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Preliminary study of thalamic 
parcellization for the identification of 
the treatment target in trans-cranial
talamotomies induced by focused 

ultrasound guided through Magnetic 
Resonance (tcMRgFUS)
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Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T

Surgical therapy using magnetic resonance-guided 

focused ultrasound 

(Magnetic Resonance guided Focused Ultrasounds Surgery MRgFUS)

is a modern and non-invasive ablative technique.
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Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T

Surgical therapy using magnetic resonance-guided 

focused ultrasound 

(Magnetic Resonance guided Focused Ultrasounds Surgery MRgFUS)

is a modern and non-invasive ablative technique.

Recent technological developments enabled MRI-guided 

therapeutic application of HI-FU to the brain 

(transcranial MRgFUS - tcMRgFUS)
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This Focused Ultrasound (FUS) equipment 

(ExAblate 4000, InSightec Ltd. - Haifa, Israel) 

consists of an hemispheric 1024-element phased-array 

transducer operating at 650 kHz.

Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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Planning images obtained using a 1.5T MRI's body RF

coil showed reasonable quality in terms of:
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Planning images obtained using a 1.5T MRI's body RF

coil showed reasonable quality in terms of:

• anatomy visualization

• SNR

but

thermal images noise was NOT acceptable.

Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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2ch FUS-Head coil (InSightec Ltd. - Haifa, Israel)

Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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The application of this technique requires a precise

delimitation of the area of the brain to be treated with

focused ultrasound.

The ultrasound energy is focused on a very small

volume of tissue that you want to remove.

This causes an increase in temperature sufficient to

destroy the cells in the target volume, without damaging

the surrounding tissues.

Methods and materialsTranscranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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tcMRgFUS offers an incisionless approach to treat

movement disorders
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tcMRgFUS offers an incisionless approach to treat

movement disorders

The ventral intermediate nucleus (VIM) of the thalamus

is an established surgical target for these diseases
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tcMRgFUS offers an incisionless approach to treat

movement disorders

The ventral intermediate nucleus (VIM) of the thalamus

is an established surgical target for these diseases

but

The VIM is not readily visible on

conventional MR imaging
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Probabilistic tractography may

potentially be used to increase the

efficacy and consistency of outcomes

with tcMRgFUS and potentially shorten

treatment times by identifying optimal

targets in advance of treatment.

The aim of this study is to identify the VIM with a more 

accurate  method.

Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T

Video n1

Video n1
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Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T

Video n2

Video n2
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Transcranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T

Video n3

Video n3
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Preoperative T1, T2 and diffusion weighted MRI

acquisition Imaging was performed on a 1.5T scanner

using a 32 channel receive head coil.

Diffusion-weighting, with b=1000 s/mm2, was applied

along 30 directions uniformly distributed on the sphere

and two b=0 s volumes were also acquired.

Methods and materialsTranscranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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BedpostX (FSL v 5.0.9) was used to estimate fibre

orientations. Up to two crossing fibres were estimated in

each brain voxel.

Cortical reconstruction and volumetric segmentation of

T1 weighted volume was performed with the Freesurfer

image analysis suite.

Methods and materialsTranscranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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Cortical volumetric masks of:

• supplementary motor area (SMA) and premotor cortex

(PMC)

• precentral cortex

• postcentral cortex

were generated.

Methods and materialsTranscranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T
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Probabilistic tractography was generated in

ProbtrackX2 (FSL v 5.0.9) (number of samples=5000,

curvature-threshold=0.2, step length=0.5mm subsidiary

fibre volume fraction threshold=0.01).

The process repetitively samples from the distributions

of voxel-wise principal diffusion directions, building up a

spatial ‘connectivity distribution’.

Methods and materialsTranscranial Magnetic Resonance-guided

Focused Ultrasound Surgery (tcMRgFUS) at 1.5T



26

Thalamic segmentation was carried out for the first patients

Preliminary Results
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Preliminary Results: retrospective analysis

Example of thalamic parcellation in a patient with 

excellent clinical outcome (followup> 2aa)



Example of thalamic parcellation in a patient with 

excellent clinical outcome (followup> 2aa)
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Example of thalamic parcellation in a patient with poor 

clinical outcome 3 months after treatment

Preliminary Results: retrospective analysis
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