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Non-invasive brain stimulation to treat cognitive symptoms of Parkinson's disease )

Transcranial non-invasive brain stimulation (NIBS) techniques in-
clude particularly repetitive transcranial magnetic stimulation (rTMS)
and transcranial direct current stimulation (tDCS), although other non-
invasive stimulation techniques have also been employed. The rTMS
uses a rapidly changing magnetic field to induce currents and action
potentials in underlying brain tissue. The tDCS involves the application
of weak (1-2mA) electrical currents to modulate neuronal membrane
potential. Although the precise mechanisms of NIBS aftereffects have
not been fully elucidated, rTMS has been shown to modulate several
neurotransmitter systems, increase neurotrophic factors, and induce
changes on neuronal synapses by long-term potentiation (LTP) and
long-term depression (LTD)-like mechanisms (for review, see Rektorova
and Anderkova 2017) [1]. LTD-like mechanisms also apply for the
underpinnings of tDCS [2]. The aftereffects of NIBS depend on the sti-
mulation protocols and on the precise coil/electrode placement as well
as on the current “state” of the brain [3,4]. Both rTMS and tDCS can be
used to excite (high-frequency rTMS, anodal tDCS) or inhibit (low-fre-
quency rTMS, cathodal tDCS) the underlying cortical tissue; the evi-
dence pertains to NIBS applied over the motor cortex, but it may vary
when the NIBS is targeted to sites other than motor cortices (e.g. L.
Brabenec et al., 2015) [5].

The behavioral aftereffects of rTMS and tDCS may outlast the
duration of multiple sessions of stimulation by weeks or months and
thus may have therapeutic potential [6]. In general, both techniques
may modulate the abnormal brain reorganization caused by distinct
brain pathology and/or they may interact with the normal processes of
brain plasticity such that they may enhance compensatory mechanisms
and lead to an increased brain reserve, thus potentiating brain resi-
lience [7]. However, the aftereffects vary broadly across subjects [8]
and so far, rTMS has been FDA approved only for the treatment of
pharmaco-resistant depression [9]. As for the treatment of cognitive
impairment in PD, there is no universal agreement on efficacy, on
which stimulation protocols should be utilized, and for how long they
should be applied. Only a few studies are available with preliminary
results, and most concern depressed PD subjects [1].

Jessica Trung and collaborators (2019) [10] in their work published
in this issue of Parkinsonism and Related Disorders, used a theta burst
stimulation (TBS) protocol that can modulate cognitive functions [11]
and impact the functional connectivity of major cognitive control net-
works [12,13]. Compared to classical rTMS protocols, TBS is short, with
good participant compliance [14]. In this single-blinded, sham-con-
trolled, parallel group randomized study, 28 PD patients with mild
cognitive impairment (PD-MCI) received altogether 6 sessions of in-
termittent theta burst stimulation (iTBS); i.e. an excitatory stimulation
protocol when applied over the motor cortex [14]. The iTBS (active,
n = 14 or sham, n = 14) was applied over the left dorsolateral pre-
frontal cortex (DLPFC). The stimulation site was based on the results of
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Nagano-Saito and collaborators [15] who showed decreased activity in
this region during a set-shifting task in PD-MCI patients. Neu-
ropsychological testing was performed pre-, post-1 day, post-10 days,
and post-30 days after the iTBS intervention. Repeated measures AN-
COVA did not show significant time X group interaction effects; in
other words, the results showed an increase in overall cognition up to
one month in both groups, without any significant differences between
them. Improvements were seen in the attention domain for both groups
and in the visuospatial domain only in the active group. The authors
concluded that results of this preliminary study indicate a potential
therapeutic effect of multiple-session iTBS on cognitive improvement in
PD-MCI that is likely mediated by improved visuospatial functions.

While the study is well designed and the methods used are sound,
the results do not show clear NIBS effects of ultrashort repeated sessions
of active iTBS on cognitive functions in PD-MCI as compared to sham
stimulation. Various reasons might explain these results. Some are
technical factors related to NIBS techniques (such as potential placebo
effects of iTBS, effects of residual electromagnetic field induction even
by the sham coil, interindividual variability in response [16,17], too
few stimulation sessions, or non-optimal stimulation protocol). Some
are pertaining cognitive tools, such as potential practice effects in both
groups that surpass the effects of active iTBS (despite the fact that the
authors introduced parallel versions of some cognitive tests). Stimu-
lating PD-MCI subjects multimodally (here by NIBS and cognitive
training) might provide cognitive improvement in PD-MCI and this
definitely warrants further research. The effects of combined cognitive
training and rTMS have been shown in Alzheimer's disease patients
[18] and in PD-MCI subjects in whom tDCS was combined with cog-
nitive training [19]. Neuroimaging and neurophysiological methods
may be additionally applied to inform about where, when, and how to
stimulate the brain and whom to choose for treatment [4,17].

Only few studies have focused on predicting outcomes following
non-pharmacological treatment [20]. Knowledge of such predictors
may allow clinicians to elucidate the sources of inter-individual varia-
bility in NIBS responses and to provide more tailored therapeutic in-
tervention. Among potential interacting factors, the role of AP-pa-
thology on non-pharmacological treatments should be explored as
supporting evidence corroborates its detrimental effect on cognitive
performance in PD since the early stage [21].

Neuroimaging and neurophysiology can also be utilized as readouts
of neural changes induced by NIBS [22]. Online monitoring of the state
of the brain has been suggested by several authors [4]. The objective is
to optimally tailor the NIBS treatment to meet the specific needs of
individual patients. Stimulating multiple targets [23], combining in-
vasive and noninvasive stimulation techniques [24], combining NIBS
with cognitive training [25] and other pharmacological and non-
pharmacological interventions [26] should be further explored in future
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studies.
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