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 Introduction

The history of the neurosurgical treatment of 
Gilles de la Tourette syndrome (TS)  – whether 
via lesioning or stimulation – has been predicated 
on the notion that intervention at key nodes can 
improve disorder-specific circuit abnormalities. 
One major, unresolved question at the time of 
this writing is what or which are the key surgical 
nodes in TS, a question that is particularly chal-
lenging given the variable, multifaceted nature of 
TS, which often includes prominent obsessive- 
compulsive and attention-deficit behaviors along-
side the hyperkinetic motor and vocal tic 
behaviors. Historically, as we shall review, surgi-
cal approaches have often targeted regions classi-
cally associated either with the presumed 
compulsive nature of tics akin to targets used for 
OCD (e.g., cingulum and anterior limb of the 
internal capsule) or regions more commonly 
associated with hyperkinetic movement disorders 
(e.g., the motor thalamus and posteroventral glo-
bus pallidus). Over time, subregions within the 
thalamus and pallidum, areas that represent a 
kind of crossroads between motor and limbic 
function, have emerged as stereotactic targets of 

choice, namely, the anteromedial globus pallidus 
and the dorsomedial thalamus. These two areas 
will receive the greater focus of our attention but 
not to the exclusion of other still-utilized targets.

 The TS Network

A basic understanding of the underlying circuit- 
based abnormalities in TS provides a useful 
platform for better understanding the surgical 
history. The cause or causes of TS are currently 
unknown. Genetics clearly plays a role in many 
cases with particular interest focusing on the 
role of single nucleotide polymorphisms, but 
the exact genetic underpinning has yet to be 
identified [1, 2]. Subtle neuropathological 
abnormalities have been reported (e.g., changes 
in caudate and thalamic volumes) but not con-
sistently [3, 4]. What has been repeatedly 
observed, however, is a difference in regional 
brain metabolism supporting a circuit-based 
pathophysiology or, more specifically, a cortico-
striato-thalamo-cortical (CSTC) abnormality 
[5]. In this model, simplified for our present 
purposes, aberrant activation of striatal neurons 
with inhibitory connections to GPi/SN leads to 
disinhibition of thalamocortical projections. 
The result is an imbalance of the normal promo-
tion of voluntary movements that leads to 
unwanted, specific motor patterns manifesting 
as tics. The prominent striatal role is  supported 
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by the symptomatic improvement following 
dopamine blocking and depleting therapies (the 
mainstay of medical management for decades) 
as well as evidence supporting metabolic “nor-
malization” following successful surgical inter-
vention [6].

 Surgical History

The first contemporary references to surgical 
intervention for TS involved anecdotal reports of 
patients who underwent frontal lobotomies and 
leukotomies in the 1950s (Stevens 1955; Baker 
1960) often for treatment of comorbid psychiat-
ric symptoms. Beginning in the 1960s, the medial 
thalamus – which was noted to have degenerated 
following these more indiscriminate procedures – 
was more specifically targeted for TS [7]. Cooper, 
an early pioneer of stereotactic lesioning for 
movement disorders, targeted the ventrolateral 
thalamus with some reported success, followed 
soon after by Dieckmann and Hassler who, draw-
ing from their prior experience lesioning patients 
with OCD, theorized that tics were a form of 
“motor obsessional phenomena” [8]. They tar-
geted the medial thalamus with a fairly extensive 
lesion that involved the rostral interlaminar, 
ventro- oralis, and centromedian-parafascicular 
nuclei. They reported improvement of 70–100% 
in 3 patients and, interestingly for the pre-DBS 
era, noted different symptomatic responses when 
testing stimulation frequencies prior to lesioning. 
Their approach, with its reported good results 
and safety outcomes, would provide a roadmap 
for the earliest DBS interventions some 35 years 
later and can thus be seen as an important land-
mark. At the time, however, they shared company 
with a variety of other approaches that included 
dentotomies, limbic leukotomies, and anterior 
cingulotomies [9, 10]. From the 1950s through 
the 1980s, approximately 65 cases were reported 
involving lesioning of these and other targets 
thought to be involved in the TS network. Reports 
often provided limited information on the precise 
location of the lesion and results generally lacked 
specifics in terms of pre/post tic evaluations. 
Furthermore, complications in the pre-DBS era 

were often considerable ranging from debilitat-
ing dysarthria (a not infrequent complication of 
bilateral thalamic lesioning), dystonia, ataxia, 
and hemiplegia [7, 11]. Interestingly, the data 
(limited though it is) suggested that targeting the 
cingulum, which was seen to be effective for 
OCD, was less effective for motor tics, suggest-
ing that TS and OCD, while sharing many fea-
tures, are not necessarily amenable to the same 
intervention [10]. The era of DBS, starting in the 
late 1980s, saw a rekindling of interest in possi-
ble surgical intervention for TS even if the ideal 
target remained a matter of conjecture. Targeting 
possibilities seemed to broaden rather than nar-
row with anecdotal reports of tics improving fol-
lowing STN DBS in a patient with Parkinson’s 
and TS, and following GPI DBS for patients with 
dystonia and TS [12, 13]. The first reported case 
of DBS specifically for TS was in 1999 by 
Vandewalle, who targeted Hassler’s aforemen-
tioned centromedian thalamic region and 
described the tics at 1 year as “abolished” [14]. 
Since that time, approximately 200 DBS cases, 
often as part of small case series, have been 
reported using as many as nine stereotactic tar-
gets, though largely focused on medial thalamic 
subregions, pallidal subregions, and the anterior 
limb of the internal capsule. Optimal candidates, 
optimal targets, and optimal programming 
approaches remain topics of debate with consen-
sus being further hampered by the relatively 
small patient population requiring surgical inter-
vention. Nevertheless, results continue to support 
the potential for improvement, sometimes dra-
matic and lasting, in properly selected patients as 
shall be discussed below.

 Candidate Selection

Consensus guidelines for patient selection were 
proposed in 2006 and slightly revised in 2015 
[15, 16]. Being a surgical procedure with its 
attendant risks (as discussed below), candidates 
should have sufficient burden from their TS and 
should have tried the commonly prescribed medi-
cations before being considered. The Yale Global 
Tic Severity Scale Score (YGTSS), which grades 
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motor and vocal tics based on a number of vari-
ables with maximal score of 50 (or 100 if includ-
ing the 50-point impairment score), is often used 
as a proxy of severity. The latest consensus 
guidelines suggest a score of 35/50 being indica-
tive of sufficiently severe TS to warrant surgical. 
While this is not unreasonable, it should be borne 
in mind that the score cannot entirely stratify 
potential risk of harm from tics and, being report- 
based, can over- or underestimate severity at any 
given point in time. For example, a single, force-
ful neck-jerking tic that poses a risk for cervical 
myelopathy might result in a relatively low 
YGTSS in the absence of other more complex 
tics. Conversely, an individual could have a large 
variety of complex motor and vocal tics, all on 
the milder side and not impacting quality of life 
greatly despite a high YGTSS score. Therefore, 
understanding the risk of harm and impairment 
from tics is more important than a particular 
number, and this is now also acknowledged in the 
consensus algorithm. Although the evidence for 
various specific medications in treatment of TS is 
often weak, standard of care includes trials of 
alpha-adrenergic agents, dopamine blocking, 
and/or depleting medications. Not every medica-
tion within these classes needs to be tried, but 
clearly, treatment by an experienced TS specialist 
familiar with appropriate options is required 
before a patient is deemed medically refractory. 
In addition to medications, there is good evidence 
that cognitive behavioral therapy or habit reversal 
therapy is helpful to some TS patients and should 
be pursued prior to DBS. From a practical stand-
point, it is not always easy to identify experi-
enced cognitive behavioral specialists, insurance 
coverage can be challenging, and evidence for its 
efficacy in the most severe TS cases is lacking, 
but given the possibility for benefit, every effort 
to connect patients with a behavioral therapist 
prior to DBS should be undertaken.

The appropriate minimum age at which sur-
gery be considered has been a matter of debate. 
TS often naturally wanes in early adulthood and 
so performing brain surgery on a minor who 
might improve with time alone has been viewed 
with some apprehension. In the initial proposed 
algorithm from the Tourette Syndrome Association 

[15], the suggested minimum age was 25, at 
which point the likelihood of natural attenuation 
was assumed diminishing. Arguing against this 
conservative approach was the contention that 
severe TS in younger patients could be associated 
with significant physical and psychosocial dis-
ability, and thus performing an intervention ear-
lier could have a meaningful long-term impact. 
The revised TSA algorithm [16] took a more 
nuanced stand, recommending that surgery only 
be considered in patients under 18 in cases where 
a multidisciplinary team and local ethic commit-
tee reviews the circumstances of a given case and 
weighs the relative risks and benefits. Our current 
approach, particularly given the lack of FDA 
approval for the indication at present, is to have all 
cases reviewed by a multidisciplinary committee 
not involved in the case with the addition of a 
pediatric specialist for patients under 18 and, 
though not absolute, will generally not perform 
surgery in patients under 16.

TS often keeps company with other neuropsy-
chiatric and behavioral symptoms including 
depression, anxiety, OCD, and ADHD.  The 
response to these does not always follow suit 
even following successful reduction in tic sever-
ity (OCD, for example, is common and some-
times improves alongside tics but can remain 
unchanged or even worsen despite improvement 
in tics in some cases). It is thus helpful to under-
stand how much of a potential candidate’s quality 
of life is impaired by tics and ideally select those 
whose benefit would not be undercut by signifi-
cant, persistent depression or OCD. Optimizing 
and understanding comorbid factors prior to sur-
gery and often working as part of a multispecialty 
team are vital to optimal outcomes. A particular 
emphasis on identifying suicidal or addictive 
behaviors that could potentially worsen follow-
ing DBS (especially if results are not as positive 
as hoped for) is of paramount importance. Along 
these lines, framing patient expectations is a very 
important part of candidate selection. As will be 
detailed below, outcomes are variable and nonre-
sponders difficult to predict prospectively, so 
patients should understand the potential for no or 
minimal improvement. Thoughtfully consider 
whether a patient’s expectations are realistic.
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In summary, a reasonable candidate is an oth-
erwise healthy individual with a clear diagnosis 
of TS who has failed an adequate trial of medica-
tions and behavioral therapy as assessed by an 
experienced specialist and has significant impair-
ment resulting chiefly if not exclusively from the 
motor and/or vocal tics with reasonable expecta-
tions and understanding of the possible outcomes 
and risks.

 The Surgical Targets

The recent publication by international Tourette 
Syndrome Deep Brain Stimulation Public 
Database and Registry [17], pooling case data 
from multiple centers and reporting on 185 
patients, reports the most common surgical as the 
centromedian thalamic region (57.1%), followed 
by the anterior globus pallidus internus (25.2%), 
posterior GPi (15.3%), and the anterior limb of 
the internal capsule (2.5%). There is currently 
insufficient evidence to suggest which target 
affords the most clinical benefit, as no significant 
difference in outcome was noted between targets.

 Surgical Technique

As in DBS for the more common movement dis-
orders (PD, ET, dystonia), the surgical technique 
varies from center to center. Challenges unique to 
the TS population include a relatively young 
patient age, as well as the potential for an increased 
rate of surgical complications due to the presence 
of self-mutilatory and/or OCD behavior in a sub-
stantial fraction of these patients [18]. While the 
authors’ surgical target (medial thalamus, 
described as CM/Pf/Voi depending on the publi-
cation) has remained the same over our 10-year 
experience, we have modified our technique due 
to both our own clinical experience as well as the 
introduction of adjunctive technology.

Staging Our preference is to perform the sur-
gery in a staged fashion, with simultaneous bilat-
eral cranial lead placement as an inpatient 

procedure, followed by generator placement 
1–2 weeks later as an outpatient.

Choice of generator We have moved from plac-
ing bilateral single-channel devices to dual chan-
nel rechargeable devices, given the 
aforementioned young patient age as well as the 
real-world experience of insurance company 
denials of generator replacement surgery, despite 
having approved the initial implantation.

Anesthetic technique For lead placement, we 
have utilized both the traditional method of 
awake/conscious sedation surgery with agents 
such as propofol and dexmedetomidine, which 
provides the opportunity for both microelec-
trode recording and macrostimulation to assess 
for both clinical efficacy and side effects. Given 
the severe and violent tics experienced by many 
of our patients resulting in difficulty with main-
taining an appropriate level of conscious seda-
tion, combined with the introduction of 
intraoperative CT, we have begun to perform all 
our of lead placement surgeries under general 
anesthesia, with anesthetic techniques that still 
allow for microelectrode recording. We utilize 
frame-based stereotaxis with MRI-CT fusion, 
with the MRI scan performed in the weeks prior 
to surgery under general anesthesia. CT scan-
ning is performed following frame placement 
for the purposes of stereotactic target calcula-
tion and after each lead is placed to confirm lead 
placement.

Surgical targeting The choice of target, by def-
inition, determines the method used for anatomic 
target identification. Whereas the pallidal and 
capsular targets can be visualized on MRI, indi-
vidual thalamic nuclei including the centrome-
dian region remain difficult if not impossible to 
target directly, and thus indirect anterior- 
posterior commissure-based targeting remains 
the primary targeting method. Our thalamic 
coordinates are 5 mm lateral to midline, 4 mm 
posterior to the midcommissural point, and on 
the AC-PC plane (Z  =  0). These coordinates 
reflect the location of the electrode tip, which 
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corresponds to Hassler’s substantia periventricu-
laris (Spv). The deepest (most ventral) contact is 
rarely used, and the actual locus of stimulation in 
our experience maps to the junction of the Voi/
CmPf [19] (Fig. 31.1). For this rather medial tar-
get, lateral approach angles (usually over 30 
degrees in the coronal plane), are necessary. 
Sagittal angles are similar to those traditionally 

used for the Vim thalamic and STN targets, from 
50 to 70 degrees posterior in the sagittal plane 
(Fig. 31.2).

 Microelectrode Recording 
and Macrostimulation

Our findings during microelectrode recording 
(MER) of the medial thalamus are similar to 
those reported in the literature [20]. We have 
found that the cessation of thalamic bursting 
activity can be useful to identify the laterality of 
the trajectory. Thalamic bursting cells are usually 
encountered until the microelectrode tip exits the 
thalamus and enters the SPv, approximately 
2 mm above the target. Loss of thalamic activity 
earlier in the trajectory suggests a medial devia-
tion, and continued thalamic activity closer to 
target suggests the opposite, namely, a lateral 
offset.

As the medial thalamus is distant from the 
corticospinal tracts as well as the medial lemnis-
cus, motor and sensory effects are not seen with 
macrostimulation. In awake patients, ventral 
stimulation can result in a subjective complaint 
of dizziness. Whereas direct tic suppression is 

Fig. 31.1 Image from the Schaltenbrand and Wahren ste-
reotactic atlas, axial slice at 2.0  mm above the AC-PC 
plane. The yellow marker represents the average area of 
stimulation as calculated using the postoperative imaging 

studies. This point corresponds to the calculated average 
area of stimulation in our series. (From Dowd et al. [19]. 
Reprinted with permission from Journal of Neurosurgery)

Fig. 31.2 AP skull X-ray demonstrating the lateral 
approach angle to the medial CM thalamic target
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difficult to confirm intraoperatively, stimulation 
slightly dorsal to the tip will, in some patients, 
elicit a sensation of “calmness.”

 Outcomes

A pithy distillation of TS outcomes across numer-
ous studies would be to state that approximately 
50% of patients improve about 50%. A more rig-
orous examination of the data, however, leads to 
a far more nuanced and cautious assessment of 
the results along with greater awareness of the 
imperfections and limitations of the relatively 
small and variable data. The vast majority of the 
reported outcomes derive from small, retrospec-
tive, non-blinded, non-placebo-controlled case 
series. Different age ranges, different rating 
scales, different brain targets, different stimula-
tion paradigms, and different follow-up periods 
make it hard to glean a clear picture let alone 
make convincing comparisons across different 
studies. Despite these important caveats, reported 
outcomes from approximately 200 patients (at 
time of this writing), including a handful of 
small, randomized trials and published meta- 
analyses, allow for some general remarks. Rather 
than delving into the details of each small case 
series, we will highlight an illustrative few that 
will hopefully provide context for better under-
standing of some pooled analyses.

 Thalamic DBS for TS

As mentioned above, the medial thalamus was an 
early target for TS in the pre-DBS era and was 
the first dedicated target for DBS in 1999 with 
Vandewalle reporting a 72–90% reduction in tic 
severity in 3 patients at up to 72 months follow-
 up [14, 21, 22]. The thalamus has subsequently 
remained the most common target but where pre-
cisely within the medial thalamus is targeted has 
varied across different centers. For example, the 
Milan-Bergamot group, with the largest thalamic 
case series published to date, targeted approxi-
mately 2 mm anterior to Vandewalle’s target and 
reported a 24–72% improvement in the YGTSS 

in 18 patients at up to 18 months follow-up [23]. 
Interestingly, while the tic reduction was highly 
statistically significant, there was a surprising 
lack of concordance between patient and physi-
cian perceptions of outcome in nearly half the 
cases. This disconnect speaks perhaps to the 
complexity of issues TS patients deal with that 
are not captured by a tic-related rating scale. Our 
group reported results in 13 patients who had 
undergone medial thalamic DBS and found a 
50% reduction at last follow-up (ranging from 
6 months to 5 years [19]. Closer inspection of the 
improvement on a case-by-case basis revealed a 
separation between marked responders and mild 
to minimal responders with no clear prospec-
tively differentiating features. Notably, all sub-
jects including those with less robust YGTSS 
reductions reported that they would repeat the 
procedure knowing what they know now. Two 
blinded, crossover studies highlight, in part, the 
challenges of performing such studies in this 
patient population. Maciunas et al. performed a 
double-blind, randomized stimulation versus 
sham stimulation study in 5 patients over 4 weeks 
followed by open, unblinded stimulation for 
3  months [24]. A video assessment, which was 
selected as the primary outcome, did demonstrate 
significant overall improvement comparing stim-
ulation versus non-stimulation, but the YGTSS, 
selected as a secondary outcome, did not reach 
significance perhaps in part due to the small num-
ber and in part perhaps related to varying overall 
outcomes with 3 of 5 patients demonstrating a 
more robust improvement. No clear factors 
appeared to distinguish the responders from the 2 
nonresponders. Ackermans et al. also undertook 
a blinded study but faced recruitment challenges 
with only 8 subjects over 4 years and only 6 who 
completed 1 year follow-up with a randomized 
OFF versus ON assessment at 3 months [25]. At 
3 months there was a 37% improvement ON ver-
sus OFF stimulation (though not statistically sig-
nificant) with a 49% improvement at 1  year, 
again with varying individual degrees of improve-
ment. Despite improvement, all patients reported 
a sense of diminished energy and visual com-
plaints without associated, objective findings on 
examination.
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 Pallidal DBS for TS

Pallidal DBS results are likewise chiefly derived 
from case series. A small double-blind trial of 3 
patients implanted with both pallidal and tha-
lamic electrodes suggested a greater response to 
pallidal stimulation at 20–60 months follow-up 
compared with thalamic or thalamic and pallidal 
together [26]. Though generalizing from a small 
study is difficult, it did generate increased inter-
est in pallidal stimulation. As with the medial 
thalamus, targeting has varied with some cen-
ters using the traditional posteroventral “motor” 
target and others using a more anteromedial tar-
get with some studies including a mix of the 
two. One of the largest case series involving 
both pallidal targets (though predominantly the 
anteromedial target) involved 15 patients, 13 of 
whom successfully completed a double-blind, 
crossover trial of on versus off stimulation eval-
uations for two three-month periods followed 
by open-label on stimulation follow-up of up to 
36 months [27]. Improvement during the blinded 
phase was modest and not statistically signifi-
cant, but open- labeled follow-up demonstrated a 
40% improvement in the YGTSS with associ-
ated improvements in quality of life scales. 
Martinez- Torres et  al. also reported a mixed 
cohort of anteromedial and posteroventral GPI 
DBS in 5 patients and found variable degrees of 
improvement, slightly more robust with the 
anteromedial target compared with the postero-
ventral [28]. In an open-label series of 17 
patients targeting the anteromedial GPI, 
Sachdev et al. reported a mean reduction of 54% 
in the YGTSS in patients followed up to 
46  months with 12 of the 17 improving over 
50% and all but one reporting some perceived 
benefit [29]. Eleven of the 17 also reported some 
improvement in their OCD symptoms.

 Other Targets for TS (ALIC, STN)

The anterior limb of the internal capsule is the 
approved target for OCD, and as TS shares obses-
sive/compulsive features, it is perhaps not sur-
prising that it has been used to treat TS as well. 

The majority of ALIC reports for TS are limited 
to single case reports [30–33]. The small num-
bers make generalizable conclusions difficult 
particularly as results have varied from worsen-
ing of tics [30] to dramatic reduction of tics and 
OCD [33]. In one open-label case report, a patient 
received a 25% improvement in YGTSS global 
severity following ALIC but experienced apathy 
or hypomania with adjustments. Following a lead 
fracture, the ALIC electrodes were replaced with 
medial thalamic electrodes resulting in a 50% 
overall improvement without stimulation- 
associated mood issues despite considerably 
higher stimulation parameters [34]. The STN is 
another potential if seldom utilized contender in 
the busy field of potential TS targets. Stimulation 
of the STN, often preferred for Parkinson’s, has 
been reported to improve OCD [35] and, in a 
single case report, improved tics in a patient suf-
fering from both PD and TS [13].

 Meta-Analyses

Two recent reports, one a meta-analysis based on 
review of the published literature and another a 
meta-analysis of data from the International Deep 
Brain Stimulation Registry and Database for 
Tourette Syndrome [17, 36], convey a broader 
sense of the outcomes to date. Baldermann et al. 
reviewed 57 articles consisting of 156 cases, 78 
being thalamic, 64 being pallidal, and 9 ALIC 
[36]. Median age at time of surgery was 30 (15–
60) with a mean improvement 53% (mainly 
derived from changes in YGTSS from median 83 
to 35). Reduction in motor tics was about equiva-
lent to reduction in vocal tics at 39% and 40%, 
respectively, with >50% of patients improving by 
>50%. In comparing outcomes across targets, 
they found the median YGTSS improvement fol-
lowing thalamic DBS to be 48% compared with 
Gpi-pl at 58%, Gpi-am at 55%, and ALIC at 
44%. OCD scores, measured using the YBOCS, 
had a mean improvement of 31% (median 16 to 
11) and were similar across targets. There was a 
trend toward more improvement in younger 
patients, but no particular target was unequivo-
cally superior nor were any determining factors 
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identifiable in terms of separating responders 
from nonresponders. The DBS Registry and 
Database encompasses the pooled data from 31 
actively involved DBS centers across 9 countries 
and recently reported 12-month data on 163 
patients (many of whom are also included in the 
aforementioned meta-analysis). In terms of 
demographics, the population was 72% male 
with a mean age at surgery 29.5 (youngest being 
13). Fifty-seven percent received thalamic stimu-
lation, while 25% received anterior pallidal, 15% 
posterior pallidal, and 3% ALIC.  The pooled 
improvement in the YGTSS was 44.1% with 
vocal responding slightly more than motor tics. 
Most improvement was obtained by 6  months 
and maintained at 1 year, and no significant dif-
ferences were clearly perceived between targets 
though the most robust improvement compared 
with baseline was noted in the anterior pallidal 
cohort though not to a point where any clear rec-
ommendations could be made in regard to pre-
ferred target selection.

 Complications

Although the risk of serious adverse events fol-
lowing DBS at experienced centers is low, it has 
been repeatedly noted that the risk of complica-
tions appear to be higher in the TS population 
compared with indications such as Parkinson’s 
disease [19, 23, 29]. Reasons for this may include 
the presence of obsessive behaviors such as pick-
ing at incision sites or compulsive twiddling of 
the pulse generator resulting in infection or hard-
ware malfunction (both of which occurred in our 
patient cohort and required hardware removal 
without lasting sequelae) [37]. Serious intraopera-
tive complications at experienced centers appear 
to be relatively uncommon and were reported as 
1.3% in the International TS DBS Registry. A tha-
lamic hemorrhage at the lead tip in one patient 
resulted in a gaze palsy [25]. Postoperative infec-
tions and hardware malfunctions likewise appear 
to be more common in TS, reported as occurring 
in 2.5% of patients in the Registry. Servello, in 
reviewing all DBS cases, reported a higher inci-
dence of infectious complication in patients who 

received DBS for TS [18]. It does not appear that 
a particular target is inherently more or less risk-
prone. As many TS patients receive DBS at a rela-
tively young age, the compounded risk of 
long-term indwelling hardware and IPG replace-
ments also needs consideration. Stimulation-
related complications  – though generally 
reversible  – are not infrequent in TS.  The TS 
Registry reported as many as 30% of patients 
experiencing a stimulation-related side effect, 
perhaps not surprising given the high stimulation 
parameters used in some patients. Thalamic stim-
ulation has been associated with a subjective feel-
ing of decreased energy and visual disturbances 
[25] despite a lack of objective neuroophthalmo-
logical findings. Dysarthria and paresthesias are 
also frequent though, again, typically amenable to 
reprogramming. Higher anxiety levels have occa-
sionally been associated with anterior GPI stimu-
lation [38] as has worsening of mood, impulsivity, 
and imbalance [29]. Although OCD has often 
improved or remained unchanged following DBS 
for TS, there have been thalamic and pallidal 
cases were OCD has worsened despite an 
improvement in tics [19, 23].

 Caveats and Conclusions

Despite the heterogeneous nature of the data, 
mainly derived from small case series with vary-
ing targets, methodologies, and outcome mea-
sures, there is a collective sense that DBS is an 
often (if variably) effective treatment option for 
refractory TS. Few of the studies allow for a con-
clusive determination as to what constitutes the 
best target, optimal stimulation parameters, or 
the most likely responders. These remain major 
limitations in our present understanding. Further 
hampering a clinical consensus is the relatively 
small number of patients requiring DBS, making 
a large multicenter, blinded study difficult to 
accomplish. The best means forward appears to 
be aggregated data as is being undertaken by the 
International Registry, which continues to pub-
lish outcomes data in hopes of providing a clearer 
picture. At this point, the authors feel safe stating 
that there is ample case-based evidence to  warrant 
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consideration of DBS for severe medication 
refractory TS targeting either the globus pallidus 
or median thalamus. However, the variable 
degree of response – including possibility of non- 
response  – along with the higher incidence of 
complications needs to be explicitly explained to 
prospective candidates, particularly to potentially 
more vulnerable younger patients. Ideally, con-
tinued thoughtful and systematic collection of 
pre- and postsurgical data will allow for a more 
straightforward assessment of DBS’s place in the 
armamentarium.
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