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ABSTRACT

Aim: To examine the impact of deep brain stimulation (DBS) on gross motor function in
children with dystonic movement disorders.
Method: Prospective audit involving children implanted 2007—2015, followed for up to two
years. Outcomes were evaluated across aetiological sub-groups (inherited, acquired, idio-
pathic) using the GMFM-88 and BFMDRS movement scale (BFM-M). The predictive value of
proportion of life lived with dystonia (PLD) and baseline motor capacity were evaluated.
Results: Data was available for 60 children (median surgery age 10yllmo). Inherited
monogenetic dystonias demonstrated a median increase in GMFM-88 scores of 6.9%
(p = 0.021) and 14.5% (p = 0.116) at one and two years. Heredodegenerative and idiopathic
dystonias showed disparate responses, with non-significant changes seen in GMFM-88 and
BFM-M scores, with the exception of improved one-year BEM-M scores in the idiopathic
group [median change 5.5, p = 0.021]. Median GMFM-88 and BFM-M change scores were
near zero for acquired dystonias, though improvement was noted in 9/18 CP cases with
one-year GMFM-88 data. No significant relationship was found between PLD, or baseline
GMFM-88, and GMFM-88 change following DBS.
Conclusion: Gross motor response to DBS is similar in profile to literature reporting results
using impairment-based dystonia rating scales. Relatively consistent improvements were
seen in inherited monogenetic (“primary”) dystonias, while highly variable, often disap-
pointing, gross motor responses were found in acquired, heredodegenerative, and idio-
pathic dystonias. In view of such response variability, alternatives to mean group studies,
such as single case experimental designs with multiple replications, are needed to deter-
mine the efficacy of DBS in childhood-onset dystonias. Ongoing research is needed to
identify factors that predict treatment response.
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1. Introduction

Dystonia aetiologies are diverse,’ varying from intermittent
and focal involuntary muscle contractions to generalised
dystonia with widespread involvement of axial and limb
musculature. In contrast to adults, where focal primary dys-
tonias are more prevalent, secondary dystonic disorders
predominate in the paediatric population,” while primary
dystonias of childhood tend to generalise in the first decade
of life.®> A recent review of children referred for specialist
dystonia management suggests dystonia worsens over time
in the majority of cases, with a minority remaining static or
improving spontaneously, irrespective of aetiology.? This
aligns with reports that dystonia in children frequently
proves refractory to medical management, with adverse ef-
fects often limiting effective symptom control.”> Such issues
have raised considerable interest in deep brain stimulation
(DBS) as a therapeutic option for the management of paedi-
atric dystonia.®’

Although the precise mechanism of action has yet to be
definitively elucidated, DBS may directly reduce pain and
immobility associated with dystonia, thereby improving
functional ability and indirectly reducing carer burden.® A
review of DBS in predominantly adult patients concluded that
pallidal DBS offered reliable dystonia improvement and
acceptable safety when applied to primary dystonias,
myoclonus-dystonia and tardive dyskinesias, with inconsis-
tent, and at times disappointing, outcomes in secondary
dystonias.’ Precise prediction of DBS outcome for the indi-
vidual patient remains an elusive goal, particularly in sec-
ondary dystonias.” ' It has been suggested a lower
proportion of life lived with dystonia,’? or intervention prior to
skeletal maturity,"”> may correlate with greater reduction in
dystonia following DBS, while non-invasive neurophysiology
testing may offer prognostic value.’* There are even fewer
data regarding the magnitude and time course of functional
recovery or acquisition of motor skills following DBS in pae-
diatric movement disorders and, despite specific recommen-
dations,™ reports of gross motor function outcomes in this
population are lacking.

Gross motor function involves the use of large groups of
muscles to maintain balance and change positions (e.g.
sitting, crawling, walking, running and jumping), abilities
typically well established by age 5 years. Along with intel-
lectual disability,'® gross motor function has been identified
as an important predictor of everyday activities in mobility,
self-care and social function.” Children and parents
contemplating DBS surgery frequently identify recovery or
improvement of gross motor function and everyday activities
as primary goals,® though there is little published literature
to guide clinicians and families in the attainability of such
goal areas.

This prospective clinical audit reports gross motor function
following DBS in 60 children with dystonic movement disor-
ders, systematically followed for up to two years using the
Gross Motor Function Measure (GMFM-88).'° We hypothesised
that DBS would improve gross motor function and anticipated
greater improvements in children with primary inherited and
idiopathic dystonias, compared to secondary/acquired and

heredodegenerative forms. We also wished to explore the
prognostic value of baseline gross motor function and pro-
portion of life lived with dystonia (PLD) on gross motor out-
comes following DBS.

2. Method
2.1. Participants

A total of 131 successive children were formally evaluated by a
physiotherapist prior to DBS surgery at our institution be-
tween 2007 and 2015. Patients were included in the study
provided a minimum of one-year post-operative GMFM-88
data was available, irrespective of whether patient specific
DBS goals included improving gross motor function. Results
are presented for the first two years of patient follow-up.

All cases presented with disabling dystonia, refractory to
conventional medical management, and judged to have little
or no significant spasticity or corticospinal tract impairment
based on clinical assessment, neuroimaging, and central
motor conduction time.?° Cases were excluded from the study
on the basis of explantation or device malfunction occurring
within the first year of follow up. Malfunction was defined as i)
DBS switched off at the time of formal review; ii) frequent or
prolonged switching off during follow up; iii) high impedances
on greater than one contact.

2.2. Procedure

DBS surgery and pulse generator programming were per-
formed as previously described,”” with bilateral poster-
oventrolateral globus pallidus internus (GPi) targeted in all
cases. Post-operative in-frame stereotactic computerised to-
mography imaging confirmed DBS electrode position in the
target GPi.”’ All children underwent routine pre-operative
clinical evaluation, including characterisation of movement
disorder phenotype, screening for significant deformity, and
pre- and post-operative motor and function assessments.
Assessments took place no more than four months prior to
surgery and yearly post-operatively. Therapists were not
blinded to treatment status. As the audit involved data
collected as part of routine clinical practice and anonymised
prior to data analysis, ethics approval was not required and
consent was neither required nor obtained from participants.

2.3.  Aetiology and severity classification

In line with other groups,”” patients were pragmatically cat-
egorised according to the new international classification,??
effectively generating four aetiological groups: inherited dys-
tonia (group 1la isolated monogenetic dystonia, group 1b
heredodegenerative dystonia), group 2 acquired dystonia, and
group 3 idiopathic dystonia. The classification of Geyer and
Bressman (2006)’* was used to separate so-called “secondary
dystonias” into hereditary and acquired forms.

Pre-operative functional mobility status was described using
the Gross Motor Function Classification System (GMFCS),””
assigning a “GMFCS equivalent” score to non-cerebral palsy
(CP) cases.?® The proportion of life lived with dystonia (PLD) was
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defined as the duration of dystonia divided by age at DBS sur-
gery. Onset of dystonia was determined through review of the
clinical record, with additional parental consultation when age
of onset was not clear in the medical notes.

2.4. Outcome measures

Service physiotherapists formally evaluated gross motor
function using the GMFM-88."? In order to minimise variability
related to external factors, subjects were tested without shoes
(exception: stair items), orthotics or mobility aids, and using
standardised equipment. In five cases (aetiological groups 1a
n = 3, group 3 n = 2) with high baseline functional abilities,
lying, sitting + crawling/standing test dimensions were
omitted at some time points in the interest of time and
improved test sensitivity. In these cases, averaged dimension
scores were consistently substituted for total scores at all time
points (see Table S1, supplementary online information).

Dystonia was evaluated using the Burke-Fahn-Marsden
dystonia rating movement scale (BFM-M),”” with test admin-
istration as previously outlined.”® Although originally estab-
lished for the quantitative assessment of primary torsion
dystonias in adults, the BFM-M has been widely used in other
forms of dystonia including CP.'"'*?° The BFM-M scores of
some cases included in this manuscript have been previously
reported.’*?®

2.5. Statistical methods

Statistical analyses were performed using the Statistical
Package for Social Sciences, version 23 for Windows (SPSS Inc.,
Chicago, IL, USA) and the R language and environment for
statistical computing, version 3.0.1 64-bit for Windows. Non-
parametric approaches were used where data were not nor-
mally distributed. Differences between aetiological subgroups
were assessed using the Kruskal-Wallis test (KW). Differences
between baseline and follow-up scores were examined using
the Wilcoxon Signed Rank test (WSR). Relationships between
continuous or ordinal variables were evaluated using Pearson
correlation (r) when a roughly linear relationship was found
and Spearman correlation (rs) otherwise. In all cases a p-
value<0.05 was considered statistically significant. The
impact of individual observations was evaluated using Cook-
type distances, while potential confounders were assessed
using multivariate linear models. Where repeated measure-
ments were assessed, graphical checks for regression to the
mean were carried out™® to determine the need for Oldham's
transformation.>® Where none was found, simple Spearman
correlations were retained.

3. Results
3.1. Descriptive results

Sixty patients met inclusion criteria: 28 female, 32 male.
Twenty-five were classified into group 1 inherited dystonias
(group 1a n = 11, group 1b n = 14), 20 were acquired disorders
(group 2), and 15 idiopathic (group 3). The aetiological cause of
dystonia was very heterogeneous (see supplementary online

Table S1), the cohort including group 1la n = 5 DYT1 cases,
group 1b n = 4 pantothenate kinase associated neuro-
degeneration (PKAN), n = 2 Lesch-Nyhan, n = 2 glutaric
aciduria type 1 (GA1), n = 3 mitochondrial disorders; group 2
n =19 CP (n =7 hypoxic ischaemic encephalopathy (HIE), n =3
kernicterus, n = 9 preterm delivery). One year GMFM-88 data
were available for 57 individuals, two-year data for 41 cases.
BFM-M data were available for all subjects at one year, and for
44 patients at two years. Six cases were excluded from the
study on the basis of explantation or device malfunction
occurring within the first year of follow up. Two were
excluded due to rater errors in scoring. Patient inclusion and
missing data are presented in Appendix 1, while individual
patient characteristics and results are shown in Table SI, both
provided as supplementary online information. Group de-
mographics and group results are summarised in Table 1.

The median age at surgery was 11 years 1 month (IQR 7
years 4 months—14 years 8 months). Although mobility status
was distributed across GMFCS levels (levels: I[n =4],II[n =9],
Il [n = 8], IV [n = 23], V [n = 16]), two-thirds of cases (39/60)
were non-ambulant at pre-operative assessment. The median
preoperative GMFM-88 score for the entire cohort was 41.8
(IQR 18.3—79.8), while the median BFM-M was 77.5 (IQR
58.4—88.9). Age at surgery was not statistically different be-
tween aetiological groups (p = 0.521), though there were sig-
nificant differences in age of onset of the movement disorder
(p < 0.001) and PLD (p < 0.001). Post hoc analysis via pairwise
comparisons revealed earlier age of onset and longer PLD in
acquired (group 2) dystonias when compared with other
groups (KW group 2 vs la p < 0.001; vs 1b p = 0.001; vs 3
p < 0.001).

The distributions of baseline GMFM-88 and BFM-M scores
were also significantly different between aetiological groups
(p = 0.005 and p = 0.001 respectively). Post hoc pairwise
comparisons showed better baseline gross motor function
and less severe dystonia in group 1la inherited dystonias
(GMFM-88 mean rank 43.0, BFM 14.5) than both acquired
(group 2 GMFM-88 mean rank 23.7, p = 0.019, BFM 36.7,
p = 0.004) and heredodegenerative groups (group 1b GMFM-88
mean rank 23.8, p = 0.038, BFM 38.8, p = 0.003). These differ-
ences persisted at all time points.

3.2. Differences between baseline and post DBS
implantation

The overall median GMFM-88 score increased from 41.8 to 59.7
(IQR 23.9-91.6) at one year, a difference that was found to be
significant (p = 0.002). Of the 57 cases with one year GMFM-88
data, 40 exhibited positive score change and 17 decline. A fall-
off was seen in GMFM-88 scores at two years (median 45.6, IQR
23.7—79.3), with differences no longer statistically significant
(p = 0.683). A similar pattern was noted in BFM-M scores, with
improvements significant at one year (median 72.5, IQR
49.1-88.5, p = 0.006), but not at two years (77.5, IQR 58.3—91.3,
p = 0.262).

Group 1la inherited dystonias demonstrated a median
improvement in GMFM-88 total scores of 6.4% (IQR 0.7—37.7) at
one year and 14.5% (IQR -1.5 — 31.9) at two years (Fig. 1),
though these differences reached statistical significance at
one year only (p = 0.016; 2 year p = 0.116). Improvements were
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Table 1 — Baseline characteristics and GMFM-88 and BFM-M scores for each aetiological sub-group.

Demographic details ~ Whole group Group 1la Group 1b Group 2 Group 3

Inherited monogenetic Heredo-degenerative Acquired Idiopathic
dystonias dystonias dystonias dystonias

Group size n = 60 n=11 n=14 n =20 n=15

Males/females 32/28 2/9 9/5 11/9 10/5

Age at surgery 11lylmo 11y10mo 11lylmo 10y8mo 12y2mo

y:mo (range) (7y4mo — 14y8mo) (7y4mo — 18y9mo) (4y2mo — 17y5mo) (Sy4mo — 17y10m) (6y9mo — 18y7mo)
PLD (range) 0.85 (0.54—0.96) 0.57 (0.11—0.97) 0.82 (0.07—0.95) 0.97 (0.14—1.0) 0.82 (0.25—0.98)
GMFCS I-1II/IV-V 21/39 8/3 1/13 3/17 9/6

Baseline GMFM-88
One year GMFM-88
n
Absolute change
WSR test
Two year GMFM-88
n
Absolute change
WSR test
Baseline BEM-M
One year BEM-M
n
Absolute change
WSR test
Two year BEM-M
n
Absolute change
WSR test

41.8 (18.3—79.8)
59.7 (23.9-91.6)
n=>57

1.7 (-1.0 — 8.4)
p = 0.002*

45.6 (23.7-79.3)
n =41

0.12 (—4.1 — 9.4)
p =0.683

77.5 (58.4—88.9)
72.0 (49.1-88.5)
n =60

2.5(—2.9 — 13.8)
p = 0.006*

77.5 (58.3—91.3)
n=44

1.3 (—6.6 — 12.5)
p=0.262

78.4 (31.9-99.3)
94.4 (81.4—99.4)
n=11

6.4 (0.7—37.7)

p =0.016"

98.6 (71.4—99.7)
n==6

14.5 (1.5-31.9)
p=0.116

57 (50.0—70.0)
16.0 (10.0—64.0)
n=11

15.0 (2.5-37.0)
p = 0.003*

22.5 (16.3-53.5)
n=7

13.0 (5.0—47.0)
p = 0.028"

29.1 (15.2-52.7)
38.2 (26.3-57.7)

31.3 (15.9-48.9)
34.6 (18-8 — 59.1)

85.8 (16.8-92.7)
81.3 (36.1-94.0)

n=13 n=19 n=14

0.8 (-2.9-7.8) 0.9 (—2.5 —5.6) 2.2 (-0.9-9.7)

p = 0.422 p=0.178 p =0.056

28.8 (18.3—-54.1) 41.5 (15.3—50.4) 71.3 (39.7-91.0)
n=12 n=13 n =10

—2.0 (—15.6 to —0.7) 0.1 (—4.2 - 3.6) 5.2 (-3.1-19.2)
p = 0.060 p=0.861 p =0.169

85 (77.3—90.0) 83.3 (74.0—85.0) 60 (58—98)

93.5 (68.8—97.0) 77.8 (72.0—84.5) 57.5 (40.5-74.5)
n=14 n =20 n=15

—2.0 (—12.3 - 6.0) 0.8 (—3.0 — 6.8) 5.5(-1.5-19.5)
p =0.510 p =0.456 p =0.021*

89.0 (73.0—99.5) 83.3 (73.0-92.0) 64.5 (46.0—74.5)
n=13 n=14 n =10

—4.0 (—15.0 — 6.3) —3.0 (-5.9 — 3.0) 9.0 (—4.8 - 32.6)
p = 0.463 p=0.286 p =0.103

Baseline characteristics presented as median (min—max). Absolute scores and change scores given as median (25th to 75th centile). Statistically
significant changes marked by an asterisk p < 0.05. BFM-M = Burke-Fahn—Marsden Dystonia Rating Movement Scale; DBS, deep brain stim-
ulation; F, female; GMFCS = Gross Motor Function Classification Scale or equivalent; GMFM-88 = Gross Motor Function Measure 88-item scale;
M, male; PLD = proportion of life lived with dystonia; WSR = Wilcoxon rank sum test.

Bold italics text represents clinically significant results (p < 0.05).

consistently seen in the BFM-M (Fig. 2), with a median
reduction of 15.0 points (IQR 2.5 to 37.0, p = 0.003) at one year
and 13.0 points (IQR 5.0 to 47.0, p = 0.028) at two years.

As highlighted in Fig. 1, heredodegenerative dystonias
(group 1b) showed very disparate responses, some cases
improving, at least temporarily, others notably declining over
time. The net result was that group change over time did not
reach statistical significance, with median GMFM-88 change
scores of 0.8 at one year (IQR -2.9 to 7.8; p = 0.422) and —2.0 at
two years (IQR -15.6 to —0.7; p = 0.060). Similarly disparate
responses were seen in BFM-M scores (Fig. 2), with no signif-
icant difference in follow up scores (one year median change
—2.0,IQR -12.3t0 6.0; p = 0.510; two years median change —4.0,
IQR -15.0 to 6.3; p = 0.463).

Although improvement in GMFM-88 scores were seen in
some individuals with acquired dystonias (group 2. Fig. 1), ata
group level median change scores were near zero and differ-
ences failed to reach statistical significance at either time
point (one year median change 0.9, IQR -2.5 to 5.6, p = 0.178;
two years median change 0.1, IQR -4.2 to 3.6, p = 0.861). BFM-M
group scores (Fig. 2) also failed to show significant differences
following DBS (one year median change 0.8, IQR -3.0 to 6.8;
z = —0.745, p = 0.456; two years median change —3.0, IQR —5.9
to 3.0; p = 0.286).

Response in the group 3 idiopathic cases varied consider-
ably (Fig. 1), some cases showing obvious improvement in
motor function, others notable decline. Differences in GMFM-

88 scores were not statistically significant at either time point
(one year median change 2.2, IQR -0.9 to 9.7, z = 1.915, p = 056;
two years median change 5.2, IQR -3.1 to 19.2, z = 1.376,
p = 0.169). By contrast, dystonia scores improved at one year
(median BFM-M change 5.5, IQR -1.5 to 19.5, z = —2.302,
p = 0.021, Fig. 2), with a similar trend to improvement at two
years that did not reach statistical significance (median 9.0,
IQR -4.8 to 32.6, z = —1.632, p = 0.103).

Post hoc analysis confirmed these general trends were
also consistent across the five GMFM subtest dimensions A-
E (see supplementary online Figures S1 To S5). We note that,
for group 1a dystonias, the degree of change in dimensions C
and E seems bigger than in other dimensions, and for other
subtypes. The differing amount of change between di-
mensions likely relates to thresholding (where scores are
close to minimum or, in this case, maximum test values),
limiting the potential for change.

3.3. Association between dystonia and gross motor
function

More severe dystonia was associated with greater motor
disability, as demonstrated by a strong inverse association
between BFM-M & GMFM-88 total scores at all time points
(baseline ry = —0.811 [see Fig. 3], 1 year rs = —0.839, 2 years
rs = —0.795; all p < 0.001). A positive relationship was seen
between change in BFM-M and change in GMFM-88 at both
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Group 1a isolated monogenetic dystonia

Group 1b heredodegenerative dystonia
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Time (years)
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*Case 58 later found to be GNAO1 mutation positive

Fig. 1 — Individual patient change in GMFM-88 scores at 1 and 2 years post DBS, according to aetiological subgroups.

one and two years (rs = 0.388, p = 0.003 and rs = 0.552, p < 0.001
respectively), reflecting a trend for improved gross motor
function with reduction in dystonia.

3.4. Predictive factors: proportion of life lived with
dystonia (PLD) and baseline motor function

No significant relationship was found between either of
the variables, PLD or baseline GMFM-88, and GMFM-88
change following DBS [PLD 1 year ry = -0.154, p = 0.253;
2 years rs = -0.079, p = 0.624; baseline GMFM88 1 year
rs = -0.202, p = 0.133; 2 years rs = -0.155, p = 0.332].

4, Discussion

Current knowledge regarding functional outcomes following
DBS in children is limited. The available literature describes
favourable responses in primary dystonias, with more modest
and highly variable responses in dystonias acquired as a result
of exogenous injury or neurodegenerative disease processes.
However, outcomes are typically reported utilising dystonia
scales that evaluate the impairment domain of the World
Health Organisation's International Classification of

Functioning, Disability and Health (ICF),*> and, with the
exception of a single case study,”® we are not aware of pub-
lished reports of gross motor function outcomes following
paediatric DBS.

This paper explores the effect of DBS on gross motor
function in childhood-onset dystonias using the GMFM-88. As
hypothesised, the majority of children with inherited mono-
genetic (previously categorised as “primary/primary-plus”)
movement disorders demonstrated gross motor improvement
following DBS, with gains consistently seen in DYT1 positive
subjects. Only one case, with LMNA gene mutation associated
with progressive neuromuscular weakness followed by onset
of a movement disorder in later childhood, exhibited decline
in gross motor skills following DBS. This decline appeared
related to progression in underlying muscle weakness, with
subjective stable improvement in dystonia and chorea. Of two
cases with KMT2B mutations, one demonstrated appreciable
gains in gross motor skills and functional mobility that was
sustained over the two year follow up, despite little change in
the BFM-M score. In the other case, the initial post-operative
course was complicated by gait freezing and worsening axial
dystonia, responsive to DBS changes. Gross motor skills sub-
sequently stabilised, though longer-term effects are unclear
due to device malfunction in the second year. The presence
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Group 1a isolated monogenetic dystonia

0.0 0.5 1.0 1.5 2.0

Time (years)
N=11, slope=-10.3, p=0.007

Group 2 acquired dystonia

T T T T T
0.0 0.5 1.0 1.5 2.0

Time (years)
N=20, slope=0.1, p=0.927

Group 1b heredodegenerative dystonia

T T T T T
0.0 0.5 1.0 1.5 2.0
Time (years)

N=14, slope=2, p=0.266

Group 3 idiopathic dystonia

0.0 0.5 1.0 15 2.0
Time (years)
N=15, slope=-6.2, p=0.017
*Case 58 later found to be GNAO1 mutation positive

Fig. 2 — Individual patient change in BFM-M at 1 and 2 years post DBS, according to aetiological subgroups.
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Fig. 3 — Relationship between baseline BFM-M and
baseline GMFM-88.

of subtle signal change in GPi evident on MRI and significant
co-morbidities commonly associated with this disorder®*
prompted some local debate as to how best to classify
KT2MB dystonia. As more is learned about this newly

identified genetic disorder, it is possible that re-classification
of these KT2MB cases will be warranted.

DBS effects in heredodegenerative disorders are particu-
larly challenging to evaluate, as temporary improvement,
stabilisation, or alteration of the profile of regression may all
reflect successful treatment. Further, carers may perceive
meaningful improvement in quality of life, without reporting
changes in the level of disability.>* As reported by others,'*>¢
this sub-group showed variable responses. At one year, four
of 15 cases (cases 13,20,22,23) demonstrated improvement
(4.9-38.5%) in GMFM-88 scores and three (cases 15,17,19)
obvious deterioration (—11.7 - 20.3%) despite neuro-
modulation. No improvement in GMFM-88 or BFM-M was seen
in the two cases with Lesch-Nyhan disease (cases 12,24),
though families perceived meaningful improvement in indi-
vidual goal areas (e.g. ease of handling during cares and
transfers, reduced self-harming behaviours). Neither child
with glutaric aciduria (cases 14,25) improved gross motor
function or dystonia severity, as measured by the BMFM-M. Of
the mitochondrial disorders, a child with Leigh disease (case
20) showed appreciable improvement in GMFM-88 scores,
sustained over two years, without change in BFM-M, while
two others (cases 16,19) continued to decline and failed to
achieve gains in individual goal areas. In one child with PKAN
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disease (case 22), a pronounced improvement in GMFM-88 &
BFM-M scores at one year, associated with return of limited
ambulation, had been lost by two years. Two others showed
progressive decline despite DBS (cases 11,15) and one
remained stable (case 18). It may be that lack of response to
DBS is attributable to disease progression and/or concomitant
impairments, such as weakness, spasticity and bradykinesia
that are often present in these disorders. It is also possible that
in some cases, despite apparently inexorable decline, DBS
may be offering meaningful symptom control that only be-
comes evident with inadvertent or planned cessation of
neuro-modulation.?”*

Overall, acquired dystonias (almost exclusively CP) failed
to demonstrate improvement in GMFM-88 (or BFM-M) scores
following DBS, though improvement is noted in some in-
dividuals. Half of the 18 dyskinetic CP cases with one-year
GMFM-88 data showed clinically meaningful positive change
in GMFM-88 scores. With reference to perceived magnitude of
change scores outlined in the GMFM-88 manual® [p21] and
detailed in the footnote' below, 2/18 cases (cases 31,45) made
“medium positive” gains, 7/18 (cases 29,33,34,35,37,41,44)
“small positive” gains, although in two of these cases the
picture changed to one of decline from baseline GMFM-88
score at the two year follow up (cases 35,37). In one of these
cases (case 35), the GMFM-88 score declined as a result of loss
of floor sitting ability following bony hip surgery occurring
between one and two years follow-up, highlighting the chal-
lenges controlling confounding factors over long term follow
up. The biggest improvement (18—27%) was seen a child with
kernicterus (case 45), which is concordant with other studies
showing favourable DBS outcomes in dystonic CP caused by
hyperbilirubinemia.***° However, 3/22 cases (cases 27,38,40)
failed to change, while six (cases 28,30,32,39,42,43) showed
“small negative” changes in GMFM-88 score. The significant
improvement in GMFM-88 at two years in the child with ac-
quired brain injury (case 26) may be attributable to ortho-
paedic correction of equinovarus feet after DBS, though
qualitative improvement in supported ambulation was
emerging before orthopaedic intervention.

The heterogeneity of the CP population, which compro-
mises a group of disorders of widely varying type, timing,
location, and extent of brain injury, and the variability in
response of CP subjects to even well-established interventions
has been highlighted as a challenge in determining effective
intervention for individual cases.*’ The basis for such indi-
vidual variation in treatment response is not yet well under-
stood. Given dystonia may be just one of multiple
impairments in these children, it may be that gross motor
response following DBS is inhibited by the influence of other
impairments including spasticity, hypotonia (potentially
unmasked following DBS), reduced selective movement con-
trol, orthopaedic deformity*” and related surgical in-
terventions, along with the effect of increasing body mass and
limb inertia without concomitant improvement in muscle
strength. Further, children with CP do not have a period of
typical motor development before the onset of motor and

T Perceived magnitude of change: Absolute GMFM-88 change
7.0-24.5% = “medium positive”; 1.3—6.9% = “small positive”;
-1.9-1.2% = “no change”; —2.0 to —7.8% = small negative”.

non-motor difficulties, and also experience a longer propor-
tion of life with dystonia than other subgroups. Disturbances
in basal ganglia anatomy may compromise lead placement,
even with the use of microelectrode recording and post-
operative MR imaging,"* resulting in technically sub-optimal
delivery of DBS.*? It is also possible that functional-
structural re-arrangement of neural networks (i.e. inade-
quate connectivity within the cerebellar-basal-ganglia-
thalamo-cortical loops** and issues with integrity of sensory
pathways compromising sensory feedback following DBS™),
and/or cellular dysmaturation,”® may confer reduced
responsiveness to DBS in this patient group, while the mo-
lecular level impact of genetic mutations on neuronal func-
tion are being increasingly recognised.*® These numerous
factors may potentially predispose to a disappointing motor
response or it may be that a longer period is required before
DBS confers gross motor function gains.

The published literature reports highly variable results for
the efficacy of DBS in dyskinetic CP, with paediatric data
largely limited to case studies and small case series.” In terms
of gross motor outcome, we identified only a single published
case study,* reporting an improvement of 37% in GMFM-88
score, though the reported score of 119 at follow up well ex-
ceeds the maximum possible GMFM-88 score of 100, raising
questions about the integrity of this data. A meta-analysis of
DBS, in predominantly adult subjects with dyskinetic CP,
found a moderate improvement in the BFM-M (23.6%) and
suggested that patients with higher preoperative BFM-M score
(>85) have a greater risk of non-response to DBS.>’ Two other
small studies,'** although not evaluating gross motor func-
tion, report statistically significant group-level BFM-M
improvement in children with CP. In contrast, like others,*’
we failed to demonstrate significant improvement in the
BFM-M score in children with acquired dystonia. It is difficult
to compare samples directly due to differences in inclusion
criteria and mixed aetiologies in our sample, though baseline
BFM-M scores highlight the severity of dystonia in our patient
group, a factor that may predispose to disappointing out-
comes. Our data does suggest, however, that expectations for
significant gross motor function change following DBS should
be tempered when goal setting for children with CP.

Results in idiopathic dystonias (group 3) are difficult to
interpret given the highly heterogeneous clinical presentation
of individuals comprising this group, and correspondingly
highly variable outcome results. Although the majority of
cases showed little change in GMFM-88 scores, a third of cases
made significant gains in gross motor function. Three cases
with additional features including cognitive impairment
(cases 52,59) and specific language impairment (case 53),
showed appreciable improvements, as did a child with juve-
nile onset dystonia parkinsonism of unknown cause (case 54).
Of two other cases with dystonia parkinsonism, one remained
stable (case 55), while the other continued to lose motor skills
(case 57). The biggest improvement in GMFM-88 scores (>54%)
was seen in case 58, who was recently found to have GNAO1
mutation, which will result in this case being re-classified to
group la for future analyses, further strengthening the DBS
effect size in the 1a group. A qualitative review of group 3 data
suggests a trend for poorer motor response in those with in-
fantile onset of dystonia, which again may relate to the lack of
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a pre-established motor repertoire and underlying dysfunc-
tion of the cortex-basal ganglia network, such that reducing
dystonia does not readily offer improved voluntary motor
function. This also potentially argues for even earlier inter-
vention with DBS in these cases, to coincide with the period
when ‘critical and sensitive windows of cerebral development
and plasticity’ are still open.*®*#%° Future diagnostic progress
will inevitably result in aetiological re-classification of some of
these individuals, though the reality in clinical practice is that
a significant proportion of cases presenting to DBS centres will
not yet have a firm aetiological diagnosis on which to base
prognostic discussions at the time of surgical goal setting.

Itis important to note that the absence of gross motor (and/
or BFM-M) improvement in some cases does not necessarily
infer lack of meaningful response, as goals related to stabili-
sation of dystonia, improvements in manual function,* care,
comfort and a range of other family-focused goal areas,’*?%°?
may still be achieved. It is also possible that, rather than the
acquisition of new gross motor skills, DBS offers improvement
in qualitative aspects of gross motor function and/or improves
consistency of motor performance in some children. Addi-
tional measures of motor performance and function may be
needed to capture such treatment effects.”?

Limitations of our study should be acknowledged. This is a
modest case series from a single centre using data collected
during routine clinical practice. The sample is highly het-
erogeneous in a number of ways, including diagnosis, extent
of brain involvement, co-morbidities, concomitant impair-
ments, as well as baseline function and dystonia severity. The
small overall and subgroup sample sizes limit the power of
the study to detect significant differences, particularly when
these are small, and precludes detailed subgroup analysis.
Conversely, the pooling of different aetiologies for the pur-
poses of analysis, and the inclusion of patients with complex
mixed impairments, make it difficult to ascertain the extent
to which individual aetiologies respond to DBS. Larger, more
homogeneous samples could be helpful to determine DBS
outcomes in specific aetiologies and better allow characteri-
sation of the patient factors that facilitate DBS outcome.
Although multi-centre collaboration is likely required to
obtain adequately powered studies, this would also introduce
further variation in terms of a greater disparity of baseline
factors, differences in operative techniques, target selection
and surgical timing, particularly given DBS surgery is limited
to children over the age of seven years in some countries.
Alternative methodology, such as N-of-1 Single Case Experi-
mental Design (SCED) studies, with multiple baselines and
follow-up points, replicated across numerous participants,
may allow us to better capture relevant changes in this
necessarily low-volume high-intensity area of clinical prac-
tice.>® Such methodology may help correct for the lack of a
comparison group not receiving DBS, which is potentially an
issue due to the inability to control for confounding variables
such as developmental maturation, allied health and surgical
inputs, and dystonia medication in the present study. Length
of follow up may also be an issue, particularly for individuals
with disorders such as dyskinetic CP, in whom no foundation
of gross motor function was developed before the onset of the
movement disorder. One small study, involving adults with
dyskinetic CP, found improvement stabilises around two

years following DBS.“’ It is therefore possible a longer time
course than used in our study is needed to adequately capture
treatment effects. The risk of observer bias presented by lack
of assessor blinding in this study is ameliorated somewhat by
the use of a criterion-referenced assessment where “hands-
on” assistance is prohibited. Reliability and validity of the
GMFM-88 have been established for both CP and non-CP di-
agnoses.” The extent to which the GMFM-88 is reliable and
sensitive to change in children with dystonic movement
disorders is unknown, with day-to-day performance vari-
ability potentially creating “noise” that may mask treatment
effects in these disorders. This presents another argument
for N-of-1 SCED case series, allowing a mean baseline to be
established at multiple time points before the intervention,
and compared with a mean outcome at multiple clustered
time-points following DBS. The GMFM-88 was utilised in this
paper to allow comparison of results across a cohort of mixed
aetiologies. It could be argued that the GMFM-66 would be
preferable for the evaluation of CP cases, given its stronger
psychometric properties.’® However, the GMFM-66 is known
to have significant floor effect in children with low motor
ability, and to therefore be less useful when scoring children
of low motor ability.* Given 16 of our 19 CP cases were
GMECS IV/V, the GMFM-88 is likely to be a more sensitive
measure and more relevant for the cohort of children
examined in this paper. We encountered issues with patients
with both low and higher gross motor function capacity,
presenting the potential for underestimation of DBS effects.
The omission of cases unable to complete GMFM-88 at base-
line means any subsequent improvement is not captured,
while those with high baseline GMFM-88 test scores have
little scope to improve following DBS. This has led to a change
in our surgical assessment practice over time, with the
GMFM-88 now largely reserved for children functioning at
GMECS level II-IV equivalent at baseline. This is on the basis
that goals for DBS intervention in children at GMFCS levels I
and V equivalent are unlikely to relate to improving founda-
tional gross motor skills, and recognises ceiling/floor effect
difficulties when applying the GMFM-88 to children at each
end of the functional spectrum. Finally, rater reliability was
not formally evaluated, with data gathered as part of routine
clinical care and multiple raters inevitably involved over the
course of long term follow up. Although formal training in the
GMFM-88 is not a requirement for test use, the majority of
assessments were conducted by the primary author (KT),
who had formal GMFM training and more than five years
experience utilising the GMFM clinically prior to involvement
in the DBS program, with local criterion testing re-confirmed
in 2005. One other rater (HG) received GMFM training before
commencing data collection. Three other raters, new to the
service, received on the job training and supervision in GMFM
implementation and scoring, two passing local criterion
testing. For one rater, data was excluded for three individual
testing sessions due to erroneous scoring and data collection
for the project was stopped in the interests of ensuring data
integrity. Despite these limitations, in the complete absence
of literature addressing this specific area, and in light of an
emerging international focus on DBS in children with CP,”>*
we believe these results will be of interest to clinicians in
the field.
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In conclusion, this preliminary study suggests gross motor
response to DBS is similar in profile to literature reporting
results using impairment-based dystonia rating scales. More
consistent improvements were seen in inherited monogenetic
(“primary”) movement disorders, while highly variable, often
disappointing, gross motor responses were found in acquired,
heredodegenerative, and idiopathic dystonias.

Although aetiology is an important explanatory variable,
greater knowledge is needed about the patient and interven-
tion factors that may influence individual patient outcome
and elucidate why DBS outcomes differ across individuals,
particularly in children with acquired and heredodegenerative
dystonias where patient selection and treatment efficacy
remain topics of considerable debate.

Multiple research methodologies are needed to compre-
hensively characterise patients, intervention parameters,
and outcomes over time, while cross-centre agreement on
common data sets and data sharing arrangements would
allow both larger, more homogeneous samples and meta-
analysis of treatment outcomes.*! Given individual hetero-
geneity of response, single case experimental design (SCED)
research models may well be necessary to capture the extent
to which DBS stabilises motor variability and alters underly-
ing motor capacity, particularly in children with acquired
dystonia. Future studies need to carefully consider factors
such as the wide diversity in baseline motor capacity, indi-
vidualised goal areas, and prognosis for response, carefully
selecting measures that are relevant to the individual. Goal
areas and objective measures are expected to differ appre-
ciably, depending on baseline functional state and aetiology/
prognosis, while the same increment of change may have
very different impact in different individuals.*! Further psy-
chometric work is required to ensure measures are accurate,
reliable and responsive to clinically important change when
applied to paediatric movement disorders.”> Nonetheless,
until such information is available, we hope these pre-
liminary results will be of interest to clinicians attempting to
negotiate realistic goals for DBS neuromodulation in child-
hood dystonias.

Markus C. Elze is an employee of and owns stock in F.
Hoffmann-La Roche AG. This research is the result of an in-
dependent academic collaboration and the views expressed
are those of the author's and not necessarily those of F.
Hoffmann-La Roche AG.

Hortensia Gimeno is funded by a National Institute for
Health Research Clinical Doctoral Research Fellowship (CDRF-
2013-04-039). This paper represents independent research part
funded by the National Institute for Health Research. The views
expressed are those of the authors and not necessarily those of
the NHS, the NIHR or the Department of Health and Social Care.

Dr Jean-Pierre Lin has acted as a consultant for Medtronic
Ltd. J-PL has held grants from the Guy’s and St Thomas
Charity New Services and Innovation Grant G060708, the
Dystonia Society UK Grants 01/2011 and 09/2013, and Action
Medical Research GN2097.

Conflict of interest

None declared.

Acknowledgements

Thanks must go to the many families and young people who
entrust us with their care, and who participate in the exten-
sive CMDS evaluation process. Thanks also go to the
numerous clinicians and support staff who work across the
Complex Motor Disorders Service and Kings College Hospital
surgical collaboration.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejpn.2019.02.005.

REFERENCES

Disclosures

No external agencies had any involvement in study design,
data collection, data analysis, manuscript preparation, or
publication decisions. This work did not receive any specific
grant from funding agencies in the public, commercial, or not-
for-profit sectors. The Complex Motor Disorders Service was
established with the support of a Guy's and St Thomas' Charity
New Services and Innovation Grant (G060708).

The Complex Motor Disorders Service has benefitted from
unrestricted educational grants by Medtronic Ltd to present
work at international conferences. Guys and St Thomas’ NHS
Trust provided Kylee Tustin with educational funding sup-
port to allow this work to be presented at an international
conference.

Kylee Tustin, Dr Daniel Lumsden and Dr Margaret
Kaminska report no conflicts of interest in relation to this
publication.

1. Mink JW. Special concerns in defining, studying, and treating
dystonia in children. Mov Disord 2013;28(7):921—5. https://doi.
0rg/10.1002/mds.25548.

2. Roubertie A, Rivier F, Humbertclaude V, Tuffery S, Cavalier L,
Cheminal R, et al. The varied etiologies of childhood-onset
dystonia. Rev Neurol 2002;158(4):413—24.

3. Fahn S, Bressman S, Marsden CD. Classification of dystonia.
Philadelphia: Lipponcot-Raven; 1998.

4. Lin J-P, Lumsden DE, Gimeno H, Kaminska M. The impact and
prognosis for dystonia in childhood including dystonic
cerebral palsy: a clinical and demographic tertiary cohort
study. ] Neurol Neurosurg Psychiatr 2014. https://doi.org/10.
1136/jnnp-2013-307041.

5. Roubertie A, Mariani LL, Fernandez-Alvarez E, Doummar D,
Roze E. Treatment for dystonia in childhood. Eur ] Neurol
2012;19(10):1292—-9. https://doi.org/10.1111/j.1468-1331.2011.
03649.x.

6. Capelle H-H, Krauss JK. Neuromodulation in Dystonia:
Current Aspects of Deep Brain Stimulation. Neuromodulat


https://doi.org/10.1016/j.ejpn.2019.02.005
https://doi.org/10.1002/mds.25548
https://doi.org/10.1002/mds.25548
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref2
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref2
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref2
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref2
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref3
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref3
https://doi.org/10.1136/jnnp-2013-307041
https://doi.org/10.1136/jnnp-2013-307041
https://doi.org/10.1111/j.1468-1331.2011.03649.x
https://doi.org/10.1111/j.1468-1331.2011.03649.x
https://doi.org/10.1016/j.ejpn.2019.02.005
https://doi.org/10.1016/j.ejpn.2019.02.005

482

EUROPEAN JOURNAL OF PAEDIATRIC NEUROLOGY 23 (2019) 473—483

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Technol Neur Interf 2009;12(1):8—21. https://doi.org/10.1111/j.
1525-1403.2009.00183.x.

. Koy A, Timmermann L. Deep brain stimulation in cerebral

palsy: Challenges and opportunities. Eur ] Paediatr Neurol
2017;21(1):118—21. https://doi.org/10.1016/j.ejpn.2016.05.015.

. Karas PJ, Mikell CB, Christian E, Liker MA, Sheth SA. Deep

brain stimulation: a mechanistic and clinical update.
Neurosurg Focus 2013;35(5):E1.

. Vidailhet M, Jutras M-F, Grabli D, Roze E. Deep brain

stimulation for dystonia. ] Neurol Neurosurg Psychiatr
2013;84(9):1029—42. https://doi.org/10.1136/jnnp-2011-301714.
Andrews C, Aviles-Olmos I, Hariz M, Foltynie T. Which
patients with dystonia benefit from deep brain stimulation? A
metaregression of individual patient outcomes. ] Neurol
Neurosurg Psychiatr 2010;81(12):1383—9. https://doi.org/10.
1136/jnnp.2010.207993.

Speelman JD, Contarino MF, Schuurman PR, Tijssen MAJ, De
Bie RMA. Deep brain stimulation for dystonia: patient
selection and outcomes. Eur ] Neurol 2010;17:102—6. https://
doi.org/10.1111/j.1468-1331.2010.03060.x.

Lumsden DE, Kaminska M, Gimeno H, Tustin K, Baker L,
Perides S, et al. Proportion of life lived with dystonia inversely
correlates with response to pallidal deep brain stimulation in
both primary and secondary childhood dystonia. Dev Med
Child Neurol 2013;55(6):567—74. https://doi.org/10.1111/dmcn.
12117.

Marks WA, Honeycutt ], Acosta F, Reed M, Bailey L,

Pomykal A, et al. Dystonia due to cerebral palsy responds to
deep brain stimulation of the globus pallidus internus. Mov
Disord 2011;26(9):1748—51. https://doi.org/10.1002/mds.23723.
McClelland VM, Fialho D, Flexney-Briscoe D, Holder GE,

Elze MC, Gimeno H, et al. Somatosensory Evoked Potentials
and Central Motor Conduction Times in children with
dystonia and their correlation with outcomes from Deep
Brain Stimulation of the Globus pallidus internus. Clin
Neurophysiol 2018;129(2):473—86. https://doi.org/10.1016/j.
clinph.2017.11.017.

Vidailhet M, Yelnik ], Lagrange C, Fraix V, Grabli D, Thobois S,
et al. Bilateral pallidal deep brain stimulation for the
treatment of patients with dystonia-choreoathetosis cerebral
palsy: a prospective pilot study. Lancet Neurol 2009;8(8):9.
https://doi.org/10.1016/S1474-4422(09)70151-6.

Vos RC, Becher JG, Ketelaar M, Smits D-W, Voorman JM,

Tan SS, et al. Developmental trajectories of daily activities in
children and adolescents with cerebral palsy. Pediatrics
2013;132(4):e915-23. https://doi.org/10.1542/peds.2013-0499.
Ostensjo S, Carlberg E, Vollestad N. Motor impairments in
young children with cerebral palsy: relationship to gross
motor function and everyday activities. Dev Med Child Neurol
2004;46:580—9. https://doi.org/10.1017/50012162204000994.
Gimeno H, Gordon A, Tustin K, Lin J-P. Functional priorities in
daily life for children and young people with dystonic
movement disorders and their families. Eur ] Paediatr Neurol
2013;17(2):8. https://doi.org/10.1016/j.ejpn.2012.07.007.
Russell DJ, Rosenbaum PL, Wright M, Avery LM. In: Gross
Motor Function Measure (GMFM-66 and GMFM-88) User's Manual.
2nd ed. Ontario, Canada: Mac Keith Press; 2013.

McClelland V, Mills K, Siddiqui ATA, Selway R, Lin J-P. Central
motor conduction studies and diagnostic magnetic resonance
imaging in children with severe primary and secondary
dystonia. Dev Med Child Neurol 2011;53(8):757—63. https://doi.
0rg/10.1111/j.1469-8749.2011.03981.x.

Lumsden D, Ashmore J, Charles-Edwards G, Lin J-P, Ashkan K,
Selway R. Accuracy of stimulating electrode placement in
paediatric pallidal deep brain stimulation for primary and
secondary dystonia. Acta Neurochir 2013;155(5):823—36.
https://doi.org/10.1007/s00701-013-1629-9.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Koy A, Weinsheimer M, Pauls KAM, Kiihn AA, Krause P,
Huebl J, et al. German registry of paediatric deep brain
stimulation in patients with childhood-onset dystonia
(GEPESTIM). Eur ] Paediatr Neurol 2017;21(1):136—46. https://
doi.org/10.1016/j.ejpn.2016.05.023.

Albanese A, Bhatia K, Bressman SB, DeLong MR, Fahn S,
Fung VFC, Hallet M, Jankovic J, Jinnah HA, Klein C, Lang AE,
Mink JW, Teller JK. Phenomenology and classification of
dystonia: A consensus update. Mouv Disord 2013;28(7):863—73.
https://doi.org/10.1002/mds.25475.

Geyer HL, Bressman SB. The diagnosis of dystonia. Lancet
Neurol 2006;5(9):780—90.

Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH. Content
validity of the expanded and revised Gross Motor Function
Classification System. Dev Med Child Neurol 2008;50(10):744—50.
https://doi.org/10.1111/j.1469-8749.2008.03089.x.

Elze MC, Gimeno H, Tustin K, Baker L, Lumsden DE, Hutton JL,
Lin J-P. Burke—Fahn—Marsden dystonia severity, Gross Motor,
Manual Ability, and Communication Function Classification
scales in childhood hyperkinetic movement disorders
including cerebral palsy: a ‘Rosetta Stone’ study. Dev Med
Child Neurol 2016;58(2):145—53. https://doi.org/10.1111/dmcn.
12965.

Burke RE, Fahn S, Marsden CD, Bressman SB, Moskowitz C,
Friedman J. Validity and reliability of a rating scale for the
primary torsion dystonias. Neurology 1985;35(1):73. https://
doi.org/10.1212/WNL.35.1.73.

Gimeno H, Tustin K, Lumsden D, Ashkan K, Selway R, Lin J-P.
Evaluation of functional goal outcomes using the Canadian
Occupational Performance Measure (COPM) following Deep
Brain Stimulation (DBS) in childhood dystonia. Eur ] Paediatr
Neurol 2014;18(3):308—16. https://doi.org/10.1016/j.ejpn.2013.
12.010.

Koy A, Hellmich M, Pauls KAM, Marks W, Lin J-P, Fricke O,
et al. Effects of deep brain stimulation in dyskinetic cerebral
palsy: A meta-analysis. Mov Disord 2013;28(5):647—54. https://
doi.org/10.1002/mds.25339.

Barnett AG, van der Pols JC, Dobson A]. Regression to the
mean: what it is and how to deal with it. Int ] Epidemiol
2005;34(1):215—20. https://doi.org/10.1093/ije/dyh299.

Gill JS, Beevers DG, Zezulka AV, Davies P. Relation between
initial blood pressure and its fall with treatment. Lancet
1985;325(8428):567—9. https://doi.org/10.1016/50140-6736(85)
91219-X.

WHO. ICIDH-2: International Classification of Functioning,
disability, and health. 2001 [4.2.12]; Available from: www.who.
int/classification/icf.

Petacchi E, Armellin MT, Facchin D, Gubernale M, Moret O,
Buffoni M, et al. The dystonic child treated with deep brain
stimulation: ICF reading of a high-tech approach. Disabil
Rehabil 2009;31(s1):5159—69. https://doi.org/10.3109/
09638280903317849.

Meyer E, Carss K]J, Rankin J, Nichols JME, Grozeva D,

Joseph AP, et al. Mutations in the histone methyltransferase
gene KMT2B cause complex early-onset dystonia. Nat Genet
2016;49:223.

Timmermann L, Pauls KAM, Wieland K, Jech R, Kurlemann G,
Sharma N, et al. Dystonia in neurodegeneration with brain
iron accumulation: outcome of bilateral pallidal stimulation.
Brain 2010;133(3):701—-12. https://doi.org/10.1093/brain/
awq022.

Air EL, Ostrem JL, Sanger TD, Starr PA. Deep brain stimulation
in children: experience and technical pearls. ] Neurosurg
Pediatr 2011;8(6):566—74.

Lumsden D, Kaminska M, Tustin K, Gimeno H, Baker L,
Ashkan K, et al. Battery life following pallidal deep brain
stimulation (DBS) in children and young people with severe


https://doi.org/10.1111/j.1525-1403.2009.00183.x
https://doi.org/10.1111/j.1525-1403.2009.00183.x
https://doi.org/10.1016/j.ejpn.2016.05.015
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref8
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref8
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref8
https://doi.org/10.1136/jnnp-2011-301714
https://doi.org/10.1136/jnnp.2010.207993
https://doi.org/10.1136/jnnp.2010.207993
https://doi.org/10.1111/j.1468-1331.2010.03060.x
https://doi.org/10.1111/j.1468-1331.2010.03060.x
https://doi.org/10.1111/dmcn.12117
https://doi.org/10.1111/dmcn.12117
https://doi.org/10.1002/mds.23723
https://doi.org/10.1016/j.clinph.2017.11.017
https://doi.org/10.1016/j.clinph.2017.11.017
https://doi.org/10.1016/S1474-4422(09)70151-6
https://doi.org/10.1542/peds.2013-0499
https://doi.org/10.1017/S0012162204000994
https://doi.org/10.1016/j.ejpn.2012.07.007
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref19
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref19
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref19
https://doi.org/10.1111/j.1469-8749.2011.03981.x
https://doi.org/10.1111/j.1469-8749.2011.03981.x
https://doi.org/10.1007/s00701-013-1629-9
https://doi.org/10.1016/j.ejpn.2016.05.023
https://doi.org/10.1016/j.ejpn.2016.05.023
https://doi.org/10.1002/mds.25475
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref24
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref24
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref24
https://doi.org/10.1111/j.1469-8749.2008.03089.x
https://doi.org/10.1111/dmcn.12965
https://doi.org/10.1111/dmcn.12965
https://doi.org/10.1212/WNL.35.1.73
https://doi.org/10.1212/WNL.35.1.73
https://doi.org/10.1016/j.ejpn.2013.12.010
https://doi.org/10.1016/j.ejpn.2013.12.010
https://doi.org/10.1002/mds.25339
https://doi.org/10.1002/mds.25339
https://doi.org/10.1093/ije/dyh299
https://doi.org/10.1016/S0140-6736(85)91219-X
https://doi.org/10.1016/S0140-6736(85)91219-X
http://www.who.int/classification/icf
http://www.who.int/classification/icf
https://doi.org/10.3109/09638280903317849
https://doi.org/10.3109/09638280903317849
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref34
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref34
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref34
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref34
https://doi.org/10.1093/brain/awq022
https://doi.org/10.1093/brain/awq022
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref36
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref36
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref36
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref36
https://doi.org/10.1016/j.ejpn.2019.02.005
https://doi.org/10.1016/j.ejpn.2019.02.005

EUROPEAN JOURNAL OF PAEDIATRIC NEUROLOGY 23 (2019) 473—483

483

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

primary and secondary dystonia. Childs Nerv Syst
2012;28(7):1091—7. https://doi.org/10.1007/s00381-012-1728-6.
Lin J-P, Kaminska M, Perides S, Gimeno H, Baker L,
Lumsden DE, et al. Bilateral globus pallidus internus deep
brain stimulation for dyskinetic cerebral palsy supports
success of cochlear implantation in a 5-year old ex-24 week
preterm twin with absent cerebellar hemispheres. Eur J
Paediatr Neurol 2017;21(1):202—13. https://doi.org/10.1016/j.
€jpn.2016.11.017.

Keen JR, Przekop A, Olaya JE, Zouros A, Hsu FPK. Deep brain
stimulation for the treatment of childhood dystonic cerebral
palsy. ] Neurosurg Pediatr 2014;14(6):585—93.

Romito L, Zorzi G, Marras CE, Franzini A, Nardocci A,
Albanese A. Pallidal stimulation for acquired dystonia due to
cerebral palsy - beyond 5 years. Eur ] Neurol 2015;22(3).
426—e32, https://doi.org/10.1111/ene.12596.

Damiano DL. Meaningfulness of mean group results for
determining the optimal motor rehabilitation program for an
individual child with cerebral palsy. Dev Med Child Neurol
2014;56(12):1141—6. https://doi.org/10.1111/dmcn.12505.
Lumsden DE, Gimeno H, Elze M, Tustin K, Kaminska M, Lin J-
P. Progression to musculoskeletal deformity in childhood
dystonia. Eur ] Paediatr Neurol 2016;20(3):339—45. https://doi.
org/10.1016/j.ejpn.2016.02.006.

Kaminska M, Perides S, Lumsden DE, Nakou V, Selway R,
Ashkan K, et al. Complications of Deep Brain Stimulation
(DBS) for dystonia in children — The challenges and 10 year
experience in a large paediatric cohort. Eur J Paediatr Neurol
2017;21(1):168—75. https://doi.org/10.1016/j.ejpn.2016.07.024.
Lumsden DE, McClelland V, Ashmore J, Charles-Edwards G,
Mills K, Lin J-P. Central Motor Conduction Time and Diffusion
Tensor Imaging metrics in children with complex motor
disorders. Clin Neurophysiol 2015;126(1):140—6. https://doi.org/
10.1016/j.clinph.2014.04.005.

Back SA, Miller S. Brain injury in premature neonates: A
primary cerebral dysmaturation disorder? Ann Neurol
2014;75(4):469—86. https://doi.org/10.1002/ana.24132.

Fahey MC, Maclennan A, Kretzschmar D, Gecz J, Kruer MC.
The genetic basis of cerebral palsy. Dev Med Child Neurol
2017;59(5):462—9. https://doi.org/10.1111/dmcn.13363.

Olaya JE, Christian E, Ferman D, Luc Q, Krieger MD, Sanger TD,
et al. Deep brain stimulation in children and young adults

48.

49.

50.

51.

52.

53.

54.

55.

with secondary dystonia: the Children's Hospital Los Angeles
experience. Neurosurg Focus 2013;35(5):E7.

Ismail FY, Fatemi A, Johnston MV. Cerebral plasticity:
Windows of opportunity in the developing brain. Eur ] Paediatr
Neurol 2017;21(1):23—48. https://doi.org/10.1016/j.ejpn.2016.
07.007.

Hudson VE, Elniel A, Ughratdar I, Zebian B, Selway R, Lin JP.
A comparative historical and demographic study of the
neuromodulation management techniques of deep brain
stimulation for dystonia and cochlear implantation for
sensorineural deafness in children. Eur J Paediatr Neurol
2017;21(1):122—35. https://doi.org/10.1016/j.ejpn.2016.07.
018.

Gimeno H, Lumsden D, Gordon A, Tustin K, Ashkan K,
Selway R, et al. Improvement in upper limb function in
children with dystonia following deep brain stimulation. Eur J
Paediatr Neurol 2013;17(4):353—60. https://doi.org/10.1016/j.
ejpn.2012.12.007.

Gimeno H, Tustin K, Selway R, Lin J-P. Beyond the
Burke—Fahn—Marsden Dystonia Rating Scale: Deep brain
stimulation in childhood secondary dystonia. Eur ] Paediatr
Neurol 2012;16(5):501—8. https://doi.org/10.1016/j.ejpn.2011.
12.014.

Tustin K, Gimeno H, Morton E, Marsden J. Rater reliability and
scoring duration of the Quality Function Measure in
ambulant children with hyperkinetic movement disorders.
Dev Med Child Neurol 2016;58(8):822—8. https://doi.org/10.1111/
dmcn.13081.

Gimeno H, Polatajko HJ, Cornelius V, Lin J-P, Brown RG.
Protocol for N-of-1 trials proof of concept for rehabilitation of
childhood-onset dystonia: Study 1. Can J Occup Ther
2018;85(3):242—54. https://doi.org/10.1177%
2F0008417417707532.

Alotaibi M, Long T, Kennedy E, Bavishi S. The efficacy of
GMFM-88 and GMFM-66 to detect changes in gross motor
function in children with cerebral palsy (CP): a literature
review. Disabil Rehabil 2014;36(8):617—27. https://doi.org/10.
3109/09638288.2013.805820.

Rosenbaum P. Deep brain stimulation in cerebral palsy: an
opportunity for collaborative research. Dev Med Child Neurol
2013;55(7):584—5. https://doi.org/10.1111/dmcn.12175.


https://doi.org/10.1007/s00381-012-1728-6
https://doi.org/10.1016/j.ejpn.2016.11.017
https://doi.org/10.1016/j.ejpn.2016.11.017
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref39
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref39
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref39
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref39
https://doi.org/10.1111/ene.12596
https://doi.org/10.1111/dmcn.12505
https://doi.org/10.1016/j.ejpn.2016.02.006
https://doi.org/10.1016/j.ejpn.2016.02.006
https://doi.org/10.1016/j.ejpn.2016.07.024
https://doi.org/10.1016/j.clinph.2014.04.005
https://doi.org/10.1016/j.clinph.2014.04.005
https://doi.org/10.1002/ana.24132
https://doi.org/10.1111/dmcn.13363
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref47
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref47
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref47
http://refhub.elsevier.com/S1090-3798(18)30471-9/sref47
https://doi.org/10.1016/j.ejpn.2016.07.007
https://doi.org/10.1016/j.ejpn.2016.07.007
https://doi.org/10.1016/j.ejpn.2016.07.018
https://doi.org/10.1016/j.ejpn.2016.07.018
https://doi.org/10.1016/j.ejpn.2012.12.007
https://doi.org/10.1016/j.ejpn.2012.12.007
https://doi.org/10.1016/j.ejpn.2011.12.014
https://doi.org/10.1016/j.ejpn.2011.12.014
https://doi.org/10.1111/dmcn.13081
https://doi.org/10.1111/dmcn.13081
https://doi.org/10.1177%252F0008417417707532
https://doi.org/10.1177%252F0008417417707532
https://doi.org/10.3109/09638288.2013.805820
https://doi.org/10.3109/09638288.2013.805820
https://doi.org/10.1111/dmcn.12175
https://doi.org/10.1016/j.ejpn.2019.02.005
https://doi.org/10.1016/j.ejpn.2019.02.005

	Gross motor function outcomes following deep brain stimulation for childhood-onset dystonia: A descriptive report
	1. Introduction
	2. Method
	2.1. Participants
	2.2. Procedure
	2.3. Aetiology and severity classification
	2.4. Outcome measures
	2.5. Statistical methods

	3. Results
	3.1. Descriptive results
	3.2. Differences between baseline and post DBS implantation
	3.3. Association between dystonia and gross motor function
	3.4. Predictive factors: proportion of life lived with dystonia (PLD) and baseline motor function

	4. Discussion
	Disclosures
	Conflict of interest
	Acknowledgements
	Appendix A. Supplementary data
	References


