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Opinion

To date bilateral deep brain stimulation of subthalamic nucleus
(STN) and globus pallidum internum (GPi) are accepted options for
treatment of selected patients with advanced Parkinson’s disease (PD)
resistant to medical therapy [1-4]. Despite continuous improvements
in imaging techniques, neurophysiological recording possibilities and
hardware and software technology, these procedures are not free from
complications related to surgery and neurostimulation [5,6].
Furthermore they are less effective on axial symptoms, such as posture
instability and freezing of gait, and on non-motor and non-
dopaminergic symptoms, has been associated with psychiatric side
effects, cognitive sequelae and cannot be offered in elderly PD patients
(aged over 70 years) who can also have health conditions that would
make surgery with deep electrode placement too risky [2,3].

Many efforts have been directed in order to find minimally invasive
neuromodulation procedures which can be used for PD cases excluded
from DBS or unresponsive to DBS.

Implantable motor cortex stimulation (MCS), introduced in clinical
practice in the year 2000 by Canavero [7], may be a possibility not only
for PD but also for other movement disorders [8-22] especially in
elderly patients [23]. Early results of MCS were confirmed by results
obtained with another technique of stimulation of the motor cortex,
the repetitive Transcranial Magnetic Stimulation (rTMS).

MCS procedure is less tough than DBS procedure for both patient
and for neurosurgeon [24]. Indeed the implant of MCS device does not
require frame-based stereotactic equipment and it is performed
generally under local anaesthesia with conscious sedation [21].
Primary motor cortex (M1) is identified with high resolution CT scan,
MRI with fiducial markers and neuronavigation [25]. Single burr hole
or two burr holes are performed on central sulcus controlaterally to the
most affected side and quadripolar paddle lead is placed over the long
axis of the motor cortex at the hand knob in epidural space [26]. In
uncommon case of lead implant in subdural space a small craniotomy
is used. Correct position is verified neurophysiologically using
somatosensory evoked potentials (SSEPs) to identify the central sulcus
and motor evoked potential (MEP) to identify the primary motor
cortex (M1) [12].

Paddle lead is externalized with percutaneous extension in parietal
region and stimulation period of 2-3 weeks is performed for detection
of most beneficial stimulation parameters and adverse effects. To
achieve this all contacts are checked in bipolar setting using low
frequencies (20-40 Hz) and high pulse widths (180-210 microsec): the
amplitude is raised until the subthreshold voltage (2.5-4.0 V) for
appearance of adverse motor and/or sensory response. On basis of
improvement of symptoms above 50% and patient's satisfaction, the
epidural lead is connected to the pulse generator implanted in
subclavear subcutaneous pocket and chronic stimulation began with

the most efficacious setting obtained during test period (2.5-4.0 V, 40
Hz, 180 microsec,) continuously delivered night and day [27].

In PD patients moderate improvement of motor symptoms (rigidity,
bradykinesia and tremor) assessed with total UPDRS and UPDRS III
total in off-medication condition is bilaterally observed, a little more
marked in the hemibody opposite to the stimulated side. The
improvement is less than obtained with STN DBS and GPi DBS.

Largest and sustained improvement is obtained on axial symptoms,
especially on walking and "freezing" of gait, as measured by the
UPDRS III items [27-31]. OFF-med and on verbal fluency, mostly in
elderly patients; clinical benefits of those items have important impact
on patient quality of life and on assistance of care-givers [16,24,28].
MCS allows significant attenuation of L-dopa-induced dyskinesias and
dystonia with reduction of UPDRS IV score and reduction of L-dopa
and dopamine agonists usage documented with L-Dopa Equivalent
Daily Dose [8,12,14].

The clinical changes induced by MCS are usually delayed and
persisting for some days after IPG switching off: this phenomenon is
likely be due to plastic modifications of the central neural circuits
[13,21,29].

Complication rate and adverse events are low [26,28]. Epidural
hematoma is serious complication but it is very rare making the risk of
perioperative hemorrhage much lower compared to DBS. Sporadic
epileptic seizures may occur during test stimulation but not during
chronic stimulation. Pain on site of paddle lead implant is reported
mostly during stimulation: superficial denervation of the dura
performed around the lead with bipolar coagulation allows to control
this adverse event.

The motor cortex region is the final common link between deeper
circuitry coordinating movement and the spinal cord itself and it is
connected to the basal ganglia via direct cortico-subthalamic circuit
and indirect cortico-striatal pathway [27]. Therefore MCS may induce
effects at cortical level and/or at subcortical level. At cortical level MCS
may modulate the “suppressor cortical system” or the activity of
supplementary motor area (SMA) interfering with inhibitory axons in
the cortex or with axons of afferents and afferents running parallel to
the lead [11,22,30-34]. MCS may exert its effect on basal ganglia
activity modulating the subthalamic nucleus (STN) directly or through
the loop cortex-striatum-lateral globus pallidus-STN [27]. Chronic
MCS may operate altering the firing patterns in the basal ganglia or
disrupting the abnormal synchronized rhythms (antikinetic beta band)
between cortex and basal ganglia that are found in PD [16].

The bilateral effects on motor symptoms and the improvement of
axial symptoms for unilateral paddle lead implant over the motor strip
at the hand knob can be explained with the progressive enlargement
and displacement of somatotopic representations of hand motor map
that occurs in advanced PD patients and with the bi-directional
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interconnectivity through trans-callosal interconnections of the hand
areas and of body parts outside hand areas [12,13,16,22].

In conclusion, although till today there are no large clinical studies,
minimally invasive MCS may be more suitable in elderly advanced PD
patients excluded from DBS as it allows to control moderately all major
symptoms and to a greater degree axial symptoms and L-Dopa induced
dyskinesias/dystonia with reduction of daily intake of antiparkinsonian
drugs. Also verbal fluency is improved. Compared to DBS invasive
MCS is easier and safer option because it can be performed without
use of stereotactic apparatus and deep electrodes but it is globally less
effective. Bilateral efficacy with single lead implant make it convenient
in terms of costs for the healthcare system.

References

1. Martinez-Ramirez D, Hu W, Bona AR, Okun MS, Wagle Shukla A (2015)
Update on deep brain stimulation in Parkinson's disease.Transl
Neurodegener 4: 12.

2. Deuschl G, Paschen S, Witt K (2013) Clinical outcome of deep brain
stimulation for Parkinson's disease. Handb Clin Neurol 116: 107-128.

3. Lukins TR, Tisch S, Jonker B (2014) The latest evidence on target
selection in deep brain stimulation for Parkinson's disease. ] Clin
Neurosci 21: 22-27.

4, Videnovic A, Metman LV (2008) Deep brain stimulation for Parkinson's
disease: prevalence of adverse events and need for standardized reporting.
Mov Disord 23: 343-349.

5.  Voges ], Waerzeggers Y, Maarouf M, Lehrke R, Koulousakis A, et al.
(2006) Deep-brain stimulation: long-term analysis of complications
caused by hardware and surgery--experiences from a single centre.]
Neurol Neurosurg Psychiatry 77: 868-872.

6. Canavero S, Paolotti R (2000) Extradural motor cortex stimulation for
advanced Parkinson's disease: case report. Mov Disord 15: 169-171.

7. Canavero S, Bonicalzi V (2007) Extradural cortical stimulation for
movement disorders. Acta Neurochir Suppl 97: 223-232.

8. Khedr EM, Farweez HM, Islam H (2003) Therapeutic effect of repetitive
transcranial magnetic stimulation on motor function in Parkinson's
disease patients. Eur ] Neurol 10: 567-572.

9. Fregni F, Simon DK, Wu A, Pascual-Leone A (2005) Non-invasive brain
stimulation for Parkinson's disease: a systematic review and meta-analysis
of the literature. ] Neurol Neurosurg Psychiatry 76: 1614-1623.

10. Gutiérrez JC, Seijo JE, Alvare Vega MA, Gonzalez FF, Lozano Aragoneses
B, Blazquez M (2009) Therapeutic extradural cortical stimulation for
Parkinson’s Disease: Report of six cases and review of the literature. Clin
Neurol Neurosurg 111: 703-707.

11. Cioni B, Bentivoglio AR, Daniele A, De Simone C, Fasano A, et al. (2008)
Motor cortex stimulation for Parkinson’s Disease. A prospective double-
blind randomized study with cross-over. Ongoing clinical trial. Acta
Neurochir 150: 933-1012.

12. Cioni B, De Simone C, Tufo T, Meglio M (2011) Motor Stimulation for
movement disorders. Stereotactic and Functional Neurosurgery. Minerva
Medica Torino.

13. Cilia R, Landi A, Vergani F Sganzerla E, Pezzoli G, et al. (2007)
Extradural motor cortex stimulation in Parkinson's disease. Mov Disord
22:111-114.

14. Ikeguci M, Touge T, Nashiyama Y, Takeuchi H (2003) Effects of successive
repetitive transcranial magnetic stimulation on motor performances and
brain perfusion in idiopathic Parkinson’s disease. ] Neurol Sci 209: 41-46.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Pagni CA, Albanese A, Bentivoglio A, Broggi G, Canavero S, et al. (2008)
Results by motor cortex stimulation in treatment of focal dystonia,
Parkinson’s disease and post-ictal spasticity. The experience of the Italian
Study Group of the Italian Neurosurgical Society. Acta Neurochir Suppl
101: 13-21.

Arle JE, Shils JL (2008)Motor cortex stimulation for pain and movement
disorders. Neurotherapeutics 5: 37-49.

Franzini A, Ferroli P, Dones I, Marras C, Broggi G (2003) Chronic motor
cortex  stimulation for ~movement disorders: a  promising
perspective.Neurol Res 25: 123-126.

Picillo M, Moro E, Edwards M, Di Lazzaro V, Lozano AM, et al. (2015)
Subdural Continuous Theta Burst Stimulation of the Motor Cortex in
Essential Tremor.Brain Stimul 8: 840-842.

Drouot X, Oshino S, Jarraya B, Besret L, Kishima H, et al. (2004)
Functional recovery in a primate model of Parkinson's disease following
motor cortex stimulation.Neuron 44: 769-778.

Moro E, Schwalb JM, Piboolnurak P, Poon YY, Hamani C, et al. (2011)
Unilateral subdural motor cortex stimulation improves essential tremor
but not Parkinson's disease.Brain 134: 2096-2105.

Saitoh Y, Hosomi K (2009) From Localization to surgical implantation.
Therapeutic cortical stimulation, Nova Science Publishers, Inc, New York,
USA.

Pirotte B, Voordecker P, Levivier M, Baleriaux D (2009) Principles of
surgical implantation and complication avoidance. Therapeutic cortical
stimulation, Nova Science Publishers, Inc, New York, USA.

Priori A, Lefaucheur JP (2007) Chronic epidural motor cortical
stimulation for movement disorders. Lancet Neurol 6: 279-286.

Lefaucher JP (2005) Motor cortex dysfunction revealed by cortical
excitability studies in Parkinsons disease: influence of antiparkinsonian
treatment and cortical stimulation. Clin Neurophysiol 116: 244-253.

Chen R, Kumar S, Garg RR, Lang AE (2001) Impairment of motor cortex
activation and deactivation in Parkinson's disease. Clin Neurophysiol
112: 600-607.

Canavero S (2011) Cerebral Surface, Essential Neuromodulation.
Elsevier: 19-42.

Canavero S (2009) Invasive cortical stimulation for Parkinson’s disease
(PD): why, where and how, therapeutic cortical stimulation. Nova Science
Publishers, New York, USA.

Benvenuti E, Cecchi E Colombini A, Gori G (2006) Extradural motor
cortex stimulation as a method to treat advanced Parkinson's disease:
new perspectives in geriatric medicine. Aging Clin Exp Res 18: 347-348.
Sakas D, Panourias G (2009) Cortical stimulation versus Deep Brain
Stimulation in neurological and psychiatric disorders: current state and
future prospects, therapeutic cortical stimulation. Nova Science
Publishers, Inc, New York, USA.

Defer GL, Widner H, Mari¢ RM, Rémy P, Levivier M (1999) Core
assessment program for surgical interventional therapies in Parkinson's
disease (CAPSIT-PD). Mov Disord 14: 572-584.

Lyons KE, Wilkinson SB, Pahwa R (2006) Stimulation of the motor cortex
for disabling essential tremor. Clin Neurol Neurosurg 108: 564-567.
Lavano A, Guzzi G, De Rose M, Romano M, Della Torre A, et al. (2015)
Minimally invasive motor cortex stimulation for parkinson's disease: a
review of literature. ] Neurosurg Sci.

Lavano A, Bosco D, De Rose M, Guzzi G, Volpentesta G, et al. (2014) Ltd,
Warsaw/Berlin 2014: 112-126.

Canavero S. Cerebral Surface (2011) In J Arle and J Shils Eds. Essential
Neuromodulation, Elsevier 19-42.

] Gerontol Geriatr Res
ISSN:2167-7182 JGGR, an open access journal

Volume 5 « Issue 2 « 1000285


http://www.ncbi.nlm.nih.gov/pubmed/26257895
http://www.ncbi.nlm.nih.gov/pubmed/26257895
http://www.ncbi.nlm.nih.gov/pubmed/26257895
http://www.ncbi.nlm.nih.gov/pubmed/24112889
http://www.ncbi.nlm.nih.gov/pubmed/24112889
http://www.ncbi.nlm.nih.gov/pubmed/24210797
http://www.ncbi.nlm.nih.gov/pubmed/24210797
http://www.ncbi.nlm.nih.gov/pubmed/24210797
http://www.ncbi.nlm.nih.gov/pubmed/17987644
http://www.ncbi.nlm.nih.gov/pubmed/17987644
http://www.ncbi.nlm.nih.gov/pubmed/17987644
http://www.ncbi.nlm.nih.gov/pubmed/16574733
http://www.ncbi.nlm.nih.gov/pubmed/16574733
http://www.ncbi.nlm.nih.gov/pubmed/16574733
http://www.ncbi.nlm.nih.gov/pubmed/16574733
http://www.ncbi.nlm.nih.gov/pubmed/10634262
http://www.ncbi.nlm.nih.gov/pubmed/10634262
http://www.ncbi.nlm.nih.gov/pubmed/17691308
http://www.ncbi.nlm.nih.gov/pubmed/17691308
http://www.ncbi.nlm.nih.gov/pubmed/12940840
http://www.ncbi.nlm.nih.gov/pubmed/12940840
http://www.ncbi.nlm.nih.gov/pubmed/12940840
http://www.ncbi.nlm.nih.gov/pubmed/16291882
http://www.ncbi.nlm.nih.gov/pubmed/16291882
http://www.ncbi.nlm.nih.gov/pubmed/16291882
http://www.ncbi.nlm.nih.gov/pubmed/19604625
http://www.ncbi.nlm.nih.gov/pubmed/19604625
http://www.ncbi.nlm.nih.gov/pubmed/19604625
http://www.ncbi.nlm.nih.gov/pubmed/19604625
https://clinicaltrials.gov/ct2/show/NCT00637260
https://clinicaltrials.gov/ct2/show/NCT00637260
https://clinicaltrials.gov/ct2/show/NCT00637260
https://clinicaltrials.gov/ct2/show/NCT00637260
http://www.ncbi.nlm.nih.gov/pubmed/17083104
http://www.ncbi.nlm.nih.gov/pubmed/17083104
http://www.ncbi.nlm.nih.gov/pubmed/17083104
http://www.ncbi.nlm.nih.gov/pubmed/12686400
http://www.ncbi.nlm.nih.gov/pubmed/12686400
http://www.ncbi.nlm.nih.gov/pubmed/12686400
http://www.ncbi.nlm.nih.gov/pubmed/18642628
http://www.ncbi.nlm.nih.gov/pubmed/18642628
http://www.ncbi.nlm.nih.gov/pubmed/18642628
http://www.ncbi.nlm.nih.gov/pubmed/18642628
http://www.ncbi.nlm.nih.gov/pubmed/18642628
http://www.ncbi.nlm.nih.gov/pubmed/18164482
http://www.ncbi.nlm.nih.gov/pubmed/18164482
http://www.ncbi.nlm.nih.gov/pubmed/12635509
http://www.ncbi.nlm.nih.gov/pubmed/12635509
http://www.ncbi.nlm.nih.gov/pubmed/12635509
http://www.ncbi.nlm.nih.gov/pubmed/26038179
http://www.ncbi.nlm.nih.gov/pubmed/26038179
http://www.ncbi.nlm.nih.gov/pubmed/26038179
http://www.ncbi.nlm.nih.gov/pubmed/15572109
http://www.ncbi.nlm.nih.gov/pubmed/15572109
http://www.ncbi.nlm.nih.gov/pubmed/15572109
http://www.ncbi.nlm.nih.gov/pubmed/21646329
http://www.ncbi.nlm.nih.gov/pubmed/21646329
http://www.ncbi.nlm.nih.gov/pubmed/21646329
http://www.ncbi.nlm.nih.gov/pubmed/17303534
http://www.ncbi.nlm.nih.gov/pubmed/17303534
http://www.ncbi.nlm.nih.gov/pubmed/15661100
http://www.ncbi.nlm.nih.gov/pubmed/15661100
http://www.ncbi.nlm.nih.gov/pubmed/15661100
http://www.ncbi.nlm.nih.gov/pubmed/11275531
http://www.ncbi.nlm.nih.gov/pubmed/11275531
http://www.ncbi.nlm.nih.gov/pubmed/11275531
http://www.ncbi.nlm.nih.gov/pubmed/17063072
http://www.ncbi.nlm.nih.gov/pubmed/17063072
http://www.ncbi.nlm.nih.gov/pubmed/17063072
http://www.ncbi.nlm.nih.gov/pubmed/10435493
http://www.ncbi.nlm.nih.gov/pubmed/10435493
http://www.ncbi.nlm.nih.gov/pubmed/10435493
http://www.ncbi.nlm.nih.gov/pubmed/16473460
http://www.ncbi.nlm.nih.gov/pubmed/16473460
http://www.ncbi.nlm.nih.gov/pubmed/25881652
http://www.ncbi.nlm.nih.gov/pubmed/25881652
http://www.ncbi.nlm.nih.gov/pubmed/25881652

	Contents
	Is Motor Cortex Stimulation Suitable for Elderly PD Patients?
	Opinion
	References


