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ABSTRACT

Background: GNAOI is an emerging disorder characterized with hypotonia, developmental delay, epilepsy, and
movement disorder, which can be potentially life threatening during acute exacerbation. In the USA, deep brain
stimulation (DBS) has been licensed for treating children with chronic, treatment-resistant primary dystonia,
who are 7 years old or older.

Case Description: A 4-year-old girl diagnosed to have GNAO1-related dyskinesia and severe global developmental
delay. She had severe dyskinesia precipitated by intercurrent infection, requiring prolonged intensive care for
heavy sedation and related complications. Her dyskinesia improved dramatically after DBS implantation.
Technical difficulties and precautions of DBS in preschool children were discussed.

Conclusion: DBS should be considered early in the treatment of drug-resistant movement disorders in young
children with GNAOI, especially after dyskinetic crisis, as they tend to recur. Presurgical counseling to parents
and close monitoring of complications is also important in the process.
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INTRODUCTION

GNAOI is an emerging disorder characterized with developmental delay, early onset epilepsy, and
movement disorder.!? Life-threatening dystonic or hyperkinetic crisis is common.® There are
increasing reports in using deep brain stimulation (DBS) to ameliorate the associated movement
disorders.!"?!

The Food and Drug Administration in the USA has approved DBS for the treatment of dystonia in
2003 for children older than 7 years with humanitarian device exemption.!'”’ However, National
Health Service of England do not put forward an age limit for DBS in children.”! A meta-analysis
of DBS in more than 300 children with dystonia from various causes showed that two-thirds of
them had clinically significant (>20%) improvement in Burke-Fahn-Marsden Dystonia Rating
Scale (BEMDRS), but few received DBS at age younger than 7 years old.! Here, we reported
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our experience of using DBS in a young child with severe
GNAO]-related dyskinesia.

CASE ILLUSTRATION

A 4-year-old girl has background history of global
developmental delay and dyskinesia, caused by de novo
pathogenic mutation in GNAOI (c.709G>A, p.Glu237Lys).
She could not sit independently, and she did not have any
verbal expression. She was admitted with worsening of
hyperkinetic movement with near continuous choreoathetoid
movement involving the whole body, triggered by enterovirus
infection. It was further complicated by pneumonia and
rhabdomyolysis. She stayed in intensive care unit (ICU) for
7 weeks and required heavy sedation/anesthesia to control
her movement, with a combination of midazolam, fentanyl,
and propofol. Oral medications were also maximized
[Table 1].

She still had significant choreoathetoid movement after
discharge from ICU, which severely affected her daily
activities such as posturing and feeding. Parents eventually
agreed for DBS as rescue therapy. She underwent preoperative
magnetic resonant imaging (MRI) under general anesthesia
(GA). The target of DBS was bilateral posterolateroventral
portion of the globus pallidus internus (GPi). She was kept
sedated and intubated after MRI. The next day, frame-
based stereotactic surgery for DBS was performed under
GA. Leksell® Vantage™ Head Frame was fixed to the head,
and computed tomography (CT) of brain was performed
together with the frame. Afterward, the preoperative MRI
with targeting plan was fused to the CT images. Directional
leads (Vercise™ Cartesia™ Model DB-2202-45) were
implanted on both sides and a rechargeable pulse generator
(Vercise Gevia™ Model DB-1200) was implanted over the left
subclavian subcutaneous pocket.

On postoperative day 1, sedation was stopped and the
pulse generator was switched on. The initial setting of
stimulation was monopolar configuration contact 1 and 9
which were the distalmost (ventral) pair of contact, with
3 mA, pulse width 60 us, and frequency of 130 Hz. There
was significant decrease in the hyperkinetic movement in

Table 1: Drug regime.

Daily dosage Preoperative 2 years follow-up
Clonazepam 1.25mg 1.5mg
Trihexyphenidyl 9 mg Stopped

Baclofen 3 mg Stopped
Tetrabenazine 50 ng 37.5mg
Clonidine 0.3 mg Stopped

Chloral hydrate (for 500 mg Stopped

sleep disturbance)

Body weight 11 kg 15kg

early postoperative days. The patient was discharged home
on postoperative day 8. Her choreoathetoid movement
continued to improve with further DBS programming.
There was no further exacerbation of dyskinesia at
24 months follow-up after DBS, even with intercurrent
infection. The BFMDRS was 106.5/120 before DBS and
64.5/120 by 10 months follow-up [Table 2]. The latest DBS
parameters remained the same monopolar configuration
1-9, while the amplitude was increased to 3.9 mA and
4.0 mA, respectively. The frequency and pulse width
remained 130 Hz and 60 us, respectively. We were able to
step down her oral drugs [Table 1]. She was also making
some progress in neurodevelopment that she could now sit
independently and reach out for objects.

DISCUSSION

GNAOI - Guanosine nucleotide-binding protein G (o)
subunit ¢ is a gene that is associated with neurodevelopmental
problems, including early-onset epilepsy, mild-to-severe
developmental delay, and various movement disorders, from
hyperkinesia to lack of spontaneous movement.'*'? The
mutation is our patient has been reported in at least three
patients”!®! and its functional effect is still unknown."” The
genotype-phenotype correlation is stillunclear. The movement
disorders may include variable combination of dystonia,
choreoathetosis, and dyskinetic movement. Tetrabenazine
appears most effective in certain patients, but response to
medical treatment is often suboptimal."”! Kelly et al., in
2019, have proposed that identification of genetic variant
in GNAOI gene with movement disorder should prompt
earlier evaluation and counseling for DBS for the treatment
of movement disorder because of frequent occurrence of
potentially life-threatening dystonic/dyskinetic crisis.'?

Up to date, there were 17 published DBS implantations
in patients with GNAOI-associated movement disorders
and all reported “positive” results, usually with dramatic
improvement of the hyperkinetic movement and decrease
in the recurrence of status dystonicus.*##131418-201 Thege
reports could certainly be limited by reporting bias.

Table 2: Scores of Burke-Fahn-Marsden Dystonia Rating Scale.
Region Preoperative 10 months follow-up
Eyes 0 0

Mouth 0 0

Speech and swallowing 4.5 9

Neck 16 4.5

Right arm 6 12

Left arm 16 9

Right leg 16 12

Left leg 16 9

Trunk 16 9

Total 106.5 64.5
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However, the response of DBS in these cases was dramatic
as shown in video recordings with on and off stimulation.™!
Many patients improved within days and weeks with DBS
stimulation.'"? Recently, there were also reports of long-
term response of DBS in GNAOI-associated movement
disorders with persistent benefit up to 10 years.?'¥ Ten out
of 17 reported cases received the implantation in ICU with
dystonic/hyperkinetic crisis, which reflected the severity of
the movement disorder and potentially “life-saving effect” of
DBS in these patients.[®!32]

All DBS implantations with GNAOI mutations were targeted
at GP1.>**] The optimal stimulation setting is still unknown.
A range of settings has been reported: with amplitude, pulse
width, and frequency ranging from 1 to 4 V, 50 to 450 us, and
130 to 210 Hz, respectively.>!!

Recharging devices have been used in the series reported
by Kaminska et al., in 2017. It reduces frequency of battery
replacement. Yet, the DBS team needs continuous support
to carers for using harness or belt for recharging. Loss of
recharger and difficulty in maintaining connection between
recharger and battery were common.!'!

Radiological studies from patients with DBS suggested a
projected increase in distance between entry point and target
of 5-10 mm from brain growth from 4 to 18 years of age,
with most occurring before 7 years of age.'! Younger age
of implantation would necessitate need for future revision
of leads as the child grows. Among 17 reported DBS
implantations with GNAOI mutations, five of them were
younger than 7 years of age when they received surgery. Our
patient is the second youngest patient with GNAOI mutation
who received DBS implantation. Long-term clinical
follow-up plus minor rescan for the DBS lead location is
needed for our patient. Implantations in young children
may be associated with more technical challenges, especially
if they are malnourished and/or have severe dyskinetic
movement. Complications with infections, skin erosions,
and/or cerebrospinal fluid leakage may be increased.
Different teams have proposed various remedial strategies,
such as implanting stimulators in abdomen in malnourished
children® or performing staged operations of electrode and
stimulator placement.!'”!

In the large pediatric cohort of DBS for dystonia reported
by Kaminska et al., 26 out of 126 patients were 7 years or
younger when they received the implantation. The youngest
one was only 3.3 years of age. Surgical site infections were the
most significant adverse events and occurred in 10.3%. They
concluded that medical and surgical experience of the DBS
team might also be an important factor for treatment success.
Safe and early DBS implantation might mitigate functional
skeletal deformities and adverse effects from drugs. It might
also optimize developmental potential by activity-dependent
plasticity.[']

Families should be counseled on the risks of deterioration
of hyperkinetic movement or even “dystonic storm” on
sudden cessation of DBS, for example, system switch off
unexpectedly, battery failure, or electrode malfunction. They
should also be reminded about possible electrode contact
point migration as the child grows and hence need for
revision. Although movement disorder may improve, DBS
may not help the neurodevelopment dramatically. Parents
need to be realistic in developmental outcome of the patients.

CONCLUSION

DBS can be an effective treatment for severe hyperkinetic
movement disorder in patients with pathogenic GNAOI
mutation. Age alone should not be a limitation in
consideration of DBS. The risk and potential benefit of the
procedure should be thoroughly discussed with the families.
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