improved, 9 had mild
symptoms with no severe dysfunction, and they did
not feel the need to seek treatment in YBOCS score.
In the BDI score, 2 patients were still depressed and
had a decrease in their scores. The rest (10 patients)
was without relapse. In the BAI score, 6 people were
stable in their anxiety symptoms while the other
patients were in the same condition or illustrated one
or two different scores.

4. Discussion

In this case series study, we proposed a daycare
program, including rTMS with ExX/PR and HRV
biofeedback and examined its efficacy in 12
pharmaco-resistant OCD outpatients. The suggested
treatment was included a standard CBT which
emphasized ERP, rTMS on the supplementary area to
control the compulsion (RP), and HRV biofeedback as
a mindfulness module to maintain the beneficial
effects of Ex and rTMS in relapse management after
the treatments. Twelve patients were present at the
daycare center at the same time (9 to 12 am) and
received the treatments sequentially. Somewhere,
there were their relatives and helped them with their
exercises.

To our knowledge, this is the first study of multi-
element treatments of OCD simultaneously. We
observed a significant reduction in OCD symptoms
and anxiety/depressive states after 20 sessions of the
intensive program. Not only was there a significant
improvement encouraged, but all of them showed
normalization (even in one-month follow-up).

There were three novel findings of this study which
can be considered as follows.

1- A rapid and significant reduction of symptoms
was achieved after just one week of our proposed
intensive program, much faster than what was
previously seen by utilizing standard weekly CBT
(Ex/RP) or pharmacotherapy or rTMS [25-27].

The efficacy of intensive and daily ERP for OCD is
well established, and it is considered one of the
standard and first-line treatments for OCD [28].
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Intensive CBT and “therapy hours” produce
improvement in up to 70 % of OCD patients for at least
4 weeks [29]. In a study conducted by Saxena et al.
(2008), a significant change in normalized regional
glucose metabolism was seen after brief intensive
CBT compared to controls. OCD patients showed
significant bilateral decreases in normalized thalamic
metabolism with intensive CBT but had a significant
increase in right dorsal anterior cingulate cortex
activity that is strongly correlated with the degree of
improvement in OCD symptoms after the 12th week.
However, it has been thought that there is a need to
produce the changes in symptoms or brain activity in
as little as 4 weeks, and here is exactly the surprising
point of our study that observed the first therapeutic
response after the first week.

On the other hand, we applied brain stimulation to
suppress the supplementary area to increase self-
control. Although deep transcranial magnetic
stimulation (dTMS) with the H7-coil was FDA-
cleared for obsessive-compulsive disorder (OCD) in
August 2018 based on multicenter sham-controlled
studies [30], we applied this classical rTMS to
targeting the cortex. The number of RCTs focusing on
the SMA and OFC is increasing for OCD and rTMS
[30]. The SMA may be a useful target for inhibitory
stimulation in the treatment of OCD because it has
extensive connections with regions implicated in
cognitive processes and motor control [31]. Targeting
the SMA with rTMs is correlated with the restoration
of cortical inhibition which corresponds to intrusive
thoughts, impulses, and repetitive motor responses
[20, 32, 33]. Therefore, one explanation of the
observed rapid response is that we targeted the
multilateral circuit of OCD (CSTC). This means that
TMS may have stimulated the cortical areas and
Ex/RP and mindfulness based on biofeedback
treatment could probably target other subcortical
regions of this circuit.

2- Another interesting achievement of this study
was the increasing patients' tolerance and reduction of
distress by three factors simultaneously; rTMS, HRV
biofeedback, and Ex/RP. As the results show, there
was a significant reduction in anxiety scales of 12
patients. Lower Distress Tolerance (DT) is
significantly associated with obsessions in nonclinical
samples, poorer DT prospectively predicts the
frequency of obsessions [34] and is associated with
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greater anxiety following an experimental task
designed to elicit an OCD-like intrusion [35].
Neuroimaging studies on OCD have identified
hyperactivation during resting state and symptom
provocation in a variety of cortical and subcortical
regions, with recent meta-analyses emphasizing the
role of the Orbitofrontal Cortex (OFC), Medial Frontal
Cortex (MFC), anterior insula/frontal operculum
(al/fO), hippocampus, caudate nucleus, and thalamus
[36, 37] when people have uncertainty and distress
tolerance. With regard to the effect of rTMS on CSTC,
this method can decrease DT through anxiety
reduction [38, 39]. On the other hand, HRV is
mediated by a complex interplay of the CNS and ANS
subsystems, reflecting physiological functioning in a
range of psychiatric disorders [40], with implications
in emotion regulation and self-awareness [41]. HRV-
biofeedback has been found to decrease stress and
anxiety [42, 43], increase mindful awareness and self-
compassion, and reduce rumination and worry [44-
46]. Mindfulness psychotherapy which is called “third
wave approaches” tends to reduce experiential
avoidance, intolerance, and encouragement to remain
in contact with the painful or distressing thoughts and
emotions which arise during the course of treatment
[47]. In fact, one of the reasons that patients do not
tend to receive exposure is their intolerance of anxiety.
People in this study received exposure and rTMS
sequentially. They should exposure to their
compulsion and quickly received to rTMS and tolerate
its distress and focus on their breathing. Now the
guestion is whether the stimulation of SMA has led to
an increase in patient tolerance or not.

The hyperactivity of supplementary motor has been
correlated with deficits in response inhibition in
patients with OCD [48]. The rTMS stimulation
parameters have been postulated to be the result of the
inhibitory effects of low-frequency rTMS on
hyperactive orbitofronto-striatal and/or supplementary
motor circuits, the possible circuit that becomes
dysfunctional to produce obsessions and compulsions
of OCD [32]. Another explanation is due to the role of
anxiety. OCD has heterogeneous features like
ruminative and obsessive thoughts or compulsion and
Intolerance Uncertainty (1U) [1].

The OCs engage themselves in compulsive rituals
because of their IU and this construct plays a central
role in anxiety and probably rTMS on SMA can

37

reduce anxiety inhibition

subsequently.

[49] and response

3- In this study, we followed the patients up one
month after exposure therapy. The results showed the
significance of therapeutic effects among patients.
Previous research has shown that exposure therapy has
long-term effects on improving obsessive-compulsive
disorder. Although exposure therapy is not a complete
cure for OCD, adding other complementary elements
can help to make it like a panacea for this disorder.
According to the studies, the pathogenesis of OCD is
different and involved a network of different areas of
the brain. Hence, the best treatment would be to
involve both the subcortical areas (bottom-up
pathways) and the cortical areas (top-down pathways).
rTMS adhere to exposure and maintain these effects
with mindfulness-based biofeedback which has been
found to have a significant impact on the treatment of
OCD patients. Therefore, additional research is
warranted to determine whether these adherences lead
to greater symptom improvement.

There are some limitations to the findings. Because
the proposed treatment has a multi-element nature,
randomization in the design may potentially be
considered a key strength of further studies. Therefore,
these practical practices are not insuperable, and
replication using an RCT is strongly suggested.

The generalization of our results has some
limitations not only by the small sample size but also
by the fact that these patients received an intensive
treatment program which may suggest a high demand
for changes.

Despite the limitations imposed by the
characteristics of the short sample, inadequate follow-
up period, the utilization of multi therapists for the
procedures, the results suggest that our proposed daily
intensive program has the potential to become an
efficacious treatment for resistant OCD. Future studies
are required to more rigorously evaluate the protocol
through controlled trials with blinded assessment.
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