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ABSTRACT

Introduction: Deep transcranial magnetic stimulation (dTMS) utilizes different H-coils to study and treat
a variety of psychiatric and neurological conditions with identifiable brain targets. The availability of this
technology is dramatically changing the practice of psychiatry and neurology as it provides a safe and
effective way to treat even drug-resistant patients. However, up until now, no effort was made to
summarize the different types of H-coils that are available, and the conditions for which they were
tested.

Areas covered: Here we assembled all peer reviewed publication that used one of the H-coils, together
with illustrations of the effective field they generate within the brain. Currently, the technology has FDA
clearance for depression and European clearance for additional disorders, and multi-center trials are
exploring its safety and effectiveness for OCD, PTSD, bipolar depression and nicotine addiction.
Expert commentary: Taken together with positive results in smaller scale experiments, dTMS coils
represent a non-invasive way to manipulate pathological activity in different brain structures and
circuits. Advances in stimulation and imaging methods can now lead to efficacious and logical treat-
ments. This should reduce the stigma associated with mental disorders, and improve access to
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psychiatric treatment.

1. Introduction

Over the past half century, advances in the field of psychiatry
increased the physician’s toolbox exponentially. New classes of
pharmacological drugs were developed, electroconvulsive ther-
apy (ECT) protocols were optimized [1], and focal brain stimula-
tion techniques were invented [2]. Most importantly, many
psychiatric symptoms have now identifiable functional altera-
tions in specific brain regions and circuits due to advances in
functional imaging [3,4]. Methods, such as MRI, fMRI, positron
emission tomography, and single-photon emission computed
tomography relate specific disorders and symptoms to specific
brain areas with altered activity or volume [5]. This allows tech-
niques such as deep brain stimulation (DBS) or transcranial mag-
netic stimulation (TMS) to target specific networks that are
known for their affected activity in a specific disorder.

One condition for which significant progress has been made
is major depression disorder (MDD). MDD is a commonly occur-
ring disorder, and with a lifetime prevalence of 17%, it ranks as
the second leading cause of disability according to World Health
Organization (WHO) [6]. Patients diagnosed with MDD show
dysregulation in several brain regions, including hypometabo-
lism in regions, such as the dorsolateral prefrontal cortex (DLPFC)
and the cingulate cortex (ACC), and abnormal overactivity in the
amygdala, basal ganglia, and thalamus [7]. Despite the availabil-
ity of psychotherapy and over four classes and 30 distinct phar-
macologic agents, a large portion (32-52%) of the MDD
population are still considered treatment resistant [8,9]. Taken
together with MDDs relapsing nature and the tolerance that may

develop to formerly successful pharmacotherapy [10], non-drug
strategies are required for the management of this disorder. Over
the years, different methods have been developed for that pur-
pose but, side by side with their unique advantages, all methods
also have their own drawbacks [11]. Among the available brain
stimulation technologies, ECT is still considered to be the most
effective method, with over 70% remission rate [12,13]. Yet, the
procedure is associated with side effects and continues to be the
most stigmatized treatment available in psychiatry, a fact that
hinders people from pursuing it [1]. Thus, ECT is considered to be
the ‘last resort’ and is used only for severely drug-resistant
patients [14]. DBS has also been shown to alleviate depressive
symptoms in drug-resistant MDD patients [15-21]. However, DBS
also has important drawbacks, as it involves a complex surgical
intervention (i.e. drilling in the skull with the risk of infection),
requires replacing the subcutaneous battery periodically, and
has a high overall cost [22]. The optimal targets for DBS are still
not known, and although the background suicide rate in this
population is elevated there is controversy about DBS causing
suicidal ideations [7,23-27]. Conventional TMS, being a non-
invasive technique, does not have the above disadvantages
and has been shown to effectively treat MDD in moderately
drug-resistant patients [28-30]. However, conventional TMS
only allows stimulation of focal targets just below the skull and,
without navigation, conventional repetitive TMS (rTMS) misses
the target in 27-32% of patients [31,32] (See Box 1).

In an attempt to address these limitations, deep TMS (dTMS)
was introduced [33,34]. dTMS includes all the benefits of TMS (no
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Box 1. Alternative non-pharmacological somatic treatments

o Electroconvulsive therapy (ECT): The first device-based treatment to
become available for psychiatric disorders. During treatment, electric
current passes through electrodes placed at precise locations on the
head, causing a seizure that lasts generally less than 1 min.

e Magnetic seizure therapy (MST): Similar to ECT it induces a seizure,
but conversely to ECT it uses magnetic pulses instead of electricity to
stimulate the brain. MST appears to have less cognitive side effects
than ECT.

e Deep brain stimulation (DBS): A generator implanted in the chest
control electrodes implanted in a specific brain area. Stimulation is
continuous and its frequency and intensity can be adjusted to the
individual. The targets for OCD and Parkinson’s are known, for
depression they are still controversial and under investigation.

e Vagus nerve stimulation (VNS): A generator implanted in the chest
sends electrical pulses to the left vagus nerve. VNS was approved in
2006 for depression but is not covered by insurance due to low
efficacy rates. It is covered for the treatment of refractory epilepsy.

o Conventional or superficial TMS: Conventional TMS coils induces a
very focal effective electric field up to 2 cm from the coil. Besides
treatment, conventional TMS with neuronavigation is useful in single
pulses for presurgical brain mapping.

e Transcranial electrical stimulation (tES): Encompasses all forms of
non-invasive application of electrical currents to the brain using
electrodes on the head. tES includes, among others, cranial electro-
therapy stimulation (CES) and transcranial direct current stimulation
(tDCS), which induce subthreshold electric fields in the brain. tES may
be helpful for non-treatment resistant patients.

need for hospitalization or anesthesia and negligible side effects
[11]) with the advantage of stimulating deeper brain targets with
less focal distribution of the electric field. Similar to the conven-
tional TMS technique, dTMS utilizes brief magnetic pulses to
induce targeted neuronal depolarization in the brain using
Faraday's law of electromagnetic induction [35]. Usually, trains
of pulses delivered at high frequency stimulation (>5 Hz) lead to
a facilitatory effect inducing increased neuronal excitability
(long-term potentiation; LTP-like effect) while low frequency
(~1 Hz) induces reduction in neuronal excitability (long-term
depression; LTD-like effect) [36,37]; thus, hypo- or hyper-activity
of specific brain areas can be modulated. However, conversely to
conventional TMS coils (e.g. figure-of-8 or round), which directly
stimulate targets up to ~1 cm beneath the surface of the skull,
dTMS can simulate up to ~4 cm beneath the surface of the skull,
depending on the specific H-coil being used [38]. This increased
stimulation depth is achieved due to the multiple windings in
multiple planes inside the H-coil helmet. The magnetic fields of
these windings sum together and improve the depth penetra-
tion of the electromagnetic field without the need for increased
electric intensity. Although deep stimulation can also be accom-
plished with a large circular coil or a double cone coil, their
electromagnetic field decays more rapidly and to reach signifi-
cantly deep targets much higher intensities must be used on the
surface [36,39]; intensities that can be unpleasant and potentially
unsafe for the patient. Finally, the H-coils stimulate larger areas,
i.e. ~17 cm? of the brain tissue with the H1 compared to ~3 cm?
with conventional figure-8 coils, when both are operated at
120% of motor threshold (MT). This volume difference represents
hundreds of millions of neurons and many more pathways,
eliminates the need for imaging and neuronavigation and mak-
ing the treatment less costly.

1.1. dTMS in the clinic

In the United States, dTMS using the H1-coil is cleared for the
treatment of unipolar major depression that has failed any
number of medications. In Europe, dTMS using the H1-coil is
cleared for the treatment unipolar depression, bipolar depres-
sion, negative symptoms of schizophrenia, and post-traumatic
stress disorder (PTSD), while several other H-coil versions
designed to target other brain networks are cleared for the
treatment of Alzheimer’s disease, chronic pain, smoking cessa-
tion, obsessive compulsive disorder (OCD), autism, Parkinson’s
disease, stroke rehabilitation, and multiple sclerosis (MS).

1.2. Clinical considerations

In the United States, anyone can purchase a dTMS device
but it can only be used under the prescription of a physi-
cian (usually a psychiatrist or a neurologist). At the present
time about 90% of all dTMS is done for the treatment of
medication refractory unipolar major depressive disorder
(treatment resistant depression; TRD). However, one may
also treat patients for off label conditions. The assessing
physician’s responsibility is to search current literature to
determine if there are any new protocols for treatment of
the relevant disorder, or for the treatment of comorbid
conditions (e.g. depression and MS fatigue, depression and
PTSD, and depression and pain).

Prior to administering dTMS to a patient, informed consent
must be obtained from the patient or their legal guardian. In
addition to explaining the procedure, the process includes an
explanation of the risks, benefits, and alternatives. The risks or
potential side effects of dTMS include headaches, facial pain,
tooth pain, or neck pain usually just during the procedure but
it may also occur between the procedures as well. Patients can
premedicate with an analgesic, and the pain typically
decreases on sequential treatments. If ear plugs are not
worn or if they fall out, the repetitive loud noise from dTMS
can cause permanent hearing loss or tinnitus. In rare cases,
patients receiving dTMS can have generalized neuronal excita-
tion beyond the site of stimulation resulting in a seizure. The
risks of a seizure occurring are highest in patients with pre-
existing epilepsy, changing medication dosage without
rechecking the motor threshold, alcohol intake or sleep depri-
vation. Seizures from dTMS have always stopped on their own
and only occurred during the treatment, dTMS does not cause
epilepsy. Alternatives to dTMS in the case of TRD include ECT
or combinations of medications.

1.3. Treatment protocol

dTMS practice protocols are similar to the ones that are used
with conventional TMS. In the case of MDD, patients are
scheduled for a diagnostic evaluation with a psychiatrist
that reviews their medical history, documents the current
symptoms of depression, prior treatment trials, and recom-
mends a course of dTMS, which would entail an acute
course of dTMS treatments administered five days a week.
Each treatment session includes 55 trains of 36 pulses (for a
total of 1980 pulses per session) delivered over 20 min at



18 Hz and intensity of 120% relative to the patient’s resting
motor threshold (MT) [40]. The individual MT is re-measured
at least once a week or when a medication is changed, by
determining the minimal intensity for which a single pulse
activates the hand motor cortex in 5/10 trials (evident as a
movement of the limb or with electromyography). In many
cases, even patients that do not improve after 30-40 ses-
sions may reach response (50% improvement) with addi-
tional dTMS sessions [40]. Alternatively, the physician can
consider increasing the number of pulses. High rates of
remission and response were found in severe TRD patients
who were treated with 3000 dTMS pulses per session [41]
and 4000-6000 pulses were effective for patients with schi-
zoaffective depressive phase and patients who failed ECT
[42,43] . When the patient goes into remission or has a
sustained improvement, the patient should continue treat-
ment twice a week for a period of three months. Once the
patient goes into remission from dTMS, they are considered
future first-line dTMS patients. When these patients relapse
or have recurrence of their depression, they should be
immediately retreated with dTMS instead of trying a new
medication. In addition, if they have several relapses a year,
maintenance dTMS may be a preferred treatment.
Maintenance dTMS is done once a week, after a period of
3 months of stability on twice a week treatments.

1.4. Technical considerations

The dTMS device is comprised of a rolling cart, which contains
a stimulator and an air-cooling system for the coil, and a
positioning arm attached to the side of the cart holding the
H-coil inside of a cushioned helmet (Figure 1) The device can
fit in the corner of a room, and any chair can be used for
treatments; thus, any room can be used as a dTMS treatment
room. The machine requires two NEMA 5-20 A outlets on
different fuses and one 15 A outlet to plug the machine into,
which almost any office room has. When the machine is used
all day, the room it is in will become significantly warmer than
the rest of the office and may require its own air-conditioning
zone. Alternatively, the back of the cooling unit can be vented
out of the treatment room.

Every cart can hold several positioning arms and hence
several different H-coils that target different brain areas for
different indications. Every helmet can technically hold sev-
eral H-coils, and during clinical trials every helmet has a
corresponding sham H-coil encased in the same helmet.
The sham coil induces only a negligible sub-threshold field
in the brain while making an identical noise and inducing
some scalp sensation [44]. The research version of the dTMS
device has an electronic card reader and interface module
that operate on each patient’s treatment card determining
whether the sham or active coil in the helmet should be
used for that specific treatment. The operator uses an opera-
tor card to find the MT, and then moves the helmet to the
treatment position. At this point, a randomized patient card
is used to administer repetitive pulses. This maintains the
double blind condition necessary for research trials, where
both the operator and the patient can not tell whether an
active or sham treatment is delivered (as the two coils sound
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Positioning Device

Stimulator

Helmet
comprising the
H-coil

Interface Module
(IFM) \

Cooling System

ITD Medical Cart

Figure 1. dTMS system on a rolling medical cart including a cooling system,
stimulator, interface module for double blind experiments, positioning arm and
one helmet.

and feel similar to the operator who may be holding the
helmet from the outside).

1.5. The induced effects of dTMS

The H1-coil that is used for the treatment of MDD was
designed to induce activation of left and right lateral and
medial prefrontal cortex structures, with a preference to the
left hemisphere (Figure 2). The safety and efficacy of the H1-
coil in MDD were demonstrated in several clinical trials (as
detailed in Table 1), including a large prospective multicenter
study [40], which formed the basis for US FDA approval for the
treatment of MDD in the United States. The safety and efficacy
of the H1-coil was also demonstrated in bipolar disorder [45],
negative symptoms of schizophrenia [46,47], and using a more
medial location also in PTSD [48]. Preliminary studies showed
effectiveness for the H1-coil also in alcoholism (and associated
dysthymia) [49-51] and even in migraine [52] (Table 1). Several
other H-coils were developed in order to affect different brain
networks and hence treat different conditions (Table 1). To
create Table 1, all of the peer-reviewed literature with the term
deep transcranial magnetic stimulation was reviewed by each
the authors using PubMed with and without a clinical trial
filter. Centers that have dTMS coils are surveyed by the man-
ufacturer for peer-reviewed publications that may not have
been indexed in Pubmed as well as ongoing clinical research
activity, and this data was reviewed as well. Finally, all of the
ongoing single and multisite clinical trials were added. The
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Figure 2. Colored field maps for the H1-coil indicating the absolute magnitude electrical field in each pixel at 120% of hand motor threshold, for 10 coronal slices
1 c¢m apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. The figure is in-press and is open access [79]. Full color
available online.

Table 1. Specifications of the different H-coils.

H-coil Clinical
type Target brain region Indication® evidence References
H1-coil  Bilateral PFC with preference to the left MDD*P - [40,41,51,53-59]
PTSD® - [48]
Bipolar disorder®df -9 [45,60,61]
Schizophrenia - negative symptoms™¢ =€ [46,62]
Alcohol addiction® -€ [49-51]
Migraine® -¢ [52]
Chronic tinnitus _h [63]
H2-coil  PFC, OFC, temporal and parietal cortex (bilateral symmetry) Alzheimer's disease®? -¢ [64,65]
Parkinson’s disease®? -9 [66,67]
H3-coil  mPFC and OFC (bilateral symmetry) Autism and Asper%er syndrome™4 =€ [68,69]
H4-coil Insula and PFC (bilateral symmetry) Nicotine addiction®<f - [44]
Obesity _h
H5-coil  Dorsal and ventral motor cortex and PFC (bilateral Parkinson’s disease®? - [70]
symmetry)
H6-coil  Unilateral dorsal and ventral PFC (either right or left) ADHD € [71]
H7-coil  mPFC, including the ACC ocpPef - (721
pTSDY f b _h
Migraine® -9 (731
Tourette’s syndromed -h
Cocaine addiction? _h
H8-coil Insula (right, left, or bilateral) Obesityd _h
Alcohol addiction® _h
H9-coil  Bilateral parietal cortex including the posterior cingulate  Alzheimer's disease®? _h
cortex (PCC) Mild cognitive impairment“| _h
H10-coil Leg and hand primary motor cortex (bilateral symmetry)  Chronic neuropathic pain® =€ [74]
Multiple sclerosis®® _h
Post-stroke rehabilitation®? € [75,76]
Coil placed according to tumor location (high intensity Blood-brain barrier Modulation for drug delivery in brain —¢ [77]
use) cancer patients“I
H11-coil Insula (bilateral symmetry) Anorexia nervosa® _h
H12-coil Temporal cortex (either right or left) Epilepsy in children® _h [78]

H13-coil Right temporal cortex (combined with H6-coil stimulation Low-functioning autism in children® -
over the left PFC)
H14-coil Cerebellum and motor cortex Ataxia® -

PFC: prefrontal cortex; OFC: orbitofrontal cortex; mPFC: medial PFC; ACC: anterior cingulate cortex; PCC: posterior cingulate cortex; MDD: major depressive disorder;
PTSD: post-traumatic stress disorder; ADHD: attention deficit hyperactivity disorder; OCD: obsessive compulsive disorder.

°FDA cleared.

BCE approved indication.

Proved in multicenter clinical trial.

dOff label indication.

“Proved in randomized-controlled clinical trials.

fOngoing multicenter double-blinded-placebo-controlled trial.

9Showed effectiveness in open clinical trials.

"Ongoing double-blind placebo-controlled clinical trials.
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Figure 3. Colored field maps for the H2-coil indicating the absolute magnitude electrical field in each pixel at 120% of hand motor threshold, for 16 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.
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at 110% MT
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Figure 4. Colored field maps for the H3-coil indicating the absolute magnitude electrical field in each pixel at 120% of foot motor threshold, for 9 coronal slices 1 cm
apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.

publications were discussed by the authors as a group, and
the coils were listed with corresponding disorders with the
level of evidence stated explicitly in the table.

The effects of the H-coils are best understood through
electrical field diagrams (Figures 2-15). These diagrams are
generated by placing each coil over a plastic head model
filled with saline solution and measuring the induced fields
at every point with an oscilloscope. In the diagrams, red
pixels indicate regions where the induced field intensity is
above the threshold for neural activation (100 V/m). The
maps for each coil are generated while the coil is located
above the specific treatment location and the intensity is

set per the relevant recommended treatment protocol. As
can be observed, there is overlap in the areas that coils
stimulate, and coils can be moved from their intended-
designed position to another location to achieve a similar
effect as another coil (i.e. moving the H7 coil from the PFC-
ACC posteriorly to the motor cortex will result in a coil that
effectively stimulates both lower extremities).

1.6. dTMS operators

The field of TMS technicians is just evolving, and it will con-
tinue to evolve as the devices and indications evolve.
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Figure 5. Colored field maps for the H4-coil indicating the absolute magnitude electrical field in each pixel at 120% of hand motor threshold, for 14 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.
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Electric field distribution

of H5 Coil
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Figure 6. Colored field maps for the H5-coil indicating the absolute magnitude electrical field in each pixel at 120% of hand motor threshold, for 14 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.

Currently, most dTMS operators have a bachelor’s degree and
an interest in neuroscience or patient care. Operators have
much more frequent contact with patients than receptionists
and are similar to behavioral health technicians or nurses. The
manufacturer trains and certifies operators on the device.
Operators should be trained in first aid and CPR; and must
be comfortable recognizing and making initial steps to deal
with a seizure, because this is the only significant safety risk
with dTMS, even if a very rare one [80]. In addition, as they
interact with depressive patients, they should be prepared for

the possibility of their patients attempting suicide. This should
be discussed with the operators when they are treating
patients with prior suicide attempts. Operators should be
observant, comforting and not alarming to the patients.
Operators are also responsible for administering specific rating
scales to patients and keeping accurate records of patient
treatments. Finally, some off-label dTMS protocols require an
intimate knowledge of patient symptoms, because the
patient’s symptoms need to be provoked before the treatment
(OCD, PTSD, addictions) [44,48,72]
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Figure 7. Colored field maps for the H6-coil indicating the absolute magnitude electrical field in each pixel at 120% of hand motor threshold, for 11 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.
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Figure 8. Colored field maps for the H7-coil indicating the absolute magnitude electrical field in each pixel at 100% of foot motor threshold, for 14 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.

1.7. Financial considerations

Almost all of the TMS centers in the United States today are part of
psychiatric offices, and each dTMS system can easily treat two
patients per hour. Typically, one operator treats one patient at a
time on one machine per room. The income from dTMS comes
from the procedural fee or, in the case of a facility, from the facility
and procedural fee. There are three TMS CPT codes, which are
widely covered by insurance across the country for MDD patients:
90867, 90868, and 90869. Therapeutic ITMS treatment; initial,
including cortical mapping, motor threshold determination, deliv-
ery and management (90867) is reported only once per treatment
course. Subsequent delivery and management (90868) is reported
20-40 times per treatment course series. Subsequent motor
threshold re-determination with delivery and management

(90869) is reported no more frequently than once a week or
when medication dosages are altered [80].

Medicare and some commercial insurers have no preauthoriza-
tion process and the patient can start treatment immediately.
However, several commercial insurance companies require a pre-
authorization process at which time they approve an initial course
of acute treatments with the expectation that periodic rating scales
will be completed by the patient and an assessment will be done
by the physician at baseline and follow up.

The patients usually come from the clinic’s existing patient
population, after having failed or been intolerant to one or
more antidepressant medications (because that is what com-
mercial insurance and medicare covers). However, as dTMS
devices are not that costly, it is entirely possible to have a
self-pay dTMS clinic. The dTMS system costs are generally
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Figure 9. Colored field maps for the H8-coil indicating the absolute magnitude electrical field in each pixel at 120% of hand motor threshold, for 14 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.
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Figure 10. Colored field maps for the H9-coil indicating the absolute magnitude electrical field in each pixel at 110% of foot motor threshold, for 16 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.

fixed. This includes the device, a maintenance plan, insurance
on the device and the practice, rent, marketing fees and salary
for an operator. The variable costs are relatively nominal and
they include earplugs and soft caps for the patients and
electricity. The dTMS system is currently available in any of
three formats: purchase the system with no per use charges
with a 1-year warrantee that can be extended every year for a
fee. Alternatively, it is available for a 4-year lease with no per
use charges with the maintenance fee included. Finally, a
hesitant physician can enter a risk sharing model, where the
physician pays per use charges and there is no mainte-
nance fee.

1.8. Legal considerations

All of the patient information is available in the patient
manual, and should be made available to patients, similar
to the package insert that comes along with a medication.
Legally this is sufficient and the FDA does not require a
specific written consent for TMS. However, most US TMS
centers develop brief consent forms that specify rTMS is
currently only approved for resistant unipolar MDD, but
used for many other conditions on an off label basis. It
outlines the potential risk of a temporary seizure, reminds
to use hearing protection at peril of permanent hearing
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Figure 11. Colored field maps for the H10-coil indicating the absolute magnitude electrical field in each pixel at 100% of foot motor threshold, for 14 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.
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Figure 12. Colored field maps for the H11-coil indicating the absolute magnitude electrical field in each pixel at 120% of hand motor threshold, for 14 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.

loss, mentions temporary head/face/tooth/neck pain and
availability of analgesic prophylactics, discusses alternative
treatments, such as ECT or polypharmacy, and the fact rTMS
has only been studied in humans since the 1990s, and there
may be adverse long-term effects not yet known. Some
consent forms also inform patients that their treatment
data is kept in a separate database in an anonymous fash-
ion for outcomes research.

2. Conclusion

Mental illnesses carry a stigma that affects patients, family mem-
bers and even psychiatrists. This discrediting is present in every

country, and it has not disappeared despite tremendous
advances in the field of psychiatry over the last half century.
One potential reason is that brain abnormalities are hidden
from the naked eye, and another is that these chronic and
complex conditions significantly affect behavior. Taken together
with the fact that psychopharmacologic interventions do not
have very clear and logical explanations for their mechanism of
effect, the result is that patients are often blamed for their illness,
which rarely occurs in general medical conditions [81-84].
However, this trend is slowly shifting its direction. Depression is
much more accepted in the general population, evident by the
growing number of people seeking treatment for this condition;
Drug and alcohol addictions are gradually recognized as brain
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Figure 13. Colored field maps for the H12-coil indicating the absolute magnitude electrical field in each pixel at 100% of hand motor threshold, for 14 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.
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Figure 14. Colored field maps for the H13-coil indicating the absolute magnitude electrical field in each pixel at 120% of hand motor threshold, for 14 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.

diseases by law-enforcement; and conditions such as ADHD or
autism are diagnosed in progressively increasing rates. This shift
is related to advances in functional imaging and focal brain
stimulation that allows the identification and modification of
altered activity in specific brain areas for specific psychiatric
conditions and symptoms. This is bridging the theoretical gap
between diseases of the mind-psychiatric iliness, and diseases of
the brain-neurological illnesses for both patients, caregivers, and
the general population [85,86]. Thus, advances in bioengineering
that enabled non-invasive modulation of altered brain activity
(such as TMS and dTMS), making efficacious and logical treat-
ments widely available to psychiatric patients, are reducing the
stigma of mental illness as a whole. As a consequence, more

people are now searching for treatments for their conditions, and
a broader spectrum of alternatives is available to meet the
specific needs of the individual.

3. Expert commentary

The most comparable technology to compare dTMS to is
conventional TMS with the figure-8-shaped coils. They are
both outpatient procedures with no significant adverse event
profiles, only local discomfort and rare incidence of seizure.
Unfortunately, there has been no head to head study compar-
ing the two technologies. The advantages of dTMS to conven-
tional TMS are theoretical, clinical, and practical. The
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Figure 15. Colored field maps for the H14-coil indicating the absolute magnitude electrical field in each pixel at 110% of leg motor threshold, for 16 coronal slices
1 cm apart. Red pixels indicate regions with field intensity above the threshold for neuronal activation. Full color available online.

theoretical advantages of dTMS are derived from the ability of
the H-coil to stimulate much larger and deeper volumes of
neuronal tissue. The difference is notable whether one uses
mathematical modeling in spherical model of the head [87,88],
mathematical modeling in an anatomically correct model of
the head [89-91], or measures the depth of stimulation in
saline filled head [39,92,93]. Clinicians are aiming at a target
that they cannot see without concomitant functional imaging
and neuronavigation, a shotgun is likely to have greater effi-
cacy than a rifle. The clinical advantages of dTMS are derived
from comparing the results of the multisite double blinded
randomized controlled trials leading to FDA clearance of the
devices. The standardized effect size after 4 weeks for the H1
was 0.76, and for the figure-8 coil, it was 0.36-0.56 depending
on the scale. After 4 weeks, the odds ratio for remission with
the H1 was 2.83 compared to 1.1-1.16 with the Figure 8
[40,94]. The practical advantages of dTMS mainly relate to
the time of treatment. The dTMS system has an active air
cooling system which allows the operator to complete treat-
ments in 20 min. It is easy to run the system continuously all
day while treating two patients per hour. The motor threshold
is easy to find, because of the large area of stimulation of the
coil. Compared to a figure-8 coil, the shortest time of stimula-
tion is 37.5 min, and it takes a long time to map the motor
threshold. A busy office can use one dTMS system and one
operator to replace two figure-8 systems and operators.
Although there have not been any head to head studies yet,
there are two published case series from unbiased sources
demonstrating better clinical outcomes for the patients they
treated with dTMS [95,96].

Where does dTMS fit in right now, and what coils should a
dTMS center get? The primary disorders a non-research dTMS
center will be treating are psychiatric. The H1-coil is the most
tested coil, and every dTMS center should have one. It should be
used for patients with depression who have failed any number
of medications before trying ECT, and it can be used after ECT as

a maintenance strategy in lieu of ECT maintenance [97,98]. There
is early data suggesting that higher numbers of pulses may be
helpful for patients with psychotic depression or schizoaffective
disorder depressive phase as well as patients who failed ECT
[42,43], the H1 is helpful for the negative symptoms of schizo-
phrenia [46,62]. Additional coils with significant clinical evidence
and ongoing multisite clinical trials are the H4 for patients with
addiction and the H7 for patients with OCD and PTSD.

4. Five-year view

At present, the field of TMS is focused on targeting one brain
area at a time, such as the left DLPFC cortex in depression or
the ACC in OCD. As understanding of brain functioning
advances, the more evident it is that complicated behaviors
are mediated by connected neural networks [85,99]. Thus, it is
unlikely that stimulation or inhibition of one area in the brain
is the optimal approach to induce normalization of neuronal
functioning in all patients. Thus, the future of non-invasive
neuromodulation requires the use of a multichannel stimula-
tor with interconnected coils [100] to affect the relevant neu-
ronal networks during tasks and at rest in pathological
conditions, and to induce synchronized and optimized differ-
ential protocols to different brain regions. In that way, mod-
ification of activity can also be induced using paired
associative stimulation [101] rather than by trains of pulses.
This procedure may greatly affect the patient’s treatment
experience as it requires significantly less pulses and a much
lower frequency of administration (0.2-0.25 Hz). As a result,
the treatment can be painless and free of any side effects.
Such a technology, a multichannel stimulator, and multisite
H-coils, has been recently presented [100], and preliminary
results of ongoing experiments are expected in the near
future.

Another issue that is expected to progress in the near
future is the individualization of the treatment and the ability
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to predict treatment outcome prior to its initiation. More
specifically, it is expected that future treatment will be based
on the individual’s brain activity, measured by EEG or fMRI
prior to administration of TMS. This prospect is based, at least
in part, on preliminary and yet to be published data that
demonstrate how specific brain activity prior to treatment
predicted not only response (yes/no) but also the magnitude
of that response in MDD or ADHD patients.

Key issues

® dTMS is a novel non-invasive deep brain stimulation
technique

® dTMS has FDA clearance for the treatment of MDD

® dTMS is an emerging treatment for several brain-related
conditions

e Different coils are used for different indications, or to target
different neuroanatomical structures

Information resources

e dTMS H-coils manufacturer’'s web site -http://www.brains
way.com/
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