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Abstract

Introduction Pantothenate kinase-associated neurodegeneration (PKAN) is a rare autosomal recessive disorder with a pro-
gressive clinical course. In addition to symptomatic therapy, DBS has been increasingly recognized as a potential therapeutic
strategy, especially in severe cases. Therefore, we wanted to report our experience regarding benefits of DBS in five PKAN
cases in 3-year follow-up study.

Methods Five genetically confirmed PKAN patients from Serbia underwent GPi-DBS. To assess clinical outcome, we
reviewed medical charts and applied: Schwab and England Activities of Daily Living Scale (S&E), EQ-5D questionnaire for
quality of life, Patient Global Impression of Improvement (GPI-I), Functional Independence Measure (FIM), Burke—Fahn—
Marsden Dystonia Rating Scale (BFMDRS), Barry Albright Dystonia Scale (BAD). Patients were evaluated in five visits:
at the disease onset, 5 years after the onset, before surgery, 6 months and 14—36 months after the surgery. Improvement of
20% was accepted as significant.

Results Overall, dystonia significantly improved after GPi-DBS at 6 and 14-36 months postoperatively, when assessed by
the BFMDRS and BAD. However, two patients failed to improve considerably. Four patients reported improvement on GPI-I,
while one remained unchanged. Three patients reported significant improvement, when assessed with S&E and FIM. EQ-5D
showed the most prominent improvement in the domains of mobility and pain/discomfort.

Conclusion Three out of our five patients experienced beneficial effects of the GPi-DBS, in up to 36 months follow-up.
Two patients who had not reached significant improvement had longer disease duration; therefore, it might be reasonable to
recommend GPi-DBS as soon as dystonia became disabling.
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Introduction Typical PKAN (presents at age < 6 years) has a progres-

sive course (patient is wheelchair-bound within a few years),

The most common form of the neurodegeneration with brain
iron accumulation (NBIA), accounting for approximately
50% of cases, is pantothenate kinase-associated neurode-
generation (PKAN) [1]. This rare, recessively inherited dis-
order is caused by mutations in the pantothenate kinase 2
(PANK?2) gene, which encodes a mitochondrial pantothenate
kinase, an essential regulatory enzyme in the biosynthesis
of coenzyme A [2]. PKAN can be distinguished from other
forms of the NBIA by the characteristic “eye of the tiger”
sign on brain MRI [2].
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with dystonia as an early manifestation, with subsequent
generalization and affection of cranial, limb and trunk mus-
cles. Almost 90% of affected children are presented with gait
difficulty, followed by generalized pyramidal and extrapy-
ramidal features, neuropsychiatric involvement and visual
disturbances [1, 3].

Atypical PKAN presents later and progresses more
slowly, with less pronounced motor involvement including
dystonia, while cognitive decline and psychiatric features
may be prominent [4]. Majority of milestones which may
significantly influence functional abilities and quality of life
in these patients appeared in the first 5 years of the disease,
followed by a long-lasting period of slower progression [4].
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Existing pharmacological treatments have not been satis-
factory [2, 5, 6]. Several groups have recently applied deep
brain stimulation (DBS) [7-14] in the treatment of PKAN
patients, with heterogeneous responses [15, 16]. Still, DBS
has been suggested in severe and resistant cases [17].

The aim of this study was to report five PKAN patients
who underwent DBS and were followed for 3 years.

Patients and methods

The study comprised five genetically proven patients with
NBIA-PKAN recruited at the Movement Disorders Depart-
ment, Clinic of Neurology (Belgrade, Serbia) from 1990
until 2017. In all of them, DBS was performed due to severe
generalized, pharmacologically unresponsive dystonia.
Before the surgery, they were regularly clinically screened
(approximately every 6 months) from the initial stages of the
disease (VSK, MS). They were clinically diagnosed based
on the presence of (i) the progressive course; (ii) at least
one of: dystonia, rigidity, tremor, bradykinesia, choreoathe-
tosis; and (iii) the presence of abnormal MRI with hyper-
intensity of the pallidum on T1 images and hypointensity

Table 1 Clinical and demographic data of five PKAN patients

on T2 images (“eye of the tiger” sign) [18]. The diagnosis
was finally confirmed by genetic testing of the PANK?2 gene
mutation (Table 1) [2].

The study was approved by the Institutional Review
Board of the Clinic of Neurology and all patients gave
informed consent.

Upon recruitment, medical charts were reviewed and
detailed interview was obtained on demographic and clini-
cal features in each patient. Clinical data were acquired in
five consecutive visits: (V1) initial examination at the onset
of symptoms (V2) 5 years after disease onset (V3) preopera-
tive examination (V4) 6 months, and (V5) 14-36 months
after the surgery. The following scales were used: (1) the
Schwab and England Activities of Daily Living Scale (S&E)
[19]; (2) quality of life was assessed by the five-dimensional
EQ-5D (mobility, self-care, usual activities, pain/discomfort
and anxiety/depression) [20] (3) the Patient Global Impres-
sion of Improvement (GPI-I); ranged from one, as the high-
est possible level of satisfaction with an intervention, to
seven for the highest level of deterioration [21]; and (4) the
Functional Independence Measure (18 items arranged in
domains: self-care, sphincter control, transfers, locomotion,
communication and social cognition) defined the patient’s

Patient zC UP VK NP DB
Gender F M F M F
Age (years) 26 22 41 35 44
Age at onset (years) 10 7 13 18 20
Age at diagnosis (years) 15 10 13 18 20
Disease duration (years) 16 15 28 17 24
Age at surgery (years) 24 20 40 33 43
Mutation c.1583C>T, p.T528M/  ¢.1583C>T, p.T528M/  ¢.1583C>T, p.TS28M/  ¢.1583C>T, c.1583C>T,
c.1418_1424 del, c.1418_1424 del,p. c.1418_1424 del,p. p-T528M p-T528M
p-N474X N474X N474X homozygous homozygous
Initial symptoms Dystonia (arms) OMD OMD, dystonia (arms) OMD Dystonia (legs)
Left electrode (position ~ S1=18.3 S1=18.8 S1=19.6 S1=19.6
of contact 0) Fa=1.6 Fa=1.5 Fa=2.7 Fa=34
Hv=4.0 Hv=3.5 Hv=3.1 Hv=34
Left DBS parameters 0-,C+ 0—,C+ 0—,C+ 0—,C+7 0—,C+
(Active contacts, current ¢ 7 mA 6.2 mA 5.6 mA 8.5 mA 6.1 mA
stimulation (mA), pulse 71( us 210 ps 120 ps 125 ps
width (us), frequency 130 Hz 130 Hz 130 Hz 130 Hz
(Hz)
Right electrode (position S1=19.0 S1=21.0 S1=19.6 S1=19.0
of contact 0) Fa=1.7 Fa=2.5 Fa=2.3 Fa=3.2
Hv=4.7 Hv=42 Hv=5.2 Hv=32
Right DBS parameters 8§—,C+ 9—,C+ 10—,C+ 8—,C+ 8§—,C+
(Active contacts, current 6.7 mA 6.0 mA 5.3 mA 5.2 mA 6.0 mA
stimulation (mA), pulse 210 ps 210 ps 120 ps 125 ps
width (us), frequency 130 Hz 130 Hz 130 Hz 130 Hz

(Hz)

OMD oromandibular dystonia, Sl distance (mm) from midline, Fa distance (mm) anterior to midpoint (midpoint=1/2 of AC-PC line), Hv dis-
tance (mm) below AC-PC line
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physical, psychological and social functional status accord-
ing to the categories ranging from total independence to total
assistance [22].

Dystonic features in all pointed testings have been
assessed by the Burke—Fahn-Marsden Dystonia Rat-
ing Scale (BFMDRS), composed of two subscales
[Burke-Fahn—Marsden Movement Scale (BFMDRS-M) and
Burke-Fahn—Marsden Disability Scale (BFMDRS-D)] [23],
and Barry Albright Dystonia Scale (BAD) [24] that evalu-
ated eight body regions separately (total score ranging from
0 to 30). Improvement of 20% was accepted as significant
according to previous recommendation [25].

Individual patient characteristics
Patient Z€

Generalized dystonia (GD) with prominent oromandibular
dystonia (OMD) (progression in the first 5 years after onset),
postural instability; anxiety and obsessive—compulsive dis-
orders (OCD); gradual worsening: wheelchair bound at the
age of 20.

Patient UP

GD (extremities, trunk, neck—in the first 5 years after onset)
particularly affecting gait (left leg); speech and swallow-
ing slightly compromised; wheelchair-bound at the age of
15 and bedridden 2 years later with dystonic contractures
and deformities, prolonged blepharospasm (BF) and global
hypotrophy; dystonic storm which required hospitalization
and coma induction prior surgery; sporadic compulsive
actions progressed to OCD.

Patient VK

During a course of 20 years, GD (arms, legs, trunk, OMD)
completely disabled gait and speech; completely dependent
in daily activities; depression.

Patient NP

OMD progressed to generalized (neck, trunk, legs, arms),
with BF, involuntary tongue protrusions, speech difficulties
and occasional chocking (progression in the first 5 years after
onset); in the following 10 years unable to walk, prolonged
tonic BF; dystonic storm with opisthotonus; depression.

Patient DB
In the first 5 years dystonia extended to her trunk and neck

(extreme retrocollis) and caused grave posture instabil-
ity with frequent falls; OMD with still comprehensible

@ Springer

speech and dysphagia; anxiety and aggressivity; com-
pletely dependent in ADLs and unable to walk unattended.

Surgical procedure

Implantation of the DBS system in four patients (ZC, UP,
VK, DB) was performed at the Na Homolce Hospital in
Prague, Czech Republic during one surgery under propofol
anesthesia without muscle relaxants. Leksell frame and
SurgiPlan Software system (Elekta, Stockholm, Sweden)
were employed in stereotactic procedure and pre-surgical
planning was based on 1.5 T MRI using previously pub-
lished targeting procedure [26]. Microrecording with three
tungsten microelectrodes spaced 2-mm apart in medio-lat-
eral direction with the central microelectrode intentionally
targeted to the posteroventral part of the globus pallidus
internus (GPi) was used to improve navigation. Periop-
erative stimulation was then carried out to confirm that
no tetanic cramps or dystonia was induced with common
stimulation parameters. Exploratory electrode was sub-
sequently replaced by a permanent electrode (type 3389,
Medtronic, Minneapolis, MN). Immediately after the pro-
cedure, the position of the permanent electrode of each
hemisphere was verified by two orthogonal X-ray images
co-registered with presurgical MRI plan. Final positions
are given in Table 1. No dislocation higher than 1 mm was
found in any patient. Finally, implantation of extension
cables and rechargeable internal pulse generator Activa
RC (Medtronic, Minneapolis, MN) was implanted to sub-
clavial region. The bilateral GPi-DBS using the current
mode was initiated within one week after surgery starting
with the distalmost contact of the quadripolar electrode.

Patient NP, who was regularly followed by our group,
was operated in Vienna (his parents decided to organ-
ize the surgery by their own) and we do not have precise
details regarding his surgical procedure.

Statistical analysis

Descriptive statistics were used for demographic and clini-
cal variables. The relative frequency was calculated by
dividing the absolute frequency by the total number of
values for the variable and expressed as a proportion and/
or percentage.
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Results

Clinical symptoms of individual patients
after surgery

Patient ZC

General decrease of dystonia (except OMD) which allowed
unaided walk and more independence in daily activities;
relief of OCD.

Patient UP

Decrease of dystonic symptoms (incl. swallowing), except
for fixed deformities disabling gait or standing; enabled to
sit in a specially designed wheelchair; alleviated symptoms
of OCD.

Patient VK

The least benefit after DBS in this series, with only slight
decrease in arms dystonia.

Patient NP

Major improvements were unaided gait and more independ-
ence in activities of daily living (ADLs), due to decrease in
dystonia; transient and slight speech improvement in the first
6 months after DBS later returned to the baseline; improve-
ment in depressive symptoms.

Patient DB

Decrease of dystonic symptoms (particularly cervical dys-
tonia (CD), but with no improvement of OMD) in the first
6 months after DBS, with reaggravation in the subsequent
year, destabilizing gait (required aid).

Objective measurement of symptoms
after the surgery

Both the severity of dystonia and dystonia-related disability,
assessed by the BFMDRS-M and BEMDRS-D, respectively,
significantly improved after GPi-DBS at 6 and 14-36 months
postoperatively compared to the state before surgery (Fig. la
and b). None of our patients experienced significant surgical,
stimulation- and device-related adverse events. Patient NP
had an improvement of 55% in the movement score and 43%
in the disability score 6 months postoperatively. During the
next 30 months, the movement score declined to 47%, while
the disability score lowered to 37%. Response in Patient ZC

a Burke Fahn Marsden Dystonia Rating
Movement Scale

120
100
80
60
40
20

b Burke Fahn Marsden Dystonia Rating
Disability Scale

Vi V2 V3 va4 V5

UP = = -2C

V1 V2 V3 va V5

—— + DB teeeees NP = . =VK Up = = -2¢

Fig. 1 Burke-Fahn-Marsden Dystonia Rating Movement Scale (a),
Burke-Fahn—-Marsden Dystonia Rating Disability Scale (b), Barry
Albright Dystonia Scale initially (c), at disease onset (V1) 5 years
after disease onset (V2), before surgery (V3), 6 and 14-36 months
after the surgery (V4 and V5, respectively)

was even better, with both the BFMDRS-M and BFMDRS-
D scores improvement of 60% after 6 months and remained
stable (59%) after 36 months. Patient DB had a notable
improvement of 21% 6 months after surgery but returned to
the baseline conditions 14 months later (3%). The other two
patients, UP and VK, also showed slight changes in both the
BFMDRS-M and BFMDRS-D scores after GPi-DBS (bel-
low 20%) (Fig. 1a and b).

The results obtained from the Barry Albright Dysto-
nia Scale showed comparable results with a significant
improvement in severity of dystonia both at 6 months and at
36 months (Fig. Ic).

With regard to GPI-I, patient ZC had the highest impres-
sion of improvement (score 1: very much better) at 6 months
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a Schwab and England
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Fig.2 Schwab and England (a) and functional independence measure
(b) at disease onset (V1), 5 years after disease onset (V2), before sur-
gery (V3), 6 and 14-36 months after the surgery (V4 and V5, respec-
tively)

that decreased to score 2 (much better) 36 months later.
Patients DB, NP and UP had GPI-I score 2 after 6 months,
followed with slight worsening to the score 3 (a little better)
36 months later. Patient VK did not observe any change in
the postoperative course. None of our patients reported an
impression of worsening.

On the S&E Scale (Fig. 2a), patients NP and DB showed
the same pattern of improvement. They both had an increase
from 10% before to 40% 6 months after, which remained the
same at 36 months. Patient ZC had the most prominent ben-
efits in functionality from the baseline 10% to 70% and 60%
6 and 36 months, respectively. Similar results were obtained
on the functional independence measure (Fig. 2b). Patients
with an improvement at both six and 36 months after surgery
were NP (48% at both time points), DB (37% 6 months and
slightly lower, 33%, 14 months after the procedure), and ZC
(51% and 48% at 6 and 36 months, respectively). For these
three patients, the biggest improvement was in the locomo-
tion, while patients ZC and DB also gained significantly
more functionality of upper extremities, allowing them to
be more independent in dressing and taking care of their
hygiene.

Regarding the health-related quality of life (HR-QoL)
assessed by the EQ-5D scale (Table 2), the most promi-
nent changes occurred in the domains of mobility and pain/
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Table 2 Health-related quality of life (HR-QoL) of five PKAN patients assessed by the EQ-5D scale
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discomfort. All patients reported extreme difficulties in
mobility and four of them reported having extreme pain/
discomfort before surgery. After the procedure, only two
patients still reported extreme difficulties in mobility, two
stated having some difficulties and one reported no difficul-
ties. Considering pain/discomfort, three patients stated feel-
ing no more pain after the procedure, one remained at the
extreme level and one lowered to a milder level (Table 2).
All the patients reported anxiety/depression (three at the
extreme level, two at the milder level) before the procedure,
while three of them testified having no more symptoms after
GPi-DBS.

The least improvement of the HR-QoL was in the domains
of self-care and usual activities; only one patient reported
improvement, while the others remained at the highest level
of difficulty even 36 months after surgery. One more patient
had an improvement in the first 6 months after GPi-DBS
regarding the self-care activities, but it diminished in the
subsequent period.

Discussion

Three out of our five patients experienced beneficial effects
6 months after the GPi-DBS, which despite slight gradual
worsening was still present in a course of the subsequent
30 months, particularly regarding severity of dystonia, dis-
ability, activities of daily living (ADLs), functional inde-
pendence and HR-QoL in comparison to their state before
the surgery. We witnessed a situation when battery in one
of our patients was accidentally turned off and he urgently
visited our department due to reappearance of generalized
twisting movements. After checking and turning on his bat-
tery with a gradual increase of stimulation, dystonic move-
ments decreased. Two patients (patient VK and UP) were
considered non-responders. Patient VK, one of the two
oldest patients at the time of surgery (40 years), had also
the longest duration of symptoms prior to DBS (27 years)
(Table 1). GPi-DBS induced a slight decrease of dystonic
symptoms in arms, but otherwise she remained bedridden
and functionally incapable in any of the daily activities.
The second one, patient UP, experienced improvement of
swallowing and psychiatric status (obsessive—compulsive
disorder), but, although the S&E scale suggested some
benefits, severe contractures prevented his improvement to
reach clinically relevant level. In line with this observation,
Dupre et al. [27] recommended that DBS in primary dys-
tonia should be performed before the onset of permanent
musculoskeletal deficits. Also, Timmermann et al. [9] sug-
gested bilateral GPi-DBS in NBIA patients as soon as dys-
tonia became disabling and before any possible secondary
skeletal deformities.

Three “responders” in our study had a similar presenta-
tion with severe, disabling generalized dystonia before the
procedure. The same symptom responded the best postop-
eratively, allowing them unaided gait and more independ-
ency in ADLs. Timmermann et al. [9] observed significant
improvement with bilateral GPi-DBS in severely affected
NBIA patients, particularly those with disabling dystonia.
Umemura et al. [8] also reported that such treatment was
effective and safe for intractable generalized dystonia in
PKAN patients. Vloo et al. in meta-analysis provide level
4 evidence that GPi-DBS for pantothenate kinase-associ-
ated neurodegeneration may improve dystonia movement
scores in classic type and atypical type and disability scores
in atypical type 1 year postoperatively [28]. In this large
meta-analysis that used independent participant data from
38 articles, primary outcome was changed in movement and
disability scores of the Burke-Fahn—Marsden Dystonia Rat-
ing Scale 1 year postoperatively [28].

The target nucleus for bilateral DBS in all our patients
was GPi, in accordance with the previous experiences with
positive results of pallidal DBS in isolated generalized and
segmental dystonia [29]. However, in general, improvements
in our patients were lower in comparison to patients with
isolated generalized dystonia [9]. It was difficult to make
clear conclusions on GPi-DBS efficacy in other forms of
secondary dystonias (with exception of tardive dystonia) due
to a small number of patients included or only sporadic ana-
lyzed cases [30]. In continuation with the previous findings
[10], Timmermann et al. [9] in a large multicenter study with
NBIA patients reported beneficial and persistent effects of
GPi-DBS on severity of dystonia which slowly abated in the
course of 9-15 months. The authors observed a discrepancy
between a rather small effect on disability and substantial
improvement in the HR-QoL (a median improvement of 83%
at 9—15 months). This was explained by the fact that the QoL
in patients with dystonia reflected numerous factors beyond
disability, such as dystonia-related pain, stigma, and fatigue
due to medication that were not assessed by the BFMDRS-
D. Recently, Liu et al. [31] suggested that the STN could
also be a candidate target for DBS treatment of PKAN, espe-
cially in patients with prominent appendicular symptoms.

Swallowing was markedly improved by GPi-DBS, with
subsequent increase in the body weight, but the effects on
speech were disappointing; since in almost all our patents, it
remained incomprehensible (one of them had slightly more
comprehensive speech 6 months after surgery, but it slowly
returned to baseline level).

Although our study included small number of PKAN
patients, particular strengths of our report include compre-
hensive evaluation of QoL, and longer follow-up in geneti-
cally confirmed PANK2 mutation cases. Even in largest
meta-analysis, which has been recently published, there is a
lack of genetic confirmation of PANK?2 mutations (in 56%
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of cases), and some follow-up data were based on linear
interpolation [28].

We find out that obtained data might still valuable for the
limited experience on DBS treatment of patients with this
rare disease.

Funding This work was supported by Ministry of Education, Science
and Technological Development of the Republic of Serbia (Grant Num-
ber 175090).

Compliance with ethical standards

Conflicts of interest Marina Svetel has received speaker’s honoraria
from Actavis. Robert Jech is Consultant to Ipsen, Cardion; Advisory
Board of Ipsen. Vladimir Kosti¢ has received research grants from the
Ministry of Education, Science, and Technological Development, Re-
public of Serbia and the Serbian Academy of Science and Arts; and
speaker honoraria from Actavis and Salveo. Aleksandra Tomi¢, NataSa
Dragasevi¢, Igor Petrovié, Nikola Kresojevi¢, Isidora Banjac, Jelena
Vitkovi¢, Ivana Novakovi¢ and DuSan UrgoSik declare no conflict of
interest.

Ethical standards The study was approved by the Institutional Review
Board of the Clinic of Neurology and have therefore been performed in
accordance with the ethical standards laid down in the 1964 Declara-
tion of Helsinki and its later amendments.

Informed consent All patients gave informed consent.

References

1. Hayflick SJ, Shawn K, Westaway SK, Levinson B, Zhou B, John-
son MA et al (2003) Genetic, clinical, and radiographic delinea-
tion of Hallervorden-Spatz syndrome. N Engl J Med 348:33—40.
https://doi.org/10.1056/NEJMo0a020817

2. Hogarth P, Kurian M, Gregory A, Csanyi B, Zagustin T, Kmiec
T et al (2017) Consensus clinical management guideline for pan-
tothenate kinase-associated neurodegeneration (PKAN). Mol
Genet Metab 120(3):278-287. https://doi.org/10.1016/j.ymgme
.2016.11.004

3. Hayflick SJ (2006) Neurodegeneration with brain iron accumula-
tion: from genes to pathogenesis. Semin Pediatr Neurol 13:182—
185. https://doi.org/10.1016/j.spen.2006.08.007

4. Tomi¢ A, Petrovi¢ I, Svetel M, Dobrici¢ V, Dragasevi¢-Miskovic¢
N et al (2015) Pattern of disease progression in atypical form of
pantothenatekinase-associated neurodegeneration (PKAN): pro-
spective study. Parkinsonism Relat Disord 21:521-524. https://
doi.org/10.1016/j.parkreldis.2015.02.006

5. Woon K, Tsegaye M, Vloeberghs MH (2007) The role of intrath-
ecal baclofen in the management of primary and secondary
dystonia in children. Br J Neurosurg 21:355-358. https://doi.
org/10.1080/02688690701392899

6. Cossu G, Abbruzzese G, Matta G, Murgia D, Melis M, Ricchi V
et al (2014) Efficacy and safety of deferiprone for the treatment
of pantothenate kinase-associated neurodegeneration (PKAN) and
neurodegeneration with brain iron accumulation (NBIA): results
from a 4 years follow-up. Parkinsonism Relat Disord 20(6):651-
654. https://doi.org/10.1016/j.parkreldis.2014.03.002

7. Pauls KA, Timmermann L (2012) Deep brain stimulation in
pantothenate kinase associated neurodegeneration: challenges

@ Springer

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

for the future. Eur J Neurol 19:533-534. https://doi.org/10.111
1/j.1468-1331.2011.03585.x

Umemura A, Jaggi JL, Dolinskas CA, Stern MB, Baltuch GH
(2004) Pallidal deep brain stimulation for longstanding severe
generalized dystonia in Hallervorden-Spatz syndrome: case
report. J Neurosurg 100:706-709. https://doi.org/10.3171/
jns.2004.100.4.0706

Timmermann L, Pauls KA, Wieland K, Jech R, Kurlemann G,
Sharma N et al (2010) Dystonia in neurodegeneration with brain
iron accumulation: outcome of bilateral pallidal stimulation. Brain
133:701-712. https://doi.org/10.1093/brain/awq022

Castelnau P, Cif L, Valente EM, Vayssiere N, Hemm S, Gannau
A et al (2005) Pallidal stimulation improves pantothenate kinase-
associated neurodegeneration. Ann Neurol 57:738-741. https://
doi.org/10.1002/ana.20457

Ge M, Zhang K, Ma Y, Meng FG, Hu WH, Yang AC et al (2011)
Bilateral subthalamic nucleus stimulation in the treatment of neu-
rodegeneration with brain iron accumulation type 1. Stereotact
Funct Neurosurg 89(3):162-166. https://doi.org/10.1159/00032
3374

Shields DC, Sharma N, Gale JT, Eskandar EN (2007) Pallidal
stimulation for dystonia in pantothenate kinase-associated neuro-
degeneration. Pediatr Neurol 37:442-445

Mikati MA, Yehya A, Darwish H, Karam P, Comair Y (2009)
Deep brain stimulation as a mode of treatment of early onset
pantothenate kinase-associated neurodegeneration. Eur J Pae-
diatr Neurol 13:61-64. https://doi.org/10.1016/j.pediatrneu
r0l.2007.08.006

Garcia-Ruiz PJ, Ayerbe J, Vela Desojo L, Feliz CE, Del Val
Fernandez J (2015) Deep brain stimulation for pantothenate
kinase-associated neurodegeneration. Case Rep Neurol Med
2015:245735. https://doi.org/10.1155/2015/245735

Lim BC, Ki CS, Cho A, Hwang H, Kim KJ, Hwang YS et al
(2012) Pantothenate kinase-associated neurodegeneration in
Korea: recurrent R440P mutation in PANK2 and outcome of deep
brain stimulation. Eur J Neurol 19:556-561. https://doi.org/10.11
11/j.1468-1331.2011.03589.x

Mahoney R, Selway R, Lin JP (2011) Cognitive functioning in
children with pantothenate-kinase-associated neurodegenera-
tion undergoing deep brain stimulation. Dev Med Child Neurol
53:275-279. https://doi.org/10.1111/§.1469-8749.2010.03815.x

. Adamovicova M, Jech R, Urgosik D, Spackova N, Krepelova A

(2011) Pallidal stimulation in siblings with pantothenate kinase-
associated neurodegeneration: 4-year follow-up. Mov Disord
26:184—-187. https://doi.org/10.1002/mds.23349

Swaiman KF (2001) Hallervorden-Spatz syndrome. Pediatr Neu-
rol 25:102-108

Schwab RS, England AC (1969) Projection technique for evaluat-
ing surgery in Parkinson’s disease. In: Gillingham FJ, Donaldson
MC (eds) Third symposium on Parkinson’s disease. Edinburgh,
Livingston, pp 152-157

Brooks R (1996) EuroQol: the current state of play. Health Policy
37(1):53-72

Guy W (ed) (1976) ECDEU assessment manual for psychophar-
macology. Rockville, MD: US Department of Health, Education,
and Welfare Public Health Service Alcohol, Drug Abuse, and
Mental Health Administration.

Keith RA, Granger CV, Hamilton BB, Sherwin FS (1987) The
functional independence measure: a new tool for rehabilitation.
Adv Clin Rehabil 1:6-18

Burke RE, Fahn S, Marsden CD, Bressman SB, Moskowitz C,
Friedman J (1985) Validity and reliability of a rating scale for the
primary torsion dystonias. Neurology 35(1):73-77

Barry MJ, Van Swearingen JM, Albright AL (1999) Realiability
and responsiveness of the Barry-Albright dystonia scale. Dev Med
Neurol 41(6):404—411


https://doi.org/10.1056/NEJMoa020817
https://doi.org/10.1016/j.ymgme.2016.11.004
https://doi.org/10.1016/j.ymgme.2016.11.004
https://doi.org/10.1016/j.spen.2006.08.007
https://doi.org/10.1016/j.parkreldis.2015.02.006
https://doi.org/10.1016/j.parkreldis.2015.02.006
https://doi.org/10.1080/02688690701392899
https://doi.org/10.1080/02688690701392899
https://doi.org/10.1016/j.parkreldis.2014.03.002
https://doi.org/10.1111/j.1468-1331.2011.03585.x
https://doi.org/10.1111/j.1468-1331.2011.03585.x
https://doi.org/10.3171/jns.2004.100.4.0706
https://doi.org/10.3171/jns.2004.100.4.0706
https://doi.org/10.1093/brain/awq022
https://doi.org/10.1002/ana.20457
https://doi.org/10.1002/ana.20457
https://doi.org/10.1159/000323374
https://doi.org/10.1159/000323374
https://doi.org/10.1016/j.pediatrneurol.2007.08.006
https://doi.org/10.1016/j.pediatrneurol.2007.08.006
https://doi.org/10.1155/2015/245735
https://doi.org/10.1111/j.1468-1331.2011.03589.x
https://doi.org/10.1111/j.1468-1331.2011.03589.x
https://doi.org/10.1111/j.1469-8749.2010.03815.x
https://doi.org/10.1002/mds.23349

Journal of Neurology (2019) 266:2962-2969

2969

25.

26.

217.

28.

Vidailhet M, Yelnik J, Lagrange C, Fraix V, Grabli D, Thobois
S et al (2009) Bilateral pallidal deep brain stimulation for the
treatment of patients with dystonia-choreoathetosis cerebral palsy:
a prospective pilot study. Lancet Neurol 8:709-717. https://doi.
org/10.1016/S1474-4422(09)70151-6

Coubes P, Roubertie A, Vayssiere N, Hemm S, Echenne B (2000)
Treatment of DYT1-generalised dystonia by stimulation of the
internal globus pallidus. Lancet 355(9222):2220-2221. https://
doi.org/10.1016/S0140-6736(00)02410-7

Dupre DA, Nangunoori R, Koduri S, Angle C, Cantella D, Whit-
ing D (2018) Disease stabilization of DYT1-positive primary
generalized dystonia with deep brain stimulation of the globus
pallidus interna: A 15-year follow-up. Oper Neurosurg 14(5):597.
https://doi.org/10.1093/ons/opx 137

De Vloo P, Lee DJ, Dallapiazza RF, Rohani M, Fasano A, Mun-
hoz RP et al (2019) Deep brain stimulation for pantothenate

Affiliations

29.

30.

31.

kinase-associated neurodegeneration: a meta-analysis. Mov Dis-
ord 34(2):264-273

Moro E, LeReun C, Krauss JK, Albanese A, Lin JP, Walleser
Autiero S et al (2017) Efficacy of pallidal stimulation in isolated
dystonia: a systematic review and meta-analysis. Eur J Neurol
24(4):552-560. https://doi.org/10.1111/ene.13255

Sako W, Goto S, Shimazu H, Murase N, Matsuzaki K, Tamura T
et al (2008) Bilateral deep brain stimulation of the globus pallidus
internus in tardive dystonia. Mov Disord 23:1929-1931. https://
doi.org/10.1002/mds.22100

Liu Z, Liu Y, Yang Y, Wang L, Dou W, Guo J et al (2017)
Subthalamic nuclei stimulation in patients with pantothenate
kinase-associated neurodegeneration (PKAN). Neuromodulation
20(5):484-491. https://doi.org/10.1111/ner.12549

Marina Svetel'2 - Aleksandra Tomi¢' - Natasa Dragasevi¢' - Igor Petrovi¢'2 - Nikola Kresojevi¢' - Robert Jech? -
Dusan Urgosik* - Isidora Banjac? - Jelena Vitkovi¢? - lvana Novakovi¢® - Vladimir S. Kosti¢'2

Marina Svetel
marinasvetel @ gmail.com

Aleksandra Tomi¢
alexandra_tomic @yahoo.co.uk

Natasa Dragasevic¢
ntdragasevic @gmail.com

Igor Petrovié¢
igor.n.petrovic @ gmail.com

Nikola Kresojevié¢
nikola_kresojevic @yahoo.com

Robert Jech
jech@cesnet.cz

DusSan Urgosik
urgosik @ gmail.com

Isidora Banjac
banjac.isidora@gmail.com

Jelena Vitkovié
jelenavitkovic94 @ gmail.com

Ivana Novakovié¢
novivana@eunet.rs

Clinic of Neurology, Clinical Center of Serbia, Dr. Subotica
6, Belgrade, Serbia

School of Medicine, University of Belgrade, Dr. Subotic¢a
starijeg 6, 11000 Belgrade, Serbia

Department of Neurology and Center of Clinical
Neuroscience, First Faculty of Medicine and General
University Hospital in Prague, Charles University, Prague,
Czech Republic

Department of Stereotactic and Radiation Neurosurgery, Na
Homolce Hospital, Prague, Czech Republic

Institute for Human Genetics, School of Medicine, University
of Belgrade, Belgrade, Serbia

@ Springer


https://doi.org/10.1016/S1474-4422(09)70151-6
https://doi.org/10.1016/S1474-4422(09)70151-6
https://doi.org/10.1016/S0140-6736(00)02410-7
https://doi.org/10.1016/S0140-6736(00)02410-7
https://doi.org/10.1093/ons/opx137
https://doi.org/10.1111/ene.13255
https://doi.org/10.1002/mds.22100
https://doi.org/10.1002/mds.22100
https://doi.org/10.1111/ner.12549

	Clinical course of patients with pantothenate kinase-associated neurodegeneration (PKAN) before and after DBS surgery
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Individual patient characteristics
	Patient ZĆ
	Patient UP
	Patient VK
	Patient NP
	Patient DB

	Surgical procedure
	Statistical analysis

	Results
	Clinical symptoms of individual patients after surgery
	Patient ZĆ
	Patient UP
	Patient VK
	Patient NP
	Patient DB

	Objective measurement of symptoms after the surgery

	Discussion
	References




