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1  |  INTRODUCTION

Gilles de la Tourette syndrome (TS) is a chronic devel-
opmental neuropsychiatric disorder with an onset in 
early childhood, affected by both genetic and environ-
mental factors. TS is characterized by multiple com-
plex motor and vocal tics, in addition to some other 
psychological disorders such as attention deficit hyper-
activity disorder (ADHD) and obsessive- compulsive 
disorder (OCD). The exact pathophysiology of TS is 
unclear but recent studies suggest that there may be a 

defect in the cortico- striato- thalamo- cortical (CSTC) 
circuit. Besides self- limited cases, some TS patients 
with mild symptoms may need conventional treatments 
such as psycho- behavioral therapy, educational ther-
apy, and pharmacotherapy while refractory cases are 
potential candidates for deep brain stimulation (DBS) 
procedure which leads to an improvement in both tic 
component and other comorbidities of TS, but with 
different extents.1 Herein, we report a patient with TS 
whose OCD improved after DBS without his tic being 
improved.
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Abstract
A 32- year- old gentleman with refractory Gilles de la Tourette syndrome went 
on a DBS procedure on anteromedial globus pallidus internus. At the most suit-
able adjustment, the OCD component of his disease improved almost completely 
while his tics remained unchanged which was in contrast with other previous 
studies. Moreover, variations in symptoms were seen in response to different 
adjustments. We discuss that these variations and fluctuations in the thera-
peutic outcomes may be due to differences in physiological conditions of tic-  or 
OCD- specified pathways and areas including distinct stimulation threshold and 
occurrence of neuroplasticity in neural circuits which may determine the respon-
siveness of each pathway or circuit to a specific stimulus. At last, we suggest that 
pathways and circuits should be targeted for DBS rather than single components; 
as these components may be involved in multiple pathways, related to different 
pathophysiological states.
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2  |  CASE PRESENTATION

A 32- year- old right- handed gentleman was diagnosed 
with TS at the age of 5 with a progression through ado-
lescence, presented by fluctuating complex motor tics in-
cluding shoulder elevation, repetitive movement in the 
thumbs, and eye blinking, which was accompanied by 
severe disabling OCD, beginning at the age of 8, sleep 
disorder for 15 years, adult- onset ADHD, and anxiety dis-
order during his illness. He reported social impairment 
during school and at work. He had several unsuccessful 
behavioral-  and pharmaco-  therapies (Table 1) since he 
was diagnosed. He had a positive family history of TS in 
his father accompanied by OCD and simple motor tic in 
his sister. Due to severe symptoms, lack of response to 
multiple drugs unsuccessful psycho- behavioral therapy, 
and the patient's functional impairment, he was known 
as a refractory case of TS and became a candidate for DBS 
surgery.

Consent was obtained from the patient, and DBS 
surgery was carried out under local anesthesia. Targets 
were determined and calculated via Medtronic S8 plan-
ning station software and approved via an MRI and mi-
croelectrode recording. Electrodes (3389/ Medtronic) 
were administered through the coronal suture site, par-
allel to the midline, and implanted symmetrically on 
the anteromedial globus pallidus internal (GPi) (Right: 
x  =  15.22, y  =  6.40, z  =  −7.74, and Left: x  =  −14.32, 
y = 7.29, z = −9.37). Stimulation test results during sur-
gery demonstrated proper response with no immediate 
side effects. A post- operative computed tomography 
scan demonstrated the appropriate position of elec-
trodes. No complications were observed after the sur-
gery. An IPG (Active PC/Medtronic) become connected 
to the leads and implanted subcutaneously in the right 
chest wall.

One month after surgery the IPG was turned on, 
during the assessment, right side stimulation showed 
no side effects while at the left side dyspnea related to 
ventral electrodes and paresthesia and vertigo related 
to dorsal electrodes were detected. The parameters 
were set on, Amplitude: 1, Pulse width: 80, frequency: 
85, Bipolar on the left (3+, 0−), and unipolar on the right 
(Case+, 8−).

During follow- up sessions, the patient's condition 
was fluctuating in response to alterations in stimulation 
parameters as is shown in Table 1. At the optimum pa-
rameters which were obtained after 8 months, OCD de-
creased dramatically; on the other hand, however, tics 
frequency and intensity did not change significantly 
and ultimately worsen over time. The patient's improve-
ment in OCD also caused his medications to be reduced 
(Table 1).

3  |  DISCUSSION

Different studies have revealed the circuits involved 
in tics, OCD, and also TS, which are generally known 
as CSTC circuits.1– 3 CSTC components, including the 
thalamus, posterolateral GPi, and anteromedial GPi, are 
among the most used targets for DBS procedures in TS. 
Other targets, including the subthalamic nucleus (STN), 
globus pallidus externus (GPe), anterior internal capsule 
(ALIC), and nucleus accumbens (NA), are also considered 
helpful in some studies.2 It has been shown that stimula-
tion of each target would improve specific aspects of the 
disease (e.g., tics, OCD) while it varies in different cases.2 
Anteromedial GPi is mainly known as an effective target 
for the improvement of the tic component of TS, while 
some studies have stated its ineffectiveness.2,3 Previous re-
ports demonstrated that the stimulation of anteromedial 
GPi could also be an effective target in the treatment of 
isolated OCD,4,5 whereas the studies with the purpose of 
TS treatment have mentioned no significant improvement 
in the OCD component of TS.2 Consequently, there is no 
consensus yet on how stimulation of anteromedial GPi af-
fects different components of TS (either tic or OCD).3

In the current case, fluctuations and variations in 
the therapeutic outcome of TS components have been 
observed, which are dependent on the stimulation pa-
rameters. The optimal setup was achieved based on al-
terations in symptoms and patient compliance. With this 
setup, stimulation of anteromedial GPi led to significant 
improvement in OCD, but the tics still existed and pro-
gressively worsened. To the best of our knowledge, stim-
ulation of GPi with similar therapeutic outcomes has not 
yet been reported.

Despite many studies on how the CSTC circuit may 
play an essential role in Tic, OCD, and TS, our observation 
and many others still need to be explained in terms of vari-
ations in therapeutic outcomes. Many neural pathways 
connect different and specific parts of the cerebral cortex, 
striatum, and thalamus together, making multiple paral-
lels and integrated circuits,6– 8 some of them are involved 
in both OCD and tic or either of them.1,9,10 Anteromedial 
GPi is related to the pathways involved in tic or OCD, 
commonly or specifically. DBS studies have also demon-
strated that anteromedial GPi is a beneficial target for 
both tic and OCD,11 indicating its involvement in both 
tic and OCD generating pathways and areas. In this case, 
neural impulses and the stimuli of the DBS procedure af-
fecting anteromedial GPi would be directed toward both 
tic-  and OCD- specified or common pathways and areas, 
leading to specific clinical outcomes. However, due to 
these pathways and areas’ unknown physiological condi-
tions, predicting clinical outcomes through stimulating a 
single target with an association to these pathways would 



   | 3 of 5AMINZADE et al.

T
A

B
L

E
 1

 
Pr

e-
 op

er
at

io
n 

an
d 

fo
llo

w
- u

p 
se

ss
io

ns
 d

at
a

Se
ss

io
n 

/ E
va

lu
at

io
n

Pr
e-

 op
er

at
io

n
#1

 A
ft

er
 

4 
w

ee
ks

#2
 A

ft
er

 6
 w

ee
ks

#3
 A

ft
er

 8
 w

ee
ks

#4
 A

ft
er

 1
1 

m
on

th
s

#5
 A

ft
er

 3
 m

on
th

s

St
im

ul
at

io
n 

Pa
ra

m
et

er
s

N
/A

A
m

pl
itu

de
: 1

V
Pu

ls
e 

w
id

th
: 8

0
Fr

eq
ue

nc
y:

 8
5

A
m

pl
itu

de
:1

.2
V

Pu
ls

e 
w

id
th

: 8
0

Fr
eq

ue
nc

y:
 8

5

A
m

pl
itu

de
:1

.3
V

Pu
ls

e 
w

id
th

: 9
0

Fr
eq

ue
nc

y:
 9

0

A
m

pl
itu

de
: 1

.4
V

Pu
ls

e 
w

id
th

: 9
0

Fr
eq

ue
nc

y:
 9

0

A
m

pl
itu

de
: 1

.5
V

Pu
ls

e 
w

id
th

: 9
0

Fr
eq

ue
nc

y:
 9

0

D
es

cr
ip

tio
n

R
ef

ra
ct

or
y 

TS
Ti

c 
im

pr
ov

ed
Ti

c 
w

as
 th

e 
sa

m
e,

 b
ut

 
O

C
D

 im
pr

ov
ed

H
e 

w
as

 sa
tis

fie
d 

w
ith

 O
C

D
 

im
pr

ov
em

en
t, 

bu
t t

ic
 w

as
 

th
e 

sa
m

e 
as

 b
ef

or
e

Ti
c 

go
t w

or
se

ne
d,

 
O

C
D

 im
pr

ov
ed

 
dr

am
at

ic
al

ly

Im
pr

ov
em

en
t i

n 
O

C
D

 b
ut

 
ne

w
ly

 e
m

er
ge

d 
tic

 in
 h

is
 

ey
eb

ro
w

s

M
ed

ic
at

io
ns

Se
rt

ra
lin

e/
20

0 
m

g
A

ri
pi

pr
az

ol
e/

7.
5 

m
g

Pi
m

oz
id

e/
12

 m
g

C
lo

m
ip

ra
m

in
e/

30
0 

m
g

M
ir

ta
za

pi
ne

/1
5 

m
g

Bu
sp

ir
on

e/
10

 m
g

V
en

la
fa

xi
ne

/1
50

 m
g

C
ita

lo
pr

am
/1

0
D

es
m

op
re

ss
in

/6
0 

µg

Th
e 

sa
m

e 
as

 
pr

e-
 op

er
at

io
n

Se
rt

ra
lin

e/
10

0 
m

g
A

ri
pi

pr
az

ol
e/

7.
5 

m
g

Pi
m

oz
id

e/
12

 m
g

C
lo

m
ip

ra
m

in
e/

30
0 

m
g

M
ir

ta
za

pi
ne

/1
5 

m
g

Bu
sp

ir
on

e/
10

m
g

V
en

la
fa

xi
ne

/1
50

 m
g

C
ita

lo
pr

am
/1

0
D

es
m

op
re

ss
in

/6
0 

µg

Se
rt

ra
lin

e/
20

0 
m

g
A

ri
pi

pr
az

ol
e/

7.
5 

m
g

Pi
m

oz
id

e/
 1

2m
g

C
lo

m
ip

ra
m

in
e/

30
0 

m
g

M
ir

ta
za

pi
ne

/1
5m

g
Bu

sp
ir

on
e/

10
 m

g
V

en
la

fa
xi

ne
/1

50
 m

g
D

es
m

op
re

ss
in

/6
0 

µg

Se
rt

ra
lin

e/
20

0 
m

g
A

ri
pi

pr
az

ol
e/

7.
5 

m
g

Pi
m

oz
id

e/
12

m
g

M
ir

ta
za

pi
ne

/1
5 

m
g

D
es

m
op

re
ss

in
/6

0 
µg

V
en

la
fa

xi
ne

/7
5 

m
g

A
ri

pi
pr

az
ol

e/
35

 m
g

Fl
uv

ox
am

in
e/

25
0 

m
g

O
ra

p/
4 

m
g

Y-
 BO

C
S

38
9

PU
TS

28
23

A
bb

re
vi

at
io

ns
: Y

- B
O

C
S,

 Y
al

e-
 Br

ow
n 

ob
se

ss
iv

e-
 co

m
pu

ls
iv

e 
sc

al
e;

 P
U

TS
, P

re
m

on
ito

ry
 U

rg
e 

fo
r T

ic
s S

ca
le

.



4 of 5 |   AMINZADE et al.

be challenging. In other words, physiological conditions 
of stimulated pathways and their subsequent cumulative 
response to the specific stimulus adjustments would de-
termine the therapeutic outcome variations (Figure 1). In 
our case, firstly, we observed fluctuations in symptoms, 
and eventually, at the best adjustment, OCD improved sig-
nificantly while tic remained unchanged.

In conclusion, we suggest that the anteromedial GPi 
can be described as a portal to the pathways involved in 
both tic and OCD, and stimulation of this target would 
possibly make an impact on all these pathways but with 
different extents. Hence, anteromedial GPi itself is not 
probably the single determining factor in improving OCD 
or tic components of TS and the condition of involved 
pathways on the downstream is also playing an import-
ant role. This hypothesis perhaps would explain variations 
in therapeutic outcomes of DBS for TS patients in other 
studies.
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F I G U R E  1  Schematic illustration of the hypothesis. (A, B) Bilateral GPi lead location, globus pallidus internus (light blue), globus 
pallidus externus (orange), and putamen (pink), Volume of tissue activated (VTA) (red for negative and blue for positive) are shown for 
reference; (A) Volume of tissue activated (VTA) in the initial programming setting, L- GPi (3+;0- ), R- GPi (C+;8- ), 90 pulse width, 90 Hz 
frequency, and 1.3 amplitude; (B) VTA in the second programming setting: L- GPi L- GPi (3+;0- ), R- GPi (C+;8- ), 90 µs pulse width, 90 Hz 
frequency, and 2.5 amplitude. (CI) Multiple parallel pathways connect different parts of the cortex, striatum, and thalamus. Stimulation of 
a target (e.g., anteromedial GPi) as a member of these multiple parallel pathways, would spread through all different pathways related to 
anteromedial GPi, and subsequently, these pathways would respond to the stimuli in a term of resynchronization as an embodiment. (CII) 
The response can be varied in respect to pathways physiological condition including different stimulation thresholds and occurrence of 
neuroplasticity
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