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ARTICLE INFO ABSTRACT

Repetitive transcranial magnetic stimulation (rTMS) is an evidence-based treatment option for major depressive
disorder (MDD). However, comparisons of efficacy between the two FDA-approved protocols of rTMS modalities
TMS are lacking. The aim of this industry-independent, randomized-controlled, single-blind trial was to evaluate
Dee_p TMS L clinical outcome of the two FDA-approved rTMS protocols delivered by H1-coil and the figure-8-coil, in MDD
Major depressive disorder patients. A total of 228 MDD patients were randomized to 20 sessions of H1-coil or 8-coil as an adjunct to
standard-of-care pharmacotherapy, or standard-of-care pharmacotherapy alone. Baseline MDD symptom se-
verity was almost the same in the three groups. Hamilton depression rating scale (HAM-D17) mean score was 17
(5.3) in H1-coil, 17 (5.4) in 8-coil, and 19 (6.1) in control group. The primary outcome was the proportion of
patients achieving remission defined as HAM-D17 score <7 at end-of-treatment at week-4. In the intention-to-
treat analysis odds ratio for remission was 1.74 (CI95% 0.79-3.83) in H1-coil compared to the 8-coil group. The
difference between two rTMS protocols was not significant. Remission rate was significantly greater in both HF-
rTMS groups compared to the control: 60% (CI95% 48-71%), 43% (CI95% 31-55%) and 11% (CI95% 5-20%)
respectively. The response was significantly better in H1-coil, than in 8-coil group OR = 2.33; CI95% 1.04-5.21
(P = 0.040). The HAM-D17 was lowered by 59% in the H1-coil, 41% in the 8-coil (P = 0.048), and 17% in the
control group (P < 0.001 vs H1-coil; P = 0.003 vs 8-coil). Safety, tolerability, and the changes in quality of life
were comparable. We confirmed the safety and efficacy of both FDA-approved protocols as adjunctive treat-
ments of MDD. Better response rate and greater reduction of depression severity were observed in the H1-coil
group, but without a significant difference in the remission rate between the two rTMS modalities.

Clinical trials registration: Clinicaltrials.govNCT02917499
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1. Introduction electrical activity by electromagnetic induction (Milev et al., 2016).

High frequency rTMS (HF-rTMS) applied at 10-20 Hz to the left dor-

Major depressive disorder (MDD) is a highly prevalent and disabling
disorder in which resistance to treatment is a substantial problem (De
Carlo et al., 2016; World Health Organization, 2016). It has been esti-
mated that 20%-40% of patients do not benefit adequately from
available interventions, including pharmacotherapy and psychotherapy
(Murphy et al., 2017). Repetitive transcranial magnetic stimulation
(rTMS) is a non-invasive treatment method that modulates brain

solateral prefrontal cortex (DLPFC) is an approved MDD treatment with
an efficacy comparable to pharmacological MDD therapy (Brunoni
et al., 2017; Lefaucheur et al., 2014; Milev et al., 2016; Rush, 2007).
Considerable antidepressant effects of HF-rTMS with a figure-8-coil
over the DLPFC compared to sham were shown in medication-free pa-
tients with treatment-resistant depression (TRD) (George et al., 2010;
O'Reardon et al., 2007). Recently, a novel form of HF-rTMS therapy,
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“deep rTMS” (dTMS) has been approved by the FDA as a treatment for
unipolar MDD in adults who have not responded to antidepressant
medications in the current episode (Levkovitz et al., 2015; Perera et al.,
2016). dTMS delivered with the H1-coil (designed to target the PFC
bilaterally with preference for the left hemisphere) allows non-invasive
stimulation of brain regions to a depth that has been estimated to reach
approximately 4 cm (Roth et al., 2007; Zangen et al., 2005). Roth et al.
(2007) have demonstrated a clear preference for the left hemisphere for
H1-coil, where at any depth the model field is higher in the left relative
to the right hemisphere (Roth et al., 2007).

Previous studies have shown safety and efficacy of dTMS in treat-
ment-resistant depression (Kedzior et al., 2015). However, there has
been only one large industry-sponsored randomized-controlled trial
(RCT) of the acute efficacy and tolerability of dTMS, in antidepressant
medication—free adults, and none to compare the efficacy and toler-
ability of these two HF-rTMS modalities conventional FDA approved
protocols (Levkovitz et al., 2015; McClintock et al., 2017).

A recent systematic review with a network meta-analysis by Brunoni
et al. (2017) found few differences in clinical efficacy and tolerability
for the acute treatment of MDD between the different HF-rTMS mod-
alities (Brunoni et al., 2017). However, the findings were inconclusive
for most comparisons between active interventions, and therefore did
not provide any definitive evidence of superiority for either of the in-
terventions (Feifel, 2017; Roth et al., 2017). Nevertheless, the toler-
ability of all active interventions were similar to sham, confirming that
they were well tolerated (Brunoni et al., 2017). Thus, while differences
in clinical efficacy and tolerability between HF-rTMS modalities with
the figure-8-coil and the H1-coil in the treatment of MDD might exist, it
has not been possible to confirm those from data available to date
(McClintock et al., 2017).

To address this knowledge gap, we conducted an industry-in-
dependent, pragmatic, RCT in which we evaluated and compared the
efficacy and safety of the two protocols that led to the FDA-approval of
HF-rTMS with the respective device, the H1-coil and the figure-8-coil.
We evaluated both interventions as an augmentative treatment in the
acute treatment of treatment resistant MDD. We hypothesized that H1-
coil HF-rTMS would be more effective than figure-8-coil HF-rTMS as
adjunctive treatments of MDD. We based this hypothesis on two pre-
mises: i) H1-coil directly stimulates larger volumes and deeper into the
prefrontal cortex compared to the figure-8-coil rTMS (Zangen et al.,
2005) and therefore is more likely to hit projections affecting the sub-
genual anterior cingulate cortex, ii) the original large multicenter
double blind sham controlled studies that led to FDA clearance of the
figure- 8 coil and the H1-coil indicated greater remission and response
rates for the H1 coil (Levkovitz et al., 2015) than for the figure- 8 coil
(O'Reardon et al., 2007).

2. Participants and methods
2.1. Study design

We undertook a pragmatic RCT at the neurostimulation laboratory
at Psychiatric Hospital “Sveti Ivan”, Croatia between December 5, 2016
and January 15, 2018.

The study was approved by the institutional Ethics Committee, re-
gistered at ClinicalTrials.gov (NCT02917499), and reported according
to CONSORT guidelines (Boutron et al., 2008). All participants gave
written informed consent for the participation. The study protocol was
previously published and executed with no major changes (Filipcic
et al., 2018).

2.2. Participants
Eligible patients were recruited through physician referrals in the

order of their arrival at the hospital neurostimulation center. All par-
ticipants were screened on site by trained, board-certified psychiatrists
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through a structured clinical interview based on DSM-5 criteria. The
targeted population included patients diagnosed with MDD (ICD-10:
F32, F33), and with at least one prior disease episode. Inclusion criteria
were as follows: a confirmed Mini-International Neuropsychiatric
Interview diagnosis of MDD, aged 20-70 years, meeting standardized
criteria for failure to receive clinical benefit from antidepressant med-
ication treatment in the current illness episode, and with psycho-
pharmacological treatment unchanged for the 4-weeks preceding en-
tering the study. Exclusion criteria were: previous treatment with TMS,
ferromagnetic material close to the head, having a cardiac pacemaker
and/or implanted electronic device, the presence of neurological dis-
orders (uncontrolled epilepsy, previous significant head injuries, brain
surgery), pregnancy and/or lactation, significant medical and/or psy-
chiatric comorbidities, substance abuse in the last three months, acute
psychosis, or acute suicidality.

2.3. Sample size determination

A power analysis was performed before the start of enrollment.
While developing the protocol, we were not aware of any RCT com-
paring HF-rTMS with the H1-coil and the figure-8-coil. Therefore, the
power analysis was based on the expected “medium effect size”, with
Cohen's d = 0.50 set a-priori. A sample size of 64 was determined
sufficient to achieve 80% power at P < 0.05 and to detect a standar-
dized effect of this size or larger. To account for the expected <15% of
drop out and missing data, this number was increased to 76 in each
group. Power analysis was done in PASS 14 Power Analysis and Sample
Size Software (2015) (NCSS, LLC, Kaysville, Utah, USA).

2.4. Outcomes

The primary outcome was the proportion of patients achieving re-
mission defined as Hamilton depression rating scale (HAM-D17) score
<7 after the 4-week therapy (20 treatments) (Hamilton, 1960). Ex-
perienced psychiatrists conducted the semi-structured interviews and
scored the baseline HAM-D17 at enrollment. Secondary outcomes were:
a) change in symptoms as measured by HAM-D17, b) treatment re-
sponse (HAM-D17 = 50% decrease), c) change in the quality of life
measured by WHOQOL-BREF (“Development of the World Health
Organization WHOQOL-BREF quality of life assessment. The WHOQOL
Group.,” 1998), d) safety, and tolerability. The outcomes assessment
was performed by independent experienced psychiatrists who were
unaware of the modality of intervention. All patients were instructed
not to mention their ongoing treatment to the psychiatrists who did the
clinical assessment. Patients were monitored daily during the HF-rTMS
sessions in order to assess safety and tolerability of the procedure, using
spontaneously reported adverse events. Patients from the control group
who were treated by standard pharmacotherapy alone were monitored
only at baseline, and after the 4-weeks.

2.5. Intervention

Patients were randomized to the 4-week treatment by HF-rTMS with
H1-coil (H1-coil group) or figure-8-coil (8-coil group), and received
standard treatment with pharmacotherapy in both groups, or to the
control group treated only with pharmacotherapy. Modifications of
pharmacotherapy were not allowed in any group during the study
period. The stimulation protocol, including stimulation parameters and
positioning over the left DLPFC, followed the multicenter trials that led
to FDA approval of this treatment of MDD (Levkovitz et al., 2007;
O'Reardon et al., 2007). Both protocols were administered 5-days per
week (total of 20 sessions).

HF-rTMS with both coils was performed using a Magstim Rapid?
(Magstim Company, Spring Gardens, UK) at stimulation intensity of
120% of the abductor pollicis brevis (APB) motor threshold (MT). HF-
rTMS with the figure-8-coil included 40-min sessions of 10Hz
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stimulation (4-s trains separated by 26-s inter-train intervals, 75 trains
totaling 3000 pulses/session), while HF-rTMS with the H1-coil device
(Brainsway Ltd., Jerusalem, Israel) included 20-min sessions of 18 Hz
(2-s trains separated by 20-s inter-train intervals, 55 trains totaling
1980 pulses/session).

2.6. Randomization

Enrolled patients were randomized into three groups in a 1:1:1 ratio
by stratified, permuted-block randomization. Stratification was done
for age (three age groups) and gender. We used three blocks of random
sizes: 3, 6, and 9. Randomization was performed by an independent
research institution (Biometrika Healthcare Research, Croatia), only
after the successive enrollment of participants and the allocation was
concealed from the physicians and nurses who did the enrollment. The
randomization sequence was generated by Sealed Envelope on-line
service.

2.7. Possible confounders

In addition to the randomization, we attempted to control for the
possible confounding effects of gender, age, education, marital status,
work status, diagnosis, duration of MDD, and treatment with particular
antidepressants, antipsychotics, and benzodiazepines by multivariable
logistic regression and analysis of covariance.

2.8. Statistical analysis

Analysis was conducted in both intention-to-treat (ITT) and per-
protocol (PP) populations. Missing values for the ITT analysis were
imputed assuming failure. For remission and response rates they were
set at failure to achieve these two outcomes. For continuous variables:
decrease in HAM-D17, and WHOQOL-BREF, they were set at the
baseline values indicating no change after the therapy. We chose this
strategy in order to perform a more conservative analysis that increase
the null hypothesis likelihood of no effect. The primary analysis of
proportion of patients achieving remission was performed by multi-
variable binary logistic regression. We used the multivariable analysis
in order to control the effects of possible confounders. The changes in
secondary outcomes: HAM-D17 and WHOQOL-BREF were analyzed by
the analysis of covariance. In all analyses, preplanned possible con-
founders and the baseline scores of the respective outcomes were in-
cluded as covariates. The homogeneity of variances across treatment
groups were checked by Levene's test. The homogeneity of regression
slopes was checked by testing the significance of the interaction be-
tween treatment group and the preplanned covariates. Partial Eta
squared (n%) was given as the standardized effect size. Sensitivity ana-
lysis of the difference between two rTMS modalities in the decrease of
HAM-D17 score was done by Quade's rANCOVA procedure. The values
of baseline and after-treatment HAM-D17 and covariates were first
ranked. Than we did the linear regression of the ranks of the outcome,
the ranks of the covariates and the baseline HAM-D17 scores. Finally,
the Mann-Whitney test was done using the unstandardized residuals
from the previously described regression analysis as the dependent
variable, and rTMS modality as the independent variable. As the stan-
dardized effect size measure for the Mann-Whitney test, we presented r,
calculated as: Z/(SQRT(n)) where Z was a standardized U statistic, and
n was the number of participants. The statistical significance of the
results of sub-group analysis and sensitivity analysis of HAM-D17 score
decrease were corrected for multiple testing by sequential Holm-
Bonferroni correction. In all instances, we used two-tailed tests. The
level of statistical significance was set at P < 0.05, and we gave all
confidence intervals at 95% level. No data monitoring committee
oversaw the study. Statistical data analysis was done by NCSS 12
Statistical Software (2018) (NCSS, LLC. Kaysville, Utah, USA).

Journal of Psychiatric Research 114 (2019) 113-119
Excluded (n=123)

Assessed for eligibility ‘
(n=351) | = Age <20 or >70 (n=26)

i = Did not maintain stable psychotropic
regiment (n=18)
HAM-D17 at baseline <7 (n=13)
Bipolar affective disorder (n=10)
Borderline personality disorder (n=4)
Mood disorder due to known physiological
condition (n=2)
Pregnancy (n=1)
Cardiac pacemaker (n=3)
History of uncontrolled epilepsy (n=4)
Suicidal ideation or behavior (n=13)
Unable to self-administer the questionnaire
(n=13)
Refused to participate (n=14)
i = Expected low tolerability (n=7)
8-coil Standard therapy

(n=81)

Patients
randomized
(n=228)

‘ HI-coil ‘ ‘

! Withdrawn consent ( hdrawn consent (n=1) !

69 patients 74 patients 80 patients
received received received standard
H1-coil 8-coil pharmacotherapy

,,,,,,,,,,, S R — —
: Drop out (=2 i Drop out (n=1) ! Drop out (n=5)
Missing data (n=2) | | Missing data (n=1) ! | Missing data (n=3) |
""""""""""" ' +
Per protocol Per protocol Per protocol
analysis (n=65) analysis (n=72) analysis (n=72)
Fig. 1. CONSORT statement flow diagram.
3. Results

From December 2016, to January 2018, a total of 351 patients were
assessed for eligibility. After assessment, 228 patients were randomly
assigned to the Hl-coil (n = 72), 8-coil (n = 75) or control group
(n = 81). Ultimately, 65 patients treated with H1-coil and standard
pharmacotherapy, 72 treated with figure-8-coil HF-rTMS and standard
pharmacotherapy who received 20 sessions, and 72 treated with stan-
dard pharmacotherapy alone came for clinical evaluation at the end of
treatment (Fig. 1). All-cause discontinuation rates were 7/72 (9.7%) in
the H1-coil, 3/75 (4%) in the 8-coil, and 11.1% (9/81) in the control
group. All randomized study participants received TMS treatment and
standard pharmacotherapy as outpatients throughout the duration of
their participation in the study. The majority of participants’ socio-
demographic and clinical characteristics were comparable between
treatment groups (Table 1). Baseline MDD symptom severity was al-
most the same in the three groups (Table 2). Treatment resistance
(TRD) was not systematically recorded, but post-hoc review of the files
indicated that all patients met the criteria of TRD, defined as at least
two previous adequately given (dose-duration) antidepressant treat-
ments without response.

In ITT population, remission rate was grater in both HF-rTMS
groups compared to the control group (Table 2, Fig. 3). The odds ratio
for remission was OR = 11.3; CI95% 4.00-32.10; P < 0.001 in H1-coil
and standard pharmacotherapy and OR = 7.20; CI95% 2.30-22.54;
P = 0.001 in 8-coil and standard pharmacotherapy group compared to
the standard pharmacotherapy only control group. Number of patients
achieving remission was 43/72 (60%; CI95% 48-71%) in H1-coil, 32/
75 (43%; CI95% 31-55%) in 8-coil, and 9/81 (11%; CI95% 5-20%) in
the control group. After the adjustment for all preplanned confounders,
the remission rate measured by HAM-D17 < 7 was not significantly
different between two rTMS modalities, neither in the ITT nor the PP
populations. The odds ratio for remission in ITT analysis of H1-coil
group compared to the referent 8-coil group was OR = 1.74; Clgso,
0.79-3.83; P = 0.17. In ITT population, patients with baseline mod-
erate/severe depression (HAM-D17 = 17) patients treated with H1-coil
and standard pharmacotherapy had significantly higher odds for re-
mission than patients treated with figure-8-coil and standard pharma-
cotherapy (OR = 4.59; Clgse, 1.69-12.48; P = 0.003). We did not ob-
serve significant differences in odds ratios for remission between
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Table 1
Participants baseline characteristics in intention-to-treat population.
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H1-coil (n = 72)

8-coil (n = 75) Control (n = 81)

Gender

man 31

women 41
Age (years), median (IQR) 50
Education

primary or secondary 51

university 21
Marital status

single 28

in a relationship 44
Work status

employed 26

unemployed 23

retired 23
Body mass index (kg/m?) 28
Clinical characteristics
Diagnosis

depressive episode (F32) 13

recurrent depressive disorder (F33) 59
Duration of MDD (years), median (IQR) 10
Number of previous psychiatric hospitalizations, median (IQR) 3
Pharmacotherapy in the present episode

SSRI 28

SNRI 32

Other antidepressants 20
Antipsychotics 15
Benzodiazepines 29

(43.1) 41 (54.7) 36 (44.4)
(56.9) 34 (45.3) 45 (55.6)
(44-60) 51 (42-59) 53 (48-61)
(70.8) 57 (76.0) 69 (85.2)
(29.2) 18 (24.0) 12 (14.8)
(38.9) 26 (34.7) 34 (42.0)
(61.1) 49 (65.3) 47 (58.0)
(36.1) 35 (46.7) 32 (39.5)
(31.9) 17 (22.7) 16 (19.8)
(31.9) 23 (30.7) 33 (40.7)
(25-31) 28 (25-28) 28 (27-30)
(18.1) 18 (24.0) 8 9.9)
(81.9) 57 (76.0) 73 (90.1)
(5-17) 7 (3-13) 9 (3-14)
(1-8) 3 1-7 4 1-9)
(38.9) 32 (42.7) 30 (37.0)
(44.4) 31 (41.3) 28 (34.6)
(27.8) 14 (18.7) 21 (11.1)
(20.8) 15 (20.0) 12 (14.8)
(40.3) 24 (32.0) 25 (30.9)

Data are presented as number (percentage) of participants if not stated otherwise.
Abbreviations: IQR = interquartile range; SSRI = selective serotonin reuptake inhibitors; SNRI = serotonin and norepinephrine reuptake inhibitors.

patients with mild depression (HAM-D17 < 17) or other socio-
demographic and clinical characteristics.

Both HF-rTMS modalities and standard pharmacotherapy were
significantly superior to the standard pharmacotherapy alone (Table 2,
Fig. 2). In both ITT and PP analysis, after the adjustment for all pre-
planned confounders the baseline to endpoint change in the HAMD-17
score yielded a significant main effect of treatment group favoring the
H1-coil over the figure-8-coil (F; 13, = 3.97; P = 0.05; 1> = 0.03). This
finding was confirmed by the sensitivity analysis (Mann-Whitney test,
U=1780; Z = —2.41; P = 0.02; r = —0.20).

The response rate (HAM-D17 = 50% decrease) was significantly
better in H1-coil and standard pharmacotherapy than in 8-coil and
standard pharmacotherapy group after the adjustment for all pre-
planned confounders, and in both ITT and PP analysis. The odds ratio
for response in ITT analysis of H-1 coil group compared to the referent
8-coil group was OR = 2.33; Clgse, 1.04-5.21; P = 0.04. Responders
were 48/72 (67%; CI95% 55-78%) in the Hl-coil, 44% (CI95%
33-56%) in the 8-coil, and 24% (CI95% 15-35%) in the control group.
In H1-coil and standard pharmacotherapy group, the response rate was
significantly better compared with control (Table 2, Fig. 3). The odds
ratio for response was OR = 9.29; CI95% 3.29-26.26 in Hl-coil and
standard pharmacotherapy compared to the control. Odds ratio for
response was not significantly different between 8-coil and the control
group; OR = 2.09; CI95% 0.87-5.06; P = 0.10.

There was no significant differences in the change of WHOQOL-
BREF score between the three study groups (Table 2).

The safety population consisted of all enrolled patients who re-
ceived at least one application of treatment (H1-coil n = 69; 8-coil
n = 74); 96% (137/143) of these completed all treatments. Both HF-
r'TMS modalities were generally well tolerated, and for the 143 patients
who received at least one session, no serious adverse events were re-
ported. A headache was the most prevalent adverse event in both
groups, reported by 15 (20%) patients in the 8-coil, and 20 (29%) in the
H1-coil group. Within the H1-coil group, 3 (4%) patients reported ap-
plication site discomfort, 5 (7%) application site pain, 8 (12%) muscle
twitching/spasms or jaw pain, 4 (6%) lightheadedness or dizziness, and
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5 (7%) insomnia. Within the 8-coil group, 1 (1%) patient reported
application site discomfort, 2 (3%) lightheadedness or dizziness, 1 (1%)
anxiety, and 5 (7%) insomnia; no patients in this group reported ap-
plication site pain or muscle twitching. Within the control group
(n = 80), 3 (4%) patients reported headache, 1 (1%) dizziness, 2 (3%)
anxiety, 2 (3%) fatigue, 1 (1%) nausea and 4 (5%) insomnia.

4. Discussion

To the best of our knowledge, the present study is the first prag-
matic, RCT assessing the antidepressant effects between two conven-
tional FDA approved protocols of these two rTMS modalities. The re-
sults of this industry-independent, randomized controlled, single-
blinded, single-center study showed that two HF-rTMS FDA-approved
protocols with the Hl-coil and standard pharmacotherapy and the
figure-8-coil and standard pharmacotherapy are both effective as aug-
mentative treatment for TRD MDD in a population of patients recruited
from clinical practice. The results demonstrated a remission rate of 60%
in the H1-coil and standard pharmacotherapy and 43% in the 8-coil and
standard pharmacotherapy group in the intention-to-treat population,
compared to 11% in the control group treated with pharmacotherapy
alone at endpoint. Although the primary outcome did not separate
significantly the two TMS protocols, secondary analyses support a sig-
nificantly greater efficacy of HF-rTMS delivered using the H1-coil
compared with figure-8-coil in a population of MDD patients, although
H1-coil protocol uses a smaller number of pulses and has a shorter
duration of session. Both HF-rTMS modalities were comparably safe
with no dropouts for the adverse events.

Reduction of HAM-D17 scores and the remission rate in both HF-
rTMS groups, were somewhat higher than in the multicenter studies
that compared the efficacy of HF-rTMS and sham monotherapy
(Levkovitz et al., 2015; O'Reardon et al., 2007). These differences could
primarily be explained by the differences in study interventions. More
importantly, these studies were multicenter double-blind, sham-con-
trolled trials and in such studies, the efficacy results are usually lower,
in part due to the increased variance introduced by multiple study sites.
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Control (n = 81)

8-coil (n = 75)

Hl-coil (n = 72)

Outcomes of H1-coil compared to 8-coil and control group.

Table 2

p3

A% pl p2

After 4 weeks A

Baseline

A%

After 4 weeks A

Baseline

A%

A

After 4 weeks

Baseline

Intention-to-treat population

Primary outcome

< 0.001 0.001

0.17

0.0) 9 (11.1)

0

(42.7)

32

0.0)

0

(59.7)

43

0.0)

0

Remission (<7), n (%)

Secondary outcomes

0.003
0.10
0.95

< 0.001
< 0.001

0.05
0.69

—-17%

6.4

6.2) 15
19
45

18

—41%

17 (5.4) 10 (6.9)
33

—59%

(5.6) -10

5.4) 7

17

HAM-D17, mean (SD)

0.04
0.

(44.0) (23.5)

(66.7)

48
49

Response (=50% decrease), n (%)

WHOQOL-BREF, mean (SD)

—2% 47

-1

(13.8)

12.7) 49 (14.0) 1 2% 46 (13.6)

0 0% 48

(11.5)

(12.5)

49

Per-protocol population®
Primary outcome

0.002

< .001

0.06

(12.5)

9

(0.0)

0

(43.1)

31

(0.0)

0

(64.6)

42

(0.0)

0

Remission (<7), n (%)

Secondary outcomes

0.02
0.27

< 0.001

0.001
0.93

0.01
0.01
0.92

—26%

(6.6)

14
19
45

(6.1)

19

—41%

17 (5.4) 10 (6.9)
32

—65%

-11

5.1

(5.3) 6

17

HAM-D17, mean (SD)

(44.4) (26.49)

(72.3)

47
50

Response (=50% decrease), n (%)

WHOQOL-BREF, mean (SD)

0.65

0%

0

(14.2)

4% 47  (13.0) 49 (13.9) 2 4% 45  (13.3)

2

(11.4)

(12.4)

48

Word Health Organization Quality of Life Brief Questionnaire dimensions; A = absolute difference between the
relative difference calculated as absolute difference divided by the baseline value; p = for remission and response: multivariate binary logistic regression; for the change in
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Fig. 2. HAM-D17 score at baseline and at 4th week follow up in intention-to-
treat population; error bars represent 95% confidence intervals.
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Fig. 3. Response and remission rates in intention-to-treat population; error bars
represent 95% confidence intervals; star represent significant difference be-
tween H1-coil and figure-8-coil.

In addition, the baseline HAM-D17 scores in this study were lower re-
lative to the sham-controlled multi-center studies. It should be pointed
out that patients included in our study had lower HAM-D17 baseline
mean score than those in previous large, multi-center TMS studies
(Levkovitz et al., 2015; O'Reardon et al., 2007). Therefore, it is possible
that the higher remission rates in both groups resulted from the fact
that these were patients with less severe MDD.

On the other hand, a sample of patients with less severe MDD might
have decreased the sensitivity of the study to detect differences between
the experimental groups. Finally, we did not use a sham-control TMS
coil so the outcomes we observed might be somewhat overoptimistic
due to placebo effects caused by the differences in additional clinical
attention and number of meetings in both TMS groups compared to our
pharmacotherapy control group. Our main clinical findings compare
well to those reported by previous open-label HF-rTMS trials (Berlim
et al., 2014; Filipcic et al., 2017). The remission rate of 19% after the
treatment with HF-rTMS found by Brunoni et al. in their meta-analysis
is not comparable to our study as the approximate mean number of TMS
sessions was 13 in the 29 included studies, which is markedly lower
than in our trial (Brunoni et al., 2017). Nevertheless, results of this
study are similar to the first meta-analysis exploring the efficacy of
augmentative HR-r'TMS for TRD (Liu et al., 2014).

We did not observe any significant change in the patients' overall
quality of life; and thus could not confirm findings from previous stu-
dies which reported significant improvements after a 4-week treatment
(Janicak et al., 2013; Solvason et al., 2014). However, our results are in
accordance with the results of our previous open-label study with
figure-8-coil (Filipcic et al., 2017).

Furthermore, although not specifically designed to address ques-
tions about rTMS tolerability, the high retention rate (93%) observed in
our study and the absence of serious adverse events underscore the
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safety profile associated with both rTMS modalities. In addition, we did
not observe any relevant differences in tolerability between the two HF-
rTMS groups. The all-cause discontinuation rate for treatment with
figure-8-coil and H1-coil was comparable to previous studies(Downar
et al., 2016; Levkovitz et al., 2015). The standard pharmacotherapy all-
cause discontinuation rate of 11.1% was comparable with both rTMS
modalities.

We followed an FDA-approved and commonly performed protocol
for both modalities; the treatment session duration in the H1-coil group
was 20-min, compared to 40-min in the 8-coil group. The shorter
duration of treatment sessions with H1-coil may have some advantages
in clinical practice (e.g., the number of patients treated per device may
be doubled, more practical for patient and medical staff). In addition,
although the standard H1-coil protocol uses a smaller number of pulses
and has a shorter duration of session, it seems to induce a clinical effect
that is at least of the same magnitude, and is in fact likely to be greater,
as indicated by our outcome measures.

It is important to recognize that we did not match treatment para-
meters of rTMS modalities (pulse frequency, number of pulses per
session, train duration, etc.) because our study was pragmatic, with an
intent to assess the effectiveness of commonly used FDA-approved
protocols in clinical practice.

Our study had several important strengths, as well as limitations.
Among the former, it is worth noting that the study is manufacturer-
independent, and free of any commercial incentives to investigators or
patients. rTMS treatment of MDD in Croatia is reimbursed by the
National Insurance Fund and available for all patients by indication.
Advertisement of drugs and medical treatments such as TMS to the
general population and patients is not allowed in Croatia. Patients re-
present a consecutive series of individuals with an MDD diagnosis seen
at a public hospital. Treatment was delivered in a regular care setting,
and evaluations were carried out by blinded raters. Because of these
factors, our efficacy findings may approach those of effectiveness in a
real-world clinical setting. Our control condition has limitations.
Patients treated with either of the rTMS modalities were monitored
daily, while the control group was monitored only at baseline and after
the 4-weeks of treatment. This difference in the number of visits might
have induced a bias against the null hypothesis. For this reason, our
findings might overestimate the efficacy of both TMS interventions.
Optimally controlling for this would have required a sham coil, of a
configuration that could control for both active devices. This was not
available. Further limitations are the lack of longer-term outcomes and
neurocognitive assessments. Also, this was a single-center trial, which
may reduce the generalizability of our findings. A more substantive
study, presumably to be conducted on a multi-site basis, is clearly re-
quired to definitively demonstrate the superior efficacy of a Hl-coil
over figure-8-coil.

Another potential strength is the use of a scalp-measurement-based
heuristic known as BeamF3 which has been made available in a free
online tool as this is feasible or cost-efficient for most rTMS clinics.

In conclusion, we report the augmentative HF-rTMS treatment re-
sulted in increased response and remission rates at the end of acute
treatment. These effects were favorable compared to short-term efficacy
of other treatment approaches, especially considering the high level of
treatment resistance of this population. These findings suggest an ad-
ditive and clinically meaningful effect of concurrent HF-rTMS and
pharmacotherapy greater than either treatment alone. We also found
evidence that HF-rTMS FDA-approved protocol for treatment-resistant
depression, delivered with the Hl-coil may be more effective for
treatment of MDD severity than with a figure-8-coil, although it uses a
smaller number of pulses and has a shorter duration of session. While
some questions remain for future studies, clear clinical implications can
already be derived from these findings. Firstly, both modalities of HF-
rTMS can be safely combined with pharmacotherapy to achieve a
higher likelihood of remission. Secondly, both HF-rTMS modalities are
equally safe and tolerable.
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