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Abstract

Background Deep brain stimulation (DBS) is a promising therapy for refractory Gilles de la Tourette syndrome (GTS).
However, its long-term efficacy, safety, and recommended surgical age remain controversial, requiring evidence
to compare different age categories.

Methods This retrospective cohort study recruited 102 GTS patients who underwent DBS between October 2006
and April 2022 at two national centers. Patients were divided into two age categories: children (aged < 18 years;
n=34) and adults (aged > 18 years; n=68). The longitudinal outcomes as tic symptoms were assessed by the YGTSS,
and the YBOCS, BDI, and GTS-QOL were evaluated for symptoms of obsessive—-compulsive disorder (OCD), depression,
and quality of life, respectively.

Results Overall, these included patients who finished a median 60-month follow-up, with no significant difference
between children and adults (p=0.44). Overall, the YGTSS total score showed significant postoperative improve-
ments and further improved with time (improved 45.2%, 51.6%, 55.5%, 55.6%, 57.8%, 61.4% after 6, 12, 24, 36, 48,
and =60 months of follow-up compared to baseline, respectively) in all included patients (all p <0.05). A significantly
higher improvement was revealed in children than adults at > 60 months of follow-up in the YGTSS scores (70.1% vs
55.9%, p=0.043), and the time to achieve 60% improvement was significantly shorter in the children group (median
6 months vs 12 months, p=0.013). At the last follow-up, the mean improvements were 45.4%, 48.9%, and 55.9%

and 40.3%, 45.4%, and 47.9% in YBOCS, BDI, and GTS-QOL scores for children and adults, respectively, which all
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significantly improved compared to baseline (all p <0.05) but without significant differences between these two
groups (all p>0.05), and the children group received significantly higher improvement in GTS-QOL scores than adults

(55.9% vs. 47.9%, p=0.049).

Conclusions DBS showed acceptable long-term efficacy and safety for both children and adults with GTS. Surgeries
performed for patients younger than 18 years seemed to show acceptable long-term efficacy and safety and were
not associated with increased risks of loss of benefit compared to patients older than 18 at the time of surgery. How-
ever, surgeries for children should also be performed cautiously to ensure their refractoriness and safety.

Keywords Tourette syndrome, Neurodevelopmental disorders, Movement disorders, Deep brain stimulation,

Pediatric surgery

Background
Gilles de la Tourette syndrome (GTS) is a chronic, com-
plex neuropsychiatric disorder characterized by motor
and phonic tics that typically begins in childhood
between the ages of 6 and 8 years [1-3]. Approximately
50-90% of patients with GTS have comorbid psychiat-
ric symptoms, which mainly include obsessive—com-
pulsive disorder/compulsive behavior (OCD/OCB),
depression, and other psychiatric and behavioral symp-
toms [2, 4]. The pathophysiology of GTS may be related
to the cortico-striato-thalamo-cortical circuit and basal
ganglia, but the exact mechanism remains unproven [5,
6]. Although medications and psycho-behavioral inter-
ventions are available for GTS patients, some of them still
have severe persistent treatment-refractory motor and
vocal tics, which did not respond to psycho-behavioral
interventions per current expert standards and pharma-
cological treatments from three pharmacological classes
(including alpha-adrenergic agonist, two dopamine
antagonists, and a drug from at least one additional class)
[7], influencing their quality of life and causing a heavy
burden on patients, their families, and society [8, 9].
Deep brain stimulation (DBS) has been one of the most
effective therapies for patients with movement disorders
since it was first applied in the 1980s. It has since become
much more popular for different neurological conditions
[10-13]. In 1999, Vandewalle et al. first reported the use
of DBS in treating refractory GTS patients [14]. Subse-
quently, the globus pallidus internus (GPi), thalamic cen-
tromedian nucleus (CM), and other targets of DBS have
been proposed for GTS [14] and have shown promising
efficacy [15-18], which may be related to the inhibition
or functional override pathological network hyperactivity
of cortico-striato-thalamo-cortical circuit [19]. In 2023,
Rissardo et al. reviewed that only 11 studies about GTS
related to DBS are registered on ClinicalTrials.gov [19].
Limited studies with small sample sizes are available on
the long-term efficacy and safety of DBS for GTS, and
one of the highly controversial questions is its optimal
surgical age. Recommendations from the Tourette Syn-
drome Association in 2006 stated that TS patients should

be over 25 years of age at surgery for DBS [20]. Never-
theless, with growing evidence on DBS for children and
young adults, their updated recommendations in 2015
have removed the previously suggested 25-year-old age
limit. However, they were still cautious in suggesting DBS
for TS persons younger than 18 years of age should be
consulted for ethical reasons and urgent indications [7].
This inconsistency relates to currently limited evidence
on DBS for TS in the comparison of different age catego-
ries, especially for children and adults, in their efficacy
and safety, which is a research gap that urgently needs to
be filled.

In this large-scale multicenter study, we currently
recruited the largest sample size of patients with GTS
who underwent DBS at different surgical ages, especially
including large national cohorts with great experience
in both adult and pediatric surgeries (n=102; children
n=34 and adults n=68) with long-term follow-ups (a
median 60-month follow-up) to compare the efficacy
and safety of different age categories. This study provides
substantial evidence on the long-term efficacy and safety
of DBS surgeries for different age categories, especially
in comparisons of children and adults, and might be a
helpful reference for further understanding the recom-
mended optimal surgical age of DBS for GTS.

Methods

Eligibility criteria and patients

This study is a retrospective longitudinal cohort study.
Consecutive patients were recruited from two national
centers, Beijing Tiantan Hospital, Capital Medical Uni-
versity, and the First Medical Center of Chinese PLA
General Hospital, between October 2006 and April 2022.
All these patients received GPi-DBS to treat, refractory
GTS. All included participants, or their guardians signed
written informed consent for the surgery performed and
permissions for the anonymous scientific use of their
data. This study was approved by the ethical committees
of Beijing Tiantan Hospital, Capital Medical University
(KY2021-159-01), and the First Medical Center of Chi-
nese PLA General Hospital (S2019-268-02) and was
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conducted following the 1964 Helsinki Declaration and
its later amendments.

The inclusion criteria were as follows: (1) patients with
clinical diagnoses of GTS according to the Diagnostic
and Statistical Manual of Mental Disorders Fifth Edition
(DSM-V) by qualified neurologists and psychiatrists; (2)
severe treatment-refractory symptoms, defined as symp-
toms that seriously impair the quality of life and might
even be life-threatening, which could not be effectively
controlled by at least two well-established medications
and psycho-behavioral interventions in adequate doses
and frequency; (3) received DBS treatment between
October 2006 and April 2022; and (4) finished at least
6 months of follow-up. The exclusion criteria were as
follows: (1) patients with medical conditions as surgical
contraindications, such as severe cardiovascular diseases,
pulmonary diseases, and others; or (2) patients with no
controlled severe psychotic disorders (such as schizo-
phrenia), which may influence surgical counseling, evalu-
ation, nursing, postoperative rehabilitation, and related
evaluations.

Figure 1 shows the enrollment procedure. Before sur-
gery, all patients were confirmed for surgical criteria by
experienced specialists in movement and psychiatric dis-
orders and functional neurosurgeries, which included the
following: (i) tics should be defined as harmful or malig-
nant for a minimum period of 6 months or should be
scored as>35 on the YGTSS-TTS for a minimal period
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of 12 montbhs, (ii) the patient should report at least mod-
erate impairment on the YGTSS impairment score or
high impairment on the Gilles de la Tourette Quality of
Life Scale (GTS-QoL) for a minimal period of 12 months,
(iii) patients should be treatment-resistant defined as no
response to behavioral and/or pharmacological interven-
tions, and (iv) co-existing psychiatric conditions should
be stable for a minimal period of 6 months before sur-
gery and primary impairment of quality of life should
be caused by tics [21]. Patients were divided into age
at surgery<18 years (children group) and age at sur-
gery > 18 years (adults group) as the study groups.

Surgical procedure

DBS implantation was performed under local anesthesia
using the Leksell stereotactic system (Elekta Instrument
AB, Stockholm, Sweden). After the initial localization of
the targets by the SurgiPlan system (Elekta Instrument
AB, Stockholm, Sweden), the optimal position was fur-
ther determined through intraoperative electrophysi-
ological recording and intraoperative test stimulation.
All patients were implanted with quadripolar leads (3387
Medtronic, Minneapolis, MN, or L302, Pins Medical,
Beijing, China) in bilateral hemispheres. The coordinates
of the GPi target were located as its posteroventrolateral
parts, which was used in all patients, and the lowest con-
tact was 18-21 mm lateral to the AC-PC, 3 mm anterior
to the MCP, and 4-6 mm below the inter-commissural

2006 and April 2022 (n=132)

Patients who were diagnosed with TS between October

Excluded (n=3)
-without informed consent (n=3)

TS patients initially enrolled in the study
(n=129)

Excluded (n=27)

-without assessment result (n=6)

-Less than 6-months follow up (n=4)

-on targets other than Gpi (n=15)

-without implantable pulse generator (n=2)

outcomes of DBS (n=102)

Patients included in the analyses of characteristics and

e Beijing Tiantan Hospital (n=33
e 301 Hospital (n=69)

< 18 group
(n=34)

(n=68)

>18 group

Fig. 1 Flow diagram of the enrollment procedure of patients with GTS
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line. The leads were then attached to an implantable
pulse generator (IPG) implanted under the clavicle under
general anesthesia. Then, the patient underwent a post-
operative CT examination for examinations of intrac-
ranial hemorrhage and other complications. Finally, the
position of the DBS leads was verified by fusing the post-
operative CT with the preoperative MR images [22].

The IPG was switched on at the 1-month follow-up
after the surgery. Each patient was adjusted with stimula-
tion parameters and medications until reaching an opti-
mal balance of symptom control and minimum adverse
effects. Most of the switch-on parameters of DBS were
set to a pulse width of 60 ps and a frequency of 130 Hz at
switch-on, and the voltage was adjusted according to the
patient’s response, increasing the stimulation voltage step
by step to reduce stimulation-induced dyskinesia and
adverse reactions in behavior.

Outcome measures

The Yale Global Tic Severity Scale (YGTSS) was assessed
as the primary outcome for tic symptoms. The YGTSS
was used to assess symptoms such as motor and phonic
tics of GTS. The items of the YGTSS scale were summa-
rized into the three domains of motor tics, phonic tics,
and an impairment rating, which ranged from a possible
score of 0 (no tics) to a maximum score of 100 (extreme
severity) [23]. Tic severity was considered according to
the most intense tic. The Yale-Brown Obsessive—Com-
pulsive Scale (YBOCS), Beck Depression Inventory
(BDI), and Gilles de la Tourette Syndrome-Quality of Life
Scale (GTS-QOL) were assessed for symptoms of OCD,
depression, and quality of life, respectively [23, 24], which
were the secondary outcomes. Scores of the YBOCS [24]
and BDI were classified based on Chinese consensus,
including none, mild, moderate, and severe.

Patients with GTS were assessed longitudinally at
baseline (preoperative), 6 months and 12 months after
the surgery, and every 12 months thereafter. The clini-
cal improvement was calculated as ([(preoperative
scores — postoperative scores)/prescores] X 100%).

Statistical analysis

The mean (standard deviation, SD), median with range,
or number with percentages were reported for descrip-
tion. The analysis of differences between two samples
was performed using the independent/paired ¢ test or
the rank-sum test (Mann—-Whitney or Wilcoxon test)
for continuous variables or * test (Pearson’s or Fisher’s
exact) for categorical variables, as appropriate.

For longitudinal continuous variables, one-way
repeated-measures ANOVA was applied to evaluate
outcomes assessed at different follow-up periods (7 lev-
els: baseline, at 6 months, at 12 months, at 24 months,
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at 36 months, at 48 months, at>60 months and more)
within groups. In analyzing differences in outcomes of
different age groups (children vs adult groups) and differ-
ent YGTSS subscores (motor and phonics), multivariate
repeated-measures ANOVAs were performed. Post hoc
comparisons for pairwise comparisons of different time
periods were conducted with Scheffe’s correction. For
longitudinal categorical variables, Kaplan—Meier curves
were plotted with log-rank tests for comparisons. All
data were analyzed using SPSS software (version 27; IBM;
Chicago, IL) and R with packages (version 4.2; R Foun-
dation; Vienna, Austria). All tests were two-tailed, and
p<0.05 was considered statistically significant.

Results

Patient characteristics

The demographic characteristics of the patients are sum-
marized in Table 1. In total, 102 participants (34 children
and 68 adults) were enrolled; 33 of them were enrolled
from Beijing Tiantan Hospital, and the other 69 patients
were enrolled from the First Medical Center of Chinese
PLA General Hospital. As GTS is more likely to occur in
males, most (92.2%) of the included patients were men,
and 7.8% were women. These patients had a mean age of
symptom onset of 9.7 years, and the mean age at surgery
was 21.8 years (range 10.0-41.0). The most common psy-
chiatric comorbidities were OCB [76/102 (74.5%)], atten-
tion deficit disorder (ADD) [45/102 (44.1%)], depression
[83/102 (81.4%)], anxiety [61/102 (59.8%)], and self-inju-
rious behavior (SIB) [7/102 (6.9%)]. The follow-up dura-
tion of all patients ranged from 6 to 126 months, with a
median follow-up period of 60 months; there was no sig-
nificant difference between children and adults (p =0.44).
Apart from age at surgery, no significant difference was
found in sex; age at onset; comorbidities; baseline assess-
ments by YGTSS, YBOCS, BDI, and GTS-QOL; IPG; or
requirement centers (all p>0.05), suggesting good com-
parability (Additional file 1: Table S1).

Assessments and outcomes

Figure 2A summarizes the improvements in YGTSS
scores. The mean (SD) YGTSS total score was 73.2
(16.3) at baseline and 32.3 (19.4) at the last follow-up,
with a mean reduction of 55.3% (24.9%; significantly
improved, p<0.001). The mean YGTSS total score sig-
nificantly improved 45.2%, 51.6%, 55.5%, 55.6%, 57.8%,
and 58.1% at 6, 12, 24, 36, 48, and > 60 months of fol-
low-up compared with baseline (all p<0.05), which
suggested further improvements with time (Fig. 2A).
Greater than 30% improvement was observed in 85.3%
of patients, and improvement greater than 60% was
noted in 42.2% of patients. Figure 2C and D show the
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Table 1 Characteristics of all patients with GTS
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Number/total number with data (%), mean +standard deviation SD, or median (range)

Characteristics All patients
Sex

Female 8/102 (7.8%)

Male 94/102 (92.2%)
Ages, years

Age at onset 9.7+43

Age at surgery 21.8+6.3

Comorbidities

OCB 76/102 (74.5%)
ADHD 45/102 (44.1%)
Depression 83/102 (81.4%)
Anxiety 61/102 (59.8%)
SIB 7/102 (6.9%)
Assessments
YGTSS total score 732+163
YGTSS motor score 202+36
YGTSS phonic score 16.7+59
YGTSS impairment score 358+11.1
YBOCS total score 18.2+85
BDI total score 214+12.1
GTS-QOL total score 728+156

Centers
33/102 (32.4%)
69/102 (67.6%)

Beijing Tiantan Hospital

Chinese PLA General Hospital
IPG

PINS G102/R

Medtronic Activa PC/RC

Duration of follow-up, months

38/102 (37.3%)
64/102 (62.7%)
60 (6.0-126.0)

Children (n=34) Adult (n=68) p value
4/34 (11.8%) 4/68 (5.9%) 044
30/34 (88.2%) 64/68 (94.1%)

82+32 104+46 0.22
159+19 248+56 <0.001
25/34 (73.5%) 51/68 (75.0%) 0.97
14/34 (41.2%) 31/68 (45.6%)

23/34 (67.6%) 60/68 (88.2%)

19/34 (55.9%) 42/68 (61.8%)

3/34 (8.8%) 4/68 (5.9%)

722+152 7374168 0.65
203+35 202+36 0.93
169+54 165+6.2 0.996
34.7+109 363+11.1 0.52
179+9.2 183+8.2 0.85
2214132 212+116 0.85
722+149 73.1+£159 0.86
12/34 (35.3%) 21/68 (30.9%) 0.65
22/34 (64.7%) 47/68 (69.1%)

11/34 (32.4%) 27/68 (39.7%) 047
23/34 (67.6%) 41/68 (60.3%)

60 (12-126) 60 (6-124) 0.98

Abbreviations: OCB Obsessive-compulsive behavior, ADD Attention-deficit disorder, SIB Self-injurious behavior, YGTSS Yale Global Tic Severity Scale, YBOCS Yale-Brown
Obsessive-Compulsive Scale, GTS-QOL Gilles de la Tourette Syndrome-Quality of Life Scale, BDI Beck Depression Inventory, IPG Implantable pulse generator

analysis revealing the outcome on the clinical motor
tic scores and phonic tic scores. The mean motor tic
scores improved 37.6%, 41.7%, 46.2%, 47.2%, 50.1%, and
49.8% at 6, 12, 24, 36, 48, and > 60 months of follow-
up, respectively, compared with baseline (all p <0.05).
The mean phonic tic scores improved by 48.7%, 55.0%,
59.6%, 60.4%, 60.4%, and 60.4% at 6, 12, 24, 36, 48,
and > 60 months of follow-up, respectively, compared
with baseline (all p<0.05). As shown in Fig. 2C, there
was a significant difference between motor and phonic
tic improvements at the 24-month and 48-month fol-
low-up times (59.6% vs 46.2% for 24 months, 60.4% vs
50.1% for 48 months; all p<0.05). YGTSS total scores
for different follow-up time points are represented in
Tables 2 and 3. Figure 2B summarizes the YBOCS, BDI,
and GTS-QOL scores at baseline and at the last follow-
up, which suggested significant improvements of 42.0%,
46.3%, and 42.0%, respectively (all p <0.01).

Comparisons of age categories

Improvements in the YGTSS in comparing children
and adults are represented in Fig. 3A. In the pediatric
group, the mean YGTSS scores significantly improved
by 52.9%, 58.8%, 62.8%, 63.9%, 66.9%, and 61.4% at 6,
12, 24, 36, 48, and >60 months of follow-up, respec-
tively, compared with baseline (all p <0.05). In the adult
group, the mean YGTSS scores significantly improved
by 41.4%, 47.8%, 51.8%, 51.0%, 52.5%, and 55.9% at 6,
12, 24, 36, 48, and >60 months of follow-up, respec-
tively, compared with baseline (all p<0.05). As shown
in Fig. 3A, there was a significant difference between
children and adults at the > 60-month follow-up (70.1%
vs 55.9%, p=0.043), and the same trend was observed
at other follow-up time points, but there was no sig-
nificant difference (all p >0.05). Specific YGTSS scores
are summarized in Table 2. In Fig. 3B, comparisons in
YGTSS scores of the baseline follow-ups within groups
showed significant improvements in the children
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Fig. 2 The primary and secondary outcomes in 102 patients. A The improvement rate of YGTSS scores at different follow-up time points. B The
baseline and last follow-up time scores of the GTS-QOL, BDI, and YBOCS. C The improvement rate of motor tic and phonic tic scores at different
follow-up time points. D The baseline and different follow-up time point scores of motor tics and phonic tics. Abbreviations: YGTSS, Yale Global Tic
Severity Scale; YBOCS, Yale-Brown Obsessive—-Compulsive Scale; BDI, Beck Depression Inventory; GTS-QOL, Gilles de la Tourette Syndrome-Quality

of Life Scale; *p < 0.05, **p < 0.01

group and adults group (all p>0.01). Furthermore, sur-
vival analysis of the 60% reduction in YGTSS scores
between the child group and adult group is presented
in Fig. 3C, which shows that the 60% improvement rate
was achieved faster in the child group than in the adult
group (p=0.013). Figure 3D summarizes improve-
ments in YBOCS, BDI, and GTS-QOL scores between
children and adults at the last follow-up. In the child
group, the mean improvement rate was 45.4% in the
YBOCS, 48.9% in the BDI, and 55.9% in the GTS-QOL.
In the adult group, the mean improvement rate was
40.3% in the YBOCS, 45.4% in the BDI, and 47.9% in
the GTS-QOL. The improvement rate between these
two groups of GTS-QOL had a significant difference,
which showed a better improvement in the children
group (55.9% vs. 47.9%, p=0.049), while other out-
comes did not show significance (all p >0.05). Figure 3E
and F show the YGTSS subscore improvement rates in
the adult group and child group. This result suggested a
significantly higher improvement in phonic tics than in
motor tics in adults but not in children.

Comorbidities and side effects

The comparison between the pre- and postoperative
periods regarding depression, OCD, and other comor-
bidities is shown in Fig. 4. The percentage of patients who
were severely depressed preoperatively was 40.2%, and
the percentage of patients who were not depressed was
18.6%. However, postoperative severe depression was
found in 13.7% of patients, while no symptoms of depres-
sion were found in 33.3% of patients. Similarly, preopera-
tive severe OCD was found in 18.6% of patients, and no
symptoms of OCD were found in 25.5% of patients, while
postoperative severe OCD was found in 2% of patients,
and no symptoms of OCD were found in 39.2% of
patients, as shown in Fig. 4A and B. In Fig. 4C and D, the
percentages of preoperative patients with severe depres-
sion in the child and adult groups were 41.2% and 38.2%,
respectively, while the percentages of postoperative
patients were 11.8% and 14.7%. Similarly, the proportions
of patients without preoperative depression were 11.8%
and 32.4% in the child and adult groups, respectively,
while the proportions of patients without postoperative
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Table 2 YGTSS scores in all patients and subgroups at different
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Table 3 YBOCS, BDI, and GTS-QOL scores in all patients and

follow-ups subgroups at baseline and the last follow-up
All GTS patients Children  Adult Pvalue All GTS patients Children  Adult Pvalue
Baseline (n=102) 7324163 722+152 7371168 0667 YBOCS
6 months (n=102) 39.5+17.1 338+16.1 423+170 0.256 Pre 182+85 179492 183482 0.848
Improvement (%)  45.2% 52.9% 41.4% Post 10.2+6.2 95+6.7 10.6+59 0280
Pgvalue <0.001** <0.001**  <0.001** Improvement  42.0% 45.4% 40.3% 0.049
12 months (1=99) 34.7+186 29.7+182 373+£183 0382 (%)
Improvement (%)  51.6% 588%  47.8% Pyvalue <0007™ <0007 <0.001™
Pvaalue <0.001** <0.001**  <0.001** FO‘(‘jO\/\/’Up 6-126 12-126 6-124
eriods

24 months (1=93) 323+194 269+187 351+£19.2 0206 EDI
Improvement (%)  55.5% 62.8% 51.8%

Pre 2144121 2214132 212116 0.846
Pgvalue <0.001** <0.001**  <0.001**

Post 11.7+85 11.7+97 117480 0679
36 months (n=84) 320+19.7 262+19.0 3534193 0207

Improvement 46.3% 48.9% 45.4% 0.537
Improvement (%) 55.6% 63.9% 51.0% (%)
Pg-value <0.001** <0.001**  <0.001** P,-value <0.007** <0001%  <0007**
48 months (ﬂ:73) 299+195 235+179 33.7+194 0.152 FOHOW-Up 6-126 12-126 6-124
Improvement (%) 57.8% 66.9% 52.5% periods
Pgvalue <0.001** <0.001**  <0.001** GTS-QOL
>60 months 268+17.8 205+14.1 308+188 0.039* Pre 72.8+156 7224149 731+£159 0.864
(n=54) Post 3624164 3254175 381£155 0092
Improvement (%) 58.1% 614%  55.9% Improvement  50.6% 559%  479% 0359
Pg-value <0.001** <0.001**  <0.001** (%)
Pg-value p value for within-group comparison between follow-ups and baseline, PB—Va‘ue <0.001 <0001 <0.001*
Pc-value p value for comparison between the children and adults group, YGTSS Follow-up 9-126 12-126 9-113
Yale Global Tic Severity Scale periods

*p<0.05, **p<0.01

depression were 44.1% and 27.9%. The average voltage,
pulse width, and frequency of the left (right) hemisphere
of this cohort of patients at the time of switch-on were
2.3 v (2.4 v), 60 ps (60 ps), and 130 Hz (130 Hz), respec-
tively. The mean voltage, pulse width, and frequency of
the left (right) brain hemisphere at the last follow-up
were 3.1 v (3.2 v), 88 ps (90 ps), and 169 Hz (169 Hz),
respectively. Among the 102 patients, 4 had nausea or
vertigo symptoms, 3 had lethargy symptoms, and 1 had
headache symptoms after the program control. These
symptoms disappeared after parameter adjustment.

Discussion

GTS is a neurological disorder with motor and phonic
tics as the main symptoms, usually with onset in child-
hood [1, 2, 25]. It is often combined with behavioral
disorders such as OCD/OCB, ADHD, SIB, anxiety, and
depression [25]. Despite the many treatment options
available, there are still patients with severe tic symptoms
who are not sensitive to conventional treatment without
clinical outcomes [26]. For these inherently refractory
GTS patients, DBS can offer a valuable alternative treat-
ment option [27-30].

Pg-value p value for within-group comparison between follow-ups and baseline,
Pc-value p value for comparison between the children and adults group,

YBOCS Yale-Brown Obsessive—-Compulsive Scale, GTS-QOL Gilles de la Tourette
Syndrome-Quiality of Life Scale, BDI Beck Depression Inventory

*p<0.05, **p<0.01

DBS is an effective treatment for tics and psychiatric
comorbidities of GTS patients with a moderate safety
profile. In this retrospective clinical study, 102 patients
with GTS underwent DBS performed by our team. The
mean YGTSS total score significantly improved 45.2%,
51.6%, 55.5%, 55.6%, 57.8%, and 58.1% at 6, 12, 24, 36, 48,
and >60 months of follow-up compared with baseline
(all p<0.05), which suggested further improvements with
follow-ups. Regarding psychiatric comorbidities and life
quality of patients, the mean YBOCS score significantly
improved by 42.0% at the last follow-up time, 46.3% in
the BDI improvement rate, and 42.0% in the GTS-QOL
improvement rate (all p<0.01). Similarly, a meta-anal-
ysis studied by Baldermann et al. included 57 studies,
which showed that tic symptoms significantly improved
over time, with an improvement of 52.7% on the YGTSS
(p<0.01) [27]. Another two randomized controlled trials
showed a significant improvement of 40.1% and 69.5%
with GPi-DBS at the end of the open-label phase after
6—48 months, respectively [18, 29]. In addition, Balder-
mann et al. also found a median improvement of OCD of
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31.3% on the YBOCS and mood of 38.9% on the BDI [27].
Recently, Shu Wang et al. further evaluated the efficacy
and safety of combined deep brain stimulation with cap-
sulotomy for comorbid motor and psychiatric symptoms
in Tourette’s syndrome by reviewing clinical data and
meta-analysis [31].

DBS is still controversial in the treatment of GTS for
several reasons, for example, the fact that tic symptoms
may improve in adolescence even without treatment
for some GTS patients [25, 32, 33]. Many studies have
shown that tic symptoms decrease significantly during
adolescence in approximately 40% of patients with GTS,
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another 40% may disappear completely, and the remain-
ing 20% have tic symptoms that remain pronounced or
even tend to worsen after adolescence and require long-
term treatment [34, 35]. Therefore, the Tourette Syn-
drome Association (TSA), in its first guidelines for GTS
treated by DBS issued in 2006, stated that no patient
under the age of 25 years would be allowed to undergo
DBS surgery [20]. The reason for this was that it could
not ensure that the leads and IPG might be implanted
in a subset of GTS patients whose symptoms might have
disappeared on their own during adolescence. However,
the TSA’s latest consensus guidelines, which were issued

in 2015, have changed the age limitation for patients
undergoing surgery and moved away from the previously
recommended age limit of “patients must be older than
25 years” [7]. These guidelines state that patients under
the age of 18 years old should be operated on in consul-
tation with their local ethics committee or institutional
review board, which relaxed the age requirement. In this
retrospective clinical study, all patients were divided into
two groups based on the age of 18. Among the different
age subgroups, there were significant differences in the
improvement of the YGTSS improvement rate at>60
follow-up times. This result suggested that there were
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better surgical results in the child group than in the adult
group in terms of the long-term efficacy of DBS for GTS,
which also does not exclude the possibility of receiving
a patient’s self-healing. In addition, there was a smaller
proportion of total depression in the child group than
in the adult group at baseline, which could indirectly
indicate that the comparison of the improvement in tic
symptoms is relatively less influenced by the confounding
factor of depressive mood. There was also a significant
difference between motor tic and phonic tic improve-
ment in the adult group, which indicated that DBS was
more effective in treating phonic tics than motor tics. A
similar trend was evident in the children group, while no
significant differences emerged, possibly due to the rela-
tively small sample size. In addition, the improvement in
GTS-QOL was significantly better in the pediatric group
than in the adult group, suggesting that DBS would pro-
vide a better improvement in quality of life for pediatric
patients.

Regarding the possibility of self-healing, we do not
exclude the existence of such a trend. However, it is true
that the symptoms of the GTS patients included in this
study were refractory and that the patients had heavy
tic symptoms. These patients were not observed to have
a significant tendency to self-heal, so the greater likeli-
hood of symptom improvement should be attributed to
DBS, but how to quantify this is something that can only
be achieved by conducting randomized controlled trials
(RCTs). However, we have provided the important value
that DBS can be performed in refractory, heavily symp-
tomatic children with even better results than in adults.
Therefore, we recommend that the age limit for surgery
in patients with GTS can be relaxed appropriately by the
professional assessment and willingness of patients and
their families so that patients can be treated earlier when
their symptoms have begun to affect their quality of life.
A growing number of studies show that even though tic
symptoms resolve in adolescence, the symptoms of GTS
patients can still seriously affect psychological develop-
ment and can even jeopardize their educational and work
opportunities, social interactions, and relationships,
which will cause irreversible damage [7]. Another reason
to consider DBS surgery early in the course of the disease
is that GTS patients are at a high risk of self-inflicted tics,
including violent cervical tics, which may cause cervi-
cal spondylitis myelopathy and secondary neurological
dysfunction [36]. This group of patients is collectively
referred to as “malignant” GTS, and approximately 5% of
GTS patients will develop this type [37]. Delaying surgery
for these patients may not only cause permanent dam-
age to their cognitive, emotional, and social development
but may also be life-threatening [38]. This is what we
often say: “patient choice should optimize the individual
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risk—benefit ratio” [39]. In addition, studies have shown
that DBS is a safe surgical operation with a less than 1%
risk of serious complications, including bleeding and
neurological dysfunction [7, 27, 40]. However, some stud-
ies have also suggested that GTS is a chronic disease and
that surgical treatment is not urgent [41, 42]. We believe
that the greatest impediment to our current explora-
tion of GTS is the impossibility of predicting the natural
course of tic symptom improvement in GTS, so we can-
not use traditional chronic conditions to recommend
DBS for GTS [43]. These patients choose to undergo sur-
gery early in the course of their illness not because it is
a chronic condition but because they cannot tolerate the
actual pain caused by the disease. Postponing surgery at
this time can only lead to a deterioration in quality of life
and the destruction of physical and mental health dur-
ing this important period of life. Even if the treatment
for DBS remains effective for several years after adoles-
cence, waiting too long to undergo surgery can lead to
irreparable personal and social harm to the patient. In
2016, Zekaj et al. described a patient who underwent
DBS treatment early, whose tics decreased significantly
in severity during adolescence [44]. The symptoms were
still well improved when the IPG was eventually turned
off in this patient [44]. Whether DBS treatment can be
considered a temporary therapeutic application needs
to be confirmed by further clinical studies. It is therefore
impossible to determine whether the improved results in
the child cohort are a result of DBS treatment. However,
the fact that they show similar or possibly better symp-
tom relief is an indication that the treatment is effective
and safe even in child patients and that we will follow up
with RCTs to further shed more light on this issue.

There are several limitations to this study. First, the
retrospective nature of this analysis has several inher-
ent limitations. Not all variables can be fully controlled.
Second, current evidence on the optimal age at sur-
gery or decision of DBS in children with GTS is still not
enough, and evidence from randomized controlled tri-
als is needed. Additionally, due to the characteristics of
available GTS patients, more patients in our cohorts were
males, which might introduce selection bias.

Conclusions

The present study supports that the long-term efficacy
and safety of DBS are acceptable for both children and
adults with GTS, and a higher improvement is observed
in phonic tics than in motor tics. Surgeries performed
for patients younger than 18 years seem to show accept-
able long-term efficacy and safety and were not associ-
ated with increased risks of loss of benefit compared to
patients older than 18 at the time of surgery. These find-
ings could be helpful in evaluating efficacy for children
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and adults and might be helpful in the decision of opti-
mal age of DBS for GTS patients. However, earlier sur-
gical ages should also be cautious to ensure treatment
refractoriness and safety.
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