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Abstract Invasive treatment for Gilles de la Tourette

syndrome has shown interesting results in a number of

published reports; it seems to be evolving into a promising

therapeutic procedure for those patients demonstrating

disabling clinical pictures who are refractory to conserva-

tive treatments. There are important issues concerning the

stimulated brain target, with different nuclei currently

under investigation. Our group asked in this pilot study

whether Tourette syndrome could be treated by tailoring

specific brain targets for specific symptoms. Deep brain

stimulation for Tourette syndrome may thus in the future

be tailored and patient specific, utilizing specific target

regions for individual clinical manifestations. In our early

experience we did not adequately address non-motor clin-

ical symptoms as we only used a thalamic target. More

recently in an obsessive compulsive disease cohort we have

had success in using the anterior limb of the internal cap-

sule and nucleus accumbens region as targets for stimula-

tion. We therefore explored the option of a ‘‘rescue’’

procedure for our Tourette patients with persistent

obsessive-compulsive disorder following ventralis oralis/

centromedianus-parafascicularis (Vo/CM-Pf) deep brain

stimulation. Following two cases where rescue anterior

limb of internal capsule/nucleus accumbens leads were

employed, we performed two additional procedures (ante-

rior limb of the internal capsule plus ventralis oralis/cen-

tromedianus-parafascicularis and anterior limb of the

internal capsule alone) with some mild improvement of

comorbid obsessive–compulsive disorder, although the

number of observations in this case series was low. Over-

all, the effects observed with using the anterior limb of the

internal capsule either alone or as a rescue were less than

expected. In this report we detail our experience with this

approach.
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Introduction

There are a number of recent studies addressing the use of

deep brain stimulation (DBS) for neuropsychiatric indica-

tions [1–8], however little is known about the anterior limb

of the internal capsule/nucleus accumbens (ALIC/NA)

target specifically for Tourette syndrome (TS). Addition-

ally, there is sparse information available supporting the

utilization of multiple brain targets to address medically

refractory symptoms of TS and for behavioral manifesta-

tions [10–14]. Previously, collaborators to our study group

published a small series of severe tremor patients who

successfully underwent multiple DBS leads which were

placed in the same hemisphere [15, 16] in order to tailor

therapy into multiple brain circuits. Additionally and

recently, Houeto et al. [14] published a case of a TS patient
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who was simultaneously and intentionally implanted with

bilateral thalamic DBS, and bilateral ventral (non-motor)

pallidal DBS. This unique approach allowed them to assess

the effects of each target independently and to assess for

synergy between the two sets of DBS leads. The use of

multiple leads by Houeto (more recent follow-up evalua-

tion of three patients treated at multiple targets with

improvements of up to 96% at the YGTSS with bilateral

Gpi DBS in one and 64% in another) [17] and also reported

by Ackermans [18] have potentially opened the door for

cases of TS (with coexistent and severe comorbidities), to

be addressed by the targeting of multiple brain regions in

the same hemisphere. Multiple leads could therefore be

used to specifically address problematic symptoms. Our

recently published experience on 18 cases with TS DBS

has revealed that the situation of excellent tic control may

coexist with a complete failure to address obsessive com-

pulsive features (OCD). In several of our previously

reported cases, tic was well controlled with Vo/CM-Pf

DBS, however severe OCD persisted and was disabling.

We have attempted in several patients to use rescue DBS

leads (adding bilateral ALIC/NA region DBS leads to the

existing Vo/CM-Pf stimulation). Additionally in two

patients with TS we attempted de novo ALIC/NA DBS

plus Vo/CM-Pf region DBS, and ALIC/NA DBS as

monotherapy, respectively. We report the results of our

open-label clinical experience with these approaches in the

hope that this data will assist the refinement of these

approaches in the future.

Methods

Thirty-two TS patients have been treated to date with

bilateral DBS (Neurochirurgia Funzionale, Istituto Gale-

azzi IRCCS Milan) at the Vo/CM-Pf or at the anterior

globus pallidus internus (Gpi). Potential patients were

drawn from thousands of TS patients from our specialty

clinic. All potential subjects were screened vigorously by a

multidisciplinary team of a neurologist, neurosurgeon,

neuropsychologist, and psychiatrist. Indication for treat-

ment received ethical approval, and treatment was fol-

lowed post-DBS by a neurologist (MP) and a

neuropsychologist (AB). The assessment battery included a

ten point scale for the patient to rate TS-influenced social

function (visual analogue scale, VAS [19]), the Beck

Depression Inventory (BDI) [20], the State-Trait Anxiety

Inventory (STAI) [21], the Yale-Brown Obsessive–Com-

pulsive Scale (YBOCS) [22, 23], the Yale Global Tic

Severity Scale (YGTSS) [24], and the Diagnostic Confi-

dence Index (DCI) [25]. All the patients received a com-

plete clinical, neurological, and neuropsychological

evaluation together with routine blood tests, as well as

chest X-rays if above age 40. All patients signed an

informed consent detailing the risks of the DBS procedure

and the experimental nature of the DBS trial. We recruited

two patients from our initial cohort of existing Vo/CM-Pf

DBS implants for a potential rescue procedure after doc-

umenting persisting obsessionality despite good tic reduc-

tion. Following the improvement of the clinical picture in

these two patients, two more patients were drawn from our

clinics for de novo implantation (one patient had de novo

Vo/CM-Pf plus ALIC/NA DBS, and a final patient had

only ALIC/NA DBS). To qualify for DBS surgery patients

had to complete a 6-month drug therapy trial with con-

ventional and atypical antipsychotic medications, and they

must have failed to show significant clinical improvement.

Considering the wide range of clinical manifestations in TS

patients, we followed patients with monthly serial evalua-

tions during which the therapeutic regimen could be

modified. A trial of at least one typical and one atypical

neuroleptic medication was performed in all patients. All

TS patients had to be tried on adequate doses of a dopa-

mine depletor (tetrabenazine (TBZ)) 25 mg three times per

day) [26] and a selective serotonin reuptake inhibitor

(SSRI, fluvoxamine 25 up to 100 mg) was also adminis-

tered for obsessive–compulsive comorbidity, alone or in

association with clorimipramine (25 up to 100 mg per day).

When present [27], attention deficit-hyperactive disorder

(ADHD) was treated with clonidine 75–150 mg per day or

guanfacine 5 mg or higher per day. After arriving at an

optimal drug regimen (on the basis of adverse effects and

best symptom improvement), patients were instructed to

continue drug therapy throughout their hospitalization,

DBS procedure, and postoperative follow-up evaluations.

Drugs were then modified on the basis of further amelio-

ration of the clinical picture. Informed consent was signed

by all patients acknowledging that risks and benefits of

additional or de novo DBS leads had been addressed. We

utilized rescue leads in the first two patients who still had

severe and disabling behavioural manifestations of TS

despite Vo/CM-Pf region DBS. In the third patient we

attempted bilateral DBS of both regions simultaneously

(because of the severe behavioural features).

The DBS procedure for implantation of the Vo/CM-Pf

has been previously detailed and published [28]. A 2 mm

thick contrast-enhanced T1 axial and T1 sagittal image and

a T2 coronal MRI was fused with a stereotactic 3 mm slice

thickness CT scan on a neuronavigational device (Med-

tronic, StealthStation TREON). A Cosman–Roberts–Wells

frame (CRW) was utilized, however microelectrode

recording was not used on all cases. An MR angiography

study was performed in an effort to avoid puncturing blood

vessels. Post-operative MRI was obtained in order to

document adequate positioning of the stimulating leads

(Fig. 1). Postoperative imaging was fused with neuronav-

igational documentation in order to obtain a comparison

1534 J Neurol (2009) 256:1533–1539

123



between the planned and the implanted leads. A second

procedure under general anaesthesia was performed 3 days

following lead placement in order to connect the stimu-

lating leads with a Kinetra pulse-generator. The pulse-

generator was positioned in a subclavicular or abdominal

subcutaneous pouch.

Case 1

A right-handed 25-year-old male with a 13-year history of

schooling and without a family history of neurological

diseases reported his initial symptoms of TS appeared prior

to age 10. His original presentation included a clinical

picture that was characterized by OCD, impulse-control

disorder, aggressiveness, self injurious behavior (SIB)

(self-inflicted punches on the forehead), complex motor/

phonic tics of trunk, face and arms. The degree of social

impairment was severe.

The following pharmacological trial was instituted:

Pimozide 4 mg PO BID for 1 month, then sulpiride

400 mg/day for 1 month, then TBZ 75 mg combined with

aripiprazole 15 mg for 4 months, sertraline 100 mg for

6 months. His drug trials produced unbearable side effects:

the SSRI resulted in somnolence, and clinically significant

parkinsonism was revealed on neurological examination as

a result of neuroleptic use.

He underwent bilateral Vo/CM-Pf region DBS in

November 2004. Baseline characteristics, together with

follow-up evaluations, are detailed in Table 1. Thirty

months following bilateral Vo/CM-Pf DBS, the overall

clinical picture improved (YGTSS from 79 to 52) and the

self injurious behavior resolved. Despite these benefits the

patient remained unsatisfied and disabled. His depressive

symptoms also worsened (BDI 15–33) and his OCD

(YBOCS 23–28) remained relatively unchanged. In

September 2007, 34 months after his first DBS, bilateral

ALIC/NA stimulation was performed to address the OCD,

depressive, and behavioural features. Significant clinical

benefit was not evidenced in previous tic symptoms

(although motor tic scores improved), and although OCD/

depression scores improved from September 2007, the

improvement was only mildly clinically relevent.

Case 2

A 31-year-old right-handed female, with an 8-year history

of post-high school education and an uncertain family his-

tory of TS presented for management. She reported having a

6-year-old child diagnosed with OCD, ADHD as well as

motor and phonic tics (a diagnosis of TS was not formally

made). Prior to age 10 she presented with impulsiveness,

rage, attention deficit, OCD, and non-obscene socially

inappropriate behavior (NOSI). Features of the clinical

picture, and their evolution are reported in Table 2. The

pharmacological trial included haloperidol 6 mg/day for

2 months, sulpiride 200 mg, and tiapride 300 mg combined

with TBZ 75 mg/day. A satisfying outcome from drug and

behavioral treatments was not achieved. Haloperidol was

unbearable for her due to sleepiness, confusion, and apathy.

Fig. 1 Postoperative, axial T1 weighed MRI of the brain document-

ing the lead positioning on the Vo/CM-Pf (upward arrows) and

ALIC/NA (downward arrows)

Table 1 Case 1 summary

Date/evaluation scales DCI YBOCS STAI BDI VAS YGTSS

November 2004

baseline

77% 23 51 15 10.0 79

3 months

January 2005 18 32 21 9.0 60

6 months

May 2005 17 38 19 8.0 45

1 year

November 2005 11 36 16 6.0 48

18 months

April 2006 14 33 14 6.5 23

September 2006 16 33 14 7.5 44

2 years

November 2006 21 37 18 8.0 52

30 months

May 2007 22 28 14 6.0 52

September 2007 (NA

DBS)

28 39 33 8.0 55

January 2008 28 31 34 7 44

44 months

July 2008 21 36 16 7 40

Vo/CM-Pf DBS plus ALIC/NA DBS: rescue leads

DCI diagnostic confidence index, YBOCS Yale Brown obsessive

compulsive score, STAI state-trait anxiety inventory, BDI beck

depression inventory, VAS visual analogue scale concerning per-

ceived quality of life, YGTSS Yale global tic severity score
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Other neuroleptics resulted in amenorrhea and galactorrhea.

She was periodically admitted to a social reintegration unit

in a hospital. Written reports revealed she was unable to

successfully socialize and integrate with other people in

daily life and to complete short term tasks. Vo/CM-Pf was

implanted in May 2006 for symptoms which included sig-

nificant OCD and motor tics of the face, trunk and arms

(YGTSS 79/100, see Table 2). In spite of an improvement

of tics and perceived quality of life, her OCD, depression

and anxiety states remained incompatible with normal

social integration. Her expectations were not met. Rescue

DBS at ALIC/NA was discussed and she consented. The tic

manifestations mildly improved and the OCD comorbidity

also mildly improved since June 2007 (date of the rescue

procedure) (see Table 2).

Case 3

A right-handed 37-year-old man with 13 years of schooling

and no family history of TS had his first symptoms before

age 10. Because of his peculiar behavior he was initially

misdiagnosed as having a personality disorder and atten-

tion deficit disorder (ADD), but not TS. He had many years

which included difficulty in integrating into society, and he

had many admissions to neurologic and psychiatric wards

as a result of highly aggressive behavioural outbursts with

multiple complex motor tics. His OCD was severe. The

most disabling feature of his TS was self injurious behavior

which was manifested by cutting himself with a knife. The

summary of his data is reported in Table 3. The following

pharmacological trial was instituted: haloperidol 6 mg/day,

adding aripiprazole for 3 months, and combining this with

tiapride 300 mg. He also had a course of botulinum toxin

and tramadol. His medication regimen resulted in unac-

ceptable levels of parkinsonism (rigidity and bradykinesia)

and sedation. None of the many medicines attempted

resulted in reasonable benefits. In particular, neuroleptics

resulted in parkinsonism; pimozide elicited high levels of

anxiety, jaw dryness, rigidity, drowsiness; and the SSRI

resulted in erectile dysfunction and sleepiness. The severe

motor manifestations and SIB led to the decision to implant

the Vo/CM-Pf thalamic region DBS bilaterally. However,

because of the severe OCD and behavioural manifestations

the ALIC/NA was also implanted during the same surgical

procedure following patient consent.

Following surgery, a protocol was followed to test each

set of DBS leads: the thalamic and nucleus accumbens

leads were turned on separately in different time epochs.

The Vo/CM-Pf region DBS appeared clinically better for

treatment of the tics and self injurious behaviours. The

ALIC/NA DBS leads proved better for the treatment of the

OCD and behavioural features (38–15, 60% improvement

on YBOCS). One year following the surgery, the OCD and

depressive symptoms were found to be reduced (38–15

YBOCS, 29–16 BDI). The patient was able to reintegrate

into society, and was able to independently operate a car.

His drug therapy was discontinued, and he maintained an

ability to stay gainfully employed.

Table 3 presents the results of post-DBS evaluations

with both the pulse-generators (ALIC/NA and Vo/CM-Pf)

turned on.

Table 2 Patient No 2 characteristics

Date/evaluation scales DCI YBOCS STAI BDI VAS YGTSS

May 2006 94% 38 44 24 10 79

2 months

July 2006 36 45 28 10 89

August 2006 36 42 22 10 89

5 months

October 2006 31 38 26 10 22

November 2006 34 38 22 10 65

January 2007 33 38 24 10 65

10 months

March 2007 30 38 25 7 62

April 2007 28 35 25 6.5 58

13 months

June 2007 (rescue

surgery)

33 36 27 6.5 61

September 2007 31 41 33 10 78

November 2007 25 40 36 9 62

20 months

January 2008 26 41 30 8.5 54

March 2008 30 48 22 9.0 35

26 months

July 2008 30

Vo/CM-Pf DBS plus ALIC/NA DBS: rescue leads

Table 3 Case 3 characteristics

Date/evaluation scales DCI YBOCS STAI BDI VAS YGTSS

December 2006

(baseline)

91% 38 49 29 10.0 86

3 months

February 2007 36 54 21 9.0 70

6 months

June 2007 28 46 19 7.0 51

September 2007 22 33 19 7.0 48

1 year

December 2007 21 36 16 6.5 30

January 2008 19 37 16 6.5 40

19 months

July 2008 15 30 16 6,5 15

De Novo Vo/CM-Pf region DBS plus ALIC/NA DBS
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Case 4

A right-handed 47-year-old man with 13 years of education

presented with symptoms of complex motor and phonic

tics, coprolalia, ADHD, and severe disabling OCD. His

social functioning and integration were severely compro-

mised by aggressiveness and by NOSI. He had separated

from his family because of difficulty with social interaction

and inappropriate behavior, and he was admitted multiple

times into psychiatric inpatient facilities for treatment of

his behavioural issues. His official TS diagnosis was made

during his fourth decade when he was admitted to our TS

unit, although a definite history of a full-blown TS clinical

picture was evident since the age of 18. His baseline

characteristics of TS and their evolution over time are

reported in Table 4. He started pharmacologic treatment

with haloperidol 6 mg, then pimozide 8 mg and the addi-

tion of tiapride 300 mg, and finally the addition of TBZ

100 mg and aripiprazole 15 mg. All drugs and behavioral

therapies were unsuccessful in treating the motor and the

behavioural manifestations (baseline YBOCS was 35, and

STAI was 54). He had unbearable side effects which

included: sleepiness, weight gain, parkinsonism and

galactorrhea from neuroleptics and erectile dysfunction

seen as a result of the SSRI. The patient elected for de novo

ALIC/NA DBS only. Following 10 months of DBS, the

patient’s ability to control impulses and OCD were

improved (YBOCS 35–16), while anxiety and depressive

symptoms were largely unchanged. The patient has now,

however been living independently and has improved in his

ability to integrate into society. Although he is still

severely affected by the TS, his values on the YGTSS have

shown a progressive trend toward improvement. The

changes might be at least in part due to his decreased levels

of anxiety and obsessionality, even if significantly associ-

ated correlation has not been observed between the

improvements in the different scales (Spearman’s rho not

significant).

Table 5 summarizes characteristics and lead information

from each of the four cases.

Discussion

The data derived from our case series suggest that the

improvements in OCD, mood and behavioural features

using the ALIC/NA target either as a rescue lead, or as de

novo therapy did not seem to achieve the same magnitude

of benefits previously reported in medication resistant

OCD patients [11, 12, 29], or in patients with a refractory

TS worsened by a severe comorbid OCD. (Recently in a

work by Kuhn et al. in 2006, they reported an improve-

ment of up to 41% in the YGTSS after ALIC-NA DBS

for a refractory TS 26-year-old patient demonstrating

severe OCD with self-aggressive tics [30, 31].) One res-

cue lead did, however, reveal benefits in OCD plus tics,

and OCD improved with simultaneous Vo/CM-Pf and

ALIC/NA and with de novo ALIC/NA implantation. It is

important to point out that in cases 1 and 2 (rescue leads)

the addition of the ALIC-NA target did seem to mildly

improve motor tic scores. Despite disappointing

improvements in the scores on standardized examinations

it should be noted there were clear clinical changes evi-

dent in select patients as well as improvements in social

reintegration.

The results, although somewhat disappointing, do raise

the important issues of patient selection, simultaneous

versus staged procedures, and setting more stringent fol-

low-up procedures. Rescue DBS was indicated after fail-

ure of improvement in social re-integration in spite of

objectively assessed good response over tic manifesta-

tions: this failure was attributed (by the patient, caregiv-

ers, and examiners) to the persistence of an obsessional

comorbidity (recognized in the preoperative period and

documented as failing to respond to the first DBS pro-

cedure) rather than to fluctuations in the overall clinical

picture of the patient. Such subjective features as social

reintegration, which seemed improved in this study, may

prove hard to capture with validated and available scales.

All of these issues will need to be addressed in future

studies.

ALIC/NA DBS in the setting of TS, rather than in

plain OCD, may prove to be an inferior approach based

on the results of our study. To date, sham and blinded

testing of the ALIC/NA target are being performed after

proper ethical approval. If ALIC/NA DBS is proven to be

inferior, we may look to the parallel non-motor basal

ganglia circuitry for other regions in the brain that may

also provide viable target options. These may include, for

Table 4 Case 4 characteristics

Date/evaluation scales DCI YBOCS STAI BDI VAS YGTSS

October 2007 91% 35 54 22 10.0 94

1 month

November 2007 33 51 22 10.0 60

3 months

December 2007 29 55 22 10.0 38

4 months

January 2008 26 46 22 10.0 75

10 months

July 2008 16 44 20 10 30

ALIC/NA DBS only
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example, the cingulate area 25, the ventral GPi, the

putamen, and the orbitofrontal cortex. Future technologies

(responsive stimulators, better lead designs, scheduled

stimulation) along with tailoring the target to be more

symptom specific may be potential approaches for future

studies.

Despite the somewhat disappointing results of the

rescue leads in this series and in the de novo ALIC

implantation, it is not clear that this approach should be

immediately abandoned. The notion of using multifocal

DBS to tailor therapy in medically refractory and severely

disabled patients with TS may in the future lead to more

rational treatment. Improvements in technology, targeting

and patient selection will be needed in order to enhance

results and hopefully to offer new hope for this subgroup

of severe TS patients. Centers performing DBS for TS

should remain cautious, use ethical panels to screen

patients, and employ informed consent driven research

protocols. The courage of patients with disabling TS

should not replace a cautious approach to this therapy.

Our patients in this clinical series were drawn from a

setting in Milan where we follow thousands of patients

from all over Italy, and these patients represented a

handful of the worst and most disabled. We would like to

caution centers against routinely employing rescue leads

and bilateral simultaneous implantations of multiple brain

targets in TS, even if an argument could be raised for the

efficacy of ALIC/NA on comorbid features in less-dis-

abled patients. Finally, our smaller experience proved

much less successful than our previous larger experience

with Vo/CM-Pf-only region DBS for addressing the motor

and vocal manifestations of TS but we hope future

improvements and better powered studies will enhance

these outcomes.
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