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Science and Mechanics magazine, April 1963



Magnetic Resonance guided Focused UltraSound
(MRgFUS)

Principio funzionamento:

• fascio di ultrasuoni emesso da un elevato 
numero di trasduttori su un bersaglio 
(concentrati)  aumento rapido temperatura del 
tessuto tale da distruggerlo o causare una 
lesione permanente.

• Il processo è monitorato in tempo reale 
utilizzando immagini di Risonanza Magnetica 
(RM) che permettono:

– Visualizzare le strutture anatomiche 

– Rilevare variazioni di temperatura all’interno del 
cervello (imaging termometrico). 



Magnetic Resonance guided Focused UltraSound
MRgFUS

High intensity focused ultrasound Magnetic resonance imaging (MRI) 
Combination of two well known technologies:
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• Ultrasound is defined as an acoustic wave with fundamental frequency above 
the upper limit of human hearing (>20 kHz). Ultrasound frequencies for medical 
imaging range between 2–20 MHz, while those for therapeutic applications are 
lower (0.2–2 MHz)

• HIFU requires an intensity greater than 1000 W/cm2 in continuous mode 
induces frictional energy in the target area so that the target tissue is heated, 
causing protein denaturation, DNA fragmentation, coagulative necrosis, and 
cellular death

• In contrast, low intensity focused ultrasound (LIFU) has been shown to 
modulate activity of neurons and glial cells, and is typically pulsed, with FDA 
limits of time-averaged intensities ≤ 94 mW/cm2 and pulse-averaged 
intensities <190 W/cm2. Depending on key pulsing parameters (repetition 
frequency, duty cycle, etc.) pulsed LIFU can either suppress or evoke neuronal 
activity
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LIFU

HIFU

Hynynen K et al. Radiology, 2001



ENMG-PE 2014

Low Intensity Focal Ultrasound (LIFU)

JKNS, 2019



Hersch et al, PLOS One 2018



CE approval content (2012)
Intended Use  
The ExAblate System is intended for thermal ablation of targets 
in the thalamus, sub-thalamus and pallidum regions of the brain 

Indication for Use
ExAblate 4000 transcranial MR guided focused ultrasound 
(TcMRgFUS) system is accurate and safe for the treatment of 
neurological disorders in the brain e.g. 

– Essential Tremors “ET”
– Tremor Dominant Idiopathic Parkinson’s Disease “PD”, 
– Neuropathic Pain “NP” 

By heat induced focusing using ultrasound energy under full 
MR planning and thermal imaging control. This claim is derived 
from clinical treatments performed in the thalamus, sub-
thalamus and pallidum regions



Problema ossa cranio
(valore SDR)



Precisione bersaglio inferiore al millimetro !!!

Mean +/- SD (mm)

Dorsoventral 0.72+/-0.39
Anteroposterior 0.54+/-0.34

Mediolateral 0.72+/-0.42





Procedura trattamento

Preparazione paziente

Verifica clinica durante procedura

Calcolo posizione bersaglio (target)

Trattamento
(sonificazione)
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dopo 24 ore Dopo 30 giorni



Pre Trattamento durante MRgFUS

Scrittura
Termine 

Trattamento



pre MRgFUS post MRgFUS











MRgFUS: AEs in E.T.
1. Frame related (pin site numbness, infection, or pain)
2. Sonication related (headache, scalp burn, nausea, vomiting)
3. Thalamotomy related, divided into four subgroups:
• Sensory disturbances including numbness, paresthesia, dysesthesias, and dysgeusia.
• Speech and swallowing disturbances (dysarthria, dysphagia).
• Balance and gait disturbances (ataxia).
• Weakness or decreased limb coordination

Fishmann et al, Mov Dis 2018



MRgFUS:  Prospettive Cliniche

PD006 
Trial



56% 63%

Yong-Sook Park et al., Mov Dis 2019

MRgFUS in ET



Chang et al, Ann Neurol 2018



Sinai et al., JNS 2019

MRgFUS in ET



MRgFUS VIM thalamotomy: Besta experience

Parkinson’s Disease (n=43) Essential tremor (n=54) Dystonic tremor (n=9)

Sex (M/F) 35/8 38/16 7/2

Age at onset (years) 57,2 (10,5) 41,1 (21,2) 19,7 (13,9)

Age at surgery (years) 64,4 (8,7) 72,2 (9,6) 51,7 (14,1)

Disease duration (years) 6,8 (4,3) 30,3 (21,1) 32,2 (11,6)

Target (left/right) 24/19 49/5 8/1



Performance (ET and DT with 12 months FU)

*

*

*

rmANOVA, Bonferroni correction
*, p<0.05 compared to baseline values
**, p<0.01 compared to baseline values

****
**



rmANOVA, Bonferroni correction
*, p<0.05 compared to baseline values
**, p<0.01 compared to baseline values

**
**

**
** **

Activities of Daily Living (ET and DT with 12 months FU)



PD patients with 1 year complete FU (n=22)



ET:  responders vs non responders
n=54/5



OFF Medication

PD:   responders vs non responders
n=43/7



PD patients with 1 year complete FU (n=22)

rmANOVA, Bonferroni correction
*, p<0.01 compared to baseline values

****



POST-MRgFUS increase in FC:
• within bilateral primary motor (M1) cortices
• between bilateral M1 and crossed primary somatosensory

cortices
• between pallidum and the dentate nucleus of the untreated

hemisphere.

CHANGE (drop-points value) in MDS-UPDRS at 3 months
correlated with post-treatment decrease in FC: 
• between the anterior cingulate cortex and bilateral SMA
• between the Lobe VI of treated cerebellar hemisphere and the
interpositus nucleus of untreated cerebellum.

GOOD RESPONDERS were characterized at baseline:
• crossed hypoconnectivity between bilateral putamen and M1
• as well as between the putamen of the treated hemisphere and 

the contralateral SMA

MRgFUS MODULATE BRAIN FC within the tremor network. 
Such changes are associated with clinical outcome.

Stanziano M. et al. Front Neurol 2021



Visani et al.,  Clinical Neurophysiology (under review)

• MEG-EMG signals in 16 ET patients the day before MRgFUS (T0) treatment, 24-hours (T1), and 3-months (T2) after.

• Beta band normalized CMC (nCMC) and cortico-cortical out-strength among cortical areas were assessed during isometric extension of the hand contralateral to 
ViM target. 

MRgFUS THALAMOTOMY IN ESSENTIAL TREMOR: CORTICO-MUSCULAR COHERENCE AND CORTICO-CORTICAL OUT-
STRENGTH ASSESSED ON MEG SIGNALS

Co: contralateral, Ip: ipsilateral, PreC: precentral, SM: supplementary motor, PostC: 
postcentral, F=frontal, P=parietal.

In ET patients positively responding to MRgFUS, the CMC increased 
in the contralateral motor-area immediately after the intervention. 
During the follow-up the decline of nCMC in cortical areas other than 
contralateral primary motor ones suggest a delayed circuitry 
rearrangement.

The overall reorganization consisted in a recovery of the leadership of 
the primary motor cortex with respect to the other areas during a 
sustained movement.

The effective treatment with MRgFUS corresponds with a readjustment 
of the CMC and of the communication between cortical areas



Visani et al. (in preparation)

• MEG-EMG signals in 20 patients the day before MRgFUS (T0) treatment, 24-hours (T1), and 3-months (T2) after.
• Beta band event-related desynchronization/synchronization were evaluated during voluntary self-paced movements.

MRgFUS THALAMOTOMY IN patients with tremor: an event-relatedMEG
study



TFR analysis on MEG sensors
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Un-treated side movementTreated side movement
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p<0,05

TFR analysis on MEG virtual sensors
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**

**

*

*

A B

C D

Golfrè Andreasi et al., Mov Dis (in revision)





Comparison of percent of subjects rated as responders in GPi FUSA and 
sham group at 3 months. The open label follow-up in the GPi FUSA (6 and 
12 months) and crossover groups (3, 6, and 12 months) are also shown. Percentage of responders with improvements in MDS UPDRS-III, UDysRS, both 

MDS UPDRS-III & UDysRS and non-responders. 

Score improvements (mean and SD) in the GPi FUSA and sham groups at 3 months. The 
corresponding percentage improvement are shown as well.

PD006 results
Krishna et al. NEJM 2022 (in revision)

(riproduzione vietata)



Magnetic Resonance guided Focused UltraSound
MRgFUS

Conclusioni

Trattamento sicuro ed efficace per il tremore essenziale unilaterale (in corso
di validazione il trattamento bilaterale)

Trattamento sicuro ed efficace per il tremore unilaterale nella malattia di 
Parkinson (in corso di validazione per gli altri sintomi)

MRgFUS non deve essere considerate alternativa a DBS

Utilità neurofisiologia per caratterizzazione ”miglior candidato”
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