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Background/introduction
Focused ultrasound (FUS) can penetrate soft tissue non-
invasively and induce physiological effects deep within
target tissues. MR-image guidance, lesioning precision,
sparing of healthy tissue and absence of ionizing radia-
tion make FUS an ideal modality for brain interventions.
Based on the encouraging results in treating patients
with chronic pain or movement disorders through ther-
mal ablation of thalamic and subthalamic targets, nonin-
vasive transcranial MR guided focused ultrasound
(tcMRgFUS) recently received CE marking for functional
neurosurgery. Here, we report the world’s first success-
ful application of noninvasive tcMRgFUS for tumor
ablation in a patient suffering from a centrally located
malignant glioma.

Methods
Case Report: A 63 year old patient presented in our
clinic with tumor recurrence in the left thalamic and
subthalamic region five years after first surgery for a
glioblastoma.
After giving informed written consent he was included

in our ongoing clinical phase-1 study on the feasibility
and safety of tcMRgFUS for the treatment of brain
tumors. Due to the location of the tumor within elo-
quent brain areas and considering previous radiotherapy
and various cycles of different chemotherapeutics, surgi-
cal resection was excluded as a treatment option. The
tcMRgFUS procedure was performed using the ExAblate
Neuro® system (InSightec Ltd, Haifa, Israel) integrated
into a clinical 3T MR system (GE Healthcare, Little
Chalfont, UK). The patient received local anesthesia for
positioning a stereotactic frame (Integra LifeSciences

Corporation, New Jersey, USA), and prophylactic admin-
istration of paracetamol and ondansetron for preventing
pain or nausea. Post-interventional assessment included
follow-up MRI immediately after and on days 1, 5 and
21 after the procedure. The patient was awake and
responsive during the whole intervention with stable
neurological assessment and without additional medica-
tion needed. In the 3 hours lasting procedure, a total of
25 sonications were applied with up to 19’550 Joules of
acoustic energy. 17 sonications reached ablative tem-
peratures of over 55°C with a maximum of 65°C, as
recorded by intraoperative realtime MR thermometry.
MRI scans acquired immediately after the intervention
revealed significant lesions to the sonicated tumor tissue
that were particularly well visible in DWI and ADC
maps. Later on, contrast-enhanced MRI showed well-
circumscribed volumes of non-perfused tissue, indicative
for ablated tumor tissue. As expected from earlier
experience, perifocal edema developed around the ther-
mal lesions, but gradually disappeared during the
follow-up period. Neurological examination on day
5 revealed improvement of the preexisting right arm
paresis while no additional neurological deficits were
observed.

Results and conclusions
The successful ablation of a brain tumor demonstrates
the feasibility of noninvasive tcMRgFUS tumor surgery.
Further clinical interventions in the context of our
ongoing clinical phase I study will be needed to assess
the safety and efficacy of tcMRgFUS for brain tumor treat-
ment and its relevance for future treatment strategies
against brain tumors.

1Kantonsspital Aarau, Aarau, Switzerland
Full list of author information is available at the end of the article

Fandino et al. Journal of Therapeutic Ultrasound 2015, 3(Suppl 1):O11
http://www.jtultrasound.com/content/3/S1/O11

© 2015 Fandino et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


Acknowledgements (Funding)
No conflicts of interest. This study was supported by the Department of
Neurosurgery, Kantonsspital Aarau, and the Center of MR-Research,
University Children’s Hospital, Switzerland
Written informed consent was obtained from the patient for publication of this
abstract and any accompanying images

Authors’ details
1Kantonsspital Aarau, Aarau, Switzerland. 2University Children’s Hospital,
Zurich, Switzerland. 3University Children’s Hospital, Zurich, Switzerland.

Published: 30 June 2015

doi:10.1186/2050-5736-3-S1-O11
Cite this article as: Fandino et al.: First non-invasive thermal ablation of
a brain tumor with MR guided focused ultrasound. Journal of Therapeutic
Ultrasound 2015 3(Suppl 1):O11. Submit your next manuscript to BioMed Central

and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Figure 1

Fandino et al. Journal of Therapeutic Ultrasound 2015, 3(Suppl 1):O11
http://www.jtultrasound.com/content/3/S1/O11

Page 2 of 2


	Background/introduction
	Methods
	Results and conclusions
	Acknowledgements (Funding)
	Authors’ details


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


