Accepted Manuscript online: 2022-10-12 Article published online: 2022-12-27

44 Original Article

THIEME

@O®OS

Elective and Emergency Deep Brain Stimulation

in Refractory

Pediatric Monogenetic Movement

Disorders Presenting with Dystonia: Current
Practice lllustrated by Two Cases

M. Garofalo'™ M. Beudel?3 |.M. Dijk?3 L.A. Bonouvrié*> A.l. Buizer*>® |. Geytenbeek*
R.H.N. Prins2  P.R. Schuurman® L.A. van de Pol’’

T Department of Child Neurology, Emma Children’s Hospital, Amsterdam Address for correspondence L.A.van de Pol, MD, PhD, Department of

UMC Location University of Amsterdam, Amsterdam, the Netherlands Child Neurology, Emma Children’s Hospital, Amsterdam University
2Department of Neurology, Amsterdam UMC, Location University of Medical Centers, Vrije Universiteit, Boelelaan 1117, 1081 HV
Amsterdam, Amsterdam, the Netherlands Amsterdam, the Netherlands
3 Amsterdam Neuroscience, Amsterdam, the Netherlands (e-mail: l.vandepol@amsterdamumc.nl).

4 Amsterdam UMC Location Vrije Universiteit Amsterdam,
Rehabilitation Medicine, Amsterdam, the Netherlands
5 Amsterdam Movement Sciences, Rehabilitation and Development,

Amsterdam, the Netherlands

6Department of Neurosurgery, Amsterdam UMC, Location University
of Amsterdam, Amsterdam, the Netherlands

7Department of Child Neurology, Amsterdam UMC, Location Vrije
Universiteit Amsterdam, Amsterdam, the Netherlands

Neuropediatrics 2023;54:44-52.

Abstract

Keywords

= deep brain
stimulation

= pediatric dystonia

= status dystonicus

= GNAOT gene

= ADCY5 gene

> monogenetic
movement disorders

received

May 9, 2022

accepted after revision
September 8, 2022
accepted manuscript online
October 12, 2022

article published online
December 27, 2022

Background Dystonia is characterized by sustained or intermittent muscle contrac
tions, leading to abnormal posturing and twisting movements. In pediatric patients,
dystonia often negatively influences quality of life. Pharmacological treatment for
dystonia is often inadequate and causes adverse effects. Deep brain stimulation (DBS)
appears to be a valid therapeutic option for pharmacoresistant dystonia in children.
Methods To illustrate the current clinical practice, we hereby describe two pediatric
cases of monogenetic movement disorders presenting with dystonia and treated with
DBS. We provide a literature review of similar previously described cases and on
different clinical aspects of DBS in pediatric dystonia.

Results The first patient, a 6-year-old girl with severe dystonia, chorea, and myoclo-
nus due to an ADCY5 gene mutation, received DBS in an elective setting. The second
patient, an 8-year-old boy with GNAOT-related dystonia and chorea, underwent
emergency DBS due to a pharmacoresistant status dystonicus. A significant ameliora-
tion of motor symptoms (65% on the Burke-Fahn-Marsden Dystonia Rating Scale) was
observed postoperatively in the first patient and her personal therapeutic goals were
achieved. DBS was previously reported in five patients with ADCY5-related movement
disorders, of which three showed objective improvement. Emergency DBS in
our second patient resulted in the successful termination of his GNAOT-related status
dystonicus, this being the eighth case reported in the literature.
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Conclusion DBS can be effective in monogenetic pediatric dystonia and should be
considered early in the disease course. To better evaluate the effects of DBS on
patients’ functioning, patient-centered therapeutic goals should be discussed in a

multidisciplinary approach.

Introduction

Dystonia is defined as an involuntary motor pattern with
sustained or intermittent twisting movements and abnormal
postures,’ and may present isolated or in combination with
other movement disorders.” In extreme cases, dystonic
episodes can develop into severe, life-threatening general-
ized dystonia, known as “status dystonicus.” This may lead to
progressive respiratory failure, metabolic aberrations, and
exhaustion, with a mortality of 10%.3 Pediatric dystonia can
negatively impact quality of life by interfering with partici-
pation in daily life activities (DLA), affecting children’s mood
and executive functioning.*

When conservative management and oral medication in
generalized dystonia fail due to disappointing effect or com-
mon adverse effects,” invasive treatment options such as deep
brain stimulation (DBS) or intrathecal baclofen (ITB) may be
considered. ITB may be a good option in patients with a
combination of dystonia and spasticity and in children with
cerebral palsy (CP), in whom the effect of DBS is often less
satisfactory.®

DBS is being increasingly used in the treatment of medi-
cally refractory pediatric dystonia, especially in the inherited
forms.” Currently, there are only sparse studies on DBS in
children, and consensus regarding DBS indications and treat-
ment recommendations in pediatric dystonia is still lacking.

DBS is a neuromodulation technique applied through
stereotactic neurosurgery, where high-frequent stimulation
modulates the activity of specific deep brain areas by means
of implanted electrodes. These are mostly placed in the
globus pallidus internus (GPi) for dystonia treatment.’ Path-
ologically, low frequencies (4-12 Hz), measured by GPi local
field potentials, are increased in dystonia and are associated
with dystonia severity.® These low frequencies are thought to
lead to the disturbed functioning of motor circuits.® By
targeting the GPi, DBS may suppress this pathological activi-
ty. GPi-DBS has been shown to have successful effects in
pediatric dystonia® and it is nowadays considered a good
treatment option for severe drug-resistant dystonia, with a
quicker response in dystonia with mobile components.'°

DBS in children is implanted under general anesthesia,
guided by fusion of a detailed three-dimensional-rendering
of a preoperative magnetic resonance imaging (MRI) scan (for
target determination) to an intraoperative computed tomo-
graphic-scan (to obtain implantation coordinates)."" The elec-
trodes are placed in the GPj, fixed to the skull and connected to
subcutaneous extension cables, which are tunneled behind the
ear and subsequently through the neck. The electrodes are
then connected to the implantable pulse generator (IPG). The
IPG is placed subcutaneously on the abdominal or chest wall,
depending on patient size and proximity to other devices (i.e.,

baclofen pump, tracheostomy, gastrostomy).! 2The procedure
is usually performed in a single session.

In this article, we present two pediatric cases with mono-
genetic, drug-resistant movement disorders with prominent
dystonia due to mutations in the ADCY5 and GNAO1 genes,
who underwent DBS in an elective and an emergency setting,
respectively. Additionally, we will review the current litera-
ture with regard to the indications, timing, clinical evalua-
tion, follow-up, and possible complications of DBS in
pediatric dystonia patients, and we will provide an overview
of previously described pediatric cases of ADCY5- and
GNAO1-related movement disorders treated with DBS.

Case Presentation (1)

A 6-year-old girl with ADCY5-related chorea, severe dystonia,
and myoclonus was referred by her pediatric neurologist to the
Pediatric Movement Disorders’ Clinic of the Amsterdam Uni-
versity Medical Center (Amsterdam UMC) for the evaluation of
DBS. She was born full term after an uncomplicated pregnancy.
At 14 months, she progressively developed dysphagia, axial
hypotonia, and chorea. Family history was negative for neuro-
logical disorders. Brain MRI showed no abnormalities. At
2 years, she was diagnosed, through whole exome sequencing
(WES), with a de novo, pathogenic mutation in the ADCY5 gene
(NM_183357.3:c.1252 C>T; p.Argd28Trp). At presentation,
she was cognitively unaffected and was able to speak a few
words with severe dysarthric speech. She could walk short
distances with support of one hand but was mainly using a
walking aid. She could only eat minced and moist foods
(International Dysphagia Diet Standardization Initiative, IDDSI
5) and drink with a straw (IDDSI 0 and 1), due to the risk of
choking. Neurological examination showed a severe, general-
ized movement disorder with spontaneous myoclonus of the
limbs, chorea, and a variable degree of orofacial, axial, and
truncal dystonia (see =Video 1). The most invalidating symp-
toms were recurrent, painful episodes with dystonia and
chorea, occurring with variable frequency at night and refrac-
tory to medication, which consisted of gabapentin, clonaze-
pam, and caffeine. Trihexyphenidyl was tried with insufficient
effect. The Burke-Fahn-Marsden Dystonia Rating scale
(BFMDRS) score was 96 (out of 120 points) on the motor scale.
A multidisciplinary evaluation (including pediatric neurolo-
gists, movement disorder specialists, neurosurgeons, pediatric
physiatrist, speech therapist, occupational therapist, and psy-
chologist) determined the indication for elective GPi-DBS, with
the main goal of reducing the recurrent, painful refractory
attacks with dystonia and chorea. GPi-DBS was performed
under general anesthesia. Two electrodes with segmented
contacts (Boston Scientific, Marlborough, US) were implanted
bilaterally in the GPi and a rechargeable neurostimulator was
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placed on the abdominal wall. The electrodes were activated
2 days after the operation, with the following stimulation
parameters: bilateral monopolar case (+), contact 2,3,4 (—)
(omnidirectional stimulation, ring mode of the lower seg-
mented contacts), pulse width 60 us, 130 Hz, 1,5 mA. A positive
effect on her speech intelligibility was noticed a couple
of hours after activation of the DBS electrodes. During subse-
quent visits, the stimulation parameters were changed to right
case (+), contact 2,3,4 (- ), pulse width 60 us, 130 Hz, 2 mA; left
case (+), contact 2,3,4 (), pulse width 60 us, 130Hz, 2,1 mA.
Two months after the operation, she showed sporadic dystonic
episodes and experienced less pain. She was also more ener-
getic and had gained axial stability (she was able to ride her
horse without any support for the first time). She was still
treated with caffeine and gabapentin and she used clonaze-
pam once per week instead of daily. Six months after the
operation, she showed a BFMDRS score of 34/120 on the motor
scale (65% improvement), and a significant reduction in pain.
She was able to walk with the support of one hand. Her speech-
intelligibility, assessed by a speech therapist, improved from
2-3to5-60onthe 7 points Likert scale (where 1= nointelligible
speech and 7= always intelligible for familiar communication
partners). Additionally, her speech had improved from severe-
to-mild dysarthria and the communication with her familiar
conversational partners became clearer (function level 3 and
participation level 2 on the Nijmegen Dysarthria scale, respec-
tively). She had more energy and went to school 5 days a week
instead of four. At her latest follow-up, 11th months after DBS
implantation, her BFMDRS motor score was unchanged
(34/120). However, she showed strikingly improved fine mo-
tor skills (she was able to write better and color within the
given lines). For the first time, she was able to walk without
support for a couple of meters (see =Video 2). Her speech
intelligibility improved further, she was now able to commu-
nicate her needs clearly and at a faster pace. No clear improve-
ment was noticed in her myoclonus and axial hypotonia. She
tolerated the increase in stimulation parameters, which are
now set at: bilateral case (+), contact 2,3,4 (—), pulse width
60 ps, 130Hz, 3.0 to 3.1 mA (right and left, respectively).

Video 1

Patient 1 (ADCY5 gene mutation) pre-DBS treatment.
Online content including video sequences viewable at:
https://www.thieme-connect.com/products/
ejournals/html/10.1055/a-1959-9088.

Video 2

Patient 1 (ADCY5 gene mutation) post-DBS treatment.
Online content including video sequences viewable at:
https://www.thieme-connect.com/products/
ejournals/html/10.1055/a-1959-9088.
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Case Presentation (2)

An 8-year-old boy with pharmacoresistant GNAO1-related
dystonia and chorea was referred by his pediatric neurologist
to the movement disorders outpatient clinic of the Amster-
dam UMC for the evaluation of DBS. He was born at full term
after an uneventful pregnancy and an uncomplicated birth.
Family history was negative for neurological disorders. He
had a developmental delay, axial hypotonia, and gait insta-
bility in his first years of life. Brain MRI showed no abnor-
malities. Through WES, a de novo, pathogenic mutation in the
GNAO1 gene (NM_020988.3:¢c.626G > A; p.Arg209His) was
found. From the age of 6 years, he developed a movement
disorder mainly characterized by dystonia. With his right
hand, he operated his electric wheelchair joystick and played
computer games. He was able to properly understand speech
and to adequately react through eye movements and blink-
ing, also using gestures and a speech-generating device for
communication. His swallowing function was good, he could
independently drink and eat finely chopped foods. The
neurological examination showed axial hypotonia and oro-
facial- and generalized dystonia, mostly affecting the left side
of his body. His mouth was mainly open. His left hand was
closed, his left arm in extension and endorotation, and his
left leg in extension. He often experienced episodic deterio-
ration of the movement disorder, with severe bilateral chor-
eatic movements of increasing frequency, disturbing sleep.
These episodes were mainly triggered by heat (i.e., fever, hot
weather) or infections. Several medications were tried without
effect, such as gabapentin, clonazepam, and low-dose trihex-
yphenidyl (which seemed to worsen his movement disorder).
Because of pharmacological resistance, DBS was discussed
with parents. An elective preoperative admission was planned.
In the meantime, however, the patient presented to our
emergency department with a severe exacerbation of his
movement disorder, with a combination of continuous, severe
generalized chorea, dystonia, and ballism, without a clear
trigger. Sleep was disturbed, body temperature was 36°C.
Creatine kinase was 302 U/L (normal range: 20-30 U/L). In
the acute setting, clonazepam and gabapentin were increased,
and tetrabenazine and haloperidol were started without suf-
ficient effect. Due to progression to status dystonicus, the
patient was admitted to the pediatric intensive care unit,
where he was intubated and treated with intravenous mid-
azolam, propofol, fentanyl, haloperidol, clonazepam, and clo-
nidine. During this period, dystonia was only absent when he
was deeply sedated. Under these circumstances, an emergency
DBS surgery was scheduled on the 10th day of admission. Due
to his severe clinical condition, it was not possible to assess his
preoperative BFMDRS score.

Electrodes with segmented contacts (Boston Scientific,
inc.) were implanted bilaterally within the GPi (~Fig. 1) and
a neurostimulator was placed on the right lower abdominal
wall. The electrodes were activated 1 day after the operation,
with the following stimulation parameters: bilateral monop-
olar case (+), contact 2,3,4 (—), pulse width 60 us, 130 Hz,
2 mA. On the third postoperative day, the parents were asked
to fill in subjective scores hourly and daily, in order to
evaluate the severity of dystonia (=Fig. 2). During the first
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Fig. 1 Three-dimensional representation of intraoperative placement of deep brain stimulation (DBS) leads in patient 2. Different colors are
used to represent the anatomical structures adjacent to the globus pallidus interna (GPi) for DBS lead placement. The lead in green indicated the
left lead, whereas the lead in purple depicts the right lead. Left panel: anterior view of the basal ganglia and corticospinal tracts. The following
structures are depicted: GPi (green), globus pallidus externa (orange), putamen/ lentiform nucleus (blue), caudate nucleus (purple),
corticospinal tracts (yellow). Right panel: location of the DBS leads in the GPi (green) with adjacent structures removed.

postoperative days, sedation was still necessary due to the
presence of severe dyskinesia of the arms and a combination
of chorea and dystonia. Sedation was phased out 8 days after
the surgery. The final DBS parameters were: left lead double
monopolar case (+), contact 2,3,4 and 5,6,7 (—), right lead
monopolar case (+), contact 2,3,4 (—), pulse width 90 ps,
130Hz, 3 mA. Emergency DBS terminated his status dysto-
nicus, with improvements in his voluntary motor pattern
and a gradual decrease in his dystonia. He was discharged
45 days postsurgery, with the following medications: phe-
nobarbital, gabapentin, haloperidol, lorazepam, and tetra-
benazine. At 6 months follow-up, his hand function had

24

20

0 L [ |
3 8 13 18 23 28
u Sedated, severe dystonia = Awake, minimal dystonia
Sedated, minimal dystonia m Awake, comfortable
m Sedated or in sleep

Fig.2 Postoperative dystonia severity scores in patient 2 (with status
dystonicus due to a GNAOT gene mutation). The x-axis represents the
days after the operation; on the y-axis are the 24 hours of a day. Nota
bene: postoperative dystonia severity scores were recorded from the
third postoperative day.

improved, especially of the left hand. There was still axial
hypotonia and dystonia had increased to a small extent,
compared to before the status dystonicus. He had not expe-
rienced any exacerbations of his movement disorder and his
medication was slowly being reduced (i.e., phenobarbital,
tetrabenazine, and haloperidol were phased out and
stopped, and lorazepam dosage was diminished). He started
to go to school again. The 6 months postoperative BFMDRS
score was 49/120 on the motor scale. In the meantime, there
was a subacute deterioration of his condition, with increas-
ing left hemidystonia. Nine months after the operation,
reposition of the left lead took place due to lead dislocation.
Hereafter, the DBS settings were adjusted to left lead double
monopolar case (+), contact 1,2,3,4 (—), pulse width 90 ps,
130Hz, 3 mA. He is currently still currently recovering from
the surgery and a coronavirus disease 2019 infection; how-
ever, his dystonia has substantially improved, compared to
before the lead repositioning.

Discussion

In this article, we described two pediatric cases of drug-
resistant, severe, generalized, monogenetic dystonia treated
with bilateral GPi-DBS, one of whom was operated elective-
ly (patient 1, with an ADCY5 gene mutation) and the
other in the emergency setting, during a status dystonicus
(patient 2, with a GNAO1 gene mutation). Both showed a
positive response to DBS at 6 months follow-up. At 1 year
follow-up, the first patient has achieved more than her
preoperatively set goals and has so far not experienced
complications associated with DBS. The second patient
was reoperated 9 months after DBS surgery due to left
lead dislocation.
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Despite a lack of consensus, the main pediatric indications
for DBS include dystonia, Tourette’s syndrome, and juvenile
parkinsonism.13 Resistance to pharmacological therapy is
becoming an increasingly common indication for DBS in
childhood dystonia."> In a large meta-analysis, Elkaim
et al' found that 66% of children with dystonia (i.e., onset
before 21 years of age, with various etiologies) showed a
clinically significant (>20%) improvement in the BFMDRS
motor score after DBS (median follow-up of 12 months).'*

There is no general agreement on the optimal timing of
DBS placement in children, as the effects of age in general,
age at dystonia onset, and disease duration at time of surgery
on treatment response are still object of debate.' A meta-
analysis including 321 children found that older age at
dystonia onset, rather than age at surgery or disease duration
at time of surgery, was associated with a better DBS out-
come.'* Other studies found that a shorter interval between
the onset of dystonia and DBS placement (i.e., shorter disease
duration) is linked to a more favorable treatment response
and longer-lasting benefits.">'” The influence of disease
duration and age at dystonia onset on DBS outcome may
be mediated by aberrant synaptic plasticity, likely present in
dystonia patients, leading to maladaptive brain restructur-
ing."'® It is hypothesized that DBS modulation of these
abnormal brain reorganization processes may be more diffi-
cult in patients with longer disease duration.'” These impli-
cations could therefore justify early consideration of DBS in
medically refractory pediatric dystonia.

Furthermore, the underlying etiology of dystonia plays a
role in predicting the outcome of pediatric DBS. Hale et al'®
identified 19 studies reporting a total of 76 children who
underwent DBS for dystonia at the age of 13.8 +3.9 (mean +
standard deviation) years and a follow-up of 2.8 + 2.8 years.
The vast majority (86%) of these patients had inherited dysto-
nia, of whom 56% had DYT1."® They found that patients with
inherited dystonia showed more improvement compared to
patients with acquired causes of dystonia (respectively, 56 vs.
21% improvement on the BFMDRS motor scores). Inherited
dystonia, presenting without structural nervous system pa-
thology, and idiopathic dystonia were identified as positive
predictors for better treatment response in the meta-analysis
of Elkaim et al as well.'* CP and other forms of acquired
dystonia showed more heterogeneous and overall poorer
outcomes in comparison to monogenetic or idiopathic forms
of dystonia, possibly due to pre-existing structural damage to
the basal ganglia and thalamus.”-'* This may be explained by
the fact that, due to aberrant neuroplasticity and malfunction-
ing neuronal cortico-basal-ganglia and thalamocortical net-
works,'? the therapeutic effect of DBS in acquired dystonia
may be limited to local modulation of pathological basal
ganglia activity, thus not inducing long-term changes in the
abnormal motor cortical network.”-'°

In their recent review, Tisch and Kumar (2021) describe
variability in gene-specific response to DBS treatment.'® The
most successful outcomes are seen in DYT-TOR1A (DYT1),
myoclonus dystonia due to SCGE mutations (DYT11), and X-
linked dystonia Parkinsonism (Lubag disease, DYT3). Poorer
DBS outcomes are seen in dystonia with laryngeal and

Neuropediatrics  Vol. 54 No. 1/2023 © 2022. The Author(s).

oromandibular involvement (i.e., DYT-THAP1, also known
as DYT6).'9 Studies on other forms of monogenetic dystonia
present variable results in relatively small patient cohorts
and are therefore difficult to compare with relatively more
common forms of inherited dystonia.'*

In this report, we described the case of a girl with an ADCY5-
related movement disorder who experienced great benefit
from DBS treatment. The role of the ADCY5 gene in movement
disorders has recently been discovered.'8 Despite the broad
phenotypic variability, the hyperkinetic movement disorders
related to specific mutations of this gene mainly have an early
onset and are associated with axial hypotonia, dystonia,
chorea, nocturnal paroxysmal dyskinesia, and movement-
related pain. Cognition is mostly intact.'® The disease course
is characterized by frequent, episodic exacerbations with a
waxing-waning pattern and little to no progression. The
exacerbations mostly occur at nighttime, when falling asleep
or upon awakening, or during intercurrent illnesses.'® While
caffeine and clonazepam have been reported to improve sleep
disorders in some patients,zo'21 other symptomatic treatment
options have been reported with variable effect.?’

In the current literature, only five patients with ADCY5-
related dystonia (four children and a young adult) are reported
to have undergone bilateral GPi-DBS (see =Table 1). We are
aware of adult patients with ADCY5-related movement dis-
orders described in literature, but in this review, we focused on
pediatric cases. Mean age of disease presentation was
14 months and mean age at DBS treatment was 10 years.
The effect of DBS was variable, with follow-up ranging from
7 months to 8 years. Subjective general improvements were
described in all five patients, with reduction in nocturnal
episodic dyskinesia reported in two. Objective amelioration
of dystonia, quantified using pre- and postoperative BFMDRS
motor scores, was reported in three patients with a
variable degree of improvement (4-38%, see =Table 1). In
our patient, postoperative BFMDRS motor score showed
strong improvement (65%) at 6 months follow-up, adding to
the current literature on the efficacy of DBS treatment in
ADCY5 patients. Interestingly, the most important goal for
our patient (namely, decreasing the frequent nocturnal exac-
erbations) was met, but this was not reflected in the BFMDRS
score. Choosing the right assessment tools to evaluate DBS
treatment outcomes remains an important issue in this con-
text, as we will discuss further below.

The second case we described was a boy with GNAO1-
related dystonia and an emergency DBS indication due to
status dystonicus. GNAO1-related disorders include a heterog-
enous group of neurological phenotypes, ranging from epilep-
sy to developmental delay, hypotonia and movement
disorders.?? The phenomenology of movement disorders in
GNAO1 gene mutations mainly includes chorea, orofacial
dyskinesia, and dystonia. In patients with a movement disor-
der, phenotype frequent exacerbations are common, often
leading to status dystonicus, requiring intensive care unit
admissions.?> So far, 18 pediatric cases of GNAO1-related
movement disorders treated with GPi-DBS have been de-
scribed in detail in the literature (see »~Table 2). Their mean
age of dystonia presentation was 33 months, with a mean age
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Table 1 Literature overview of DBS treatment in pediatric ADCY5 patients
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g 'g g E %E glegleglge 'F: g described above. Dystonia rating scales, in fact, may not fully
28 =[P 2clv3[2c0|20| & = 30 :
s 5 SE|335|3E|8S|E5| & S capture the effects of DBS.”” Different measurement scales
5 E have been developed over the years to serve these purposes.
[aa] c
g g ] For example, individual perception of performance and satis-
= S g faction can be measured with the Canadian Occupational
E 5 g Performance Measure scale, which has proven to be efficacious
v 3 g ~ o 2 % @ in measuring functional outcomes and improvements after
<8Z|n — = © ~ A > DBS in both primary and secondar diatric dystonia."32
2 =8 p \ y pediatric dystonia.
) é g8 % The BFMDRS is often employed to quantify pre- and postoper-
K] 2E Q> ative dystonia severity in the literature, although it is not
T o 3o d & y y g
g 3| = oo §> E 5 E specific to pediatric dystonia.3? Other outcome scales, like the
< N §| L/)\ s = AN EEQ E Barry-Albright Dystonia Scale, the Movement Disorder-Child-
— = . . . .
=] oY= ® R ER T hood Rating Scale or the Dyskinesia Impairment Scale, are
] oD |0 < = D S5£25 g y. p
= . ) . . .
5 QY| = N < £33 8 mainly designed to evaluate pediatric acquired dystonia pre-
sl g - % £E48:5 3
= il i i s =237  senting with concomitant movement disorders.*
o S g2= Furthermore, measurement scales to evaluate quality of
= = 9O . . . . .
% 2 2 '% Eg g life, mood, eating and drinking, and speech are also impor-
3 5 <_f‘5: T g £ g < tant. No international consensus exists yet on the choice of
2 ES g o rg <3 T2 measurement tools for this purpose. Additional scoring
— w -t awm .
° s38g/Y systems need to be developed and validated to properly
s c . . .
_ © © o £y Z, % assess the severity of combined movement disorders as
;_B é § % 222 k5 well as nonmotor symptoms and DLA in inherited childhood
23G¢ dystonia, and the efficacy of DBS in children.
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Complications of DBS for pediatric dystonia may affect the

Table 2 (Continued)

— a £
5 o o o S .
= ; o jE: recovery phase and need close monitoring during the follow-
29 g Z 3 up period. Surgical wound infections and hardware-related
e I [l 5 Qa complications (electrode, extension, or battery, with electrode
5 2 fracture seen in 4.3%) are the most frequently encountered
< % 2 problems, occurring respectively in 10.5 to 12.5% and in 18.5 to
Q.«j g E % 29.5% of pediatric patients.333* Although DBS is generally
wv ©n — . . . .
zo . “_qg c considered a safe procedure, potential complications must
‘é—;?\ < g by be openly discussed with patients and parents. Furthermore,
= -r'é = % § § Lg when considering DBS for pediatric dystonia, it is important to
g:g % _§ 5 : g carefully estimate the burden of patient’s morbidity and to
w 2 5 E E o ZI 8 T clarify whether this can be explained by the dystonic symp-
© - + o~ = . . . . .
g 252 S| ; § A toms only, or if there are comorbid symptoms (i.e., spasticity)
=] gosts % =l 3 2 that can still result in limitations to patient’s quality of life after
o L ExO|ll|l® 2
o < surgery.
D > . . . . . .
- £ = To optimize the effect of DBS in pediatric dystonia cases,
z - f R *5 several issues should be addressed in the coming years. The
E:”g = i :—'f g3z first is the systematic and unbiased collection of outcomes
YV T 7 . . . . .
— = : e g using international databases such as the Pedi-DBS regis-
é 2y % £ try.3> Another promising avenue for different indications of
'g £ 3 é £ DBS is the use of so-called “physiomarkers,” patterns of
© o o . . . .
B 9.® ] neural activity that are associated with symptom severity
c O>| T =
5 ) @ 22Z w and can be used as feedback parameters to optimally titrate
S, | 5228 d can be used as feedback ters to optimally titrat
A 2 951 58°Y . 8,36 ;
LA S aR| 22 ¢5¢ stimulation. In dystonia, the presence of low-frequency
o s 9 - .. .
ES = EAl 55 5 g oscillations appears to be the most promising physiomarker
wn = ]
5= @ o for DBS to date.? Finally, so-called “connectomic targeting,”
(%] = [ . . . . .
3 E >3 é using diffusion tensor imaging-based tractography, can help
5 E = n'-z Esos find the optimal site of stimulation in the GPi to modulate
° ‘g ° % 5g¢ cortico-basal ganglia thalamocortical circuits.>’
% °.5-’ < 3 S E In conclusion, GPi-DBS is an effective therapeutic option
= < 2 g : EE in children with pharmacotherapeutic resistant dystonia,
E 2 % T % £ 8 especially in monogenetic forms, and should be considered
g g R4 S g% early in the disease course. To be able to optimally benefit
2 & =z “EJ S ER from DBS, it is important to set individual patient goals and
< . .
2 g o use rating scales that capture the full effect on the child’s

5 25ar physical and psychosocial functioning. Because of the rela-

= >ES Y . . ) . .

g Zu5E tive rarity of DBS in children and the heterogeneity of
095 289 E £ childhood dystonia, it is crucial to perform long-term fol-
= 95‘_ Elg E e low-up and to use standardized outcome measures in future

= P o g9 . .. .
i58 5 studies to be able to combine international data.
g8aco
w £ é -
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