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The ten research/treatment sites highlighted in this report are the Focused Ultrasound 
Foundation designated Centers of Excellence, COEs. They are also listed on our website.

Established in 2009, the COE program brings together the best people and technical resources 
at luminary sites across the globe. The Centers are created through partnerships of academia, 
industry, and the Foundation to showcase focused ultrasound technology and serve as hubs for 
collaboration. They are the powerhouses of focused ultrasound research; in 2022, they collectively
published 202 scientific journal articles on their accomplishments. These sites, which include 
some of the most influential leaders in the field, are cultivators of the next generation of researchers
and physicians for focused ultrasound and are creating the intellectual property that will spur the
next iteration of commercialization efforts. We encourage you to review these pages in detail, look
up the publications that might interest you, and reach out to the contacts we list for each site, 
if you are interested in a potential collaboration.

This portion of the 2022 State of the Field Report contains a summary of self-reported data from
the COEs.
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Locations

1 2 3 4 5

6 7 8 9 10

Centers of Excellence
1 University of Virginia Health System

2 The Institute of Cancer Research 
and The Royal Marsden

3 Brigham and Women’s Hospital

4 University of Maryland School of Medicine

5 Sunnybrook Health Sciences Centre

6 Stanford University School of Medicine

7 Inserm - LabTAU

8 Physics for Medicine Paris

9 Children’s National Hospital

10 University Medical Center Utrecht



Centers of Excellence
Name Location Established

University Medical Center Utrecht Utrecht, The Netherlands 2020

Children’s National Hospital Washington, DC 2020

Physics for Medicine Paris Paris, France 2019

Inserm - LabTAU Lyon, France 2017

Stanford University School  of Medicine Stanford, CA 2016

Sunnybrook Health Sciences Centre Toronto, Canada 2016

University of Maryland School of Medicine Baltimore, MD 2016

Brigham and Women’s Hospital Boston, MA 2015

The Institute of Cancer Research and The Royal Marsden London, England 2013

University of Virginia Health System Charlottesville, VA 2009
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C E N T E R S  O F  E X C E L L E N C E  CENTERS OF EXCELLENCE

Commercial treatments
Musculoskeletal Bone metastases, Desmoid tumors

Women’s health Endometriosis, Uterine fibroids

University Medical Center Utrecht | The Netherlands

The University Medical Center Utrecht, UMC Utrecht, 
is the fourth Center of Excellence in Europe. UMC Utrecht is
striving to improve current cancer therapy with MRI-guided 
focused ultrasound, often in combination with other 
modalities, such as radiotherapy, chemotherapy, and surgery,
leading to higher efficacy, fewer side effects, and lower costs.
The emphasis of the clinical translation, in close collaboration
with other nearby medical centers and international 
consortia, is on breast cancer, bone cancer, immune 
stimulation, and drug delivery for brain tumor treatment.

Contacts
Helena M Verkooijen, MD, PhD,  
Program  Co-   director | h.m.verkooijen@umcutrecht.nl

Clemens Bos, PhD, Program Co-   director | c.bos@umcutrecht.nl

Chrit T.W. Moonen, PhD, Program Co-   director | c.moonen@umcutrecht.nl

Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Ultrasound

FUS Physics

FUS Transducer technology, Histotripsy

FUS Treatment monitoring

University Medical
Center Utrecht

7
Technical Research

8
Publications

12
Mechanisms of Action

Research

3
Preclinical Research

6
Clinical Research

4
Commercial Treatments

Mechanisms of action research
Histotripsy Immunomodulation, Tissue destruction

Hyperthermia Drug delivery, Radiosensitization
Nonthermal BBB opening; BBB opening, drug delivery; Drug delivery; 

Drug delivery, vehicle; Immunomodulation; 
Liquid biopsy; Tissue destruction

Thermal ablation Tissue destruction

Preclinical research
Miscellaneous Head & neck tumors

Neurological Pontine glioma

Clinical research
Cardiovascular Peripheral artery disease

Musculoskeletal Bone metastases, Desmoid tumors

Women’s health Breast tumors, malignant; Uterine fibroids
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University Medical Center Utrecht continued

    Publications—2022

The Effect of Microbubble-Assisted Ultrasound on Molecular Permeability
across Cell Barriers. Rousou C, de Maar J, Qiu B, van der Wurff-Jacobs K,
Ruponen M, Urtti A, Oliveira S, Moonen C, Storm G, Mastrobattista E, 
Deckers R. Pharmaceutics. 2022 Feb 24;14(3):494. doi: 10.3390/
pharmaceutics14030494. PMID: 35335871; PMCID: PMC8949944.

Increased MR-guided high intensity focused ultrasound (MR-HIFU) sonication
efficiency of uterine fibroids after carbetocin administration. Anneveldt KJ,
van ’t Oever HJ, Verpalen IM, Nijholt IM, Bartels W, Dijkstra JR, van den
Hoed RD, van 't Veer-Ten Kate M, de Boer E, Veersema S, Huirne JAF,
Schutte JM, Boomsma MF. Eur J Radiol Open. 2022 Mar 21;9:100413. 
doi: 10.1016/j.ejro.2022.100413. PMID: 35340827; PMCID: PMC8942847.

Safety and feasibility study of non- invasive robot-assisted high-intensity 
focused ultrasound therapy for the treatment of atherosclerotic plaques in
the femoral artery: protocol for a pilot study. Simons MV, Groen MHA, 
de Borst GJ, Leiner T, Doevendans PAF, Ebbini E, Slieker FJB, van Es R,
Hazenberg CEVB. BMJ Open. 2022 May 2;12(5):e058418. doi:
10.1136/bmjopen-2021-058418. PMID: 35501090; PMCID: PMC9062820.

Ultrasound-directed enzyme-prodrug therapy (UDEPT) using self-immolative
doxorubicin derivatives. Roemhild K, Besse HC, Wang B, Peña Q, Sun Q,
Omata D, Ozbakir B, Bos C, Scheeren HW, Storm G, Metselaar JM, Yu H,
Knüchel-Clarke R, Kiessling F, Moonen CTW, Deckers R, Shi Y, Lammers T.
Theranostics. 2022 Jun 6;12(10):4791-4801. doi: 10.7150/thno.69168.
PMID: 35832083; PMCID: PMC9254251.

Synthetic CT for the planning of MR-HIFU treatment of bone metastases in
pelvic and femoral bones: a feasibility study. Lena B, Florkow MC, Ferrer CJ,
van Stralen M, Seevinck PR, Vonken EPA, Boomsma MF, Slotman DJ,
Viergever MA, Moonen CTW, Bos C, Bartels LW. Eur Radiol. 
2022 Jul;32(7):4537-4546. doi: 10.1007/s00330-022-08568-y. 
Epub 2022 Feb 21. PMID: 35190891; PMCID: PMC9213310.

Publications—2022 continued

Early economic modeling of magnetic resonance image-guided high intensity
focused ultrasound compared to radiotherapy for pain palliation of 
bone metastases. Simões Corrêa Galendi J, Yeo SY, Grüll H, Bratke G,
Akuamoa-Boateng D, Baues C, Bos C, Verkooijen HM, Shukri A, Stock S,
Müller D. Front Oncol. 2022 Sep 23;12:987546. doi: 10.3389/fonc.2022.
987546. PMID: 36212449; PMCID: PMC9537476.

Diffusion-weighted MRI with deep learning for visualizing treatment results of
MR-guided HIFU ablation of uterine fibroids. Slotman DJ, Bartels LW, Zijlstra
A, Verpalen IM, van Osch JAC, Nijholt IM, Heijman E, van 't Veer-Ten Kate
M, de Boer E, van den Hoed RD, Froeling M, Boomsma MF. Eur Radiol. 
2022 Dec 6. doi: 10.1007/s00330-022-09294-1. Epub ahead of print.
PMID: 36472702.

Focused Ultrasound and RadioTHERapy for non-invasive palliative pain 
treatment in patients with bone metastasis: a study protocol for the three
armed randomized controlled FURTHER trial. Slotman DJ, Bartels MMTJ, 
Ferrer CJ, Bos C, Bartels LW, Boomsma MF, Phernambucq ECJ, Nijholt IM,
Morganti AG, Siepe G, Buwenge M, Grüll H, Bratke G, Yeo SY, Blanco 

  

Research not involving thermal ablation, tissue destruction
Clinical Research - Women’s health

Breast tumors, malignant Hyperthermia - Drug delivery

Preclinical Research - Miscellaneous

Head & neck tumors Nonthermal - Sonoporation

Preclinical Research - Neurological

Pontine glioma Nonthermal, BBB opening - Drug delivery

Nonthermal - Drug delivery
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Commercial treatment
Musculoskeletal Osteoid osteoma, Soft tissue cancer

Children’s National Hospital | Washington, DC

In September 2020, Children’s National Hospital, CNH, 
in Washington, DC, became the first Center of Excellence
focused exclusively on pediatrics. The COE includes 
a multidisciplinary team of clinicians and investigators from
radiology, oncology, surgery, orthopedics, neurosurgery, 
and urology. In recent years, the CNH team has become 
a leader in the translation of focused ultrasound for treating
pediatric solid tumors. They are currently investigating the
treatment of malignant solid tumors with focused ultrasound
alone and combined with chemotherapy. Moving forward,
the team plans to further explore oncological applications 
of focused ultrasound, particularly to augment chemotherapy
and immunotherapy for hard-to-treat pediatric cancers. 

Contacts
Karun V. Sharma, MD, PhD | Program Co-director | kvsharma@cnmc.org

AeRang Kim, MD, PhD | Program Co-director | aekim@childrensnational.org

Preclinical research
Musculoskeletal Osteoid osteoma, Soft tissue cancer

Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Navigation

FUS Image guidance, Ultrasound

FUS Simulation & treatment planning

FUS Transducer technology, Histotripsy

FUS Treatment evaluation

FUS Treatment monitoring

Standards & quality assurance 

Children’s National
Hospital

10
Technical Research

 1
Publication

7
Mechanisms of Action

Research

2
Preclinical Research

10
Clinical Research

2
Commercial Treatments

Mechanisms of action research
Histotripsy Immunomodulation, Tissue destruction

Hyperthermia Tissue destruction

Nonthermal Drug delivery, vehicle; Neuromodulation

Thermal ablation Immunomodulation, Tissue destruction

1 Protocols inclusive of more than one indication

Clinical research
Gastrointestinal Liver tumors

Miscellaneous Multiple tumors1

Musculoskeletal Bone metastases, Osteoid osteoma, Soft tissue cancer

Neurological Brain tumors, general; Neurofibromatosis; 
Pontine glioma
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Children’s National Hospital continued

Publications—2022

Focused Ultrasound for Pediatric Diseases. Janwadkar R, Leblang S, 
Ghanouni P, Brenner J, Ragheb J, Hennekens CH, Kim A, Sharma K. 
Pediatrics. 2022 Mar 1;149(3):e2021052714. doi: 10.1542/peds.2021-
052714. PMID: 35229123.

Research not involving thermal ablation, tissue destruction
Clinical research - Miscellaneous

Multiple tumors1 Hyperthermia - Chemosensitization
Hyperthermia - Drug delivery

Clinical research - Musculoskeletal

Bone metastases Thermal ablation - Chemosensitization

Clinical research - Neurological

Pontine glioma Nonthermal, BBB opening - Drug delivery
Nonthermal - Sonodynamic therapy

Preclinical research - Musculoskeletal

Soft tissue cancer Histotripsy - Immunomodulation

1 Protocols inclusive of more than one indication
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C E N T E R S  O F  E X C E L L E N C E  

Clinical research
Neurological Essential tremor

Physics for Medicine Paris | France

In December 2019, Physics for Medicine Paris became 
the third Center of Excellence in Europe. The site focuses 
on accelerating the development of ultrasound-based 
technologies and translating these innovative technologies 
to the clinic, with an emphasis on cardiovascular and 
neurological disorders. Physics for Medicine Paris is 
a technological hub for new modalities of ultrasound 
guidance, monitoring, and treatment. The team also 
undertakes the training of many PhD students, assuring it 
a pivotal role in the education of young researchers.

Contacts
Mickael Tanter, PhD | Program Director | mickael.tanter@espci.fr

Jean-François Aubry, PhD | Scientific Director | jean-francois.aubry@espci.fr

Research not involving thermal ablation, tissue destruction
Preclinical research - Cardiovascular 

Heart valve calcifications Histotripsy - Alteration of tissue mechanics

Preclinical research - Neurological 

Depression Nonthermal - Neuromodulation

Parkinson’s disease, Nonthermal - Neuromodulation
underlying cause

Preclinical research
Cardiovascular Heart valve calcifications

Neurological Depression; Parkinson’s disease, underlying cause

Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Navigation

FUS Image guidance, Ultrasound

FUS Physics

FUS Simulation & treatment planning

FUS Transducer technology, Histotripsy

FUS Transducer technology, Thermal ablation

FUS Treatment monitoring

Physics for 
Medicine Paris

9
Technical Research

27
Publications

4
Mechanisms of Action

Research

3
Preclinical Research

1
Clinical Research

Mechanisms of action research
Histotripsy Tissue destruction

Nonthermal BBB opening, drug delivery; Neuromodulation

Thermal ablation Tissue destruction



V.10      Focused Ultrasound Foundation | 2023 State of the Field

C E N T E R S  O F  E X C E L L E N C E

Physics for Medicine Paris continued

    Publications—2022

Retinal functional ultrasound imaging (rfUS) for assessing neurovascular 
alterations: a pilot study on a rat model of dementia. Morisset C, Dizeux A,
Larrat B, Selingue E, Boutin H, Picaud S, et al. Sci Rep 2022;12:19515. doi:
10.1038/s41598-022-23366-8. PMID: 36376408; PMCID: PMC9663720.

Fluoroscopy-Guided High-Intensity Focused Ultrasound Neurotomy of the
Lumbar Zygapophyseal Joints: A Clinical Pilot Study. Perez J, Gofeld M,
Leblang S, Hananel A, Aginsky R, Chen J, et al. Pain Med. 2022 Jan
3;23(1):67-75. doi: 10.1093/pm/pnab275. PMID: 34534337; PMCID:
PMC8723143.

Assessing cardiac stiffness using ultrasound shear wave elastography. 
Caenen A, Pernot M, Nightingale KR, Voigt JU, Vos HJ, Segers P, D'hooge J. 
Phys Med Biol. 2022 Jan 17;67(2). doi: 10.1088/1361-6560/ac404d. PMID:
34874312.

Publications—2022 continued

Carotid Plaque Vulnerability Assessed by Combined Shear Wave Elastography
and Ultrafast Doppler Compared to Histology. Goudot G, Sitruk J, Jimenez
A, Julia P, Khider L, Alsac JM, El Batti S, Bruneval P, Amemyia K, Pedreira O,
Mortelette H, Calvet D, Tanter M, Mirault T, Pernot M, Messas E. 
Transl Stroke Res. 2022 Feb;13(1):100-111. doi: 10.1007/s12975-021-
00920-6. Epub 2021 Jun 28. PMID: 34181190.

Ret kinase-mediated mechanical induction of colon stem cells by tumor
growth pressure stimulates cancer progression in vivo. Nguyen 
Ho-Bouldoires TH, Sollier K, Zamfirov L, Broders-Bondon F, Mitrossilis D,
Bermeo S, et al. Commun Biol. 2022 Feb 17;5(1):137. doi:
10.1038/s42003-022-03079-4. PMID: 35177769; PMCID: PMC8854631.

Endothelial Zeb2 preserves the hepatic angioarchitecture and protects against
liver fibrosis. de Haan W, Dheedene W, Apelt K, Décombas-Deschamps S,
Vinckier S, Verhulst S, Conidi A, Deffieux T, Staring MW, Vandervoort P,
Caluwé E, Lox M, Mannaerts I, Takagi T, Jaekers J, Berx G, Haigh J, Topal B,
Zwijsen A, Higashi Y, van Grunsven LA, van IJcken WFJ, Mulugeta E, 
Tanter M, Lebrin FPG, Huylebroeck D, Luttun A. Cardiovasc Res. 
2022 Mar 25;118(5):1262-1275. doi: 10.1093/cvr/cvab148. 
PMID: 33909875; PMCID: PMC8953454.

Ultrasound localization microscopy and functional ultrasound imaging reveal
atypical features of the trigeminal ganglion vasculature. Réaux-Le-Goazigo
A, Beliard B, Delay L, Rahal L, Claron J, Renaudin N, et al. Commun Biol.
2022 Apr 7;5(1):330. doi: 10.1038/s42003-022-03273-4. PMID:
35393515; PMCID: PMC8989975.

Boosting transducer matrix sensitivity for 3D large field ultrasound localization
microscopy using a multi-lens diffracting layer: a simulation study. Favre H,
Pernot M, Tanter M, Papadacci C. Phys Med Biol. 2022 Apr 7;67(8). 
doi: 10.1088/1361-6560/ac5f72. PMID: 35313289.

Ultrafast Doppler imaging and ultrasound localization microscopy reveal the
complexity of vascular rearrangement in chronic spinal lesion. Beliard B, 
Ahmanna C, Tiran E, Kanté K, Deffieux T, Tanter M, et al. Sci Rep. 
2022 Apr 21;12(1):6574. doi: 10.1038/s41598-022-10250-8. 
PMID: 35449222; PMCID: PMC9023600.

Intensity distribution segmentation in ultrafast Doppler combined with 
scanning laser confocal microscopy for assessing vascular changes 
associated with ageing in murine hippocampi. Anzibar Fialho M, Vázquez
Alberdi L, Martínez M, Calero M, Baranger J, Tanter M, et al. Sci Rep. 
2022 Apr 26;12(1):6784. doi: 10.1038/s41598-022-10457-9. Erratum in:
Sci Rep. 2022 May 10;12(1):7626. PMID: 35473942; 
PMCID: PMC9042937.

In vivo whole brain microvascular imaging in mice using transcranial 3D 
Ultrasound Localization Microscopy. Demeulenaere O, Bertolo A, Pezet S,
Ialy-Radio N, Osmanski B, Papadacci C, et al. EBioMedicine. 2022
May;79:103995. doi: 10.1016/j.ebiom.2022.103995. Epub 2022 Apr 20.
PMID: 35460988; PMCID: PMC9048085.

Publisher Correction: Intensity distribution segmentation in ultrafast Doppler
combined with scanning laser confocal microscopy for assessing vascular
changes associated with ageing in murine hippocampi. Fialho MA, 
Alberdi LV, Martínez M, Calero M, Baranger J, Tanter M, et al. Sci Rep. 
2022 May 10;12(1):7626. doi: 10.1038/s41598-022-11822-4. Erratum for:
Sci Rep. 2022 Apr 26;12(1):6784. PMID: 35538217; PMCID: PMC9091278.
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Publications—2022 continued

Covariations between pupil diameter and supplementary eye field activity 
suggest a role in cognitive effort implementation. Claron J, Royo J, Arcizet F,
Deffieux T, Tanter M, Pouget P. PLoS Biol. 2022 May 26;20(5):e3001654.
doi: 10.1371/journal.pbio.3001654. PMID: 35617290; PMCID:
PMC9135265.

Increased Capillary Permeability in Heart Induces Diastolic Dysfunction 
Independently of Inflammation, Fibrosis, or Cardiomyocyte Dysfunction.
Abelanet A, Camoin M, Rubin S, Bougaran P, Delobel V, Pernot M, Forfar I,
Guilbeau-Frugier C, Galès C, Bats ML, Renault MA, Dufourcq P, Couffinhal T,
Duplàa C. Arterioscler Thromb Vasc Biol. 2022 Jun;42(6):745-763. doi:
10.1161/ATVBAHA.121.317319. Epub 2022 May 5. PMID: 35510550.

Coronary Flow Assessment Using 3-Dimensional Ultrafast Ultrasound 
Localization Microscopy. Demeulenaere O, Sandoval Z, Mateo P, Dizeux A,
Villemain O, Gallet R, et al. JACC Cardiovasc Imaging. 2022 Jul;15(7):
1193-1208. doi: 10.1016/j.jcmg.2022.02.008. Epub 2022 Apr 13. 
PMID: 35798395.

Altered cortical trigeminal fields excitability by spreading depolarization 
revealed with in vivo functional ultrasound imaging combined with 
electrophysiology. Bourgeais-Rambur L, Beynac L, Mariani J-C, Tanter M,
Deffieux T, Lenkei Z, et al. J Neurosci. 2022 Jul 8;42(32):6295–308. 
doi: 10.1523/JNEUROSCI.1825-21.2022. Epub ahead of print. 
PMID: 35817577; PMCID: PMC9374159.

Functional ultrasound localization microscopy reveals brain-wide 
neurovascular activity on a microscopic scale. Renaudin N, Demené C,
Dizeux A, Ialy-Radio N, Pezet S, Tanter M. Nat Methods. 2022
Aug;19(8):1004-1012. doi: 10.1038/s41592-022-01549-5. 
Epub 2022 Aug 4. PMID: 35927475; PMCID: PMC9352591.

Benchmark problems for transcranial ultrasound simulation: Intercomparison
of compressional wave models. Aubry JF, Bates O, Boehm C, Butts Pauly K,
Christensen D, Cueto C, Gélat P, Guasch L, Jaros J, Jing Y, Jones R, Li N,
Marty P, Montanaro H, Neufeld E, Pichardo S, Pinton G, Pulkkinen A, 
Stanziola A, Thielscher A, Treeby B, van 't Wout E. J Acoust Soc Am. 
2022 Aug;152(2):1003. doi: 10.1121/10.0013426. PMID: 36050189;
PMCID: PMC9553291.

Proof of Concept of 3-D Backscatter Tensor Imaging Tomography for 
Non-invasive Assessment of Human Breast Cancer Collagen Organization.
Guillaumin J-B, Djerroudi L, Aubry J-F, Tardivon A, Tanter M, 
Vincent-Salomon A, et al. Ultrasound Med Biol. 2022 Sep;48(9):1867-1878.
doi: 10.1016/j.ultrasmedbio.2022.05.017. Epub 2022 Jun 23. 
PMID: 35752513.

Quantitative stiffness assessment of cardiac grafts using ultrasound in 
a porcine model: A tissue biomarker for heart transplantation. Pedreira O,
Papadacci C, Augeul L, Loufouat J, Lo-Grasso M, Tanter M, et al. 
EBioMedicine. 2022 Sep;83:104201. doi: 10.1016/j.ebiom.2022.104201.
Epub 2022 Aug 3. PMID: 35932640; PMCID: PMC9358428.

Local Arterial Stiffness Assessment: Comparison of Pulse Wave Velocity 
Assessed by Ultrafast Ultrasound Imaging versus the Bramwell-Hill 
Equation. Rasouli R, Baranger J, Slorach C, Nguyen M, Segers P, Guerra V,
Pernot M, Hui W, Mertens L, Villemain O. J Am Soc Echocardiogr. 2022
Nov;35(11):1185-1188. doi: 10.1016/j.echo.2022.07.011. 
Epub 2022 Jul 19. PMID: 35863547.

Publications—2022 continued

Global dissociation of the posterior amygdala from the rest of the brain 
during REM sleep. Matei M, Bergel A, Pezet S, Tanter M. Commun Biol.
2022 Nov 28;5(1):1306. doi: 10.1038/s42003-022-04257-0. 
PMID: 36443640; PMCID: PMC9705305.

To Be, or Not to Be Diastolic: About Natural Mechanical Waves After Mitral
Valve Closure. Villemain O, Pernot M. JACC Cardiovasc Imaging. 
2022 Dec;15(12):2035-2037. doi: 10.1016/j.jcmg.2022.09.016. 
Epub 2022 Nov 16. PMID: 36481070.

Ultrasound Matrix Imaging-Part I: The Focused Reflection Matrix, the F-Factor
and the Role of Multiple Scattering. Lambert W, Robin J, Cobus LA, 
Fink M, Aubry A. IEEE Trans Med Imaging. 2022 Dec;41(12):3907-3920. 
doi: 10.1109/TMI.2022.3199498. Epub 2022 Dec 2. PMID: 35976836.

Ultrasound Matrix Imaging-Part II: The Distortion Matrix for Aberration 
Correction Over Multiple Isoplanatic Patches. Lambert W, Cobus LA, Robin J,
Fink M, Aubry A. IEEE Trans Med Imaging. 2022 Dec;41(12):3921-3938.
doi: 10.1109/TMI.2022.3199483. Epub 2022 Dec 2. PMID: 35976837.

A guide for assessment of myocardial stiffness in health and disease. 
Villalobos Lizardi, J.C., Baranger, J., Nguyen, M.B. et al. Nat Cardiovasc Res 1, 
8–22 (2022). https://doi.org/10.1038/s44161-021-00007-3.

Volumetric ultrasound localization microscopy of the whole rat brain 
microvasculature. Heiles B, Chavignon A, Bergel A, Hingot V, Serroune H,
Maresca D, et al. IEEE Open Journal of Ultrasonics, Ferroelectrics, 
and Frequency Control 2022;2:261–82.
https://doi.org/10.1109/OJUFFC.2022.3214185.
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Commercial treatment
Urological Prostate cancer, Hôpital Edouard Herriot 

INSERM - LabTAU | Lyon, France

In February 2017, INSERM Unit 1032, the Laboratory of
Therapeutic Applications of Ultrasound, LabTAU, at the
French National Institute for Health and Medical Research,
INSERM, was named a Focused Ultrasound Center of 
Excellence. LabTAU conducts significant translational and
clinical research with a multidisciplinary, highly qualified, 
and complementary team of physicians and scientists. 
The COE has special expertise in commercializing technology 
and creating strategic interfaces between engineering 
and medicine.

Contact 
Cyril Lafon, PhD  | Program Director | cyril.lafon@inserm.fr  

Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Ultrasound

FUS Physics

FUS Simulation & treatment planning

FUS Transducer technology, Other

FUS Treatment monitoring

Clinical research
Cardiovascular Varicose veins

Neurological Glioblastoma, Hôpitaux Universitaires Pitié-Salpêtrière &
Hôpital Pierre Wertheimer

Urological Prostate cancer, Hôpital Edouard Herriot

Women’s health Endometriosis, Hôpital Croix-Rousse

Mechanisms of action research
Histotripsy Tissue destruction

Nonthermal BBB opening; BBB opening, drug delivery; 
Chemosensitization; Drug delivery; Immunomodulation; 
Neuromodulation; Sonodynamic therapy; Sonoporation; 
Tissue destruction

Thermal ablation Tissue destruction

Preclinical research
Cardiovascular Twin-twin transfusion syndrome, Ventricular tachycardia

Gastrointestinal Liver tumors; Pancreatic tumors, malignant

Musculoskeletal Osteoradionecrosis

Neurological Cancer pain

Ophthalmological Presbyopia

Urological Prostate cancer

Women’s health Breast tumors, malignant; Endometriosis

Inserm - LabTAU

7
Technical Research 

20
Publications

11
Mechanisms of Action 

Research

14
Preclinical Research

3
Clinical Research

1
Commercial Treatment
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Research not involving thermal ablation, tissue destruction
Clinical research - Cardiovascular

Varicose veins Thermal ablation - Vascular occlusion

Clinical research - Neurological

Glioblastoma Nonthermal, BBB opening
Nonthermal, BBB opening - Drug delivery

Preclinical research - Gastrointestinal

Pancreatic tumors, malignant Nonthermal - Drug delivery
Nonthermal - Sonodynamic therapy
Nonthermal - Tissue destruction
Thermal ablation - Immunomodulation

Preclinical research - Neurological

Cancer pain Nonthermal - Neuromodulation

Preclinical research - Ophthalmological

Presbyopia Nonthermal - Tissue destruction

Preclinical research - Women’s health

Breast tumors, malignant Nonthermal - Immunomodulation

    Publications—2022

High intensity focused ultrasound: a future alternative to surgery for the 
treatment of localized pancreatic tumors? Fabritius M, Lambin T, Cao E,
Robert J, Milot L, Lafon C, Pioche M. Endoscopy. 2022 Jan;54(1):E17-E18.
doi: 10.1055/a-1338-0293. Epub 2021 Feb 16. Erratum in: Endoscopy.
2021 Feb 22. PMID: 33592643.

  Correction: High intensity focused ultrasound: a future alternative to surgery
for the treatment of localized pancreatic tumors? Fabritius M, Lambin T, 
Cao E, Robert J, Milot L, Lafon C, Pioche M. Endoscopy. 2022 Jan;54(1):
C2. doi: 10.1055/a-1394-0547. Epub 2021 Feb 22. Erratum for: Endoscopy.
2022 Jan;54(1):E17-E18. PMID: 33618371.

  Neurostimulation success rate of repetitive-pulse focused ultrasound in an 
in vivo giant axon model: An acoustic parametric study. Vion-Bailly J,
Suarez-Castellanos IM, Chapelon JY, Carpentier A, N'Djin WA. Med Phys.
2022 Jan;49(1):682-701. doi: 10.1002/mp.15358. Epub 2021 Dec 7.
PMID: 34796512.

  Detection of ISUP ≥2 prostate cancers using multiparametric MRI: prospective
multicentre assessment of the non-inferiority of an artificial intelligence 
system as compared to the PI-RADS V.2.1 score (CHANGE study). Rouvière
O, Souchon R, Lartizien C, Mansuy A, Magaud L, Colom M, Dubreuil- 
Chambardel M, Debeer S, Jaouen T, Duran A, Rippert P, Riche B, Monini C,
Vlaeminck-Guillem V, Haesebaert J, Rabilloud M, Crouzet S. BMJ Open.
2022 Feb 9;12(2):e051274. doi: 10.1136/bmjopen-2021-051274. 
PMID: 35140147; PMCID: PMC8830410.

Locoregional therapies and their effects on the tumoral microenvironment 
of pancreatic ductal adenocarcinoma. Lambin T, Lafon C, Drainville RA,
Pioche M, Prat F. World J Gastroenterol. 2022 Apr 7;28(13):1288-1303. 
doi: 10.3748/wjg.v28.i13.1288. PMID: 35645539; PMCID: PMC9099187.

Publications—2022 continued

Pancreatic Ductal Adenocarcinoma: Current and Emerging Therapeutic Uses of
Focused Ultrasound. Lafond M, Lambin T, Drainville RA, Dupré A, Pioche M,
Melodelima D, Lafon C. Cancers (Basel). 2022 May 24;14(11):2577. 
doi: 10.3390/cancers14112577. PMID: 35681557; PMCID: PMC9179649.

Development of a Numerical Model of High-Intensity Focused Ultrasound
Treatment in Mobile and Elastic Organs: Application to a Beating Heart.
Cao E, Greillier P, Loyet R, Chavrier F, Robert J, Bessière F, Dillenseger JL,
Lafon C. Ultrasound Med Biol. 2022 Jul;48(7):1215-1228. doi:
10.1016/j.ultrasmedbio.2022.02.017. Epub 2022 Apr 14. PMID:
35430101.

Enhanced Stable Cavitation and Nonlinear Acoustic Properties of Poly 
(butyl cyanoacrylate) Polymeric Microbubbles after Bioconjugation. 
Barmin RA, Dasgupta A, Rix A, Weiler M, Appold L, Rütten S, Padilla F,
Kuehne AJC, Pich A, De Laporte L, Kiessling F, Pallares RM, Lammers T. 
ACS Biomater Sci Eng. 2022 Oct 31. doi: 10.1021/acsbiomaterials2c01021.
Epub ahead of print. PMID: 36315422.

Non-invasive High-Intensity Focused Ultrasound Treatment of Liver Tissues in
an In Vivo Porcine Model: Fast, Large and Safe Ablations Using a Toroidal
Transducer. Cambronero S, Dupré A, Mastier C, Melodelima D. Ultrasound
Med Biol. 2023 Jan;49(1):212-224. doi: 10.1016/j.ultrasmedbio.
2022.08.015. Epub 2022 Oct 28. PMID: 36441030.

Combination of Focused Ultrasound, Immunotherapy, and Chemotherapy:
New Perspectives in Breast Cancer Therapy. Dahan M, Cortet M, Lafon C,
Padilla F. J Ultrasound Med. 2023 Feb;42(3):559-573. 
doi: 10.1002/jum.16053. Epub 2022 Jul 23. PMID: 35869903.
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Publications—2022 continued

Gravitational lens effect revisited through membrane waves. Catheline S, 
Delattre V, Laloy-Borgna G, Faure F, Fink M. American Journal of Physics.
2022;90:47-50. doi: 10.1119/10.0006612. 

Stimulation of dental implant osseointegration by low-Intensity pulsed 
ultrasound: An in vivo preliminary study in a porcine model. Chauvel-Picard
J, Gourmet R, Vercherin P, Béra, JC, Gleizal A. Journal of Prosthodontic 
Research. 2022;66(4): 639-45. doi: 10.2186/jpr.JPR_D_21_00115.

Proof of Concept: Protein Delivery into Human Erythrocytes Using Stable 
Cavitation. Chettab K, Matera EL, Lafond M, Coralie D, Favin-Lévêque C,
Goy C, Strakhova R, Mestas JL, Lafon C, Dumontet C. Molecular 
Pharmaceutics. 2022;19(3): 929-35. 
doi: 10.1021/acs.molpharmaceut.1c00907.

Nonspherical dynamics and microstreaming of a wall-attached microbubble.
Fauconnier M, Mauger C, Béra JC, Inserra C. Journal of Fluid Mechanics.
2022; 935: pA22-1-pA22. doi: 10.1017/jfm.2021.1089.

Seismic surface wave focal spot imaging: numerical resolution experiments.
Giammarinaro B, Tsarsitalidou C, Hillers G, de Rosny J, Seydoux L, 
Catheline S, Campillo M, Roux P. Geophysical Journal International.
2022;232(1): 201-22. doi: 10.1093/gji/ggac247.

Reproducibility of apparent diffusion coefficient measurement in normal
prostate peripheral zone at 1.5T MRI. Hoang-Dinh A, Nguyen-Quang T, 
Bui-Van L, Gonindard-Melodelima C, Souchon R, Rouviere O. Diagnostic
and interventional imaging, 2022;103(11):545-54. 
doi: 10.1016/j.diii.2022.06.001.

Publications—2022 continued

Evaluating chemical-crosslinking induced microstructural changes in the 
posterior sclera with high-frequency quantitative ultrasound. Hoerig C,
Aichele J, Catheline S, Hoang QV, Mamou J. Invest. Ophthalmol. Vis. Sci.
2022;63(7):4409 – F0088.

Spectral Analysis of Tissue Displacement for Cardiac Activation Mapping: 
Ex-vivo Working Heart and In-vivo Study. Robert J, Bessiere F, Cao E, Loyer V,
Abell E, Vaillant F, Quesson B, Catheline S, Lafon C. IEEE Transactions on 
Ultrasonics, Ferroelectrics, and Frequency Control. 2022;69(3):942-56. 
doi: 10.1109/TUFFC.2021.3137989.

Prostate Cancer Diagnosis Without Histological Proof: Is Treating Images 
Reasonable? Rouvière O, Crouzet S. European Urology Open Science.
2022;46:1-2. doi: 10.1016/j.euros.2022.09.016.

Combined model-based and deep learning-based automated 3D zonal 
segmentation of the prostate on T2-weighted MR images: clinical
evaluation. Rouvière O, Moldovan PC, Vlachomitrou A, Gouttard S, Riche B,
Groth A, Rabotnikov M, Ruffion A, Colombel M, Crouzet S, Weese J, 
Rabilloud M. European radiology. 2022;32(5):3248-59. 
doi: 10.1007/s00330-021-08408-5.
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Commercial treatments
Cardiovascular Arteriovenous malformations

Musculoskeletal Bone cancer, Bone metastases, Desmoid tumors, 
Osteoid osteoma 

Neurological Essential tremor; Parkinson’s disease, tremor

Urological Prostate cancer

Women’s health Uterine adenomyosis, Uterine fibroids

Stanford University
School of Medicine

8
Technical Research 

33
Publications

17
Mechanisms of Action 

Research

10
Preclinical Research

4
Clinical Research

12
Commercial Treatments

Stanford University School of Medicine | California

Established in 2016, Stanford’s COE focuses on several 
clinical and preclinical projects. These include industry-
sponsored trials using focused ultrasound to treat bone
metastases, uterine fibroids, essential tremor, and prostate
cancer, as well as investigator-initiated trials to treat soft 
tissue tumors. Preclinical projects have included developing
referenceless methods for MR (Magnetic Resonance) 
thermometry in the brain and respiratory-compensated 
focused ultrasound in treatment of porcine liver during 
free-breathing. These clinical and preclinical projects
involve close collaboration with colleagues in radiology, 
obstetrics and gynecology, medical and radiation 
oncology, neurosurgery, neurology, orthopedic surgery, 
urology, pathology, immunology, and electrical and 
mechanical engineering.

Contacts
Pejman Ghanouni, MD, PhD | Program Co-director | ghanouni@stanford.edu  

Kim Butts Pauly, PhD | Program Co-director | kbpauly@stanford.edu  

4
Veterinary Research

Stanford University | California
University of California Davis | California

A collaboration between Stanford and UC Davis investigating
the use of focused ultrasound for the treatment of liver cancer
in canines is underway. The research team is using focused 
ultrasound to deliver microRNA to the tumors, demonstrating
efficient drug delivery and a significant change in the 
immunogenicity of the tumor.
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Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Physics

FUS Simulation & treatment planning

FUS Transducer technology, Nonthermal

FUS Transducer technology, Thermal ablation

FUS Treatment evaluation

FUS Treatment monitoring

Mechanisms of action research
Hyperthermia Drug delivery

Nonthermal BBB opening; BBB opening, drug delivery;
Drug delivery; Drug delivery, immunotherapeutic;
Drug delivery, vehicle; Gene delivery; Neuromodulation;
Sonoporation; Stem cell delivery; Stem cell trafficking;
Tissue destruction

Thermal ablation Amplification of cancer biomarkers, Chemosensitization, 
Immune cell trafficking, Immunomodulation,
Tissue destruction

Research not involving thermal ablation, tissue destruction
Clinical research - Gastrointestinal

Pancreatic tumors, malignant Thermal ablation - Immunomodulation

Preclinical research - Gastrointestinal

Pancreatic tumors, malignant Thermal ablation - Immunomodulation

Preclinical Research - Miscellaneous

Melanoma Thermal ablation - Immunomodulation

Preclinical research - Musculoskeletal

Muscle atrophy Nonthermal - Gene delivery

Preclinical research - Neurological

Epilepsy Nonthermal, BBB opening - Drug delivery

Glioblastoma Nonthermal, BBB opening - Drug delivery

Neuropathic pain Nonthermal - Drug delivery, vehicle

Preclinical research - Urological

Kidney disease, acute Nonthermal - Stem cell delivery

Preclinical research - Women’s health

Breast tumors, malignant Nonthermal - Gene delivery
Thermal ablation - Immunomodulation

Ovarian tumors Thermal ablation - Immunomodulation

Veterinary research - Gastrointestinal

Liver tumors Nonthermal - Drug delivery, vehicle
Nonthermal - Gene delivery
Nonthermal - Immunomodulation

Stanford University School of Medicine continued

Clinical research
Gastrointestinal Pancreatic tumors, malignant

Musculoskeletal Bone metastases, Osteoid osteoma

Neurological Epilepsy

Preclinical research
Gastrointestinal Pancreatic tumors, malignant

Miscellaneous Melanoma

Musculoskeletal Muscle atrophy

Neurological Epilepsy, Glioblastoma, Neuropathic pain

Urological Kidney disease, acute

Women’s health Breast tumors, malignant; Ovarian tumors
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    Publications—2022

A Review of Imaging Methods to Assess Ultrasound-Mediated Ablation. 
Fite BZ, Wang J, Ghanouni P, Ferrara KW. BME Front. 2022;2022:9758652.
doi: 10.34133/2022/9758652. Epub 2022 May 2. PMID: 35957844;
PMCID: PMC9364780.

Current management and recent progress in desmoid tumors. Zhou MY, 
Bui NQ, Charville GW, Ghanouni P, Ganjoo KN. Cancer Treat Res Commun.
2022;31:100562. doi: 10.1016/j.ctarc.2022.100562. Epub 2022 Apr 16.
PMID: 35460976.

Focused ultrasound for functional neurosurgery. Lev-Tov L, Barbosa DAN, 
Ghanouni P, Halpern CH, Buch VP. J Neurooncol. 2022 Jan;156(1):17-22.
doi: 10.1007/s11060-021-03818-3. Epub 2021 Aug 12. PMID: 34383232.

Focused ultrasound: growth potential and future directions in neurosurgery.
Janwadkar R, Leblang S, Ghanouni P, Brenner J, Ragheb J, Hennekens CH,
Kim A, Zhang M, Rodrigues A, Zhou Q, Li G.. J Neurooncol. 2022
Jan;156(1):23-32. doi: 10.1007/s11060-021-03820-9. Epub 2021 Aug 19.
PMID: 34410576.

Ultrasound-Guided Microbubble-Mediated Locoregional Delivery of 
Multiple MicroRNAs Improves Chemotherapy in Hepatocellular Carcinoma.
Wang H, Hu Z, Sukumar UK, Bose RJ, Telichko A, Dahl JJ, Paulmurugan R.
Nanotheranostics. 2022 Jan 1;6(1):62-78. doi: 10.7150/ntno.63320. 
PMID: 34976581; PMCID: PMC8671967.

CAR T Cell Therapy in Primary Brain Tumors: Current Investigations and the 
Future. Lin YJ, Mashouf LA, Lim M. Front Immunol. 2022 Feb
21;13:817296. doi: 10.3389/fimmu.2022.817296. PMID: 35265074;
PMCID: PMC8899093.

Increasing the transmission efficiency of transcranial ultrasound using 
a dual-mode conversion technique based on Lamb waves. Kang KC, 
Kim YH, Kim JN, Kabir M, Zhang Y, Ghanouni P, Park KK, Firouzi K, 
Khuri-Yakub BT. J Acoust Soc Am. 2022 Mar;151(3):2159. 
doi: 10.1121/10.0009849. PMID: 35364946; PMCID: PMC8957390.

Patterned Interference Radiation Force for Transcranial Neuromodulation. 
Kim YH, Kang KC, Kim JN, Pai CN, Zhang Y, Ghanouni P, Park KK, Firouzi K,
Khuri-Yakub BT. Ultrasound Med Biol. 2022 Mar;48(3):497-511. doi:
10.1016/j.ultrasmedbio.2021.11.006. Epub 2021 Dec 23. PMID: 34955292

Ultrasonic Deep Brain Neuromodulation in Acute Disorders of Consciousness:
A Proof-of-Concept. Cain JA, Spivak NM, Coetzee JP, Crone JS, Johnson
MA, Lutkenhoff ES, Real C, Buitrago-Blanco M, Vespa PM, Schnakers C,
Monti MM. Brain Sci. 2022 Mar 23;12(4):428. 
doi: 10.3390/brainsci12040428. PMID: 35447960; PMCID: PMC9032970.

Dose-dependent effects of high intensity focused ultrasound on compound 
action potentials in an ex vivo rodent peripheral nerve model: comparison
to local anesthetics. Anderson TA, Delgado J, Sun S, Behzadian N, 
Vilches-Moure J, Szlavik RB, Butts-Pauly K, Yeomans D. Reg Anesth Pain
Med. 2022 Apr;47(4):242-248. doi: 10.1136/rapm-2021-103115. 
Epub 2022 Feb 3. Erratum in: Reg Anesth Pain Med. 2022 Jul;47(7):e3.
PMID: 35115412.

The roles of thermal and mechanical stress in focused ultrasound-mediated
immunomodulation and immunotherapy for central nervous system tumors.
Kim C, Lim M, Woodworth GF, Arvanitis CD. J Neurooncol. 2022
Apr;157(2):221-236. doi: 10.1007/s11060-022-03973-1. Epub 2022 
Mar 2. PMID: 35235137; PMCID: PMC9119565.

Publications—2022 continued

Toward Reduction in False-Positive Thyroid Nodule Biopsies with a Deep
Learning-based Risk Stratification System Using US Cine-Clip Images. 
Yamashita R, Kapoor T, Alam MN, Galimzianova A, Syed SA, Ugur 
Akdogan M, Alkim E, Wentland AL, Madhuripan N, Goff D, Barbee V, 
Sheybani ND, Sagreiya H, Rubin DL, Desser TS.. Radiol Artif Intell. 
2022 May 11;4(3):e210174. doi: 10.1148/ryai.210174. PMID: 35652118;
PMCID: PMC9152684.

FN3 linked nanobubbles as a targeted contrast agent for US imaging of 
cancer-associated human PD-L1. Kumar US, Natarajan A, Massoud TF, 
Paulmurugan R. J Control Release. 2022 Jun;346:317-327. 
doi: 10.1016/j.jconrel.2022.04.030. Epub 2022 Apr 29. PMID: 35469983.

A theranostic 3D ultrasound imaging system for high resolution image-guided
therapy. Bendjador H, Foiret J, Wodnicki R, Stephens DN, Krut Z, Park EY,
Gazit Z, Gazit D, Pelled G, Ferrara KW. Theranostics. 2022 Jun 27;
12(11):4949-4964. doi: 10.7150/thno.71221. PMID: 35836805; 
PMCID: PMC9274734.

MRI-guided focused ultrasound focal therapy for patients with intermediate-
risk prostate cancer: a phase 2b, multicentre study. Ehdaie B, Tempany CM,
Holland F, Sjoberg DD, Kibel AS, Trinh QD, Durack JC, Akin O, Vickers AJ,
Scardino PT, Sperling D, Wong JYC, Yuh B, Woodrum DA, Mynderse LA,
Raman SS, Pantuck AJ, Schiffman MH, McClure TD, Sonn GA, Ghanouni P.
Lancet Oncol. 2022 Jul;23(7):910-918. doi: 10.1016/S1470-
2045(22)00251-0. Epub 2022 Jun 14. PMID: 35714666; PMCID:
PMC9400094.

Pulsed-Focused Ultrasound Provides Long-Term Suppression of Epileptiform
Bursts in the Kainic Acid-Induced Epilepsy Rat Model. Chu PC, Yu HY, 
Lee CC, Fisher R, Liu HL. Neurotherapeutics. 2022 Jul;19(4):1368-1380. 
doi: 10.1007/s13311-022-01250-7. Epub 2022 May 17. PMID: 35581489;
PMCID: PMC9587190.

Comparison between MR and CT imaging used to correct for skull-induced
phase aberrations during transcranial focused ultrasound. Leung SA, 
Moore D, Gilbo Y, Snell J, Webb TD, Meyer CH, Miller GW, Ghanouni P, 
Butts Pauly K. Sci Rep. 2022 Aug 4;12(1):13407. doi: 10.1038/s41598-
022-17319-4. PMID: 35927449; PMCID: PMC9352781.

Magnetic resonance imaging-guided focused ultrasound thalamotomy for 
essential tremor: 5-year follow-up results. Cosgrove GR, Lipsman N, 
Lozano AM, Chang JW, Halpern C, Ghanouni P, Eisenberg H, Fishman P,
Taira T, Schwartz ML, McDannold N, Hayes M, Ro S, Shah B, Gwinn R, 
Santini VE, Hynynen K, Elias WJ. J Neurosurg. 2022 Aug 5:1-6. doi:
10.3171/2022.6.JNS212483. Epub ahead of print. PMID: 35932269.

Management of Patients with Newly Diagnosed Desmoid Tumors in 
a First-Line Setting. Testa S, Bui NQ, Charville GW, Avedian RS, Steffner R,
Ghanouni P, Mohler DG, Ganjoo KN. Cancers (Basel). 2022 Aug
12;14(16):3907. doi: 10.3390/cancers14163907. PMID: 36010900;
PMCID: PMC9405618.

Improving Transcranial Acoustic Targeting: The Limits of CT-Based Velocity 
Estimates and the Role of MR. Webb TD, Fu F, Leung SA, Ghanouni P, 
Dahl JJ, Does MD, Pauly KB. IEEE Trans Ultrason Ferroelectr Freq Control.
2022 Sep;69(9):2630-2637. doi: 10.1109/TUFFC.2022.3192224. 
Epub 2022 Aug 26. PMID: 35853046; PMCID: PMC9519088.

Stanford University School of Medicine continued



V.18      Focused Ultrasound Foundation | 2023 State of the Field

C E N T E R S  O F  E X C E L L E N C E

    Publications—2022

Noninvasive ultrasonic induction of cerebrospinal fluid flow enhances 
intrathecal drug delivery. Aryal M, Azadian MM, Hart AR, Macedo N, 
Zhou Q, Rosenthal EL, Airan RD. J Control Release. 2022 Sep;349:434-442.
doi: 10.1016/j.jconrel.2022.06.067. Epub 2022 Jul 15. PMID: 35798095.

Improving in situ acoustic intensity estimates using MR acoustic radiation
force imaging in combination with multifrequency MR elastography. Li N,
Gaur P, Quah K, Butts Pauly K. Magn Reson Med. 2022 Oct;88(4):
1673-1689. doi: 10.1002/mrm.29309. Epub 2022 Jun 28. 
PMID: 35762849; PMCID: PMC9439407.

Tempering optimism for MRI-guided focused ultrasound therapy - Authors’
reply. Ehdaie B, Sonn GA, Ghanouni P. Lancet Oncol. 2022 Oct;23
(10):e439. doi: 10.1016/S1470-2045(22)00557-5. PMID: 36174620.

Therapeutic US Applications for the Abdomen and Pelvis. Sailer A, Ghanouni P,
Schade GR, Napoli A, Vidal-Jove J, Raman SS, Mendiratta-Lala M, Ghai S,
Abreu A, Sundaram KM, Westphalen A, Arora S. Radiographics. 2022
Oct;42(6):E182-E183. doi: 10.1148/rg.220044. PMID: 36190852; 
PMCID: PMC9539095.

Palette of Rechargeable Mechanoluminescent Fluids Produced by a 
Biomineral-Inspired Suppressed Dissolution Approach. Yang F, Wu X, Cui H,
Jiang S, Ou Z, Cai S, Hong G. J Am Chem Soc. 2022 Oct 12;144(40):
18406-18418. doi: 10.1021/jacs.2c06724. Epub 2022 Oct 3. 
PMID: 36190898.

A Pilot Study of 68Ga-PSMA11 and 68Ga-RM2 PET/MRI for Evaluation of
Prostate Cancer Response to High Intensity Focused Ultrasound (HIFU) 
Therapy. Duan H, Ghanouni P, Daniel B, Rosenberg J, Davidzon GA, 
Mari Aparici C, Kunder C, Sonn G, Iagaru A. J Nucl Med. 2022 Nov
3:jnumed.122.264783. doi: 10.2967/jnumed.122.264783. Epub ahead of
print. PMID: 36328488

Evaluation of post-ablation mpMRI as a predictor of residual prostate cancer
after focal high intensity focused ultrasound (HIFU) ablation. Khandwala YS,
Morisetty S, Ghanouni P, Fan RE, Soerensen SJC, Rusu M, Sonn GA. 
Urol Oncol. 2022 Nov;40(11):489.e9-489.e17. doi: 10.1016/j.urolonc.
2022.07.017. Epub 2022 Sep 2. PMID: 36058811.

Publications—2022 continued

The Association of Tissue Change and Treatment Success During High- 
intensity Focused Ultrasound Focal Therapy for Prostate Cancer. 
Khandwala YS, Soerensen SJC, Morisetty S, Ghanouni P, Fan RE, Vesal S,
Rusu M, Sonn GA. Eur Urol Focus. 2022 Nov 10:S2405-4569(22)00237-1.
doi: 10.1016/j.euf.2022.10.010. Epub ahead of print. PMID: 36372735.

Multiomic analysis for optimization of combined focal and immunotherapy
protocols in murine pancreatic cancer. Wang J, Fite BZ, Kare AJ, Wu B, 
Raie M, Tumbale SK, Zhang N, Davis RR, Tepper CG, Aviran S, Newman AM,
King DA, Ferrara KW. Theranostics. 2022 Nov 14;12(18):7884-7902. 
doi: 10.7150/thno.73218. PMID: 36451859; PMCID: PMC9706583.

A tool for monitoring cell type-specific focused ultrasound neuromodulation
and control of chronic epilepsy. Murphy KR, Farrell JS, Gomez JL, 
Stedman QG, Li N, Leung SA, Good CH, Qiu Z, Firouzi K, Butts Pauly K,
Khuri-Yakub BPT, Michaelides M, Soltesz I, de Lecea L. Proc Natl Acad Sci U
S A. 2022 Nov 16;119(46):e2206828119. doi: 10.1073/pnas.2206828119.
Epub 2022 Nov 7. PMID: 36343238; PMCID: PMC9674244.

Correction: Facilitating islet transplantation using a three-step approach with
mesenchymal stem cells, encapsulation, and pulsed focused ultrasound.
Razavi M, Ren T, Zheng F, Telichko A, Wang J, Dahl JJ, Demirci U, Thakor AS.
Stem Cell Res Ther. 2022 Dec 20;13(1):526. doi: 10.1186/s13287-022-
03210-6. Erratum for: Stem Cell Res Ther. 2020 Sep 18;11(1):405. PMID:
36536426; PMCID: PMC9764474.

Three-layer model with absorption for conservative estimation of the 
maximum acoustic transmission coefficient through the human skull for
transcranial ultrasound stimulation. Attali D, Tiennot T, Schafer M, 
Fouragnan E, Sallet J, Caskey CF, Chen R, Pauly KB, Aubry JF. Brain Stimul.
2023 Jan- Feb;16(1):48-55. doi: 10.1016/j.brs.2022.12.005. Epub 2022
Dec 19. PMID: 36549480

Changes in the Cerebello-Thalamo-Cortical Network After Magnetic 
Resonance-Guided Focused Ultrasound Thalamotomy. Thaler C, Tian Q, 
Wintermark M, Ghanouni P, Halpern CH, Henderson JM, Airan RD, 
Zeineh M, Goubran M, Leuze C, Fiehler J, Butts Pauly K, McNab JA. 
Brain Connect. 2023 Feb;13(1):28-38. doi: 10.1089/brain.2021.0157. 
Epub 2022 Jul 7. PMID: 35678063; PMCID: PMC9942176.

 

Stanford University School of Medicine continued
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Sunnybrook Health
Sciences Centre

12
Technical Research 

52
Publications

14
Mechanisms of Action

Research

17
Preclinical Research

21
Clinical Research

2
Commercial Treatments

Sunnybrook Health Sciences Centre | Toronto, Canada

Established as a COE in 2016, the Sunnybrook Health 
Sciences Centre is conducting research for focused 
ultrasound in neurology, neurosurgery, urology, orthopedics,
gynecology, radiation oncology, and biomedical engineering,
and has studies underway for Alzheimer’s disease, 
obsessive-compulsive disorder, depression, Parkinson’s 
disease, ALS, breast cancer brain metastases, and others.

Contacts
Nir Lipsman, MD, PhD | Clinical Research Director | nir.lipsman@utoronto.ca 

Kullervo Hynynen, PhD | Scientific Director | khynynen@sri.utoronto.ca

Commercial treatment
Neurological Essential tremor

Urological Prostate cancer 

Clinical research
Gastrointestinal Pancreatic tumors, malignant

Miscellaneous Head & neck tumors

Musculoskeletal Bone cancer

Neurological Alzheimer’s disease; Amyotrophic lateral sclerosis;
Brain metastases, breast cancer; Brain metastases, 
lung cancer; Depression; Essential tremor; Glioblastoma;
Multiple sclerosis; Obsessive-compulsive disorder; 
Pontine glioma

Urological Prostate cancer

Women’s health Breast tumors, malignant

Preclinical research
Cardiovascular Atrial fibrillation, Deep vein thrombosis

Gastrointestinal Colorectal tumors

Musculoskeletal Bone metastases

Neurological Alzheimer’s disease; Amyotrophic lateral sclerosis;
Brain metastases, breast cancer; Depression; Epilepsy; 
Glioblastoma; Parkinson’s disease, underlying cause; 
Spinal cord injury; Stroke, intracerebral hemorrhage; 
Stroke, thromboembolic

Ophthalmological Retinal injury

Women’s health Breast tumors, malignant
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Mechanisms of action research
Hyperthermia Drug delivery, radiosensitization

Nonthermal BBB opening; BBB opening, drug delivery; 
Chemosensitization; Clot lysis; Drug delivery; 
Drug delivery, immunotherapeutic; Neuromodulation; 
Sonoporation; Stem cell delivery; Vascular occlusion

Thermal ablation Immune cell trafficking, Tissue destruction

Sunnybrook Health Sciences Centre continued

Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Ultrasound

FUS Physics

FUS Simulation & treatment planning

FUS Transducer technology, Histotripsy

FUS Transducer technology, Hyperthermia

FUS Transducer technology, Nonthermal

FUS Transducer technology, Other

FUS Transducer technology, Thermal ablation

FUS Treatment monitoring

Standards & quality assurance

Research not involving thermal ablation, tissue destruction
Clinical research - Gastrointestinal

Pancreatic tumors, malignant Nonthermal - Drug delivery
Nonthermal - Immunomodulation

Clinical research - Miscellaneous

Head & neck tumors Hyperthermia - Radiosensitization
Nonthermal - Radiosensitization

Clinical research - Neurological

Alzheimer’s disease Nonthermal, BBB opening - Drug delivery

Amyotrophic lateral sclerosis Nonthermal, BBB opening - Drug delivery

  Brain metastases, breast cancer Nonthermal, BBB opening - Drug delivery

  Brain metastases, lung cancer Nonthermal, BBB opening - Drug delivery, 
immunotherapeutic

Glioblastoma Nonthermal, BBB opening - Drug delivery
Nonthermal - Liquid biopsy

Pontine glioma Nonthermal, BBB opening - Drug delivery,
immunotherapeutic

Clinical research - Women’s health

Breast tumors, malignant Hyperthermia - Radiosensitization
Nonthermal - Radiosensitization

Preclinical research - Cardiovascular

Deep vein thrombosis Histotripsy - Tissue destruction

Preclinical research - Neurological

Alzheimer’s disease Nonthermal, BBB opening - Drug delivery
Nonthermal, BBB opening - Gene delivery

Amyotrophic lateral sclerosis Nonthermal, BBB opening - Drug delivery

Brain metastases, breast cancer Nonthermal, BBB opening - Drug delivery

Epilepsy Nonthermal - Neuromodulation

Glioblastoma Nonthermal, BBB opening - Drug delivery

Parkinson’s disease, underlying cause Nonthermal, BBB opening - Drug delivery

Spinal cord injury Nonthermal, BBB opening - Drug delivery

Stroke, intracerebral hemorrhage Nonthermal, BBB opening - Drug delivery

Stroke, thromboembolic Nonthermal, BBB opening - Drug delivery

Preclinical research - Ophthalmological

Retinal injury Nonthermal - Gene delivery



                                                                                                                          Focused Ultrasound Foundation | 2023 State of the Field   V.21

C E N T E R S  O F  E X C E L L E N C E  

Sunnybrook Health Sciences Centre continued

    Publications—2022

Dysgeusia induced and resolved by focused ultrasound thalamotomy: case 
report. De Vloo P, Boutet A, Elias GJB, Gramer RM, Joel SE, Llinas M, 
Kucharczyk W, Fasano A, Hamani C, Lozano AM. J Neurosurg. 2021 Jun
18;136(1):215-220. doi: 10.3171/2020.11.JNS202882. PMID: 34144526.

Novel Treatment Approaches for Brain Tumour from a Blood-Brain Barrier 
Perspective. Wu SK, Tsai CL, Hynynen K. Handb Exp Pharmacol.
2022;273:351-364. doi: 10.1007/164_2020_408. PMID: 33454856.

Current state of therapeutic focused ultrasound applications in neuro-
oncology. Meng Y, Pople CB, Budiansky D, Li D, Suppiah S, Lim-Fat MJ, 
Perry J, Sahgal A, Lipsman N. J Neurooncol. 2022 Jan;156(1):49-59. 
doi: 10.1007/s11060-021-03861-0. Epub 2021 Oct 18. PMID: 34661791.

Neutrophil Recruitment and Leukocyte Response Following Focused 
Ultrasound and Microbubble Mediated Blood-Brain Barrier Treatments.
Poon C, Pellow C, Hynynen K. Focus (Am Psychiatr Publ). 2022
Jan;20(1):100-116. doi: 10.1176/appi.focus.20104. Epub 2022 Jan 25.
PMID: 35746942; PMCID: PMC9063606.

Untapped Neuroimaging Tools for Neuro-Oncology: Connectomics and Spatial
Transcriptomics. Germann J, Zadeh G, Mansouri A, Kucharczyk W, Lozano
AM, Boutet A. Cancers (Basel). 2022 Jan 18;14(3):464. doi: 10.3390/
cancers14030464. PMID: 35158732; PMCID: PMC8833690.

MORPHIOUS: an unsupervised machine learning workflow to detect the 
activation of microglia and astrocytes. J Neuroinflammation. Silburt J,
Aubert I. 2022 Jan 29;19(1):24. doi: 10.1186/s12974-021-02376-9. 
PMID: 35093113; PMCID: PMC8800241.

Focused Ultrasound Stimulation of Microbubbles in Combination with 
Radiotherapy for Acute Damage of Breast Cancer Xenograft Model. Sharma
D, Hussein F, Law N, Farhat G, Tarapacki C, Sannachi L, Giles A, Czarnota GJ.
Technol Cancer Res Treat. 2022 Jan-Dec;21:15330338221132925. doi:
10.1177/15330338221132925. PMID: 36412102; PMCID: PMC9706051.

Lesional psychiatric neurosurgery: meta-analysis of clinical outcomes using 
a transdiagnostic approach. Davidson B, Eapen-John D, Mithani K, Rabin JS,
Meng Y, Cao X, Pople CB, Giacobbe P, Hamani C, Lipsman N. J Neurol 
Neurosurg Psychiatry. 2022 Feb;93(2):207-215. doi: 10.1136/jnnp-2020-
325308. Epub 2021 Jul 14. PMID: 34261748.

Microscopy to Visualize Focused Ultrasound and Microbubble Treatments to
Increase Blood-Brain Barrier Permeability. Poon C, Mühlenpfordt M, 
Olsman M, Kotopoulis S, de Lange Davies C, Hynynen K. Real-Time Intravital
Multiphoton. J Vis Exp. 2022 Feb 5;(180). doi: 10.3791/62235. PMID:
35188113.

Milestones in Tremor Research: 10 Years Later. Erro R, Fasano A, Barone P,
Bhatia KP. Mov Disord Clin Pract. 2022 Feb 26;9(4):429-435. 
doi: 10.1002/mdc3.13418. PMID: 35582314; PMCID: PMC9092753.

Establishing density-dependent longitudinal sound speed in the vertebral 
lamina. Xu R, O'Reilly MA. J Acoust Soc Am. 2022 Mar;151(3):1516. 
doi: 10.1121/10.0009316. PMID: 35364923.

High-Pressure Low-Frequency Lateral Mode Phased-Array Transducer System
for the Treatment of Deep Vein Thrombosis: An In Vitro Study. Dadgar MM,
Hynynen K. IEEE Trans Ultrason Ferroelectr Freq Control. 2022 Mar;
69(3):1088-1099. doi: 10.1109/TUFFC.2022.3141871. Epub 2022 Mar 2.
PMID: 35020593.

Publications—2022 continued

Targeted Nanoparticle for Co-delivery of HER2 siRNA and a Taxane to Mirror
the Standard Treatment of HER2+ Breast Cancer: Efficacy in Breast Tumor
and Brain Metastasis. Ngamcherdtrakul W, Bejan DS, Cruz-Muñoz W, Reda
M, Zaidan HY, Siriwon N, Marshall S, Wang R, Nelson MA, Rehwaldt JPC,
Gray JW, Hynynen K, Yantasee W. Small. 2022 Mar;18(11):e2107550. 
doi: 10.1002/smll.202107550. Epub 2022 Jan 27. PMID: 35083840;
PMCID: PMC8959011.

Commentary: Feasibility of Magnetic Resonance-Guided Focused Ultrasound
Thalamotomy for Essential Tremor in the Setting of Prior Craniotomy. 
Yamamoto K, Lozano AM, Fasano A. Oper Neurosurg (Hagerstown). 
2022 Mar 1;22(3):e147-e149. doi: 10.1227/ONS.0000000000000087.
PMID: 35030144.

Toward focused ultrasound neuromodulation in deep brain stimulator 
implanted patients: Ex-vivo thermal, kinetic and targeting feasibility 
assessment. Sarica C, Fomenko A, Nankoo JF, Darmani G, Vetkas A, 
Yamamoto K, Lozano AM, Chen R. Brain Stimul. 2022 Mar-Apr;15(2):
376-379. doi: 10.1016/j.brs.2021.12.012. Epub 2022 Feb 1. 
PMID: 35121189.

A robotic magnetic resonance-guided high-intensity focused ultrasound 
platform for neonatal neurosurgery: Assessment of targeting accuracy and
precision in a brain phantom. Raghuram H, Keunen B, Soucier N, Looi T,
Pichardo S, Waspe AC, Drake JM. Med Phys. 2022 Apr;49(4):2120-2135.
doi: 10.1002/mp.15540. Epub 2022 Mar 1. PMID: 35174892.

Commonly used outcome measures in neurosurgical trials for major depressive
disorder might not capture clinically meaningful treatment effects. Rabin JS,
Nyman AJ, Davidson B, Zakzanis KK, Giacobbe P, Hamani C, Nestor S, 
Lipsman N. J Neurol Neurosurg Psychiatry. 2022 Apr;93(4):455-456. 
doi: 10.1136/jnnp-2021-327688. Epub 2022 Jan 25. PMID: 35078915;
PMCID: PMC8921571.

Comparison of computer simulations and clinical treatment results of 
magnetic resonance-guided focused ultrasound surgery (MRgFUS) of 
uterine fibroids. Hyvärinen M, Huang Y, David E, Hynynen K. Med Phys.
2022 Apr;49(4):2101-2119. doi: 10.1002/mp.15263. Epub 2022 Mar 2.
PMID: 34601729; PMCID: PMC9314069.

Application of Ultrasound Combined with Microbubbles for Cancer Therapy.
Sharma D, Leong KX, Czarnota GJ. Int J Mol Sci. 2022 Apr 15;23(8):4393.
doi: 10.3390/ijms23084393. PMID: 35457210; PMCID: PMC9026557.

Functional tremor developing after successful MRI-guided focused ultrasound
thalamotomy for essential tremor. Alshimemeri S, Vargas-Méndez D, 
Chen R, Lipsman N, Schwartz ML, Lozano AM, Fasano A. J Neurol 
Neurosurg Psychiatry. 2022 Apr 26:jnnp-2021-327524. doi: 10.1136/
jnnp-2021-327524. Epub ahead of print. PMID: 35473713.

An Ultrasound-Guided Hemispherical Phased Array for Microbubble-Mediated
Ultrasound Therapy.Deng L, Yang SD, O'Reilly MA, Jones RM, Hynynen K.
IEEE Trans Biomed Eng. 2022 May;69(5):1776-1787. 
doi: 10.1109/TBME.2021.3132014. Epub 2022 Apr 21. PMID: 34855582;
PMCID: PMC9092225.
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Sunnybrook Health Sciences Centre continued

Publications—2022 continued

Development of a novel castration-resistant orthotopic prostate cancer model
in New Zealand White rabbit. Wang Y, Abenojar EC, Wang J, de Leon AC,
Tavri S, Wang X, Gopalakrishnan R, Walker E, MacLennan GT, Giles A,
Czarnota GJ, Basilion JP, Exner AA. Prostate. 2022 May;82(6):695-705. 
doi: 10.1002/pros.24314. Epub 2022 Feb 15. PMID: 35167141; PMCID:
PMC8994852.

Effect of Public Interest in Magnetic Resonance Imaging-Guided Focused 
Ultrasound on Enrolment for Deep Brain Stimulation. Balachandar A, 
Matta R, Shetty A, Algarni M, Lozano AM, Fasano A. Mov Disord. 2022
May;37(5):1103-1104. doi: 10.1002/mds.28963. Epub 2022 Mar 2. 
PMID: 35234316.

Alpha- Synuclein Targeting Therapeutics for Parkinson's Disease and Related
Synucleinopathies. Menon S, Armstrong S, Hamzeh A, Visanji NP, Sardi SP,
Tandon A. Front Neurol. 2022 May 9;13:852003. 
doi: 10.3389/fneur.2022.852003. PMID: 35614915; PMCID: PMC9124903.

Human Studies of Transcranial Ultrasound neuromodulation: A systematic 
review of effectiveness and safety. Sarica C, Nankoo JF, Fomenko A, 
Grippe TC, Yamamoto K, Samuel N, Milano V, Vetkas A, Darmani G, Cizmeci
MN, Lozano AM, Chen R. Brain Stimul. 2022 May-Jun;15(3):737-746. 
doi: 10.1016/j.brs.2022.05.002. Epub 2022 May 6. PMID: 35533835

An ultrasonically actuated fine needle creates cavitation in bovine liver. 
Perra E, Hayward N, Pritzker KPH, Nieminen HJ. J Acoust Soc Am. 
2022 Jun;151(6):3690. doi: 10.1121/10.0010534. PMID: 35778205.

Ultrasound-triggered oxygen-loaded nanodroplets enhance and monitor 
cerebral damage from sonodynamic therapy. Lea-Banks H, Wu SK, Lee H,
Hynynen K. Nanotheranostics. 2022 Jun 27;6(4):376-387. 
doi: 10.7150/ntno.71946. PMID: 35795341; PMCID: PMC9254362.

An Acoustic Measurement Library for Non- Invasive Trans-Rodent Skull 
Ultrasonic Focusing at High Frequency. Rahimi S, Jones RM, Hynynen K. 
IEEE Trans Biomed Eng. 2022 Jul;69(7):2184-2191. doi:
10.1109/TBME.2021.3138352. Epub 2022 Jun 17. PMID: 34951839.

An ultrasonically actuated needle promotes the transport of nanoparticles 
and fluids. Perra E, Hayward N, Pritzker KPH, Nieminen HJ. J Acoust Soc Am.
2022 Jul;152(1):251. doi: 10.1121/10.0012190. PMID: 35931509.

Salvage partial gland ablation for recurrent prostate cancer following primary
partial gland ablation: Functional and oncological outcomes. Qaoud Y, 
Herrera-Caceres JO, Bass R, Berjaoui MB, Tiwari R, Kenk M, Lajkosz K, 
Finelli A, Perlis N, Klotz L, Fleshner N. Urol Oncol. 2022 Jul;40(7):
343.e1-343.e6. doi: 10.1016/j.urolonc.2022.03.019. Epub 2022 May 9.
PMID: 35537905.

Magnetic resonance imaging-guided focused ultrasound thalamotomy for 
essential tremor: 5-year follow-up results. Cosgrove GR, Lipsman N, 
Lozano AM, Chang JW, Halpern C, Ghanouni P, Eisenberg H, Fishman P,
Taira T, Schwartz ML, McDannold N, Hayes M, Ro S, Shah B, Gwinn R, 
Santini VE, Hynynen K, Elias WJ. J Neurosurg. 2022 Aug 5:1-6. 
doi: 10.3171/2022.6.JNS212483. Epub ahead of print. PMID: 35932269.

Publications—2022 continued

Ipsilateral and axial tremor response to focused ultrasound thalamotomy for
essential tremor: clinical outcomes and probabilistic mapping. Yamamoto K,
Sarica C, Elias GJB, Boutet A, Germann J, Loh A, Joel SE, Bigioni L, Gwun D,
Gramer R, Li SX, Zemmar A, Vetkas A, Algarni M, Devenyi G, Chakravarty M,
Hynynen K, Scantlebury N, Schwartz ML, Lozano AM, Fasano A. J Neurol
Neurosurg Psychiatry. 2022 Aug 22:jnnp-2021-328459. doi: 10.1136/
jnnp-2021-328459. Epub ahead of print. PMID: 35995551.

Ultrasound delivery of a TrkA agonist confers neuroprotection to Alzheimer-
associated pathologies. Xhima K, Markham-Coultes K, Hahn Kofoed R,
Saragovi HU, Hynynen K, Aubert I. Brain. 2022 Aug 27;145(8):2806-2822.
doi: 10.1093/brain/awab460. PMID: 34919633; PMCID: PMC9420023.

A Cautionary Tale of Magnetic Resonance-Guided Focused Ultrasound 
Thalamotomy-Induced White Matter Lesions. Boutet A, Loh A, Germann J,
Machnowska M, Scantlebury N, Vetkas A, Elias GJB, Lozano AM, Katzberg
HD, Fasano A, Schwartz ML. Mov Disord. 2022 Sep;37(9):1953-1955. 
doi: 10.1002/mds.29040. Epub 2022 May 26. PMID: 35616482.

The engineered AAV2-HBKO promotes non-invasive gene delivery to large
brain regions beyond ultrasound targeted sites. Kofoed RH, Noseworthy K,
Wu K, Sivadas S, Stanek L, Elmer B, Hynynen K, Shihabuddin LS, Aubert I.
Mol Ther Methods Clin Dev. 2022 Sep 26;27:167-184. doi: 10.1016/

j.omtm.2022.09.011. PMID: 36284767; PMCID: PMC9574578.

A robotic MR-guided high-intensity focused ultrasound platform for 
intraventricular hemorrhage: assessment of clot lysis efficacy in a brain
phantom. Raghuram H, Looi T, Pichardo S, Waspe AC, Drake JM. J Neuro-
surg Pediatr. 2022 Sep 16;30(6):586-594. 
doi: 10.3171/2022.8.PEDS22144. PMID: 36115058.

Magnetic resonance- guided focused ultrasound for the treatment of tremor.
Yamamoto K, Sarica C, Loh A, Vetkas A, Samuel N, Milano V, Zemmar A,
Germann J, Cheyuo C, Boutet A, Elias GJ, Ito H, Taira T, Lozano AM. 
Expert Rev Neurother. 2022 Oct;22(10):849-861. 
doi: 10.1080/14737175.2022.2147826. Epub 2022 Dec 5. 
PMID: 36469578.

Putaminal Recombinant Glucocerebrosidase Delivery with Magnetic 
Resonance-Guided Focused Ultrasound in Parkinson's Disease: 
A Phase I Study. Meng Y, Pople CB, Huang Y, Jones RM, Ottoy J, Goubran M,
Oliveira LM, Davidson B, Lawrence LSP, Lau AZ, Bethune A, Maralani P,
Abrahao A, Hamani C, Hynynen K, Kalia SK, Lipsman N, Kalia LV. 
Mov Disord. 2022 Oct;37(10):2134-2139. doi: 10.1002/mds.29190. 
Epub 2022 Sep 11. PMID: 36089809.

Effect of Ultrasound-Stimulated Microbubbles and Hyperthermia on Tumor
Vasculature of Breast Cancer Xenograft. Sharma D, Cartar H, Quiaoit K, 
Law N, Giles A, Czarnota GJ. J Ultrasound Med. 2022 Nov;41(11):
2659-2671. doi: 10.1002/jum.15950. Epub 2022 Feb 10. 
PMID: 35142383; PMCID: PMC9790356.

Efficacy of gene delivery to the brain using AAV and ultrasound depends on
serotypes and brain areas. Kofoed RH, Dibia CL, Noseworthy K, Xhima K,
Vacaresse N, Hynynen K, Aubert I. J Control Release. 2022 Nov;351:
667-680. doi: 10.1016/j.jconrel.2022.09.048. Epub 2022 Oct 6. 
PMID: 36179767.
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Sunnybrook Health Sciences Centre continued

Publications—2022 continued

Cognitive effects of unilateral thalamotomy for tremor: a meta-analysis.
Rohringer CR, Sewell IJ, Gandhi S, Isen J, Davidson B, McSweeney M,
Swardfager W, Scantlebury N, Swartz RH, Hamani C, Giacobbe P, 
Nestor SM, Yunusova Y, Lam B, Schwartz ML, Lipsman N, Abrahao A, 
Rabin JS. Brain Commun. 2022 Nov 4;4(6):fcac287. doi: 10.1093/brain-
comms/fcac287. PMID: 36440102; PMCID: PMC9683603.

Connectomic neuromodulation for Alzheimer's disease: A systematic review
and meta-analysis of invasive and non-invasive techniques. Cheyuo C, 
Germann J, Yamamoto K, Vetkas A, Loh A, Sarica C, Milano V, Zemmar A,
Flouty O, Harmsen IE, Hodaie M, Kalia SK, Tang-Wai D, Lozano AM.
Transl Psychiatry. 2022 Nov 21;12(1):490. doi: 10.1038/s41398-022-
02246-9. PMID: 36411282; PMCID: PMC9678946.

Cavitation Feedback Control of Focused Ultrasound Blood-Brain Barrier 
Opening for Drug Delivery in Patients with Parkinson's Disease. Huang Y,
Meng Y, Pople CB, Bethune A, Jones RM, Abrahao A, Hamani C, Kalia SK,
Kalia LV, Lipsman N, Hynynen K. Pharmaceutics. 2022 Nov 26;14(12):2607.
doi: 10.3390/pharmaceutics14122607. PMID: 36559101; 
PMCID: PMC9781334.

Automatic detection of foreign body objects in neurosurgery using a deep
learning approach on intraoperative ultrasound images: From animal 
models to first in-human testing. Abramson HG, Curry EJ, Mess G, 
Thombre R, Kempski-Leadingham KM, Mistry S, Somanathan S, Roy L, 
Abu-Bonsrah N, Coles G, Doloff JC, Brem H, Theodore N, Huang J, 
Manbachi A. Front Surg. 2022 Nov 30;9:1040066. 
doi: 10.3389/fsurg.2022.1040066. PMID: 36532130; PMCID: PMC9748097.

Multi-modal investigation of transcranial ultrasound-induced neuroplasticity 
of the human motor cortex. Samuel N, Zeng K, Harmsen IE, Ding MYR, 
Darmani G, Sarica C, Santyr B, Vetkas A, Pancholi A, Fomenko A, Milano V,
Yamamoto K, Saha U, Wennberg R, Rowland NC, Chen R, Lozano AM. 
Brain Stimul. 2022 Nov- Dec;15(6):1337-1347. 
doi: 10.1016/j.brs.2022.10.001. Epub 2022 Oct 11. PMID: 36228977

Microbubble drug conjugate and focused ultrasound blood brain barrier 
delivery of AAV-2 SIRT-3. Trinh D, Nash J, Goertz D, Hynynen K, Bulner S,
Iqbal U, Keenan J. Drug Deliv. 2022 Dec;29(1):1176-1183. 
doi: 10.1080/10717544.2022.2035855. PMID: 35393905; 
PMCID: PMC9004516.

Publications—2022 continued

Formulation of a kit under Good Manufacturing Practices (GMP) for preparing
[111In]In-BnDTPA- trastuzumab-NLS injection: a theranostic agent for 
imaging and Meitner-Auger Electron (MAE) radioimmunotherapy of 
HER2-positive breast cancer. Chan C, Prozzo V, Aghevlian S, Reilly RM. 
EJNMMI Radiopharm Chem. 2022 Dec 21;7(1):33. doi: 10.1186/s41181-
022-00186-9. PMID: 36542157; PMCID: PMC9772372.

Laser interstitial thermal therapy for the treatment of insular lesions: 
A systematic review.Vetkas A, Germann J, Boutet A, Samuel N, Sarica C, 
Yamamoto K, Santyr B, Cheyuo C, Conner CR, Lang SM, Lozano AM,
Ibrahim GM, Valiante T, Kongkham PN, Kalia SK. Front Neurol. 2023 Jan 4;
13:1024075. doi: 10.3389/fneur.2022.1024075. PMID: 36686528; 
PMCID: PMC9845884.

Magnetic resonance imaging-guided ultrasound ablation for prostate 
cancer - A contemporary review of performance Alabousi M, Ghai S. Front
Oncol. 2023 Jan 4;12:1069518. doi: 10.3389/fonc.2022.1069518. 
PMID: 36686753; PMCID: PMC9846805.

Anesthetic-loaded nanodroplets with focused ultrasound reduces agitation 
in Alzheimer's mice. Gouveia FV, Lea-Banks H, Aubert I, Lipsman N, 
Hynynen K, Hamani C. Ann Clin Transl Neurol. 2023 Jan 30. 
doi: 10.1002/acn3.51737. Epub ahead of print. PMID: 36715553.

Three-layer model with absorption for conservative estimation of the 
maximum acoustic transmission coefficient through the human skull for
transcranial ultrasound stimulation. Attali D, Tiennot T, Schafer M, 
Fouragnan E, Sallet J, Caskey CF, Chen R, Darmani G, Bubrick EJ, Butler C,
Stagg CJ, Klein-Flügge M, Verhagen L, Yoo SS, Pauly KB, Aubry JF. 
Brain Stimul. 2023 Jan- Feb;16(1):48-55. doi: 10.1016/j.brs.2022.12.005.
Epub 2022 Dec 19. PMID: 36549480

Blood-brain barrier opening of the default mode network in Alzheimer's 
disease with magnetic resonance-guided focused ultrasound. Meng Y,
Goubran M, Rabin JS, McSweeney M, Ottoy J, Pople CB, Huang Y, Storace A,
Ozzoude M, Bethune A, Lam B, Swardfager W, Heyn C, Abrahao A, 
Davidson B, Hamani C, Aubert I, Zetterberg H, Ashton NJ, Karikari TK,
Blennow K, Black SE, Hynynen K, Lipsman N. Brain. 2023 Mar 1;
146(3):865-872. doi: 10.1093/brain/awac459. PMID: 36694943.
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Clinical research
Neurological Brain metastases, lung cancer; Glioblastoma;  

Trigeminal neuralgia

University of Maryland School of Medicine | Baltimore, MD

The COE at the University of Maryland, UMD, was 
established in 2016. At present, the UMD departments of
neurosurgery, radiology, and neurology are collaborating 
to study the treatment of movement disorders, chronic 
neuropathic pain, brain tumors, and the use of enhanced
drug delivery. In addition, their immunomodulation studies
range from investigating cell systems to animal models and
human clinical trials

Contacts  
Howard M. Eisenberg, MD | 
Program Co-director | heisenberg@som.umaryland.edu

Elias R. Melhem, MD | Program Co-director | emelhem@umm.edu

Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Ultrasound

FUS Physics

FUS Simulation & treatment planning

FUS Treatment monitoring

Standards & quality assurance

Preclinical research
Miscellaneous Infection

Neurological Brain tumors, general; Epilepsy; Glioblastoma; 
Opioid and other addictions

Commercial treatment
Neurological Essential tremor; Parkinson’s disease, tremor

Mechanisms of action research
Histotripsy Immune cell trafficking

Nonthermal BBB opening; BBB opening, drug delivery; 
BBB opening, drug delivery, immunotherapeutic; 
Chemosensitization; Immunomodulation; Liquid biopsy; 
Neuromodulation; Radiosensitization; 
Sonodynamic therapy; Tissue destruction

Thermal ablation Tissue destruction

University of Maryland
School of Medicine

7
Technical Research 

10
Publications

12
Mechanisms of Action

Research

14
Preclinical Research

3
Clinical Research

2
Commercial Treatments
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University of Maryland School of Medicine continued

Research not involving thermal ablation, tissue destruction
Clinical research - Neurological

Brain metastases, lung cancer Nonthermal, BBB opening - Drug delivery,
immunotherapeutic

Glioblastoma Nonthermal - Liquid biopsy

Preclinical research - Miscellaneous

Infection Nonthermal, BBB opening - Drug delivery

Preclinical research - Neurological

Brain tumors, general Nonthermal - Amplification of cancer 
biomarkers

Nonthermal, BBB opening
Nonthermal, BBB opening - Drug delivery
Nonthermal, BBB opening - Drug delivery, 

immunotherapeutic
Nonthermal - Gene delivery
Nonthermal - Immunomodulation
Nonthermal - Liquid biopsy

Epilepsy Nonthermal - Gene delivery
Nonthermal - Neuromodulation

Glioblastoma Nonthermal - Immune cell trafficking
Nonthermal - Immunomodulation

Opioid and other addictions Nonthermal - Neuromodulation

    Publications—2022

Towards controlled drug delivery in brain tumors with microbubble-enhanced
focused ultrasound. Schoen S Jr, Kilinc MS, Lee H, Guo Y, Degertekin FL,
Woodworth GF, Arvanitis C. Adv Drug Deliv Rev. 2022 Jan;180:114043. 
doi: 10.1016/j.addr.2021.114043. Epub 2021 Nov 18. PMID: 34801617;
PMCID: PMC8724442.

Technical Comparison of Treatment Efficiency of Magnetic Resonance-Guided
Focused Ultrasound Thalamotomy and Pallidotomy in Skull Density 
Ratio-Matched Patient Cohorts. Ahmed AK, Guo S, Kelm N, Clanton R, 
Melhem ER, Gullapalli RP, Ksendzovsky A, Eisenberg HM, Miller TR, 
Gandhi D. Front Neurol. 2022 Jan 21;12:808810. 
doi: 10.3389/fneur.2021.808810. PMID: 35126300; PMCID: PMC8813961.

Magnetic Nanoparticle-Mediated Heating for Biomedical Applications. 
Kwizera EA, Stewart S, Mahmud MM, He X. J Heat Transfer. 2022
Mar;144(3):030801. doi: 10.1115/1.4053007. Epub 2022 Jan 18. 
PMID: 35125512; PMCID: PMC8813031.

A Novel Matrix-Array-Based MR-Conditional Ultrasound System for Local 
Hyperthermia of Small Animals. Tretbar SH, Fournelle M, Speicher D, 
Becker FJ, Anastasiadis P, Landgraf L, Roy U, Melzer A. IEEE Trans Biomed
Eng. 2022 Feb;69(2):758-770. doi: 10.1109/TBME.2021.3104865. 
Epub 2022 Jan 20. PMID: 34398748.

The roles of thermal and mechanical stress in focused ultrasound-mediated
immunomodulation and immunotherapy for central nervous system tumors.
Kim C, Lim M, Woodworth GF, Arvanitis CD. J Neurooncol. 2022 Apr;
157(2):221-236. doi: 10.1007/s11060-022-03973-1. Epub 2022 Mar 2.
PMID: 35235137; PMCID: PMC9119565. 

Publications—2022 continued

Application of optical coherence tomography in decision-making of post-
thrombectomy adjunctive treatments. Li D, Tang T, Hu T, Walczak P, 
Gandhi D, Li S. J Neurointerv Surg. 2022 Jul 26:neurintsurg-2022-019195.
doi: 10.1136/jnis-2022-019195. Epub ahead of print. PMID: 35882553.

Magnetic resonance imaging-guided focused ultrasound thalamotomy for 
essential tremor: 5-year follow-up results. Cosgrove GR, Lipsman N, Lozano
AM, Chang JW, Halpern C, Ghanouni P, Eisenberg H, Fishman P, Taira T,
Schwartz ML, McDannold N, Hayes M, Ro S, Shah B, Gwinn R, Santini VE, 
Hynynen K, Elias WJ. J Neurosurg. 2022 Aug 5:1-6. 
doi: 10.3171/2022.6.JNS212483. Epub ahead of print. PMID: 35932269.

Nanotherapeutic treatment of the invasive glioblastoma tumor 
microenvironment. Pandey N, Anastasiadis P, Carney CP, Kanvinde PP,
Woodworth GF, Winkles JA, Kim AJ. Adv Drug Deliv Rev. 2022
Sep;188:114415. doi: 10.1016/j.addr.2022.114415. Epub 2022 Jul 3.
PMID: 35787387.

Slow is smooth, smooth is fast. Colasurdo M, Gandhi D. J Neurointerv Surg.
2022 Nov 15:jnis-2022-019843. doi: 10.1136/jnis-2022-019843. 
Epub ahead of print. PMID: 36379703.

Trial of Globus Pallidus Focused Ultrasound Ablation in Parkinson’s Disease. 
Krishna V, Fishman PS, Eisenberg HM, Kaplitt M, Baltuch G, Chang JW,
Chang WC, Martinez Fernandez R, Del Alamo M, Halpern CH, Ghanouni P,
Eleopra R, Cosgrove R, Guridi J, Gwinn R, Khemani P, Lozano AM, 
McDannold N, Fasano A, Constantinescu M, Schlesinger I, Dalvi A, Elias WJ.
N Engl J Med. 2023 Feb 23;388(8):683-693. 
doi: 10.1056/NEJMoa2202721. PMID: 36812432.
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Brigham and Women’s
Hospital

6
Technical Research 

17
Publications

12
Mechanisms of Action 

Research

7
Preclinical Research

4
Clinical Research

5
Commercial Treatments

Clinical research
Neurological Epilepsy, Glioblastoma 

Urological Prostate cancer

Brigham and Women’s Hospital | Boston, MA

Brigham and Women’s Hospital was named a COE in 2015.
More than 50 focused ultrasound researchers in three 
different laboratories span the Boston campus of Brigham
and Women’s Hospital where, in conjunction with Harvard
Medical School, they are pioneering innovative uses of 
focused ultrasound and advancing these new approaches
from bench to bedside.

Preclinical research
Miscellaneous Niemann-Pick disease

Neurological Alzheimer’s disease; Epilepsy; Glioblastoma; 
Huntington’s disease; Parkinson’s disease, tremor

Contacts
Nathan J. McDannold, PhD | Program Co-director | njm@bwh.harvard.edu  

Clare M. Tempany, MD | Program Co-director | ctempany@bwh.harvard.edu

Commercial treatments
Musculoskeletal Bone metastases

Neurological Essential tremor

Urological Prostate cancer

Women’s health Uterine fibroids

Mechanisms of action research
Hyperthermia Tissue destruction

Nonthermal Amplification of cancer biomarkers;
BBB opening, drug delivery; BBB opening, gene delivery;
Drug delivery, vehicle; Immunomodulation;
Liquid biopsy; Neuromodulation; Radiosensitization; 
Stem cell delivery; Tissue destruction

Thermal ablation Tissue destruction

Technical research
FUS Image guidance, MR

FUS Image guidance, Ultrasound

FUS Physics

FUS Simulation & treatment planning

FUS Treatment evaluation

FUS Treatment monitoring
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Brigham and Women’s Hospital continued

Research not involving thermal ablation, tissue destruction
Clinical research - Neurological

Epilepsy Nonthermal - Neuromodulation

Glioblastoma Nonthermal, BBB opening - Drug delivery

Preclinical research - Miscellaneous

Niemann-Pick disease Nonthermal, BBB opening - Gene delivery

Preclinical research - Neurological

Alzheimer's disease Nonthermal, BBB opening - Drug delivery

Epilepsy Nonthermal - Neuromodulation

Glioblastoma Nonthermal, BBB opening - Drug delivery
Nonthermal - Tissue destruction

Huntington’s disease Nonthermal, BBB opening - Drug delivery

Parkinson’s disease, tremor Nonthermal - Neuromodulation

Publications—2022

Short-Term Efficacy of Transcranial Focused Ultrasound to the Hippocampus 
in Alzheimer's Disease: A Preliminary Study. Jeong H, Song IU, Chung YA,
Park JS, Na SH, Im JJ, Bikson M, Lee W, Yoo SS. J Pers Med. 2022 Feb 9;
12(2):250. doi: 10.3390/jpm12020250. PMID: 35207738; PMCID:
PMC8878180.

Magnetic Resonance Image Guided Focused Ultrasound Thalamotomy. 
A Single Center Experience With 160 Procedures. Lak AM, Segar DJ, 
McDannold N, White PJ, Cosgrove GR. Front Neurol. 2022 Feb
18;13:743649. doi: 10.3389/fneur.2022.743649. PMID: 35250802;
PMCID: PMC8894664.

Low Intensity Focused Ultrasound for Epilepsy- A New Approach to 
Neuromodulation. Bubrick EJ, McDannold NJ, White PJ. Epilepsy Curr. 
2022 Mar 29;22(3):156-160. doi: 10.1177/15357597221086111. 
PMID: 36474831; PMCID: PMC9684587.

The Evolution of Modern Ablative Surgery for the Treatment of Obsessive-
Compulsive and Major Depression Disorders. Mustroph ML, Cosgrove GR,
Williams ZM. Front Integr Neurosci. 2022 Apr 6;16:797533. doi:
10.3389/fnint.2022.797533. PMID: 35464603; PMCID: PMC9026193.

Somatotopic Organization of Hyperdirect Pathway Projections from the 
Primary Motor Cortex in the Human Brain. Pujol S, Cabeen RP, Yelnik J,
François C, Fernandez Vidal S, Karachi C, Bardinet E, Cosgrove GR, 
Kikinis R. Front Neurol. 2022 Apr 25;13:791092. doi: 10.3389/fneur.
2022.791092. PMID: 35547388; PMCID: PMC9081715.

Two-step aberration correction: application to transcranial histotripsy. Lu N,
Hall TL, Sukovich JR, Choi SW, Snell J, McDannold N, Xu Z. Phys Med Biol.
2022 Jun 10;67(12):10.1088/1361-6560/ac72ed. doi: 10.1088/1361-
6560/ac72ed. PMID: 35609619; PMCID: PMC9234948.

Publications—2022 continued

Neuromodulation Using Transcranial Focused Ultrasound on the Bilateral 
Medial Prefrontal Cortex. Kim YG, Kim SE, Lee J, Hwang S, Yoo SS, Lee HW. 
J Clin Med. 2022 Jun 30;11(13):3809. doi: 10.3390/jcm11133809. 
PMID: 35807094; PMCID: PMC9267901.

MRI-guided focused ultrasound focal therapy for patients with intermediate-
risk prostate cancer: a phase 2b, multicentre study. Ehdaie B, Tempany CM,
Holland F, Sjoberg DD, Kibel AS, Trinh QD, Durack JC, Akin O, Vickers AJ,
Scardino PT, Sperling D, Wong JYC, Yuh B, Woodrum DA, Mynderse LA,
Raman SS, Pantuck AJ, Schiffman MH, McClure TD, Sonn GA, Ghanouni P.
Lancet Oncol. 2022 Jul;23(7):910-918. doi: 10.1016/S1470-2045(22)
00251-0. Epub 2022 Jun 14. PMID: 35714666; PMCID: PMC9400094.

Acute Effects of Focused Ultrasound-Induced Blood-Brain Barrier Opening on
Anti- Pyroglu3 Abeta Antibody Delivery and Immune Responses. Bathini P,
Sun T, Schenk M, Schilling S, McDannold NJ, Lemere CA. Biomolecules.
2022 Jul 6;12(7):951. doi: 10.3390/biom12070951. PMID: 35883506;
PMCID: PMC9313174.

Enhancement of cerebrospinal fluid tracer movement by the application of
pulsed transcranial focused ultrasound. Yoo SS, Kim HC, Kim J, Kim E,
Kowsari K, Van Reet J, Yoon K. Sci Rep. 2022 Jul 28;12(1):12940. doi:
10.1038/s41598-022-17314-9. PMID: 35902724; PMCID: PMC9334279.

Magnetic resonance imaging-guided focused ultrasound thalamotomy for es-
sential tremor: 5-year follow-up results.Cosgrove GR, Lipsman N, Lozano
AM, Chang JW, Halpern C, Ghanouni P, Eisenberg H, Fishman P, Taira T,
Schwartz ML, McDannold N, Hayes M, Ro S, Shah B, Gwinn R, Santini VE,
Hynynen K, Elias WJ. J Neurosurg. 2022 Aug 5:1-6. doi:
10.3171/2022.6.JNS212483. Epub ahead of print. PMID: 35932269.

Effects of Osmolarity on Ultrasound-Induced Membrane Depolarization in Iso-
lated Crayfish Motor Axon. Yu F, Müller WS, Ehnholm G, Okada Y, Lin JW.
Ultrasound Med Biol. 2022 Oct;48(10):2040-2051. doi: 10.1016/j.ultra-
smedbio.2022.05.028. Epub 2022 Jul 23. PMID: 35882572.
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Publications—2022 continued

High Incidence of Intracerebral Hemorrhaging Associated with the Application
of Low-Intensity Focused Ultrasound Following Acute Cerebrovascular In-
jury by Intracortical Injection. Kim E, Van Reet J, Kim HC, Kowsari K, Yoo SS.
Pharmaceutics. 2022 Oct 6;14(10):2120. doi:
10.3390/pharmaceutics14102120. PMID: 36297554; PMCID:
PMC9609794.

Deep Neural Network for Navigation of a Single-Element Transducer During
Transcranial Focused Ultrasound Therapy: Proof of Concept. Choi M, Jang
M, Yoo SS, Noh G, Yoon K. IEEE J Biomed Health Inform. 2022
Nov;26(11):5653-5664. doi: 10.1109/JBHI.2022.3198650. Epub 2022 Nov
10. PMID: 35969551.

Effects of focused ultrasound pulse duration on stimulating cortical and sub-
cortical motor circuits in awake sheep. Kim HC, Lee W, Kowsari K, Weisholtz
DS, Yoo SS. PLoS One. 2022 Dec 13;17(12):e0278865. doi: 10.1371/jour-
nal.pone.0278865. PMID: 36512563; PMCID: PMC9746960.

Transcranial MR-Guided Focused Ultrasound and Hyperostosis Calvariae Dif-
fusa: Case Report and Systematic Review of the Literature. Bernstock JD,
Torio EF, Raghu ALB, Chua M, Chen JA, Segar D, Gupta S, White PJ, McDan-
nold N, Golby AJ, Cosgrove GR. Stereotact Funct Neurosurg. 2022;100(5-
6):331-339. doi: 10.1159/000527232. Epub 2022 Dec 15. PMID:
36521432.

Three-layer model with absorption for conservative estimation of the maxi-
mum acoustic transmission coefficient through the human skull for tran-
scranial ultrasound stimulation. Attali D, Tiennot T, Schafer M, Fouragnan E,
Sallet J, Caskey CF, Chen R, Darmani G, Bubrick EJ, Butler C, Stagg CJ,
Klein-Flügge M, Verhagen L, Yoo SS, Pauly KB, Aubry JF. Brain Stimul. 2023
Jan- Feb;16(1):48-55. doi: 10.1016/j.brs.2022.12.005. Epub 2022 Dec 19.
PMID: 36549480.

Brigham and Women’s Hospital continued
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Commercial treatment
Urological Prostate cancer 

The Institute of Cancer Research and 
The Royal Marsden | London, England

In 2013, the Focused Ultrasound Foundation and Philips
entered an innovative public-private collaboration with the
Institute of Cancer Research, ICR, and The Royal Marsden
National Health Service Foundation Trust to create a COE
in London. The Center created a state-of-the-art resource 
for clinicians and scientists working on focused ultrasound 
therapy, developing clinical evidence in oncology, and 
establishing best practices, treatment standards, and protocols.

Contact
Gail R. ter Haar, PhD, DSc | Program Director | gail.terhaar@icr.ac.uk  

Mechanisms of action research
Histotripsy Tissue destruction

Hyperthermia Drug delivery, Radiosensitization

Nonthermal Chemosensitization; Drug delivery; 
Drug delivery, immunotherapeutic; Tissue destruction;
Vascular occlusion

Thermal ablation Immune cell trafficking, Immunomodulation, 
Tissue destruction

ICR and 
The Royal Marsden

8
Technical Research 

7
Publications

11
Mechanisms of Action 

Research

6
Preclinical Research

2
Clinical Research

1
Commercial Treatment

Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Ultrasound

FUS Physics

FUS Simulation & treatment planning   

FUS Transducer technology, Thermal ablation

FUS Treatment monitoring

Standards & quality assurance

Clinical research
Gastrointestinal Colorectal tumors

Urological Prostate cancer

1
Veterinary Research

Preclinical research
Cardiovascular Twin-twin transfusion syndrome

Gastrointestinal Liver metastases; Liver tumors; 
Pancreatic tumors, malignant

Neurological Cancer pain, Glioblastoma
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ICR and The Royal Marsden continued

Research not involving thermal ablation, tissue destruction
Clinical research - Gastrointestinal

Colorectal tumors Nonthermal - Drug delivery

Preclinical research - Cardiovascular

Twin-twin transfusion syndrome Nonthermal - Vascular occlusion

Preclinical research - Gastrointestinal

Pancreatic tumors, malignant Nonthermal - Immunomodulation

Preclinical research - Neurological

Glioblastoma Nonthermal - Drug delivery, vehicle

Veterinary research - Urological

Bladder tumors Thermal ablation - Immunomodulation

Publications—2022

Latest Advances in the Use of Therapeutic Focused Ultrasound in the 
Treatment of Pancreatic Cancer. Mouratidis PXE, ter Haar G. Cancers
(Basel). 2022 Jan 27;14(3):638. doi: 10.3390/cancers14030638. 
PMID: 35158903; PMCID: PMC8833696.

Methods of monitoring thermal ablation of soft tissue tumors - 
A comprehensive review. Geoghegan R, ter Haar G, Nightingale K, Marks L,
Natarajan S. Med Phys. 2022 Feb;49(2):769-791. doi: 10.1002/mp.
15439. Epub 2022 Jan 10. PMID: 34965307.

Characterization of Acoustic, Cavitation, and Thermal Properties of Poly 
(vinyl alcohol) Hydrogels for Use as Therapeutic Ultrasound Tissue Mimics.
Braunstein L, Brüningk SC, Rivens I, Civale J, ter Haar G. Ultrasound 
Med Biol. 2022 Jun;48(6):1095-1109. 
doi: 10.1016/j.ultrasmedbio.2022.02.007. Epub 2022 Mar 22. 
PMID: 35337687.

Drug Delivery to the Pons Using Short-Pulse Focused Ultrasound and 
Microbubble Exposure for the Treatment of Diffuse Midline Glioma. 
Chattenton D, Rivens I, Jiang Z, Carvalho DM, Sujarittam K, Boult JKR,
Robinson SP, Jones C, ter Haar G, Choi J. Neuro-Oncology, Volume 24, 
Issue Supplement_1, June 2022, Page i35,
https://doi.org/10.1093/neuonc/noac079.127.

Recommendations for Reporting Therapeutic Ultrasound Treatment 
Parameters. Padilla F, ter Haar G. Ultrasound Med Biol. 2022
Jul;48(7):1299-1308. doi: 10.1016/j.ultrasmedbio.2022.03.001. 
Epub 2022 Apr 21. PMID: 35461726.

Tissue specific considerations in implementing high intensity focussed 
ultrasound under magnetic resonance imaging guidance. deSouza NM,
Gedroyc W, Rivens I, ter Haar G. Front Oncol. 2022 Nov 1;12:1037959. 
doi: 10.3389/fonc.2022.1037959. PMID: 36387108; 
PMCID: PMC9663991.

First in-human use of high-intensity focused ultrasound to occlude placental
vessels non-invasively in TTTS. Shaw CJ, Rivens I, Symonds-Tayler R, 
Giussani D, ter Haar G, Lees C. Ultrasound Obstet Gynecol, 2022;60: 41-41.
https://doi.org/10.1002/uog.25095.



                                                                                                                          Focused Ultrasound Foundation | 2023 State of the Field   V.31

C E N T E R S  O F  E X C E L L E N C E  

Commercial treatments
Neurological Essential tremor; Parkinson’s disease, dyskinesia; 

Parkinson’s disease, tremor

Women’s health Uterine fibroids

University of Virginia Health System | Charlottesville, VA

The Foundation’s first COE was inaugurated at the 
University of Virginia in September 2009 through a public
private partnership between the Foundation, the 
Commonwealth of Virginia, the University of Virginia, 
Insightec, and GE. The COE has a strong history in brain
research, having pioneered clinical trials for essential
tremor and Parkinsonian tremor, as well as technical and
preclinical studies for neurological disorders. The center 
also treats uterine fibroids and bone metastases and conducts
cancer research.

Contacts
Alan H. Matsumoto, MD | FUS Center of Excellence Director | 
ahm4d@virginia.edu  

Craig L. Slingluff, MD | FUS Cancer Immunotherapy Center Clinical 
Co-Director | cls8h@hscmail.mcc.virginia.edu

Richard J. Price, PhD | FUS Cancer Immunotherapy Center Research 
Co-Director | rprice@virginia.edu

Clinical research
Gastrointestinal Esophageal tumors, Gastric tumors

Miscellaneous Melanoma, Multiple tumors1

Neurological Cancer pain, Epilepsy 

Pulmonary Lung cancer

Women’s health Breast tumors, benign; Breast tumors, malignant; 
Cervical tumors; Ovarian tumors

  Preclinical research
Cardiovascular Arteriovenous malformations, Peripheral artery disease

Gastrointestinal Pancreatic tumors, malignant

Miscellaneous Melanoma

Neurological Brain metastases, breast cancer; 
Brain metastases, melanoma; Brain tumors, general; 
Cavernomas; Epilepsy; Glioblastoma; 
Parkinson’s disease, underlying cause; 
Stroke, thromboembolic

Pulmonary Lung cancer

Women’s health Breast tumors, malignant

University of Virginia
Health System

5
Technical Research 

27
Publications

34
Mechanisms of Action 

Research

25
Preclinical Research

13
Clinical Research

4
Commercial Treatments

  1 Protocols inclusive of more than one indication.
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University of Virginia Health System continued

  Mechanisms of action research
Histotripsy Amplification of cancer biomarkers, Chemosensitization, 

Immune cell trafficking, Immunomodulation, 
Liquid biopsy, Tissue destruction

Hyperthermia Drug delivery

Miscellaneous Melanoma

Nonthermal Amplification of cancer biomarkers; Angiogenesis; 
BBB opening; BBB opening, drug delivery; 
BBB opening, drug delivery, vehicle; 
BBB opening, gene delivery; 
BBB opening, immune cell delivery; 
BNB opening, drug delivery; Clot lysis; Drug delivery; 
Drug delivery, immunotherapeutic

Thermal ablation Chemosensitization, Immunomodulation, 
Tissue destruction

  Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Ultrasound

FUS Treatment evaluation

FUS Treatment monitoring

Research not involving thermal ablation, tissue destruction
Clinical research - Gastrointestinal

Esophageal tumors Thermal ablation - Immunomodulation

Gastric tumors Thermal ablation - Immunomodulation

Clinical research - Miscellaneous

Melanoma Thermal ablation - Immunomodulation

Multiple tumors1 Thermal ablation - Immunomodulation

Clinical Research - Pulmonary

Lung cancer Thermal ablation - Immunomodulation

Clinical Research - Women’s health

Breast tumors, malignant Nonthermal - Immunomodulation

Cervical tumors Thermal ablation - Immunomodulation

Ovarian tumors Thermal ablation - Immunomodulation

Preclinical research - Cardiovascular

Arteriovenous malformations Nonthermal - Tissue destruction

Peripheral artery disease Nonthermal - Drug delivery, vehicle

Preclinical research - Gastrointestinal

Pancreatic tumors, malignant Thermal ablation - Immunomodulation

Preclinical research - Miscellaneous

Melanoma Thermal ablation - Immunomodulation

Preclinical research - Neurological

Brain metastases, breast cancer Nonthermal, BBB opening - 
Drug delivery; immunotherapeutic

Nonthermal - Immunomodulation

Brain metastases, melanoma Nonthermal, BBB opening - 
Drug delivery; immunotherapeutic

Nonthermal - Immunomodulation
Nonthermal - Sonodynamic therapy

Brain tumors, general Nonthermal, BBB opening - Gene delivery

Cavernomas Nonthermal - Sonodynamic therapy

Epilepsy Nonthermal, BBB opening - Drug delivery
Nonthermal - Neuromodulation

Glioblastoma Nonthermal, BBB opening - Drug delivery
Nonthermal, BBB opening - Gene delivery
Nonthermal - Drug delivery, vehicle
Nonthermal - Immunomodulation
Nonthermal - Radiosensitization
Nonthermal - Sonodynamic therapy
Nonthermal - Vascular occlusion

Parkinson’s disease, underlying cause Nonthermal, BBB opening - Drug delivery

Stroke, thromboembolic Nonthermal - Sonoporation

Preclinical research - Women’s health

Breast tumors, malignant Thermal ablation - Immunomodulation

1 Inclusive of more than one indication



                                                                                                                          Focused Ultrasound Foundation | 2023 State of the Field   V.33

C E N T E R S  O F  E X C E L L E N C E  

University of Virginia Health System continued

Publications—2022

Low-Cost 3-D Hydrophone Scanning Tank with MATLAB GUI Control. Clinard
S, Wettstone E, Moore D, Snell J, Padilla F, Eames M. Ultrasound Med Biol.
2022 Jan;48(1):157-163. doi: 10.1016/j.ultrasmedbio.2021.09.022. 
Epub 2021 Oct 23. PMID: 34702638.

Hybrid Workshops During the COVID-19 Pandemic-Dawn of a New Era in
Neurosurgical Learning Platforms. Garg K, Mishra S, Raheja A, Verma S,
Tandon V, Agrawal S, Suri A, Chandra PS, Prada F, Servadei F, Kale SS, 
Srivastava P. World Neurosurg. 2022 Jan;157:e198-e206. 
doi: 10.1016/j.wneu.2021.09.132. Epub 2021 Oct 6. PMID: 34624519;
PMCID: PMC8523585.

Pilot study of focused ultrasound for drug-resistant epilepsy. Lee CC, Chou CC,
Hsiao FJ, Chen YH, Lin CF, Chen CJ, Peng SJ, Liu HL, Yu HY. Epilepsia.
2022 Jan;63(1):162-175. doi: 10.1111/epi.17105. Epub 2021 Nov 2.
PMID: 34729772; PMCID: PMC9297900.

Cranial sonolucent prosthesis: a window of opportunity for neuro- oncology
(and neuro-surgery). Del Bene M, Raspagliesi L, Carone G, Gaviani P, Silvani
A, Solbiati L, Prada F, DiMeco F. J Neurooncol. 2022 Feb;156(3):529-540.
doi: 10.1007/s11060-021-03929-x. Epub 2022 Jan 26. PMID: 35079911.

Development of and Gathering Validity Evidence for a Theoretical Test in 
Contrast-Enhanced Ultrasound. Jacobsen N, Nolsøe CP, Konge L, 
Graumann O, Dietrich CF, Sidhu PS, Gilja OH, Meloni MF, Berzigotti A, 
Harvey CJ, Deganello A, Prada F, Lerchbaumer MH, Laursen CB. Ultrasound
Med Biol. 2022 Feb;48(2):248-256.
doi: 10.1016/j.ultrasmedbio.2021.10.016. Epub 2021 Nov 21. 

PMID: 34815128.

Ultrasounds induce blood-brain barrier opening across a sonolucent polyolefin
plate in an in vitro isolated brain preparation. Librizzi L, Uva L, Raspagliesi
L, Gionso M, Regondi MC, Durando G, DiMeco F, de Curtis M, Prada F. 
Sci Rep. 2022 Feb 21;12(1):2906. doi: 10.1038/s41598-022-06791-7.
PMID: 35190597; PMCID: PMC8861168.

Computational model of brain endothelial cell signaling pathways predicts
therapeutic targets for cerebral pathologies. Gorick CM, Saucerman JJ, 
Price RJ. J Mol Cell Cardiol. 2022 Mar;164:17-28. 
doi: 10.1016/j.yjmcc.2021.11.005. Epub 2021 Nov 16. PMID: 34798125;
PMCID: PMC8958390.

Focused ultrasound and other lesioning in the treatment of tremor. Binder DK,
Shah BB, Elias WJ. J Neurol Sci. 2022 Apr 15;435:120193. 
doi: 10.1016/j.jns.2022.120193. Epub 2022 Feb 19. PMID: 35259650.

Multiparametric Intraoperative Ultrasound in Oncological Neurosurgery:
A Pictorial Essay. Prada F, Ciocca R, Corradino N, Gionso M, Raspagliesi L,
Vetrano IG, Doniselli F, Del Bene M, DiMeco F. Front Neurosci. 2022 Apr 19;
16:881661. doi: 10.3389/fnins.2022.881661. PMID: 35516800; PMCID:
PMC9063404.

Neuropathology of Parkinson's disease after focused ultrasound thalamotomy.
Koga S, Ishaque M, Jeffrey Elias W, Shah BB, Murakami A, Dickson DW. 
NPJ Parkinsons Dis. 2022 May 12;8(1):59. doi: 10.1038/s41531-022-
00319-6. PMID: 35550514; PMCID: PMC9098516.

Publications—2022 continued

Toward Reduction in False-Positive Thyroid Nodule Biopsies with a Deep
Learning-based Risk Stratification System Using US Cine-Clip Images. 
Yamashita R, Kapoor T, Alam MN, Galimzianova A, Syed SA, Ugur Akdogan
M, Alkim E, Wentland AL, Madhuripan N, Goff D, Barbee V, Sheybani ND,
Sagreiya H, Rubin DL, Desser TS. Radiol Artif Intell. 2022 May 11;4(3):
e210174. doi: 10.1148/ryai.210174. PMID: 35652118; PMCID: PMC9152684.

Recommendations for Reporting Therapeutic Ultrasound Treatment 
Parameters. Padilla F, Ter Haar G. Ultrasound Med Biol. 2022
Jul;48(7):1299-1308. doi: 10.1016/j.ultrasmedbio.2022.03.001. Epub
2022 Apr 21. PMID: 35461726.

Magnetic resonance imaging-guided focused ultrasound thalamotomy for 
essential tremor: 5-year follow-up results. Cosgrove GR, Lipsman N, 
Lozano AM, Chang JW, Halpern C, Ghanouni P, Eisenberg H, Fishman P,
Taira T, Schwartz ML, McDannold N, Hayes M, Ro S, Shah B, Gwinn R, 
Santini VE, Hynynen K, Elias WJ. J Neurosurg. 2022 Aug 5:1-6.
doi: 10.3171/2022.6.JNS212483. Epub ahead of print. PMID: 35932269.

Comparison between MR and CT imaging used to correct for skull-induced
phase aberrations during transcranial focused ultrasound. Leung SA, 
Moore D, Gilbo Y, Snell J, Webb TD, Meyer CH, Miller GW, Ghanouni P, Butts
Pauly K. Sci Rep. 2022 Aug 4;12(1):13407. doi: 10.1038/s41598-022-
17319-4. PMID: 35927449; PMCID: PMC9352781.

Patient-Reported Outcomes and Predictive Factors following Focused 
Ultrasound Thalamotomy for Essential Tremor. Moosa S, Craver A, Asuzu D,
Eames M, Wang TR, Elias WJ. Stereotact Funct Neurosurg. 2022;100(5-6):
291-299. doi: 10.1159/000525763. Epub 2022 Aug 26. PMID: 36030772.

Cytoreductive Surgical Treatment of Pleural Mesothelioma in a Porcine Model
Using Magnetic-Resonance-Guided Focused Ultrasound Surgery (MRgFUS)
and Radiofrequency Ablation (RFA). Costa M, Fernandes C, Eames M,
Hananel A, Mugler JP 3rd, Huaromo J, Yang JB, Mata J. Tomography. 
2022 Sep 3;8(5):2232-2242. doi: 10.3390/tomography8050187. 
PMID: 36136883; PMCID: PMC9498358.

Enhanced Stable Cavitation and Nonlinear Acoustic Properties of Poly 
(butyl cyanoacrylate) Polymeric Microbubbles after Bioconjugation. Barmin
RA, Dasgupta A, Rix A, Weiler M, Appold L, Rütten S, Padilla F, Kuehne AJC,
Pich A, De Laporte L, Kiessling F, Pallares RM, Lammers T. ACS Biomater Sci
Eng. 2022 Oct 31. doi: 10.1021/acsbiomaterials.2c01021. Epub ahead of
print. PMID: 36315422.

Iron-based coupling media for MRI-guided ultrasound surgery. Allen SP, 
Fergusson A, Edsall C, Chen S, Moore D, Vlaisavljevich E, Davis RM, 
Meyer CH. Med Phys. 2022 Dec;49(12):7373-7383. 
doi: 10.1002/mp.15979. Epub 2022 Nov 7. PMID: 36156266; 
PMCID: PMC9946126.

Low-Cost Thermochromic Quality Assurance Phantom for Therapeutic 
Ultrasound Devices: A Proof of Concept. Eames M, Larrabee Z, Hananel A,
Padilla F, Aubry JF. Ultrasound Med Biol. 2023 Jan;49(1):269-277. 
doi: 10.1016/j.ultrasmedbio.2022.09.001. Epub 2022 Oct 27. 
PMID: 36441031.

Ultrasound Elastography in Neurosurgery: Current Applications and Future
Perspectives. Albakr A, Ben-Israel D, Yang R, Kruger A, Alhothali W, 
Al Towim A, Lama S, Ajlan A, Riva-Cambrin J, Prada F, Al-Habib A, 
Sutherland GR. World Neurosurg. 2023 Feb;170:195-205.e1. doi:
10.1016/j.wneu.2022.10.108. Epub 2022 Nov 4. PMID: 36336268.
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University of Virginia Health System continued

The University of Virginia 
Focused Ultrasound Cancer Immunotherapy Center
Charlottesville, VA

In 2022, UVA Health and the Focused Ultrasound 
Foundation launched the Focused Ultrasound Cancer 
Immunotherapy Center, the world’s first center dedicated
specifically to advancing a focused ultrasound and 
cancer immunotherapy treatment approach that could 
revolutionize 21st-century cancer care. The center is 
designed to capitalize on UVA’s strengths including cancer
immunotherapy, focused ultrasound, and medical imaging. 

Research not involving thermal ablation, tissue destruction
Clinical research - Gastrointestinal

Esophageal tumors Thermal ablation - Immunomodulation

Gastric tumors Thermal ablation - Immunomodulation

Clinical research - Miscellaneous

Melanoma Thermal ablation - Immunomodulation

Multiple tumors1 Thermal ablation - Immunomodulation

Clinical research - Pulmonary

Lung cancer Thermal ablation - Immunomodulation

Clinical research - Women’s health

Breast tumors, malignant Nonthermal - Immunomodulation

Cervical tumors Thermal ablation - Immunomodulation

Ovarian tumors Thermal ablation - Immunomodulation

Preclinical research - Gastrointestinal

Pancreatic tumors, malignant Thermal ablation - Immunomodulation

Preclinical research - Miscellaneous

Melanoma Thermal ablation - Immunomodulation

Preclinical research - Neurological

Brain metastases, breast cancer Nonthermal, BBB opening - 
Drug delivery; immunotherapeutic

Nonthermal - Immunomodulation

Brain metastases, melanoma Nonthermal, BBB opening - 
Drug delivery; immunotherapeutic

Nonthermal - Immunomodulation

Brain tumors, general Nonthermal, BBB opening - Gene delivery

Glioblastoma Nonthermal, BBB opening - Gene delivery
Nonthermal - Immunomodulation

Preclinical research - Women’s health

Breast tumors, malignant Thermal ablation - Immunomodulation

  Mechanisms of action research
Histotripsy Immune cell trafficking, Immunomodulation 

Nonthermal BBB opening, immune cell delivery; 
Drug delivery, immunotherapeutic; Immune cell delivery; 
Immune cell trafficking; Immunomodulation 

Thermal ablation Immunomodulation

1 Inclusive of more than one indication
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Publications—2022 continued

Profiling of the immune landscape in murine glioblastoma following blood
brain/tumor barrier disruption with MR image-guided focused ultrasound.
Sheybani ND, Witter AR, Garrison WJ, Miller GW, Price RJ, Bullock TNJ. 
J Neurooncol. 2022 Jan;156(1):109-122. doi: 10.1007/s11060-021-03887-4. 
Epub 2021 Nov 3. PMID: 34734364; PMCID: PMC8714701.

Sonodynamic therapy for gliomas. Bunevicius A, Pikis S, Padilla F, Prada F,
Sheehan J. J Neurooncol. 2022 Jan;156(1):1-10. 
doi: 10.1007/s11060-021-03807-6. Epub 2021 Jul 12. PMID: 34251601.

Focused ultrasound for the treatment of glioblastoma. Roberts JW, Powlovich
L, Sheybani N, LeBlang S. J Neurooncol. 2022 Apr;157(2):237-247. 
doi: 10.1007/s11060-022-03974-0. Epub 2022 Mar 10. PMID: 35267132;
PMCID: PMC9021052.

Sonodynamic therapy: Rapid progress and new opportunities for non-invasive
tumor cell killing with sound. Nowak KM, Schwartz MR, Breza VR, Price RJ.
Cancer Lett. 2022 Apr 28;532:215592. 
doi: 10.1016/j.canlet.2022.215592. Epub 2022 Feb 11. PMID: 35151824;
PMCID: PMC8918024.

Letter to the editor regarding Translation of focused ultrasound for 
blood-brain barrier opening in glioma. Price RJ, Bullock TNJ, Sheybani ND. 
J Control Release. 2022 Sep;349:16-17. 
doi: 10.1016/j.jconrel.2022.06.041. Epub 2022 Jul 4. PMID: 35780955.

Applications of focused ultrasound-mediated blood-brain barrier opening.
Gorick CM, Breza VR, Nowak KM, Cheng VWT, Fisher DG, Debski AC, 
Hoch MR, Demir ZEF, Tran NM, Schwartz MR, Sheybani ND, Price RJ. Adv
Drug Deliv Rev. 2022 Dec;191:114583. doi: 10.1016/j.addr.2022.114583.
Epub 2022 Oct 19. PMID: 36272635; PMCID: PMC9712235.

Combination of Focused Ultrasound, Immunotherapy, and Chemotherapy:
New Perspectives in Breast Cancer Therapy. Dahan M, Cortet M, Lafon C,
Padilla F. J Ultrasound Med. 2023 Feb;42(3):559-573. 
doi: 10.1002/jum.16053. Epub 2022 Jul 23. PMID: 35869903.




