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A B S T R A C T

Background: Subthalamic nucleus (STN) deep brain stimulation (DBS) has recently been shown to be an effective
treatment for Meige syndrome but efficacy of symptomatic improvement and its relationship to factors in DBS
remains to be explored.
Objectives: This study explored the relationship of electrode contact location in bilateral STN-DBS with clinical
efficacy in Meige syndrome patients through retrospective analysis.
Methods: Pre- and post-operative magnetic resonance (MR) images of Meige syndrome patients (n= 15) were
analysed. Clinical outcomes were evaluated with the Burke–Fahn–Marsden Dystonia Scale (BFMDRS). The lo-
cation of active contacts in Montreal Neurological Institute (MNI) standard space and volume of activated STN
tissue were determined and related to clinical outcomes.
Results: At the last follow up (mean=14.8 ± 4.0 months; range= 11–24 months), Meige syndrome patients
(n=14) showed improved BFMDRS scores (mean improvement= 70.9%, p=0.001) compared to pre-opera-
tive assessment. Active contacts of stimulation given from coordinates in the MNI space (mean left side:
x=−12.5 ± 1.2mm, y=−13.3 ± 1.7mm, z=−5.5 ± 2.5mm; mean right side: x= 12.7 ± 1.4mm,
y=−12.7 ± 1.7mm, z=−6.4 ± 2.4mm) were found mainly clustered in the dorsolateral STN. While there
were no significant differences in patients grouped by their degree of symptomatic improvement (< 30%,
30–70% and>70%) with their respective coordinates, the volume of activated tissue within the STN of patients
was significantly correlated to the BFMDRS improvement (R= 0.6, p=0.02).
Conclusions: These findings further support the stimulation of the dorsolateral STN for effective alleviation of
symptoms in Meige syndrome patients and indicate that specific factors of DBS can be considered to predict
clinical efficacy.

1. Introduction

Meige syndrome is an adult-onset focal dystonia characterized by
blepharospasm, cervical dystonia, and facial oromandibular dystonia
[1], occurring more commonly in women than in men (ratio ranged
from 1.6:1 to 3.3: 1) [2]. In serious cases, the symptoms of Meige

syndrome can lead to functional blindness. With the pathogenesis of
Meige syndrome being unclear [3], clinical treatment remains chal-
lenging with the disease often being refractory to medication and
usually treated with common line therapies such as botulinum toxin
[4]. However, despite botulinum toxin being effective for Meige syn-
drome at early stages, some patients may experience a diminished
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response over time, sometimes due to antibodies that make the patient
immune to treatment effects at later stages [5].

In recent years, bilateral deep brain stimulation (DBS) of the in-
ternal globus pallidus (GPi) [6] or subthalamic nucleus (STN) [7,8] has
been used to treat dystonia. Although STN-DBS for the treatment of
Meige syndrome has not been widely reported, previous studies have
shown that Meige syndrome patients achieve a substantial improve-
ment when treated with STN-DBS [9]. While certain studies have sup-
ported STN-DBS for alleviating dystonia, clinical efficacy varies on a
case-by-case basis, highlighting the importance of outcome factors that
can predict the clinical benefit following DBS. Previously, optimising
stimulation parameters in DBS has been demonstrated as an important
factor for improving treatment efficacy. Specifically, the localisation of
the stimulating electrode within the target region may be related to the
improvement of clinical outcomes [10].

The best clinical improvement (CI) in dystonia is assumed to be
achieved by stimulation of specific regions of the STN, such as the
dorsolateral functional zone, a key region of the brain motor circuit
network [11], and is a common neurosurgical target for Parkinson's
disease [12]. The exact anatomical location of the electrode contacts
utilized for chronic stimulation in Meige syndrome remains unclear and
the relationship between clinical outcome and the location of the
electrode contacts in STN remains to be investigated. In this study, long-
term clinical outcome in Meige syndrome patients receiving bilateral
STN-DBS and the location of active DBS contacts were related in a
retrospective fashion.

2. Methods

2.1. Patients

Fifteen consecutive patients with Meige syndrome were studied. All
Patients met the diagnostic criteria described by Pakkenberg et al. [13]
and underwent bilateral STN-DBS at the Aviation General Hospital of
China Medical University between 2014 and 2016. This study (Chinese
Clinical Trial Register; ChiCTR; number ChiCTR-ORC-17011398) was
approved by the Aviation General Hospital of China Medical University
institutional review board and all patients provided written informed
consent.

2.2. Clinical evaluation

All patients were diagnosed and evaluated by an experienced
movement disorder clinician. Dystonic symptoms were assessed in pa-
tients pre- and post-operatively [Baseline; FU1: 1 month after surgery;
FU2: 3–6 months after surgery; LFU: the last follow up, 11–24 months
after surgery] using the BFMDRS scale (including the movement and
disability scales) as previously described [14]. The health-related
quality of life was assessed with the 36-item Short-Form General Health
Survey (SF-36).

2.3. Surgical procedure and DBS programming

The surgical procedure was carried out as previously described [15].
For all patients, an image fusion procedure (3T MRI and 1.5T MRI),
routinely carried out by our group. Images from 3T MRI obtained a day
before the surgery were fused with 1.5T (with a Leksell stereotactic
frame) on the day of surgical procedure. The coordinates of the target
and the entrance trajectory were defined on stereotactic MR images by
directly visualizing the STN. Quadripolar DBS leads (model L301, PINS
Medical), which had 4 contacts (contact height of 1.5mm, a spacing of
1.5 mm between each contact and a diameter of 1.3 mm), were bilat-
erally implanted targeting the STN under local anesthesia in one ses-
sion. Intraoperative macrostimulation was used to determine the vol-
tage threshold for stimulation-induced adverse effects. At the end of the
surgical procedure, a neurostimulator (G102 or G102R, PINS Medical)

was implanted into the subclavicular region under general anaesthesia.
Approximately 1 month after implantation, DBS programming was

initiated. Monopolar screening was performed for the contacts on each
electrode as previously described [16,17]. The optimal parameters were
selected when patients achieved satisfactory improvement with
minimal side effects. Thereafter, additional adjustments of parameters
were made by telemedicine if necessary. The DBS system offered video
communication, remote programming and postoperative follow-up,
allowing doctors to adjust stimulation parameters for patients with
network connection [18].

2.4. DBS electrode localisation and volume of activated tissue estimation

All patients underwent postoperative MRI to exclude surgical
complications and for evaluation of electrode contact localisation. Pre-
and post-operative MRI were used to calculate the DBS electrode con-
tact location. For subsequent normalisation and electrode localisation,
electrode contacts were confirmed on the post-operative MRI. The
center of the electrode contact was determined as the center of its ar-
tefact visible on the MRI image as described previously [10,19]. SPM12
(http://www.fil.ion.ucl.ac.uk/spm/software/spm12/) and LEAD-DBS
software (www.lead-dbs.org; [20]) were used to evaluate contact lo-
cations and nonlinearly transfer them into standard stereotactic (MNI
ICBM2009b NLIN, Asym) space. Volume of the STN in standard space
was defined by the DISTAL atlas [21,22]. After verification of electrode
locations, the volume of tissue activated (VAT) was calculated as de-
scribed previously described in Ref. [10]. The overlap between the VAT
and the STN was calculated and expressed in mm3. The sum of the two
overlapping VTA/STN volumes from both hemispheres was correlated
with the percent change in BFMDRS scores across patients at the last
follow up.

2.5. Statistical analyses

All statistical analyses were performed using SPSS 20.0 (IBM Corp.,
USA). All raw data are reported as mean ± standard deviation (SD).
Scores of BFMDRS, quality of life scales, and coordinates of active
contacts were analyzed using the Wilcoxon signed-rank or
Kruskal–Wallis tests for non-parametric variables. Correlations between
the latest improvement in the BFMDRS scores and overlap between VAT
and STN were analyzed by using Pearson's correlation given non-
Gaussian distributions. Statistical significance level was set at
p < 0.05.

3. Results

3.1. Patient population

The patients (14 females; 1 male; mean age=53.3 years; age
range=33–71 years) had a mean disease duration of 3.3 years
(range=0.5–8 years). For the last follow-up, the mean follow-up
duration was 14.8 ± 4.0 months (range, 11–24 months) and one pa-
tient did not complete the study. The clinical characteristics and de-
mographics of these patients are shown in Table 1.

3.2. Clinical outcomes

At the short term follow up, rapid improvement was observed in
most patients, patients had greatly benefited from DBS therapy, with
BFMDRS scores significantly reduced compared to pre-operative scores
(68.2%; p < 0.001). For patient No. 2, however, there was no initial
satisfactory outcome at the first clinical visit, but symptoms were seen
to improve gradually, whereby a favourable outcome was achieved at
the last follow up. Following the chronic high frequency stimulation
settings, eight patients showed an improvement of ≥70% and four
patients showed an improvement between 30% and 70%.
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Improvements persisted at subsequent evaluations with a mean de-
crease of 70.9% found at the last follow up (p < 0.001). Patients also
showed a statistically significant improvement in quality of life, as
measured by the SF-36 at the last follow up compared to baseline
(p < 0.05). This was found in categories for physical functioning
(p < 0.01), role-physical functioning (p < 0.01), bodily pain
(p > 0.05), vitality (p < 0.01), social functioning (p < 0.01), role-
emotional functional (p < 0.05), and mental health (p < 0.05;
Supplementary Table 1).

3.3. DBS programming and active contact locations

All leads were programmed to monopolar configurations in all pa-
tients (mean amplitude=2.03 ± 0.58 V, range=0.8–3.0 V; mean
pulse width= 63 ± 10 μs, range=50–90 μs; mean fre-
quency=133 ± 13, range= 110–170 Hz). At the last follow up,
monopolar configuration was used in all patients (mean
amplitude=2.45 ± 0.62 V, range=1.0–3.3 V; mean pulse width
65 ± 14 μs, range= 50–120 μs; mean frequency=132 ± 5Hz,
range=130–150 Hz), as shown in Table 1.

The average coordinates of active contacts in MNI on the left and
right were: x=−12.5 ± 1.2mm, y=−13.3 ± 1.7mm,
z=−5.5 ± 2.5mm; and x=12.7 ± 1.4mm, y=−12.7 ± 1.7mm,
z=−6.4 ± 2.4mm; respectively (Table 2). The mean coordinates of
the active contacts relative to the anterior-posterior commissure were:
x= 11.8 ± 1.6mm, y=−2.0 ± 1.8mm, and z=−3.0 ± 2.2mm
on the right side and x=−11.2 ± 1.4mm, y=−2.5 ± 1.8mm, and
z=−2.3 ± 2.5mm on the left side (Supplementary Table 2).

To characterise whether electrode location was related to clinical
efficacy we separated patients into sub-groups in further analysis.
Group I, group II and group III comprised of patients with improvement
rates< 30%, between 30 and 70%, and improvement rates> 70%,
respectively. The active contacts of the electrode locations in the
postoperative MRIs according to the improvement rate groups are
shown in Fig. 1.

There were no significant differences between the respective co-
ordinates on x-/y- and z-axes among the improvement rates in sub-
groups, from analysis of the BFMDRS scores (p > 0.05; Supplementary
Table 3). However, the patients whose electrodes were located within
or near the dorsolateral STN showed significantly greater improvement
(Fig. 1).
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Table 2
Localization of active electrode contacts in Montreal Neurological Institute
(MNI) standard space.

Patient No. Left Side Right Side

X Y Z X Y Z

1 −10.1 −13.5 −11.5 10.1 −11.9 −13.1
2 −13.3 −16.3 −6.6 12.5 −14.8 −5.4
3 −12.8 −11.2 −4.2 13.1 −13.4 −7.7
4 −14.4 −11.5 −3.3 12.7 −11.9 −4.0
5 −14.0 −13.7 −4.0 14.7 −10.4 −3.8
6 −11.7 −13.5 −5.6 14.7 −14.0 −6.4
7 −12.1 −11.5 −3.7 11.9 −9.9 −5.0
8 −12.6 −13.0 −4.1 11.6 −13.4 −6.7
9 −12.3 −11.9 −4.4 14.4 −11.7 −5.1
10 −13.1 −12.7 −3.6 12.2 −12.4 −6.3
11 −12.0 −13.2 −5.9 12.7 −13.0 −5.5
12 −10.2 −17.5 −10.6 10.5 −16.5 −8.3
13 −12.3 −13.0 −3.8 12.2 −12.9 −6.0
14 −12.8 −13.7 −7.0 12.2 −13.1 −8.5
15 −13.1 −12.6 −3.9 14.6 −11.6 −3.5
Mean −12.5 −13.3 −5.5 12.7 −12.7 −6.4
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3.4. VAT of electrode active contact and BFMDRS scores

The overlap between VAT and STN was calculated for each patient
and summed up to correlate the resulting value with percent BFMDRS
improvement. Our hypothesis was that higher portion of stimulated
STN would be associated with better clinical improvement. Indeed, this
correlation was significant (R= 0.604, p=0.022; Fig. 2). In one pa-
tient (patient No. 12), the stimulation of the ventromedial STN was
associated with the worse outcome. Interestingly, in 3 patients (patients
No. 5, 6, and 15), where one side of the active contacts was outside the
STN, a good clinical response was seen. In another patient (No. 7),
however, where the active contact localisation was also outside the
STN, there was a poor clinical outcome.

To further illustrate this analysis, two index patients (#12 and 13)
were selected and visualized (Fig. 2). In patient #12, the bilateral
overlap between STN and VAT was a mere 43mm3 and the patient

demonstrated the lowest symptom improvement of the cohort (16.7%).
Active coordinates in this patient were x=−10.2 mm, y=−17.5mm,
z=−10.6mm (left hemisphere); and x= 10.5mm, y=−16.5mm,
z=−8.3mm (right hemisphere). In contrast, overlap between VAT
and STN of patient 13 was 256mm3 and the patient showed the highest
symptom improvement (95%).

4. Discussion

Three conclusions may be drawn from the current study. First, the
study accumulates further evidence that STN-DBS constitutes a highly
efficacious treatment for patients suffering from Meige Syndrome.
Second, significantly higher clinical improvements were achieved if
active contacts resided inside the subthalamic nucleus (compared to
outside). Finally, the overlap between the volume of activated tissue
and the subthalamic nucleus could explain ≈36% of the variance in

Fig. 1. Localization of electrode contacts in subthalamic nucleus (STN) deep brain stimulation (DBS) and its corresponding clinical improvement in Meige Syndrome
patients. (A) Bar graph of the mean + SD scores of the Burke–Fahn–Marsden Dystonia Scale (BFMDRS) total scores pre- and post-operatively [Baseline; FU1: 1 month
after surgery; FU2: 3–6 months after surgery; LFU: the last follow up] in Meige syndrome patients (n = 14). p values determined by using the Wilcoxon signed-rank
test. (B) Line graph showing individual patient BFMDRS scores pre- and post-operatively [Baseline; FU1: 1 month after surgery; FU2: 3–6 months after surgery; LFU:
the last follow up]. (C) The individual eye scores at baseline and last follow-up. (D) The individual mouth scores at baseline and last follow-up. (E) 3D illustration of
all active electrode contacts (posterior view). The black dots represent group I (improvement rates< 30%) and the white dots represent group II (improvement rates
between 30 and 70%) and group III (improvement rates> 70%). STN: subthalamic nucleus. RN: red nucleus. GPi: internal globus pallidus. GPe: external globus
pallidus. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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clinical improvement of the group. The latter two points demonstrate a
clear relationship between location of the stimulation site and clinical
outcome and further the evidence for the dorsolateral subthalamic
nucleus as an optimal target to treat Meige Syndrome.

4.1. Methodological considerations

Although follow up assessments ranged from 11 to 24 months in our
retrospective analysis, symptomatic improvements were found to be
sustained following STN-DBS in Meige syndrome patients. The VAT
analysis of active contacts indicated efficacy of clinical improvement
but other factors such as comorbidities or difference in dystonic
symptoms were not captured in the present analysis and could be
sources of additional variance in the cohort. In order to characterize the
level of efficacy by the degree of improvement, the patients were di-
vided into three subgroups. As improvements below 30% is deemed as a
failure of DBS for dystonia [23], so we set this as the first cut-off. Given
the mean long-term patient improvement of DBS in Meige syndrome is
about 70% [9]. It is reasonable to use this as a marker for distinguishing
between high-level responders and moderate responders. Despite a re-
latively large sample size given a rare movement disorder, we found no
significant differences in sub-group analyses for determining electrode
location and its relation to clinical improvements. A more detailed si-
mulation of each patient that included modeling a VAT, however,
showed that a large amount of variance in clinical outcome may be
explained by DBS targeting alone.

Several limitations apply for this study. First, it is a retrospective
and single-center analysis of a small sample of 15 patients. However,
world-wide, few centers operate with target STN in patients suffering
from dystonia [7] or Meige Syndrome [9]. Thus, despite our small
sample, we argue that the study may serve to formulate the two hy-
potheses that i) STN-DBS is effective for treating Meige Syndrome and
ii) that surgical electrode placement directly affects clinical outcome.
Second, with an average follow-up period of 1 year, it is unclear if
therapeutic effects would sustain over time. To address this, follow-up
data is being collected and a long-term outcome study is planned.

4.2. Effect of STN-DBS for Meige syndrome

To date, clinical studies have demonstrated that DBS of STN or of
GPi are similarly effective for dystonia GPi [7,24]. However, GPi DBS is
associated with higher stimulation parameters resulting in shorter

battery life compared with STN DBS. Moreover, many patients experi-
ence persistent problems with gait and fine motor activities [7].
Meanwhile, there are several advantages of STN DBS for dystonia: 1.
The stimulation parameters of STN usually lower which leads to less
battery-drainage. From a surgical perspective, STN targeting may be
seen as more straight-forward given the conspicuous appearance of the
iron-dense structure on T2-weighted imaging. Finally, in our own ex-
perience, stimulation induced symptom improvements seem to happen
more promptly in case of the STN, making DBS programming more
efficient in our center.

Here, we demonstrated that chronic STN-DBS at 130–150 Hz can
achieve long-term (approx. 1 year) symptomatic benefit for Meige
syndrome patients with 70.9% improvement in BFMDRS scores in all
the conducted clinical follow-ups. Previous studies have shown a si-
milar range of clinical efficacy as reported here when targeting the GPi
(53%–72% improvement) [16,25] or STN (74% improvement) [9].
While the pathophysiology of Meige syndrome remains to be char-
acterised, it could be speculated that disruption of abnormal thalamic
activity and sensorimotor integration seen in blepharospasm [26,27]
remains key to remarkable symptomatic improvement with DBS at the
level of the STN or GPi.

4.3. Characterising clinical efficacy - active contact localisation

To the best of our knowledge, the present study is the first to in-
vestigate the relationship between active contact localisation in STN-
DBS and clinical outcome in Meige syndrome patients. The active
contact localisation in STN-DBS patients were found mainly distributed
within the dorsolateral region. However, our additional sub-group
analyses of clinical efficacy did not further discriminate the patient
post-operative outcomes. It is well-known that the dorsolateral STN has
been utilised as a DBS target for patients with dystonia [7,17] and PD
[28], given the involvement of the dorsolateral STN in motor function.
Being considered as a crucial relay station within the basal-ganglia
thalamocortical loops, targeting specific areas of the STN, which can be
divided into motor, limbic and associative functional sub-regions [21],
each contributing to motor, limbic and associative loops, respectively
[11]. Stimulating the dorsolateral STN (as its sensorimotor functional
zone) would be expected to disrupt pathologic neuronal motor activity
or afferent fibres and result in the improvement clinical symptoms.

Given the variability in DBS clinical studies and inter-patient dif-
ferences [17], we utilised VAT calculations for assessing clinical

Fig. 2. A correlation analysis between the volume of tissue activated (VAT) within subthalamic nucleus (STN) and clinical outcomes in Meige Syndrome patients
receiving STN deep brain stimulation (DBS). (A) Correlation analysis of VAT with BFMRDS scores of individual patients (n=14; R= 0.604, p=0.022; Pearson's
correlation analysis). (B) The VAT within the STN of an individual patient (No. 12) with lowest symptom improvement (16.7%); VAT within the STN of an individual
patient (No. 13) with highest symptom improvement (9.
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efficacy of STN-DBS in Meige syndrome patients and found that there
was a significant correlation in improved symptoms with the degree of
overlap between VAT and STN. The variability in these results suggest
that besides active contact localisation, VAT calculated from stimula-
tion parameters indicates the modulation of the STN and surrounding
white matter fibres that may play a much more important role in the
mechanism of action of STN-DBS [29]. While active contact localisation
remains important, our results suggest that the clinical response may
not be derived from a single point but if anything rather from the
surrounding VAT that is additionally determined by the amplitude of
the electric current. These data emphasise the importance of developing
patient-specific VAT models and associated stimulation settings to
achieve maximal clinical response in therapies for neurological dis-
orders.

5. Conclusions

This study further supports the use of STN-DBS for the treatment of
Meige Syndrome to achieve long-term symptomatic relief and indicates
the highest clinical efficacy is related a stimulation voltage inside the
subthalamic nucleus.

Conflicts of interest

None.

Funding

This study was not funded by any source. A.H. received funding
from Stiftung Charité, Berlin Institute of Health and Prof. Klaus
Thiemann Foundation.

Acknowledgements

We are grateful to all the patients recruited for this study.

Appendix A. Supplementary data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.parkreldis.2018.05.014.

References

[1] E. Tolosa, J. Kulisevsky, S. Fahn, Meige syndrome: primary and secondary forms,
Adv. Neurol. 50 (1988) 509–515.

[2] V.L. Soland, K.P. Bhatia, C.D. Marsden, Sex prevalence of focal dystonias, J. Neurol.
Neurosurg. Psychiatr. 60 (2) (1996) 204–205.

[3] S. Pandey, S. Sharma, Meige's syndrome: history, epidemiology, clinical features,
pathogenesis and treatment, J. Neurol. Sci. 372 (2017) 162–170.

[4] P. Blomstedt, S. Tisch, M.I. Hariz, Pallidal deep brain stimulation in the treatment of
Meige syndrome, Acta Neurol. Scand. 118 (3) (2008) 198–202.

[5] K.D. Foote, J.C. Sanchez, M.S. Okun, Staged deep brain stimulation for refractory
craniofacial dystonia with blepharospasm: case report and physiology,
Neurosurgery 56 (2) (2005) E415 discussion E415.

[6] W. Sako, R. Morigaki, Y. Mizobuchi, T. Tsuzuki, H. Ima, Y. Ushio, S. Nagahiro,
R. Kaji, S. Goto, Bilateral pallidal deep brain stimulation in primary Meige syn-
drome, Park. Relat. Disord. 17 (2) (2011) 123–125.

[7] J.L. Ostrem, L.M. San, K.A. Dodenhoff, N. Ziman, L.C. Markun, C.A. Racine, C. de
Hemptinne, M.M. Volz, S.L. Heath, P.A. Starr, Subthalamic nucleus deep brain
stimulation in isolated dystonia: a 3-year follow-up study, Neurology 88 (1) (2017)
25–35.

[8] Z.D. Deng, D.Y. Li, C.C. Zhang, Y.X. Pan, J. Zhang, H. Jin, K. Zeljec, S.K. Zhan,
B.M. Sun, Long-term follow-up of bilateral subthalamic deep brain stimulation for
refractory tardive dystonia, Park. Relat. Disord. 41 (2017) 58–65.

[9] S. Zhan, F. Sun, Y. Pan, W. Liu, P. Huang, C. Cao, J. Zhang, D. Li, B. Sun, Bilateral
deep brain stimulation of the subthalamic nucleus in primary Meige syndrome, J.
Neurosurg. (2017) 1–6.

[10] A. Horn, M. Reich, J. Vorwerk, N. Li, G. Wenzel, Q. Fang, T. Schmitz-Hübsch,
R. Nickl, A. Kupsch, J. Volkmann, A.A. Kühn, M.D. Fox, Connectivity Predicts deep
brain stimulation outcome in Parkinson disease, Ann. Neurol. 82 (1) (2017) 67–78.

[11] M. Jahanshahi, I. Obeso, J.C. Rothwell, J.A. Obeso, A fronto-striato-subthalamic-
pallidal network for goal-directed and habitual inhibition, Nat. Rev. Neurosci. 16
(12) (2015) 719–732.

[12] J. Herzog, U. Fietzek, W. Hamel, A. Morsnowski, F. Steigerwald, B. Schrader,
D. Weinert, G. Pfister, D. Müller, H.M. Mehdorn, G. Deuschl, J. Volkmann, Most
effective stimulation site in subthalamic deep brain stimulation for Parkinson's
disease, Mov. Disord. 19 (9) (2004) 1050–1054.

[13] B. Pakkenberg, T.G. Bolwig, H. Pakkenberg, Meige's syndrome: a neuropsychiatric
disorder, Compr. Psychiatr. 28 (4) (1987) 309–314.

[14] R.E. Burke, S. Fahn, C.D. Marsden, S.B. Bressman, C. Moskowitz, J. Friedman,
Validity and reliability of a rating scale for the primary torsion dystonias, Neurology
35 (1) (1985) 73–77.

[15] P.A. Starr, C.W. Christine, P.V. Theodosopoulos, N. Lindsey, D. Byrd, A. Mosley,
W.J. Marks, Implantation of deep brain stimulators into the subthalamic nucleus:
technical approach and magnetic resonance imaging-verified lead locations, J.
Neurosurg. 97 (2) (2002) 370–387.

[16] J.L. Ostrem, W.J. Marks, M.M. Volz, S.L. Heath, P.A. Starr, Pallidal deep brain
stimulation in patients with cranial-cervical dystonia (Meige syndrome), Mov.
Disord. 22 (13) (2007) 1885–1891.

[17] J.L. Ostrem, C.A. Racine, G.A. Glass, J.K. Grace, M.M. Volz, S.L. Heath, P.A. Starr,
Subthalamic nucleus deep brain stimulation in primary cervical dystonia,
Neurology 76 (10) (2011) 870–878.

[18] Y. Chen, H. Hao, H. Chen, L. Li, The study on a telemedicine interaction mode for
Deep Brain Stimulation postoperative follow-up, Conf. Proc. IEEE Eng. Med. Biol.
Soc. 2015 (2015) 186–189.

[19] E.A. Accolla, R.M. Herrojo, A. Horn, G.H. Schneider, T. Schmitz-Hübsch,
B. Draganski, A.A. Kühn, Brain networks modulated by subthalamic nucleus deep
brain stimulation, Brain 139 (Pt 9) (2016) 2503–2515.

[20] A. Horn, A.A. Kühn, Lead-DBS: a toolbox for deep brain stimulation electrode lo-
calizations and visualizations, Neuroimage 107 (2015) 127–135.

[21] S. Ewert, P. Plettig, N. Li, M.M. Chakravarty, D.L. Collins, T.M. Herrington,
A.A. Kühn, A. Horn, Toward defining deep brain stimulation targets in MNI space: a
subcortical atlas based on multimodal MRI, histology and structural connectivity,
Neuroimage 170 (2018) 271–282.

[22] A. Horn, A.A. Kühn, A. Merkl, L. Shih, R. Alterman, M. Fox, Probabilistic conversion
of neurosurgical DBS electrode coordinates into MNI space, Neuroimage 150 (2017)
395–404.

[23] P. KAM, J.K. Krauss, C.E. Kämpfer, A.A. Kühn, C. Schrader, M. Südmeyer, N. Allert,
R. Benecke, C. Blahak, J.K. Boller, G.R. Fink, W. Fogel, T. Liebig, M.F. El,
P. Mahlknecht, J. Kessler, J. Mueller, J. Voges, M. Wittstock, A. Wolters,
M. Maarouf, E. Moro, J. Volkmann, K.P. Bhatia, L. Timmermann, Causes of failure
of pallidal deep brain stimulation in cases with pre-operative diagnosis of isolated
dystonia, Park. Relat. Disord. 43 (2017) 38–48.

[24] F. Cacciola, J.O. Farah, P.R. Eldridge, P. Byrne, T.K. Varma, Bilateral deep brain
stimulation for cervical dystonia: long-term outcome in a series of 10 patients,
Neurosurgery 67 (4) (2010) 957–963.

[25] R. Reese, D. Gruber, T. Schoenecker, H. Bäzner, C. Blahak, H.H. Capelle, D. Falk,
J. Herzog, M.O. Pinsker, G.H. Schneider, C. Schrader, G. Deuschl, H.M. Mehdorn,
A. Kupsch, J. Volkmann, J.K. Krauss, Long-term clinical outcome in meige syn-
drome treated with internal pallidum deep brain stimulation, Mov. Disord. 26 (4)
(2011) 691–698.

[26] J. Yang, C. Luo, W. Song, Q. Chen, K. Chen, X. Chen, X. Huang, Q. Gong, H. Shang,
Altered regional spontaneous neuronal activity in blepharospasm: a resting state
fMRI study, J. Neurol. 260 (11) (2013) 2754–2760.

[27] M.F. Ni, X.F. Huang, Y.W. Miao, Z.H. Liang, Resting state fMRI observations of
baseline brain functional activities and connectivities in primary blepharospasm,
Neurosci. Lett. 660 (2017) 22–28.

[28] S. Guo, P. Zhuang, M. Hallett, Z. Zheng, Y. Zhang, J. Li, Y. Li, Subthalamic deep
brain stimulation for Parkinson's disease: correlation between locations of oscilla-
tory activity and optimal site of stimulation, Park. Relat. Disord. 19 (1) (2013)
109–114.

[29] N. Vanegas-Arroyave, P.M. Lauro, L. Huang, M. Hallett, S.G. Horovitz,
K.A. Zaghloul, C. Lungu, Tractography patterns of subthalamic nucleus deep brain
stimulation, Brain 139 (Pt 4) (2016) 1200–1210.

C. Yao et al. Parkinsonism and Related Disorders 58 (2019) 40–45

45

https://doi.org/10.1016/j.parkreldis.2018.05.014
https://doi.org/10.1016/j.parkreldis.2018.05.014
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref1
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref1
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref2
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref2
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref3
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref3
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref4
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref4
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref5
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref5
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref5
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref6
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref6
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref6
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref7
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref7
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref7
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref7
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref8
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref8
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref8
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref9
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref9
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref9
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref10
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref10
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref10
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref11
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref11
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref11
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref12
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref12
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref12
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref12
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref13
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref13
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref14
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref14
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref14
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref15
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref15
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref15
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref15
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref16
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref16
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref16
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref17
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref17
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref17
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref18
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref18
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref18
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref19
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref19
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref19
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref20
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref20
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref21
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref21
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref21
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref21
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref22
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref22
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref22
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref23
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref23
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref23
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref23
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref23
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref23
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref24
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref24
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref24
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref25
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref25
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref25
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref25
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref25
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref26
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref26
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref26
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref27
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref27
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref27
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref28
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref28
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref28
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref28
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref29
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref29
http://refhub.elsevier.com/S1353-8020(18)30244-X/sref29

	Post-operative electrode location and clinical efficacy of subthalamic nucleus deep brain stimulation in Meige syndrome
	Introduction
	Methods
	Patients
	Clinical evaluation
	Surgical procedure and DBS programming
	DBS electrode localisation and volume of activated tissue estimation
	Statistical analyses

	Results
	Patient population
	Clinical outcomes
	DBS programming and active contact locations
	VAT of electrode active contact and BFMDRS scores

	Discussion
	Methodological considerations
	Effect of STN-DBS for Meige syndrome
	Characterising clinical efficacy - active contact localisation

	Conclusions
	Conflicts of interest
	Funding
	Acknowledgements
	Supplementary data
	References




