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ABSTRACT
Background: One third of the depressed patients are not improved by antidepressant drugs and psy-
chological treatments, and there is a need for additional treatments. Repetitive transcranial magnetic
stimulation (rTMS) is being developed towards an alternative in treatment-resistant depression. Deep
transcranial stimulation (dTMS) with the Hesel-coil (H-coil) is a further development of rTMS aiming to
enhance the effect by getting the magnetic pulses to penetrate deeper into the brain.
Aims: This report aims to assess the evidence-base for dTMS for depression. The report also includes an
assessment of the ethical and economic aspects involved.
Methods: A systematic review of the effects of H-coil dTMS on depression was conducted and the sci-
entific support was evaluated using GRADE (Grading of Recommendations Assessment, Development
and Evaluation).
Results: Only one controlled study was identified. In the sham-controlled randomized study, 212 partici-
pants with major depression that had not responded to antidepressant medication were enrolled. A
two-point superiority in Hamilton Depression Rating Scale was observed in the dTMS arm vs the sham-
arm at 4 weeks, but the difference was not statistically significant. No serious adverse events were
reported apart from rare cases of epileptic seizures.
Conclusions: The existing scientific support for H-coil dTMS therapy for depression is insufficient. The
clinical implication is that the use of dTMS in depression should be restricted to the framework of clin-
ical trials pending further studies. Fortunately, additional studies are underway and the evidence base
should presumably improve over the next several years.
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Background

Depression is a common condition (1) that most often either
responds to treatment or resolves spontaneously (2). However,
if treatment efficacy is not sufficient and the condition
becomes long-term or chronic, the burden for both the patient
and the patient’s environment becomes significant (3).

Antidepressant drugs and psychological treatments are not
always sufficient to produce an antidepressant response (4),
which warrants second-line treatment strategies. The
American STAR*D-study (Sequenced Treatment Alternatives to
Relieve Depression) intended to enable an incremental treat-
ment algorithm, primarily with antidepressant drugs. The
alternatives included changing to another medication, add-
ition of a different medication, new combinations of medica-
tions, and cognitive behavioural therapy (CBT). One third of
patients that completed the study did not sufficiently benefit
with standard treatment regimens and need alternatives (5).

Electroconvulsive therapy (ECT) was not included in the
STAR*D-study, but is a well-established treatment for severe

depression. In Sweden – a country with 9.5 million inhabi-
tants – �4000 patients per year receive ECT (6). With
repeated administrations, ECT is highly effective in relieving
depressive symptoms: The percentages of patients achieving
remission in two recently completed clinical trials was 64%
(7) and 60% (8), respectively, although the results may be less
favourable in clinical practice (9).

Treatment-resistant depression (TRD) is usually defined as
depression that has not responded to adequate treatment
with at least two types of antidepressant drugs. ECT may be
beneficial in TRD, but the effect is usually less striking than
that observed with first-line treatment of severe depression
with melancholic and/or psychotic traits (10–13). The later
ECT is applied in a sequence of treatment initiatives, the
greater the risk of a generally treatment-resistant depression.

The side-effects of ECT include usually transient and limited
cognitive impairments. It is uncommon that patients have pro-
longed memory impairment; in such cases it may be difficult
to determine whether depression or ECT caused the memory
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impairment. Another drawback of ECT is that the treatment is
resource-intensive. ECT is not always effective or suitable and
some patients do not wish to receive ECT. There is, hence, an
urgent need for additional treatment alternatives.

Repetitive transcranial magnetic stimulation (rTMS) was
introduced as such an alternative. In rTMS an electromagnetic
coil, usually formed like a figure-8, is placed on the patient’s
head. This induces weak electrical fields in the cerebral cortex
a few centimetres deep that can depolarize groups of nerve
cells and trigger action potentials (14). The treatment does
not produce convulsions except as a rare side-effect, and
there is no need for anaesthesia.

rTMS has been used for treatment of patients with TRD and
also as first-line treatment for severe depression. The Swedish
Council on Health Technology Assessment (SBU) reviewed the
scientific basis for the method in 2009 (15). This review and a
later meta-analysis conclude that rTMS has a symptom-allevi-
ating effect on treatment-resistant depression (16,17), but that
the method is not as effective as ECT (18). Common side-
effects of rTMS include pain at the stimulation site, headache,
and dizziness. Generalized epileptic seizures of the grand mal
type have been reported but are uncommon. The treatment is
not thought to cause memory impairment (15). The use of
rTMS is not yet widespread in Sweden as compared to ECT:
According to a survey in 2014 by the National Quality Register
for ECT, rTMS devices were available at only five Swedish hos-
pitals and �40 patients received rTMS in 2014.

Deep transcranial stimulation (dTMS) is a further develop-
ment of the pulsating electromagnetic coil used in rTMS. The
objective is to get the magnetic pulses to penetrate deeper
into the brain. This requires greater energy and, as a result,
the stimulation becomes less focused. Moreover, deeper
penetration possibly means increased risk of triggering epi-
leptic seizures (14). Several technical solutions have been pro-
posed to overcome these hurdles. One is referred to as the
H-coil (Hesel coil), which is a special winding of the electro-
magnetic coil that comes in different variations and features.

dTMS treatment with an H-coil and comparison to rTMS

dTMS is similar to other forms of rTMS. The patient is awake
during treatment and, during stimulation, loud snapping
noises occur that may cause hearing damage. The patient is,
therefore, given earplugs. Prior to treatment, the point on the
patient’s scalp (and consequently the underlying part of the
cortex) which the magnetic pulses will be aimed at is plotted.
Determining the treatment points involves selection of the
hemisphere to be treated and the use of the electromagnetic
coil to search the point in the motor cortex that requires the
least stimulation intensity to activate the extensor muscle of
the thumb on the opposite hand. This intensity is defined as
100% and is referred to as the motor threshold. Treatment
strength is then defined in the percentage of the motor
threshold, such as 110%. The coil is then placed 6 cm in front
of the motor point, over the prefrontal cortex, and this then
serves as the treatment point (19).

However, dTMS differ from most other forms of rTMS in
that the electromagnetic coil is placed in a hood in dTMS.
One study evaluated various positions and treatment

strengths with the H-coil and found that unilateral stimulation
over the left prefrontal cortex with an energy equivalent to
120% of the motor threshold was most effective (19).

Contraindications for dTMS are the same as for other
forms of rTMS and include metallic objects in the head or
eye, implanted pacemakers or other implants. Relative contra-
indications include previous epilepsy, skull trauma, severe
headache or migraine, hearing loss, substance abuse, preg-
nancy, and systemic disease.

Each dTMS treatment session includes a series of 2-s stim-
ulations with a frequency of 18–20 Hz followed by a 20-s
pause, and requires a total of 15–20 min. One treatment ses-
sion is thereby the equivalent of 40–55 stimulations, with a
total of �1700–2000 magnetic pulses. Treatment is adminis-
tered 5 days a week for 4–5 weeks.

Kedzior et al. (20) have summarized the available open
studies of dTMS for depression in a meta-analysis. In eight
studies (124 patients, 67% on concurrent antidepressant), 20
sessions of dTMS resulted in a 29% remission rate (95% confi-
dence interval ¼ 17–44%). However, it is difficult to draw firm
conclusions on the basis of uncontrolled studies. Therefore,
there is a need for a systematic review to summarize the sci-
entific basis for the treatment of depression with an H-coil
deep transcranial magnetic stimulation.

Aims

The purpose of this report is to respond to the following
questions:

Does H-coil dTMS have an effect on depression?
Can H-coil dTMS replace ECT in treatment of depression?
Is H-coil dTMS an alternative for patients with treatment-

resistant depression?
What side-effects and complications occur with H-coil

dTMS and how common are they?
The report also includes an assessment of the ethical and

economic aspects involved.

Methods

A systematic review of the effects of H-coil dTMS on depres-
sion was conducted and the scientific support was evaluated
using GRADE (Grading of Recommendations Assessment,
Development and Evaluation) (21).

Eligibility criteria (PICO) were:
Population: individuals with major depression or bipolar

depression according to DSM or ICD classifications.
Intervention: H-coil dTMS.
Comparison: another treatment or placebo (sham) or dif-

ferent doses of H-coil dTMS.
Outcome: response, remission, or score reduction on a vali-

dated depression scale.
Other: controlled studies with- or without randomization

published in English, German, French, or a Scandinavian language.

Search strategy

Pubmed, Cochrane library, Embase, and PsycInfo were
searched in November 2014, combining synonyms for
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transcranial magnetic stimulation and depression. Reference
lists of included and excluded studies and reviews were
searched for additional references. Two authors independ-
ently screened titles and abstracts. The detailed search criteria
are available in the Online Appendix.

Assessment of bias

Bias was assessed using the SBU checklist, including the fol-
lowing items: randomization, allocation, blinding (of partici-
pants, doctors, and data collectors), drop-out, and potential
conflicts of interest.

Results and discussion

Scientific support for dTMS using an H-coil for
depression

As per December 2014, we could not identify any published
controlled studies of the effect of dTMS on depression (See
Figure 1 and Online Appendix Search strategies). However,
we gained access to a manuscript reporting results from a
randomized placebo-controlled multi-centre study that was
later accepted for publication (22). The purpose of that study
was to examine the safety and efficacy of daily H-coil dTMS
during 4 weeks followed by continued treatment for up to 12
weeks. Participants were patients with major depression who
had not improved after 1–4 treatment attempts with anti-
depressant drugs. A total of 20 centres in the US, Israel,
Germany, and Canada participated in the study. The patients
were between 22–68 years old and suffered from depression
that fulfilled the DSM-IV criteria for a major depressive epi-
sode of the first or recurrent type. These episodes had contin-
ued for periods ranging from 1 month to 7 years. Symptom
severity was equivalent to a score of at least 20 on the
Hamilton Depression Rating Scale with 21 questions (HAMD-21).
Any antidepressant medications were discontinued before the

trial was begun. Just over 900 patients were screened through
advertisement or doctor referral. After a preliminary telephone
assessment followed by clinical examination, 212 patients
remained. These were used in the intention to treat (ITT) ana-
lysis. Of these, 31 who did not meet the criteria for adequate
treatment were excluded.

Treatment was administered 5 days a week for 4 weeks,
followed by twice-weekly treatment for up to 12 weeks. The
treatment target was the dorsolateral prefrontal cortex on the
left side with an intensity of 120% of the motor threshold
with 2-s stimulations with 18 Hz followed by a 20-s pause,
repeated 55 times over a total of �20 min. The study utilized
an ambitious system for blinding. A placebo coil was placed
next to the H1-coil and the coil was selected for each patient
with a pre-programed card that was placed in a card reader
attached to both-coils. Sham treatment was, thereby, carried
out in the same way as active treatment.

The primary outcome variable was score change on the
HAMD 21 after 4 weeks, i.e. before maintenance treatment
started. The treatment-group scored 2.3 points lower than the
placebo group, but the difference was not statistically signifi-
cant (Table 1). Secondary outcome measures were halving of
HAMD 21 score (response) and score less than 10 points
(remission), see Table 1.

Only 43 patients in the treatment group and 28 patients in
the sham treatment group completed 16 weeks of treatment.
Of these, 41% and 29%, respectively, achieved remission, but
the difference was not statistically significant.

The most common side-effects reported in the published
article were headache (26.7% in the group having received
dTMS with H-coil and 18.9% in the sham treatment group)
and pain at the stimulation site (5% with H-coil dTMS and 0%
with the sham treatment; a statistically significant difference).
One patient suffered a generalized seizure in conjunction
with a dTMS session with H-coil.

In addition, there were side-effects during the trial that
were reported to the FDA, but that were not reported in the
article (http://www.accessdata.fda.gov/cdrh_docs/pdf12/
k122288.pdf): Jaw pain (10.2% vs 0.8%), application site pain
(25.0% vs 0.8%), and application site discomfort (19.4% vs 4.
1%) were statistically significantly more common in the dTMS
group as compared to the sham-group.

The project group determined the strength of the scientific
support for efficacy on patients with treatment-resistant
depression after 4 weeks using GRADE (Grading of
Recommendations Assessment, Development and Evaluation)
(21). Given that there is only one controlled study, the scientific
support was deemed insufficient. Further observations were
that the study included patients recruited through advertise-
ment and that it is unclear how the population differs from
psychiatric patients. The difference in outcome was not statistic-
ally significant in the ‘intention to treat’ analysis on the primary
end-point. The study was financed by the company that sup-
plies the product, meaning that it is not possible to eliminate
risk of conflicts of interest and reporting bias. Finally, treatment
outcome was compared with sham treatment with an inactive
coil, which is valuable as an initial step to evaluate the method.
In order to determine whether the effect is clinically relevant,

591 abstracts
excluded

18 articles excluded as
they lacked a control

1 abstract via
hand-search

19 articles reviewed
in full

606 abstracts from
database searches

High risk for bias:
0 article

Acceptable risk
for bias:
1 article

Figure 1. Flow chart of literature review and selection of studies.
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however, studies comparing H-coil dTMS with established treat-
ment alternatives are required.

dTMS as replacement for ECT

No clinical trials have compared dTMS to ECT in the treat-
ment of depression. Moreover, no comparative clinical trials
have investigated if dTMS is effective in severe depression for
hospitalized patients, the main indication for ECT. Considering
that ECT is highly effective in this indication, dTMS cannot
currently replace ECT.

dTMS for pharmacotherapy resistant patients

The Levkovitz et al. (22) study indicates that dTMS could have
some effect on moderately depressed outpatients that have
not benefitted from prior pharmacotherapy. These patients
tend to have relatively low remission rates with current stand-
ard treatments (4), and the benefit from ECT is less striking in
this patient category than for severely depressed melancholic
patients (10–13). These differences in treatment responses
might suggest different pathophysiological mechanisms. If
future studies show that dTMS is more effective or better tol-
erated than available treatments for moderately depressed
pharmacotherapy-resistant outpatients, dTMS might fill an
important treatment gap. However, this hypothesis needs to
be tested in clinical trials that compare dTMS with other
treatments, such as ECT, before dTMS can be used outside
the framework of clinical studies.

Ongoing studies of dTMS

Four ongoing randomized studies of H-coil dTMS and unipolar
depression were identified in the database www.clinicaltrials.
gov. For one of these the information has not been updated
since 2011 (effect of combining H-coil dTMS and SSRI) and it is
unclear how the study has progressed. Three other studies are
recruiting patients. One post-marketing study aims to recruit 80
patients and is using an inactive coil as a control. Another study
is comparing two different stimulation frequencies for H-coil
dTMS and the third is comparing H-coil dTMS with rTMS with
another coil. All studies are carried out in collaboration with the
company that developed the method and are relatively small.

A research group at the Karolinska University Hospital in
Sweden is planning two randomized studies. In one of these,
three different doses of H-coil dTMS will be compared. In the
other study, the method shall be compared with ECT. The lat-
ter of these studies is intended to examine the treatment out-
comes including effects on memory. The study is expected to
take 2 years.

Economic aspects

Evaluating the cost-effectiveness of dTMS compared with ECT
requires knowledge of the differences in effect and side-
effects between the methods, but there is currently insuffi-
cient data to make the comparison. On the other hand, it is
possible to estimate the costs for treatment with the two dif-
ferent methods. Ta
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Treatment costs depend largely on the number of treat-
ments each piece of equipment will be used for per year, and
these are, therefore, presented below for intervals of between
20–200 treatment series per year and device.

One treatment series of ECT includes seven treatment ses-
sions and each treatment takes �60 min (15 min of treatment
and 45 min preparation and post-treatment routines). The
equipment needed to perform ECT treatment costs �e23 200
and has an estimated lifetime of 10 years (personal communi-
cation with Hadi Ghane and Per Dahlin, representatives from
MECTA and Thymatron, May 2015).

According to the company that markets dTMS in Sweden,
a treatment series of dTMS includes 20 treatment sessions,
and each treatment takes �20 min (personal communication
via email with Bengt Sundqvist, Brainsway, 2 February 2015).
The equipment is made available through a leasing arrange-
ment with an unlimited number of treatments during the
leasing period. The price is �e73 800 for a 1-year contract.
The company estimates that the equipment can be used for
10 patient treatments of �20 min per day.

In addition to the costs for the hardware, there are costs
for the personnel to perform the treatment and costs for
pharmaceuticals and consumable material. dTMS is usually
administered by a nurse, while ECT requires a number of dif-
ferent specialists to be involved (see Table 2). Since ECT
requires more personnel than dTMS, the difference in cost
decreases between treatments when salaries are factored in.
When each device is used for more treatments, the difference
in treatment cost is decreased (see Figure 2).

Ethical aspects

The need for improved treatments for depression is great,
but the introduction of new treatments will compete for
resources with established effective treatments. Therefore,
before new methods are introduced, they must have a well-
documented effect. Scientific support for H-coil dTMS is yet
insufficient. Prioritizing H-coil dTMS over other treatments
considered effective may, hence, lead to an inefficient alloca-
tion of resources. Moreover, if dTMS is offered in severe mel-
ancholic depression, there is a risk that the chances of
remission are reduced as compared to if ECT would have
been used. This is an ethical problem considering the need
for fast symptomatic improvement to relieve suffering and
reduce suicide risk in the patient group.

However, H-coil dTMS is a modern alternative that is
attractive to evaluate in clinical trials. If H-coil dTMS in future
studies is demonstrated to be effective against depression,
then the treatment could be a valuable addition to the treat-
ment arsenal. There is, therefore, an urgent need for more
studies of H-coil dTMS, particularly studies comparing H-coil
dTMS with other effective treatments.

Conclusion

The scientific support for H-coil dTMS therapy is considered
insufficient for depression in non-selected groups as well as
for treatment-resistant depression. There are no completed

studies comparing H-coil dTMS against other effective treat-
ments. Consequently, we suggest that the use of dTMS
should be restricted to the framework of clinical trials pend-
ing further studies. Fortunately, additional studies are under-
way in which H-coil dTMS is compared to ECT and to rTMS
with other coil types, and the evidence base should presum-
ably improve over the next several years.
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