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Editorial

Expanding the electrotherapeutic toolkit: a
perspective on transcranial pulsating
electromagnetic fields (T-PEMF)

The multifocal application of transcranial low-
voltage pulsed electromagnetic fields (T-PEMF)
has been shown to have an antidepressant effect
in patients suffering from treatment-resistant
depression (1). This proof-of-principle study had a
sham-controlled, double blind study design in which
sham (n = 25) or active (n = 25) T-PEMF treatment
was self-administered by the patients on all weekdays
for 5 weeks while pre-existing pharmacotherapy
was continued. In this issue, Strassø et al. (2014)
(2) report the results of a randomised, double blind,
dose-remission study in which patients with
treatment-resistant depression self-administered a
30-min session of T-PEMF twice a day for 8 weeks.
T-PEMF was administered in augmentation to their
pre-existing antidepressant pharmacotherapy. In all,
34 patients received an active T-PEMF session in the
morning and a sham T-PEMF in the afternoon,
whereas 31 patients received two active T-PEMF
sessions in the morning and afternoon. A Hamilton
Depression Scale (HAM-D17) score of 7 or less
defined remission. In both groups, T-PEMF treatment
induced a marked remission rate in more than 65% of
the patients after 8 weeks of T-PEMF treatment.
Contrary to the author’s expectations, there was no
dose effect as remission rates were comparable for
one versus two daily T-PEMF sessions. In contrast,
the duration of T-PEMF treatment was found to have
a strong impact on remission rates with a marked
increase in remission rate by an extension of the
treatment period from 5 weeks (remission rate
<33%) to 8 weeks (remission rate >65%). The
results imply that the remission rates following
T-PEMF augmented depression therapy markedly
improved as a function of treatment duration.
Together, the published data suggest that T-PEMF
may be a therapeutic option for therapy-resistant
depression and call for larger replication studies
across multiple centers. The possible neuropsychia-
tric application of T-PEMF has widened the
therapeutic use of T-PEMF stimulation which is
mainly used in orthopedics as an FDA approved

technique to stimulate bone growth since 1979
(3,4,5,6).

The study by Strassø et al. (2014) also points to
complex dose–response relationships between the
T-PEMF protocol and its anti-depressive action. This
calls for future studies that unravel the neurobio-
logical mechanisms mediating the anti-depressive
effect of T-PEMF. Such studies will provide a
framework according to which T-PEMF can be
optimised and may identify early markers that
indicate whether a patient will benefit from a
prolonged T-PEMF treatment.

Electromagnetic fields and electric currents have
been used as a potential cure for a wide range
conditions since the time of Paracelsus (7) and the past
years have evidenced a growing number of non-
invasive brain stimulation (NIBS)-based neuropsychia-
tric therapies (8,9). T-PEMF adds to the range of
currently available interventional NIBS techniques such
as repetitive transcranial magnetic stimulation (rTMS)
(10), transcranial direct current stimulation (tDCS) and
transcranial alternating current stimulation (tACS) (11),
transcranial random noise stimulation (tRNS) (12), or
static magnetic field stimulation (13). Future research
should make an effort to compare the clinical and
neurobiological effects of T-PEMF to other interven-
tional approaches that apply constant or time-varying
electric currents or electromagnetic fields through the
intact skull to treat depression or other brain disorders.
All these NIBS techniques are able to alter neural
excitability and efficacy, but they greatly vary in three
factors ultimately determining the specific effect of
stimulation: the spatial distribution, the strength and the
temporal variation of the electric field produced in the
brain (14).

To better understand the physiological mechanisms
targeted by T-PEMF compared with other NIBS
techniques it is important to realise how these factors
differ in T-PEMF: In contrast to all other NIBS
approaches which aim at modulating a specific cortical
target area, T-PEMF causes diffuse, multifocal brain
stimulation of several brain regions. The T-PEMF
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device consists of a treatment helmet, which incorpo-
rates seven large stimulation coils, with complex
geometry. Six coils are placed bilaterally over an
anterior and posterior temporal and an upper parietal
region and one coil covers the lower occipital region
((1) Supplementary material). Here the question arises
whether the anti-depressive effect of T-PEMF requires
this diffuse, multi-focal stimulation or whether specific
coils of the seven-coil arrangement are critical to
produce the therapeutic effect. Another open question is
why the coils are placed over these specific brain
regions. Specifically, it would be worthwhile to include
prefrontal coil positions and investigate whether this
would boost the therapeutic effect of T-PEMF.

T-PEMF also induces extremely low electric fields
(for comparison: T-PEMF: 0.004 V/m, TMS: 90 V/m
and tDCS: 0.38 V/m (6,15,16)). This means that
T-PEMF stimulation, in contrast to rTMS, stays well
below the neuronal firing threshold, but may modify
intrinsic brain oscillations or induce stochastic
resonance. Finally, the temporal variation (stimulat-
ing frequency) of T-PEMF is higher than in most
other NIBS techniques: T-PEMF uses relatively high,
pulsating frequencies of around 50 Hz. In contrast,
repetitive TMS (1–20 Hz) and tACS (10–20 Hz)
studies have induced electrical currents in the brain
at much lower frequencies. Since the frequency of
stimulation is likely to determine which neural
oscillations in the brain are influenced by NIBS, a
systematic study of the effect of T-PEMF frequency
effects is warranted.

Even though the electric fields induced by different
brain stimulations are very different, they all change
cell membrane potentials to varying degrees.
Thereby, they are able to influence neural excitability
and synaptic efficacy via calcium-sensitive signalling
mechanisms like the calcium-dependent kinase II or
the cyclic adenosine monophosphate-dependent path-
ways. Additionally, both T-PEMF and other NIBS
techniques seem to be able to elevate a range of
different growth factors (17,18,6).

However, the differential mechanisms governing
the conversion of different electrical fields into
cellular signalling events that underlie changes in
neural efficacy are not yet understood.

To better understand the dosage and duration
dependence of therapeutic outcome and the basic
relationships between stimulation type, clinical effect
and underlying biochemical processes, elementary
physiological measures of NIBS after-effects like
cortical excitability have to be systematically
investigated. To our knowledge only a single study
investigated the effect of T-PEMF on cortical
excitability by measuring the amplitude of the motor
evoked potential induced by single-pulse TMS
of the primary motor hand area (19): They found a

selective increase in intracortical facilitation, a
measure related to glutamatergic activity (20), while
all other parameters of cortical excitability remained
unchanged. This is in contrast to the after-effects
of other NIBS techniques like rTMS and tDCS.
Depending on the pattern of stimulation (rTMS),
or the polarity (tDCS), effects on a wide range of
excitability parameters, reflecting GABAergic as
well as glutamatergic neurotransmission, have been
found (21).

The interesting dosage and duration effects
reported in this study should be investigated in a
framework of these simple after effects to be able to
better understand the underlying physiology of
T-PEMF. This is especially important since the final
outcome of any brain stimulation protocol is
influenced by a range of physiological factors such
as the state of neurons before stimulation (22,23) or
the intrinsic properties of the network, which the
stimulated neurons are a part of (24). How these
factors influence the stimulation effectively as well
as for mapping a dose and duration relationships
these basic investigations will be needed to further
guide the development of T-PEMF and other NIBS
techniques as a therapeutic intervention.

A careful and systematic investigation and com-
parison of the basic after-effects of all NIBS
techniques, including a careful mapping of respon-
ders and non-responders is also needed to solve the
biggest problem hampering the development
of effective, widely used brain stimulation-based
therapies: All NIBS-based therapies are only produc-
ing marginally significant effects and many patients
seem not to respond to the treatment. This is one of
the major reasons for why, until now brain stimula-
tion has not been able to establish itself as a major
therapeutic tool. The one-size-fits all approach
currently used in therapeutic NIBS might be one of
the explanations for the small effect sizes on a group
level. It is likely, that different stimulation dosages
and parameters are optimal depending on individual
physiology. Only the systematic investigation of
dose–duration relationships and a strict comparison
of the basic biochemical and neurophysiological
effects of different NIBS techniques will allow to
gain a better understanding of individually optimal
NIBS dosage and stimulation patterns. It will also
allow designing therapeutic studies with clear clinical
a priori hypothesis concerning a wide range of
stimulation parameters.
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