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Efficacy of rotational field TMS in major depressive disorder – A pilot study

Dear Editor,

TMS is often used in treatment resistant depression (TRD), but
currently available TMS coils produce magnetic and electric fields with
fixed direction. As a result, only the fraction of neurons in the targeted
brain that are aligned with the field are stimulated [1–4]. A novel TMS
method that electronically rotates the stimulating field (rfTMS) enables
simultaneous activation of many more neurons in various orientations
[5–7]. We performed a 4-week randomized double-blind feasibility
study to compare the safety and efficacy of rfTMS to that of the unidi-
rectional BrainsWay H7 coil (udTMS).

The novel rfTMS is based on a double H7 coil from BrainsWay Ltd
[6]. Participants with TRD were recruited from the adult outpatient
clinic and from the day-hospitalization department at the Geha Mental
Health Center in Petah Tikva, Israel. Twelve patients (45 ± 16 years;
range: 23–67) completed the 4-week treatment - eight randomly
assigned to rfTMS and four to udTMS, see Fig. 1a. The main assessment
tool was the 17-item Hamilton Depression Rating Scale (HDRS-17) score
that was measured before and after the 4-weeks treatment and at
2-weeks follow-up, see Fig. 1b. Measurements of long-interval cortical
inhibition (LICI), continuous theta burst stimulation (cTBS), and leg
motor threshold were performed weekly, see the Supplementary Infor-
mation (SI) for details.

The study was approved by the local institutional review board and
closely follows the protocol of the BrainsWay-led clinical trial, registered
as NCT03012724 on the website of the US National Library of Medicine
[8]. All participants signed an informed consent form; all were analyzed
with the HDRS-17 and scored 18 or more prior to treatment. Inclusion
criteria consisted of not-responding to at least one antidepressant
medication and having the current episode last less than 3 years. Pro-
cessing of candidates and participants for the clinical trial along with
study assessments are shown in Fig. 1a and b. Patients’ demographics
and clinical data are presented in the SI Table 1.

Subjects, physicians, evaluators and study administrators were blind
to the type of coil that was used in their treatment (udTMS or rfTMS).
Only the TMS technicians were unblind to the treatment that the sub-
jects were assigned to.

The treatment was well tolerated with no serious adverse events
reported.

The in-group change between baseline (T1) and the end of treatment
(T5) in HDRS [Δ(T1,T5)] in HDRS, was assessed using a paired t-test. For
the full group of 12 participants (4 udTMS + 8 rfTMS), a statistically
significant difference of 8.5 points was found (t(11) = 4.37, p = 0.001,
95 % CI [4.22, 12.78]). The effect was significant in the rfTMS group (M
= 10.88, t(7) = 4.45, p = 0.003, 95 % CI [5.09, 16.66]) but not signif-
icant in the udTMS group (M = 3.75, t(3) = 2.42, p = 0.093, 95 % CI
[− 1.18, 8.68]). These findings remained consistent after controlling for
age.

An independent t-test was performed to assess statistical significance
of the between-group differences in the Δ(T1,T5)e. The rfTMS group
showed statistically significant greater change (M = 10.88) than the
change in the udTMS group (M = 3.75) with a mean difference of 7.13
between the changes [t(10) = 2.46, p = 0.033, 95 % CI (0.68–13.57)],
and a large effect size [Cohen’s d = 1.22, 95 % CI (0.15–2.54)].

At T5 6 of 8 of the rfTMS group had a score under 18 (the inclusion
criterion) and 3 of 8 had less than 10 (the remission criterion), while in
the udTMS group none reached remission. The response (≥50 %
reduction from baseline in HDRS score) rates at T5 were 3 of 8 in the
rfTMS group and 0 of 4 in the udTMS group. Responsivity in terms of the
difference in HDRS scores at T5 minus the value at T1, normalized by the
initial value at T1, gave an average relative decrease of 44 % for the
rfTMS group, and only 14 % in the udTMS group.

In the absence of reinforcement treatments in the 2 weeks following
treatment, remission was observed at T6 in 3 of 8 rfTMS participants,
versus 1 of 4 in the udTMS group. The individual trends throughout the
study for all participants are depicted in Fig. 1c.

The change over time was assessed for the question of suicidal ten-
dency in the HDRS. In the combined group (udTMS + rfTMS), a statis-
tically significant decrease of 0.75 points was found between T1 and T5
(t(11) = 2.28, p = 0.043, 95 % CI [0.03, 1.47]). The decrease effect was
statistically significant in the rfTMS group (M = 1.13, t(7) = 2.83, p =

0.026, 95 % CI [0.18, 2.07]), while in the udTMS group the difference
was 0 points. These findings were supported by the reported suicidal
tendency in the Quick Inventory of Depressive Symptomatology (QIDS).
While no significant change was found in the suicidal tendency in the
QIDS for the udTMS group (M = − 0.25, p = 0.106), the rfTMS group had
a marginally significant decrease (M = 0.25, p = 0.056).

Both LICI and cTBS trended towards lower inhibition with rfTMS (see
SI).

In summary, we report the first clinical trial of rfTMS for TRD. This
feasibility study compared the efficacy of the rfTMS with that of the
single H7 coil udTMS, which has previously been shown to be efficacious
for TRD. We found that rfTMS shows significantly greater improvement
in the depressive symptoms as reflected by the HDRS-17, and specif-
ically with regard to suicidal ideation, compared to the existing udTMS,
despite the limitation of a small sample size.

The findings on suicidal ideation align with existing literature that
pointed out the therapeutic effects of previous versions of TMS coils
(figure of 8-coil and H1 coil) [9].

In comparison to the improvement achieved in previous studies
(~40 % reduction in HDRS-21 score; [10]), the udTMS participants’
improvement in the current study was lower (15 % reduction in
HDRS-17 score). We attribute this to the stringent inclusion criteria in
the current study, higher average of initial HDRS scores, and possibly the
different HDRS versions that were used (HDRS-21 [10] versus HDRS-17)

Contents lists available at ScienceDirect

Brain Stimulation

journal homepage: www.journals.elsevier.com/brain-stimulation

https://doi.org/10.1016/j.brs.2024.07.017
Received 17 July 2024; Accepted 24 July 2024

www.sciencedirect.com/science/journal/1935861X
https://www.journals.elsevier.com/brain-stimulation
https://doi.org/10.1016/j.brs.2024.07.017
https://doi.org/10.1016/j.brs.2024.07.017
https://doi.org/10.1016/j.brs.2024.07.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.brs.2024.07.017&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Brain Stimulation 17 (2024) 907–910

908

(caption on next page)

S. Hess et al.



Brain Stimulation 17 (2024) 907–910

909

Since in both groups the target of the treatment was structures in the
medial PFC, our results suggest that using the rfTMS technique to
stimulate more neurons in various orientations has the potential to
enhance significantly the antidepressant effects of TMS. Moreover, our
findings suggest that the new rfTMS technology may assist in reducing
suicidal ideation.
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Fig. 1. (a): Block diagram of processing for candidates and participants for the clinical trial. udTMS refers to the H7 coil Deep TMS and rfTMS to the novel
rotational field TMS.
(b): Timeline of experimental protocol. Black circles and below-the-line descriptions represent treatment; gray circles and above-the-line descriptions represent
clinical assessment. T1 was prior to the first treatment at week 1; T2 to T5 were after the last treatment of the prior week; T6 was two weeks after the last treatment.
rf = Rotational field TMS (New coil); ud = Unidirectional field TMS (H7 coil). cTBS = continuous Theta Burst Stimulation was performed in weeks 3 and 4; LICI =
Long-Interval Cortical Inhibition was performed in week 4; HDRS-17 = Hamilton Depression Rating Scale – 17 items; QIDS = The Quick Inventory of Depressive
Symptomatology; CGI = Clinical Global Impression Scale; HARS = Hamilton Anxiety Rating Scale; FTND = Fagerstrom Test for Nicotine Dependence.
(b): Individual trends throughout the study in HDRS score. The change in HDRS scores over time is shown for all individual participants. N = 12. HDRS =

Hamilton Depression Rating Scale. Upper horizontal line = score of 18 in HDRS, which defined the criterion for inclusion in the experiment; Lower horizontal line =

score of 10 points in HDRS, defined as remission from Major Depression Disorder (MDD). Dots represent measured values, and solid/dashed lines are splines that are
meant as a guide to the eye for the rfTMS/udTMS groups respectively. Missing data points were interpolated for graph integrity and for clarity.
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