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Introduction: Although refractory Tourette Syndrome (TS) is rare, it poses great challenges in clinical practice. Co-
morbid psychiatric symptoms often occur, negatively impacting quality of life. Deep brain stimulation (DBS)
targeting different brain structures seems effective for tics, but specific literature regarding response of psy-
chiatric symptoms is more limited.

This study aimed to assess the outcome of tics and non-tic related symptomatology in refractory TS treated with
antero-medial globus pallidus interna (amGPi) DBS.

Methods: We included all patients with refractory TS (January 2013-August 2020) from the Brain Nerve Centre
and Steve Biko Academic Hospital, Pretoria, South Africa, treated with bilateral amGPi DBS; retrospective
baseline, early (up to 3 months) post-DBS follow-up assessment data, as well as prospective data from the latest
follow-up (mean 37.4 months) were collected using standardised scoring tools and scales.

Results: Five patients were identified. Tics decreased by 63,9% (p = 0,002); quality of life improved by 39,8% (p
= 0,015); self-injurious behaviour ceased; obsessive—compulsive symptoms resolved in all but one. The number
of different chronic medications used more than halved. Transient stimulation-related adverse events occurred in
four patients.

Conclusion: This study contributes to the data of the efficacy of amGPi-targeted DBS in refractory TS, showing
improvement in quality of life and both tic- and non-tic-related symptomatology..

1. Introduction

Tourette Syndrome (TS) is a childhood onset neuropsychiatric con-
dition characterised by multiple tics present for more than one year [1].
The aetiology is likely multifactorial, involving complex genetic factors
and environmental triggers. Patients suffering from TS frequently have
comorbid behavioural and psychiatric symptoms, with an estimated
lifetime prevalence of 90 % [2]. Obsessive-compulsive disorder (OCD)
and attention-deficit/hyperactivity disorder (ADHD) are most common
[2]. Suicide risk is higher amongst TS sufferers even after adjusting for
psychiatric comorbidity [3]. These associated comorbidities often
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significantly affect quality of life [4].

By adulthood, >80 % will experience tic reduction, but 26-40 % will
still have mild tic-related symptoms [5,6]. A minority, estimated at <5
% of all patients with TS, have refractory TS where tics are severe, cause
significant functional disability and do not respond to treatment [7,8].

Deep brain stimulation (DBS) of different brain targets — most
commonly the centromedian thalamus, anteromedial or posteroventral
globus pallidus - may improve refractory TS [1,9,10]. While the efficacy
of DBS for the reduction of severe tics is relatively well-established, the
effects of DBS regarding behavioural and psychiatric comorbidity and
quality of life are less often reported. A recent review reported an overall
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31,2% reduction of OCD and 38,9% of depression in patients irre-
spective of which target was used, the total number of patients studied
remaining small [11,12]. Targeting the antero-medial globus pallidus
internus (amGPi) for DBS in TS is currently done more frequently due to
its specific limbic anatomical connections, surgical access and paucity of
undesirable stimulation induced complications, yet data regarding
psychiatric outcome in amGPi DBS remains limited [13]. Recently, a
multi-target DBS approach in TS has been investigated, showing possible
improved effect on managing tic and non-tic symptoms [14].

The aim of this study was to assess the outcome of tics and non-tic
related symptomatology of refractory TS in adolescent and adult pa-
tients treated with amGPi DBS at two specialised movement disorder
units in Pretoria, South Africa.

2. Methods and patients

All patients with refractory TS from the Brain Nerve Centre and Steve
Biko Academic Hospital in Pretoria, who had been treated with DBS in
Pretoria (patients 1-4) and at Red Cross Childrens Hospital, Cape Town
(patient 5) between January 2013 and August 2020, were included; they
were assessed at routine follow-up or were contacted to participate.
Baseline information was collected retrospectively, whereas the latest
follow-up measurements were collected prospectively and reported
here. No genetic studies were performed on the patients. The data
collection was mixed retrospective and prospective.

The amGPi was the target in all our patients. The choice of the amGPi
as target was based on the data available, its strong limbic and asso-
ciative network connections, surgical experience and the prominent
non-motor co-morbidity in all 5 our patients. Non-stereotactic neuro-
navigation compatible target-specific sequences were acquired on a 3-
Tesla GE Signa MRI scanner (Magnetic Resonance Imaging) (General
Electric, Milwaukee, WI, USA). A patient specific atlas was created with
minimal need for reformatting with respect to the anterior commissure
(AC) - posterior commissure (PC) plane on the planning software. Target
specific sequences such as the T1 and T2 weighted MRIs were done, and
in addition, a double dose post-contrast T1 weighted three-dimensional
multi-plane reformattable sequence was acquired, which facilitated
planning of a safe trajectory. Plan-ahead paradigm was used to deter-
mine the anatomical location of the target and the orientation of the
trajectory (Framelink version 5.4 & Stealth Cranial Stereotaxy 3.0,
Medtronic, Minneapolis, MN, USA). The long axis of the GPi was drawn
at the level of the AC-PC plane and it was divided into four quadrants.
The long axis of the GPi was generally parallel to the optic tract when
projected onto an inferior slice. Direct visualization was used to identify
the amGPi target at the junction of the anterior two quadrants of the GPi,
within the internal medullary lamina and adequately lateral from the
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posterior limb of the internal capsule (Fig. 1A). The optic tract was used
as an internal landmark to ascertain the pallidal base. This aided in
deliberating on the optimal individual electrode location and lead
orientation. The stereotactic frame’s base ring was applied on the day of
surgery, after which a high resolution stereotactic computed tomogra-
phy (CT) scan of the head was obtained which was later fused with the
plan ahead data sets to transform functional/brain coordinates to ste-
reotactic/frame coordinates. A Cosman Robert Wells (CRW) stereotactic
frame (Precision model, Integra LifeSciences Corporation, Burlington,
MA, USA) with a phantom base was used to perform the procedure in
patients 1-4 and a Leksell frame (model G, Elekta, Stockholm, Sweden)
in patient 5 under controlled general anaesthesia. Two channel simul-
taneous microelectrode recording (MER) using the Leadpoint 5 + 3
(Medtronic, Minneapolis, MN, USA) in the central and antero-medial
trajectories of the “Ben’s Gun in the ‘X’ configuration” were used to
confirm the pallidal base (Star Drive, FHC Inc., Bowdoin, ME, USA). The
pattern of MER was classified on the basis of density (high/low), fre-
quency (high/low), regular or irregular and bursting or pausing. The
inferior pallidal border of the anatomically determined amGPi target
was confirmed using MER. Macroelectrode stimulation (MES) was per-
formed 4 mm above, 2 mm above and at target to check for side-effects
within the therapeutic range up to the supramaximal level (0-5 mA; 60
psec and 130 Hz). A passive tip lead with four electrodes (3389 model
[15]; Medtronic, Minneapolis, MN, USA) was implanted under intra-
operative fluoroscopy guidance and after verification, a burr hole
cover functioning as a lead locking device was affixed. Post-operative CT
fused with the pre-operative MRI for audit of lead location was done in
patients 1-4. A post-operative conditionally safe stereotactic 1.5 T MRI
(Magnetom, Siemens, Erlangen, Germany) (Fig. 1 B and C) for target
confirmation was done in patient 5. A primary cell neurostimulator
(Activa PC, model 37601, Medtronic, Minneapolis, MN, USA) was
implanted in patients 2 and 4 and, where funding allowed, a recharge-
able neurostimulator (Activa RC, model 37612, Medtronic, Minneapolis,
MN, USA) was implanted in patients 1,3 and 5, in the sub-clavicular
region during the same procedure. After battery depletion a second
Activa PC was implanted in patient 4.

The following scores were assessed and compared: Yale Global Tic
Severity Scale (YGTSS); Gilles de la Tourette Quality of Life (GTS-QOL)
with a visual analogue scale (GTS-QOL VAS); Yale-Brown Obsessive
Compulsive Scale (Y-BOCS) or the Children’s version (CY-BOCS) for
participants under 18 years; Beck Depression Inventory-II (BDI-II) for
patients older than 13 years; Beck Anxiety Inventory (BAI) for patients
older than 17 years; Revised Children’s Anxiety and Depression Scale
(RCADS) and/or its parent version (RCADS-P) for children aged 8-18
years. Clinically relevant improvement regarding Y-BOCS was defined
as a 35 % or more reduction in score. Chronic medication at the time of

Fig. 1. Post-surgical MRI of patient 5 1A: An outline of a patient specific atlas in an axial orientation at the level of the AC-PC with the long axis of the GPi divided
into four quadrants and the anatomically planned location of one electrode. Depth was determined based on the visualization of the pallidal base and optic tract.
Abbreviations: AC — anterior commissure, PC — posterior commissure, V3 — third ventricle, ALIC — anterior limb of the internal capsule, PLIC — posterior limb of the
internal capsule, Pt — putamen, GPe - globus pallidus externa, GPi — globus pallidus interna, EML - external medullary lamina, IML - internal medullary lamina, IAL —
internal accessory lamina 1B and C: Post-operative T1 axial (Fig. 1B) and coronal (Fig. 1C) MRI images showing the position of the electrode in the amGPi in

patient 5.
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evaluation before and after surgery and adverse effects post-DBS were
also recorded.

3. Results

The baseline characteristics of the five included patients are sum-
marised in Table 1.

3.1. YGTSS and GTS-QOL outcome

Tic-and non-tic related outcomes for DBS are shown in detail in
Table 2 and Supplementary Data Table S1. All patients showed clinically
and statistically significant improvement on the YGTSS, GTS-QOL and
GTS-QOL VAS scales by latest follow-up (p values 0.003, 0.015 and
0.027 respectively).

3.2. Self-injurious behaviour (SIB) characteristics and outcome

All 5 patients had experienced SIB during the course of their lives.
Three of the patients had SIB at the time of surgery, and all three re-
ported complete cessation of the SIB by the latest follow-up. No patient
reported episodes of SIB post-DBS.

3.3. OCD outcome

At baseline, all patients had OCD (2 mild; 2 moderate; 1 severe),
according to Y-BOCS and CY-BOCS scores, while at the latest follow-up
only one patient had mild OCD symptoms. The others had scores of five
or less (sub-clinical or normal range).

Two of the three patients with Y-BOCS data showed clinically rele-
vant improvement, achieving a score less than 10. The third patient had
practically reached a clinical response with 33 % reduction and a score
equal to 10. Patients 1 and 5, under 18 years, were evaluated with the
CY-BOCS and RCADS/RCADS-P at baseline. Patient 1 had moderate (CY-
BOCS = 18) and Patient 5 mild OCD (CY-BOCS = 8), which resolved in
both at follow-up: Y-BOCS = 1 and Y-BOCS = O respectively were
recorded.

3.4. Anxiety and depression outcome

The three adult patients had baseline BDI-II and BAI data available,
which improved in two after DBS (BDI-II: 25 to 14 and 17 to 2; BAIL: 38 to
22 and 11 to 0), while one had worsening on both (BDI-II: 11 to 31; BAI:
3 to 23). In this patient a combination of stimulation related side-effects
and medication reduction were thought to be the cause of this
deterioration.

Patient 1 had marked anxiety (RCADS t-score = 67; RCADS-P t-score
> 80) and depression (RCADS-P t-score > 80) at baseline but scored
within normal range (Y-BOCS = 1; BDI-II = 3; BAI = 14) at follow-up;
patient 5 also had anxiety (RCADS t-score = 69) and depression
(RCADS t-score = 76) which normalised post-DBS (Y-BOCS = 0; RCADS
t-scores = 43 and 39) by the last visit. This also correlates with his
normal BDI-II and BAI scores of 11 and 8 at follow-up.

Table 1
Summary of the baseline clinical characteristics of the 5 patients in the study.
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3.5. Medication

The medications used at the time of surgery and then at latest follow-
up after DBS are shown in Table S2 in the Supplementary Data. Medi-
cations were systematically weaned after surgery, keeping co-morbid
symptoms in mind. Patient 4 stopped using an SSRI on his own accord
after stimulation was turned on. He subsequently reported deterioration
in depression and anxiety at follow up as is shown in the follow up data.
Two other patients were medication-free and the remaining two were
able to reduce medication use without deterioration of co-morbidities or
tics.

3.6. Stimulation parameters

The stimulation parameters of the patients before and after adjust-
ment are shown in Table S3 in the Supplementary Data.

3.7. DBS adverse events

Apart from one patient where the pulse generator was repositioned
due to poor contact with the charging device, no other surgical adverse
events were found. All stimulation related side-effects were resolved
with stimulation adjustments. Details of these findings are shown in
Table S4 in the Supplementary Data.

4. Discussion

Tic reduction in our study was similar to the average 45-80 %
improvement in YGTSS scores documented in other published studies
following DBS for refractory TS, adding to the knowledge of the efficacy
of DBS in this condition [9,16]. In addition, improvement of patient
well-being in our study was similar to the 38.9 % and 45.7 %
improvement in QOL scores seen by Kefalopoulou and Zhang [17,18].

Psychiatric comorbidity is common in TS and observational studies
show that mood disorders are associated with a greater tic burden, with
many patients having two or more psychiatric disorders [2,11,19,20].
Our patients had an average of four psychiatric comorbidities, including
SIB and OCD in all. One study which focussed on malignant TS - severe
TS needing at least one hospital admission or two emergency room visits
- showed that OCD occurred in 100 % of patients; more than two co-
morbid psychiatric disorders occurred in all patients and SIB was seen in
65 % [20]. An association between multiple and severe psychiatric
comorbidities and refractory TS thus seems plausible with possibly
common genetic risk factors. Notably, 80 % of patients in our study had
a positive family history of TS, with two patients having co-transmission
of OCD - an association with increased severity of OCD and likelihood of
SIB has been shown in such instances. Patient 1 had bi-lineal trans-
mission of both TS and OCD but had an unaffected twin sister. This has
also been noted in twin studies for TS which showed 8 % and 53 %
concordance rates in dizygotic and monozygotic twins, respectively,
supporting the role of genetics, as well as epigenetic and environmental
risk contributions [21]. Several candidate genes for TS have been
identified over the last years, but none have yet been confirmed as major
susceptibility genes. Most studies in this regard are focusing on the

Pt Sex Race  Family history SIB OCD MDD ADHD  Anxiety Learning YGTSS  AgeatTS Age at DBS Longest Follow-up
TS difficulty onset (yrs) (months)

1 F w + + + + - + 97 3 17 33

2 M W + + + + + + 94 10 26 55

3 M w + + + - - - 66 11 25 48

4 M w - + + + - + 76 6 34 27

5 M B + + + + + - 95 12 16 24

Abbreviations: Pt: Patient, SIB: Self-injurious behaviour, OCD: Obsessive-compulsive disorder, MDD: Major depressive disorder, ADHD: Attention deficit hyperactivity

disorder, YGTSS: Yale Global Tic Severity Scale, yrs: years.
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Table 2

Comparison of the different measured rating scale scores before and after DBS surgery. The first number in each column is the baseline score and the number after the
semicolon is the post-DBS score at last follow-up.

Pt YGTSS GTS-QOL Y-BOCS CY- BDI-II BAI RCADS* RCADS- PUTS UPS- GAF
BOCS p* SPS
TTS OIR Total Score VAS

1 47,12 50;10 97,22 70;6 30;100 -1 18;- -3 -14 64;- >80;- -15 -3 -;81-90
2 44;13 50; 0 94;13 73;26 20,78 24;5 -- 25;14 38;22 -5 -5- =21 -2 -;71-80
3 26;13 40;10 66;23 41;8 70;75 20;0 -5 17;2 11;0 - -5- =16 -0 -;81-90
4 36;12 40;30 76;42 52;46 25;50 15;10 -5 11;31 3;23 - -5- -;29 -8 -61-70
5 45;19 50;20 95;39 66;17 40;80 -0 8;- 511 -8 72;41 45;48 18 -0 -,81-90
Mean  39.6;13.8  46;14 85.6;27.8  60.4;,20.6  37;76.6 19.7;3.2  13;- 17.7;12.2  17.3;13.4 - -5- -19.8 526 --

SD 8,7;2.9 5.5;11.4 13.8;12.3 13.5;16.3 19.9;17.8 4.5;4.3 7.1;- 7.0;11.7 18.3;9.7 - -5- -5.6 -3.3 -5

Min 26;12 40; 0 66;13 41;6 20;50 15;0 8;- 11;2 3;0 64;- 45;- 15 -0 -61-70
Max 47;19 50;30 97;42 73;46 70;100 24;10 18;- 25;31 38;23 72;- >80;- 29 -8 -,81-90

TTS = Total tic severity score; OIR = Overall impairment rating; *t-score. Pt = Patient number.
The first number in each column is the baseline score and the number after the semicolon is the post-DBS score at last follow-up. A dash (-) stands for score not done.

candidate pathway approach that investigates genes related to neuro-
transmitters of the cortico- basal ganglia- thalamo- cortical loops [22].

Risk factors for the development of refractory TS have not been
conclusively identified, but we propose that OCD, possibly in combi-
nation with SIB, and a family history of TS or OCD are likely important
risk factors for the development of refractory TS. If these factors are
present in a patient with TS, it raises the possibility of them being used
for early risk stratification and consequent treatment planning.

Evidence for outcome of behavioural and psychiatric comorbidities
post-DBS surgery for refractory TS is not conclusive. Our patients had a
75 % reduction in Y-BOCS scores and none reported SIB after surgery;
some improvement of OCD and SIB has also been described in previous
studies [11,20]. The choice of amGPi target in all our patients may have
contributed to this positive result, suggesting that personalised DBS
targets should possibly be considered, according to the phenotypic
presentation of the patient [9]. Depression and anxiety may respond to
some extent to thalamic stimulation and improvement has also been
documented in a few patients where the amGPi was targeted; we noted
an improvement in 80 % of our patients [18,21].

The reduction in the pill burden achieved post-DBS in our study was
noteworthy. To our knowledge, there are currently no studies investi-
gating the effect of DBS on medication reduction, and our finding of
medication-freedom in two patients and a marked reduction in one more
is interesting and future studies should examine this in more detail.

Refractory TS is very rare and our study is also limited by the small
number of patients and the lack of controls but aided by the long follow-
up duration (mean 37.4 months) demonstrating benefit in real-world
practice. Precise connectomic analysis of the anatomical target in the
amGPi and stimulation parameters will also require further study to
optimize outcome of DBS in Tourette syndrome in the future, and it
remains to be determined whether a multi-target stimulation approach
may be superior to carefully selected single target lead placing in re-
fractory TS..

5. Conclusion

Our study contributes to the data of the efficacy of amGPi-targeted
DBS in refractory TS, showing improvement in the quality of life and
both tic- and non-tic-related symptomatology. The specific improve-
ment of the non-tic related symptomatology with the use of the amGPi
target is emphasised. Larger numbers of patients are needed to explain
the conflicting reported outcomes in motor and non-motor symptoms in
patients in blinded and open label trials of DBS in TS. Although we
experienced low surgical and stimulation-induced adverse effects, cli-
nicians should be aware of higher rates of side-effects reported in other
studies, such as torsion of the extensions, secondary sepsis and skin le-
sions due to accidental or self-induced injuries reported in other studies
[9,10].
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