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Trigeminal nerve stimulation: a recently
approved treatment approach in attention
deficit hyperactivity disorder
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Abstract

Attention-deficit hyperactivity disorder (ADHD) with its high prevalence is a growing area of concern and research,
whereas exact underlying pathophysiology remains unknown. Behavioral therapy and multiple medications include
methylphenidate, atomoxetine, and amphetamines while trigeminal nerve stimulator (TNS) is the first medical
device in ADHD with FDA approval. The aim of this article is to evaluate the latest studies in this field.
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To the Editor,

Introduction
As a common psychiatric condition affecting 2–18% of
the population between ages 2 and 17, attention-
deficithyperactivity disorder (ADHD) is characterized by
impulsivity, inattention, and hyperactivity while three sub-
types as predominantly hyperactive-impulsive, predomin-
antly inattentive, and combined have been identified.
Additionally, ADHD cases generally do not resolve with
age and affect 4–5% of adults [1].

Main text
Even though the exact underlying pathophysiology re-
mains unknown, defects at the neurotransmitter systems
of dopamine and norepinephrine primarily at the pre-
frontal cortex, cerebellum, and caudate nucleus have
been implicated. Defects at presynaptic inhibition of
dopamine release mediated via D2/D3 and dopamine
transporter-1 which are associated with inattention and
disorganized behavior have been implicated in the
pathophysiology of ADHD [2, 3]. In addition to behav-
ioral therapy, Food and Drug Administration-approved

pharmacotherapies include stimulants such as methyl-
phenidate and amphetamines and others such as ato-
moxetine, guanfacine, and clonidine [3]. Patients are
considered treatment refractory after unsuccessful ad-
ministration of two psychostimulant trials which ap-
proximately comprises more than 15–20% of cases [4].
Additionally, the use of ADHD medications is contrain-
dicated in certain conditions, mainly symptomatic car-
diovascular diseases, and limited due to various adverse
effects. Trigeminal nerve stimulator (TNS) is the first
medical device in ADHD with FDA approval (obtained
in 2019) and indicated in children at age 7–12 without
ongoing ADHD pharmacotherapy [5]. The use of TNS
in neuropsychiatric disorders is not limited to ADHD
and includes epilepsy, depression, pain disorders, and
migraine [6, 7].
The first study examining TNS in patients with ADHD

is conducted by McGough et al. in 2015 which involves
twenty-four participants at age 7–14 who received TNS
treatment (bilateral stimulation of supraorbital branch of
the trigeminal nerve for 7–9 h per night with a fre-
quency of 120 Hz at cycles of 30 s on and 30 s off) dur-
ing sleep for 8 weeks. Improvements at inattention and
hyperactivity symptoms have been recorded which are
assessed via the ADHD-IV Rating Scale/parent-com-
pleted Conners Global Index/Parent-completed Behavior
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Rating Inventory of Executive Functioning/Computer-
ized Attention Network Task Incongruent Reaction
Time [8]. Furthermore, the first double-blindplacebo-
controlled randomized controlled trial is conducted by
McGough et al. in 2019 in which sixty-two participants
at age 8–12 have been assigned to either active TNS
treatment or sham device for 4 weeks. The same TNS
protocol was applied as in the first study. Both groups
demonstrated improvement in ADHD-IV Rating Scale
scores at the first week while improvement only per-
sisted in the active TNS group in addition to significant
improvement at parent-completed Conners Global Index
(not observed at sham group) [9]. However, it is crucial
to acknowledge the relatively high cost of TNS device
and issues that may lead to non-compliance over time
including not being easy to use.

Conclusion
Studies investigating the mechanism of action of TNS
are scarce and non-comprehensive; however, the current
approach is as follows: When the supraorbital branch of
the ophthalmic branch of the trigeminal nerve is stimu-
lated, the impulse is carried into the cerebral hemi-
spheres and brainstem at which change in excitability of
neurons occurs [4]. Neuroimaging studies confirm the
altered neuronal activity at the thalamus, insula, amyg-
dala, hippocampus, and precentral gyrus after TNS
[10, 11]. The lack of withdrawal symptoms or drug-
induced emotional liability appears to be the strengths
of the TNS approach while beneficial effects obtained
with TNS are abruptly reversible after discontinuation
similar to stimulatory drugs [12, 13]. The use of TNS
is not recommended in children with implantable
pacemakers or insulin pumps while adverse effect pro-
file is relatively safe by including insomnia, teeth
clenching, and headache. User-friendliness of such
treatment option is essential for compliance of pa-
tients, though non-compliance may be an issue in
ADHD patients receiving TNS device therapy. Patches
of TNS device, disposable silver gel patches, should be
placed by parents on the forehead of children and re-
moved each morning. The aim is to stimulate the
supraorbital branch of the ophthalmic nerve (cranial
nerve V1) while signals with a 120-Hz frequency and a
250-μs pulse width are applied with a cycle of 30 s on
and 30 s off [8, 9]. However, a cycle of 5 s on and 5 s
off is also recommended in few studies [14]. Although
comprehensive studies about the efficiency of TNS in
ADHD are lacking, TNS appears to be a valid option
especially for treatment-refractory cases with no ap-
parent adverse effect. Therefore, it is important for
physicians to be aware of such recently approved
treatment option for ADHD.
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