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Stéphan Chabardès

Received: 2 May 2010 / Accepted: 6 December 2010 / Published online: 29 December 2010

� Springer-Verlag 2010

Abstract In advanced Parkinson’s disease, several ther-

apeutical option including not only lesional surgery (VIM,

GPi) and deep brain stimulation (STN, GPi, VIM) but also

continuous subcutaneous apomorphine infusion therapy can

be proposed to the patient. The choice depends on the hope

of the patient, patient’s general health condition and the

experience and choice of the neurosurgical and neurologist

team. Here we report our experience based on 400 STN-

DBS cases and we discuss, on the basis of our experience

and on the literature, the advantage and disadvantage of

DBS strategy as compared with non-surgical option such as

continuous subcutaneous apomorphine infusion therapy.

Keywords Subthalamic nucleus � Deep brain stimulation �
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Introduction

The management of advanced Parkinson’s disease (PD) is

often complicated by the appearance of long-term side

effects of levodopa therapy, including motor fluctuations

and dyskinesias (Fraix et al. 2001; Lang and Lozano 1998).

Approximately 90% of patients develop motor fluctuations

and dyskinesias by 15 years of disease (Ahlskog and

Muenter 2001) and with time, these complications prove to

be extremely difficult to control with available oral medi-

cations. Apart from motor symptoms, patients may expe-

rience other fluctuating non-motor symptoms such as pain,

dysautonomic and cognitive fluctuations that can some-

times be more disabling than motor fluctuations.

The best management of those advanced stages of PD is

not clearly established and varies among teams. Several

options can be discussed in patients with advanced PD and

disabling motor fluctuations : high frequency deep brain

stimulation (DBS) of subthalamic nucleus (STN-HFS)

(Deuschl et al. 2006; Hariz et al. 2008; Limousin et al.

1998), globus pallidus (GPi) (Hariz et al. 2008; Moro et al.

2010) or Ventro-intermedial (Vim) motor thalamus

(Benabid et al. 1993), lesions such as pallidotomy (Hariz

and Bergenheim 2001; Lozano and Lang 2001; Esselink

et al. 2009), thalamotomy (Burchiel 1995; Ohye et al. 2005;

Tasker 1990) or subthalamotomy (Tseng et al. 2007) or

continuous dopaminergic stimulation using either continu-

ous subcutaneous apomorphine infusion therapy (CSAI)

(Pietz et al. 1998; Poewe and Wenning 2000; Stibe et al.

1987, 1988) or duodenal levodopa continuous administra-

tion through a duodenogastrostomy (Antonini et al. 2007,

2008; Honig et al. 2009; Samanta and Hauser 2007).

In our institution, STN-HFS represents the best option

providing long-term benefit with acceptable morbidity for

the patient amenable to surgery (Krack et al. 2003;
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Lagrange et al. 2002; Limousin et al. 1998). Indeed, STN-

HFS has now become the mainstay of treatment of

advanced Parkinson’s disease. The clinical outcome proved

satisfactory in both the short and long term with acceptable

but non-null morbidity. The clinical improvement mainly

stems from a dramatic reduction of daily levels of levodopa

medication.

As any functional neurosurgical procedure, the best

outcome is closely related to the appropriate selection of

patients and the accurate lead placement. It is based on a

standardised surgical procedure integrating multimodal

data (Benabid et al. 2009, described below) coming from

different imaging modalities, electrophysiological record-

ings and peroperative assessment of clinical effects.

In this paper, we will focus on the advantages and

shortcomings of STN-HFS as compared with continuous

dopaminergic stimulation. With this purpose, we will

successively discuss the selection criteria, describe the

surgical procedure and provide the clinical results and main

complications. Eventually, we will give our dialectic view

about the advantages of STN-HFS over the therapeutic

alternatives and provide future perspective of DBS in PD to

alleviate some unimproved symptoms.

Selection of patients

Indications

Patients affected by clinically diagnosed idiopathic PD and

who have developed disabling motor fluctuations such as

severe dyskinesias or ‘off’ periods or who suffer from

severe rest tremor despite optimal medical treatment are

ideal candidates. They are likely to be significantly

improved as long as the symptoms keep a good or excellent

response to levodopa therapy (Limousin et al. 1995, 1998).

Those who show improvement with the optimum adjust-

ment of anti-PD drugs or a suprathreshold levodopa dose [first

morning levodopa equivalent dose (LED) ? 25% LED to

ensure the best motor improvement] are highly likely to show

a similar improvement after optimum placement of the leads

within the STN (Charles et al. 2002).

Higher baseline scores on section III (motor) of the unified

PD rating scale (UPDRS) and higher baseline levodopa

responsiveness are independent predictors of greater change

in motor score after surgery (Charles et al. 2002).

In our institution, our multidisciplinary team performs a

careful screening of eligible PD patients. To summarise, in

order to be eligible for STN-HFS, patients have to fulfil the

following criteria:

• clinical diagnosis of idiopathic PD,

• good dopa-sensitivity and

• disabling motor fluctuations such as severe dyskinesia

or and frequent ‘‘off’’ periods,

• absence of contraindications.

Contraindications

Atypical Parkinsonism, dementia, psychiatric conditions

Contraindications are important to consider in order to

avoid putting at risk the patients who might not benefit

from surgery. Dementia and cognitive deficits are not

improved by STN-HFS and might even worsen following

the procedure. Atypical Parkinsonism (multiple systemic

atrophy, progressive supranuclear palsy, Lewy body dis-

ease) must be ruled out before considering DBS. Psychi-

atric conditions, including severe depression has to be

treated first and must be regarded as contraindications.

General contraindications to surgery

All general surgical contraindications apply to DBS, par-

ticularly if a bleeding diathesis is present or an anticoag-

ulant therapy (warfarin) is mandatory for any coexisting

cardiovascular conditions. Additional contraindications are

related to the generation of electrical artefacts that might

interfere with sensing devices, such as cardiac pacemakers

and implantable cardioverter-defibrillator (Benabid et al.

2009). However, a few cases of patients having both a

cardiac pacemaker and an implantable pulse generator

(IPG) for DBS were reported by Medtronic�.

Severe comorbidities such as heart failure, uncontrolled

progressive systemic or neoplastic conditions are also

contraindications. Pregnancy and refusal to give a written

informed consent preclude registration for DBS.

Surgical procedure (Fig. 1)

Several factors can account for the results of DBS in a

given patient. Proper selection of patients and the quality of

the surgical procedure enabling to achieve optimal posi-

tioning of the lead are pivotal to the outcome. In addition,

fine tuning and adjustments of both stimulation settings and

concomitant pharmacological medication by a skilled

neurologist is also of paramount importance (Krack et al.

2002; Pollak 2007).

The clinical results obtained in over 400 STN patients

directly derive from this specific approach and might not be

directly transferable to other surgical techniques and teams.

However, meta-analyses of published data demonstrate

improvements of the same order of magnitude (Kleiner-

Fisman et al. 2006).
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Definition of the location of the target

In order to determine the best location of the target, ven-

triculography (Benabid et al. 2009) was performed by our

team. The teleradiographic pictures acquired after injection

of contrast medium into the right frontal horn of the lateral

ventricle provide internal landmarks such as the boundaries

of the third ventricle, the anterior and posterior commis-

sures (AC–PC line) to which various atlases and coordi-

nates of the targets can be related.

The possibility to perform X-rays in the same stereo-

tactic position at any time during the procedure allows us to

know the exact location of the microelectrodes.

Stereotactic MRI allows direct visualisation of the STN.

It appears on T2-weighted sequences as an area of low

signal surrounded by white matter tracts (zona incerta

above and fields of Forel bundles below) that separate the

STN from the substantia nigra pars reticulata (SNr).

The procedure is planned from the MRI scans, which

are eventually compared with and fused with the

ventriculography. The stereotactic target is constructed by

use of graphic tools that are included in the flat detector

imaging software (Pixview, Bioscan, Switzerland) (Fig. 1a,

b). The target used by our team actually represents the

stereotactic location of the best active contact for the first

300 STN patients in Grenoble.

The planning stage allows the surgeons to check the

match (or to detect any discrepancy) between the target and

the MRI scan of the STN (Fig. 1c). The surgeon then

chooses an entry point that corresponds to a vascular

‘‘window’’ (i.e. an area devoid of vascular structure) from

the cortical surface to the depth, thus avoiding any damage

during the insertion of the microelectrodes.

Intraoperative recordings and peroperative micro-

stimulation

Electrophysiological recordings are performed by use of

five microelectrodes making millimetric tracks to the tar-

get. Data have been previously described for the targeting

Fig. 1 Construction of the

target on the lateral and AP

ventriculogram. a Lateral view.

b A–P view. c Surgical planning

targeting STN bilaterally with

Voxim� software. Upper part
entry point and target depicted

on AP and lateral view of

ventriculogram. Lower part
trajectory depicted on

stereotactic MRI (T2-weighted

coronal section)
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of STN (Hutchison et al. 1998) and recently for new areas

such as PPN (Piallat et al. 2009).

Experienced electrophysiologists are able to identify the

electrophysiological signature of the main nuclear struc-

tures such as STN or SNr.

Extracellular recordings within STN usually show a

typical firing pattern at 30–40 Hz made up of asymmetrical

spikes in amplitude with bursting patterns. Furthermore,

proprioceptive responses to passive movements of the

controlateral body are characteristic features of the motor

subdivision of STN (Fig. 2a).

By contrast, neuronal activity in the substantia nigra

pars reticulata (SNr) comprises symmetrical spikes of

large amplitude and regular activity at higher frequency,

and is generally unresponsive to proprioceptive stimuli

(Fig. 2b).

The insertion of the microelectrodes in our institution is

almost always performed under local anaesthesia in order

to take advantage of the cooperation of the patient. It

provides ‘on-line’ essential information about the benefi-

cial effects and any side effects that would be induced by

the stimulation peroperatively.

In the operating theatre, the assessment of the clinical

response to DBS by a skilled neurologist—degree of

rigidity according to a semi-quantitative scale—is also

pivotal to the decision of which trajectory out of the five

must be chosen for the final positioning of the chronic lead.

We think that this step is crucial to the success of surgery,

especially for STN-DBS. Speech is not tested in routine

during surgery and axial symptoms such as freezing of gate

and postural instability are difficult to test consistently

because of the position of the patients fixed to the frame.

Furthermore, some patients might be exhausted by a

lengthy exploration and also disturbed by the withdrawal of

dopaminergic medication. However, in our experience, if

the testing takes place early on, the patient can be coop-

erative and proper assessment is workable in the great

majority of cases.

Efficiency and side effects are thus tested peroperatively

to determine the location of the microelectrode that gives

the best result in terms of beneficial effects (i.e. minimal

side-effects and largest security margin between thresholds

for improvement and side-effects) and in terms of elec-

trophysiological data.

The side effects depend on the spread of current on the

surroundings structures when the electrode is either outside

the STN or close to its boundaries. Surrounding structures,

among others, comprise the pyramidal tract, the lemniscus

medialis, sympathetic pathways and the third cranial nerve

fibres.

The microelectrode is then replaced by a chronic lead

(Model 3389 Medtronic�, Inc., Minneapolis, MN, USA).

The lead is then firmly anchored to the skull with the help

of dental cement (methylmetacrylate) and suture. Control

X-rays are performed throughout the procedure by means

of flat detectors and at the end to check the final positioning

of the leads (Fig. 3a, b).

The implantable pulse generator (Kinetra� or Soletra�

Medtronic� Inc., Minneapolis, MN, USA) is inserted under

general anaesthesia into a subcutaneous pouch in the sub-

clavicular area. This step is usually done several days later

in order to obtain a postoperative stereotactic MRI

beforehand.

It is noteworthy to mention that a postoperative MRI

was performed in all patients without any untoward effect

(Fraix et al. 2010) (Fig. 4a, b).

Results

Clinical benefits

A great number of clinical studies or meta-analysis dem-

onstrated the clinical improvement following of STN-HFS

in advanced Parkinson’s disease (Deuschl et al. 2006;

Hamani et al. 2005; Hariz et al. 2008; Herzog et al. 2003;

Kleiner-Fisman et al. 2006; Krack et al. 2003; Moro et al.

2010; Pahwa et al. 2003; Rodriguez-Oroz et al. 2005).

Despite differences in the methodology of the surgical

procedure and in the assessment of the level of improve-

ment, numerous studies have reported improvements

ranging from 30 to 60% or higher.

Fig. 2 Extracellular micro

recordings performed during

the procedure.

a Electrophysiological

recordings of STN neurons.

b Electrophysiological

recordings of SNr neurons

918 R. Carron et al.
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The main scale used to analyse the intensity of symp-

toms in PD is the Unified Parkinson’s Disease Rating Scale

(UPDRS).

The mean UPDRS III (motor section) score improved

globally by 41% in the off-medication state and by 23% in the

on medication state; the UPDRS II (activities of daily living)

score also improved markedly (Kleiner-Fisman et al. 2006).

The STN-HFS improvement in UPDRS III scores, ver-

sus baseline values, is reasonably stable over time,

decreasing from a 66% improvement at 1 year to 54% at

5 years after surgery. Additional studies with follow-up

periods of 2–4 years have reported similar improvement

over time (43–57%, respectively) (Ostergaard et al. 2002;

Herzog et al. 2003; Kleiner-Fisman et al. 2006; Vinge-

rhoets et al. 2002; Visser-Vandewalle et al. 2005).

All symptoms are not equally alleviated. The improve-

ment at 5 years in hypertonia and tremor is evaluated at

70–75% and 50% in akinesia (Krack et al. 2003). Off-

period dystonia is usually significantly decreased.

Mean postoperative reduction of dopaminergic drugs

reaches 50–56% (Deuschl et al. 2006; Kleiner-Fisman et al.

2006).

Levodopa-induced dyskinesias and disability, and their

duration are usually decreased by 69, 58, and 71%,

respectively (Krack et al. 2003) which has a major impact

on quality of life (Deuschl et al. 2006; Fraix et al. 2001).

Fig. 3 Control X-rays. a and

b X-rays depicting the five

microelectrodes (left side)

during the electrophysiological

exploration. c and d Final

positioning of the Medtronic�

3389 leads

Fig. 4 Postoperative MRI

showing the final positioning of

the leads. a Postoperative MRI

coronal T2-weighted picture.

b Postoperative MRI axial T1

showing the tip of the electrode

as an area of low signal within

the subthalamic nucleus

High frequency deep brain stimulation of the subthalamic nucleus 919
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One major advantage of STN-HFS is the stable and

permanent improvement indicated by the 47–71% increase

of the time during which patients have a medication-related

reduction of motor symptoms (Deuschl et al. 2006; Fraix

et al. 2001; Goodman et al. 2006; Kleiner-Fisman et al.

2006; Krack et al. 2003; Pahwa et al. 2003; Rodriguez-

Oroz et al. 2005).

Speech is generally less improved with STN-HFS than

other Parkinsonian signs (Krack et al. 2003; Limousin et al.

1998; Rodriguez-Oroz et al. 2005). Hypophonia might

improve, but dysarthria might be aggravated due to current

diffusion to corticobulbar fibres. Therefore, the patient’s

satisfaction, particularly with regard to hypophonia and

ability to communicate with their family, can decline after

surgery. Freezing of gait is also significantly less durably

ameliorated by STN-HFS (Lozano and Snyder 2008) but

tends to respond to lower frequency of stimulation (Moreau

et al. 2008) or low-frequency stimulation of other targets

(Ferraye et al. 2010; Stefani et al. 2007).

Quality of life

Quality of life is improved under the combination of STN-

HFS plus optimal medication versus optimum drug therapy

alone as demonstrated in one large randomised controlled

multicentre study (Deuschl et al. 2006) (Improvements in

PDQ-39 subscales for mobility, ADL, emotional well-

being and bodily discomfort).

Previous monocentric study had shown improvements in

several aspects of quality of life on PD quality of life

questionnaire (motor, systemic, emotional and social)

(Diamond and Jankovic 2005; Lagrange et al. 2002).

Economical issues

STN-HFS may also be advantageous in terms of public

health and economy. In one study, apart from the good

clinical outcomes, the economic burden was significantly

decreased. The 6-month cost of PD diminished by sixfold

before and after surgery, mainly because of a dramatic drop

in the cost of medication but probably also because of the

lower number of hospital admissions required for medi-

cation adjustments (Fraix et al. 2006; Meissner et al. 2001).

Complications

Complications of STN-HFS may be classified into transient

or permanent or into complications related to the surgical

procedure, to the hardware and to the stimulation itself.

It is difficult to give an accurate report of the compli-

cations because the data reported vary substantially. Sev-

eral studies have focused on DBS complications (Benabid

et al. 2009; Hariz 2002; Joint et al. 2002; Seijo et al. 2007).

Haemorrhages

In a study of 526 DBS patients (Benabid et al. 2009),

haemorrhages occurred in 8.4% (range 0.2–12.5%) of all

procedures. However, 3.4% were asymptomatic, symptoms

were transient in 4.4% and only 0.6% had permanent

deficits (Binder et al. 2005). The overall risk of serious

complications leading to a permanent deficit limiting the

activity of daily life is 2–4% (Hariz 2002).

Death directly attributable to the surgical procedure is

extremely rare in the setting of a DBS procedure, but may

occur (Schoenen et al. 2005).

Among 570 cases in our cohort, among which 400 were

operated on in the STN, two cases (0.35%) of intracerebral

haemorrhage led to general complications and eventually

to the death several months after the surgery. In one of the

two patients, a spontaneous intracerebral haemorrhage

occurred during DBS procedure but before insertion of the

electrode. The diagnosis of amyloid angiopathy was highly

likely but was not demonstrated pathologically.

Acute postoperative confusional state may occur in up to

10% of cases, possibly related to several factors (intra-

cranial contusion, minimal bleeding along the tracts of the

microelectrodes, duration of surgery or withdrawal from

dopaminergic drugs). It usually subsides within a few days.

Hardware-related complications

Reported hardware-related complications, especially

infection rates vary widely between the series from\1% to

more than 15% (Hariz 2002; Joint et al. 2002; Lyons et al.

2004; Sillay et al. 2008). Skin infections adjacent to the

inserted material are mostly superficial and occur in 1.1

and 15% of published cases. They happen most frequently

at the site of the pulse generator. In case of infection, the

stimulator and related hardware should be removed. Con-

servative management is potentially hazardous and may

lead to spreading of the infection within the intracranial

compartment and to the appearance of a brain abscess at

the tip of the lead.

Other complications are common such as lead breakage,

extension wire failure, premature battery consumption or

malfunction of the pulse generator (Alesch 2005) and lead to

discontinuation of treatment in 6.1% of patients in one series

(Rodriguez-Oroz et al. 2005). However, these complications

can generally be managed without subsequent morbidity.

Stimulation-induced side effect

Stimulation adverse effects are usually transient, reversible

and can be minimised or eliminated by adjusting the set-

tings to find the good compromise between untoward side

effects and suboptimal clinical benefit.

920 R. Carron et al.
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Most patients with DBS (STN or GPi) gain weight

(Macia et al. 2004; Strowd et al. 2010). The amount of

weight gain is variable (Mean 2.3–3 kg or 4.2%; maximum

5 kg). In our cohort, the maximum weight gain was 31 kg

and the mean 13 kg.

Alteration of higher functions

Report about suicides after STN surgery (0.7% of 921

patients have made suicide attempts; 0.1% succeeded) have

raised justifiable concerns (Burkhard et al. 2004; Houeto

et al. 2002; Limousin et al. 1998). Depression, which is

part of PD, and suicidal ideation are multifactorial. It

cannot be specifically and exclusively related to STN-HFS,

even if an interference with the limbic subdivision of the

subthalamic nucleus may play a role in the appearance of

such behavioural patterns (Krack et al. 2001; Mallet et al.

2008).

Postoperative apathy might occur (Czernecki et al.

2005; Funkiewiez et al. 2004), especially in patients

addicted to levodopa (Krack et al. 1998), and is usually

related to withdrawal of dopaminergic drugs to which it

responds well (Thobois et al. 2010). However, the under-

lying mechanisms are poorly understood. A better knowl-

edge of the physiology of apathy and related consequences

will probably help prevent depression. The most frequently

observed long-term neuropsychological change is decline

in word fluency during the first post-operative months

(Moro et al. 2010; Parsons et al. 2006).

No short-term cognitive deterioration was observed in

selected young and non-demented patients (Ardouin et al.

1999; Dujardin et al. 2001; Pillon et al. 2000; Voon et al.

2005). After STN-HFS, patient tend to lose their normal

ability to take time when confronted with decision conflict

and tend to make impulsive decisions (Frank et al. 2007).

Despite the risks of complications related to STN-HFS,

most of them are not severe and the clinical improvement

in motor functions outweighs the risks for many severely

incapacitated patients.

Discussion

In the setting of advanced PD with severe motor fluctua-

tions, the indications for both STN-HFS and continuous

subcutaneous apomorphine infusion (CSAI) are globally

equivalent and each therapeutic may be chosen

indifferently.

Currently, there is no established consensus about the

first line treatment. The question is still under debate. Local

habits and the availability of the different therapeutic

options including the degree of surgical expertise for DBS

play an important role in the option chosen by the medical

team. Patient’s choice is pivotal to the decision since the

whole procedure requires his full cooperation.

As long as no unrealistic expectancies or untrue fears are

associated with DBS in the patient’s mind, his choice must

be taken into account and in our institution, deep brain

stimulation will usually be proposed as a first option pro-

vided there are no general surgical contraindications. We

will try to provide some reasons why we think STN-HFS

should be regarded as the first option.

Quality of life, beneficial effects and side-effects

Since the first application of STN-HFS in 1993, several

thousand patients worldwide have been treated by DBS.

Many papers have reported clinical results and provided

accumulated evidence on the clinical outcome of STN-

HFS, although large series and prospective multicentre

clinical trials are rare.

Several studies reported a significant improvement in

quality of life for PD patients following STN-HFS (Deus-

chl et al. 2006). Once operated on and once the surgical

wound properly closed and provided the optimal combi-

nation between stimulation settings and medication is

found, the patient becomes independent. The system is

completely internalised and does not need any invasive

manipulation until the battery is too low and the IPG has to

be changed. The duration of battery strongly depends on

the stimulation settings (intensity of stimulation, pulse

width, frequency) and may vary substantially, usually

4–7 years. The change of IPG can be performed under

local or general anaesthesia. New technological devices

with reloadable battery will obviate these constraints.

With apomorphine pump, the patient needs daily refill-

ing of the pump. The frequent manipulations of the pump

may imply a strong dependency on the caregivers. More-

over, the pump itself is often regarded as quite cumber-

some by the patients.

The major advantage of HFS is the stable and permanent

beneficial effect on motor and non motor symptoms. As the

stimulation ideally mimics the best ‘on’ medication motor

state, there are virtually no fluctuations and no dyskinesias

(except in case of overstimulation with stimulation-induced

dyskinesias that respond well to decreasing the intensity of

stimulation). The amount of time per day in which the

patient is in ‘on’ state is dramatically increased (Fraix et al.

2006). The increase in the ‘on’ motor state duration con-

tributes to the improvement in quality of life.

It is true that disabling peak-dose levodopa-induced

dyskinesias can be successfully reduced and even abolished

by continuous subcutaneous apomorphine infusion. How-

ever, some untoward effects may complicate its use. The

most common side effect of apomorphine injection is

nausea. It occurs in 15% of patients and responds usually

High frequency deep brain stimulation of the subthalamic nucleus 921
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well to domperidone. Others side-effects include hypo-

tension, confusion, delusion, psychosis, visual hallucina-

tions, sedation and sleep attacks (Pietz et al. 1998).

Induration and subcutaneous nodules may appear at

infusion sites. There are usually asymptomatic but they can

reduce apomorphine absorption. Infection or skin necrosis

is rare but requires discontinuation of treatment. A rare but

serious side effect is the appearance of Coombs positif

auto-immune haemolytic anaemia.

Neuropsychological side-effects are often ascribed to

DBS. However, it has to be kept in mind that dopaminergic

therapy may also be associated with serious side effects,

particularly confusion and behavioural changes related to

dopaminergic dysregulation such as impulse control dis-

orders, punding and compulsive medication use (Voon

et al. 2007, 2009).

It has been established that non-motor fluctuations

(NMF) (Witjas et al. 2002) occur frequently in advanced

PD and may be very disabling as well. There are usually

classified into three types: dysautonomic, cognitive/psy-

chiatric and sensory/pain. It has been shown that STN-HFS

significantly reduces NMF (Witjas et al. 2007) mainly on

sensory, dysautonomic and cognitive fluctuations but has a

minor effect on psychic fluctuations that respond more

inconsistently.

Outcome of patients who were on continuous

subcutaneous apomorphine injection with pump

before STN-HFS

Among patients treated with STN-HFS, patients on CSAI

before surgery usually stop it postoperatively or reduce

significantly its use (Alegret et al. 2004; Meissner et al.

2001; Varma et al. 2003). Indeed, all 24 patients from our

institution, who were on CSAI before surgery, had stopped

it 1 year after surgery. In the long term, only two patients

out of 400 (0.5%) required additional CSAI because of

insufficiency of surgery.

Some symptoms such as freezing of gait are not durably

improved by STN-HFS. The low-frequency stimulation of

the mesencephalic locomotor region in the area of pedun-

culopontine nucleus has shown preliminary promising

results with significant improvement of gait. These results

need to be confirmed in the long term and in a greater

number of patients, but open up new horizons for DBS in

Parkinsonian patients.

To conclude, it is essential to point out that because of

the lack of controlled study comparing STN-HFS with

medical alternative (continuous subcutaneous apomorphine

injection or duodopa), the choice of therapeutic strategies

in cases of advanced PD must be made by an experienced,

multidisciplinary team. We do believe that this is the way

to offer the patients the best therapeutic option which takes

into account at once the hope of the patient, the severity of

the disease and the surgical and medical expertise of the

team.

In a skilled team, STN-HFS can offer the patient a great

motor improvement and a better quality of life with

acceptable side-effects.

Conclusion

The best treatment for advanced stages of PD is still a

matter of debate as there are no evidence-based large

controlled randomised trials showing superiority of any of

available methods. However, it has been shown that STN-

HFS results in dramatic improvement in the majority of

patients and has so far been unchallenged by therapeutic

alternatives or innovative strategies. In addition, some

unimproved symptoms such as freezing of gait might be

alleviated by the stimulation of new targets in the area of

mesencephalic locomotor region (PPN, cuneiform

nucleus). Basic research and new technology may provide

insights into the mechanisms of action of DBS and into a

better knowledge in delivering the current in a more spe-

cific and orientated way which will hopefully result in

improvement of the clinical condition for PD patients.
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