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Talamo e gangli della base 



Nuclei talamici 



• DBS: nata oltre 25 anni 

fa, si è dimostrata sicura 

ed efficace per tremore 

Essenziale, M. di 

Parkinson, Distonia 

• Successiva estensione 

delle indicazioni per la 

DBS a diverse malattie 

del SNC 

• Tratta i sintomi, non la 

malattia 

• Variabilità dei risultati 

interindividuali 

• Variazione nel tempo 

dell’efficacia/effetti 

indesiderati 

• Progressi 

nell’identificazione 

neuroradiologica del target 

• Progressi nei sistemi di 

applicazione degli elettrodi

• Nuove acquisizioni 

neurofisiologiche 

sull’attività dei nuclei della 

base 

• Nuovi tipi di stimolazione 

• Nuovi sistemi di 

stimolazione/registrazione 

• Nuovi elettrodi 



• Malattia di Parkinson idiopatica avanzata  

• Grave disabilità 

• Perdita di efficacia della terapia 

farmacologica 

• Effetti collaterali da prolungato 

trattamento con L-dopa 

 

• Scale di valutazione della M. di 

Parkinson: 

– Unified Parkinson Disease Rating Scale (UPDRS) 

– Hoehn-Yahr 

Indicazioni alla terapia chirurgica 



Valutazione funzionale del paziente 

(UPDRS score) 



Valutazione funzionale del paziente 

(UPDRS score) 
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Deep Brain Stimulation 



Generatore 
di impulsi  
bicanale 
Mod. Kinetra 

Estensione 
tunnellizzata 
sottocute  

Elettrocateteri 
per DBS  
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CESENA 9 ottobre 2004 



M. di Parkinson 



M. di Parkinson 



Distonia 
• Sindrome caratterizzata da contrazioni muscolari 

involontarie e sostenute di più muscoli antagonisti, in 
genere stereotipate, che parassitano in movimento 
volontario e possono provocare movimenti di torsione e 
posture abnormi 
– Classificazione in base alla distribuzione 

• Focali 

• Segmentarie 

• Multifocali 

• Generalizzate 

• Emidistonia 

– Classificazione in base all’etiologia 

• Primarie 

• Distonia plus (associata a Parkinson, mioclono) 

• Secondarie 

• Eredodegenerative 

• Psicogene 



Distonia generalizzata primaria DYT1 + 



Distonia generalizzata primaria con genetica negativa 



Distonia generalizzata primaria tardiva con genetica negativa 



Distonia multifocale primaria con genetica negativa 



Distonia generalizzata secondaria 
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Kopell BH et al 2006 



Corteccia Cerebrale – GPe – STN + GPi/SNr – Thalamus Vl 

 

Via indiretta – circuito di 

soppressione parallelo alla via 

diretta - iperattività del circuito 

per perdita dell’inibizione SNr-

mediata  
 

 

Sintomi negativi: difficoltà a passare 

ad un nuovo schema motorio: acinesia 



 

Sinergia via diretta ed indiretta 

 

Attivate da uno specifico atto 

motorio, iniziato al livello 

corticale 

Via indiretta: interviene 

temperando il pattern motorio 

corticale ed evitando 

interferenze 

Via diretta: lo rinforza  



Indicazione alla DBS 

CAPSIT-PD (Core Asessment Program for Surgical 

Interventional Therapies in PD) 

1) Parkinson idiopatico (70-30%) 

2) Assenza di lesioni cerebrali significative 

3) Età < 70 aa (*) 

4) Malattia avanzata e/o SDR da trattamento 

farmacologico di lungo periodo 

5) Grado di disabilità: UPDRS dopo 12 h off-terapia 

6) Buona risposta al test L-Dopa (miglioramento del 

50% nella scala UPDRS) 

7) Assenza di malattie psichiatriche (Valutazione 

psichiatrica preoperatoria) 

8) Motivazioni personali/familiari all’intervento 

9) Assenza di demenze e deficit congitivi 

10) Valutazione neuroradiologica preoperatoria 

11) Valutazione neurochirurgica ed internistica 

 



 

SINTOMI 

 

VIM 

 

STN 

 

GPi 

Tremore 
+++ +++ ++ 

Rigidità 
+(+) +++ ++ 

Acinesia 
+/- +++ ++ 

Distonie Fase 

OFF +/- +++ +++ 

Discinesie 
+/- +++ +++ 

Instabilità 

posturale - +++ ? 

DBS per M. di Parkinson 



Targets funzionali per le sindromi distoniche 

• Globo Pallido 
– GPi 

• Talamo 
– Ventrale orale anteriore 

– Ventrale orale posteriore 

– Ventrale orale interno 

– Centro mediano - parafascicolare 

– Ventrale posteromediale e posterolaterale 

– Ventrale intermedio 

– Pulvinar 

• Zona incerta 

• STN e Campi di Forel H1 e H2 

• Nucleo rosso 

• Nucleo interstiziale di Cajal 



Target funzionale per la DBS della 
distonia 

GPi 
porzione ventro-postero-laterale (Laitinen) 

 

• Posizione anatomica variabile rispetto alla 

linea bicommissurale 



Blocco depolarizzante: i neuroni verrebbero 

depolarizzati massivamente e non sarebbero più in 

grado di condurre un potenziale per tempi 

prolungati; 

 

Neural Jamming: la stimolazione cronica 

disturberebbe la rete neurale, interferendo con i 

circuiti sinaptici e modificando gli assetti 

recettoriali dei neurotrasmettirori 

 

Stimolazione di circuiti assonali e dendritici 

locali: l’impulso fornito sarebbe in grado di 

attivare preferenzialmente circuiti inibitori 

 

IPOTESI SUL MECCANISMO D’AZIONE DELLA DBS 





STN assiale STN coronale 

STN sagittale 

VIM assiale 

Atlante 

stereotassico 

di 

Schaltenbrand 





GPi  coronale GPi  assiale 

Target teorico di Laitinen e traiettoria ottimale dell’elettrodo 



Localizzazione stereotassica del GPi con 
software dedicato “Framelink®” 

Proiezione tracce su RM Proiezione tracce su RM 

con atlante 



Scelta della traiettoria 
STN 
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 Software FrameLink® 

Medtronic, Minneapolis USA 
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Abstract

Technological innovations have driven the advancement of the surgical treatment of movement

disorders, from the invention of the stereotactic frame to the adaptation of deep brain stimulation

(DBS). Along these lines, this review will describe recent advances in getting neuromodulation

modalities, including DBS, to the target; and in the delivery of therapy at the target. Recent

radiological advances are altering the way that DBS leads are targeted and inserted, by refining the

ability to visualize the subcortical targets using high-field strength MRI and other innovations

such as diffusion tensor imaging, and the development of novel targeting devices enabling purely

anatomical implantations without the need for neurophysiological monitoring. New portable CT

scanners also are facilitating lead implantation without monitoring as well as improving

radiological verification of DBS lead location. Advances in neurophysiological mapping include

efforts to develop automatic target verification algorithms, and probabilistic maps to guide target

selection. The delivery of therapy at the target is being improved by the development of the next

generation of internal pulse generators (IPGs). These include constant current devices that mitigate

the variability introduced by impedance changes of the stimulated tissue, and in the near future,

devices that deliver novel stimulation patterns with improved efficiency. Closed-loop adaptive

IPGs are being tested, which may tailor stimulation to ongoing changes in the nervous system

reflected in Œbiomarkers1 continuously recorded by the devices. Finer grained DBS leads, in

conjunction with new IPGs and advanced programming tools, may offer improved outcomes via

Œcurrent steering1 algorithms. Finally, even thermocoagulation - essentially replaced by DBS - is

being advanced by new Œminimally-invasive1 approaches that may improve this therapy for

selected patients in whom it may be preferred. Functional neurosurgery has a history of being

driven by technological innovation, a tradition that continues into its future.
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Fig. 1.

Quantitative Susceptibility Mapping clearly demonstrating the globus pallidus internus

(GPi) on axial images (B, arrow) and the subthalamic nucleus (STN) on coronal images (D,

arrow), as compared to traditional T2-weighted imaging (A, C). (Images courtesy of Brian

Kopell, Mt. Sinai School of Medicine, and Tian Liu, Cornell University)
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Cortesia dott. Mauro Costagli, IRCCS Stella Maris Pisa e dott. Flavio Giordano, Istituto Meyer Firenze 

7T, sequenza SWAN 3D gradient multi-echo 
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Fig. 2.

Deterministic diffusion tensor imaging (DTI) used in an individual patient undergoing deep

brain stimulation of the subgenual cingulate cortex (SCC) for treatment-resistant major

depressive disorder. The DBS site chosen is depicted by the red dot (bottom images), at the

nexus of fibers projecting to the ventromedial orbitofrontal cortex, the cingulate bundle, and

the nucleus accumbens. (Images courtesy of Helen Mayberg and Patrico Riva Posse, Emory

University).
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Nucleo subtalamico 







Sistemi di localizzazione del target 

SISTEMI STEREOTASSICI 

SISTEMI STEREOTASSICI FRAMELESS 

RM INTRAOPERATORIA 

Allo stato attuale non vi sono dati che dimostrino la superiorità di un 
sistema stereotassico rispetto ad un altro; 
Il sistema stereotassico usato deve essere sottoposto a verifiche 
periodiche di precisione spaziale; 
I sistemi frameless utilizzano la neuronavigazione, che permette 
un’ottima precisione spaziale 
I sistemi di localizzazione diretta in Risonanza Magnetica non sono 
ancora applicabili per la complessità e i costi elevati 



 

 

Sistema stereotassico di Leksell 



NexFrame 

Cortesia dott. M. 

Mondani, Udine 



Intraoperative MRI DBS  

Fig. 3.

DBS implantation by direct targeting technique in the intraoperative or interventional MRI

scanner: Implantation of globus pallidus internus (GPi) DBS lead(s) using the ClearPoint®

SMARTframe (MRI Interventions, Irvine, CA). The skull-mounted targeting cannula is

shown in A. Adjustments of pitch/roll and X/Y movements are driven by gears (colored

knobs). The entry is determined with respect to a fiducial grid (B, C), and the software

determines the point on the grid through which to mark the bone (C). Iterative adjustments

are made to the pitch/roll and X/Y using the controller (D) attached to the SMARTFrame, as

determined by the software, to align the cannula with the target (E). After final alignment to

submillimeter accuracy, an MRI-compatible (i.e. minimal artifact and approved for use in

MRI) ceramic stylet is inserted to target through a peel-away catheter. After MR-

confirmation of accurate targeting, the stylet is replaced with the DBS lead(s) (F), followed

in some centers by a final MRI demonstrating accurate DBS lead position, and finally

removal of the peel-away catheter.
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Fig. 3.

DBS implantation by direct targeting technique in the intraoperative or interventional MRI

scanner: Implantation of globus pallidus internus (GPi) DBS lead(s) using the ClearPoint®

SMARTframe (MRI Interventions, Irvine, CA). The skull-mounted targeting cannula is

shown in A. Adjustments of pitch/roll and X/Y movements are driven by gears (colored

knobs). The entry is determined with respect to a fiducial grid (B, C), and the software

determines the point on the grid through which to mark the bone (C). Iterative adjustments

are made to the pitch/roll and X/Y using the controller (D) attached to the SMARTFrame, as

determined by the software, to align the cannula with the target (E). After final alignment to

submillimeter accuracy, an MRI-compatible (i.e. minimal artifact and approved for use in

MRI) ceramic stylet is inserted to target through a peel-away catheter. After MR-

confirmation of accurate targeting, the stylet is replaced with the DBS lead(s) (F), followed

in some centers by a final MRI demonstrating accurate DBS lead position, and finally

removal of the peel-away catheter.
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Fig. 4.

Stereotactic intraoperative CT scanning for 3D radiological control of DBS implantation.

Patient positioned within the O-arm® (Medtronic) (A, B). The reference frame for

‘frameless’ navigation is shown (light reflecting off fiducials) to the left of the NexFrame®,

a skull-mounted targeting frame with microelectrode inserted (C). The O-arm allows both

anterior-posterior (D) and lateral (E) radiography that can be co-registered to the

preoperative MRI or CT, using the Stealth® Framelink® navigation workstation

(Medtronic). This may be used to track the accuracy of microelectrode insertions, as shown,

contributing to the interpretation of neurophysiological recordings. The O-arm also allows

3D CT imaging (F, left), which can be co-registered to the pre-operative imaging (F, right),

that can be used for both post-implantation DBS location verification, as well as for bone

fiducial registration, allowing the entire procedure (beyond the preoperative MRI scan) to be

completed in the operating room. (Images courtesy of Kathryn Holloway, Medical College

of Virginia).
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coronale 

 ANGOLO  DI  APPROCCIO 

assiale 



GPi sulla sezione coronale, 2 mm 
davanti al midpoint bicommissurale 

GPi sulla sezione sagittale, 20 mm 
dalla linea mediana 

Schaltenbrand Wahren, 1977 
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Scelta della traiettoria  -  GPi 



Progressi nell’identificazione del target 

 
Target  “parzialmente” visibile 

 

 
 

Metodi di identificazione    Metodi neurofisiologici 

radiologica diretta     

 

      - Microregistazione 

      - Microstimolazione 

      - Macrostimolazione 

 

 

 

 



 

 

Localizzazione stereotassica del Target 
Sistema stereotassico di Leksell 







IOM 

• Semi-microregistrazione 

• Semi-micro stimolazione 

• Macrostimolazione 

 

• Awake / asleep 

















Monitoring  intraoperatorio 



Stimolazione intra-operatoria 

Effetti collaterali 

 Ipofonia, disartria: fibre 

corticobulbari adiacenti al 

bordo anteriore del NST 

 Contratture: fibre 

corticospinali adiacenti al 

bordo laterale del NST 

 Movimenti occhio 

ipsilaterale: fibre del nucleo 

oculomotore localizzate in 

posizione mediale rispetto al 

NST 

 



Stimolazione intra-operatoria 

Effetti collaterali 

 

• Parestesie: lemnisco mediale 

localizzato posteriormente al 

NST 

• Effetti neurovegetativi 

(sensazione di calore uni- o 

bilaterale, sudorazione, 

midriasi): NST, zona incerta 



Nuove acquisizioni neurofisiologiche 

sull’attività dei nuclei della base 

 

• Pathological subthalamic nucleus oscillations in PD: Can they be the cause of 

bradykinesia and akinesia? 

 Moran Weinberger a, William D. Hutchison a,b, Jonathan O. Dostrovsky 

 Department of Physiology, University of Toronto, Toronto, ON, Canada b Toronto Western 

 Research Institute, Toronto, ON, Canada 

 Experimental Neurology 219 (2009) 58–61 

 

 





Medtronic® 

Boston® 

St. Jude® 



World Neurosurg. 2011 Jul-Aug;76(1-2):164-72; discussion 69-73. doi: 10.1016/j.wneu.2011.02.029. 

Clinical safety of brain magnetic resonance imaging with implanted deep brain stimulation hardware: large 

case series and review of the literature. 

Zrinzo L1, Yoshida F, Hariz MI, Thornton J, Foltynie T, Yousry TA, Limousin P.14 

1.5 T, Specific Absorption Rate (SAR) < 0.4 W/Kg per sequenza 





Adaptive closed loop stimulation 

Ann Neurol. 2013 Sep;74(3):449-57. Adaptive deep brain stimulation in advanced Parkinson disease.Little S, Pogosyan A, Neal S, Zavala B, Zrinzo L, 

Hariz M, Foltynie T, Limousin P, Ashkan K, FitzGerald J, Green AL, Aziz TZ, Brown P. 

Controlling Parkinson's Disease With Adaptive Deep Brain Stimulation 

Simon Little, 1 Alek Pogosyan, 1 Spencer Neal, 2 Ludvic Zrinzo, 2 Marwan Hariz, 2 Thomas Foltynie, 2 Patricia Limousin, 2 and Peter Brown 

1 
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Evolution of Deep Brain Stimulation: Human Electrometer and
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Abstract

Deep Brain Stimulation (DBS) provides therapeutic benefit for several neuropathologies including

Parkinson’s disease (PD), epilepsy, chronic pain, and depression. Despite well established clinical

efficacy, the mechanism(s) of DBS remains poorly understood. In this review we begin by

summarizing the current understanding of the DBS mechanism. Using this knowledge as a

framework, we then explore a specific hypothesis regarding DBS of the subthalamic nucleus

(STN) for the treatment of PD. This hypothesis states that therapeutic benefit is provided, at least

in part, by activation of surviving nigrostriatal dopaminergic neurons, subsequent striatal

dopamine release, and resumption of striatal target cell control by dopamine. While highly

controversial, we present preliminary data that are consistent with specific predications testing this

hypothesis. We additionally propose that developing new technologies, e.g., human electrometer

and closed-loop smart devices, for monitoring dopaminergic neurotransmission during STN DBS

will further advance this treatment approach.
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Deep brain stimulation; Parkinson’s disease; subthalamic nucleus; voltammetry; wireless

integrated circuit
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FIGURE 12.

Conceptual illustration of wireless transmission of neurochemical data from a dual probe

comprised of dopamine and glutamate sensors and stimulating electrodes positioned in

thalamic nuclei of a human patient (A). The brain-implantable CMOS chip (2.2mm ×

2.2mm) containing an electrometer to conduct in vivo neurochemistry (B) will record and

wirelessly transmit to the outside world the electrochemical signals corresponding to

extracellular concentration variations of distal dopamine and local glutamate levels elicited

by deep brain stimulation of thalamic nuclei in human patients. These neurochemical

responses will be used as feedback to modulate the stimulation parameters in the chest-

implanted pulse generator. Typical dopamine calibration curves generated by flow injection
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FIGURE 11.

Schematic of a probe comprised of an array of glutamate sensors (G 1–2) positioned between

subthalamic nucleus stimulating electrodes (S1–2) at the tip and a distal array of four sensors

for dopamine (D1–4) (A–C). By taking advantage of the neuroanatomy of the striatum and

subthalamic nucleus, this newly designed probe can be implanted in both nuclei such that

simultaneous stimulation and neurochemical recording of both transmitters can be achieved

with a single probe as depicted to scale in a representative coronal section of the human

brain (D).
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FIGURE 1.

Neurochemical interconnectivity within the basal ganglia complex. STN, subthalamic

nucleus; SNc and SNr, substantia nigra compacta and reticulata, respectively; PPT,

pedunculopontine nucleus; GPe and GPi, globus pallidus external and internal, respectively.
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Abstract

Deep Brain Stimulation (DBS) provides therapeutic benefit for several neuropathologies including

Parkinson’s disease (PD), epilepsy, chronic pain, and depression. Despite well established clinical

efficacy, the mechanism(s) of DBS remains poorly understood. In this review we begin by

summarizing the current understanding of the DBS mechanism. Using this knowledge as a

framework, we then explore a specific hypothesis regarding DBS of the subthalamic nucleus

(STN) for the treatment of PD. This hypothesis states that therapeutic benefit is provided, at least

in part, by activation of surviving nigrostriatal dopaminergic neurons, subsequent striatal

dopamine release, and resumption of striatal target cell control by dopamine. While highly

controversial, we present preliminary data that are consistent with specific predications testing this

hypothesis. We additionally propose that developing new technologies, e.g., human electrometer

and closed-loop smart devices, for monitoring dopaminergic neurotransmission during STN DBS

will further advance this treatment approach.
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Fig. 1.

Conceptual configuration of a head-mounted inductively-powered DBS system in which

power and data are transferred through the inductive link.
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Current steering and field shaping electrodes 

Hariz M. Deep Brain Stimulation: New Techniques. Parkinsonism and Related Disorders 20S1 2014, S192-96 

SureStim Sapiens (Eindhoven) directSTIM Aleva Neurotherapeutics 

Lausanne, Switzerland) 





11 pazienti PD – STN DBS 

2 pazienti ET – VIM DBS 

Stimolazione intraoperatoria – Soglia terapeutica fra effetti positivi e effetti 

collaterali 

Stimolazione a 360° o a 120° con calcolo del volume stimolato 

Volume stimolato: 4.2 mm3 con elettrodo unidirezionale, 10.5 mm3 con elettrodo 

360° 



12/13 pazienti manifestavano miglioramenti con la stimolazione unidirezionale 

rispetto a quella a 360° e in tutti c’era una direzione con risposta terapeutica 

migliore 



Eventi Avversi DBS STN 
Mcclelland - Columbia University 2005 

ADVERSE SIDE EFFECT No of electrodes (82) % 

Parestesia 49 59.8 

Dystonic contraction 13 15.9 

Eyelid-opening apraxia/ocular motor effects 8 9.8 

Dysartria 6 7.3 

Dyskinesia 5 6.1 

Dizzines/ataxia 5 6.1 

Numbness 4 4.9 

Diplopia/blurred vision 2 2.4 

Lightheadedness 2 2.4 

Blepharospasm 1 1.2 

Confusion 1 1.2 

Mutism 1 1.2 

None 21 25.6 



Effetti Collaterali DBS-STN 

Transitori In corso Stabili 

DBS correlati  

Parestesie 5 - - 

Discinesie disabilitanti 

Diplopia 

4 

1 

1 

- 

- 

- 

Depressione,apatia, abulia 3 - - 

Mania, aggressività 1 - - 

cadute  

 ipofonia,disartria  

3 

- 

- 

- 

- 

2 

Aprassia delle palpebre 

Incremento ponderale  

3 

7 

- 

- 

- 

2 



Effetti collaterali  in corso di aggiustamento 
parametri DBS 

Transitori Stabili 

DBS correlati  

Parestesie 37 - 

Discinesie disabilitanti 

Diplopia 

18 

5 

5 

- 

Depressione,apatia, abulia 23 6 

Mania, aggressività 1 - 

cadute  

 ipofonia,disartria  

14 

13 

- 

7 

 Aprassia delle palpebre 

Incremento ponderale  

8 

33 

- 

17 



COMPLICANZE DBS 

Centro Emorragie Ematomi 
sottodurali 

Infezioni 

Erosioni 

Dislocazioni 

Rotture 

Malfunz 

Benabid 1996 

Grenoble 

177 VIM 

3.4% 

Lang 1998 

Toronto 

8% 11% 

DBSPDSG 2001 

198 STN 

79 GPi 

 

1.5% 

5.1% 

Benabid 2001 

Grenoble 

2-4% 6.4% 

Kondziolka 2002 

Pittsbourg 

66 VIM 

1.5% 15% 16.6% 

Hariz 2002 

Umea - Svezia 

MER 
aumenta fino 

a 5 volte il 
rischio di 
emorragia 

25% 

4° Corso Teorico-Pratico sul 

Monitoraggio Neurofisiologico 

Intraoperatorio in Neurochirurgia 

Ferrara, 27 Febbraio - 1 Marzo 

2008 



COMPLICANZE DBS 

Centro Emorragie Ematomi 
sottodurali 

Infezioni 

Erosioni 

Dislocazioni 

Rotture 

Malfunz 

Eltahawy 2003 

Toronto 

15 GPi per distonia 

6.6% 

Terao 2003, Tokyo 

90 PD 

12 ET 

8 Dys 

Lesioni 15.8% 

 

DBS 3.4% 

11% 

Rodriguez-Oroz2004, 
Pamplona 

10 PD 

10% 

Ford 2004 

Columbia Univ. NY 

30 STN 

6.6% 

(1 stroke) 

6.6% 10% 

Lyons 2004 

Kansas City 

81 STN 

1.2% 6% 26% 

Starr 2004 

San Francisco 

23 Dys 

4.3% 

4° Corso Teorico-Pratico sul 

Monitoraggio Neurofisiologico 

Intraoperatorio in Neurochirurgia 

Ferrara, 27 Febbraio - 1 Marzo 

2008 



Complicanze DBS su 77 pazienti PD operati 

Numero % paziente % traccia 

Procedura correlate 

Emorragia intracerebrale 

Ematoma sottodurale cronico (ESC) 

1°* 

1° 

1.5 

1.5 

0.4 

0.4 

Infezione tasca 

Migrazione elettrodo 

Rottura estensioni  

1° 

3** 

- 

1.5 

4.5 

- 

0.4 

1.3 

Erosione  cutanea 3° 4.5 1.3 

Stato confusionale transitorio 1° 1.5 0.4 

Crisi epilettiche 

 

TOTALE COMPLICAZIONI 

  1°* 

 

11 EVENTI 

1.5 

 

9 PAZIENTI 

13.6 % 

0.4 

* Stesso paziente  ° STN  ** 2 STN (di cui 1 per ESC), 1 GPi 






