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EXPERIENCE OF STANFORD NEUROMODULATION THERAPY IN PATIENTS WITH
TREATMENT-RESISTANT DEPRESSION
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Stanford neuromodulation therapy (SNT) is the state-of-the-art magnetic stimulation protocol that has been developed for management of treatment-resistant
depression (TRD). The study was aimed to assess the possibility of SNT implementation in clinical practice and to define the protocol safety and efficacy in patients
with TRD being an episode of the recurrent depressive disorder or bipolar disorder at the independent center. The study involved six patients (among them three
women aged 21-66) with TRD associated with recurrent depression and type 1 or 2 bipolar disorder. The patients received intermittent theta-burst stimulation
in accordance with the SNT protocol for five days: applying 10 triple blocks of stimulation daily at intervals of 1 hr between the blocks to the selected stimulation
site showing maximum negative functional connectivity with subgenual cingulate cortex within the left dorsolateral prefrontal cortex. The Montgomery-Asberg
Depression Rating Scale (MADRS) was used for clinical assessment of the effects, the follow-up period was three months. The improvement of depressive
symptoms to the levels characteristic of remission immediately after the SNT completion was observed in five patients (MADRS score <10). After three months,
two patients still had remission, the condition of three patients met the criteria of mild depressive episode, and one female patient withdrew from the study due
to logistical difficulties. No serious adverse events were reported. The findings confirm safety and potentially high efficacy of SNT, including in patients with type 1
and 2 bipolar disorders.

Keywords: treatment-resistant depression, bipolar disorder, transcranial magnetic stimulation, theta-burst stimulation

Author contribution: Poydasheva AG, Bakulin IS, Mosolov SN — study planning and design; Poydasheva AG, Zabirova AH — literature review; Poydasheva AG,
Sinitsyn DO, Maslenikov NV, Tsukarzi EE — data acquisition and analysis; all authors — data interpretation; Poydasheva AG, Sinitsyn DO — manuscript writing;
all authors — manuscript editing.

Compliance with ethical standards: the research protocol was approved by the Ethics Committee at the Research Center of Neurology (protocol Ne 11-1/21 of
22 December 2021); the study was conducted in accordance with the principles of the Declaration of Helsinki; the informed consent was submitted by all study
participants.

><] Correspondence should be addressed: Alexandra G. Poydasheva
Volokolamskoe shosse, 80, Moscow, 125367, Russia; poydasheva@neurology.ru

Received: 08.08.2022 Accepted: 22.08.2022 Published online: 30.08.2022
DOI: 10.24075/brsmu.2022.044

OnbIT MIPUMEHEHUA CTOH®OPLCKOW HEMPOMOLY/TUPYIOLLEN TEPAMUN Y NAUMEHTOB
C TEPANEBTUYECKW PE3UCTEHTHOW OENPECCUEN
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CraHdoppackas Hepomoaynupytoasa Tepanust (SNT) — HOBEMLWMIA NPOTOKON MarHUTHON CTUMYAALMN, padpaboTaHHbI ONS NeYeHns TepaneBTUHeCcKm
pesncTeHTHbIX fenpeccuin (TPL). Liensto nccnenoBanmns Ob110 OLEHUTb BOSMOXXHOCTY peanmn3aut SNT B KNIMHUHECKON NpakTvke, ONpeaeniTs 6e30nacHOCTb U
3(hhEKTVBHOCTb MPOTOKOSA B HE3ABMCKMOM LIEHTPE Y NaumeHToB ¢ TP B paMkax pekyppeHTHOro AenpecCrBHOO 1 BUNONSPHOMO paccTpoicTB. B nccnenosaHvie
BOLLM LLECTb MALMEHTOB (M3 HMX TPW XeHLLMHbI B Bo3pacTe 21-66 net) ¢ TP B paMkax pekyppeHTHOM Aenpeccum 1 BUnofspHOro paccTpoincTtasa 1-ro n 2-ro
TVNOB. B TeyeHve Natv AHen nauyeHTam npoBoauan CTUMYNALMIO MHTEPMUTTUPYIOLLIMI TeTa-BCrbILLKamun no npoTokony SNT: exxegHeBHO no 10 TpoliHbIX 610K0B
CTUMYAISILMN C MHTEPBaIOM 1 4 MeX[y COCeAHVMM BrIokaMu 1 BbIGOPOM 30HbI CTUMYMSLWMN C MaKCVMaSTbHON HeraTVBHOM (OYHKLMOHATBHON KOHHEKTUBHOCTBIO
C cybreHyanbHOWM MOSICHOM KOPOW B Mpefenax Nesoi fopconatepanbHon npedpoHTanbHOM Kopbl. [ns KNMMHUHYECKO oueHK adpdekTa NprMeHsnn wkaiy
MoHTromepr-Acbepr, AnMTENbHOCTb Neprofa HabnoaeHns coctaBuna Tpy Mecsaua. Y NaTy naumeHToB cpady nocne okoHYaHus SNT OTMEYEHO CHUKeHne
BbIPXXEHHOCTV Aenpeccumn 10 ypoBHs pemuccumn (<10 6annos no MADRS). Yepes Tpu Mecsia ABa nauveHTa ocTaBa/iCb B PEMUCCUM, Y TPOWX COCTOSIHME
COOTBETCTBOBAIO IETKOMY [EMPECCUBHOMY 3MM30AY, OAHA NaLMeHTKa BblOblia N3 MCCNEA0BaHNS 13-3a JIOTUCTUHECKNX TPYAHOCTEN. CepbeaHblx HeXXenaTenbHbIX
SABNEHUN HEe 3aperncTprpoBaHo. MonyyeHHble pedynsTaTbl NOATBEPIKAIOT 6€30MacHOCTb Y MOTEHLMANBHO BbICOKYIO athhekTBHOCTL SNT B TOM 4vucne npu
OUNONAPHBIX PaccTponcTBax 1-ro 1 2-ro TUMoB.

KnioyeBble cnoBa: TepaneBTUHECKU PE3UCTEHTHas fenpeccust, BrunonspHoe apeKTMBHOE PacCTPOMCTBO, TPaHCKpaHWanbHas MarHUTHas CTUMYNsSUms,
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High prevalence of treatment-resistant depressive (TRD)
determines the relevance of developing new effective non-drug
approaches to treatment of this condition [1-3]. The noninvasive
brain stimulation techniques, such as repetitive transcranial
magnetic stimulation (rTMS), can be considered the non-
pharmacological methods most widely used in clinical practice.
According to the existing concepts, the long-term effects of
stimulation result from induction of processes similar to the
processes underlying synaptic plasticity, and are mediated
by NMDA and AMPA receptors [4]. Along with modulation
of synaptic plasticity, the impact of rTMS on neurogenesis and
neurotransmitter secretion, together with physical effects of
electromagnetic fields, continue to be discussed [4, 5].

Large double-blind controlled trials provided strong evidence
of the efficiency of using non-invasive stimulation methods in
treatment of depression [6, 7]. According to current guidelines,
high levels of evidence for the effects of using rTMS and theta-
burst stimulation (TBS) in treatment of TRD were reached [8].
The U. S. Food and Drug Administration (FDA) approved two
protocols for management of TRD: high-frequency (10 Hz)
rTMS applied to the left dorsolateral prefrontal cortex (DLPFC)
in 2008, and intermittent theta-burst stimulation (iTBS) of
the left DLPFC in 2018 [9]. However, despite a rather strong
evidence to support the use of the listed above stimulation
protocols in patients with TRD, pronounced variability of the
effects is the main constraint on greater use of the protocols.
Thus, according to two largest meta-analyses, the patients
who respond to therapy with rTMS constitute 25-55%, and
clinical remission can be achieved only in 16-30% of cases [10, 11].
Increasing the efficiency of stimulation and reducing the effect
variability are the major challenges faced by researchers.

Several approaches to increasing the efficiency are currently
being developed. Personalized target selection and the use
of so-called accelerated protocols could be considered the
most promising and well understood in the context of TRD. A
personalized approach to the stimulation target selection was
proposed in 2012 that was based on the analysis of functional
connectivity (FC) between the subgenual cingulate (Sg) and
left DLPFC [12]. The approach is based on the data on the
altered functional connectivity of Sg in patients with depression
[13], as well as on the relationship between the clinical effects of
rTMS and FC between the stimulated site and Sg [12]. However,
when comparing the effectiveness of rTMS using personalized
and standard approaches, heterogenous results were obtained
[14, 15]. Protocols, that include several sessions of stimulation per
day aimed at achieving the total numbers of pulses significantly
above the standard values, are called accelerated protocols.
According to recent meta-analysis that includes studies involving
accelerated protocols, the use of such protocols has a moderate
effect and still does not solve the problem of high variability [16].

Finally, the protocol combining target selection based
on the analysis of FC and extremely large number of pulses
(18,000 pulses per day vs. 3000 and 600 pulses per day in
standard rTMS and TBS protocols) was developed in 2019,
called Stanford neuromodulation therapy (SNT) [17]. According
to the pilot data of the open-label trial, 90% of patients, who
received SNT, achieved remission (defined as the Montgomery-
Asberg Depression Rating Scale score below 11), which was
well above the effectiveness of the previously used protocols
[17]. In 2022, the same group published the results of the
double-blind controlled trial that showed significant effects of
SNT compared to sham stimulation, confirmed safety and a
very high proportion of responders and remitters [18].

But so far the findings have not been confirmed by other
research groups. Furthermore, the patients diagnosed with

major depressive disorder (major depression) were included in
the original study, while no studies of safety and efficacy of SNT
in patients with depressive episode associated with bipolar
disorder were performed.

Thus, the pilot study was aimed to assess the possibility
of the SNT protocol implementation in clinical practice and
to acquire data on the protocol safety and efficacy at the
independent center, particularly in the new cohort of patients
with bipolar disorder.

METHODS
Patients

The patients were recruited at the Moscow Research Institute
of Psychiatry, the branch of V.P. Serbsky Federal Medical
Research Center for Psychiatry and Narcology, and SNT was
performed at the Institute of Neurorehabilitation, Research
Center of Neurology, in 2022.

Inclusion criteria: ongoing mild-to-moderate drug-
resistant depressive episode associated with recurrent
depressive disorder or bipolar disorder; age 18-70 years; no
contraindications to MRI and TMS; no severe general medical
condition that requires maintenance of vital functions using the
life-support devices; no severe cognitive impairment or other
nervous system disease. Drug resistance was defined based
on the absence of clinical effects after two or more courses
of treatment with antidepressants of various groups used in
adequate doses for at least 4 weeks [19, 20]. Some patients
continued to receive the unchanged doses of antidepressant,
antipsychotic, and anxiolytic medications. Exclusion criteria:
serious adverse events (SAEs) during TBS, such as epileptic
seizure, syncope, intense headache; onset of severe general
medical condition or mental disorder, nervous system disease
after the study enrollment, as well as pacemaker insertion,
cardiac catheterization, brain surgery that requires metal
objects retained in the cranial cavity, getting pregnant, or refusal
to participate further in the study.

Prior to stimulation with the use of the Neuron-Spectrum-
4/P (Neurosoft; Russia) and actiCHamp Plus 64 (BP-100-
2511) (Brain Products GmbH; Germany) systems the patients
underwent screening EEG aimed at detecting epileptiform
discharges. The patients, who showed epileptiform discharges,
were excluded from the study.

Identification of stimulation target

To perform target localization for stimulation, all patients
underwent neuroimaging on the Magnetom Prisma 3T
system (SIEMENS; Germany) that included two sequences:
T1-weighted images were acquired at isotropic resolution for
further multiplanar reconstruction (MPR) aimed at obtaining
structural data (TR 2200 ms, 1 mm slice thickness, number
of slices 176), and multiplanar gradient echo mode (ep2d_
bold_moco: TR 2200 ms, 36 slices in the axial plane) was
used for assessment of functional connectivity. The targets
for stimulation were determined for each patients based
on assessment of the resting-state functional MRI data.
Neuroimaging data were preprocessed in the CONN functional
connectivity toolbox (Functional Connectivity SPM Toolbox
2017, McGovern Institute for Brain Research, Massachusetts
Institute of Technology, Cambridge, USA; http://ww.nitrc.
org/projects/conn), ver. 17f, and SPM12 (Functional Imaging
Laboratory, Wellcome Department of Imaging Neuroscience,
Institute of Neurology, London, UK; http://www.fil.ion.ucl.ac.uk/

BECTHUK PIMY | 4, 2022 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | NEUROLOGY

Fig. 1. Visualization of the functional connectivity (FC) analysis data and target selection in patients. Color shows FC values between the subgenual cingulate and the

visualized cortical areas. The target is marked with a green tag

spm/software). Preprocessing consisted of the earlier reported
standard steps [15]. After preprocessing, the maps showing
FC of subgenual cingulate with all other brain regions were
created individually for each patient using the same software
package, the region was selected within anatomical limits of left
DLPFC that showed maximum negative FC (Fig. 1). A 10-mm
diameter sphere generated around the subgenual part of the
cingulate gyrus (Sg) (a point with MNI coordinates (6, 16, —10))
was used as a seed region.

Stimulation protocol

Intermittent theta-burst stimulation was performed with the
MagPro X100 MagOption system (Tonica Elektronik A/S;
Denmark), equipped with the liquid-cooled figure-eight coil, in
combination with the Localite TMS Navigator navigation system
(Localite GmbH; Germany) and Axilum Robotics TMS-Cobot
robotic device (Axilum Robotics; France). The stimulus intensity
was 120% resting motor threshold defined by recording motor
evoked potentials (MEPs) of the right first dorsal interosseous
muscle in accordance with the Rossini-Rothwell algorithm.

Stimulation was performed for five consecutive weekdays.
Every day, the patients were through 10 sessions of intermittent
theta-burst stimulation with a 1-hr interval between sessions.
Each session included tree standard blocks of theta-burst
stimulation (600 pulses/block). Thus, the patient received a
total of 18,000 pulses during the day, and 90,000 pulses during
the entire course (Fig. 2).

Clinical assessment

The Montgomery-Asberg Depression Rating Scale (MADRS)
was used to assess the clinical effects of SNT [21]. Assessment
was performed at five different time points: prior to stimulation,
immediately after stimulation, 1, 2 and 3 months after
stimulation. The MADRS scores reduced by more than 50%
from baseline were considered a clinically significant response,
while the scores of 10 points and lower were considered a
remission [22]. Furthermore, TRD was staged by Maudsley
Staging Method (MSM) in all patients prior to the study [23]. The
original questionnaires were used to assess safety, tolerability
and adverse events (AEs): AEs reported during stimulation and
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Fig. 2. Scheme of the Stanford Neuromodulation Therapy (SNT) protocol
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Table. Clinical and demographic data of the patients enrolled

Ne Sex Age (ICI:JDie—‘?(r)1 C:;S;Ze) MADRS score M dure?tiiZi?SyZars '\lel:;)riggz:a:f
1 M 36 F33.1 19 10 13 8

2 M 29 F33.1 14 7 13 7

3 M 66 F31.8 19 10 47 10

4 f 31 F31.3 19 6 15 10

5 f 21 F31.8 21 7 5 4

6 f 58 F31.3 27 6 34 12

Note: MADRS — Montgomery-Asberg Depression Rating Scale; MSM — Maudsley Staging Method.

AEs reported within 24 hrs after stimulation were analyzed
separately.

RESULTS

The study involved six patients (three women and three men)
aged 21-66 with the ongoing mild-to-moderate drug-resistant
depression associated with recurrent depressive disorder (two
patients), bipolar disorder type 1 (two patients) and 2 (two
patients) (Table). The disease duration was 5-47 years, and the
number of episodes per patient was at least four.

The improvement of depressive symptoms to the levels
characteristic of remission (MADRS score 10 or lower)
immediately after the end of therapy (day 6) was observed in
five patients out of six (Fig. 3). The MADRS score of the sixth
patient remained unchanged immediately after the end of the
course. One of the female patients withdrew from the study
at the assessment stage immediately after the stimulation
completion. Thus, the data acquired from five patients
were available for investigation of the clinical effect stability.
Assessment performed within a month showed that one
patient still had remission (diagnosis code F31.8), while the
scores of other four patients met the criteria of mild depressive
episode (diagnosis code F33.1 in two patients, and F31.3
in two female patients). Two months later the condition of
three patients met the criteria of remission (diagnosis codes
F31.8, F33.1, F31.3), and the condition of two patients was
considered a mild depressive episode (diagnosis codes
F33.1, F31.3). Assessment of scores, that were compared
to baselines, in four patients out of five met the criteria of
the clinically significant response to therapy (reduction by more
than 50% from baseline). After three months, two patients
still had remission (diagnosis codes F33.1, F31.3), and the

60}

condition of three patients met the criteria of mild depressive
episode (diagnosis codes F31.8, F33.1, F31.3). Two patients
met the criteria of the clinically significant response to therapy
compared to baselines. It is interesting to note that no long-
term effects were observed in the only patient who showed no
response to therapy immediately after the end of stimulation
(diagnosis code F33.1).

No serious AEs were reported, such as epileptic seizure,
syncope, or intense headache. Two patients reported mild
headache (pain intensity with the Numerical Pain Rating Scale
score below 3 points), that resolved spontaneously within
2-3 hrs without supplementary medication, after the end of
the first block of stimulation (in the evening of the first day).
These patients had no headache on other days. Furthermore,
one female patient complained of the increase in anxiety,
mood change, and sleeping disorder after the first block of
stimulation. However, agitation resolved by the next morning.
Later, mood changes and insomnia did not bother this patient.
Phase inversion was reported in none of the patients with
bipolar disorder.

DISCUSSION

The pilot study showed safety and good tolerability of the new
SNT protocol in patients with depressive episodes associated
with both recurrent depression and bipolar disorder. Inclusion
of patients with bipolar disorder distinguishes our study from
other research. The identified AEs were mild, never required
prescribing supplementary medication and never resulted in
rejection of procedures or refusal to participate in the study.
The findings showed that the proportion of patients, whose
symptoms of depression met the criteria of remission immediately
after the end of stimulation, was 83%. Heterogeneous data

30

25 [\

—4— Patient 1 (F 31.8

20

—— Patient 2 (F 33.1

=== Patient 4 (F 31.8

—— Patient 5 (F 31.3

)
)
—#— Patient 3 (F 33.1)
)
)
)

Montgomery-Asberg Depression Rating Scale

15 W .
10 1 — i .
emission
o —o— Patient 6 (F 31.3

Before After 1 month

Fig. 3. Dynamics of depressive symptoms: individual data

2 months 3 months
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were obtained when assessing durability of response: in 75%
of patients, who showed clinically significant effects of SNT
immediately after the end of stimulation, the effects persisted
for two months, and in a third of patients the effects persisted
for at least three months. The pilot data obtained suggest that
SNT efficacy in patients with recurrent depression is high, it
is well above the efficacy of the FDA-approved protocols,
which is in line with the data provided by the designers of SNT.
Furthermore, reduced depressive symptom severity is reported
in patients with bipolar disorder, which brings up to date
conducting the double-blind controlled trials of SNT efficacy in
this cohort of patients as well.

To date, there is no clear concept whether higher efficacy of
SNT compared to FDA-approved protocols results from more
precise target selection, larger number of pulses per session or
course, the combination of these factors, or other mechanisms.
Despite the fact that some researchers have shown the
effectiveness of the target selection algorithm based on the
analysis of FC with Sg compared to sham stimulation [24], no
increase in the efficacy of stimulation has been found when
using the algorithm involving standard target selection [15].
Thus, it seems unlikely that precise target selection is the only
contributor to the increased efficacy. Talking about accelerated
protocols, it is important to note heterogeneity of the currently
available results: the early studies showed encouraging results
[25], however, further larger trials, that involved the use of both
high-frequency rTMS and theta-burst stimulation, generated
negative results [26, 27]. However, direct comparison of the
protocols, used in the two latter studies, with SNT is not
quite correct since the total number of pulses used in SNT
is several times larger than the number of those used in the
studied accelerated protocols. Moreover, not only the total
number of pulses, but also, for instance, the duration of single
block of stimulation or the time between blocks can contribute
significantly to the effect size. These issues are particularly
relevant in the context of metaplasticity concept, which has
been actively developed in recent years [28]. According to
the concept of metaplasticity, prior activity determines the
threshold for induction of the activity-dependent plasticity,
not only the values and duration of the neuroplastic changes
induced, but also the direction of neuroplasticity. Thus, in
the context of SNT, each preceding block of stimulation can
promote changes induced by subsequent block through the
mechanism of additive metaplasticity. It is important to note that
the discussed potential mechanisms of increasing the efficacy
of SNT compared to approved protocols are hypothetical and
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