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The aim of this chapter is to provide an overview of deep brain
stimulation (DBS) for the treatment of movement disorders, to
describe the possible mechanisms of action of DBS, and to
summarize the clinical indications of this form of therapy.

Introduction
From the 1950s, lesional surgery was used as treatment of severe
movement disorders. With the introduction of levodopa in the late
1960s, surgical procedures for Parkinson’s disease were largely
abandoned. Further therapeutic developments became possible when the
consumption of MPTP by illicit drug users paved the way for the setting
up of animal models in Parkinson’s disease. This led to the recognition
that there is an overactivity of both the medial part of the globus
pallidus (GPi) and the subthalamic nucleus (STN) in Parkinson’s
disease. This formed the basis of lesioning the globus pallidus and led
on to the further development of subthalamic stimulation. From the
1980s, deep brain stimulation (DBS) was introduced into the therapy of
essential tremor, then of Parkinson’s disease, and of primary dystonia.

Key words: neuromodulation, side effects of levodopa therapy in
Parkinson’s disease, tremor refractory to pharmacological treatment,
dystonia

Content of this chapter
III./3.4.1. Mechanism of action

III./3.4.2. Implantation of the DBS system

III./3.4.3. Patient selection in movement disorders

III./3.4.3.1. Parkinson’s disease

III./3.4.3.2. Essential tremor

III./3.4.3.3. Primary generalized and segmental dystonia

III./3.4.1. Mechanism of action

Chronic deep brain stimulation is a symptomatic treatment and has no
influence on the progression and natural course of the disease. High
frequency (>100 Hz) DBS has a “lesion-like” effect from the
perspective of clinical effects. DBS almost completely replaced lesional
surgery in movement disorders, because it has a better functional
outcome and fewer side effects.

1. DBS leads to no, or only minimal tissue damage.

2. The risk of irreversible disturbance of speech, swallowing
and cognitive functions is lower with bilateral stimulation of the
basal ganglia and the thalamus than with bilateral lesioning.



3. The parameters of stimulation can be adjusted non-invasively
to achieve an optimal clinical effect with fewer side effects
during the course of the disease.

4. The risk of adverse events related to the implantation of the
DBS system is low (2-3%) in experienced centers. Side effects
due to stimulation of the neighboring tissue can be eliminated
with appropriate programming.

The mechanism of action of DBS is an unresolved issue. Electric
stimulation affects mainly thick myelinated axons near the cathode,
lying parallel to the electrode. Current hypotheses on the mechanism of
action of DBS include non-synaptic inhibition of voltage-gated ion
channels, activation of GABA-ergic afferent pathways, synaptic
inhibition of efferent pathways, stimulation-induced disruption of
abnormal network activity, and excitation of local inhibitory circuits.
The mechanism of action of DBS depends on the position of the
electrode and the anatomical structure of the target area. It is a clinical
experience that the optimal location of stimulation is often not the target
nucleus but the entrance of afferent and efferent pathways and the
junction of neighboring axons.

III./3.4.2. Implantation of the DBS system

Deep brain stimulation is performed by implanting an electrode with
four contacts into the target site within the brain and connecting it to a
pulse generator placed subcutaneously over the chest wall or the
abdomen. Electrodes are implanted with a stereotaxic procedure.
Localization of the target point and electrode trajectory can be done by
MRI compatible or CT compatible stereotactic systems. In the latter
case, preoperative MRI and stereotaxic CT scans are merged using
anatomical reference points.

During surgery, microrecording (MER) and test stimulation assist
electrode navigation. First, the characteristic activity of the target
nucleus and its anatomical borders are recorded by three or five
microelectrodes within a distance of 2 mm. Then during test
stimulation, a movement disorders specialist evaluates the clinical
benefit of the stimulation of different target points and the side effects
related to the co-stimulation of neighboring tissues. This also helps in
identifying the appropriate target and its borders.

This part of the surgical procedure is carried out under local anesthesia
in many DBS centers. The neurostimulator is implanted into the
infraclavicular fossa and connected to the electrodes in general
anesthesia. The first programming of the neurostimulator is performed
3-4 weeks after surgery, when the microlesioning effect due to electrode
implantation ceases. The frequency, amplitude, pulse width and
localization of the stimulation, and electrode configuration can be
adjusted periodically to achieve an optimal clinical benefit.

III./3.4.3. Patient selection in movement disorders



Selection of appropriate patients is of particular importance, and the
individual risk / benefit ratio has to be carefully assessed.

Current accepted indications of DBS in movement disorders:

1. Idiopathic Parkinson’s disease

2. Essential tremor

3. Primary generalized and segmental dystonia.

Fig. 1 shows which targets are chosen depending on the symptoms.

Fig 1: Indications and targets of deep brain stimulation

III./3.4.3.1. Parkinson’s disease

Among the conditions with parkinsonian symptoms, the beneficial effect
of deep brain stimulation has been confirmed only in idiopathic
Parkinson’s disease. It significantly improves tremor refractory to
pharmacological treatment, and the side effects of long-term levodopa
therapy, such as motor fluctuation and severe dyskinesia.
Dysarthrophonia, micrographia, postural instability, freezing of gait and
autonomic symptoms that persist during the best possible ON state
achieved by pharmacological treatment do not improve with DBS. The
main inclusion criterion is significant improvement with dopaminergic
medication (>30%); exclusion criteria include biological age over 75
years, distinct brain atrophy or lesions, severe cognitive dysfunction
(frontal-dysexecutive syndrome), severe psychiatric disorder (manifest
psychosis, depression, substance abuse, dopamine dysregulation
syndrome with uncontrolled levodopa intake, personality disorder).

The possible targets of stimulation in advanced Parkinson’s disease are
the nucleus subthalamicus (STN) and the globus pallidus internus (GPi).
Bilateral STN stimulation may decrease UPDRS motor score in OFF
state by 60%, and eliminates painful dystonia in the OFF state1.
Pharmacotherapy of Parkinson’s disease may be decreased by about
50-60%, which contributes to the reduction of levodopa-induced
dyskinesia. Electrical stimulation of the GPi significantly reduces
levodopa-induced dyskinesia. According to clinical trials, STN
stimulation has a stronger effect on bradykinesia than GPi stimulation,
and two or three times less medication is needed with STN stimulation.
The optimal clinical effect is achieved using less energy with STN
stimulation than with GPi stimulation.

Stimulation of STN may worsen frontal executive dysfunction in
Parkinson’s disease due to its effect on prefrontal circuits. In the



postoperative period, the most frequent complications are psychiatric
symptoms. Clinical studies revealed that the frequency of depression
may be as high as 25% during the first few postoperative months; some
patients may have suicidal ideation. Mania is observed in 5-10% of the
patients. Furthermore, STN-DBS might lead to impulse control disorder,
hypersexuality and apathy. Most neuropsychiatric symptoms seem to be
transient and are resolved with the adjustment of stimulation parameters
and dopaminergic medication.

Chronic stimulation of the thalamic nucleus ventralis intermedius (Vim)
can reduce the tremor of the contralateral extremity in Parkinson’s
disease, but does not affect other disabling symptoms. This target may
be chosen when the patient is old and has a unilateral tremor-dominant
disease.

Video 1: Patient with Parkinson’s disease in OFF and ON state in the
preoperative period; and the same patient with bilateral STN-DBS and
optimal pharmacological therapy in the postoperative period.

III./3.4.3.2. Essential tremor

Surgical management may be considered in patients who have
refractory disabling essential tremor (approximately 10% of the
patients) that has a major effect on their quality of life and daily
activities (e.g. working, eating, and drinking). Stimulation of the
nucleus ventralis intermedius (Vim) in the thalamus can reduce hand
tremor by 80-90%; tremor of the head, voice or tongue is reduced to a
lesser degree with bilateral stimulation2. Exclusion criteria include
biological age over 75 years, severe dementia, severe psychiatric
symptoms or brain atrophy, and other surgical exclusion criteria.

Video 2: Patient with essential tremor in the postoperative period.
Bilateral Vim stimulation was first switched on, then switched off.

III./3.4.3.3. Primary generalized and segmental dystonia

Bilateral GPi stimulation may improve primary generalized and
segmental dystonia by an average of 60%3. This treatment may be
suggested if the patient has severe dystonia refractory to
pharmacological treatment. The mobile components of dystonia
(choreiform, ballistic) improve more (75%) than the tonic components
(40-50%). Patients with DYT-1 positive dystonia respond well to
bilateral GPi stimulation, particularly when surgery is performed at an
early stage. At this stage, irreversible muscle contractures or bone
deformities have not yet developed. Torticollis can be reduced by 48%.

Among the heredodegenerative dystonias, patients with PKAN
(pantothenate kinase-associated neurodegeneration) improve with 30%
after bilateral GPi stimulation. Currently, clinical data are insufficient
regarding the effect of DBS on secondary dystonias. There are
impressing results with tardive dystonia with an improvement of
65-70%, but case reports of post-traumatic or postencephalitic dystonias
reported an improvement of only 10-30%.

Regarding dystonia, exclusion criteria of DBS include severe dementia
and psychiatric symptoms, and other surgical exclusion criteria.
Dystonia is reduced only after days or weeks following the initiation of
stimulation, in contrary to Parkinson’s disease and essential tremor



where symptoms improve immediately.

Deep brain stimulation can significantly improve quality of life of these
patients. Clinical results depend on appropriate patient selection and
evaluation of individual risk / benefit ratio, which should be carried out
by a multidisciplinary team with a neurologist specialized in movement
disorders, a neurosurgeon and a psychiatrist.

Recent clinical trials have investigated in which disease stage should
DBS be used. Early implantation may protect patients from social
isolation and they may be able to work for a longer time.
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