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Abstract

Purpose: This study was conducted to evaluate the c@
Stimulation (rTMS) and intermittent Theta Burst
patients using resting-state Electroencephalograj
the potential to produce similar anti-depres j

ess of repetitive Transcranial Magnetic
, in Treatment-Resistant Depression (TRD)
BS is a novel form of magnetic stimulation with
uch shorter time.

Materials and Methods: In two sti
symptoms were assessed based on tf
Depression Inventory (BDI-II) * Seline, after the last session, and at 4 weeks after treatment. Resting-
state EEG was measured at
changes were evaluated sta

Results: There was no significant@ifference in response and remission rates between the two groups. Following
10 Hz rTMS and iTBS, the clinical¥hdexes improved by 48.5 + 19.8 % (p-value < 0.05) and 50.4 + 21.7 % (p-
value < 0.05), respectively. There was a significant reduction in the mean depression scores for both treatment
groups (p < 0.05). Following treatment, TRD patients showed considerable enhancement in gamma power at the
left DLPFC site (F3, F5, and F7 electrode) in the iTBS group and significant increases in delta power at the F3
and F7 electrode sites in the 10 Hz rTMS group.

Conclusion: iTBS provides clinical advantages, which showed that the results did not contrast altogether with
results from a standard course of rTMS treatment. It might be invaluable from a clinical, benefit, and
understanding perspective. Biomarkers of clinical outcomes such as resting-state brain activity measured with
EEG may save individuals worthless treatment and moderately limited clinical assets.

Keywords: Transcranial Magnetic Stimulation; Treatment-Resistant Depression; Intermittent Theta Burst
Stimulation; Electroencephalography.
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Electrophysiological Effects of TMS Protocols

1. Introduction

Depression is a range of mental health disorders
characterized by decreased mood and loss of interest or
pleasure that affects about 3.4% of the world population
[1]. Today, the first-line medication for depression
includes pharmacotherapy and psychotherapy. However,
antidepressant drugs do not have the efficiency to relieve
about one-third of patients and they are bearing
Treatment-Resistant Depression (TRD) [2]. TRD refers to
when a patient does not respond to at least one
antidepressant trial of adequate duration and doses. Thus,
TRD patients need new alternative management [3].

Repetitive Transcranial Magnetic Stimulation (rTMS)
is a non-invasive method for the stimulation of the human
brain [4]. The process of stimulation is evoked by inducing
a ftransitory and robust magnetic field through the
application of a brief electrical current within a magnetic
coil. rTMS is used for mental disorders diagnosis and
treatment [5]. rTMS delivers repeated localized electrical
pulses across the scalp in fully conscious human subjects
[6]. These pulses change the excitability of cortig
neurons and enhance or suppress neural activity, ¢
the release of neurotransmitters, and change in blood
of the targeted site which causes a ch
functions and behaviors and generates
acting therapeutic effects [7, 8].

The Dorsolateral Prefrontal
accepted in the treatment of
example, Corlier et al. reported
course of 10 Hz rTMS in left-si@g,DLPFC improves
psychomotor speed and cognitive ‘€ontrol in Major
depressive Disorder (MMD). Similarly, high-frequency
(20 Hz) rTMS decreased the depression severity,
enhanced accuracy, and decreased reaction time in the
MMD [10]. The conventional, US Food and Drug
Administration (FDA)-approved protocol requires about
37.5 min of stimulation per session. Long session lengths
restrict treatment capacity and increase the cost per
session. Reduced session lengths could therefore improve
the accessibility and cost-effectiveness of rTMS [11].

Intermittent Theta Burst Stimulation (iTBS) is an
alternative rTMS protocol that may have the potency of
effective treatment for TRD was approved by the FDA
and showed beneficial effects in several studies. iTBS asa
novel TMS protocol induces more rapid and long-lasting
effects on neural excitability especially synaptic
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transmission enhancement in a shorter time than rTMS.
The iTBS protocol entails the administration of bursts of
gamma frequency (~50 Hz) pulses, lasting only a few
cycles, interspersed at regular intervals of theta frequency
(5 Hz). Treatment utilizing iTBS requires approximately
180 seconds per session, which is significantly shorter in
comparison to the 2400 seconds per session required for
traditional rTMS and, as a result, presents a potential
avenue for cost-effectiveness [12-14].

Despite its clinical progress, the effect of rTMS on
neuroplasticity remains unknown. In addition, clinicians
prescribe rTMS after thorough assessment and extensive
trial and error testing to improve diagnosis and manage
outcomes. Resting-state EEG spectral power in different
frequency bands may be useful for depression diagnosis

ectral features especially alpha and
s have been the most frequent

isitions bef@re and after treatment may yield novel

ationsgthat enhance our understanding of the
S underlying magnetic stimulation. These
ations may inform novel treatment protocols.
ermore, the identification of brain-based biomarkers
of early therapeutic response remains an important and
unanswered question in the field. In addition, less clear
evidence for iTBS electrophysiological neural effects in
TRD has been provided. Therefore, the present study
investigated the neural correlates of rTMS and iTBS based
on resting-state EEG in TRD patients.

The aim of the present study was to detect the
neuroplasticity effects of rTMS on patients diagnosed with
TRD using a clinical EEG system. Furthermore, the
effects of the two different rTMS protocols (10 Hz rTMS,
and iTBS) on EEG power spectral analysis were assessed
in patients with TRD.

2. Materials and Methods

2.1. Participants

Seventy-eight depression patients (36 males and 42
females; 47.46 £ SD 12.65 years old) participated in
this retrospective experiment. All patients had a
primary diagnosis of TRD (defined as at least two
failed responses to antidepressant medication) during
the current major depressive episode. No patients
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started any new medications in this experiment period.
The exclusion criteria for this experiment consisted of
a documented medical history of drug abuse or
addiction within the preceding three-month period,
implantation of any medication pump in the body such
as a cardiac pacemaker, active suicidal intent, and the
diagnosis of any mental or neurological disorder.
Patients were randomly divided into two groups: 10
Hz rTMS, and iTBS over the left DLPFC. The two
groups were not fundamentally different for relevant
parameters (age, gender, and depression severity).

2.2. Clinical Assessments

All participants were selected with a major
depressive episode by their recourse to the psycho-
therapist or it was introduced by their own doctor. 17-
item Hamilton Depression Rating Scale (HAM-D),
and Beck Depression Inventory (BDI-11) were used to
assay the severity of depression [17, 18]. All
participants who had HAM-D and BDI-II scores <20
before rTMS were excluded from the experiments.
Participants were assessed at baseline, a
completion of treatment, and 4 weeks after treat

2.3. Treatment Procedure

The rTMS was used through 4
operator using a Neurosoft MS/Dysti

‘, .
used to deliver biphasic 280048 impulses for all

patients. All subjects underwent 2Qitreatment sessions
(5 consecutive days per week for 4 consecutive weeks)
over left DLPFC. The stimulation parameters of the
two protocols used in the study are presented in Table
1. The total duration of the 10 Hz rTMS protocol

Table 1. Treatment parameters

lasted 37 min and 30 seconds, and iTBS was just over
3 minutes. DLPFC of the left hemisphere was
localized according to the international 10-20 system
equivalent to F3 electrode location, respectively. The
coil was positioned tangential to the scalp at 45°
relative to the midline. Stimulation intensity for both
rTMS and iTBS, before the commencement of
treatment, was determined at 120% Resting Motor
Threshold (RMT) over the primary motor cortex for
every subject. RMT for the Abductor Brevis (APB)
muscle was measured using single-frequency TMS
using standard published methods and visual
visualization of APB movements. MT is defined as the
minimum stimulus intensity necessary to elicit an
overt motor response in the APB for >50% of applied
stimuli [19].

re recorded at baseline and after

: amplifier electrodes. These electrodes are
ade of Ag/GgCl and are passive. They follow the 10-
ystem and have a reference electrode at the FCz
and a ground electrode at the AFz spot. The
amplifier, created by ScienceBeam, can collect 1,000
samples every second. This lets us accurately examine
how the brain processes information over time. The
impedances were lower than 5,000 ohms. We used
EEGLAB, running on MATLAB [R2021b (9.11), The
Mathworks, Inc.] to remove unwanted sounds and
distortions from the EEG signals. The rate at which
data was collected was decreased to 250 times per
second. The information was filtered using a special
filter to allow only certain frequencies between 0.5 Hz
and 50 Hz to pass through. Then, the faulty channels

Train  Trains "M Stimulation Pulses
Treatment Stimulation ] train . . Stimulation Total Total
Group frequency duration per Interval Intensity location . Sessions  pulses
(s) session ) (YoRMT) session
10Hz Left
FTMS 10 Hz 4 75 26 100 DLPEC 3000 20 60000
3 x50 Hz
. bursts; Left
iTBS repeated at 1.8 20 8 80 DLPEC 600 20 12000
5Hz

DLPFC: Dorsolateral Prefrontal Cortex; Hz: Hertz; iTBS: intermittent Theta Burst Stimulation; RMT: Resting Motor
Threshold; rTMS: repetitive Transcranial Magnetic Stimulation; s: Seconds.
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were automatically found and fixed by filling in
missing data. The Independent Component Analysis
(ICA) method was used to automatically get rid of
unwanted things like eye movements, heart activity,
and muscle activity. Additionally, a machine was used
to reject periods that had signal strengths greater than
100 pV or less than -100 pV. In the end, the data was
adjusted to compare it to a typical value. After
removing the redundant information from the data,
absolute power analysis (uLV2) was performed using a
custom MATLAB script. The frequencies we focus on
are delta (1 to 4 Hz), theta (4 to 8 Hz), alpha (8 to 13
Hz), beta (13 to 30 Hz), and gamma (30 to 45 Hz).
Frequency bands were analyzed individually for each
electrode of interest. Simply put, brain data is used to
calculate changes in the power of different brain cells
after an rTMS session. For fast Fourier transform
(FFT) analysis, the Bonferroni method is applied to
correct for multiple comparisons across four
frequency bands. Following the procedure based on
the previous research (ref), to reduce the amount of
data and statistical analysis of frequency power,
electrodes from the left DLPFC region (F3, F5, F
were selected for band power analysis. The pf
change for each bandwidth relative to the bas
value is calculated using the following fo
X - pre X)/pre X] x 100, where X ig
power value at the electrode sites
electrode force around F3, F5,

for statistical analysis [20].

2.5. Statistical Analysis

Differences in TMS effects between two conditions
(i.e. before and after TMS), and between the two
stimulation methods, were analyzed separately.
Therefore, the statistical analysis of critical energy
images is divided into the first level (subject level) and
the second level (group level). Data were found to
meet the normality assumption using the
Kolmogorov-Smirnov test. We performed the Chi-
Square test (¥2) and independent sample t-tests to
compare demographic characteristics and baseline
depression severity. Clinical improvement was
compared between the two treatment groups using the
Pearson chi-square test. Paired t-tests were performed
to determine changes in the HAM-D and BDI-I1 from
baseline to week 4 in both treatment groups. For all
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analyses, the statistical significance was set at P <
0.05.

To analyze the long-term changes in the power
value of the frequency band in each electrode before
and after each treatment group, a t-test with
Bonferroni correction was applied to 3 electrodes
between the pre and post- EEG data.

3. Results

3.1. Changes in Clinical Indexes

There were no differences in demographic (age and
gender) as well as clinical characteristics (HAM-D,
hic characteristics between 10 Hz
are summarized in Table 2.

10 Hz . p-
Total rTMS ITBS value

umber

(P 7842136) 43(22/21) 35(20/15)  0.76

';/'Sa;: 4746+ 4702+ 4801:
9 12.65 9.27 1401

[years]

Adverse events did not happen in this study.
Specifically, there was no admission of seizures or
manic episodes in the subjects. Headache was a
common side effect in subjects, followed by mild neck
pain. No neck pain was reported after starting to use
the air-travel style pillow. Side effects are self-limiting
and do not require any therapy.

Differences in baseline HAM-D and BDI-II scores
were not clinically significant across the two groups
(Table 3). For patients who had undergone both 10 Hz
rTMS and iTBS protocols, the average HAM-D BDI-
Il scores significantly reduced after treatment.
Following 10 Hz rTMS, the HAM-D score (28.8 £5.9
— 15.5 £ 6.8) and the BDI_II (32.1 £ 6.9 — 15.8 £
5.9) improved by 46.2 + 17.3 % (p-value < 0.05) and
50.8 £ 21.2 % (p-value < 0.05), respectively. Also, for
iTBS group, the HAM-D score (27.6 £ 6.3 — 14.2 +
6.2) and the BDI II (31.2 + 83 — 149 + 6.9)
improved by 48.5 + 19.4 % (p-value < 0.05) and 52.2
+ 23.6 % (p-value < 0.05), respectively. There was no
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Table 3. Difference between HAM-D, and BDI-11 scores in 3 studies groups before, after, and 4 weeks after treatment

TMS Baseline After Treatment 4 Weeks after Treatment

mean SD mean SD mean SD

iTBS 27.6 6.3 13.9 5.6 14.2 6.2

HAM-D 10 Hz 288 5.9 15.2 6.5 15.5 6.8
P value 0.32 0.28 0.31

iTBS 31.2 8.3 14.5 6.6 14.9 6.9

BDI-II 10 Hz 32.1 6.9 16.2 5.5 15.8 5.9
P value 0.29 0.27 0.32

significant difference in response status between the
10 Hz rTMS group and the iTBS group.

Responders were patients who had a decrease of
50% or more from their starting scores to their scores
after treatment. Remitters were patients with a HAM
D post score of 7 or less, and BDI 11 of 13 or less [21].
Table 4 displays the rates of how well the treatment
worked and how many people got better after
completing it. There was no significant difference in
response rates or remission rates between the groups
in any of the analyses.

Table 4. Treatment outcomes for the standard 10
rTMS group and iTBS group

10 Hz iT
rTMS
n(%) n=43

21
Response (48.80
HAM- pemission L
D (30.2
No
response (21.00%) 90%) 0.22
20 17
Response  6500)  (48.60%) 00
BDI- . 13 10
i Remission 65000 (285000 042
No 10 (23.30 8 0.6
response %) (22.90%) '

3.2. TMS Related Power Changes

Paired t-tests demonstrated significant increases in
delta power at the F3 (143 = -4.928, p < 0.0001) and
F7 (t43 =-3.809, p < 0.0001) electrode sites following
10 Hz rTMS. Resting delta powers pre- and post-10
Hz rTMS at these sites are depicted in Figure 1a. Also,
significant increases of gamma power at the F3 (35 =
-6.012, p <0.0001), F5 (t35 =-4.152, p < 0.0001), and

FBT, Vol. 12, No. 2 (Spring 2025) XX-XX

F7 (t35 =-3.768, p < 0.0001) electrode sites following
iTBS were demonstrated. Resting gamma powers pre-
and post-iTBS at these sites are depicted in Figure 1b.

Correlation analysis between the average power
changes (%) o DLPFC three electrodes (F3, F5,
ncy band and the change (%)
ents of the HAM-D and BDI-II
statistically significant negative
ved between the change in the
ents (from baseline to week four) and
er changes in the delta frequency band

Qup, a significant negative correlation was indicated
een the change in two HAM-D and BDI-I1 scores
the average power changes in the gamma
frequency band. Scatterplots of these two significant
correlations are presented in Figure 2.

4. Discussion

This study was designed to compare the efficacy of 10
Hz rTMS, and iTBS in seventy-eight subjects suffering
from TRD. The results showed that in the two treatment
groups, demographic characteristics, diagnosis, and
baseline disease severity were consistent with each other.

This research indicated that both types of therapy were
effective in clinical settings. This resulted in a significant
reduction in depressive symptoms as measured by the
HAM-D and BDI-II. The response and remission rates
were not significantly different in both groups. The
results strongly indicate that iTBS is comparable to
standard 10 Hz rTMS in decreasing depressive
symptoms. This is consistent with Blumberger's earlier
discovery of the equivalence between iTBS and 10 Hz
rTMS [11].
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Figure 2. Scatterplots showing clinical correlations. (a and b) correlations between the average delta power changes (%)
at F3, F5, and F7 electrodes sites and the score in HAM-D (r = -0.57, p = 0.004) and BDI-II (r = -0.53, p = 0.006) after
10 Hz rTMS treatment. (c and d) correlations between the average gamma power changes (%) at F3, F5, and F7 electrodes
sites and the score in HAM-D (r = -0.56, p = 0.003) and BDI-II (r = -0.51, p = 0.004) after iTBS treatment
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Similarly, a recent study by Giam et al. gave patients
iTBS and standard rTMS treatments for 4 weeks and
checked if their condition improved after 4 weeks [22].
They observed considerable improvement, and it
remained the same after 8 weeks. The current study
shows that iTBS treatment helped patients, and the
results were similar to regular rTMS treatment on most
measures. Equivalence like this would allow iTBS
shorter treatment sessions. This means we could treat
more patients without affecting treatment effectiveness.
It would also make treatment more cost-effective.
Overall, these findings show that rTMS and iTBS may
have positive effects on treating depression, offering
alternatives to traditional treatment.

Neuroimaging evidence showed abnormal brain
activity in several brain regions and neural circuits during
depression. These activities may be due to abnormality
in the neurotransmitter cycle such as serotonin reuptake
thus antidepressant approaches target these molecules
and pathways to normalized brain activity. Thus,
depression is an interesting disease for rTMS
administration because depression is related to chang
in the brain network activity especially in the frg
region [23]. For example, George et al. showed
rTMS administration by changing in left DLP

TRD,

in TRD was reduced after rTMS w
critical role of left DLP @
especially anxiety [25]. Isenbekgget al. reported that

symptoms of TRD in attention@ic HAM-D score
alleviated through low and high-frequéncy rTMS in right
and left DLPFC, respectively, after 4 weeks of treatment
[26]. On the other hand, rTMS of the DLPFC with high
frequency leads to modifying the activity of neural
circuits. It also affects the deeper regions of the brain
with synaptic connections and modulates the mesolimbic
function of the neural circuit involved in mood [27]. In
addition, stimulating the inhibitory neurons of the right
posterior prefrontal cortex of the brain with low
frequency due to the influence of the subcortical areas
related to the limbic structure, such as the amygdala,
leads to hyperpolarization and a decrease in neuronal
activity, so induced an antidepressant effect [28]. It is
proved that iTBS can similarly improve depression
symptoms. Our results confirmed these findings and
showed that the administration of 10 Hz rTMS and iTBS
to left DLPFC ameliorated depression symptoms. It

FBT, Vol. 12, No. 2 (Spring 2025) XX-XX

seems that either rTMS or iTBS, due to its potential for
DLPFC pathways modulation, induced therapeutic
effects.

4.1. TMS-Related Power Changes

The effects of two types of magnetic stimulation on
brain activity in patients with treatment-resistant
depression were measured. They were either relaxed or
awake during the investigation. From looking at the
scalp, the areas that responded the most were found near
the rTMS target spot. In past research, Valiulis et al.
found that using 1Hz rTMS on the right prefrontal area
caused a significant increase in brain wave activity in the
alpha, theta, and beta frequency ranges in patients with

a increased brain activity ina certain
ma power) in depressed patients.

evious studies reported a direct correlation between
ession and band power and depression symptoms.
example, Lin et al. demonstrated a positive
relationship between depressive symptoms and alpha
band power in patients with depressive disorders [30].
Additionally, some previous studies have reported that
resting-state EEG-recorded theta, alpha, and gamma
band powers predicted therapeutic response to
antidepressants in patients with depressive disorders
[31]. Our results were in line with these findings. We
show a significant increase in delta power following 10
Hz rTMS gamma power following iTBS. The
pathological conditions inhibit the neural activity in the
cortex and delta wave as a marker of normal brain
activity will be suppressed. Thus, we can hypothesize the
increase in delta power is due to the therapeutic effect of
rTMS in TRD patients. However, changes in EEG power
also have been impacted by TMS treatment. Our findings
indicated that the improvement in TRD symptoms was
related to an increase in delta power from the initial EEG
compared to the follow-up EEG. These findings were in
agreement with Voetterl et al. [32]. This effect may have
been caused by higher stress levels before the first rTMS
session. This would activate the sympathetic nervous
system and reduce low-frequency power.
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The lack of significant effects in other bands after
rTMS and iTBS may be due to the overall highly
interindividual changes in all of the powers of the EEG
bands except for the delta and gamma bands with respect
to the increase in power after 10 Hz rTMS and iTBS
stimulation, respectively.

In the correlation analyses, an increase in resting delta
and gamma power at the left prefrontal area was
significantly correlated with the improvement of clinical
symptoms measured with the HAM-D and BDI-II
following 10 Hz rTMS and iTBS treatments,
respectively. The lack of significant effects in other
bands after rTMS and iTBS may be due to the overall
highly interindividual changes in all of the powers of the
EEG bands except for the delta and gamma bands with
respect to the increase in power after 10 Hz rTMS and
iTBS stimulation, respectively

4.2. Limitation

The limitation of the research is the lack of a placebo
control group, the lack of blinding subjects, and the
operator, thus suggesting that randomized controled
studies be conducted in future studies. Also, one @
limitations is the small sample size. Among the rea
for these limitations, we can list the in
entry criteria, uncertainty about the tge
lack of coordination with the process o
the simultaneous use of other trg

In this study, the analysis ‘@ y on the'F3, F5,
and F7 electrode sites. Therefore couldn't investigate

the effects of rTMS on other areaSQEinally, this study
looked at what happens after rTMS stimulation

5. Conclusion

I'TMS is a safe and effective treatment for treatment-
resistant depression. It has very few negative side effects.
This study examined how rTMS affects brain activity in
patients with TRD, using two different ways of
stimulating the brain, called 10 Hz rTMS and iTBS, both
targeting the left DLPFC. To sum it up, the iTBS
treatment is just as effective and acceptable as the
standard 10 Hz rTMS treatment for TRD. An ordinary
iTBS treatment session, including setup, lasts about 5-10
minutes. In contrast, a standard 10 Hz rTMS session
takes about 40 minutes. Hence, iTBS can increase the
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number of patients treated per machine, per day by up to
four times.
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