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Dear Friends,
As we look back at the accomplishments of the field in 2019, we are gratified and amazed by the
progress to date. With the rapid increase in the potential numbers of indications and mechanisms of 
action the past several years, the work required to translate research to commercialization reality 
becomes both more rewarding and more challenging. In the current landscape of focused ultrasound,
these are the most critical questions to ask: 

• Which of the 48 identified mechanisms of action are most likely to translate into 
effective treatment options? 

• Which of the 136 indications currently under investigation are going to provide 
unique value in terms of outcome and cost?

• Which of the 88 companies in the focused ultrasound ecosystem are going to 
achieve global success? 

• How are advances in imaging technology in general going to influence the future 
of focused ultrasound?

• What new and different stakeholders and audiences do we need to engage and 
educate as the field transitions from exclusively research based to include an expanding 
focus on commercialization?

These questions and their eventual answers will guide and determine the future of the field of focused
ultrasound. Our hope is that the information contained in this report will provide glimpses into what
that future might look like and how it might unfold over time.

As for the most significant achievements and milestones that occurred in 2019? I invite you to review 
the report and determine for yourself!

In closing, I would like to extend a special thanks to the Foundation’s team, Board of Directors, 
Council members, and generous donors, as well as the growing number of manufacturers, 
scientists, and clinicians around the world, who are all working toward a common goal of making this
technology widely available as a standard of care in the shortest time possible. We appreciate all of 
their contributions to this report.

Be well,

Neal F. Kassell, MD, Chairman
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Focused ultrasound is an early-stage, noninvasive therapeutic
technology with the potential to improve the lives of 
millions of patients with a variety of serious medical disorders. 
It offers a disruptive, game-changing alternative or 
complement to surgery, radiation therapy, drug delivery, and
cancer immunotherapy.

This revolutionary technology has the potential to increase the
quality and longevity of life and decrease the cost of care by
transforming the treatment of a range of indications, including:

• Benign and malignant tumors of the brain, breast, 
prostate, liver, and pancreas

• Movement disorders such as Parkinson’s disease 
and epilepsy

• Depression and obsessive-compulsive disorder 

• Arthritis

• Hypertension  

• Uterine fibroids

Focused ultrasound treats tissue with multiple intersecting
beams of high-frequency sound which can be focused 
accurately on targets deep in the body without damaging 
surrounding structures, much as beams of light can be 
focused on a point with a magnifying glass. At the focal point
where the beams converge, the ultrasound energy can act 
in multiple ways to induce a variety of biological effects, 
enabling the treatment of a wide variety of medical disorders.

It can produce treatments across the spectrum of thermal 
to mechanical effects, and these various treatments elicit 
a multitude of responses in biological tissues. Varying 
ultrasound power, utilizing continuous versus pulsing modes,
and changing the total treatment time create different 
ultrasound applications. These applications can be categorized 
based on the type of energy they deliver, thermal or mechanical, 
and whether the effects of treatment are permanent or 
transient. When focused ultrasound produces a high-power, 
continuous pressure wave, thermal energy accumulates rapidly
at the focal point. This technique, termed thermal ablation, 

I N T R O D U C T I O N

Focused Ultrasound in Brief

is used most frequently in the clinic and produces permanent
effects. However, additional ultrasound treatment regimens
are currently under investigation in preclinical experiments
and clinical trials. One of the most promising ultrasound 
applications currently in clinical trials is a low-power, pulsed
treatment that produces mild mechanical forces capable of 
enhancing drug delivery to the brain. This effect is transient, 
and treated tissue reverts to normal function within a few hours.

The effects induced by focused ultrasound can vary greatly
depending on the ultrasound application and the type of 
tissue that is targeted. These biological effects are sometimes
uniquely paired to a set of ultrasound parameters, as is the
case with blood-brain barrier disruption, but others may be
induced by multiple ultrasound applications. One active area
of research is immunomodulation—altering the immune 
response to treated tissue. The immune response to focused
ultrasound is dependent on the nature of the treatment 
parameters, although most treatments do induce a response.

There are currently 136 clinical indications or disorders in
various stages of development, and the number is increasing
rapidly. Most are early stage. Worldwide, 33 indications have
regulatory approval; in the US, six have been approved by
the FDA. Focused ultrasound is not for every patient or
every disorder. Much work remains to be done to determine
where this technology provides significant therapeutic and
cost-effective value.
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2020Field Overview



136
distinct indications

60
mechanisms of action

315,665
cumulative

patient treatments

61,190
patient treatments

in 2019

2
new indication approvals

1,971
media placements

in the last 7 years
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The Field Overview is designed to give you the “big picture” of the state of the field for focused
ultrasound. It highlights the cumulative growth of focused ultrasound as well as the annual 
growth in 2019. Varicose veins received CE Mark approval and Rhinitis received CE Mark and
CFDA approval in 2019. Seven indications transitioned from bench research to first in-human 
clinical trials. Nine new indications were identified in 2019, further confirming the continuing
growth and expansion of the focused ultrasound field. 

While this report is global in scope, we do break out many of the tables and graphs by geographic
region. New for 2019, we examine cumulative regulatory approvals by region as tracked over the
past 20 years.

Patient treatment data this year is different from years past. This year we are tracking cumulative
treatments by indication as well as isolating the treatment numbers for 2019 and are reporting 
oncology patient treatments as a separate set of data. 

Our State of the Field survey for 2019 expanded types of technical research to include further 
detail on transducer design and image guidance. 

Similarly, the Foundation has revamped the way it reports on mechanisms of action in the 2019 
report to further highlight and elucidate the expansion of this area of research. 

While we have always reported on publications by number of articles and citations, this year 
we expanded to include topical areas of research as well as identifying the top journals publishing
focused ultrasound research.

Lastly, in 2019 we decided to break out United States Government funding by agency/institution.
We look at both cumulative totals and annual awards for the past 15 years. 

We hope you find all of these additions and changes to this year’s report to be an enhancement
over previous reports that will further your understanding of the field as a whole.

Field Overview

I N T R O D U C T I O N

9
new indications

7
indications

move to clinical trials
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Development stage advancements
In 2019, nine new indications were identified as possible
candidates for treatment with focused ultrasound.

In 2019 Theraclion (France) received a European CE mark
for its SONOVEIN device for the treatment of varicose
veins. Chongqing Haifu Medical Technology (China) 
received Chinese and European regulatory approval to treat
rhinitis, an inflammation of the nasal passages causing 
stuffiness and runny nose.

In 2019, the first in-human clinical trials began for seven
disorders—including opioid and other addictions, multiple
sclerosis, and migraine—all of which currently have 
standard-of-care treatment options that are suboptimal.
Hopefully, these trials will be successful and these challenging
conditions may soon have more attractive and effective 
treatment options. 
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Development Stage Advancements and New Indications

F I E L D  O V E R V I E W

2019
9

New Indications

Gastrointestinal ● Gastric tumors

Musculoskeletal ● Rotator cuff injury
● Tendon contracture

Neurological ● Neuromyelitis optica
● Parkinson’s disease, other1

● Rett syndrome

Pulmonary ● Tuberculosis

Urological ● Urinary tract infection
● Vasectomy

Development stage

● Preclinical ● Clinical

1 Treatment of the underlying cause of the disease
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F I E L D  O V E R V I E W

7
Indications advanced to first in-human clinical trials

Cardiovascular Heart valve calcifications

Gastrointestinal Esophageal tumors
Gastric tumors†

Neurological Migraine
Multiple sclerosis
Opioid and other addictions*

Urological Bladder tumors

† New Indication for 2019

* Clinical trial is specifically for opioid addiction

2
Indications granted regulatory approval

Cardiovascular Varicose veins

Pulmonary Rhinitis

2019 2019

Development Stage Advancements and New Indications continued
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State of Research and Regulatory Approvals by Body System

Development stage
Conceptual                    Preclinical                      Pilot trials                    Pivotal trials                 Outside US approvals   FDA approvals               US reimbursement

Cardiovascular
Hypertension

Varicose veins

Atrial fibrillation

Heart valve calcifications

Peripheral artery disease

Arteriovenous malformations

Atherosclerosis

Cardiac hypertrophy

Cardiac pacing

Coarctation of the aorta

Congestive heart failure

Deep vein thrombosis

Fetal heart anomalies

Hematoma

Hemophilia

Hypoplastic left heart syndrome

Mitral regurgitation

Septal perforation

Twin-twin transfusion syndrome

Ventricular tachycardia

Endocrine disorders
Thyroid nodules

Graves’ disease

Hyperparathyroidism

Thyroid cancer

Diabetes

Gastrointestinal
Liver metastases

Liver tumors

Pancreatic tumors

Biliary tract cancer

Colorectal tumors

Esophageal tumors

Gastric tumors†

Malignant obstructive jaundice

Root canal endodontia

Liver fibrosis

Miscellaneous
Dercum’s disease

Head & neck tumors 

Hypersplenism

Lipoma

Melanoma 

Multiple tumors1

Obesity 

Wound healing

Musculoskeletal
Bone metastases

Arthritis, facetogenic

Bone cancer

Bone tumors, benign

Epicondylitis

Multiple myeloma2

Osteoid osteoma

Plantar fasciitis

Soft tissue cancer

Soft tissue injury

Soft tissue tumors, benign

Arthritis

Arthritis, ankle

Arthritis, hand

Arthritis, hip

Arthritis, knee

Arthritis, sacroiliac

Desmoid tumors

Disc degeneration

Sacral chordoma 

Muscle atrophy

Osteomyelitis

Rotator cuff injury†

Tendon contracture†

There are 136 distinct indications for 2019.
1 Protocols inclusive of more than one indication
2 Multiple myeloma approval is based on bone metastases.
† New in 2019
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Neurological
Essential tremor

Parkinson’s disease, tremor 

Depression

Neuropathic pain

Obsessive-compulsive disorder

Parkinson’s disease, dyskinesia

Alzheimer’s disease

Amyotrophic lateral sclerosis

Astrocytoma 

Cancer pain

Dementia

Dystonia

Dystonia, hand3

Epilepsy

Glioblastoma 

Holmes tremor 

Huntington’s disease

Migraine

Multiple sclerosis

Neuroblastoma

Opioid and other addictions

Painful amputation neuromas

Pontine glioma

Traumatic brain injury

Cavernomas

Hydrocephalus

Neuromyelitis optica†

Parkinson’s disease, other4†

Rett syndrome†

Spinal cord injury

Stroke, intracerebral hemorrhage

Stroke, thromboembolic 

Trigeminal neuralgia

Anorexia

Ophthalmological
Glaucoma

Keratoplasty

Macular degeneration

Pulmonary
Rhinitis

Lung cancer

Lung metastases

Tuberculosis†

Urological
Benign prostatic hyperplasia5

Prostate cancer

Kidney tumors

Bladder tumors

Chyluria

Kidney stones

Acute kidney injury

Acute tubular necrosis

Fetal bladder obstruction

Ureterocele

Urinary tract infection†

Vasectomy†

Women’s health
Uterine fibroids

Breast cancer 

Breast fibroadenoma

Cervicitis

Uterine adenomyosis

Brain metastases, breast cancer

Cervical tumors

Ectopic pregnancy

Endometrial tumors

Endometriosis

Endometriosis, colorectal

Ovarian tumors

Retained placenta

Vaginal tumors

Vulvar dystrophy 

Polycystic ovary syndrome

State of Research and Regulatory Approvals by Body System continued

Development stage
Conceptual                    Preclinical                      Pilot trials                    Pivotal trials                 Outside US approvals   FDA approvals               US reimbursement

There are 136 distinct indications for 2019.
3 In 2019 subcategories for dystonia were established.
4 Treatment of the underlying cause of the disease
5 FDA approval is for prostate tissue ablation. 
† New in 2019



Arteriovenous
malformations

Atherosclerosis

Cardiac hypertrophy

Cardiac pacing

Coarctation of the aorta

Congestive heart 
failure  

Deep vein thrombosis

Fetal heart anomalies

Hematoma

Hemophilia

Hypoplastic left heart 
syndrome

Mitral regurgitation

Septal perforation

Twin-twin transfusion 
syndrome

Ventricular tachycardia  

Atrial fibrillation

Heart valve calcifications

Peripheral artery 
disease

Hypertension

Varicose veins

Cardiovascular

Endocrine disorde rs

Gastrointestinal

Diabetes Grave’s disease

Hyperparathyroidism

Thyroid cancer

Thyroid nodules

Liver fibrosis Biliary tract cancer

Colorectal tumors

Esophageal tumors

Gastric tumors†

Malignant obstructive
jaundice

Root canal endodontia

Liver metastases

Liver tumors

Pancreatic tumors

    Conceptual                              Preclinical                                 Pilot trials                                  Pivotal trials                            Outside US approvals            FDA Aapprovals                        US reimbursement

Global Development Landscape by Body System

† New in 2019
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F I E L D  O V E R V I E W

Global Development Landscape by Body System continued

    Conceptual                              Preclinical                                 Pilot trials                                  Pivotal trials                            Outside US approvals            FDA approvals                          US reimbursement

Miscellaneous

Wound healing Dercum’s disease 

Head & neck tumors

Hypersplenism

Lipoma

Melanoma

Multiple tumors1

Obesity

Musculoskeletal

Muscle atrophy

Osteomyelitis

Rotator cuff injury†

Tendon contracture†

Arthritis

Arthritis, ankle

Arthritis, hand 

Arthritis, hip

Arthritis, knee

Arthritis, sacroiliac

Desmoid tumors

Disc degeneration

Sacral chordoma

Arthritis, facetogenic

Bone cancer

Bone metastases

Bone tumors, benign

Epicondylitis

Multiple myeloma2

Osteoid osteoma

Plantar fasciitis

Soft tissue cancer

Soft tissue injury

Soft tissue tumors, 
benign

Bone metastases Bone metastases

1 Protocols inclusive of more than one indication
2 Multiple myeloma approval is based on bone metastases.
† New in 2019
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F I E L D  O V E R V I E W

Global Development Landscape by Body System continued

    Conceptual                              Preclinical                                 Pilot trials                                  Pivotal trials                            Outside US approvals            FDA approvals                          US reimbursement

Neurological

Anorexia Cavernomas

Hydrocephalus

Neuromyelitis optica†

Parkinson’s disease, 
other4†

Rett syndrome†

Spinal cord injury

Stroke, intracerebral
hemorrhage

Stroke, thromboembolic

Trigeminal neuralgia

Depression

Essential tremor

Neuropathic pain

Obsessive-compulsive
disorder

Parkinson’s disease,
dyskinesia

Parkinson’s disease, 
tremor  

Essential tremor

Parkinson’s disease, 
tremor  

Essential tremorAlzheimer’s disease

Amyotrophic lateral 
sclerosis 

Astrocytoma 

Cancer pain

Dementia

Dystonia

Dystonia, hand3

Epilepsy

Glioblastoma 

Holmes tremor 

Huntington’s disease

Migraine

Multiple sclerosis

Neuroblastoma  

Opioid and other 
addictions

Painful amputation 
neuromas

Pontine glioma

Traumatic brain injury

Ophthalmological

Keratoplasty

Macular degeneration

Glaucoma

3 In 2019 subcategories for dystonia were established.
4 Treatment of the underlying cause of the disease
† New in 2019
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Women’s health

Global Development Landscape by Body System continued

    Conceptual                              Preclinical                                 Pilot trials                                  Pivotal trials                            Outside US approvals            FDA approvals                          US reimbursement

Polycystic ovary 
syndrome

Brain metastases, 
breast cancer

Cervical tumors

Ectopic pregnancy

Endometrial tumors 

Endometriosis 

Endometriosis, 
colorectal

Ovarian tumors

Retained placenta

Vaginal tumors 

Vulvar dystrophy 

Breast cancer 

Breast fibroadenoma

Cervicitis

Uterine adenomyosis

Uterine fibroids

Uterine fibroids 

Urological

Acute kidney injury

Acute tubular necrosis

Fetal bladder obstruction

Ureterocele

Urinary tract infection†

Vasectomy†

Bladder tumors

Chyluria

Kidney stones 

Benign prostatic 
hyperplasia5

Kidney tumors

Prostate cancer

Benign prostatic 
hyperplasia5

Prostate cancer

Pulmonary

Tuberculosis† Lung cancer

Lung metastases

Rhinitis 

15 FDA approval is for prostate tissue ablation. 
† New in 2019
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F I E L D  O V E R V I E W

 A note on multiple listings
The human body contains multiple body systems that work
together. Each system comprises a group of tissue structured
to perform specific functions. The state of research and 
regulatory approvals are organized by indication according
to body systems for case identification. However, when the
chart is arranged solely by body system, the assessment of 
focused ultrasound’s impact on diseases that affect multiple
body systems can be undermined.

In an effort to see the data through a different lens, four
“Areas of Interest”—fetal, oncology, pain, and pediatrics—
are identified in this report on the following pages. These 
indications are represented in the chart in multiple places, 
in the body system to which they belong and again within
the established areas of interest. This helps reveal patterns 
and trends over time that might otherwise be difficult 
to discern.
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State of Research and Regulatory Approvals by Area of Interest

Pain
Bone metastases 

Arthritis, facetogenic

Bone cancer

Bone tumors, benign

Multiple myeloma2

Neuropathic pain

Osteoid osteoma

Pancreatic tumors

Soft tissue injury

Arthritis

Arthritis, ankle

Arthritis, hand

Arthritis, hip

Arthritis, knee

Arthritis, sacroiliac

Cancer pain

Dercum’s disease

Desmoid tumors

Migraine

Painful amputation neuromas

Osteomyelitis

Trigeminal neuralgia

Pediatrics
Bone metastases 

Osteoid osteoma

Soft tissue cancer

Soft tissue tumors, benign

Astrocytoma 

Desmoid tumors

Epilepsy 

Multiple tumors1

Neuroblastoma 

Pontine glioma

Sacral chordoma 

Coarctation of the aorta

Hydrocephalus 

Hypoplastic left heart syndrome

Septal perforation

Ureterocele

Anorexia

Fetal
Fetal bladder obstruction

Fetal heart anomalies

Twin-twin transfusion syndrome

Oncology
Bone metastases

Prostate cancer

Bone cancer

Breast cancer

Kidney tumors

Liver metastase s

Liver tumors

Multiple myeloma2

Pancreatic tumors

Soft tissue cancer

Astrocytoma

Biliary tract cancer

Bladder tumors

Brain metastases, breast cancer

Cancer pain

Cervical tumors

Colorectal tumors

Endometrial tumors

Esophageal tumors

Gastric tumors†

Glioblastoma

Head & neck tumors

Lung cancer

Lung metastases

Melanoma

Multiple tumors1

Neuroblastoma

Ovarian tumors

Pontine glioma

Sacral chordoma

Thyroid cancer

Vaginal tumors

Development stage
Conceptual                    Preclinical                      Pilot trials                    Pivotal trials                 Outside US approvals   FDA Aapprovals             US reimbursement

1 Protocols inclusive of more than one indication
2 Multiple myeloma approval is based on bone metastases.
† New in 2019

F I E L D  O V E R V I E W
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Global Development Landscape by Area of Interest

Fetal bladder obstruction

Fetal heart anomalies

Twin-twin transfusion 
syndrome

Fetal

    Conceptual                              Preclinical                                 Pilot trials                                  Pivotal trials                            Outside US approvals            FDA approvals                          US reimbursement

F I E L D  O V E R V I E W

Astrocytoma

Biliary tract cancer

Bladder tumors

Brain metastases, 
breast cancer

Cancer pain

Cervical tumors

Colorectal tumors

Endometrial tumors 

Esophageal tumors

Gastric tumors†

Glioblastoma

Head & neck tumors

Lung cancer

Lung metastases

Melanoma

Multiple tumors1

Neuroblastoma

Ovarian tumors

Pontine glioma

   Sacral chordoma 

Thyroid cancer 

Vaginal tumors 

Bone cancer

Bone metastases

Breast cancer 

Kidney tumors

Liver metastases

Liver tumors

Multiple myeloma2

Pancreatic tumors

Prostate cancer

Soft tissue cancer

Bone metastases

Prostate cancer

Oncology

Bone metastases

1 Protocols inclusive of more than one indication
2 Multiple myeloma approval is based on bone metastases.
† New in 2019
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Pain

Global Development Landscape by Area of Interest continued

    Conceptual                              Preclinical                                 Pilot trials                                  Pivotal trials                            Outside US approvals            FDA approvals                          US reimbursement

Osteomyelitis

Trigeminal neuralgia
Arthritis

Arthritis, ankle

Arthritis, hand 

Arthritis, hip

Arthritis, knee

Arthritis, sacroiliac

Cancer pain

Dercum’s disease

Desmoid tumors

Migraine

Painful amputation     
neuromas

Arthritis, facetogenic

Bone cancer

Bone metastases

Bone tumors, benign

Multiple myeloma2

Neuropathic pain

Osteoid osteoma

Pancreatic tumors

Soft tissue injury

Bone metastases Bone metastases

Anorexia Coarctation of the aorta

Hydrocephalus 

Hypoplastic left heart 
syndrome

Septal perforation

Ureterocele

Astrocytoma 

Desmoid tumors

Epilepsy 

Multiple tumors1

Neuroblastoma

Pontine glioma   

Sacral chordoma 

Bone metastases 

Osteoid osteoma

Soft tissue cancer

Soft tissue tumors, 
benign

Bone metastases Bone metastases 

Pediatrics

1 Protocols inclusive of more than one indication
2 Multiple myeloma approval is based on bone metastases.

F I E L D  O V E R V I E W
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Indications with Anecdotal Case Reports

F I E L D  O V E R V I E W

Indications Date Reference

Cardiovascular
Arteriovenous malformations 2015 https://doi.org/10.1186/s40349-015-0042-7 

https://doi.org/10.1111/1471-0528.14749

Fetal heart anomalies 2012 https://doi.org/10.1002/uog.11114

https://doi.org/10.1002/uog.20101

Twin-twin transfusion syndrome 2013 https://doi.org/10.1002/uog.12466

Endocrine disorders
Insulinoma 2011 https://doi.org/10.1007/s00270-010-9884-0

Gastrointestinal
Liver alveococcosis 2015 https://doi.org/10.1016/j.ultsonch.2015.05.022

https://doi.org/10.1007/s10396-018-0914-x

Miscellaneous
Actinic keratosis 2020 https://doi.org/10.1111/srt.12883

Basal cell carcinoma 2020 https://doi.org/10.1111/srt.12883
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2012 2013 2014 2015 2016 2017 2018 2019 

Development Stages of Clinical Indications
Development stage:   ■ Preclinical ■ Clinical trials ■ Regulatory approvals

Indications
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Development Stages of FUS Research
Development stage:  ■ Preclinical ■ Clinical trials

Number of indications

75

60

45
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15

0 2012 2013 2014 2015 2016 2017 2018 2019

Indications with multiple mechanisms of action are counted Individually.

F I E L D  O V E R V I E W

In 2019, growth in the number of indications progressing 
to clinical trials was consistent with the upward trend which
began in 2016. It is also worth noting that this graph 
and the graph on the previous page demonstrate that FUS
research is maturing through the various development 
stages and, at the same time, is also continuing to expand to
include new indications.
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Cumulative Approved Indications by Region
Region:  ■ North America ■ South America ■ Europe ■ Asia ■ Oceania ■ Africa

Number of indications

35

28

21

14

7

0 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

As noted in the above graph, European and Asian regulatory
bodies have approved indications for focused ultrasound 
at a steady rate since the early 2000s, and these regions lead
the rest of the world. Some of this can be attributed to 
the age and geographic locations of many companies in the 
focused ultrasound space, and to an overall maturation 
of the industry in these regions (see Timeline of Clinical 
Device Manufacturers by Region on pages III.34–35.). 
Another cause is the varying criteria for regulatory approval
in different geographic regions.
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315,665 total treatments1

■  Uterine fibroids       128,443        41%

■  Prostate diseases      84,458        27%

■  Liver tumors            55,517     18%

■  Breast tumors           22,554          7%

■  Glaucoma                   6,142         2%

■  Cancer, unspecified   5,560      2%

■  Brain                          3,724       1%

■  Other                        9,267         3%

All indications 

Cumulative Patient Treatments by Indication

18%

27%

41%

Other

Brain

7%

2%

1  Manufacturer- supplied data. The number of patient treatments reported is lower than the actual number of procedures because of incomplete reporting from manufacturers and treatment 
      sites. Companies reporting patient treatment values in 2019 were: BrainSonix, Cardiawave, EDAP TMS, FUSMobile, Image Guided Therapy, Insightec, Mirabilis Medical, NaviFUS, Profound 
      Medical, Shanghai A&S, Shenzhen PRO-HITU Medical, SonaCare Medical, Theraclion, and TOOsonix.

3%

F I E L D  O V E R V I E W

Uterine fibroids remain the most
commonly treated condition 
using focused ultrasound thermal
ablation. A majority of these 
treatments occur in Asia. It is worth
noting both the cumulative 
number of liver tumor treatments,
and the number of liver tumor 
treatments in 2019 (pages I.28–29). 
Nearly half of all treatments 
occurred in 2019, indicating a huge
area of growth in the field.
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All indications 

2019 Patient Treatments by Indication

60,460 total treatments1

■  Uterine fibroids         29,137        48%

■  Liver tumors            20,000     33%

■  Prostate diseases        6,549        11%

■  Brain                        1,725         3%

■  Breast tumors                512          1%

■  Other                         2,537         4%

48%

33%

11%

1  Manufacturer- supplied data. The number of patient treatments reported is lower than the actual number of procedures because of incomplete reporting from manufacturers and treatment 
      sites. Companies reporting patient treatment values in 2019 were: BrainSonix, Cardiawave, EDAP TMS, FUSMobile, Image Guided Therapy, Insightec, Mirabilis Medical, NaviFUS, Profound 
      Medical, Shanghai A&S, Shenzhen PRO-HITU Medical, SonaCare Medical, Theraclion, and TOOsonix.

4%
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3%

Other

Brain
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Cumulative Brain Treatments by Indication

1  Includes, in descending order of patient treatments: epilepsy and dystonia
2  Includes, in descending order of patient treatments: obsessive-compulsive disorder, depression, and anxiety
3  Includes, in descending order of patient treatments: blood-brain barrier opening and traumatic brain injury
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Brain indications 

3,724 total brain treatments

■  Essential Tremor           2,408       65%

■  Parkinson’s disease          656       18%

■  Brain tumors                   212       6%

■  Neuropathic pain             156       4%

■  Alzheimer’s disease           75       2%

■  Other movement 
     disorders1                          57        2%

■  Mental health2                  50        1%

■  Other brain3                    110         3%

65%

18%

6%

3%

4%

Brain treatments dramatically 
increased in 2019, with almost half
of all cumulative treatments 
occurring last year. The majority
(88 percent) were for essential
tremor and Parkinson’s disease,
pointing to a more widespread 
acceptance of focused ultrasound 
as a treatment for neurological 
conditions.
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Brain indications 

2019 Brain Treatments by Indication

1,725 total brain treatments

■  Essential Tremor           1,066       62%

■  Parkinson’s disease          333       19%

■  Brain tumors                     82       5%

■  Alzheimer’s disease           61        4%

■  Neuropathic pain               43       3%

■  Mental health1                  15       1%

■  Other movement 
     disorders2                          20        1%

■  Other brain3                    105         6%

62%

19%

5%

1  Includes, in descending order of patient treatments: obsessive-compulsive disorder, depression, and anxiety
2  Includes, in descending order of patient treatments: epilepsy and dystonia
3  Includes, in descending order of patient treatments: blood-brain barrier opening and traumatic brain injury

6%

3,750

3,000

2,250

1500

750

0
15* 16 17 18 19

*Reported in 2015 and prior years

Total Brain Treatments
■ Cumulative  |  ■ Reported yearly addition
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4%
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9,267 total treatments

■  Bone metastases         3,149        34%

■  Thyroid nodules          1,759        19%

■  Soft tissue cancer         1,510     16%

■  Uterine adenomyosis       932        10%

■  Pancreatic tumors          718         8%

■  Arthritis, facetogenic    335      4%

■  Varicose veins              211       2%

■  Osteoid osteoma            190         2%

■  Desmoid tumors            122         1%

■  Other1                            341         4%

Other indications 

Cumulative Other Treatments by Indication

1    Includes, in descending order of patient treatments: hypertension, hyperparathyroidism, osteoarthritis, dermatology research, tattoo removal, kidney tumors, heart valve calcifications, 
      painful amputation neuromas, abdominal paraganglioma, actinic keratosis, osteosarcoma, hemangioma, abdominal tumors, amyotrphic lateral sclerosis, arteriovenous malformations, 
      granular cell tumors of the gluteals, benign soft tissue cancer, cervical tumors, sacral chordoma, schwannoma, spleen tumors, basal cell carcinoma, benign bone tumors, 
      Kaposi’s sarcoma, and neurofibroma

F I E L D  O V E R V I E W

34%

19%

8%

4%

16%

10%

4%
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Other indications 

2019 Other Treatments by Indication

2,537 total treatments

■  Soft tissue cancer          1,000        39%

■  Thyroid nodules             629        25%

■  Bone metastases            417        16%

■  Uterine adenomyosis       264        10%

■  Varicose veins              173       7%

—  Arthritis, facetogenic      10         —

—  Desmoid tumors                 1           —  

■  Other1                              43         2%

39%

16%

10%

1    Includes, in descending order of patient treatments: tattoo removal, heart valve calcifications, actinic keratosis, basal cell carcinoma, and Kaposi’s sarcoma

7%

F I E L D  O V E R V I E W

25%

Note the growth in 2019 in soft 
tissue cancer and thyroid nodules
treatments, with approximately two
thirds of the cumulative soft tissue 
cancer treatments occurring in 2019.
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167,809 total treatments

■  Prostate cancer         79,368        47%

■  Liver tumors              55,517        33%

■  Breast cancer             21,719     13%

■  Cancer unspecified       5,560          3%

■  Bone metastases         3,149         2%

■  Soft tissue cancer      1,510      1%

■  Other1                          986       1%

Oncology indications 

Cumulative Oncology Treatments by Indication

1    Includes, in descending order of patient treatments: pancreatic tumors, glioblastoma, kidney tumors, brain tumors, abdominal paraganglioma, osteosarcoma, hemangioma, abdominal 
      tumors, astrocytoma, granular cell tumors of the gluteals, cervical tumors, sacral chordoma, schwannoma, spleen tumors, ganglioglioma, Kaposi’s sarcoma, and neurofibroma
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47%

3%

33%

13%



                                                                                                                          Focused Ultrasound Foundation | 2020 State of the Field    I.29

Oncology indications 

2019 Oncology Treatments by Indication

28,484 total treatments

■  Liver tumors              20,000        70%

■  Prostate cancer           6,529        23%

■  Breast cancer               1,000       4%

■  Soft tissue cancer            455          2%

■  Bone metastases            417         1%

■  Other1                            83        — 

70%

23%

1    Includes, in descending order of patient treatments: glioblastoma, brain tumors, and Kaposi’s sarcoma

4%
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Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Cardiovascular
Hypertension 

Varicose veins

Endocrine disorders
Thyroid nodules

Gastrointestinal
Liver metastases

Liver tumors

Pancreatic tumors

Musculoskeletal
Arthritis, facetogenic

Bone cancer

Bone metastases

Bone tumors, benign 

Epicondylitis

Multiple myeloma

Osteoid osteoma

Plantar fasciitis

Soft tissue cancer

Soft tissue injury

Soft tissue tumors, benign
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FUS Regulatory Approvals by Indication and Region

● North  America ● South America
● Europe ● Oceania
● Asia ● Africa
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FUS Regulatory Approvals by Indication and Region continued

● North  America ● South America
● Europe ● Oceania
● Asia ● Africa
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Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Neurological
Depression

Essential tremor

Neuropathic pain 

OCD

Parkinson’s dyskinesia

Parkinson’s tremor

Ophthalmological
Glaucoma

Pulmonary
Rhinitis

Urological
BPH

Kidney tumors

Prostate cancer

Women’s health
Breast cancer

Breast fibroadenoma

Cervicitis

Uterine adenomyosis

Uterine fibroids
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Technical Research Sites*

                                                                                            Sites Totals

■ North America ■ Europe ■ Asia ■ Oceania

Drug delivery technology 22 12 5 1 40

FUS Physics 39 24 15 – 78

FUS Simulation & treatment planning 23 20 8 – 51

FUS Transducer technology, Thermal ablation 9 12 7 – 28

FUS Transducer technology, Hyperthermia 7 7 3 – 17

FUS Transducer technology, Nonthermal 8 3 4 – 15

FUS Transducer technology, Histotripsy 7 2 2 – 11

FUS Transducer technology, Other 6 8 1 – 15

FUS Treatment monitoring 31 25 15 – 71

FUS Treatment evaluation 1 6 1 – 8

FUS Image guidance, MR 30 25 20 – 75

FUS Image guidance, Ultrasound 27 15 9 – 51

FUS Image guidance, Navigation 1 4 – – 5

FUS Image guidance, Other – – 1 – 1

Standards & quality assurance 8 6 3 – 17

*Technical research sites may be working in more than one technical research area.                                            
No technical sites in South America or Africa 

Technical research programs address high-priority scientific
and engineering problems that can stand in the way of 
the adoption of focused ultrasound as a mainstream standard
of care. Solutions developed by technical sites help make
clinical treatments faster, safer, less expensive, and available to
a wider patient population. 
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Technical Research Types*

*Technical research sites may be working in more than one technical research area.  
No technical sites in South America or Africa 

Totals

132     ■  FUS Image guidance

86      ■  FUS Transducer technology

78      ■  FUS Physics

71      ■  FUS Treatment monitoring

51      ■  FUS Simulation & 
           treatment planning

40      ■  Drug delivery technology

17      ■  Standards & quality assurance

8      ■  FUS Treatment evaluation

Technical research types

27%

19%

16%

15%

11%

8%

4%
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Mechanisms of Action 
Ultrasound Applications and Biological Effects

A mechanism of action occurs when an ultrasound application 
produces a biological effect.

Focused ultrasound is a medical technology that provides 
a uniquely flexible treatment platform applicable to a wide
range of diseases and conditions. It can produce treatments
across the spectrum of thermal to mechanical effects, and
these various treatments elicit a multitude of responses in 
biological tissues.

Varying ultrasound power, utilizing continuous versus 
pulsing modes, and changing the total treatment time create
different ultrasound applications. These applications can 
be categorized based on the type of energy they deliver 
(thermal or mechanical), and whether the effects of treatment 
are permanent or transient. When focused ultrasound 
produces a high-power, continuous pressure wave, thermal
energy accumulates rapidly at the focal point. This technique,
termed thermal ablation, is used most frequently in the clinic
and produces permanent effects, but additional ultrasound
treatment regimens are currently under investigation in 
preclinical experiments and clinical trials. One of the most
promising ultrasound applications currently being tested in
clinical trials is a low-power, pulsed treatment that produces

mild mechanical forces capable of enhancing drug delivery 
to the brain. This effect is transient, and treated tissue reverts
to normal function within a few hours.

The effects induced by focused ultrasound can vary greatly
depending on the ultrasound application and the type of 
tissue that is targeted. These biological effects are sometimes
uniquely paired to a set of ultrasound parameters, as is the
case with blood-brain barrier disruption, but others may be
induced by multiple ultrasound applications. One active area
of research is immunomodulation—altering the immune 
response to treated tissue. The immune response to focused
ultrasound is dependent on the nature of the treatment 
parameters, although most treatments do induce a response.

In this section, we describe several ultrasound applications
and the various biological effects they are known to 
produce. Researchers are working actively on many of these
combinations of ultrasound application and biological effects, 
and more are discovered each year.
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Ultrasound Applications and Biological Effects
Graphic

Thermal ablation
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Clot lysis

Hemostasis

Amplification of 
cancer biomarkers

Chemosensitization

Immune cell
trafficking

Immunomodulation

Radiosensitization

Tissue destruction

Angiogenesis

Cardiac 
pacing

Vasoconstriction

Vascular
occlusion

Stem cell
trafficking 

Sonoporation

Kidney stone
fragmentation

Kidney stone
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Sonodynamic
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Histotripsy

Drug delivery,
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 Immune cell
delivery

Drug delivery

Drug delivery,
immunotherapeutic
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Stem cell 
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Increased vascular
permeability

Neuromodulation

Gene delivery

Hyperthermia
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Ultrasound Applications and Biological Effects
Table

HISTOTRIPSY

7
biological effects

Amplification of cancer 
    biomarkers
Chemosensitization
Immune cell trafficking
Immunomodulation
Liquid biopsy
Radiosensitization
Tissue destruction

NONTHERMAL

25
biological effects

Amplification of cancer 
    biomarkers

Angiogenesis

Cardiac pacing

Chemosensitization

Drug delivery

Drug delivery, 
    immunotherapeutic

Drug delivery, vehicle

Gene delivery

Immune cell delivery

Immune cell trafficking

Immunomodulation

Increased vascular 
    permeability

Kidney stone fragmentation

Kidney stone propulsion

Liquid biopsy

Neuromodulation

Radiosensitization

Sonodynamic therapy

Sonoporation

Stem cell delivery

Stem cell trafficking

Tissue destruction

Vascular occlusion

Vasoconstriction

Vasodilation

THERMAL ABLATION

9
biological effects

Amplification of cancer 
    biomarkers

Chemosensitization

Clot lysis

Hemostasis

Immune cell trafficking

Immunomodulation

Neuromodulation

Radiosensitization

Tissue destruction

HYPERTHERMIA

12
biological effects

Amplification of cancer 
    biomarkers
Chemosensitization
Drug delivery
Drug delivery, 
    immunotherapeutic
Drug delivery, vehicle
Immune cell delivery
Immune cell trafficking
Immunomodulation
Increased vascular 
    permeability
Radiosensitization
Tissue destruction
Vasodilation

NONTHERMAL
BBB OPENING

7
biological effects

BBB opening
Drug delivery
Drug delivery, 
    immunotherapeutic
Drug delivery, vehicle
Gene delivery
Immune cell delivery
Stem cell delivery
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5,393
FUS publications

139,375
Citations of FUS publications

2019

575
FUS publications

17,608
Citations of FUS publications

06 07 08 09 10 11 12 13 14 15 16 17 18 19

Source: Data from Web of Knowledge as of March 31, 2020

FUS Publications
■ Traditional journals    ■ Open access

625

500

375

250

125

0

FUS Citations

CumulativeFUSF
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Publications—Top Twenty-Five Source Titles
Cumulative

Records Medical Journal Title

414 Ultrasound in Medicine Biology 

195 International Journal of Hyperthermia, 

Official Journal of European Society for Hyperthermic Oncology, North American Hyperthermia Group

193 Physics in Medicine and Biology

157 IEEE Transactions on Ultrasonics Ferroelectrics, and Frequency Control

113 The Journal of the Acoustical Society of America

111 Medical Physics

106 Journal of Therapeutic Ultrasound  

98 Ultrasonics

96 Magnetic Resonance in Medicine

80 Ultrasonics Sonochemistry 

77 Journal of Controlled Release, Official Journal of the Controlled Release Society

74 Conference Proceedings,  IEEE Engineering in Medicine and Biology Society Annual International Conference

68 Scientific Reports

67 European Urology

67 PLOS One, published by Public Library of Science

66 Radiology

61 IEEE Transactions on Biomedical Engineering

60 The Journal of Urology

59 BJU International, formerly the British Journal of Urology

54 Journal of Ultrasound in Medicine, Official Journal of the American Institute of Ultrasound in Medicine

52 Journal of Magnetic Resonance Imaging, JMRI

50 European Radiology

50 Journal of Neurosurgery

38 Journal of Endourology

38 Theranostics
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Publications—Top Ten Research Areas
Cumulative

F I E L D  O V E R V I E W

802
Acoustics

807
Urology

Nephrology

842
Cardiovascular System

Cardiology

891
Medical Laboratory 

Technology

930
Pharmacology

Pharmacy

954
Neurosciences

Neurology

1,445
Pathology

2,533
Radiology Nuclear Medicine 

Medical Imaging

1,914
Oncology

2,359
Surgery

Publications—2019 Top Ten Source Titles

Records Medical Journal Title

33 International Journal of Hyperthermia, 

Official Journal of European Society for Hyperthermic Oncology, North American Hyperthermia Group

28 Ultrasound in Medicine Biology

22 Scientific Reports

11 Movement Disorders, Official Journal of the International Parkinson and Movement Disorder Society

10 Journal of Neurosurgery

10 Theranostics 

10 Ultrasonics Sonochemistry

9 IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control  

9 Journal of Ultrasound in Medicine, Official Journal of the American Institute of Ultrasound in Medicine

9 Physics in Medicine and Biology
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300

240
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60

0 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19**

* Held biennially
** EUFUS and ISTU held jointly in 2019.

Abstracts Presented at FUS Symposia
■ Focused Ultrasound Foundation Symposium, FUSF* ■ European Symposium on Focused Ultrasound, EUFUS* ■ International Symposium on Therapeutic Ultrasound, ISTU

FUSF
established

While the number of abstracts presented at FUS Symposia
has remained strong over the last few years, this year we 
decided to also look at FUS abstracts presented at other 
professional meetings. We predict that as this technology
continues to translate to additional clinical trials and 
commercial adoption, the clinicians and researchers involved
will present their work/experiences at various medical 
specialty conferences and/or to patient advocacy groups. 
We are already beginning to see evidence that bears out 
this prediction. 
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FUS Abstracts Presented at Other Symposia

Symposium 2015 2016 2017 2018 2019

Acoustical Society of America 19 64 48 39 22
American Association of Physicists in Medicine, AAPM 14 8 16 5 7
American Institute of Ultrasound in Medicine, AIUM 4 2 – 9 6
American Society for Radiation Oncology – 2 5 3 –
American Society for Stereotactic and Functional Neurosurgery – 3 – 6 –
American Urological Association, AUA 4 11 7 4 16
Biomedical Engineering Society 13 12 16 14 26
European Congress of Radiology 7 7 13 22 10
IEEE International Engineering in Medicine and Biology 11 9 5 11 11
IEEE International Ultrasonics Symposium 42 26 71 19 49
Japanese Society for Therapeutic Ultrasound 37 39 35 48 52
Korean Society for Therapeutic Ultrasound 10 14 15 17 22
Radiological Society of North America, RSNA 18 21 17 14 26
Society for Thermal Medicine, STM 4 22 10 10 9
Society of Interventional Radiology – 3 2 1 5
Totals 183 243 260 222 261

Abstracts Presented at FUS Symposia

Symposium 2015 2016 2017 2018 2019

Focused Ultrasound Foundation Symposium, FUSF* – 200 – 250 –
European Symposium on Focused Ultrasound, EUFUS* 75 – 54 –
International Symposium on Therapeutic Ultrasound, ISTU 177 152 207 257
Totals 252 352 262 507 197

* Held biennially
** EUFUS and ISTU held jointly in 2019.

} 197**
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2013 2014 2015 2016 2017 2018 2019

United States FUS Media Placements
Per year

550

440

330

220

110

0

• New York Times
• NPR
• The Oklahoman
• Oregon Live
• PBS NewsHour
• Penn State News
• Philadelphia Tribune
• The Plain Dealer
• PRNewswire
• Pulse
• Roanoke Times
• Sound & Vision
• South China Morning Post
• Tech Nation 
• Telegraph Herald
• Telegraph UK
• The Times (London)
• Toronto Star
• University of Queensland 

News
• US News & World Report
• Washington Examiner
• WBZ CBS Boston
• WINA News Radio
• WIRED

Business Coverage
• Business Wire
• Crain’s Detroit Business
• Financial Times
• Forbes
• Fortune
• Markets Insider
• Nasdaq
• Pittsburgh Business Times
• S&P Global
• South Florida Business Journal
• Virginia Business

Science Coverage
• Acoustical Society of America
• Alzheimer’s News Today
• American Veterinarian
• Being Patient
• Cancer Therapy Advisor
• DOTmed
• EurekAlert

• Genetic Engineering & 
Biotech News

• Health Imaging
• Healthline
• Institute of Cancer Research 

Blog
• Journal of Clinical Pathways
• Journal of Therapeutic 

Ultrasound
• Life Science Daily
• Mass Device
• MD Magazine
• MedCity News
• Medical Daily Times
• Medical Physics Web
• Med Page Today
• Medscape
• Nature
• Neurology Advisor
• News-Medical.net
• Oxford Journals
• Parkinson’s News Today
• PharmWeb.com
• Physics Today
• Physics World
• Psychology Today
• Radiology Business
• Radio MD
• R&D Magazine
• Science 2.0
• Science Daily
• Scientific American
• STAT
• UCLA Urology
• UroToday
• Veterinary Practice News
• WebMD

Commercial Television
• The Doctors
• Grey’s Anatomy
• Holby City (BBC)
• New Amsterdam

1,971
Media placements in last 7 years

News Outlets
• AARP The Magazine
• ABC News Australia
• AP Wire
• Associated Press
• Baltimore Sun
• BBC News
• Boston Globe
• CBC
• CBS Miami
• CBS New York
• Chicago Evening Post
• The Chronicle of Higher 

Education
• CNBC
• Colorado Springs Gazette

• Daily Mail
• Daily Telescope
• Discover Magazine
• The Edge Singapore
• Globe and Mail
• GlobeNewswire
• The Hill
• Houston Chronicle
• Huffington Post
• KING-5 TV Seattle
• KSAT San Antonio
• Los Angeles Times
• Medgadget
• Miami Herald
• Nashville Post
• NBC News
• Newswise
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Encouragingly, there continues to be an increase in federal
funding for focused ultrasound-related projects in the 
United States. Even though the National Institutes of
Health, NIH, budget has been somewhat stagnant over the
last 15 years, the portion of funding allocated to focused 
ultrasound research is growing. Funding increases of this 
nature are typical for medical innovations that have shown
the most potential for improving patient health. 
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United States Federal Government FUS Grants
Dollars in millions       ■ Annual funding 

$60M

48

36

24

12

0

FUSF
established

04* 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19
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*The first record of funded focused ultrasound by the United States Federal Government was in 2004.
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United States Top Federal Government Funders
■ NCI      ■ NIBIB      ■ NINDS      ■ NCRR**      ■ NHLBI      ■ NIMH     

Dollars in millions

*The first record of funded focused ultrasound by the United States Federal Government was in 2004.
**Agency dissolved in 2012.

Addtional gorvernment funders are: CDMRP, CLC, CNRM, FIC, NCMHD, NEI, NHGRI, NIA, NIAAA, NIAMS, NICHD, NIDA, NIDCD, NIDCR, NIDDK, NIGMS, NSF, OD, VA

Sources
Site: NIH RePORTER projectreporter.nih.gov/reporter.cfm
Site: Federal RePORTER federalreporter.nih.gov
Terms searched: "focused ultrasound”, MRgFUS, HIFU

$24M

20

16

12

8

4

0

FUSF
established

04* 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Financial support for focused ultrasound research from 
federal government funders remains robust. In addition to
National Cancer Institute (NCI) funding, which has 
historically been very good, there was a significant increase in
2019 funding from the National Institute of Neurological
Disorders and Stroke (NINDS). This was in large part due to
the awarding of over $8M in NIH HEAL (Helping to End
Addiction Long Term) grants to investigators who are using
focused ultrasound to find new ways to treat chronic pain
and combat the opioid epidemic. 

F I E L D  O V E R V I E W

Note the sharp, one-year increase in funding from the National 
Institute of Mental Health (NIMH) in 2018. This funding
was related to focused ultrasound-induced neuromodulation
studies—a newer area of research inquiry for the field. 
Neuromodulation occurs when focused ultrasound is used 
to stimulate or suppress neural activity, depending on the 
parameters of the energy applied to neural tissue.
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Total funding Granting agency

$191,732,171 ■ NCI | National Cancer Institute

$97,782,716 ■ NIBIB | National Institute of Biomedical Imaging and Bioengineering

$41,253,740 ■ NINDS | National Institute of Neurological Disorders and Stroke

$32,924,533 ■ NCRR* | National Center for Research Resources

$22,217,376 ■ NHLBI | National Heart, Lung, and Blood Institute

$18,088,210 ■ NIMH | National Institute of Mental Health

$10,406,915 NIDDK | National Institute of Diabetes and Digestive and Kidney Diseases

$9,575,834 OD | Office of the Director, NIH

$9,198,449 NIA | National Institute on Aging

$6,988,469 CDMRP | Congressionally Directed Medical Research Programs

$6,915,181 NSF | National Science Foundation

$6,789,910 NICHD | National Institute of Child Health and Human Development

$6,106,583 NIGMS | National Institute of General Medical Sciences

$5,349,795 NIDA | National Institute on Drug Abuse

$3,811,293 NEI | National Eye Institute

$1,858,361 CNRM | Center For Neuroscience and Regenerative Medicine

$1,066,656 NIDCR | National Institute of Dental and Craniofacial Research

$909,727 NIDCD | National Institute on Deafness and Other Communication Disorders

$749,990 NIMHD | National Institute on Minority Health and Health Disparities

$576,760 NIAMS | National Institute of Arthritis and Musculoskeletal and Skin Diseases

$347,747 NIAAA | National Institute on Alcohol Abuse and Alcoholism

$223,196 NHGRI | National Human Genome Research Institute

$158,851 CLC | Clinical Center

$67,858 FIC | John E. Fogarty International Center

$475,100,321 TOTAL

*Agency dissolved in 2012.

Total Funding by United States Government Agencies
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and Treatment 



208
clinical research sites
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technical research sites
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preclinical research sites

94
indications

are being researched at
preclinical sites 

585
commercial 

treatment sites

71
indications

in
clinical trials
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Similar to previous reports, the State of Research and Treatment includes data and information on
clinical, preclinical, and technical research, commercial treatment, and mechanisms of action. 

The section on technical research this year is a bit different. By teasing out more detail on 
transducer technology and image guidance, we hope to provide information that will be useful to
both the research community at large and the companies interested in further developing their 
existing technology and/or expanding their offerings.

This year we have greatly expanded the section on mechanisms of action. We hope you will spend
some extra time in this section; trust us, it is well worth your time. Pages II.26 through II.47 
present all sorts of new data that folks familiar with the field are aware of but that the Foundation
has never tracked in this fashion. We will let you in on a little secret: This revamp has been in the
works for several years now, and we are excited that it is finally time to reveal it. Please let us know
what you think.

A further note to those detail-oriented readers who study this report year after year, have amazing
memories, and possess sharp skills at comparing various data points: This report has inconsistencies.
We work diligently to identify these inconsistencies, attempting to ensure they are not errors 
but are in fact discrepancies that we can explain. The data in this section is self-reported and comes
from our annual surveys sent to members of the focused ultrasound community every January.
However, the data in the Field Overview is data that the Foundation actively collects from various
sources and reports, including personal knowledge gleaned through phone calls and site visits.
Therefore, the Field Overview has some differences with the State of Research and Treatment and
the State of Commercialization.

Lastly, a very special thank you to our new global ambassadors who are working hard to extend 
the reach of the Foundation in Europe and Asia. In the past year, they have been tireless in their 
efforts to reach out to sites within their respective regions and validate the work of those sites. 
They have sought to re-engage those who have gotten lost in the annual survey process, and just
otherwise assist with the unglamorous job of cleaning up our database—the source of information
from which this extensive annual report is generated. They have been an essential addition to 
our team, and we are more confident in the accuracy of this year’s report than in years past because
of their efforts. 

State of Research and Treatment

I N T R O D U C T I O N

8
Centers of Excellence

6
veterinary

programs sites
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C O M M E R C I A L  T R E AT M E N T

Commercial Treatment Sites by Region

130
North America

188
Europe

9
South America

252
Asia

3
Oceania

585Commercial treatment 
sites worldwide

3
Africa

It is worth noting that while China leads the world in treatment 
sites and has 26 unique approved indications, the United 
States follows with the second largest number of treatment sites, 
but with only 6 indications. This trend is representative 
of only a few companies in the United States market heavily 
commercializing their technology for specific indications—
signifying a different commercialization strategy than what is
happening in China.

Commercial treatment additional content
For more information about specific commercial treatment
sites and indications, please visit:
www.fusfoundation.org/the-technology/treatment-sites 

Use the “search by disease” dropdown menu and/or location.

Top Countries for Commercial Treatment
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Commercial Treatment Sites by Country

■ North America
9 Canada
1 Cayman Islands
1 Costa Rica
1 Cuba
2 Dominican Republic
9 Mexico

107 United States

■ South America
1 Argentina
4 Brazil
1 Chile
3 Ecuador

■ Europe
2 Austria
2 Belgium
1 Bulgaria
1 Finland

54 France
42 Germany
1 Greece

16 Italy
4 The Netherlands
2 Norway
3 Poland
1 Romania

25 Russian Federation

4 Spain
1 Sweden

11 Switzerland
1 Turkey
1 Ukraine

16 United Kingdom

■ Asia
153 China

6 India
1 Iran
3 Israel

39 Japan
1 Kazakhstan
1 Lebanon
1 Malaysia
2 Qatar
2 Saudi Arabia
2 Singapore

25 South Korea
13 Taiwan

1 Thailand
1 Uzbekistan
1 Vietnam

■ Oceania
3 Australia

■ Africa
2 Egypt
1 Morocco

C O M M E R C I A L  T R E AT M E N T
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C O M M E R C I A L  T R E AT M E N T

Commercial Treatment Sites by Indication and Region*

*Indications being perfomed off label in a region are shown in bold italic.
For more information about specific commercial treatment sites and indications, please visit: www.fusfoundation.org/the-technology/treatment-sites. 
Use the “search by disease” dropdown menu and/or location.

                                                                                    Regions Totals 

Indications N. America Europe Asia S. America Africa Oceania

Cardiovascular
Arteriovenous malformations 1 2 – – – – 3

Peripheral artery disease 1 – – – – – 1

Varicose veins – 2 – – – – 2

Endocrine disorders
Thyroid nodules – 9 – – – – 9

Gastrointestinal
Liver metastases – 1 1 – – 1 3

Liver tumors 1 9 89 – – 1 100

Pancreatic tumors – 4 3 – – 1 8

Musculoskeletal
Arthritis, facetogenic 2 1 1 – 1 – 5

Bone cancer 2 2 1 – – 1 6

Bone metastases 6 15 6 – 1 1 29

Bone tumors, benign 1 – – – – – 1

Desmoid tumors 2 4 – – – – 6

Osteoid osteoma 3 11 88 – 1 – 103

Soft tissue cancer 1 2 – – – – 3

Soft tissue tumors, benign 2 7 88 – 1 – 98

414
Urological sites

3 indications

455
Women’s health sites

8 indications

14
Ophthalmological sites

1 indication

66
Neurological sites

9 indications

251
Musculoskeletal sites

8 indications

111
Gastrointestinal sites

3 indications

9
Endocrine disorders sites

1 indication

6
Cardiovascular sites

3 indications
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C O M M E R C I A L  T R E AT M E N T

Commercial Treatment Sites by Indication and Region* continued

*Indications being perfomed off label in a region are shown in bold italic.
For more information about specific commercial treatment sites and indications, please visit: www.fusfoundation.org/the-technology/treatment-sites. 
Use the “search by disease” dropdown menu and/or location.

                                                                                    Regions Totals 

Indications N. America Europe Asia S. America Africa Oceania

Neurological

Astrocytoma 2 – – – – – 2

Cancer pain – 1 – – – – 1

Dystonia – 1 – – – – 1

Epilepsy – 1 1 – – – 2

Essential tremor 22 11 9 – 1 – 43

Neuropathic pain – 2 – – – – 2

Parkinson’s disease, dyskinesia – 1 – – – – 1

Parkinson’s disease, tremor 5 6 2 – – – 13

Trigeminal neuralgia – 1 – – – – 1

Ophthalmological
Glaucoma – 14 – – – – 14

Urological
Benign prostatic hyperplasia 27 8 24 1 – – 60

Kidney tumors 1 6 88 – – 1 96

Prostate cancer 103 122 23 8 – 2 258

Women’s health
Breast cancer  – 7 89 – – – 96

Breast fibroadenoma – 11 – – – 1 12

Cervicitis – 1 – – – – 1

Endometrial tumors – – 1 – – – 1

Endometriosis – 1 – – – – 1

Liver metastases, breast cancer – 1 – – – – 1

Uterine adenomyosis 2 6 82 – 2 – 92

Uterine fibroids 11 34 202 1 2 1 251
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C L I N I C A L

Clinical Research Sites by Region*

47
North America

85
Europe

2
South America

70
Asia

4
Oceania

208Clinical research sites worldwide

*Clinical research sites treat patients as part of a clinical study. No clinical research sites in Africa.

Clinical research additional content
For more information about specific clinical research sites
and indications, please visit:
www.fusfoundation.org/the-technology/research-sites

Use the “search by disease research” and/or “search by 
research stage” dropdown menu.

Top Countries for Clinical Research
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C L I N I C A L

Clinical Research Sites by Country

■ North America
9 Canada

38 United States

■ South America
2 Brazil

■ Europe
1 Austria
1 Belgium
1 Bulgaria
3 Czech Republic
1 Finland

14 France
17 Germany
13 Italy
4 The Netherlands
3 Norway
1 Poland
4 Russian Federation

1 Serbia
6 Spain
3 Switzerland

12 United Kingdom

■ Asia
36 China
2 India
1 Iran
3 Israel

10 Japan
1 Kazakhstan
1 Malaysia
9 South Korea
6 Taiwan
1 Vietnam

■ Oceania
3 Australia
1 New Zealand
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C L I N I C A L

Clinical Research Sites by Indication and Region
71 indications are being researched at clinical sites worldwide.

6
Ophthalmological sites

1 indication

2
Pulmonary sites

2 indications

88
Neurological sites

18 indications

101
Musculoskeletal sites

11 indications

8
Miscellaneous sites

6 indications

46
Gastrointestinal sites

7 indications

5
Endocrine disorders sites

3 indications

18
Cardiovascular sites

4 indications

124
Women’s health sites

13 indications

75
Urological sites

6 indications

For more information about specific clinical research sites and indications, please visit: www.fusfoundation.org/the-technology/research-sites.
Use the “search by disease research” and/or “search by research stage” dropdown menu.

                                                                        Regions Totals 

Indications N. America Europe Asia S. America  Oceania

Cardiovascular
Atrial fibrillation – 1 – – – 1

Heart valve calcifications – 3 – – – 3

Hypertension – 10 2 – 1 13

Varicose veins – 1 – – – 1

Endocrine disorders
Graves’ disease – – 1 – – 1

Thyroid cancer – 1 – – – 1

Thyroid nodules – 2 1 – – 3

Gastrointestinal
Biliary tract cancer – – 1 – – 1

Colorectal tumors – 1 – – – 1

Liver metastases – 4 – – – 4

Liver tumors – 9 13 – – 22

Malignant obstructive jaundice – – 1 – – 1
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C L I N I C A L

1 Protocols inclusive of more than one indication.

For more information about specific clinical research sites and indications, please visit: www.fusfoundation.org/the-technology/research-sites.
Use the “search by disease research” and/or “search by research stage” dropdown menu.

Clinical Research Sites by Indication and Region continued

71 indications are being researched at clinical sites worldwide.

                                                                        Regions Totals 

Indications N. America Europe Asia S. America  Oceania

Gastrointestinal continued
Pancreatic tumors – 8 8 – – 16

Root canal endodontia 1 – – – – 1

Miscellaneous
Dercum’s disease – – 1 – – 1

Head & neck tumors 2 1 – – – 3

Hypersplenism – – 1 – – 1

Lipoma – – 1 – – 1

Melanoma – 1 – – – 1

Multiple tumors1 1 – – – – 1

Musculoskeletal
Arthritis, facetogenic 2 3 2 1 – 8

Arthritis, knee – – 1 – – 1

Arthritis, sacroiliac – 1 – – – 1

Bone cancer 3 3 – – – 6

Bone metastases 2 11 6 1 1 21

Bone tumors, benign – 2 – – – 2

Desmoid tumors 1 1 – – – 2

Osteoid osteoma 5 6 13 1 – 25

Sacral chordoma – 2 – – – 2

Soft tissue cancer 3 5 – – – 8

Soft tissue tumors, benign 4 6 14 – 1 25

Neurological
Alzheimer’s disease 4 2 1 – 1 8

Astrocytoma 3 2 – – – 5

Cancer pain – 1 – – – 1

Dementia – 1 – – – 1

Depression 1 – 2 – – 3

Dystonia 1 – 2 – – 3

Epilepsy 3 – 2 – – 5

Essential tremor 7 6 6 – – 19
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C L I N I C A L

Clinical Research Sites by Indication and Region continued

71 indications are being researched at clinical sites worldwide.

                                                                        Regions Totals 

Indications N. America Europe Asia S. America  Oceania

Neurological continued
Glioblastoma 4 5 3 – – 12

Holmes tremor 1 – – – – 1

Huntington’s disease 1 – – – – 1

Neuroblastoma 1 – – – – 1

Neuropathic pain 3 – – – – 3

Obsessive-compulsive disorder 2 – – – – 2

Opioid and other addictions 1 1 – – – 2

Painful amputation neuromas – – 1 – – 1

Parkinson’s disease, dyskinesia 11 2 3 – – 16

Parkinson’s disease, tremor 1 2 1 – – 4

Ophthalmological
Glaucoma 1 5 – – – 6

Pulmonary
Lung metastases – 1 – – – 1 

Rhinitis – – 1 – – 1

Urological
Acute kidney injury – – 1 – – 1

Benign prostatic hyperplasia 2 3 – – – 5

Chyluria – – 1 – – 1

Kidney stones 1 – – – – 1

Kidney tumors – 5 13 – – 18

Prostate cancer 23 20 5 1 – 49

For more information about specific clinical research sites and indications, please visit: www.fusfoundation.org/the-technology/research-sites.
Use the “search by disease research” and/or “search by research stage” dropdown menu.
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C L I N I C A L

For more information about specific clinical research sites and indications, please visit: www.fusfoundation.org/the-technology/research-sites.
Use the “search by disease research” and/or “search by research stage” dropdown menu..

Clinical Research Sites by Indication and Region continued

71 indications are being researched at clinical sites worldwide.

                                                                        Regions Totals 

Indications N. America Europe Asia S. America  Oceania

Women’s health

Brain metastases, breast cancer 1 – – – – 1

Breast cancer  1 9 14 – – 24

Breast fibroadenoma 5 3 2 – – 10

Cervical tumors – 2 – – – 2

Ectopic pregnancy – – 1 – – 1

Endometrial tumors – 1 – – – 1

Endometriosis – – 1 – – 1

Ovarian tumors – 1 – – – 1

Retained placenta – – 1 – – 1

Uterine adenomyosis – 6 10 – 2 18

Uterine fibroids 1 22 35 1 2 61

Vaginal tumors – 2 – – – 2

Vulvar dystrophy – – 1 – – 1
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P R E C L I N I C A L

Preclinical Research Sites by Region*

65
North America

34
Europe

36
Asia

138 Preclinical research sites worldwide

*Preclinical research sites conduct non-human FUS research to collect data in support of the safety or feasibility of clinical applications.
No preclinical research sites in South America and Africa. 

3
Oceania

The United States leads the world in preclinical focused 
ultrasound research. This is likely a reflection of the United
States leading the world in medical research in general and
the robust research infrastructure that exists in institutions 
of higher learning throughout the country.

Preclinical research additional content
For more information about specific preclinical research sites
and indications, please visit:
www.fusfoundation.org/the-technology/research-sites  

Use the “search by disease research” and/or “search by 
research stage” dropdown menu.

Top Countries for Preclinical Research
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P R E C L I N I C A L

Preclinical Research Sites by Country

■ North America
8 Canada

57 United States

■ Europe
1 Cyprus

10 France
7 Germany
1 Italy
1 The Netherlands
1 Norway
4 Spain
3 Switzerland
1 Turkey
5 United Kingdom

■ Asia
13 China
1 India
2 Israel
6 Japan
1 Singapore
6 South Korea
7 Taiwan

■ Oceania
2 Australia
1 New Zealand
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Preclinical Research Sites by Indication and Region
94 indications are being researched at pre clinical sites worldwide.

7
Ophthalmological sites

3 indications

5
Pulmonary sites

3 indications

147
Neurological sites

25 indications

45
Musculoskeletal sites

13 indications

13
Miscellaneous sites

5 indications

56
Gastrointestinal sites

5 indications

5
Endocrine disorders sites

4 indications

39
Cardiovascular sites

18 indications

54
Women’s health sites

9 indications

43
Urological sites

9 indications

P R E C L I N I C A L

For more information about specific preclinical research sites and indications, please visit: www.fusfoundation.org/the-technology/research-sites.  
Use the “search by disease research” and/or “search by research stage” dropdown menu.

                                                                  Regions Totals 

Indications N. America Europe Asia  Oceania

Cardiovascular
Arteriovenous malformations 1 – – – 1

Atherosclerosis 5 1 1 – 7

Atrial fibrillation 1 1 1 – 3

Cardiac hypertrophy – – 1 – 1

Cardiac pacing – 1 – – 1

Coarctation of the aorta 1 – – – 1

Congestive heart failure 1 – 1 – 2

Deep vein thrombosis 6 – – – 6

Fetal heart anomalies 1 – – – 1

Heart valve calcifications – 1 – – 1 

Hematoma 1 – – – 1

Hemophilia 1 – – – 1

Hypertension 1 – – 1 2

Mitral regurgitation – 1 – – 1



                                                                                                                          Focused Ultrasound Foundation | 2020 State of the Field   II.19

P R E C L I N I C A L

1 Protocols inclusive of more than one indication.

For more information about specific clinical research sites and indications, please visit: www.fusfoundation.org/the-technology/research-sites.
Use the “search by disease research” and/or “search by research stage” dropdown menu.

Preclinical Research Sites by Indication and Region continued

94 indications are being researched at pre clinical sites worldwide.

                                                                  Regions Totals 

Indications N. America Europe Asia  Oceania

Cardiovascular continued
Peripheral artery disease 2 – – – 2

Twin-twin transfusion syndrome 1 3 1 – 5

Varicose veins – 1 – – 1

Ventricular tachycardia 1 1 – – 2

Endocrine disorders
Diabetes 1 – – – 1

Graves’ disease 1 – – – 1

Thyroid cancer 2 – – – 2

Thyroid nodules 1 – – – 1

Gastrointestinal
Biliary tract tumors – 1 – – 1

Colorectal tumors 1 1 – – 2

Liver metastases 3 3 – – 6

Liver tumors 13 8 5 – 26

Pancreatic tumors 8 9 4 – 21

Miscellaneous
Head & neck tumors 1 2 1 – 4

Melanoma 2 – – – 2

Multiple tumors1 3 2 – – 5

Obesity 1 – – – 1

Wound healing 1 – – – 1

Musculoskeletal
Arthritis, facetogenic 2 2 1 – 5

Arthritis, knee – – 1 – 1

Bone cancer 1 – – – 1

Bone metastases 6 2 3 1 12

Bone tumors, benign 2 – – – 2

Disc degeneration 1 – – – 1

Muscle atrophy 1 – – – 1

Osteoid osteoma 1 1 2 – 4

Osteomyelitis 1 – – – 1
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P R E C L I N I C A L

For more information about specific preclinical research sites and indications, please visit: www.fusfoundation.org/the-technology/research-sites.  
Use the “search by disease research” and/or “search by research stage” dropdown menu.

Preclinical Research Sites by Indication and Region continued

94 indications are being researched at pre clinical sites worldwide.

                                                                  Regions Totals 

Indications N. America Europe Asia Oceania

Musculoskeletal continued
Rotator cuff injury 1 – – – 1

Soft tissue cancer 7 1 – – 8

Soft tissue tumors, benign 4 1 2 – 7

Tendon contracture 1 – – – 1

Neurological 
Alzheimer’s disease 7 3 2 1 13

Amyotrophic lateral sclerosis 1 1 – – 2

Astrocytoma 7 2 3 – 12

Cancer pain 2 3 – – 5

Dementia – – 1 – 1

Depression 2 1 – – 3

Epilepsy 11 1 – – 12

Essential tremor 1 1 1 – 3

Glioblastoma 20 9 10 – 39

Huntington’s disease 1 – – – 1

Hydrocephalus 1 – – – 1

Migraine 1 – – – 1

Multiple sclerosis 1 – – – 1

Neuroblastoma 1 1 – – 2

Neuromyelitis optica 1 – – – 1

Neuropathic pain 3 – 1 – 4

Opioid and other addictions 1 1 1 – 3

Parkinson’s disease, tremor 1 – – – 1

Parkinson’s disease, underlying cause 6 2 3 – 11

Pontine glioma 1 2 – – 3

Rett syndrome – 1 – – 1

Spinal cord injury 3 – 1 – 4

Stroke, intracerebral hemorrhage 9 2 1 – 12

Stroke, thromboembolic 4 3 1 – 8

Traumatic brain injury 3 – – – 3
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P R E C L I N I C A L

For more information about specific preclinical research sites and indications, please visit: www.fusfoundation.org/the-technology/research-sites.  
Use the “search by disease research” and/or “search by research stage” dropdown menu

Preclinical Research Sites by Indication and Region continued

94 indications are being researched at pre clinical sites worldwide.

                                                                  Regions Totals 

Indications N. America Europe Asia Oceania

Ophthalmological
Glaucoma – 4 – – 4

Keratoplasty – – 1 – 1

Macular degeneration 1 1 – – 2

Pulmonary
Lung cancer 1 1 1 – 3

Lung metastases – 1 – – 1

Tuberculosis – – 1 – 1

Urological
Acute kidney injury 1 – – – 1

Acute tubular necrosis 1 – 1 – 2

Benign prostatic hyperplasia 2 – – – 2

Bladder tumors 2 – – – 2

Fetal bladder obstruction – – 1 – 1

Kidney stones 2 – – – 2

Kidney tumors 5 2 2 – 9

Prostate cancer 13 7 3 – 23

Urinary tract infection – 1 – – 1

Women’s health
Brain metastases, breast cancer 2 – – – 2

Breast cancer  15 1 6 – 22

Breast fibroadenoma 1 – 1 – 2

Cervical tumors – – 1 – 1

Endometrial tumors 1 – 1 – 2

Endometriosis – 1 – – 1

Ovarian tumors – – 1 1 2

Uterine adenomyosis – 1 2 1 4

Uterine fibroids 6 3 8 1 18
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T E C H N I C A L  R E S E A R C H

Technical Research Sites by Region

58
North America

51 
Europe

40
Asia

150Technical research sites worldwide

1
Oceania

New for the 2020 report, we have broken down both 
transducer design and image guidance into greater detail.
These new categories can be found on page II.24. 

Technical research additional content
For more information about specific technical research sites,
please visit:
www.fusfoundation.org/the-technology/research-sites

Use the “search by technical research” dropdown menu.

Top Countries for Technical Research
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T E C H N I C A L  R E S E A R C H

■ North America
6 Canada

52 United States

■ Europe
1 Cyprus
2 Finland
8 France
8 Germany
8 Italy
3 The Netherlands
1 Norway
2 Poland
1 Russian Federation
2 Spain
5 Switzerland
1 Turkey
9 United Kingdom

■ Asia
13 China
1 India
1 Iran
2 Israel

10 Japan
1 Singapore
7 South Korea
4 Taiwan
1 Vietnam

■ Oceania
1 Australia

Technical Research Sites by Country
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T E C H N I C A L  R E S E A R C H

Technical Sites by Research Type and Region

For more information about specific technical research sites, please visit: www.fusfoundation.org/the-technology/research-sites.
Use the “search by technical research” dropdown menu.

                                                                                    Regions Totals 

N. America Europe Asia Oceania

Drug delivery technology 22 12 5 1 40

FUS Simulation & treatment planning 23 20 8 – 51

FUS Physics 39 24 15 – 78

FUS Transducer technology, Thermal ablation 9 12 7 – 28

FUS Transducer technology, Hyperthermia 7 7 3 – 17

FUS Transducer technology, Nonthermal 8 3 4 – 15

FUS Transducer technology, Histotripsy 7 2 2 – 11

FUS Transducer technology, Other 6 8 1 – 15

FUS Treatment monitoring 31 25 15 – 71

FUS Treatment evaluation 1 6 1 – 8

FUS Image guidance, MR 30 25 20 – 75

FUS Image guidance, Ultrasound 27 15 9 – 51

FUS Image guidance, Navigation 1 4 – – 5

FUS Image guidance, Other – – 1 – 1

Standards & quality assurance 8 6 3 – 17



                                                                                                                          Focused Ultrasound Foundation | 2020 State of the Field   II.25

T E C H N I C A L  R E S E A R C H

Page intentionally left blank



II.26      Focused Ultrasound Foundation | 2020 State of the Field

MECHANISMS OF ACTION

Mechanisms of Action Research Sites by Region*

77
North America

37 
Europe

54
Asia

2
Oceania

170 Mechanisms of Action 
Research Sites Worldwide

*Mechanisms of action research sites conduct basic science research to understand how focused ultrasound affects the body.
No mechanisms of action research sites in South America and Africa.

Mechanisms of action (MOA)
For more information about specific mechanisms of action 
research sites, please visit:
www.fusfoundation.org/the-technology/research-sites 

Use the “search by biological effects research” dropdown
menu.

Top Countries for MO A Research
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MECHANISMS OF ACTION

Mechanisms of Action Research Sites by Country

■ North America
9 Canada

68 United States

■ Europe
1 Cyprus
8 France
7 Germany
5 Italy
2 The Netherlands
2 Norway
1 Russian Federation
2 Spain
3 Switzerland
6 United Kingdom

■ Asia
20 China
2 Iran
4 Israel

10 Japan
1 Malaysia
1 Singapore

10 South Korea
6 Taiwan

■ Oceania
2 Australia



Mechanisms of Action 
Ultrasound Applications and Biological Effects
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MECHANISMS OF ACTION

A mechanism of action occurs when an ultrasound application 
produces a biological effect.

Focused ultrasound is a medical technology that provides 
a uniquely flexible treatment platform applicable to a wide
range of diseases and conditions. It can produce treatments
across the spectrum of thermal to mechanical effects, and
these various treatments elicit a multitude of responses in 
biological tissues.

Varying ultrasound power, utilizing continuous versus 
pulsing modes, and changing the total treatment time create
different ultrasound applications. These applications can 
be categorized based on the type of energy they deliver 
(thermal or mechanical), and whether the effects of treatment 
are permanent or transient. When focused ultrasound 
produces a high-power, continuous pressure wave, thermal
energy accumulates rapidly at the focal point. This technique,
termed thermal ablation, is used most frequently in the clinic
and produces permanent effects, but additional ultrasound
treatment regimens are currently under investigation in 
preclinical experiments and clinical trials. One of the most
promising ultrasound applications currently being tested in
clinical trials is a low-power, pulsed treatment that produces

mild mechanical forces capable of enhancing drug delivery 
to the brain. This effect is transient, and treated tissue reverts
to normal function within a few hours.

The effects induced by focused ultrasound can vary greatly
depending on the ultrasound application and the type of 
tissue that is targeted. These biological effects are sometimes
uniquely paired to a set of ultrasound parameters, as is the
case with blood-brain barrier disruption, but others may be
induced by multiple ultrasound applications. One active area
of research is immunomodulation—altering the immune 
response to treated tissue. The immune response to focused
ultrasound is dependent on the nature of the treatment 
parameters, although most treatments do induce a response.

In this section, we describe several ultrasound applications
and the various biological effects they are known to 
produce. Researchers are working actively on many of these
combinations of ultrasound application and biological effects, 
and more are discovered each year.
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■ Nonthermal | 298 sites

Amplification of cancer 
biomarkers

Angiogenesis
Cardiac pacing 
Chemosensitization
Drug delivery
Drug delivery, immunotherapeuti
Drug delivery, vehicle
Gene delivery
Immune cell trafficking
Immunomodulation
Liquid biopsy
Neuromodulation
Radiosensitization

Sonodynamic therapy
Sonoporation
Stem cell delivery
Stem cell trafficking
Tissue destruction
Vascular occlusion

■ Nonthermal - 
BBB opening | 95 sites

Blood-brain barrier opening 
Drug delivery
Drug delivery, 

immunotherapeutic
Gene delivery
Immune cell delivery
Stem cell delivery

■ Thermal 
ablation | 112 sites

Amplification of cancer 
biomarkers

Chemosensitization
Clot l ysis
Hemostasis 
Immune cell trafficking
Immunomodulation
Neuromodulation
Radiosensitization
Tissue destruction

■ Histotripsy | 45 sites

Amplification of cancer 
biomarkers

Immune cell trafficking 
Immunomodulation
Liquid biopsy
Tissue destruction

■ Hyperthermia | 52 sites

Chemosensitization
Drug delivery
Drug delivery, 

immunotherapeutic
Drug delivery, vehicle 
Immune cell trafficking 
Immunomodulation
Radiosensitization 
Tissue destruction
Vasodilation

Mechanisms of Action Research Sites

MECHANISMS OF ACTION

Tissue
destruction

Drug
delivery

Tissue destruction

Ultrasound applications and biological effects

Drug delivery vehicle

Neuromoduation

Tissue destruction

Drug delivery

Drug delivery

Immunomodulation

Sonoporation

Sonodynamic
therapy 

Vascular
occlusion
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MECHANISMS OF ACTION

Mechanisms of Action Research Sites by Region

                                                                 Regions Totals 

N. America Europe Asia  Oceania

Histotripsy | 45 sites

Amplification of cancer biomarkers 1 – – – 1

Immune cell trafficking 1 – – – 1

Immunomodulation 6 3 – – 9

Liquid biopsy 1 – – – 1

Tissue destruction 22 7 4 – 33

Hyperthermia | 52 sites
Chemosensitization 1 – – – 1

Drug delivery 12 7 3 – 22

Drug delivery, immunotherapeutic – 2 – – 2

Drug delivery, vehicle – 1 – – 1

Immune cell trafficking 1 – – – 1

Immunomodulation 1 2 – – 3

Radiosensitization 3 5 1 – 9

Tissue destruction 6 3 3 – 12

Vasodilation – 1 – – 1

Nonthermal | 298 sites
Amplification of cancer biomarkers 6 – 1 – 7

Angiogenesis 2 1 2 – 5

Cardiac pacing – – 1 – 1

Chemosensitization 5 2 – – 7

Drug delivery 16 5 2 – 23

Drug delivery, immunotherapeutic 6 2 – 1 9

Drug delivery, vehicle 32 12 20 – 64

Gene delivery 1 – – – 1

Immune cell trafficking 2 – – – 2

Immunomodulation 13 4 4 – 21

Liquid biopsy 4 – – – 4

Neuromodulation 26 6 14 1 47

Radiosensitization 4 – – – 4

Sonodynamic therapy 7 2 6 – 15
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MECHANISMS OF ACTION

Mechanisms of Action Research Sites by Region continued

                                                                              Regions Totals 

N. America Europe Asia  Oceania

Nonthermal continued

Sonoporation 9 2 2 – 13

Stem cell delivery 7 – 1 – 8

Stem cell trafficking 3 – – – 3

Tissue destruction 21 13 12 – 46

Vascular occlusion 11 3 4 – 18

Nonthermal - BBB opening | 95 sites
Blood-brain barrier opening 18 6 4 – 28

Drug delivery 24 13 21 1 59

Drug delivery, immunotherapeutic 2 1 – – 3

Gene delivery 1 1 – – 2

Immune cell delivery 1 – – – 1

Stem cell delivery 1 – 1 – 2

Thermal ablation | 112 sites
Amplification of cancer biomarkers 3 1 – – 4

Chemosensitization 1 1 – – 2

Clot l ysis 14 3 3 – 20

Hemostasis 2 – – – 2

Immune cell trafficking 2 1 – – 3

Immunomodulation 5 4 2 – 11

Neuromodulation 1 – – – 1

Radiosensitization 1 – – – 1

Tissue destruction 32 19 16 1 68
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MECHANISMS OF ACTION

Neurological—Mechanisms of Action Global Development Landscape
Development stage: ● Preclinical ● Clinical ● Regulatory approval

                                                              Ultrasound Applications

                                                                                                                                                                       Nonthermal -
Biological effects                                                           Histotripsy         Hyperthermia           Nonthermal          BBB opening     Thermal ablation

BBB opening                                                                                –                            –                        –                       ●                        –

Clot lysis                                                                                      –                            –                        –                        –                       ●

Drug delivery                                                                                –                          ●                       ●                        ●                        –

Drug delivery, immunotherapeutic                                               –                          ●                        –                       ●                        –

Drug delivery, vehicle                                                                   –                            –                       ●                       ●                        –

Gene delivery                                                                               –                            –                        –                       ●                        –

Immune cell trafficking                                                                    –                            –                       ●                        –                        –

Immodulation                                                                            ●                            –                       ●                        –                       ●

Increased vascular permeability                                                   –                            –                       ●                        –                        –

Liquid biopsy                                                                              ●                            –                        –                        –                        –

Neuromodulation                                                                         –                            –                       ●                        –                       ●

Radiosensitization                                                                        –                          ●                       ●                        –                        –

Sonodynamic therapy                                                                  –                            –                       ●                        –                        –

Sonoporation                                                                               –                            –                       ●                        –                        –

Stem cell delivery                                                                         –                            –                        –                       ●                        –

Tissue destruction                                                                      ●                          ●                       ●                        –                       ●

Vascular occlusion                                                                             –                            –                       ●                        –                        –

Vasodilation                                                                                       –                            –                       ●                        –                        –

Emerging mechanisms of action for neurological
In addition to the significant changes in the methods by which
the Foundation is tracking mechanisms of action, the 2020 
report goes into greater detail on pages II.33–II.47 in examining 
the development stage of ultrasound applications and biological 
effects for specific indications in two areas—neurological and 
oncology. The table above reveals at a glance the predominance 
of preclinical studies occurring in the neurological research
space, making it abundantly clear that, within this body system,
the research on mechanisms of action is early stage for the 
majority of indications. Notably, there is only one mechanism
of action—thermal ablation resulting in tissue destruction—
with regulatory approval to date.
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MECHANISMS OF ACTION

Neurological—Research by Mechanism of Action, Indication, and Stage

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Histotripsy | Immunomodulation

Glioblastoma 1 – – 1

Histotripsy | Liquid biopsy
Pontine glioma 1 – – 1 

Histotripsy | Tissue destruction
Epilepsy 1 – – 1

Glioblastoma 2 – – 2

Stroke, intracerebral hemorrhage 1 – – 1

Hyperthermia | Drug delivery
Glioblastoma 1 – – 1

Neuroblastoma 1 – – 1

Hyperthermia | Drug delivery, immunotherapeutic
Glioblastoma 1 – – 1

Hyperthermia | Radiosensitization
Glioblastoma 1 – – 1

Hyperthermia | Tissue destruction
Essential tremor – 1 – 1

Nonthermal | Drug delivery
Alzheimer’s disease 1 – – 1

Pontine glioma 1 – – 1

Stroke, intracerebral hemorrhage 1 – – 1

Stroke, thromboembolic 2 – – 2

Nonthermal | Drug delivery, vehicle
Glioblastoma 2 – – 2

Neuropathic pain 1 – – 1

Parkinson’s disease, underlying cause 1 – – 1

Neuropathic pain 1 – – 1

Stroke, intracerebral hemorrhage 2 – – 2

Stroke, thromboembolic 1 – – 1
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 Neurological—Research by Mechanism of Action, Indication, and Stage continued

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Nonthermal | Immune cell trafficking

Glioblastoma 1 – – 1

Nonthermal | Immunomodulation
Astrocytoma 1 – – 1 

Glioblastoma 4 – – 4 

Multiple sclerosis 1 – – 1 

Nonthermal | Increased vascular permeability
Alzheimer’s disease – 1 – 1

Nonthermal |  Neuromodulation
Alzheimer’s disease 1 – – 1

Cancer pain 1 – – 1

Depression 2 1 – 3

Epilepsy 6 1 – 7

Neuropathic pain 1 1 – 2

Opioid and other addictions 2 2 – 4

Parkinson’s disease, tremor 1 – – 1

Stroke, intracerebral hemorrhage 1 – – 1

Stroke, thromboembolic 1 – – 1

Traumatic brain injury 1 – – 1

Nonthermal | Radiosensitization
Astrocytoma 1 – – 1

Glioblastoma 2 – – 2

Nonthermal | Sonodynamic therapy
Glioblastoma 3 – – 3

Nonthermal | Sonoporation
Stroke, thromboembolic 1 – – 1

Nonthermal | Tissue destruction
Glioblastoma 1 – – 1

Nonthermal | Vascular occlusion
Glioblastoma 1 – – 1
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*Indications being perfomed off label in a region are shown in bold italic.

Neurological—Research by Mechanism of Action, Indication, and Stage* continued

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Nonthermal | Vasodilation

Stroke, thromboembolic 1 – – 1

Nonthermal - BBB opening | BBB opening
Alzheimer’s disease 4 5 – 9

Amyotrophic lateral sclerosis 1 – – 1

Astrocytoma – – 1 1

Dementia 1 – – 1

Epilepsy 1 – – 1

Glioblastoma – 1 – 1

Opioid and other addictions 1 – – 1

Parkinson’s disease, underlying cause – 1 – 1

Nonthermal - BBB opening | Drug delivery
Alzheimer’s disease 7 3 – 10

Amyotrophic lateral sclerosis 1 – – 1

Astrocytoma 2 – 1 3

Dementia – 1 – 1

Epilepsy 2 – – 2

Glioblastoma 13 5 – 18

Multiple sclerosis 1 – – 1

Neuromyelitis optica 1 – – 1

Parkinson’s disease, underlying cause 6 – – 6

Pontine glioma 1 – – 1

Spinal cord injury 2 – – 2

Stroke, intracerebral hemorrhage 1 – – 1

Stroke, thromboembolic 2 – – 2

Traumatic brain injury 1 – – 1

Nonthermal - BBB opening | Drug delivery, immunotherapeutic
Alzheimer’s disease 2 – – 2

Astrocytoma 1 – – 1

Glioblastoma 1 – – 1
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*Indications being perfomed off label in a region are shown in bold italic.

Neurological—Research by Mechanism of Action, Indication, and Stage* continued

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Nonthermal - BBB opening | Drug delivery vehicle

Glioblastoma 1 – – 1

Nonthermal - BBB opening | Gene delivery
Huntington’s disease 1 – – 1

Parkinson’s disease, underlying cause 4 – – 4

Rett syndrome 1 – – 1

Nonthermal - BBB opening |  Stem cell delivery
Alzheimer’s disease 1 – – 1

Thermal ablation | Clot lysis
Hydrocephalus 1 – – 1

Thermal ablation | Immunomodulation
Neuroblastoma 1 – – 1

Thermal ablation | Neuromodulation
Neuropathic pain – 1 – 1

Parkinson’s disease, dyskinesia – 1 – 1

Parkinson’s disease, tremor – 1 – 1

Thermal ablation | Tissue destruction
Alzheimer’s disease 1 – – 1

Astrocytoma – 5 1 6

Cancer pain 1 1 1 3

Depression 1 2 – 3

Dystonia – 3 1 4

Epilepsy 2 5 2 9

Essential tremor 3 17 43 63

Glioblastoma 2 7 – 9

Holmes tremor – 1 – 1

Huntington’s disease – 1 – 1

Migraine 1 – – 1

Neuroblastoma – 1 – 1

Neuropathic pain 1 2 2 5
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MECHANISMS OF ACTION

Neurological—Research by Mechanism of Action, Indication, and Stage* continued

*Indications being perfomed off label in a region are shown in bold italic.

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Thermal ablation | Tissue destruction continued

Obsessive-compulsive disorder – 1 – 1

Painful amputation neuromas – 1 – 1

Parkinson’s disease, dyskinesia – 22 1 23

Parkinson’s disease, tremor – 3 14 17

Parkinson’s disease, underlying cause 1 – – 1

Trigeminal neuralgia – – 1 1
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Neurological—Ultrasound Application by Indication

                                                                                  Actions Totals 
Nonthermal Thermal

Indications Histotripsy Hyperthermia Nonthermal BBB opening ablation 

Neurological

Alzheimer’s disease ▲ ▲ ▲ ✦ ✦ ✦ ✦ ✪ 8

Amyotrophic lateral sclerosis (ALS) ✦ ✦ 2

Astrocytoma ▲ ▲ ✦ ✦ ✪ 5

Cancer pain ▲ ✪ 2

Dementia ✦ ✦ 2

Depression ▲ ✪ 2

Dystonia ✪ 1

Epilepsy ■ ▲ ✦ ✦ ✪ 5

Essential tremor ● ✪ 2

Glioblastoma ■ ■ ● ● ● ▲ ▲ ▲ ▲ ✦ ✦ ✦ ✦ ✪ 17

▲ ▲ ▲

Histotripsy
■ Immunomodulation
■ Liquid biopsy
■ Tissue destruction

Hyperthermia
● Drug delivery
● Drug delivery, 

immunotherapeutic
● Radiosensitization
● Tissue destruction

Nonthermal
▲Drug delivery
▲Drug delivery, 

immunotherapeutic
▲Drug delivery, vehicle
▲ Immune cell trafficking
▲ Immunomodulation
▲ Increased vascular 

permeability
▲Neuromodulation 

▲Radiosensitization
▲Sonodynamic therapy
▲Sonoporation
▲Tissue destruction
▲Vascular occlusion
▲Vasodilation

Nonthermal - 
BBB opening

✦ BBB opening
✦ Drug delivery
✦ Drug delivery, 

immunotherapeutic
✦ Drug delivery, vehicle
✦ Gene delivery
✦ Stem cell delivery

Thermal ablation
✪ Clot lysis
✪ Chemosensitization
✪ Immunomodulation
✪ Neuromodulation
✪ Tissue destruction

Mechanisms of action for glioblastoma
Many different focused ultrasound mechanisms of action are
currently under investigation for glioblastoma research 
(see below). Glioblastoma, even with the best standard-of-
care treatment available, remains a devastating diagnosis.
Glioblastoma patients are in great need of better treatment
options and the data on this chart speaks to the efforts 
by focused ultrasound scientists around the globe to 
identify them.
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MECHANISMS OF ACTION

  

Neurological—Ultrasound Application by Indication continued

                                                                                  Actions Totals 
Nonthermal Thermal

Indications Histotripsy Hyperthermia Nonthermal BBB opening ablation 

Neurological continued

Holmes tremor ✪ 1

Huntington’s disease ✦ ✪ 2

Hydrocephalus ✪ 1

Migraine ✪ 1

Multiple sclerosis ▲ ✦ 2

Neuroblastoma ● ✪ ✪ 3

Neuromyelitis optica ✦ 1

Neuropathic pain ▲ ▲ ✪ ✪ 4

Obsessive-compulsive disorder ✪ 1

Opioid and other addictions ▲ ✦ 2

Painful amputation neuromas ✪ 1

Parkinson’s disease, dyskinesia ✪ ✪ 2

Parkinson’s disease, tremor ▲ ✪ ✪ 3

Parkinson’s disease, underlying cause ▲ ✦ ✦ ✦ ✪ 5

Pontine glioma ■ ▲ ✦ 3

Rett syndrome ✦ 1

Spinal cord injury ✦ 1

Stroke, intracerebral hemorrhage ■ ▲ ▲ ▲ ✦ 5

Stroke, thromboembolic ▲ ▲ ▲ ▲ ✦ 6

▲

Traumatic brain injury ▲ ✦ 2

Trigeminal neuralgia ✪ 1

Histotripsy
■ Immunomodulation
■ Liquid biopsy
■ Tissue destruction

Hyperthermia
● Drug delivery
● Drug delivery, 

immunotherapeutic
● Radiosensitization
● Tissue destruction

Nonthermal
▲Drug delivery
▲Drug delivery, 

immunotherapeutic
▲Drug delivery, vehicle
▲ Immune cell trafficking
▲ Immunomodulation
▲ Increased vascular 

permeability
▲Neuromodulation 

▲Radiosensitization
▲Sonodynamic therapy
▲Sonoporation
▲Tissue destruction
▲Vascular occlusion
▲Vasodilation

Nonthermal - 
BBB opening

✦ BBB opening
✦ Drug delivery
✦ Drug delivery, 

immunotherapeutic
✦ Drug delivery, vehicle
✦ Gene delivery
✦ Stem cell delivery

Thermal ablation
✪ Clot lysis
✪ Chemosensitization
✪ Immunomodulation
✪ Neuromodulation
✪ Tissue destruction
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MECHANISMS OF ACTION

Oncology—Mechanisms of Action Global Development Landscape
Development stage: ● Preclinical ● Clinical ● Regulatory approval

                                                              Ultrasound Applications

                                                                                                                                                                       Nonthermal -
Biological effects                                                           Histotripsy         Hyperthermia           Nonthermal          BBB opening     Thermal ablation

BBB opening                                                                                –                            –                        –                       ●                        –

Chemosensitization                                                                      –                          ●                        –                        –                       ●

Drug delivery                                                                                –                          ●                       ●                       ●                        –

Drug delivery, immunotherapeutic                                               –                          ●                       ●                       ●                        –

Drug delivery, vehicle                                                                   –                          ●                       ●                       ●                        –

Gene delivery                                                                               –                            –                       ●                        –                        –

Immune cell trafficking                                                                    –                            –                       ●                        –                        –

Immunomodulation                                                                   ●                            –                       ●                        –                       ●

Liquid biopsy                                                                              ●                            –                        –                        –                        –

Neuromodulation                                                                         –                            –                       ●                        –                        –

Radiosensitization                                                                        –                          ●                       ●                        –                       ●

Sonodynamic therapy                                                                  –                            –                       ●                        –                        –

Sonoporation                                                                               –                            –                       ●                        –                        –

Tissue destruction                                                                      ●                          ●                       ●                        –                       ●

Vascular occlusion                                                                       –                            –                       ●                        –                        –

Emerging mechanisms of action for oncology
When we turn from the neurological field, with its 
preponderance of preclinical studies (page II.32), to the field
of oncology, we see a shift to a more even distribution of 
preclinical studies and clinical trials across a multitude of
mechanisms of action. The mechanisms of action research for
cancer is developmentally further along, and much of this
work is already in the clinical space. But here again, and 
despite this increased clinical activity, there remains only one
mechanism of action with regulatory approval—thermal 
ablation resulting in tissue destruction.
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*Indications being perfomed off label in a region are shown in bold italic.

MECHANISMS OF ACTION

Oncology—Research by Mechanism of Action, Indication, and Stage*

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Histotripsy | Immunomodulation

Glioblastoma 1 – – 1

Liver tumors 1 – – 1

Melanoma 1 – – 1

Pancreatic tumors 1 – – 1

Soft tissue cancer 1 – – 1

Histotripsy | Liquid biopsy
Pontine glioma 1 – – 1 

Histotripsy | Tissue destruction
Biliary tract cancer 2 – – 2

Glioblastoma 2 – – 2

Kidney tumors 2 – – 2

Liver metastases 1 – – 1

Liver tumors 2 – – 2

Multiple tumors 1 – – 1

Pancreatic tumors 2 1 – 3

Prostate cancer 1 – – 1

Soft tissue cancer 1 – – 1

Thyroid cancer 1 – – 1

Hyperthermia | Chemosensitization
Pancreatic tumors – 1 – 1

Hyperthermia | Drug delivery
Breast cancer – 1 – 1

Glioblastoma 1 – – 1

Head & neck tumors 1 – – 1

Multiple tumors 2 –   – 2

Neuroblastoma 1 – – 1

Pancreatic tumors 2 2 – 4

Soft tissue cancer 1 1 1 3
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Oncology—Research by Mechanism of Action, Indication, and Stage continued

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Hyperthermia | Drug delivery, immunotherapeutic

Glioblastoma 1 – – 1

Hyperthermia | Drug delivery, vehicle
Bone metastases 1 – – 1 

Colorectal tumors 1 – – 1 

Hyperthermia | Radiosensitization
Glioblastoma 1 – – 1 

Head & neck tumors 1 – – 1 

Prostate cancer 1 – – 1 

Hyperthermia | Tissue destruction
Bone metastases 1 – – 1 

Kidney tumors 1 – – 1 

Liver tumors 3 – – 3

Prostate cancer 1 1 – 2 

Nonthermal | Drug delivery
Bladder tumors 1 – – 1 

Bone metastases 1 – – 1

Liver metastases 1 1 – 2

Liver tumors 1 – – 1

Pontine glima 1 – – 1

Nonthermal | Drug delivery, immunotherapeutic
Pancreatic tumors 1 – – 1

Nonthermal | Drug delivery, vehicle
Breast cancer 2 – – 2

Glioblastoma 2 – – 2

Kidney tumors 1 – – 1

Liver tumors – 1 – 1

Pancreatic tumors 2 1 – 3

Prostate cancer 1 – – 1
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MECHANISMS OF ACTION

Oncology—Research by Mechanism of Action, Indication, and Stage continued

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Nonthermal | Gene delivery

Breast cancer 1 – – 1

Prostate cancer 1 – – 1

Nonthermal | Immune cell trafficking
Glioblastoma 1 – – 1 

Nonthermal | Immunomodulation
Astrocytoma 1 – – 1

Breast cancer 1 – – 1

Glioblastoma 4 – – 4

Pancreatic tumors 1 – – 1

Nonthermal | Neuromodulation
Cancer pain 1 – – 1 

Nonthermal | Radiosensitization
Astrocytoma 1 – – 1 

Glioblastoma 2 – – 2

Nonthermal | Sonodynamic therapy
Biliary tract cancer – 1 – 1 

Glioblastoma 3 – – 3

Pancreatic tumors 2 – – 2

Nonthermal | Sonoporation
Head & neck tumors 1 – – 1

Liver metastases – 1 – 1

Liver tumors – 1 – 1

Pancreatic tumors 1 2 – 3

Nonthermal | Tissue destruction
Breast cancer 2 – – 2

Glioblastoma 1 – – 1

Head & neck tumors 1 – – 1

Liver metastases 1 – – 1

Liver tumors 1 – – 1

Pancreatic tumors 3 – – 3
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*Indications being perfomed off label in a region are shown in bold italic.

Oncology—Research by Mechanism of Action, Indication, and Stage* continued

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Nonthermal | Tissue destruction continued

Prostate cancer 2 – – 2

Soft tissue cancer 1 – – 1

Nonthermal | Vascular occlusion
Glioblastoma 1 – – 1

Nonthermal - BBB opening
Astrocytoma – – 1 1

Glioblastoma – 1 – 1

Nonthermal - BBB opening | Drug delivery
Astrocytoma 2 – 1 3

Brain metastases, breast cancer 2 1 – 3

Glioblastoma 13 5 – 18

Pontine glioma 1 – – 1

Nonthermal - BBB opening | Drug delivery, immunotherapeutic
Astrocytoma 1 – – 1

Glioblastoma 1 – – 1

Nonthermal - BBB opening | Drug delivery, vehicle
Glioblastoma 1 – – 1

Thermal ablation | Chemosensitization
Bone metastases – 1 – 1

Thermal ablation | Immunomodulation
Breast cancer 4 – – 4

Melanoma 1 – – 1

Multiple tumors 1 1 – 2

Neuroblastoma 1 – – 1

Pancreatic tumors 4 – – 4

Soft tissue cancer 1 1 – 2

Thermal ablation | Radiosensitization
Head & neck tumors – 1 – 1
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MECHANISMS OF ACTION

*Indications being perfomed off label in a region are shown in bold italic

Oncology—Research by Mechanism of Action, Indication, and Stage* continued

                                                          Stages Totals

Ultrasound application | Biological effects Preclinical Clinical Commercial

Thermal ablation | Tissue destruction 

Astrocytoma – 5 1 6

Bone cancer – 6 5 11

Bone metastases 1 17 30 48

Breast cancer 3 8 96 107

Cancer pain 1 1 1 3

Cervical tumors 1 2 – 3

Colorectal tumors – 1 – 1

Endometrial tumors – 1 1 2

Glioblastoma 2 7 – 9

Head & neck tumors – 2 – 2

Kidney tumors 3 3 96 102

Liver metastases 2 2 4 8

Liver tumors 5 5 100 110

Lung cancer 2 – – 2

Lung metastases 1 1 – 2

Multiple tumors 1 – – 1

Neuroblastoma – 1 – 1

Ovarian tumors – 1 – 1

Pancreatic tumors 5 6 8 19

Prostate cancer 3 45 262 310

Sacral chordoma – 2 – 2

Soft tissue cancer – 5 2 7

Vaginal tumors – 2 – 2

From a commercial standpoint, the most widely utilized
mechanism of action in focused ultrasound cancer treatments
has been thermal ablation, causing tissue destruction of 
prostate cancer, liver tumors, breast cancer, and kidney tumors.
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MECHANISMS OF ACTION

Oncology—Ultrasound Application by Indication

                                                                                  Actions Totals 
Nonthermal Thermal

Indications Histotripsy Hyperthermia Nonthermal BBB opening ablation 

Oncology

Astrocytoma ▲ ▲ ✦ ✦ ✦ ✪ 6

Biliary tract cancer ■ ▲ 2

Bladder tumors ▲ 1

Bone cancer ✪ 1

Bone metastases ● ● ▲ ✪ ✪ 5

Brain metastases, breast cancer ✦ 1

Breast cancer ● ▲ ▲ ▲ ▲ ✪ ✪ 7

Cancer pain ▲ ✪ 2

Cervical tumors ✪ 1

Colorectal tumors ● ✪ 2

Endometrial tumors ✪ 1

Glioblastoma ■ ■ ● ● ● ▲ ▲ ▲ ▲ ✦ ✦ ✦ ✦ ✪ 17

▲ ▲ ▲

Head & neck tumors ● ● ▲ ▲ ✪ ✪ 6

Kidney tumors ■ ● ▲ ✪ 4

Liver metastases ■ ▲ ▲ ▲ ✪ 5

Liver tumors ■ ■ ● ▲ ▲ ▲ ▲ ✪ 8

Lung cancer ✪ 1

Lung metastases ✪ 1

Melanoma ■ ✪ 2

Multiple tumors ■ ● ✪ ✪ 4

Neuroblastoma ● ✪ ✪ 3

Ovarian tumors ✪ 1

Histotripsy
■ Immunomodulation
■ Liquid biopsy
■ Tissue destruction

Hyperthermia
● Chemosensitization
● Drug delivery
● Drug delivery, 

immunotherapeutic
● Drug delivery, vehicle
● Radiosensitization
● Tissue destruction

Nonthermal
▲Drug delivery
▲Drug delivery, 

immunotherapeutic
▲Drug delivery, vehicle
▲Gene delievery
▲ Immune cell trafficking
▲ Immunomodulation
▲Neuromodulation 
▲Radiosensitization
▲Sonodynamic therapy

▲Sonoporation
▲Tissue destruction
▲Vascular occlusion

Nonthermal - 
BBB opening

✦ BBB opening
✦ Drug delivery
✦ Drug delivery, 

immunotherapeutic
✦ Drug delivery, vehicle

Thermal ablation
✪ Chemosensitization
✪ Immunomodulation
✪ Neuromodulation
✪ Radiosensitization
✪ Tissue destruction
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MECHANISMS OF ACTION

Oncology—Ultrasound Application by Indication continued

                                                                                  Actions Totals 
Nonthermal Thermal

Indications Histotripsy Hyperthermia Nonthermal BBB opening ablation 

Oncology continued

Pancreatic tumors ■ ■ ● ● ▲ ▲ ▲ ▲ ✪ ✪ 12

▲ ▲

Pontine glioma ■ ▲ ✦ 3

Prostate cancer ■ ● ● ▲ ▲ ▲ ✪ 7

Sacral chordoma ✪ 1

Soft tissue cancer ■ ■ ● ▲ ✪ ✪ 6

Thyroid cancer ■ 1

Vaginal tumors ✪ 1

Histotripsy
■ Immunomodulation
■ Liquid biopsy
■ Tissue destruction

Hyperthermia
● Chemosensitization
● Drug delivery
● Drug delivery,

immunotherapeutic
● Drug delivery, vehicle
● Radiosensitization
● Tissue destruction

Nonthermal
▲Drug delivery
▲Drug delivery, 

immunotherapeutic
▲Drug delivery, vehicle
▲Gene delievery
▲ Immune cell trafficking
▲ Immunomodulation
▲Neuromodulation 
▲Radiosensitization
▲Sonodynamic therapy

▲Sonoporation
▲Tissue destruction
▲Vascular occlusion

Nonthermal - 
BBB opening

✦ BBB opening
✦ Drug delivery
✦ Drug delivery, 

immunotherapeutic
✦ Drug delivery vehicle

Thermal ablation
✪ Chemosensitization
✪ Immunomodulation
✪ Neuromodulation
✪ Radiosensitization
✪ Tissue destruction

Mechanisms of action for pancreatic cancer
Pancreatic cancer, like glioblastoma, is a devastating 
diagnosis with survival generally measured in months after
initial diagnosis, even when patients receive the best 
standard-of-care treatment. It is not surprising to see that, 
on a global scale, pancreatic tumor research is investigating
multiple mechanisms of action, each one representing 
hopes for a breakthrough in care.
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Centers of Excellence Research

CENTERS OF EXCELLENCE

The eight research/treatment sites that we highlight in this
report are the Focused Ultrasound Foundation-designated
Centers of Excellence (COE). They are also listed on our
website for the sake of consistency.

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 2019, they collectively published 156 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 create the intellectual
property that will likely 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 the sites if
you’re interested in a potential collaboration.

As stated in the overview, this portion of the 2020 State of 
the Field Report contains a summary of self-reported data
from the COEs. We no longer include information on 
individual treatment and/or research sites. This change was
made in 2018; interested individuals are now referred to 
the www.fusfoundation.org website, where all site-specific 
information is now stored and updated in real time.
. 

Centers of Excellence
Name Location Etablished

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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Centers of Excellence Research continued

CENTERS OF EXCELLENCE

North America

★ Brigham and Women's Hospital

★ Stanford University School of Medicine

★ Sunnybrook Health Sciences Centre

★ University of Maryland School of Medicine

★ University of Virginia Health System

Europe

● Inserm - LabTAU

● The Institute of Cancer Research and The Royal Marsden

● Physics for Medicine Paris

★★
★★

●
●●★
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Centers of Excellence Research continued

Clinical research
Neurological Essential tremor

Physics for Medicine Paris | 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 plays a pivotal role in educating young 
researchers, with the training of many PhD students.

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, Tissue destruction

Preclinical research - Neurological 

Depression Nonthermal, Neuromodulation

Preclinical research
Cardiovascular Heart valve calcifications

Neurological Depression, Essential tremor

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

CENTERS OF EXCELLENCE

Physics for 
Medicine Paris

9
Technical Research

31
Publications

6
Mechanisms of Action

Research

3
Preclinical Research

1
Clinical Research

Mechanisms of action research
Histotripsy Tissue destruction

Nonthermal BBB opening, drug delivery; Drug delivery,vehicle;
Neuromodulation; Tissue destruction

Thermal ablation Tissue destruction
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Centers of Excellence Research continued

Publications

Non-invasive ultrasonic modulation of visual evoked response by GABA  
delivery through the blood brain barrier. Constans C, Ahnine H, Santin M,
Lehericy S, Tanter M, Pouget P, Aubry JF. J Control Release. 2019 Dec
6;318:223-231. doi:  10.1016/j.jconrel.2019.12.006. [Epub ahead of print] 
PubMed PMID: 31816362.

A Basal Forebrain-Cingulate Circuit in Macaques Decides It Is Time to Act. 
Khalighinejad N, Bongioanni A, Verhagen L, Folloni D, Attali D, Aubry JF, 
Sallet J, Rushworth MFS. Neuron. 2020 Jan 22;105(2):370-384.e8. doi: 
10.1016/j.neuron.2019.10.030. Epub 2019 Dec 5. PMID: 31813653. 

MRI monitoring of temperature and displacement for transcranial focus 
ultrasound applications. Ozenne V, Constans C, Bour P, Santin MD, 
Valabrègue R, Ahnine H, Pouget P, Lehéricy S, Aubry JF, Quesson B. Neuroimage. 
2020 Jan 1;204:116236. doi: 10.1016/j.neuroimage.2019.116236. Epub 
2019 Oct 6. PubMed PMID: 31597085.

The macaque anterior cingulate cortex translates counterfactual choice value
into actual behavioral change. Fouragnan EF, Chau BKH, Folloni D, Kolling
N, Verhagen L, Klein-Flügge M, Tankelevitch L, Papageorgiou GK, Aubry JF,
Sallet J, Rushworth MFS. Nat Neurosci. 2019 May;22(5):797-808. doi:
10.1038/s41593-019-0375-6. Epub 2019 Apr 15. PubMed PMID: 
30988525.

Steering Capabilities of an Acoustic Lens for Transcranial Therapy: Numerical 
and Experimental Studies. Maimbourg G, Houdouin A, Deffieux T, Tanter M, 
Aubry JF. IEEE Trans Biomed Eng. 2020 Jan;67(1):27-37. doi:  10.1109/TBME.
2019.2907556. Epub 2019 Mar 26. PMID: 30932823.

Manipulation of Subcortical and Deep Cortical Activity in the Primate Brain 
Using Transcranial Focused Ultrasound Stimulation. Folloni D, Verhagen L,
Mars RB, Fouragnan E, Constans C, Aubry JF, Rushworth MFS, Sallet J. 
Neuron. 2019 Mar 20;101(6):1109-1116.e5. doi: 10.1016/j.neuron.
2019.01.019. Epub 2019 Feb 11. PubMed PMID: 30765166; PubMed 
Central PMCID: PMC6520498.

Offline impact of transcranial focused ultrasound on cortical activation in 
primates. Verhagen L, Gallea C, Folloni D, Constans C, Jensen DE, Ahnine H,
Roumazeilles L, Santin M, Ahmed B, Lehericy S, Klein-Flügge MC, Krug K,
Mars RB, Rushworth MF, Pouget P, Aubry JF, Sallet J. Elife. 2019 Feb 12;8.
pii: e40541. doi: 10.7554/eLife.40541. PubMed PMID: 30747105; PubMed
Central PMCID: PMC6372282.

Controlled mechanical vibration and impacts on skin biology. Caberlotto E, 
Bernal M, Miller Z, Poole A, Ruiz L, Tanter M, et al. Skin Res Technol. 2019
Nov;25(6):881-889. doi: 10.1111/srt.12753. Epub 2019 Aug 9. PubMed 
PMID: 31400033. 

Circulating tPA contributes to neurovascular coupling by a mechanism involving 
the endothelial NMDA receptors. Anfray A, Drieu A, Hingot V, Hommet Y,
Yetim M, Rubio M, et al. J Cereb Blood Flow Metab. 2019 Oct 30:
271678X19883599. doi: 10.1177/0271678X19883599. [Epub ahead of 
print]. PubMed PMID: 31665952.

Carotid Stiffness Assessment With Ultrafast Ultrasound Imaging in Case of
Bicuspid Aortic Valve. Goudot G, Mirault T, Khider L, Pedreira O, Cheng C,
Poree J, et al. Front Physiol. 2019 Oct 23;10:1330. doi: 10.3389/fphys.
2019.01330. eCollection 2019. PubMed PMID: 31708797; PubMed Central 
PMCID: PMC6819321.

Publications continued

4D functional ultrasound imaging of whole-brain activity in rodents. Rabut C, 
Correia M, Finel V, Pezet S, Pernot M, Deffieux T, et al. Nat Methods. 2019
Oct;16(10):994-997. doi: 10.1038/s41592-019-0572-y. Epub 2019 Sep 23. 
PubMed PMID: 31548704; PubMed Central PMCID: PMC6774790.

Ultrafast 3D Ultrasound Localization Microscopy Using a 32 x 32 Matrix Array. 
Heiles B, Correia M, Hingot V, Pernot M, Provost J, Tanter M, et al. IEEE Trans
Med Imaging. 2019 Sep;38(9):2005-2015. doi: 10.1109/TMI.2018.
2890358. Epub 2019 Apr 1. PubMed PMID: 30946662.

Stone Liver, Heart in Danger: Could the Liver Stiffness Assessment Improve the
Management of Patients With Heart Failure? Pernot M, Villemain O. JACC
Cardiovasc Imaging. 2019 Jun;12(6):965-966. doi: 10.1016/j.jcmg.2017.
11.024. Epub 2018 Jan 17. PubMed PMID: 29361494.

Aortic Wall Elastic Properties in Case of Bicuspid Aortic Valve. Goudot G, 
Mirault T, Bruneval P, Soulat G, Pernot M, Messas E. Front Physiol. 2019 Apr
10;10:299. doi: 10.3389/fphys.2019.00299. eCollection 2019. PubMed 
PMID: 31024329; PubMed Central PMCID: PMC6467952.

Functional ultrasound imaging of the brain reveals propagation of task-related 
brain activity in behaving primates. Dizeux A, Gesnik M, Ahnine H, Blaize K,
Arcizet F, Picaud S, et al. Nat Commun. 2019 Mar 28;10(1):1400. doi:
10.1038/s41467-019-09349-w. PubMed PMID: 30923310; PubMed 
Central PMCID: PMC6438968.

Arterial Stiffness Assessment by Shear Wave Elastography and Ultrafast Pulse 
Wave Imaging: Comparison with Reference Techniques in Normotensives
and Hypertensives. Marais L, Pernot M, Khettab H, Tanter M, Messas E, Zidi
M, et al. Ultrasound Med Biol. 2019 Mar;45(3):758-772. doi: 10.1016/j.
ultrasmedbio.2018.10.032. Epub 2019 Jan 12. PubMed PMID: 30642659.

Microvascular flow dictates the compromise between spatial resolution and 
acquisition time in Ultrasound Localization Microscopy. Hingot V, Errico C,
Heiles B, Rahal L, Tanter M, Couture O. Sci Rep. 2019 Feb 21;9(1):2456.
doi: 10.1038/s41598-018-38349-x. PubMed PMID: 30792398; PubMed 
Central PMCID: PMC6385220.

Ultrafast Doppler for neonatal brain imaging. Demene C, Mairesse J, Baranger J,
Tanter M, Baud O. Neuroimage. 2019 Jan 15;185:851-856. doi: 10.1016/ 
j.neuroimage.2018.04.016. Epub 2018 Apr 10. PubMed PMID: 29649559.

Noninvasive vascular occlusion with HIFU for venous insufficiency treatment: 
preclinical feasibility experience in rabbits. Barnat N, Grisey A, Lecuelle B,
Anquez J, Gerold B, Yon S, et al. Phys Med Biol. 2019 Jan 7;64(2):025003. 
doi: 10.1088/1361-6560/aaf58d. PubMed PMID: 30523945.

Segmental aortic stiffness in patients with bicuspid aortic valve compared with  
first-degree relatives. Goudot G, Mirault T, Rossi A, Zarka S, Albuisson J,
Achouh P, et al. Heart. 2019 Jan;105(2):130-136. doi: 10.1136/heartjnl-
2018-313232. Epub 2018 Aug 4. PubMed PMID: 30077994.

3-D Longitudinal Imaging of Tumor Angiogenesis in Mice In Vivo Using Ultrafast 
Doppler Tomography. Demene C, Payen T, Dizeux A, Barrois G, Gennisson 
J-L, Bridal L, et al. Ultrasound Med Biol. 2019 May;45(5):1284-1296. doi:
10.1016/j.ultrasmedbio.2018.12.010. Epub 2019 Feb 22. PubMed PMID: 
30799125.

CENTERS OF EXCELLENCE
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CENTERS OF EXCELLENCE

Centers of Excellence Research continued

Publications continued

Myocardial Stiffness Evaluation Using Noninvasive Shear Wave Imaging in 
Healthy and Hypertrophic Cardiomyopathic Adults. Villemain O, Correia M, 
Mousseaux E, Baranger J, Zarka S, Podetti I, et al. JACC Cardiovasc Imaging. 
2019 Jul;12(7 Pt 1):1135-1145. doi: 10.1016/j.jcmg.2018.02.002. Epub
2018 Mar 14. PubMed PMID: 29550319 ; PubMed Central PMCID: 
PMC6603249.

Oxytocin receptor agonist reduces perinatal brain damage by targeting microglia. 
Mairesse J, Zinni M, Pansiot J, Hassan-Abdi R, Demene C, Colella M, et al.
Glia. 2019 Feb;67(2):345-359. doi: 10.1002/glia.23546. Epub 2018 Dec 2. 
PubMed PMID: 30506969.

Functionalized polymer microbubbles as new molecular ultrasound contrast 
agent to target P-selectin in thrombus. Li B, Aid-Launais R, Labour M-N,
Zenych A, Juenet M, Choqueux C, et al. Biomaterials. 2019 Feb;194:
139-150. doi: 10.1016/j.biomaterials.2018.12.023. Epub 2018 Dec 23. 
PubMed PMID: 30593939.

Arterial Stiffening with Ultrafast Ultrasound Imaging Gives New Insight into 
Arterial Phenotype of Vascular Ehlers-Danlos Mouse Models. Goudot G, 
Papadacci C, Dizier B, Baudrie V, Ferreira I, Boisson-Vidal C, et al. Ultraschall
Med. 2019 Dec;40(6):734-742. doi: 10.1055/a-0599-0841. Epub 2018 
Sep 21. PubMed PMID: 30241104.

Ultrasonic Adaptive Sound Speed Estimation for the Diagnosis and Quantification 
of Hepatic Steatosis: A Pilot Study. Burgio MD, Imbault M, Ronot M, 
Faccinetto A, Van Beers BE, Rautou P-E, et al. Ultraschall Med. 2019
Dec;40(6):722-733. doi: 10.1055/a-0660-9465. Epub 2018 Nov 5. 
PubMed PMID: 30396216.

Publications continued

4D simultaneous tissue and blood flow Doppler imaging: revisiting cardiac 
Doppler index with single heart beat 4D ultrafast echocardiography. 
Papadacci C, Finel V, Villemain O, Goudot G, Provost J, Messas E, et al. Phys
Med Biol. 2019 Apr 10;64(8):085013. doi: 10.1088/1361-6560/ab1107. 
PubMed PMID: 30889552.

The EFSUMB Guidelines and Recommendations for the Clinical Practice of 
Elastography in Non-Hepatic Applications: Update 2018. Saftoiu A, Gilja
OH, Sidhu PS, Dietrich CF, Cantisani V, Amy D, et al. Ultraschall Med. 2019
Aug;40(4):425-453. doi: 10.1055/a-0838-9937. Epub 2019 Jun 25.
PubMed PMID: 31238377.

Mapping Biological Current Densities With Ultrafast Acoustoelectric Imaging: 
Application to the Beating Rat Heart. Berthon B, Behaghel A, Mateo P,
Dansette P-M, Favre H, Ialy-Radio N, et al. IEEE Trans Med Imaging. 2019
Aug;38(8):1852-1857. doi: 10.1109/TMI.2019.2898090. Epub 2019 Feb 7.
PubMed PMID: 30735989.

Ultrafast radial modulation imaging. Muleki-Seya P, Xu K, Tanter M, Couture O. 
EEE Trans Ultrason Ferroelectr Freq Control. 2020 Mar;67(3):598-611. doi:
10.1109/TUFFC.2019.2949046. Epub 2019 Oct 23. PubMed PMID:
31647430.

In the Heart of Stiffness: Are Natural Heart Vibrations Reliable Enough to
Assess Myocardial Stiffness, The New Holy Grail in Echocardiography? 
Pernot M, Villemain O. JACC Cardiovasc Imaging. 2019 Dec;12(12):
2399-2401. doi: 10.1016/j.jcmg.2019.01.012. Epub 2019 Mar 13. PubMed 
PMID: 30878437.

Publications continued
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CENTERS OF EXCELLENCE

Centers of Excellence Research continued

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 COE. 
LabTAU conducts significant translational and clinical research 
with a multidisciplinary, highly qualified, and complementary
team of physicians and scientists. The Center of Excellence
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
Gastrointestinal Liver metastases, Centre Léon Bérard

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

Urological Prostate cancer, Hôpital Edouard Herriot

Women’s health Endometriosis, colorectal, 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; Vascular occlusion

Thermal ablation Clot lysis, Tissue destruction

Preclinical research
Cardiovascular Twin-twin transfusion syndrome, Varicose veins,

Ventricular tachycardia

Gastrointestinal Liver metastases, Liver tumors, Pancreatic tumors

Musculoskeletal Osteoradionecrosis

Neurological Cancer pain; Glioblastoma; Stroke, thromboembolic

Ophthalmological Glaucoma

Urological Prostate cancer

Women’s health Breast cancer, Endometriosis

Inserm - LabTAU

7
Technical Research 

18
Publications

13
Mechanisms of Action 

Research

14
Preclinical Research

4
Clinical Research

1
Commercial Treatment
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Centers of Excellence Research continued

Publications

Transrectal high-intensity focused ultrasound (HIFU) for the management of 
rectosigmoid deep infiltrating endometriosis: results of phase I clinical trial.
Philip CA, Warembourg S, Dairien M, Lefevre C, Gelet A, Chavrier F, Guillen
N, Tonoli H, Maissiat E, Lafon C, Dubernard G. Ultrasound Obstet Gynecol.
2019 Dec 1. doi: 10.1002/uog.21937. [Epub ahead of print] PubMed 
PMID: 31788875.

In vitro potentiation of doxorubicin by unseeded controlled non-inertial ultrasound 
cavitation. Fant C, Lafond M, Rogez B, Castellanos IS, Ngo J, Mestas JL,
Padilla F, Lafon C. Sci Rep. 2019 Oct 30;9(1):15581. doi: 10.1038/s41598-
019-51785-7. PubMed PMID: 31666639; PubMed Central PMCID: 
PMC6821732.

Ultrasound-Induced Blood-Spinal Cord Barrier Opening in Rabbits. Montero AS, 
Bielle F, Goldwirt L, Lalot A, Bouchoux G, Canney M, Belin F, Beccaria K, 
Pradat PF, Salachas F, Boillée S, Lobsiger C, Lafon C, Chapelon JY, Carpentier
A. Ultrasound Med Biol. 2019 Sep;45(9):2417-2426. doi: 10.1016/j.
ultrasmedbio.2019.05.022. Epub 2019 Jun 24. PMID: 31248640.

A causal study of the phenomenon of ultrasound neurostimulation applied to 
an in vivo invertebrate nervous model. Vion-Bailly J, N'Djin WA, Suarez
Castellanos IM, Mestas JL, Carpentier A, Chapelon JY. Sci Rep. 2019 Sep
24;9(1):13738. doi: 10.1038/s41598-019-50147-7. PubMed PMID:
31551448; PubMed Central PMCID: PMC6760187.  

Contrast Agent Microbubble Jetting during Initial Interaction with 200-kHz 
Focused Ultrasound. Cleve S, Inserra C, Prentice P. Ultrasound Med Biol.
2019 Nov;45(11):3075-3080. doi: 10.1016/j.ultrasmedbio.2019.08.005.
Epub 2019 Aug 30.  PubMed PMID: 31477370; PubMed Central PMCID:
PMC6863384.

Salvage high-intensity focused ultrasound for locally recurrent prostate cancer 
after low-dose-rate brachytherapy: oncological and functional outcomes.
Hostiou T, Gelet A, Chapelon JY, Rouvière O, Mège-Lechevalier F, Lafon C,
Tonoli-Catez H, Badet L, Crouzet S. BJU Int. 2019 Nov;124(5):746-757. doi:
10.1111/bju.14838. Epub 2019 Jul 2. PubMed PMID: 31148367. 

Cavitation-induced release of liposomal chemotherapy in orthotopic murine 
pancreatic cancer models: A feasibility study. Camus M, Vienne A, Mestas
JL, Pratico C, Nicco C, Chereau C, Marie JM, Moussatov A, Renault G, 
Batteux F, Lafon C, Prat F. Clin Res Hepatol Gastroenterol. 2019
Nov;43(6):669-681. doi: 10.1016/j.clinre.2019.02.015. Epub 2019 Apr 26. 
PMID: 31031131.

Safety and Feasibility of Repeated and Transient Blood-Brain Barrier Disruption 
by Pulsed Ultrasound in Patients with Recurrent Glioblastoma. Idbaih A,
Canney M, Belin L, Desseaux C, Vignot A, Bouchoux G, Asquier N, Law-Ye B,
Leclercq D, Bissery A, De Rycke Y, Trosch C, Capelle L, Sanson M, Hoang-
Xuan K, Dehais C, Houillier C, Laigle-Donadey F, Mathon B, André A, Lafon
C, Chapelon JY, Delattre JY, Carpentier A. Clin Cancer Res. 2019 Jul
1;25(13):3793-3801. doi: 10.1158/1078-0432.CCR-18-3643. Epub 2019 
Mar 19. PMID: 30890548.

CENTERS OF EXCELLENCE

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

Glioblastoma Nonthermal, BBB opening, drug delivery

Preclinical research - Cardiovascular

Twin-twin transfusion syndrome Nonthermal, Vascular occlusion

Varicose veins Thermal ablation, Hemostasis

Preclinical research - Gastrointestinal

Pancreatic tumors Nonthermal, Sonodynamic therapy
Nonthermal, Tissue destruction
Thermal ablation, Immunomodulation

Preclinical research - Neurological

Cancer pain Nonthermal,  Neuromodulation

Glioblastoma Nonthermal, BBB opening, drug delivery

Stroke, thromboembolic Nonthermal, BBB opening, drug delivery

Preclinical research - Women’s health

Breast cancer Nonthermal, Immunomodulation
Nonthermal, Tissue destruction
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Publications continued

Blood-brain barrier disruption in humans using an implantable ultrasound device:
quantification with MR images and correlation with local acoustic pressure.
Asquier N, Bouchoux G, Canney M, Martin C, Law-Ye B, Leclercq D,
Chapelon JY, Lafon C, Idbaih A, Carpentier A. J Neurosurg. 2019 Feb 1:1-9.
doi: 10.3171/2018.9.JNS182001. [Epub ahead of print] PubMed PMID: 
30717050.

Evaluation of the Feasibility, Safety, and Accuracy of an Intraoperative High-
intensity Focused Ultrasound Device for Treating Liver Metastases. Dupre A,
Melodelima D, Perol D, Chen Y, Vincenot J, Chapelon JY, Rivoire M. J Vis Exp. 
2019 Jan 9;(143). doi: 10.3791/57964. PubMed PMID: 30688290.

Optical elastography: tracking surface waves with digital image correlation. 
Zorganih Ali, Ghafour Tarek Abdul, Lescanne Maxime, Catheline Stefan, 
Bel-Brunon Aline. Phys Med Biol. 2019 Feb 25;64(5):055007. doi: 
10.1088/1361-6560/ab0141. PubMed PMID: 30673652.

Ablation energies for focal treatment of prostate cancer. Lodeizen Olivia, 
de Bruin Martijn, Eggener Scott, Crouzet Sebastien, Ghai Sangeet,
Varkarakis Ioannis, Katz Aaron, Dominguez-Escrig Jose Luis, Pahernik
Sascha, de Reijke Theo, de la Rosette Jean. World J Urol. 2019
Mar;37(3):409-418. doi: 10.1007/s00345-018-2364-x. Epub 2018 Jun 25. 
PubMed PMID: 29943219; PubMed Central PMCID: PMC6424940.

Acoustic Emission-Feedback Planar Ultrasound System for Localized Blood-
Brain Barrier Opening Monitoring. Tsai Chih-Hung, Chen Ko-Ting, Lin 
Yu-Xian, Lin Yu-Chien, Chen Wen-Shiang, Inserra Claude, Liu Hao-Li. J. 
Med. Biol. Eng. 39, 277–286 (2019). https://doi.org/10.1007/
s40846-018-0406-x.

Preparation and characterization of perfluorocarbon microbubbles using 
Shirasu Porous Glass (SPG) membranes. Melich R, Valour JP, Urbaniak S,
Padilla F, Charcosset C. Colloids and Surfaces A Physicochemical and 
Engineering Aspects. 

CENTERS OF EXCELLENCE

Centers of Excellence Research continued

Publications continued

Characterization of focused-ultrasound-induced acoustic streaming. Ben Haj
Slama R, Gilles B, Ben Chiekh M, Bera JC. Experimental Thermal and Fluid 
Science. 101. 10.1016/j.expthermflusci.2018.10.001.

Ultrasound-Targeted Microbubble Destruction (UTMD) for Localized Drug 
Delivery into Tumor Tissue. Wischhusen J, Padilla F. IRBM, 40(1), 10- 15,
2019. https://doi.org/10.1016/j.irbm.2018.11.005.

Comparison of three-dimensional rectosonography, rectal endoscopic sonography 
and magnetic resonance imaging performances in the diagnosis of 
rectosigmoid endometriosis. Sandre Amelie, Philip Charles-Andre, De-Saint-
Hilaire Pierre, Maissiat Emmanuelle, Bailly Francois, Cortet Marion, Du-
bernard Gil. Eur J Obstet Gynecol Reprod Biol. 2019 Sep;240:288-292. doi:
10.1016/j.ejogrb.2019.07.008. Epub 2019 Jul 9. PubMed PMID:
31357094.

High-intensity focused ultrasound using a toroidal transducer as an adjuvant 
treatment for placenta accreta: A preliminary ex vivo study. Caloone J, 
Barrere V, Sanchez M, Cambronero S, Huissoud C, Melodelima D. IRBM,
40(4), 228- 234, 2019. https://doi.org/10.1016/j.irbm.2019.05.008.



Commercial treatments
Cardiovascular Arteriovenous malformations

Musculoskeletal Bone cancer; Bone metastases; Osteoid osteoma; 
Soft tissue tumors, benign 

Neurological Essential tremor; Parkinson’s disease, tremor

Urological Prostate cancer

Women’s health Uterine adenomyosis, Uterine fibroids
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Centers of Excellence Research continued

Stanford University
School of Medicine

6
Technical Research 

20
Publications

17
Mechanisms of Action 

Research

6
Preclinical Research

3
Clinical Research

10
Commercial Treatment

Stanford University School of Medicine | Stanford, CA

Stanford’s COE was established in 2016 and focuses on a number 
of 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 the development of referenceless methods 
for MR thermometry in the brain, as well as respiratory-
compensated focused ultrasound in treatment of porcine liver
during free-breathing. These clinical and preclinical projects 
involve close collaboration with clinical colleagues in radiology, 
obstetrics and gynecology, medical oncology, 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  

Clinical research
Musculoskeletal Osteoid osteoma

Neurological Parkinson’s disease, dyskinesia

Urological Prostate cancer

Preclinical research
Gastrointestinal Pancreatic tumors

Neurological Epilepsy, Glioblastoma, Neuropathic pain

Urological Acute kidney injury

Women’s health Breast cancer

Veterinary research
Gastrointestinal Liver tumors

CENTERS OF EXCELLENCE

1
Veterinary Research

Stanford University School of Medicine | Stanford, CA

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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Centers of Excellence Research continued

Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Ultrasound

FUS Physics

FUS Simulation & treatment planning

FUS Treatment monitoring

Publications

Effect of Pulsed Focused Ultrasound on the Native Pancreas. Razavi M, Zheng F, 
Telichko A, Ullah M, Dahl J, Thakor AS. Ultrasound Med Biol. 2019 Dec 24.
pii: S0301-5629(19)31598-4. doi: 10.1016/j.ultrasmedbio.2019.11.016.
[Epub ahead of print] PubMed PMID: 31882169.

Sono-optogenetics facilitated by a circulation-delivered rechargeable light 
source for minimally invasive optogenetics. Wu X, Zhu X, Chong P, Liu J,
Andre LN, Ong KS, Brinson K Jr, Mahdi AI, Li J, Fenno LE, Wang H, Hong G.
Proc Natl Acad Sci U S A. 2019 Dec 6. pii: 201914387. doi:
10.1073/pnas.1914387116. [Epub ahead of print] PubMed PMID:
31811026; PubMed Central PMCID: PMC6936518.

Three-year follow-up of prospective trial of focused ultrasound thalamotomy for  
essential tremor. Halpern CH, Santini V, Lipsman N, Lozano AM, Schwartz
ML, Shah BB, Elias WJ, Cosgrove GR, Hayes MT, McDannold N, Aldrich C,
Eisenberg HM, Gandhi D, Taira T, Gwinn R, Ro S, Witt J, Jung NY, Chang JW,
Rosenberg J, Ghanouni P. Neurology. 2019 Dec 10;93(24):e2284-e2293.
doi: 10.1212/WNL.0000000000008561. Epub 2019 Nov 20. PubMed
PMID: 31748250..

Predictors of Outcomes After Focused Ultrasound Thalamotomy. Krishna V, 
Sammartino F, Cosgrove R, Ghanouni P, Schwartz M, Gwinn R, Eisenberg H,
Fishman P, Chang JW, Taira T, Kaplitt M, Rezai A, Rumià J, Gedroyc W, Igase
K, Kishima H, Yamada K, Ohnishi H, Halpern C. Neurosurgery. 2019 Nov 6.
pii: nyz417. doi: 10.1093/neuros/nyz417. [Epub ahead of print] PubMed
PMID: 31690945.

Improving the Function and Engraftment of Transplanted Pancreatic Islets Using
Pulsed Focused Ultrasound Therapy. Razavi M, Zheng F, Telichko A, Wang J,
Ren G, Dahl J, Thakor AS. Sci Rep. 2019 Sep 16;9(1):13416. doi:
10.1038/s41598-019-49933-0. PubMed PMID: 31527773; PubMed 
Central PMCID: PMC6746980.

Ultrasound/microbubble-mediated targeted delivery of anticancer microRNA-
loaded nanoparticles to deep tissues in pigs. Di Ianni T, Bose RJC, Sukumar
UK, Bachawal S, Wang H, Telichko A, Herickhoff C, Robinson E, Baker S,
Vilches-Moure JG, Felt SA, Gambhir SS, Paulmurugan R, Dahl JD. J Control
Release. 2019 Sep 10;309:1-10. doi: 10.1016/j.jconrel.2019.07.024. Epub
2019 Jul 18. PubMed PMID: 31326463; PubMed Central PMCID:
PMC6815710.

Radiation Force as a Physical Mechanism for Ultrasonic Neurostimulation of the 
Ex Vivo Retina. Menz MD, Ye P, Firouzi K, Nikoozadeh A, Pauly KB, Khuri-
Yakub P, Baccus SA. J Neurosci. 2019 Aug 7;39(32):6251-6264. doi:
10.1523/JNEUROSCI.2394-18.2019. Epub 2019 Jun 13. PubMed PMID:
31196935; PubMed Central PMCID: PMC6687898.

A rapid beam simulation framework for transcranial focused ultrasound. Leung SA, 
Webb TD, Bitton RR, Ghanouni P, Butts Pauly K. Sci Rep. 2019 May
28;9(1):7965. doi: 10.1038/s41598-019-43775-6. PubMed PMID:
31138821; PubMed Central PMCID: PMC6538644.

Magnetic-resonance-guided focused ultrasound treatment of non-spinal osteoid 
osteoma in children: multicentre experience. Arrigoni F, Napoli A, Bazzocchi A,

Zugaro L, Scipione R, Bruno F, Palumbo P, Anzidei M, Mercatelli D, Gravina
GL, Zoccali C, Ghanouni P, Barile A, Catalano C, Masciocchi C. Pediatr Ra-
diol. 2019 Aug;49(9):1209-1216. doi: 10.1007/s00247-019-04426-0.
Epub 2019 May 25. PubMed PMID: 31129699.

CENTERS OF EXCELLENCE

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
Preclinical research - Gastrointestinal

Pancreatic tumors Thermal ablation, Immunomodulation

Preclinical research - Neurological

Epilepsy Nonthermal, BBB opening, drug delivery

Glioblastoma Nonthermal, BBB opening, drug delivery

Neuropathic pain Nonthermal, Drug delivery, vehicle

Preclinical research - Urological

Acute kidney injury Nonthermal, Stem cell delivery

Preclinical research - Women’s health

Breast cancer Nonthermal, Gene delivery

Thermal ablation, Immunomodulation

Veterinary research - Gastrointestinal

Liver tumors Nonthermal, Drug delivery, vehicle
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Centers of Excellence Research continued

Publications continued

Elimination of peripheral auditory pathway activation does not affect motor 
responses from ultrasound neuromodulation. Mohammadjavadi M, Ye PP,
Xia A, Brown J, Popelka G, Pauly KB. Brain Stimul. 2019 Jul - Aug;
12(4):901-910. doi: 10.1016/j.brs.2019.03.005. Epub 2019 Mar 6. 
PubMed PMID: 30880027; PubMed Central PMCID: PMC6592746.

MR-Guided Focused Ultrasound Versus Radiofrequency Capsulotomy for 
Treatment-Refractory Obsessive-Compulsive Disorder: A Cost-Effectiveness
Threshold Analysis. Kumar KK, Bhati MT, Ravikumar VK, Ghanouni P, Stein
SC, Halpern CH. Front Neurosci. 2019 Feb 7;13:66. doi: 10.3389/fnins.
2019.00066. eCollection 2019. PubMed PMID: 30792625; PubMed Central
PMCID: PMC6374333.

Testing Different Combinations of Acoustic Pressure and Doses of Quinolinic 
Acid for Induction of Focal Neuron Loss in Mice Using Transcranial Low-
Intensity Focused Ultrasound. Zhang Y, Liao C, Qu H, Huang S, Jiang H,
Zhou H, Abrams E, Habte FG, Yuan L,  Bertram EH, Lee KS, Pauly KB, 
Buckmaster PS, Wintermark M. Ultrasound Med Biol. 2019 Jan;45(1):
129-136. doi: 10.1016/j.ultrasmedbio.2018.08.023. Epub 2018 Oct 8.
PubMed PMID: 30309748; PubMed Central PMCID: PMC6289648.

MRI-Guided High-Intensity Focused Ultrasound as an Emerging Therapy for 
Stroke: A Review. Zafar A, Quadri SA, Farooqui M, Ortega-Gutiérrez S, Hariri
OR, Zulfiqar M, Ikram A, Khan MA, Suriya SS, Nunez-Gonzalez JR, Posse S,
Mortazavi MM, Yonas H. J Neuroimaging. 2019 Jan;29(1):5-13. doi:
10.1111/jon.12568. Epub 2018 Oct 8. Review. PubMed PMID: 30295987.

Multiple-point magnetic resonance acoustic radiation force imaging. Odéen H, 
de Bever J, Hofstetter LW, Parker DL. Magn Reson Med. 2019
Feb;81(2):1104-1117. doi: 10.1002/mrm.27477. Epub 2018 Sep 26.
PubMed PMID: 30257059; PubMed Central PMCID: PMC6642829.

Publications continued

CENTERS OF EXCELLENCE

Publications continued

Acoustic radiation force imaging using a single-shot spiral readout. Ilovitsh A,  
Fite BZ, Ilovitsh T, Ferrara KW. Phys Med Biol. 2019 Jun 10;64(12):125004.
doi: 10.1088/1361-6560/ab1e21. PubMed PMID: 31039549; PubMed 
Central PMCID: PMC6800020.

Impact of skull density ratio on efficacy and safety of magnetic resonance-guided
focused ultrasound treatment of essential tremor. D’Souza M, Chen KS,
Rosenberg J, Elias WJ, Eisenberg HM, Gwinn R, Taira T, Chang JW, Lipsman
N, Krishna V, Igase K, Yamada K, Kishima H, Cosgrove R, Rumià J, Kaplitt
MG, Hirabayashi H, Nandi D, Henderson JM, Butts Pauly K, Dayan M,
Halpern CH, Ghanouni P. J Neurosurg. 2019 Apr 26:1-6. doi:
10.3171/2019.2.JNS183517. [Epub ahead of print] PubMed PMID:
31026836.

MRI Monitoring and Quantification of Ultrasound-Mediated Delivery of Liposomes
Dually Labeled with Gadolinium and Fluorophore through the Blood-Brain
Barrier. Aryal M, Papademetriou I, Zhang YZ, Power C, McDannold N, Porter
T. Ultrasound Med Biol. 2019 Jul;45(7):1733-1742. doi: 10.1016/j.ultra-
smedbio.2019.02.024. Epub 2019 Apr 19. PubMed PMID: 31010598;
PubMed Central PMCID: PMC6555669.

Polymeric perfluorocarbon nanoemulsions are ultrasound-activated wireless 
drug infusion catheters. Zhong Q, Yoon BC, Aryal M, Wang JB, Ilovitsh T,
Baikoghli MA, Hosseini-Nassab N, Karthik A, Cheng RH, Ferrara KW, Airan
RD. Biomaterials. 2019 Jun;206:73-86. doi: 10.1016/j.biomaterials.
2019.03.021. Epub 2019 Mar 20. PubMed PMID: 30953907; PubMed
Central PMCID: PMC6486876.

Prolonged heating in nontargeted tissue during MR-guided focused ultrasound 
of bone tumors. Bitton RR, Webb TD, Pauly KB, Ghanouni P. J Magn Reson
Imaging.  2019 Nov;50(5):1526-1533. doi: 10.1002/jmri.26726. Epub
2019 Apr 5. PubMed PMID: 30950554.

Thalamus Optimized Multi Atlas Segmentation (THOMAS): fast, fully automated 
segmentation of thalamic nuclei from structural MRI. Su JH, Thomas FT, 
Kasoff WS, Tourdias T, Choi EY, Rutt BK, Saranathan M. Neuroimage. 2019
Jul 1;194:272-282. doi: 10.1016/j.neuroimage.2019.03.021. Epub 2019
Mar 17. PubMed PMID: 30894331; PubMed Central PMCID: PMC6536348.
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Centers of Excellence Research continued

Sunnybrook Health
Sciences Centre

12
Technical Research 

32
Publications

14
Mechanisms of Action

Research

17
Preclinical Research

9
Clinical Research

1
Commercial Treatment

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 

Clinical research
Miscellaneous Head & neck tumors

Musculoskeletal Bone cancer

Neurological Alzheimer’s disease, Depression, Essential tremor, 
Glioblastoma, Obsessive-compulsive disorder

Women’s health Brain metastases, breast cancer; Uterine fibroids

Preclinical research
Cardiovascular Atrial fibrillation, Deep vein thrombosis

Gastrointestinal Colorectal tumors, Liver metastases, Liver tumors

Musculoskeletal Bone metastases

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

Women’s health Brain metastases, breast cancer; Breast cancer

Mechanisms of action research
Hyperthermia Drug delievery, Radiosensitzation

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

Thermal ablation Clot lysis, Immune cell trafficking, Tissue destruction

CENTERS OF EXCELLENCE
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Centers of Excellence Research continued

Publications

Interventional Uterine-Sparing Therapies for Leiomyomas: A Commentary on 
Myolysis. Vilos GA, Vilos AG, Abu-Rafea B, Leyland N, Allaire C, Laberge PY,
Murji A, Singh SS, Thiel J. J Obstet Gynaecol Can. 2019 Nov 22. pii: S1701-
2163(19)30769-8. doi: 10.1016/j.jogc.2019.08.025. [Epub ahead of print]
PubMed PMID: 31767379.

Strategy to enhance transgene expression in proximity of amyloid plaques in a 
mouse model of Alzheimer’s disease. Weber-Adrian D, Kofoed RH, Chan
JWY, Silburt J, Noroozian Z, Kügler S, Hynynen K, Aubert I. Theranostics.
2019 Oct 18;9(26):8127-8137. doi: 10.7150/thno.36718. eCollection
2019. PubMed PMID: 31754385; PubMed Central PMCID: PMC6857057.

Three-year follow-up of prospective trial of focused ultrasound thalamotomy 
for essential tremor. Halpern CH, Santini V, Lipsman N, Lozano AM, Schwartz
ML, Shah BB, Elias WJ, Cosgrove GR, Hayes MT, McDannold N, Aldrich C,
Eisenberg HM, Gandhi D, Taira T, Gwinn R, Ro S, Witt J, Jung NY, Chang JW,
Rosenberg J, Ghanouni P. Neurology. 2019 Dec 10;93(24):e2284-e2293.
doi: 10.1212/WNL.0000000000008561. Epub 2019 Nov 20. PubMed
PMID: 31748250.

Predictors of Outcomes After Focused Ultrasound Thalamotomy. Krishna V, 
Sammartino F, Cosgrove R, Ghanouni P, Schwartz M, Gwinn R, Eisenberg H,
Fishman P, Chang JW, Taira T, Kaplitt M, Rezai A, Rumià J, Gedroyc W, Igase
K, Kishima H, Yamada K, Ohnishi H, Halpern C. Neurosurgery. 2019 Nov 6.
pii: nyz417. doi: 10.1093/neuros/nyz417. [Epub ahead of print] PubMed
PMID: 31690945.

Localized delivery of compounds into articular cartilage by using high-intensity 
focused ultrasound. Nieminen HJ, Lampsijärvi E, Barreto G, Finnilä MAJ,
Salmi A, Airaksinen AJ, Eklund KK, Saarakkala S, Pritzker KPH, Hæggström
E. Sci Rep. 2019 Nov 4;9(1):15937. doi: 10.1038/s41598-019-52012-z.
PubMed PMID: 31685841; PubMed Central PMCID: PMC6828772.

Acute MR-Guided High-Intensity Focused Ultrasound Lesion Assessment Using
Diffusion-Weighted Imaging and Histological Analysis. Walker MR, Zhong J,
Waspe AC, Looi T, Piorkowska K, Hawkins C, Drake JM, Hodaie M. Front
Neurol. 2019 Oct 15;10:1069. doi: 10.3389/fneur.2019.01069. eCollection
2019. PubMed PMID: 31681145; PubMed Central PMCID: PMC6803785.

Tractography-based targeting of the ventral intermediate nucleus: accuracy and
clinical utility in MRgFUS thalamotomy. Ranjan M, Elias GJB, Boutet A,
Zhong J, Chu P, Germann J, Devenyi GA, Chakravarty MM, Fasano A,
Hynynen K, Lipsman N, Hamani C, Kucharczyk W, Schwartz ML, Lozano AM,
Hodaie M. J Neurosurg. 2019 Sep 27:1-8. doi: 10.3171/2019.6.JNS19612.
[Epub ahead of print] PubMed PMID: 31561221.

First-in-human trial of blood-brain barrier opening in amyotrophic lateral 
sclerosis using MR-guided focused ultrasound. Abrahao A, Meng Y, Llinas
M, Huang Y, Hamani C, Mainprize T, Aubert I, Heyn C, Black SE, Hynynen K,
Lipsman N, Zinman L. Nat Commun. 2019 Sep 26;10(1):4373. doi:
10.1038/s41467-019-12426-9.  PubMed PMID: 31558719; PubMed 
Central PMCID: PMC6763482.

Editorial: Contemporary Management of Intracranial Metastatic Disease. Das S,
Sahgal A. Front Oncol. 2019 Aug 28;9:818. doi: 10.3389/fonc.2019.00818.
eCollection 2019. PubMed PMID: 31555585; PubMed Central PMCID:
PMC6724609.

CENTERS OF EXCELLENCE

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 - Neurological

Alzheimer’s disease Nonthermal, BBB opening, drug delivery

Glioblastoma Nonthermal, BBB opening, drug delivery

Clinical research - Women’s health

Brain metastases, breast cancer Nonthermal, BBB opening, drug delivery

Preclinical research - Gastrointestinal

Liver metastases Nonthermal, Drug delivery

Liver tumors Nonthermal, Drug delivery

Preclinical research - Neurological

Alzheimer’s disease Nonthermal, BBB opening, drug delivery

Amyotrophic lateral sclerosis 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 - Women’s health

Brain metastases, breast cancer Nonthermal, BBB opening, drug delivery
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Publications continued

Magnetic Resonance-Guided Focused Ultrasound for Psychiatric Disorders. 
Davidson B, Meng Y, Giacobbe P, Hamani C, Lipsman N. Clin Pharmacol
Ther. 2019 Oct;106(4):720-722. doi: 10.1002/cpt.1467. Epub 2019 May
24. PubMed PMID: 31125439.

Accumulated thermal dose in MRI-guided focused ultrasound for essential tremor: 
repeated sonications with low focal temperatures. Jones RM, Kamps S,
Huang Y, Scantlebury N, Lipsman N, Schwartz ML, Hynynen K. J Neurosurg.
2019 May 10:1-8. doi: 10.3171/2019.2.JNS182995. [Epub ahead of print]
PubMed PMID: 31075781.

The relevance of skull density ratio in selecting candidates for transcranial 
MR-guided focused ultrasound. Boutet A, Gwun D, Gramer R, Ranjan M,
Elias GJB, Tilden D, Huang Y, Li SX, Davidson B, Lu H, Tyrrell P, Jones RM,
Fasano A, Hynynen K, Kucharczyk W, Schwartz ML, Lozano AM. J Neurosurg.
2019 May 3:1-7. doi: 10.3171/2019.2.JNS182571. [Epub ahead of print]
PubMed PMID: 31051458.

MRI-Guided Focused Ultrasound for Targeted Delivery of rAAV to the Brain. 
Noroozian Z, Xhima K, Huang Y, Kaspar BK, Kügler S, Hynynen K, Aubert I.
Methods Mol Biol. 2019;1950:177-197. doi: 10.1007/978-1-4939-9139-
6_10. PubMed PMID: 30783974; PubMed Central PMCID: PMC6546162.

Blood-Brain Barrier Opening in Primary Brain Tumors with Non-invasive 
xxnscranial focused ultrasound thalamotomy for Essential Tremor. Hughes A,
MR-Guided Focused Ultrasound: A Clinical Safety and Feasibility Study.
Mainprize T, Lipsman N, Huang Y, Meng Y, Bethune A, Ironside S, Heyn C,
Alkins R, Trudeau M, Sahgal A, Perry J, Hynynen K. Sci Rep. 2019 Jan
23;9(1):321. doi: 10.1038/s41598-018-36340-0. PubMed PMID:
30674905; PubMed Central PMCID: PMC6344541..

Magnetic Resonance-Guided Focused Ultrasound:  Current Status and Future 
Perspectives in Thermal Ablation and Blood-Brain Barrier Opening. Lee EJ,
Fomenko A, Lozano AM. J Korean Neurosurg Soc. 2019 Jan;62(1):10-26.
doi: 10.3340/jkns.2018.0180. Epub 2018 Dec 31. PubMed PMID:
30630292; PubMed Central PMCID: PMC6328789.

Evaluating the safety profile of focused ultrasound and microbubble-mediated 
treatments to increase blood-brain barrier permeability. McMahon D, Poon
C, Hynynen K. Expert Opin Drug Deliv. 2019 Feb;16(2):129-142. doi:
10.1080/17425247.2019.1567490. Epub 2019 Jan 29. Review. PubMed
PMID: 30628455; PubMed Central PMCID: PMC6576291.

Cost-Effectiveness of Magnetic Resonance-Guided Focused Ultrasound for 
Essential Tremor. Li C, Gajic-Veljanoski O, Schaink AK, Higgins C, Fasano A,
Sikich N, Dhalla I, Ng V. Mov Disord. 2019 May;34(5):735-743. doi:
10.1002/mds.27587. Epub 2018 Dec 27. PubMed PMID: 30589951.

Oncologic and Functional Outcomes of Partial Gland Ablation with High
Intensity Focused Ultrasound for Localized Prostate Cancer. Bass R, Fleshner N,
Finelli A, Barkin J, Zhang L, Klotz L. J Urol. 2019 Jan;201(1):113-119. doi:
10.1016/j.juro.2018.07.040. PubMed PMID: 30577402.

Advances in acoustic monitoring and control of focused ultrasound-mediated 
increases in blood-brain barrier permeability. Jones RM, Hynynen K. Br J
Radiol. 2019 Apr;92(1096):20180601. doi: 10.1259/bjr.20180601. Epub
2019 Feb 28. Review.  PubMed PMID: 30507302; PubMed Central PMCID:
PMC6540854.

Centers of Excellence Research continued

CENTERS OF EXCELLENCE

Publications continued

Glymphatics Visualization after Focused Ultrasound-Induced Blood-Brain Barrier 
Barrier Opening in Humans. Meng Y, Abrahao A, Heyn CC, Bethune AJ,
Huang Y, Pople CB, Aubert I, Hamani C, Zinman L, Hynynen K, Black SE,
Lipsman N. Ann Neurol. 2019 Dec;86(6):975-980. doi:10.1002/ana.25604.
Epub 2019 Oct 17. PubMed PMID: 31525269.

Magnetic Resonance-guided High-intensity Focused Ultrasound (MRgHIFU) 
Virtual Treatment Planning for Abdominal Neuroblastoma Utilizing Retro-
spective Diagnostic 3D CT Images. Tung S, Fahy AS, Lamberti-Pasculli M,
Waspe AC, Pichardo S, Gerstle JT. J Pediatr Hematol Oncol. 2019
Oct;41(7):e443-e449. doi: 10.1097/MPH.0000000000001563. PubMed
PMID: 31449496.

Navigated Intraoperative 2-Dimensional Ultrasound in High-Grade Glioma Surgery: 
Impact on Extent of Resection and Patient Outcome. Moiraghi A, Prada F,
Delaidelli A, Guatta R, May A, Bartoli A, Saini M, Perin A, Wälchli T, Momjian
S, Bijlenga P, Schaller K, DiMeco F. Oper Neurosurg (Hagerstown). 2019 Aug
21. pii: opz203. doi: 10.1093/ons/opz203. [Epub ahead of print] PubMed
PMID: 31435672.

Safety and efficacy of focused ultrasound induced blood-brain barrier opening, 
an integrative review of animal and human studies. Meng Y, Pople CB, 
Lea-Banks H, Abrahao A, Davidson B, Suppiah S, Vecchio LM, Samuel N,
Mahmud F, Hynynen K, Hamani C, Lipsman N. J Control Release. 2019 Sep
10;309:25-36. doi: 10.1016/j.jconrel.2019.07.023. Epub 2019 Jul 18. 
Review. PubMed PMID: 31326464.

MR-guided Focused Ultrasound Facilitates Sonodynamic Therapy with  
5-Aminolevulinic Acid in a Rat Glioma Model. Wu SK, Santos MA, Marcus
SL, Hynynen K. Sci Rep. 2019 Jul 18;9(1):10465. doi: 10.1038/s41598-019-
46832-2. PubMed PMID: 31320671; PubMed Central PMCID:
PMC6639400.

Transcranial Photoacoustic Detection of Blood-Brain Barrier Disruption 
ollowing Focused Ultrasound-Mediated Nanoparticle Delivery. Le Floc’h J, 
Lu HD, Lim TL, Démoré C, Prud’homme RK, Hynynen K, Foster FS. Mol 
Imaging Biol. 2019 Jul 8.  doi: 10.1007/s11307-019-01397-4. [Epub 
ahead of print] PubMed PMID: 31286352..

Resting state functional connectivity changes after MR-guided focused 
ultrasound mediated blood-brain barrier opening in patients with
Alzheimer's disease. Meng Y, MacIntosh BJ, Shirzadi Z, Kiss A, Bethune A, 
Heyn C, Mithani K, Hamani C, Black SE, Hynynen K, Lipsman N. Neuroimage. 
2019 Oct 15;200:275-280. doi: 10.1016/j.neuroimage.2019.06.060. Epub 
2019 Jun 26. PubMed PMID: 31254646.

Neuromodulation beyond neurostimulation for epilepsy: scope for focused  
ultrasound. Ranjan M, Boutet A, Bhatia S, Wilfong A, Hader W, Lee MR,
Rezai AR, Adelson PD. Expert Rev Neurother. 2019 Oct;19(10):937-943.
doi: 10.1080/14737175.2019.1635013. Epub 2019 Jul 2. PubMed PMID:
31232614.

Focused ultrasound opening of the blood-brain barrier for treatment of  
Parkinson’s disease. LeWitt PA, Lipsman N, Kordower JH. Mov Disord. 2019
Sep;34(9):1274-1278. doi: 10.1002/mds.27722. Epub 2019 May 28.
PubMed PMID: 31136023.
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CENTERS OF EXCELLENCE

Publications continued

Ultrasound-responsive droplets for therapy: A review. Lea-Banks H, O’Reilly MA
Hynynen K. J Control Release. 2019 Jan 10;293:144-154. doi: 10.1016/
j.jconrel.2018.11.028. Epub 2018 Nov 29. Review. PubMed PMID:
30503398; PubMed Central PMCID: PMC6459400.

Outcomes from stereotactic surgery for essential tremor. Dallapiazza RF, Lee DJ, 
De Vloo P, Fomenko A, Hamani C, Hodaie M, Kalia SK, Fasano A, Lozano
AM. J Neurol Neurosurg Psychiatry. 2019 Apr;90(4):474-482. doi:
10.1136/jnnp-2018-318240. Epub 2018 Oct 18. Review. PubMed PMID:
30337440; PubMed Central PMCID: PMC6581115.

Motion compensation using principal component analysis and projection onto 
dipole fields for abdominal magnetic resonance thermometry. Tan J,
Mougenot C, Pichardo S, Drake JM, Waspe AC. Magn Reson Med. 2019
Jan;81(1):195-207. doi: 10.1002/mrm.27368. Epub 2018 Jul 29. PubMed
PMID: 30058167.

Surveillance after prostate focal therapy. Tay KJ, Amin MB, Ghai S, Jimenez RE,
Kench JG, Klotz L, Montironi R, Muto S, Rastinehad AR, Turkbey B, Villers A,
Polascik TJ. World J Urol. 2019 Mar;37(3):397-407. doi: 10.1007/s00345-
018-2363-y. Epub 2018 Jun 9. Review. PubMed PMID: 29948045.
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Centers of Excellence Research continued

Clinical research
Neurological Astrocytoma; Essential tremor; Glioblastoma; 

Neuropathic pain; Parkinson’s disease, dyskinesia

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 treatment of movement disorders, chronic 
neuropathic pain, brain tumors, and the use of enhanced
drug delivery. In addition, their immunomodulation studies
range from investigation of cell systems to animal models 
and human clinical trials. 

Contacts  
Howard M. Eisenberg, MD, Program Co-Director | heisenberg@smail.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
Neurological Astrocytoma, Epilepsy, Glioblastoma, 

Traumatic brain injury

Commercial treatment
Neurological Astrocytoma, Essential tremor

Mechanisms of action research
Histotripsy Immune cell trafficking

Nonthermal BBB opening; 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 

9
Publications

11
Mechanisms of Action

Research

4
Preclinical Research

5
Clinical Research

2
Commercial Treatment

CENTERS OF EXCELLENCE



II.64      Focused Ultrasound Foundation | 2020 State of the Field

Centers of Excellence Research continued

Publications

Three-year follow-up of prospective trial of focused ultrasound thalamotomy for 
for essential tremor. Halpern CH, Santini V, Lipsman N, Lozano AM, Schwartz
ML, Shah BB, Elias WJ, Cosgrove GR, Hayes MT, McDannold N, Aldrich C,
Eisenberg HM, Gandhi D, Taira T, Gwinn R, Ro S, Witt J, Jung NY, Chang JW,
Rosenberg J, Ghanouni P. Neurology. 2019 Dec 10;93(24):e2284-e2293.
doi: 10.1212/WNL.0000000000008561. Epub 2019 Nov 20. PubMed 
PMID: 31748250..

Predictors of Outcomes After Focused Ultrasound Thalamotomy. Krishna V, 
Sammartino F, Cosgrove R, Ghanouni P, Schwartz M, Gwinn R, Eisenberg H,
Fishman P, Chang JW, Taira T, Kaplitt M, Rezai A, Rumià J, Gedroyc W, Igase
K, Kishima H, Yamada K, Ohnishi H, Halpern C. Neurosurgery. 2019 Nov 6.
pii: nyz417. doi: 10.1093/neuros/nyz417. [Epub ahead of print] PubMed 
PMID: 31690945.

Focused ultrasound as an evolving therapy for   disease. Fishman P, 
Lipsman N. Mov Disord. 2019 Sep;34(9):1241-1242. doi: 10.1002/mds. 
27809. PubMed PMID: 31539464.

Radiosensitization of high-grade gliomas through induced hyperthermia: 
Review of clinical experience and the potential role of MR-guided focused 
ultrasound. Schneider CS, Woodworth GF, Vujaskovic Z, Mishra MV. 
Radiother Oncol. 2019 Aug 17. pii: S0167-8140(19)33010-5. doi:
10.1016/j.radonc.2019.07.017. [Epub ahead of print] Review. PubMed 
PMID: 31431370.

Targeting of the dentato-rubro-thalamic tract for MR-guided focused ultrasound 
xxxsion of large polymeric nanoparticles in the living brain. Hersh DS, 
Anastreatment of essential tremor. Miller TR, Zhuo J, Eisenberg HM, 
Fishman PS, Melhem ER, Gullapalli R, Gandhi D. Neuroradiol J. 2019 Dec;
32(6):401-407. doi: 10.1177/1971400919870180. Epub 2019 Aug 
13. PubMed PMID: 31407957; PubMed Central PMCID: PMC6856993.

The role of high-intensity focused ultrasound as a symptomatic treatment for 
Parkinson's disease. Moosa S, Martínez-Fernández R, Elias WJ, Del Alamo
M, Eisenberg HM, Fishman PS. Mov Disord. 2019 Sep;34(9):1243-1251.
doi: 10.1002/mds.27779. Epub 2019 Jul 10. Review. PubMed PMID: 
31291491.

Design, characterization and evaluation of a laser-guided focused ultrasound 
system for preclinical investigations. Anastasiadis P, Mohammadabadi A,
Fishman MJ, Smith JA, Nguyen BA, Hersh DS, Frenkel V. Biomed Eng Online.
2019 Mar 28;18(1):36. doi: 10.1186/s12938-019-0656-z. PubMed PMID: 
30922312; PubMed Central PMCID: PMC6440155.

Feasibility of ultrashort echo time images using full-wave acoustic and thermal 
modeling for transcranial MRI-guided focused ultrasound (tcMRgFUS) 
planning. Guo S, Zhuo J, Li G, Gandhi D, Dayan M, Fishman P, Eisenberg H,
Melhem ER, Gullapalli RP. Phys Med Biol. 2019 Apr 26;64(9):095008. doi: 
10.1088/1361-6560/ab12f7. PubMed PMID: 30909173.

Essential Tremor. Reich SG. Med Clin North Am. 2019 Mar;103(2):351-356. 
doi: 10.1016/j.mcna.2018.10.016. Review. PubMed PMID: 30704686.

CENTERS OF EXCELLENCE

Research not involving thermal ablation, tissue destruction
Commercial treatment - Neurological

Astrocytoma Nonthermal, BBB opening
Nonthermal, BBB opening, drug delivery

Clinical research - Neurological

Glioblastoma Nonthermal, BBB opening
Nonthermal, BBB opening, drug delivery

Neuropathic pain Thermal ablation, Neuromodulation

Parkinson’s disease, dyskinesia Thermal ablation, Neuromodulation

Preclinical research - Neurological

Astrocytoma Nonthermal, BBB opening, drug delivery
Nonthermal, BBB opening, drug delivery, 

immunotherapeutic
Nonthermal, Immunomodulation
Nonthermal, Radiosensitization

Epilepsy Nonthermal, Neuromodulation

Glioblastoma Nonthermal, Immune cell trafficking
Nonthermal, Immunomodulation

Traumatic brain injury Nonthermal, Neuromodulation
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Brigham and Women’s
Hospital

6
Technical Research 

16
Publications

12
Mechanisms of Action 

Research

5
Preclinical Research

3
Clinical Research

3
Commercial Treatment

Centers of Excellence Research continued

Clinical research
Neurological Glioblastoma; Parkinson’s disease, dyskinesia

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
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

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

FUSImage guidance, Ultrasound

FUS Physics

FUS Simulation & treatment planning

FUS Treatment evaluation

FUS Treatment monitoring

Research not involving thermal ablation, tissue destruction
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, gene delivery

Parkinson’s disease, tremor Nonthermal, Neuromodulation
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Publications

Focused Ultrasound Strategies for Brain Tumor Therapy. Bunevicius A, 
McDannold NJ, Golby AJ. Oper Neurosurg (Hagerstown). 2019 Dec 19. 
pii: opz374. doi: 10.1093/ons/opz374. [Epub ahead of print] PubMed 
PMID: 31853548.

Three-year follow-up of prospective trial of focused ultrasound thalamotomy  
for essential tremor. Halpern CH, Santini V, Lipsman N, Lozano AM, Schwartz
ML, Shah BB, Elias WJ, Cosgrove GR, Hayes MT, McDannold N, Aldrich C,
Eisenberg HM, Gandhi D, Taira T, Gwinn R, Ro S, Witt J, Jung NY, Chang JW,
Rosenberg J, Ghanouni P. Neurology. 2019 Dec 10;93(24):e2284-e2293.
doi: 10.1212/WNL.0000000000008561. Epub 2019 Nov 20. PubMed 
PMID: 31748250.

Predictors of Outcomes After Focused Ultrasound Thalamotomy. Krishna V, 
Sammartino F, Cosgrove R, Ghanouni P, Schwartz M, Gwinn R, Eisenberg H,
Fishman P, Chang JW, Taira T, Kaplitt M, Rezai A, Rumià J, Gedroyc W, Igase
K, Kishima H, Yamada K, Ohnishi H, Halpern C. Neurosurgery. 2019 Nov 6.
pii: nyz417. doi: 10.1093/neuros/nyz417. [Epub ahead of print] PubMed 
PMID: 31690945.

Effects of sonication parameters on transcranial focused ultrasound brain 
stimulation in an ovine model. Yoon K, Lee W, Lee JE, Xu L, Croce P, Foley L,
Yoo SS. PLoS One. 2019 Oct 24;14(10):e0224311. doi: 10.1371/journal.
pone.0224311. eCollection 2019. PubMed PMID: 31648261; PubMed 
Central PMCID: PMC6812789.

Acoustic feedback enables safe and reliable carboplatin delivery across the
blood-brain barrier with a clinical focused ultrasound system and improves
survival in a rat glioma model. McDannold N, Zhang Y, Supko JG, Power C,
Sun T, Peng C, Vykhodtseva N, Golby AJ, Reardon DA. Theranostics. 2019
Aug 14;9(21):6284-6299. doi: 10.7150/thno.35892. eCollection 2019. 
PubMed PMID: 31534551; PubMed Central PMCID: PMC6735504.

The neurovascular response is attenuated by focused ultrasound-mediated 
disruption of the blood-brain barrier. Todd N, Zhang Y, Livingstone M, 
Borsook D, McDannold N. Neuroimage. 2019 Nov 1;201:116010. doi: 
31302253; PubMed Central PMCID: PMC6765430.

Localized Blood-Brain Barrier Opening in Ovine Model Using Image-Guided 
Transcranial Focused Ultrasound. Yoon K, Lee W, Chen E, Lee JE, Croce P,
Cammalleri A, Foley L, Tsao AL, Yoo SS. Ultrasound Med Biol. 2019
Sep;45(9):2391-2404. doi: 10.1016/j.ultrasmedbio.2019.05.023. Epub
2019 Jun 17. PubMed PMID: 31217090; PubMed Central PMCID: 
PMC6693666.

Intracranial Non-thermal Ablation Mediated by Transcranial Focused 
Ultrasound and Phase-Shift Nanoemulsions. Peng C, Sun T, Vykhodtseva N,
Power C, Zhang Y, Mcdannold N, Porter T. Ultrasound Med Biol. 2019
Aug;45(8):2104-2117. doi: 10.1016/j.ultrasmedbio.2019.04.010. Epub
2019 May 15. PubMed PMID: 31101446; PubMed Central PMCID: 
PMC6591088.

Publications continued

Virtual Brain Projection for Evaluating Trans-skull Beam Behavior of Transcranial
Ultrasound Devices. Brinker ST, Preiswerk F, McDannold NJ, Parker KL, 
Mariano TY. Ultrasound Med Biol. 2019 Jul;45(7):1850-1856. doi: 
10.1016/j.ultrasmedbio.2019.03.009. Epub 2019 May 3. PubMed PMID:
31060860; PubMed Central PMCID: PMC6827342.

MRI Monitoring and Quantification of Ultrasound-Mediated Delivery of 
Liposomes Dually Labeled with Gadolinium and Fluorophore through the
Blood-Brain Barrier. Aryal M, Papademetriou I, Zhang YZ, Power C, 
McDannold N, Porter T. Ultrasound Med Biol. 2019 Jul;45(7):1733-1742.
doi: 10.1016/j.ultrasmedbio.2019.02.024. Epub 2019 Apr 19. PubMed 
PMID: 31010598; PubMed Central PMCID: PMC6555669.

Moving toward Noninvasive, Focused Ultrasound Therapeutic Delivery of Drugs
in the Brain: Prolonged Opening of Blood-Brain Barrier May Not Be Needed.
Klibanov AL, McDannold NJ. Radiology. 2019 May;291(2):467-468. doi:
10.1148/radiol.2019190410. Epub 2019 Mar 26. PubMed PMID: 
30917292; PubMed Central PMCID: PMC6490053.

Unilateral Thalamic Deep Brain Stimulation Versus Focused Ultrasound 
Thalamotomy for Essential Tremor. Harary M, Segar DJ, Hayes MT, Cosgrove
GR. World Neurosurg. 2019 Jun;126:e144-e152. doi: 10.1016/j.wneu.
2019.01.281. Epub 2019 Feb 19. PubMed PMID: 30794976.

Modulation of brain function by targeted delivery of GABA through the 
disrupted blood-brain barrier. Todd N, Zhang Y, Power C, Becerra L, Borsook
D, Livingstone M, McDannold N. Neuroimage. 2019 Apr 1;189:267-275.
doi: 10.1016/j.neuroimage.2019.01.037. Epub 2019 Jan 16. PubMed 
PMID: 30659957; PubMed Central PMCID: PMC6422703.

Focused ultrasound transiently increases membrane conductance in isolated 
crayfish axon. Lin JW, Yu F, Müller WS, Ehnholm G, Okada Y. J Neurophysiol.
2019 Feb 1;121(2):480-489. doi: 10.1152/jn.00541.2018. Epub 2018 
Dec 19. PubMed PMID:  30565960; PubMed Central PMCID:
PMC6842880.

Training Surgical Residents for Ultrasound-Guided Assessment and Management
of Unstable Patients. Mahmood F, Bortman J, Amir R, Mitchell J, Wong V,
Feng R, Gao Z, Amador Y, Montealegre-Gallegos M, Kent T, Matyal R. J Surg
Educ. 2019 Mar - Apr;76(2):540-547. doi: 10.1016/j.jsurg.2018.09.005. 
Epub 2018 Oct 12. PubMed PMID: 30322694.

Elementwise approach for simulating transcranial MRI-guided focused 
ultrasound thermal ablation. McDannold N, White PJ, Cosgrove R. Phys Rev 
Research 2019; 1, 033205. doi: 10.1103/PhysRevResearch.1.033205.

Centers of Excellence Research continued

CENTERS OF EXCELLENCE
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CENTERS OF EXCELLENCE

Centers of Excellence Research continued

Commercial treatment
Neurological Cancer pain

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

In 2013, the Focused Ultrasound Foundation and Philips 
entered into an innovative public-private collaboration 
with the Institute of Cancer Research (ICR) and The Royal
Marsden NHS (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, 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; issue destruction;
Vascular occlusion

Thermal ablation Immune cell trafficking, Immunomodulation, 
Tissue destruction

Preclinical research
Cardiovascular Twin-twin transfusion syndrome

Gastrointestinal Liver metastases, Liver tumors, Pancreatic tumors

Neurological Cancer pain, Glioblastoma

ICR and 
The Royal Marsden

8
Technical Research 

8
Publications

11
Mechanisms of Action 

Research

6
Preclinical Research

3
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
Musculoskeletal Bone cancer, Soft tissue cancer

Neurological Cancer pain
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Centers of Excellence Research continued

Publications

Focused Ultrasound-Mediated Hyperthermia in Vitro: An Experimental 
Arrangement for Treating Cells under Tissue-Mimicking Conditions. 
Brüningk SC, Rivens I, Mouratidis P, ter Haar G. Ultrasound Med Biol. 
2019 Dec;45(12):3290-3297. doi: 10.1016/j.ultrasmedbio.2019.06.410.
Epub 2019 Sep 26. PubMed PMID: 31500898; PubMed Central PMCID: 
PMC6878221.

A cellular automaton model for spheroid response to radiation and 
hyperthermia treatments. Brüningk, S.C., Ziegenhein, P., Rivens, I., 
Oelfke U, ter Haar G (2019) Sci Rep. 2019 Nov 27;9(1):17674. 
doi: 10.1038/s41598-019-54117-x. PubMed PMID: 31776398; PubMed 
Central PMCID: PMC6881451. 

Comparison of Imaging Changes and Pain Responses in Patients with Intra-  
or Extraosseous Bone Metastases Treated Palliatively with Magnetic 
Resonance-Guided High-Intensity-Focused Ultrasound. Giles SL, 
Brown MRD, Rivens I, Deppe M, Huisman M, Kim YS, Farquhar-Smith P,
Williams JE, ter Haar GR, deSouza NM. J Vasc Interv Radiol. 2019
Sep;30(9):1351-1360.e1. doi: 10.1016/j.jvir.2019.02.019. Epub 2019 
May 14. PubMed PMID: 31101417; PubMed Central PMCID: PMC6715806.

Publications continued

MR guided high intensity focused ultrasound (MRgHIFU) for treating recurrent 
gynaecological tumours: a pilot feasibility study. Giles SL, Imseeh G, 
Rivens I, ter Haar GR, Taylor A, deSouza NM. Br J Radiol. 2019 Jun;92(1098):
20181037. doi: 10.1259/bjr.20181037. Epub 2019 May 14. PubMed PMID: 
31084495; PubMed Central PMCID: PMC6592075.

Maternal and fetal cardiometabolic recovery following ultrasound-guided  
high-intensity focused ultrasound placental vascular occlusion. Shaw CJ,
Rivens I, Civale J, Botting KJ, Allison BJ, Brain KL, Niu Y, ter Haar G, Giussani
DA, Lees CC. J R Soc Interface. 2019 May 31;16(154):20190013. doi:
10.1098/rsif.2019.0013. PubMed PMID: 31039691; PubMed Central 
PMCID: PMC6544891.

In Memoriam: Peter NT Wells. Halliwell M, ter Haar GR, Holland CK. 
(1936–2017) Editor in Chief, Ultrasound in Medicine and Biology (1994–
2006). Ultrasound in Medicine and Biology. 2019 May 1;45(5):1023-4.

Relationship between thermal dose and cell death for “rapid” ablative and 
“slow” hyperthermic heating’. Mouratidis PXE, Rivens I, Civale J, Symonds-
Tayler R, ter Haar G. Int J Hyperthermia. 2019;36(1):229-243. doi:
10.1080/02656736.2018.1558289. Epub 2019 Jan 31. PubMed PMID: 
30700171. 

Quantitative photoacoustic imaging study of tumours in vivo: Baseline 
variations in quantitative measurements. Martinho Costa M, Shah A, Rivens
I, Box C, O'Shea T, Papaevangelou E, Bamber J, ter Haar G. Photoacoustics.
2018 Dec 7;13:53-65. doi: 10.1016/j.pacs.2018.12.002. eCollection 2019 
Mar. PubMed PMID: 30581729; PubMed Central PMCID: PMC6297191.

CENTERS OF EXCELLENCE

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

Twin-twin transfusion syndrome Nonthermal, Vascular occlusion

Preclinical research - Gastrointestinal

Pancreatic tumors Nonthermal, Immunomodulation

Preclinical research - Neurological

Glioblastoma Nonthermal, Drug delivery, vehicle
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Centers of Excellence Research continued

Commercial treatments
Neurological Essential 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 is a leading site for 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, conducts cancer research, and is currently 
spearheading the world’s first clinical trial combining focused
ultrasound and immunotherapy.

Contacts
Richard J. Price, PhD, Program Co-Director | rprice@virginia.edu  

Alan H. Matsumoto, MD, Program Co-Director | ahm4d@virginia.edu  

Mechanisms of action research
Histotripsy Tissue destruction

Hyperthermia Drug delivery

Nonthermal Angiogenesis; BBB opening; BBB opening, drug delivery;
Drug delivery; Drug delivery, immunotherapeutic;
Drug delivery, vehicle; Immune cell trafficking;
Immunomodulation; Neuromodulation; Sonodynamic therapy;
Sonoporation; Stem cell delivery; Stem cell trafficking;
Tissue destruction; Vascular occlusion

Thermal ablation Clot lysis, Tissue destruction

Technical research
Drug delivery technology

FUS Image guidance, MR

FUS Image guidance, Ultrasound

FUS Treatment monitoring
Clinical research

Miscellaneous Multiple tumors

Neurological Epilepsy; Neuropathic pain; Parkinson’s disease, dyskinesia

Women’s health Breast cancer, Breast fibroadenoma 

Preclinical research
Cardiovascular Arteriovenous malformations, Peripheral artery disease

Gastrointestinal Pancreatic tumors

Miscellaneous Melanoma

Neurological Epilepsy; Glioblastoma; Parkinson’s disease, underlying 
cause; Stroke, thromboembolic

Pulmonary Lung cancer

Women’s health Breast cancer

University of Virginia
Health System

4
Technical Research 

22
Publications

19
Mechanisms of Action 

Research

10
Preclinical Research

6
Clinical Research

2
Commercial Treatment
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Centers of Excellence Research continued

Publications

American Society for Stereotactic and Functional Neurosurgery Position
Statement on Magnetic Resonance-Guided Focused Ultrasound for the
Management of Essential Tremor. Pouratian N, Baltuch G, Elias WJ, Gross R.
Neurosurgery. 2019 Dec 12. pii: nyz510. doi: 10.1093/neuros/nyz510. 
[Epub ahead of print] PubMed PMID: 31832649.

Recent Advances in the Use of Focused Ultrasound for Magnetic Resonance  
Image-Guided Therapeutic Nanoparticle Delivery to the Central Nervous
System. Fisher DG, Price RJ. Front Pharmacol. 2019 Nov 13;10:1348. doi:
10.3389/fphar.2019.01348. eCollection 2019. Review. PubMed PMID: 
31798453; PubMed Central PMCID: PMC6864822.

Three-year  follow-up of prospective trial of focused ultrasound thalamotomy  
for essential tremor. Halpern CH, Santini V, Lipsman N, Lozano AM, Schwartz
ML, Shah BB, Elias WJ, Cosgrove GR, Hayes MT, McDannold N, Aldrich C,
Eisenberg HM, Gandhi D, Taira T, Gwinn R, Ro S, Witt J, Jung NY, Chang JW,
Rosenberg J, Ghanouni P. Neurology. 2019 Dec 10;93(24):e2284-e2293.
doi: 10.1212/WNL.0000000000008561. Epub 2019 Nov 20. PubMed 
PMID: 31748250.

Ultrasound Ablation in Neurosurgery: Current Clinical Applications and Future 
Perspectives. Franzini A, Moosa S, Prada F, Elias WJ. Neurosurgery. 2019 
Nov 20. pii: nyz407. doi: 10.1093/neuros/nyz407. [Epub ahead of print] 
PubMed PMID: 31745558.

erspectives on Recent Progress in Focused Ultrasound Immunotherapy. 
Sheybani ND, Price RJ. Theranostics. 2019 Oct 15;9(25):7749-7758. doi:
10.7150/thno.37131. eCollection 2019. Review. PubMed PMID: 31695798; 
PubMed Central PMCID: PMC6831458.

In vitro potentiation of doxorubicin by unseeded controlled non-inertial 
ultrasound cavitation. Fant C, Lafond M, Rogez B, Castellanos IS, Ngo J,
Mestas JL, Padilla F, Lafon C. Sci Rep. 2019 Oct 30;9(1):15581. doi:
10.1038/s41598-019-51785-7. PubMed PMID: 31666639; PubMed 
Central PMCID: PMC6821732..

Focused Ultrasound Preconditioning for Augmented Nanoparticle Penetration
and Efficacy in the Central Nervous System. Mead BP, Curley CT, Kim N, Negron
K, Garrison WJ, Song J, Rao D, Miller GW, Mandell JW, Purow BW, Suk JS, Hanes
J, Price RJ. Small. 2019 Dec;15(49):e1903460. doi: 10.1002/smll.201903460. 
Epub 2019 Oct 22. PubMed PMID: 31642183.

Novel acoustic coupling bath using magnetite nanoparticles for MR-guided
transcranial focused ultrasound surgery. Allen SP, Steeves T, Fergusson A, Moore
D, Davis RM, Vlaisialjevich E, Meyer CH. Med Phys. 2019 Dec;46(12):5444-
5453. doi: 10.1002/mp.13863. Epub 2019 Oct 29. PubMed PMID: 31605643; 
PubMed Central PMCID: PMC6899167.

Ablative brain surgery: an overview. Franzini A, Moosa S, Servello D, Small I,  
DiMeco F, Xu Z, Elias WJ, Franzini A, Prada F. Int J Hyperthermia. 2019
Oct;36(2):64-80. doi: 10.1080/02656736.2019.1616833. PubMed PMID: 
 31537157.

Reducing temperature errors in transcranial MR-guided focused ultrasound 
using a reduced-field-of-view sequence. Grissom WA, Allen S. Magn Reson
Med. 2020 Mar;83(3):1016-1024. doi: 10.1002/mrm.27987. Epub 2019 
 Sep 4. PubMed PMID: 31483525.Publications continued

CENTERS OF EXCELLENCE

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

Multiple tumors Nonthermal, Immunomodulation 

Preclinical research - Cardiovascular

Arteriovenous malformations Nonthermal, Tissue destruction

Peripheral artery disease Nonthermal, Drug delivery, vehicle

Preclinical research - Gastrointestinal

Pancreatic tumors Thermal ablation, Immunomodulation

Preclinical research - Miscellaneous

Melanoma Thermal ablation, Immunomodulation

Preclinical research - Neurological

Epilepsy Nonthermal, BBB opening, drug delivery
Nonthermal, Neuromodulation

Glioblastoma Nonthermal, Drug delivery, vehicle
Nonthermal, Immunomodulation
Nonthermal, Radiosensitization
Nonthermal, Sonodynamic therapy
Nonthermal, Vascular occlusion

Parkinson’s disease, underlying causes Nonthermal, BBB opening, drug delivery

Stroke, thromboembolic Nonthermal, Sonoporation

Preclinical research - Women’s health

Breast cancer Thermal ablation, Immunomodulation
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CENTERS OF EXCELLENCE

Centers of Excellence Research continued

Publications continued

Impact of skull density ratio on efficacy and safety of magnetic resonance- 
guided focused ultrasound treatment of essential tremor. D'Souza M, Chen
KS, Rosenberg J, Elias WJ, Eisenberg HM, Gwinn R, Taira T, Chang JW, 
Lipsman N, Krishna V, Igase K, Yamada K, Kishima H, Cosgrove R, Rumià J,
Kaplitt MG, Hirabayashi H, Nandi D, Henderson JM, Butts Pauly K, Dayan M,
Halpern CH, Ghanouni P. J Neurosurg. 2019 Apr 26:1-6. doi:
10.3171/2019.2.JNS183517. [Epub ahead of print] PubMed PMID: 
31026836.

Correcting image blur in spiral, retraced in/out (RIO) acquisitions using a
maximized energy objective. Allen SP, Feng X, Fielden SW, Meyer CH. Magn
Reson Med. 2019 Mar;81(3):1806-1817. doi: 10.1002/mrm.27541. Epub
2018 Nov 13. PubMed PMID: 30421451; PubMed Central PMCID: 
PMC6859899.

Applications of Focused Ultrasound in Cerebrovascular Diseases and Brain  
Tumors.  Prada F, Kalani MYS, Yagmurlu K, Norat P, Del Bene M, DiMeco F,
Kassell NF. Neurotherapeutics. 2019 Jan;16(1):67-87. doi:
10.1007/s13311-018-00683-3. Review. PubMed PMID: 30406382; 
PubMed Central PMCID: PMC6361053.

Testing Different Combinations of Acoustic Pressure and Doses of Quinolinic 
Acid for Induction of Focal Neuron Loss in Mice Using Transcranial Low-In-
tensity Focused Ultrasound. Zhang Y, Liao C, Qu H, Huang S, Jiang H, Zhou
H, Abrams E, Habte FG, Yuan L, Bertram EH, Lee KS, Pauly KB, Buckmaster
PS, Wintermark M. Ultrasound Med Biol. 2019 Jan;45(1):129-136. doi:
10.1016/j.ultrasmedbio.2018.08.023. Epub 2018 Oct 8. PubMed PMID: 
30309748; PubMed Central PMCID: PMC6289648.

Preparation and characterization of perfluorocarbon microbubbles using 
Shirasu Porous Glass (SPG) membranes. Melich R, Valour JP, Urbaniak S,
Padilla F, Charcosset C. Colloids and Surfaces A-Physicochemical and 
Engineering Aspects, 560, 233- 243, 2019.

Publications continued

Navigated Intraoperative 2-Dimensional Ultrasound in High-Grade Glioma 
Surgery: Impact on Extent of Resection and Patient Outcome. Moiraghi A,
Prada F, Delaidelli A, Guatta R, May A, Bartoli A, Saini M, Perin A, Wälchli T,
Momjian S, Bijlenga P, Schaller K, DiMeco F. Oper Neurosurg (Hagerstown).
2019 Aug 21. pii: opz203. doi: 10.1093/ons/opz203. [Epub ahead of print] 
PubMed PMID: 31435672.

Simultaneous multislice MRI thermometry with a single coil using incoherent 
blipped-controlled aliasing. Quah K, Poorman ME, Allen SP, Grissom WA.
Magn Reson Med. 2020 Feb;83(2):479-491. doi: 10.1002/mrm.27940.
Epub 2019 Aug 11. PubMed PMID: 31402493; PubMed Central PMCID: 
PMC6824936.

The role of high-intensity focused ultrasound as a symptomatic treatment for
Parkinson's disease. Moosa S, Martínez-Fernández R, Elias WJ, Del Alamo
M, Eisenberg HM, Fishman PS. Mov Disord. 2019 Sep;34(9):1243-1251.
doi: 10.1002/mds.27779. Epub 2019 Jul 10. Review. PubMed PMID: 
31291491.

Parkinson's disease gene therapy: Will focused ultrasound and nanovectors be 
the next frontier? Price RJ, Fisher DG, Suk JS, Hanes J, Ko HS, Kordower JH.
Mov Disord. 2019 Sep;34(9):1279-1282. doi: 10.1002/mds.27675. Epub
2019 Mar 25. PubMed PMID: 30908781; PubMed Central PMCID: 
PMC6754296.

Focused Ultrasound and Other Lesioning Therapies in Movement Disorders. 
Walters H, Shah BB. Curr Neurol Neurosci Rep. 2019 Aug 3;19(9):66. doi: 
10.1007/s11910-019-0975-2. Review. PubMed PMID: 31377876.

Moving toward Noninvasive, Focused Ultrasound Therapeutic Delivery of Drugs 
in the Brain: Prolonged Opening of Blood-Brain Barrier May Not Be Needed.
Klibanov AL, McDannold NJ. Radiology. 2019 May;291(2):467-468. doi:
10.1148/radiol.2019190410. Epub 2019 Mar 26. PubMed PMID: 
30917292; PubMed Central PMCID: PMC6490053.

The neurosurgical treatment of craniofacial pain syndromes: current surgical 
indications and techniques. Franzini A, Moosa S, D'Ammando A, Bono B,
Scheitler-Ring K, Ferroli P, Messina G, Prada F, Franzini A. Neurol Sci. 2019
May;40(Suppl 1):159-168. doi: 10.1007/s10072-019-03789-4. Review. 
PubMed PMID: 30835002.
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FUS Veterinary Applications

Introduction

Veterinary medicine offers a unique opportunity to expand
research and commercial applications of focused ultrasound
into a market with reduced regulatory burdens, while also 
collecting data in naturally occurring disease models to support 
human clinical trials.

Focused ultrasound’s ability to treat tissue noninvasively and
enhance the efficacy of some therapies, thus reducing the 
length of hospital stays and total cost of treatment, is a crucial 
benefit for pet owners who pay out of pocket.

Currently, the most promising focused ultrasound applications 
in veterinary medicine are in the fields of oncology and pain
management.

In addition to ablating tumor tissue and enhancing the efficacy 
of chemo- and immunotherapies, preclinical and human 

V E T E R I N A RY  M E D I C I N E

clinical data suggest that focused ultrasound can induce 
a potent antitumor immune response. This is of particular
interest in the case of animals with metastatic disease or those
who are not good surgical candidates. Patients with partially
resected, recurrent, or surgically inaccessible tumors are 
also ideal candidates for treatment with focused ultrasound.

Focused ultrasound also shows great promise in the management 
of osteoarthritis, soft tissue injury, and elbow/hip dysplasia.
Treatment can enhance blood flow to the damaged tissue, 
enhancing healing and reducing scar formation. Focused 
ultrasound can also be used to ablate nerve tissue noninvasively,
relieving pain in advanced arthritis.

For more information visit: 
www.fusfoundation.org/for-researchers/high-priorityresearch-
areas/veterinary-program.

★★★
★

●
●●

North America

★ Oklahoma State University

★ Stanford University
In collaboration with University of California, 
Davis, School of Veterinary Medicine

★ Virginia-Maryland College of Veterinary Medicine

Europe

● Cancer Research 

● LabTAU

● Vet LIFU

Veterinary Program Sites

www.fusfoundation.org/for-researchers/high-priorityresearchareas/
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Proposed Market and Value Chain

Value Chain

We project that the market is capable of absorbing just under
5,000 focused ultrasound device units at a retail value of 
between $150,000 and $250,000 per device. Early adopters
are likely to consist of veterinary schools, large specialty 
clinics (e.g. oncology and rehabilitation centers), and 
high-volume animal shelters. This constitutes an additional
potential revenue stream for focused ultrasound 
manufacturers, and may represent a cost savings for 
veterinary clinics, particularly when compared to competing
technology such as radiation therapy.

Pet owner Veterinary
practice

FUS
manufacturer

Distributor

Parts
manufacturer

Cancer, per patient
$5K – $7K

Sterilization, 
per patient
$50 – $400

Per FUS device
$150K – $200K

$20K

$5K – $7K

Early Mid Late

Adopters Market
■ Veterinary schools   ■ Vet/specialty clinics    ■ Animal shelters

3500

2800

2100

1400

700

0
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Oncology

Soft tissue tumors*

Bladder cancer

Chronic wound

Hepatocellular carcinoma 

Oral tumors**

Osteosarcoma

Brain tumors

Lung cancer

Sarcoids

Pain

Elbow/hip dysplasia

Osteoarthritis

Soft tissue injuries

Miscellaneous

Epilepsy

Kidney stones

Spay/neuter

V E T E R I N A RY  M E D I C I N E

State of Research by Indication

Development stage
Proposed  |  Clinical trial  |  Clinical practice                 

Species

2018

2020

2018

2019

2019

2020

2014

2018

2020

Oncology

● Brain tumors

● Lung cancer

● Sarcoids 

● Bladder cancer

● Chronic wound

● Hepatocellular 
carcinoma

● Oral tumors**

●● Soft tissue tumors*

Pain

● Elbow/hip 
dysplasia

●●● Osteoarthritis

● ● Soft tissue injuries

Miscellaneous

● Epilepsy

● Kidney stones

●● Spay/neuter       

Canine     |     Feline      |      Equine        

Development Landscape

Development stage
Proposed  |  Clinical trial  |  Clinical practice                 

Species ● Canine     |     ● Feline      |      ● Equine               

2018

2018

2018

2018

*Soft tissue tumors includes soft tissue sarcoma and mast cell tumors.

**Oral tumors includes oral melanoma, plasmacytoma (of the gums/lips), 
ameloblastomas, salivary gland tumors, and squamous cell carcinoma 
(of the gums/lips).

2020

2018
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Treated Patients by Indication
Cummulative

81 total treatments

■ 40 Osteoarthritis

■ 20 Soft tissue tumors*

■  11 Oral tumors**

■    3 Chronic wound

■   2 Soft tissue injuries

■    1 Osteosarcoma

■   1 Thyroid carcinoma

■   1 Nasal chondrosarcoma

■   1 Hepatocellular carcinoma

*Soft tissue tumors includes soft tissue sarcoma and mast cell tumors.

**Oral tumors includes oral melanoma, plasmacytoma (of the gums/lips), 
ameloblastomas, salivary gland tumors, and squamous cell carcinoma 
(of the gums/lips).

Source: Potential patient populations were calculated from multiple websites:

acfoundation.org/faqs/

fda.gov/animalveterinary/resourcesforyou/animalhealthliteracy/ucm382772.htm#endnote8

animalsheltering.org/page/pets-by-the-numbers

Projected Patient Base
Millions per year in US

■ Cancer ■ Elbow/hip dysplasia/osteoarthritis ■ Spay/neuter

8M

6

4

2

0 Feline

8M

6

4

2

0 Canine
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2020State of Commercialization



33
indications with

regulatory approvals

22.8m
have insurance coverage for

prostate cancer
in the US

$112m
FUS industry investment

in 2019

76.9m
have insurance coverage for

bone metastases
in the US

120m
have insurance coverage for

bone metastases
in the US

50
clinical device 
manufacturers
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In the wake of exponential advancement, the industry is at an inflection point, reflecting a shift 
in mindset from "if" focused ultrasound will have a critical place in the therapeutic armamentarium
to "when" it will be widely available as a mainstream standard of care.

Additionally, we are seeing increasing evidence that the field is now transitioning from primarily 
a science-based research environment to a commercialization and patient treatment space focused
on marketing and sales. As this transition continues to occur, we want to keep pace with the 
different data points and metrics needed to understand and evaluate this global commercialization
in order to accurately analyze the information and disseminate our findings to all stakeholders.  
This section reflects an expansion from previous years and contains an in-depth analysis of 
regulatory approvals. We have reorganized previous years’ data by geographic regions and provided
more detail on each company working in the focused ultrasound space.

State of Commercialization

I N T R O D U C T I O N

16
companies

have regulatory approvals

3
indications

with
US reimbursement
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In order to help accelerate the transition of the field from 
a primarily science-based research environment to a 
commercialization and patient treatment space focused on
marketing and sales, the Foundation created FUS Partners 
in April of 2018. The FUS Partners Program serves as 
a galvanizing force in facilitating rapid success of the 
commercial stakeholder segment of the focused ultrasound
ecosystem, and thus helps speed the time from laboratory 
research to widespread adoption and utilization of the 
technology.

By virtue of its reputation as a trusted, independent, unbiased 
third party with an extensive network, FUS Partners is
uniquely positioned to significantly and effectively advance
the field by identifying commercial opportunities, making
connections between stakeholders, and enhancing the 
flow of information between strategic and financial investors
and FUS companies. 

Goals

• Produce a quantum change in the adoption rate of 
focused ultrasound as a mainstream standard of care

• Grow and rationalize the device manufacturers 
segment of the FUS community by taking a holistic 
approach to the support of key stakeholders within
the ecosystem

Activities

Regulatory & Reimbursement
• Engage with FDA, CMS, and commercial payers to 

inform them of the state of the field and obtain 
guidance with respect to regulatory approvals and 
reimbursement

• Connect manufacturers with regulatory and 
reimbursement consultants

• Educate manufacturers on best practices and strategy 
for coverage, reimbursement, and coding and billing

Financial & Human Capital
• Connect institutional, strategic, and individual 

investors with manufacturers in need of financing 
and facilitate in due diligence and preparing investor 
relations materials

• Support FUS companies in attracting and hiring talent

Strategic Partnerships & Technology Transfer
• Connect manufacturers with other manufacturers 

of FUS and related equipment and components, 
academic research laboratories, and strategic sponsors

Advocacy
• Inform regulatory agencies, payers, and MedTech 

advocacy organizations about FUS 

• Monitor clinical trials and potentially decrease 
cost of care while improving quality

• Connect and engage FUS manufacturers with 
advocacy organizations

Intellectual Property
• Educate academic researchers and FUS companies 

about why, what, and how to patent

• Connect researchers and FUS companies with 
intellectual property consultants

FUS Partners Role in the Industry

STATE OF COMMERCIALIZATION
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2019 2020 2021 2022 2023 2024 2025 2026

FUS Market Projection
Revenue in millions of dollars

$750M
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$172 M

18% compound 
annual growth rate

16.0
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FUS Industry Investments Over Time
■ Number of investments ■ Value of investments in millions of dollars
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Market value and growth rate estimates were compiled from the following
websites:

a2zmarketresearch.com/data/Global-High-Intensity-Focused-
Ultrasound-(HIFU)-Market-Report-2019/72503

theresearchcorporation.com/semiconductor-electronics/Global-High-
Intensity-Focused-Ultrasound-HIFU-Market-Report-2019-43544

industryresearch.biz/global-high-intensity-focused-ultrasound-system-market-
13807202                      

intenseresearch.com/report/157513

htfmarketreport.com/reports/1387744-global-high-intensity-focused-
ultrasound-10                

1marketresearch.com/market-reports/high-intensity-focused-
ultrasound-hifu-market-industry-report-111594

kandjmarketresearch.com/reports/124380-global-high-intensity-focused-
ultrasound-hifu-sales-marketsalesrevenue-and-competitors-analysis-of-major-
marketfrom-2014-2026

industryandresearch.com/report/Global-High-Intensity-Focused-Ultrasound--
HIFU--Market-Report-2019/129641

marketstudyreport.com/reports/global-high-intensity-focused-ultrasound-hifu-
market-growth-2019-2024

globalinforesearch.com/global-high-intensity-focused-ultrasound-hifu-
market_p217443.html   

marketprognosis.com/report/high-intensity-focused-ultrasound-hifu-therapy-
market-by-application-and-region-and-forecast-company-profile-product-
analysis--recent-development-of-20-hifu-manufacturers---global-analysis-
to/pr-20191

Source: www.crunchbase.com and company press releases

www.crunchbase.com and company press releases
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2019 FUS Industry Investments*

Manufacturer Funding type Investors Money raised, millions $US

HistoSonics, Inc.
Series C Varian Medical Systems, Inc. $54.7M

Fred Moll
Johnson & Johnson Innovation
Lumira Ventures
State of Wisconsin Investment Board
Venture Investors

Exo Imaging
Series B Wanxiang Healthcare Investments $35.0M

Profound Medical Corp
Post-IPO Equity — $11.5M

Theraclion, SA.
Post-IPO Equity Unigestion, SA. $5.4M

Cardiawave, SA
Grant EU Executive Agency for SMEs $4.1M

Harmonics Medical, Inc.
Series A FedDev Ontario $1.6M

$112.3M Total

*As reported by Crunchbase and industry press releases

STATE OF COMMERCIALIZATION

While 2019 investment was about 50 percent of the previous
year, it is worth noting that 2019 is the first year that we
have seen investment in the field of focused ultrasound by
two major stakeholders in the medical device space—
Johnson & Johnson Innovation and Varian Medical Systems.  
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Insurance Coverage in the United States*

Essential tremor

Public carriers ● Medicare 
AK, AL, AZ, CA, CT, GA, HI, IA, ID, IL, IN, KS, KY, MA, ME, 
MI, MN, MO, MT, NC, ND, NE, NH, NV, NY, OH, OR, RI, SC, 
SD, TN, UT, VA, VT, WA, WI, WV, WY

Private carriers ■ AmeriHealth
DC, IA, LA, MI, NJ, PA, SC

■ Asuris Northwest Health
WA

■ Blue Cross Blue Shield Plan
AK, AL, AR, CA, DE, FL, IA, ID, IL, KS, LA, MA, MI, MO, MS, 
MT, NC, NJ, NM, OK, OR, PA, SD, TX, UT, WA, WV

■ Lifewise
WA

■ University of Utah Health Plans
UT

Covered lives 76.9 million

Bone metastases | Pain palliation

Private carriers ■ Amerigroup Healthcare
DC, GA, IA, MD, NJ, TN, TX, WA

■ AmeriHealth
DC, IA, LA, MI, NJ, PA, SC

■ Anthem, Blue Cross Blue Shield
AK, AL, AR, AZ, CA, CO, CT, DE, FL, GA, IA, ID, IL, IN, KY, 
LA, MA, ME, MI, MO, MS, MT, NC, NH, NJ, NM, NV, NY, 
OH, OK, OR, PA, SC, SD, TN, TX, VA, WA, WI, WV

■ CIGNA
ALL STATES

■ Geisinger Health Plan
DE, ME, NJ, PA, WV

■ HAP Health Alliance Plan
MI

■ Lifewise 
WA

Covered lives 120 million

* All coverage decisions are conditional, requiring that patients meet specific inclusion
   and exclusion criteria. The most current policy documents from the individual 
   insurers should be referenced for a complete description.

1 Local treatment for recurrent prostate cancer following radiation therapy

Prostate cancer | Salvage therapy1

Private carriers ■ Asuris Northwest Health
WA

■ Blue Shield Regence
ID, OR, UT, WA

■ CIGNA
ALL STATES

■ HAP Health Alliance Plan
MI

Covered lives 22.8 million 
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STATE OF COMMERCIALIZATION

FUS Regulatory Approvals by Indication and Region

33
Indications

Approved Worldwide

10
North America

31
Europe

26
Asia

1
Africa

8
Oceania

10
South America
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FUS Regulatory Approvals by Indication and Region continued

STATE OF COMMERCIALIZATION

■ North  America ■ Europe ■ Asia ■ South America ■ Oceania ■ Africa

Arthritis, facetogenic
Bone metastases
Bone tumors, benign
Essential tremor
Neuropathic pain
Osteoid osteoma
Parkinson’s disease, 

tremor
Prostate cancer
Uterine adenomyosis
Uterine fibroids

Arthritis, facetogenic
Bone metastases
Bone tumors, benign
Essential tremor
Osteoid osteoma
Prostate cancer
Uterine adenomyosis
Uterine fibroids

Prostate cancerArthritis, facetogenic
Benign prostatic 

hyperplasia
Bone metastases
Bone tumors, benign
Breast cancer
Breast fibroadenoma
Cervicitis
Depression
Essential tremor
Glaucoma
Kidney tumors
Liver tumors
Neuropathic pain
Obsessive-compulsive 

disorder
Osteoid osteoma
Pancreatic tumors
Parkinson’s disease, 

dyskinesia
Parkinson’s disease, 

tremor
Prostate cancer
Rhinitis
Soft tissue cancer
Soft tissue tumors, 

benign
Thyroid nodules
Uterine adenomyosis
Uterine fibroids
Varicose veins

Arthritis, facetogenic
Bone cancer
Bone metastases
Bone tumors, benign
Breast cancer
Breast fibroadenoma
Depression
Epicondylitis
Essential tremor
Glaucoma
Hypertension
Kidney tumors
Liver metastases
Liver tumors
Multiple myeloma
Neuropathic pain
Obsessive-compulsive

disorder
Osteoid osteoma
Pancreatic tumors
Parkinson’s disease, 

dyskinesia
Parkinson’s disease, 

tremor
Plantar fasciitis
Prostate cancer
Rhinitis
Soft tissue cancer
Soft tissue injury
Soft tissue tumors, 

benign
Thyroid nodules
Uterine adenomyosis
Uterine fibroids
Varicose veins

Arthritis, facetogenic
Benign prostatic 

hyperplasia
Bone metastases
Bone tumors, benign
Essential tremor
Osteoid osteoma
Parkinson’s disease, 

tremor
Prostate cancer
Uterine adenomyosis
Uterine fibroids
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Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Musculoskeletal

Arthritis, facetogenic

Bone metastases

Bone tumors, benign 

Osteoid osteoma

Neurological
Essential tremor

Parkinson’s tremor

Urological
BPH

Prostate cancer

Women’s health
Uterine adenomyosis 

Uterine fibroids

STATE OF COMMERCIALIZATION

North America—FUS Regulatory Approvals by Indication

Approval North  America
● Approval begin date ● Bahamas, Ministry of Health ● United States, FDA, ● Mexico, COFEPRIS
❙ Approval end date ● Barbados, Ministry of Health and Wellness Center for Devices & Radiological Health

● Costa Rica, Ministerio de Salud ● Canada, Health Canada, 
● Dominican Republic, MISPAS Medical Devices Bureau
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Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Cardiovascular

Hypertension

Varicose veins

Endocrine disorders
Thyroid nodules

Gastrointestinal
Liver metastases

Liver tumors

Pancreatic tumors

Musculoskeletal
Arthritis, facetogenic

Bone cancer

Bone metastases

Bone tumors, benign 

Epicondylitis

Multiple myeloma

Osteoid osteoma

Plantar fasciitis

Soft tissue cancer

Soft tissue injury

Soft tissue tumors, 

benign

Neurological
Depression

Essential tremor

Neuropathic pain

Europe—FUS Regulatory Approvals by Indication 

STATE OF COMMERCIALIZATION

Approval Europe
● Approval begin date ● Europe, CE Marking
❙ Approval end date ● Russia, Roszdravnadzor
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STATE OF COMMERCIALIZATION

Europe—FUS Regulatory Approvals by Indication continued

Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Neurological continued

OCD

Parkinson’s dyskinesia

Parkinson’s tremor

Ophthalmological
Glaucoma

Pulmonary
Rhinitis

Urological
Kidney tumors

Prostate cancer

Women’s health
Breast cancer

Breast fibroadenoma

Uterine adenomyosis

Uterine fibroids

Approval Europe
● Approval begin date ● Europe, CE Marking
❙ Approval end date ● Russia, Roszdravnadzor



Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Cardiovascular

Varicose Veins

Endocrine disorders
Thyroid nodules

Gastrointestinal
Liver tumors

Pancreatic tumors

Musculoskeletal
Arthritis, facetogenic

Bone metastases

Bone tumors, benign

Osteoid osteoma

Soft tissue cancer

Soft tissue tumors, 

benign

Neurological
Depression

Essential tremor

Neuropathic pain

OCD

Parkinson’s dyskinesia

Parkinson’s tremor

Ophthalmological
Glaucoma

Pulmonary
Rhinitis
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STATE OF COMMERCIALIZATION

Asia—FUS Regulatory Approvals by Indication 

Approval Asia
● Approval begin date ● China, CFDA ● Israel, AMAR ● Malaysia, MDA ● Taiwan, FDA
❙ Approval end date ● Hong Kong, MDD ● Japan, MHLW ● Pakistan, DRAP ● Thailand, FDA

● India, CDSCO ● Kazakhstan, NCEM ● Saudi Arabia, SFDA ● Uzbekistan, GDQC
● Indonesia, DGPMD ● South Korea, MFDS ● Singapore, HSA ● Vietnam, DMEW
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STATE OF COMMERCIALIZATION

Approval Asia
● Approval begin date ● China, CFDA ● Israel, AMAR ● Malaysia, MDA ● Taiwan, FDA
❙ Approval end date ● Hong Kong, MDD ● Japan, MHLW ● Pakistan, DRAP ● Thailand, FDA

● India, CDSCO ● Kazakhstan, NCEM ● Saudi Arabia, SFDA ● Uzbekistan, GDQC
● Indonesia, DGPMD ● South Korea, MFDS ● Singapore, HSA ● Vietnam, DMEW

Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Urological

BPH

Kidney tumors

Prostate cancer

Women’s health
Breast cancer

Breast fibroadenoma

Cervicitis

Uterine adenomyosis

Uterine fibroids

Asia—FUS Regulatory Approvals by Indication continued



South America—FUS Regulatory Approvals by Indication 

Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Musculoskeletal

Arthritis, facetogenic

Bone metastases

Bone tumors, benign 

Osteoid osteoma

Neurological
Essential tremor

Neuropathic pain

Parkinson’s tremor

Urological
Prostate cancer      

Women’s health
Uterine adenomyosis

Uterine fibroids
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STATE OF COMMERCIALIZATION

Approval South America
● Approval begin date ● Argentina, ANMAT ● Trinidad and Tobago, Ministry of Health
❙ Approval end date ● Brazil, ANVISA

● Colombia, INVIMA
● Ecuador, ANRCVS



Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Musculoskeletal

Arthritis, facetogenic  
Bone metastases

Bone tumors, benign 

Osteoid osteoma

Neurological
Essential tremor

Urological
Prostate cancer

Women’s health
Uterine adenomyosis

Uterine fibroids   

III.18     Focused Ultrasound Foundation | 2020 State of the Field

STATE OF COMMERCIALIZATION

Oceania—FUS Regulatory Approvals by Indication

Approval Oceania Africa
● Approval begin date ● Australia, TGA ● South Africa, MCC
❙ Approval end date ● New Zealand, MEDSAFE

Indications 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Urological
Prostate cancer

Africa—FUS Regulatory Approvals by Indication
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STATE OF COMMERCIALIZATION

Page intentionally left blank



III.20     Focused Ultrasound Foundation | 2020 State of the Field

STATE OF COMMERCIALIZATION

Number of Indication Approvals by Company

Manufacturer Indication Approvals

● One approval 

EyeTechCare
Kona Medical
Mirabilis Medical
Wuxi Haiying Electronic Medical

● Two approvals

Alpinion Medical Systems
EDAP TMS
Shenzhen PRO-HITU Medical
SonaCare Medical

● Three approvals

EpiSonica
Guided Therapy Systems
Theraclion

● Five approvals

Beijing Yuande Bio-Medical Engineering
Profound Medical 
Shanghai A&S

● Twelve approvals

Chongqing Haifu Medical Technology

● Sixteen approvals

Insightec

  

16
Approvals

12
2 5

116
Companies

5

2

2

2
1

1

1

3

3
3
5
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STATE OF COMMERCIALIZATION

Regulatory Approvals for Companies by Region and Indication

■ Asia

Alpinion Medical
Systems
Uterine adenomyosis
Uterine fibroids 

Beijing Yuande Bio-
Medical Engineering
Breast cancer
Kidney tumors
Liver tumors
Pancreatic tumors
Uterine fibroids

Chongqing Haifu
Medical Technology
Breast cancer
Cervicitis
Kidney tumors
Liver tumors
Osteoid osteoma
Pancreatic tumors
Rhinitis
Soft tissue cancer
Soft tissue tumors, benign
Uterine fibroids

EDAP TMS
Prostate cancer

EpiSonica
Soft tissue cancer
Uterine adenomyosis
Uterine fibroids

EyeTechCare
Glaucoma

Insightec
Arthritis, facetogenic
Bone metastases
Bone tumors, benign
Breast cancer
Depression
Essential tremor
Neuropathic pain
Obsessive-compulsive 

disorder

Osteoid osteoma
Parkinson’s disease, 

dyskinesia
Parkinson’s disease, 

tremor
Uterine adenomyosis
Uterine fibroids

Profound Medical
Bone metastases
Prostate cancer
Uterine adenomyosis
Uterine fibroids

Shanghai A&S
Bone metastases
Breast cancer
Liver tumors
Soft tissue cancer
Uterine fibroids

Shenzhen 
PRO-HITU Medical
Uterine adenomyosis
Uterine fibroids

SonaCare Medical
Benign prostatic 

hyperplasia
Prostate cancer

Theraclion
Breast fibroadenoma
Thyroid nodules
Varicose veins

Wuxi Haiying 
Electronic Medical
Uterine fibroids

                     

■ South America

EDAP TMS
Prostate cancer

Insightec
Arthritis, facetogenic
Bone metastases
Bone tumors, benign
Essential tremor
Neuropathic pain
Osteoid osteoma
Parkinson’s disease, 

tremor
Uterine adenomyosis
Uterine fibroids

Profound Medical
Bone metastases
Uterine adenomyosis
Uterine fibroids

SonaCare Medical
Prostate cancer

■ Oceania

Insightec
Arthritis, facetogenic
Bone metastases
Bone tumors, benign
Essential tremor
Osteoid osteoma
Uterine adenomyosis
Uterine fibroids

Profound Medical
Bone metastases
Prostate cancer
Uterine adenomyosis
Uterine fibroids

SonaCare Medical
Prostate cancer

■ Africa

SonaCare Medical
Prostate cancer

Prostate cancer
Uterine adenomyosis
Uterine fibroids

Kona Medical
Hypertension 

Mirabilis Medical
Uterine fibroids

Profound Medical
Bone metastases
Prostate cancer
Uterine adenomyosis
Uterine fibroids

Shanghai A&S
Uterine fibroids

Shenzhen 
PRO-HITU Medical
Uterine fibroids 

SonaCare Medical
Prostate cancer

Theraclion
Breast fibroadenoma
Thyroid nodules
Varicose veins

■ Europe

Alpinion Medical 
Systems
Uterine fibroids 

Chongqing Haifu
Medical Technology
Breast cancer
Kidney tumors
Liver metastases
Liver tumors
Osteoid osteoma
Pancreatic tumors
Rhinitis
Soft tissue cancer
Soft tissue tumors, benign
Uterine adenomyosis
Uterine fibroids

EDAP TMS
Prostate cancer

EyeTechCare
Glaucoma

Guided Therapy
Systems
Epicondylitis
Plantar fasciitis
Soft tissue injury

Insightec
Arthritis, facetogenic
Bone cancer
Bone metastases
Bone tumors, benign
Breast cancer
Depression
Essential tremor
Multiple myeloma
Neuropathic pain
Obsessive-compulsive 

disorder
Osteoid osteoma
Parkinson’s disease, 

dyskinesia
Parkinson’s disease, 

tremor

■ North  America

EDAP TMS
Benign prostatic 

hyperplasia

Prostate cancer

Insightec
Arthritis, facetogenic
Bone metastases
Bone tumors, benign
Essential tremor
Osteoid osteoma
Parkinson’s disease, 

tremor
Uterine adenomyosis
Uterine fibroids

Profound Medical
Benign prostatic 

hyperplasia

Prostate cancer
Uterine fibroids 

SonaCare Medical
Benign prostatic 

hyperplasia
Prostate cancer
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FUS Regulatory Approvals by Region and Manufacturer

North America Europe Asia South America Oceania Africa

Indications 

Cardiovascular

Hypertension ■

Varicose veins ▲ ▲

Endocrine
Thyroid nodules ▲ ▲

Gastrointestinal
Liver metastases ●

Liver tumors ● ● ● ●

Pancreatic tumors ● ● ●

Musculoskeletal
Arthritis, facetogenic ● ● ● ● ●

Bone cancer ●

Bone metastases ● ■ ● ■ ● ● ■ ● ■ ●

Bone tumors, benign ● ● ● ● ●

Epicondylitis ■

Multiple myeloma ●

Osteoid osteoma ● ● ● ● ● ● ●

Plantar fasciitis ■

Soft tissue cancer ● ● ● ●

Soft tissue injury ■

Soft tissue tumors, benign ● ●

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China

STATE OF COMMERCIALIZATION
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STATE OF COMMERCIALIZATION

FUS Regulatory Approvals by Region and Manufacturer continued

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China

North America Europe Asia South America Oceania Africa

Indications 

Neurological 

Depression ● ●

Essential tremor ● ● ● ● ●

Neuropathic pain ● ● ●

OCD ● ●

Parkinson’s dyskinesia ● ●

Parkinson’s tremor ● ● ● ●

Ophthalmological
Glaucoma ▲ ▲

Pulmonary
Rhinitis ● ●

Urological
BPH ■ ■ ▲ ■

Kidney tumors ● ● ●

Prostate cancer ■ ■ ▲ ■ ■ ▲ ● ■ ■ ▲ ■ ▲ ■ ■ ■

Women’s health
Breast cancer ● ● ● ● ● ●

Breast fibroadenoma ▲ ▲

Cervicitis ●

Uterine adenomyosis ● ■ ● ● ■ ● ● ● ● ■ ● ■ ●

Uterine fibroids ■ ● ■ ■ ● ● ● ● ● ■ ● ● ● ● ■ ● ■ ●
● ● ● ●
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North America—FUS Regulatory Approvals by Country and Manufacturer

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China

STATE OF COMMERCIALIZATION

Bahamas Barbados Canada Costa Rica Dominican Republic Mexico US

Ministry of Health Health Canada, FDA, Center for Devices
Indications Ministry of Health and Wellness Medical Devices Bureau Ministerio de Salud MISPAS COFEPRIS & Radiological Health

Musculoskeletal 

Arthritis, facetogenic ●

Bone metastases ● ● ●

Bone tumors, benign ●

Osteoid osteoma ●

Neurological
Essential tremor ● ●

Parkinson’s tremor ●

Urological
BPH ■ ■ ■ ■ ■ ▲

Prostate cancer ■ ■ ■ ▲ ■ ■ ■ ■ ■ ▲

Women’s health
Uterine adenomyosis ●

Uterine fibroids ■ ● ■ ● ●
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Europe—FUS Regulatory Approvals by Country and Manufacturer

Europe Russia

Indications CE Marking Roszdravnadzor

Cardiovascular

Hypertension ■

Varicose veins ▲

Endocrine disorders
Thyroid nodules ▲ ▲

Gastrointestinal
Liver metastases ●

Liver tumors ● ●

Pancreatic tumors ● ●

Musculoskeletal
Arthritis, facetogenic ● ●

Bone cancer ●

Bone metastases ■ ● ■ ●

Bone tumors, benign ● ●

Epicondylitis ■

Multiple myeloma ●

Osteoid osteoma ● ● ● ●

Plantar fasciitis ■

Soft tissue cancer ● ●

Soft tissue injury ■

Soft tissue tumors, benign ● ●

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China

STATE OF COMMERCIALIZATION
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STATE OF COMMERCIALIZATION

Europe—FUS Regulatory Approvals by Country and Manufacturer continued

Europe Russia

Indications CE Marking Roszdravnadzor

Neurological 

Depression ●

Essential tremor ● ●

Neuropathic pain ● ●

OCD ●

Parkinson’s dyskinesia ●

Parkinson’s tremor ● ●

Ophthalmological
Glaucoma ▲

Pulmonary
Rhinitis ●

Urological
Kidney tumors ● ●

Prostate cancer ■ ■ ▲ ● ■ ▲ ●

Women’s health
Breast cancer ● ● ●

Breast fibroadenoma ▲ ▲

Uterine adenomyosis ■ ● ● ■ ● ●

Uterine fibroids ■ ■ ● ● ● ■ ● ●

● ●

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China
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STATE OF COMMERCIALIZATION
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STATE OF COMMERCIALIZATION

Asia—FUS Regulatory Approvals by Country and Manufacturer 

China Hong Kong India Indonesia Israel Japan Kazakhstan Malaysia

Indications CFDA MDD CDSCO DGPMD AMAR MHLW NCEM MDA

Cardiovascular

Varicose veins 

Endocrine disorders
Thyroid nodules ▲

Gastrointestinal
Liver tumors ● ● ●

Pancreatic tumors ●

Musculoskeletal
Arthritis, facetogenic

Bone metastases ● ■ ● ● ■ ■

Bone tumors, benign

Osteoid osteoma ●

Soft tissue cancer ● ●

Soft tissue tumors, benign ●

Neurological
Depression

Essential tremor ● ● ●

Neuropathic pain

OCD

Parkinson’s dyskinesia 

Parkinson’s tremor ● ●

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China
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STATE OF COMMERCIALIZATION

Asia—FUS Regulatory Approvals by Country and Manufacturer continued

Pakistan Saudi Arabia Singapore South Korea Taiwan Thailand Uzbekistan Vietnam

Indications DRAP SFDA HSA MFDS FDA FDA GDQC DMEW

Cardiovascular

Varicose veins ▲

Endocrine disorders
Thyroid nodules ▲ ▲ ▲

Gastrointestinal
Liver tumors ● ●

Pancreatic tumors ● ●

Musculoskeletal
Arthritis, facetogenic ● ● ● ●

Bone metastases ● ● ● ■ ●

Bone tumors, benign ● ● ● ●

Osteoid osteoma ● ● ● ●

Soft tissue cancer ●

Soft tissue tumors, benign

Neurological
Depression ●

Essential tremor ● ●

Neuropathic pain ●

OCD ●

Parkinson’s dyskinesia ●

Parkinson’s tremor ●

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China
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STATE OF COMMERCIALIZATION

Asia—FUS Regulatory Approvals by Country and Manufacturer continued

China Hong Kong India Indonesia Israel Japan Kazakhstan Malaysia

Indications CFDA MDD CDSCO DGPMD AMAR MHLW NCEM MDA

Ophthalmological

Glaucoma ▲

Pulmonary
Rhinitis ●

Urological
BPH ■

Kidney tumors ● ●

Prostate cancer ■ ■ ▲ ■

Women’s Health
Breast cancer ● ● ●

Breast fibroadenoma ▲

Cervicitis ●

Uterine adenomyosis ● ■ ● ■ ■

Uterine fibroids ■ ● ● ● ■ ● ● ■ ■ 

●

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China
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STATE OF COMMERCIALIZATION

Asia—FUS Regulatory Approvals by Country and Manufacturer continued

Pakistan Saudi Arabia Singapore South Korea Taiwan Thailand Uzbekistan Vietnam

Indications DRAP SFDA HSA MFDS FDA FDA GDQC DMEW

Ophthalmological

Glaucoma

Pulmonary
Rhinitis

Urological
BPH 

Kidney tumors

Prostate cancer ■ ■ ■ ■ ▲ ■ ■ ■

Women’s health
Breast cancer ●

Breast fibroadenoma ▲ ▲ ▲

Cervicitis

Uterine adenomyosis ● ● ● ● ● ● ■ ●

Uterine fibroids ■ ● ■ ● ● ● ● ● ● ● ■ ●

● ● ●

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China
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South America—FUS Regulatory Approvals by Country and Manufacturer

Argentina Brazil Colombia Ecuador Trinidad and Tobago

Indications ANMAT ANVISA INVIMA ANRCVS Ministry of Health

Musculoskeletal

Arthritis, facetogenic ●

Bone metastases ■ ●

Bone tumors, benign ●

Osteoid osteoma ●

Neurological
Essential tremor ●

Neuropathic pain ●

Parkinson’s tremor ●

Urological
Prostate cancer ■ ■ ▲ ■ ■ ■

Women’s Health
Uterine adenomyosis ■ ●

Uterine fibroids ■ ●

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China

STATE OF COMMERCIALIZATION
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Oceania—FUS Regulatory Approvals by Country and Manufacturer

Manufacturers

North America
■ Guided Therapy Systems, US
■ Kona Medical, US
■ Mirabilis Medical, US
■ Profound Medical, Canada
■ SonaCare Medical, US

Europe
▲ EDAP TMS, France
▲ EyeTechCare, France
▲ Theraclion, France

  Asia
● Alpinion Medical Systems, South Korea
● Beijing Yuande Bio-Medical Engineering, China

● Chongqing Haifu Medical Technology, China
● EpiSonica, Taiwan
● Insightec, Israel
● Shanghai A&S, China
● Shenzhen PRO-HITU Medical, China
● Wuxi Haiying Electronic Medical, China

STATE OF COMMERCIALIZATION

Australia New Zealand

Indications TGA MEDSAFE

Musculoskeletal

Arthritis, facetogenic ● ●

Bone metastases ■ ● ■ ●

Bone tumors, benign ● ●

Osteoid osteoma ● ●

Neurological
Essential tremor ●

Urological
Prostate cancer ■ ■ ■

Women’s Health
Uterine adenomyosis ■ ● ■ ●

Uterine fibroids ■ ● ■ ●

Africa—FUS Regulatory Approvals by Region and FUS Manufacturer

South Africa

Indications MCC

Urological

Prostate cancer ■
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Timeline of Clinical Device Manufacturers by Region

North America

2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

In past State of the Field Reports, the company timelines
were based upon date of company formation. This year’s 
reporting is a bit different. Instead of the date of 
incorporation we are reporting on the year the company 
became involved in the FUS industry. For many early-stage
FUS manufacturing companies this date is one and the same;
however, for the OEM manufacturers and/or microbubble
companies this is a difference from previous years. Also new
for 2020, we are sorting the timelines by geographic regions
instead of by image guidance. Image, treatment, and 
planning guidance for companies/devices can be found on
pages III.42–III.47.

EyeSonix

BrainSonix

Guided Therapy Systems

Mirabilis Medical

SonaCare Medical

Profound Medical*

FUS Instruments

HistoSonics

International Cardio

Kona Medical

Harmonic Medical

VeinSound

TheraWave

Aucta Technologies

FUSMobile

Acoustiic

MR Instruments

NeuroSonics Medical

Exo Imaging

SonoVol

*Profound Medical acquired the HIFU assets of Philips in July, 2017.
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STATE OF COMMERCIALIZATION

Timeline of Clinical Device Manufacturers by Region continued

Europe

2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

Theraclion

Image Guided Therapy

Medsonic

Philips Healthcare*

CarThera

EyeTechCare

Cardiawave

TRANS-FUSIMO

Ultralab

TOOsonix

VeinSound

Asia

2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

Beijing Yuande 
Bio-Medical Engineering

Chongqing Haifu 
Medical Technology

Insightec

Wuxi Haiying Electronic Medical

Alpinion Medical Systems

NINA Medical

Vensica Medical

Mianyang Sonic Electronic

EpiSonica

NaviFUS

Shenzhen Huikang Medical 
Apparatus

NSN

MBInsight Systems

EDAP TMS

Suntec Industries

Shanghai A&S

Shenzhen PRO-HITU Medical

Changjiangyuan Technology 
Development
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1–10 11–25 26–50 51–100 101–150 151–250 251+

Company size range   

20

16

12

8

4

0

750

600

450

300

150

0

Numbers Employed by FUS Companies
■ Companies ■ Employees

Number of companies                                                                                                                                                                       Number of employees

FUS Company Size

64%
of companies have

25 or fewer employees

74%
of companies have

50 or fewer employees

57%
of the industry is employed by
the four largest companies

This analysis includes all FUS industry companies, including FUS device manufacturers,
distributors, microbubble companies and OEM manufacturers.



                                                                                                                          Focused Ultrasound Foundation | 2020 State of the Field  III.37

STATE OF COMMERCIALIZATION

Clinical Device Manufacturers                       

North America

Acoustiic INC | Seattle, Washington, United States, www.acoustiic.com 

Aucta Technologies INC | Minneapolis, Minnesota, United States, auctatechnologies.com

BrainSonix CORP | Sherman Oaks, California, United States, www.brainsonix.com  

Exo Imaging | Redwood City, California, United States, www.exo-imaging.com

EyeSonix | Long Beach, California, United Sates, eyesonix.com

FUS Instruments INC | Toronto, Ontario, Canada, www.fusinstruments.com

FUS Mobile INC | Alpharetta, Georgia, United Sates, www.fusmobile.com  

● Guided Therapy Systems LLC | Mesa, Arizonia, United Sates, www.guidedtherapy.com

Harmonic Medical INC | Burlington, Ontario, Canada, www.harmonicmedical.com

HistoSonics INC | Ann Arbor, Michigan, United States, www.histosonics.com  

International Cardio CORP, LLC | Edina, Minnesota, United States, www.hifu-rx.com

● Kona Medical INC | Bellevue, Washington, United States, konamedical.com  

● Mirabilis Medical INC | Bothell, Washington, United States, mirabilismed.com

MR Instruments INC | Hopkins, Minnesota, United States, mrinstruments.com

NeuroSonics Medical INC | Baltimore, Maryland, United States 

● Profound Medical CORP* | Mississauga, Ontario, Canada, www.profoundmedical.com 

● SonaCare Medical LLC | Charlotte, North Carolina, United States, www.sonacaremedical.com  

SonoVol | Durham, North Carolina, United States, sonovol.com

TheraWave LLC | New York, New York, United States

VeinSound INC | Sunnyvale, California, United Sates 

FUS Industry by Region

20

  ● Manufacturers with regulatory approvals; see page III.21 for approvals.
*   Profound Medical acquired the HIFU assets of Philips in July of 2017.
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FUS Industry by Region continued

Clinical Device Manufacturers                       

Europe

Cardiawave SA | Paris, France, cardiawave.com 

CarThera SA | Paris, France, www.carthera.eu 

● EDAP TMS SA | Vaulx-en-Velin, France, www.edap-tms.com  

● EyeTechCare SA | Lyon, France, www.eyetechcare.com

Image Guided Therapy SA | Pessac, France, www.imageguidedtherapy.com

Medsonic LTD | Limassol, Cyprus, www.medsonic.com.cy

The Philips Healthcare* | Eindhoven, The Netherlands, www.healthcare.philips.com

PI Ceramic GMBH | Lederhose, Germany, www.piceramic.com

● Theraclion SA | Malakoff, France, www.theraclion.fr

TOOsonix A/S | Hørsholm, Denmark, www.toosonix.com

TRANS-FUSIMO | Bremen, Germany, www.trans-fusimo.eu

Ultralab LTD | Çankaya/Ankara, Turkey, www.ultralabltd.com

VeinSound SAS | Lyon, France 

13

STATE OF COMMERCIALIZATION

  ● Manufacturers with regulatory approvals; see page III.21 for approvals.
*   Profound Medical acquired the HIFU assets of Philips in July of 2017.
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STATE OF COMMERCIALIZATION

FUS Industry by Region continued

Clinical Device Manufacturers                       

Asia

● Alpinion Medical Systems CO LTD | Seoul, South Korea, www.alpinion.com  

● Beijing Yuande Bio-Medical Engineering CO LTD | Daxing, China, www.yuande.com  

Changjiangyuan Technology Development CO LTD | Beijing, China, www.cjykj.com

● Chongqing Haifu Medical Technology CO LTD | Chongqing, China, www.haifumedical.com

● EpiSonica CORP | Hsinchu, Taiwan, www.episonica.com  

● Insightec LTD | Tirat Carmel, Israel, www.insightec.com 

MBInsight Systems INC | Taiwan

Mianyang Sonic Electronic LTD | Mianyang City, China, www.ultrasound.cn

NaviFUS CORP | New Taipei City, Taiwan, www.navi-fus.com

Neurosona CO LTD | Seoul, Korea | www.neurosona.com

NINA Medical LTD | Israel | ninamed.com

● Shanghai A&S Science Technology Development CO LTD | Shanghai, China, www.aishen.com.cn 

Shenzhen Huikang Medical Apparatus CO LTD | Shenzhen, China, www.eswl.cn

● Shenzhen PRO-HITU Medical Technology CO LTD | Shenzhen, China, en.pro-hifu.com

Suntec Industries CO LTD | Shanghai, China

Vensica Medical | Misgav, Israel, vensica.com  

● Wuxi Haiying Electronic Medical Systems CO LTD | Wuxi, China, www.haiyingmedical.com

17

  ● Manufacturers with regulatory approvals; see page III.21 for approvals.
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Alpinion Medical Systems CO LTD

Regulatory approvals
Uterine adenomyosis, 2018
Uterine fibroids, 2014 

Commercial treatments
Uterine adenomyosis
Uterine fibroids

Clinical research
Pancreatic tumors
Uterine fibroids

Devices
Alpius 900
VIFU2000

Treatment guidance
Ultrasound

Beijing Yuande Bio-Medical Engineering CO LTD

Regulatory approvals
Breast cancer, 1999
Kidney tumors, 1999
Liver tumors, 1999
Pancreatic tumors, 2007
Uterine fibroids, 2007

Commercial treatments
Bone metastases
Breast cancer
Kidney tumors
Liver tumors
Pancreatic tumors
Prostate cancer
Soft tissue tumors, benign
Uterine fibroids

Device
FEP-BY02

Treatment guidance
Ultrasound

                       

STATE OF COMMERCIALIZATION

Clinical Device Manufacturers with Regulatory Approvals 

Chongqing Haifu Medical Technology CO LTD

Regulatory approvals
Breast cancer, 1999
Cervicitis, 1999
Kidney tumors, 1999
Liver metastases, 2005
Liver tumors, 1999
Osteoid osteoma, 1999
Pancreatic tumors, 1999
Rhinitis, 1999
Soft tissue cancer, 1999
Soft tissue tumors, benign, 1999
Uterine adenomyosis, 2006
Uterine fibroids, 2006

Commercial treatments
Bone metastases
Breast cancer
Breast fibroadenoma
Cervicitis
Kidney tumors
Liver metastases
Liver tumors
Osteoid osteoma
Pancreatic tumors
Soft tissue cancer
Soft tissue tumors, benign
Uterine adenomyosis
Uterine fibroids

Clinical research
Breast cancer
Kidney tumors
Liver metastases
Liver tumors
Lung metastases
Osteoid osteoma
Pancreatic tumors
Retained placenta
Rhinitis
Sacral chordoma
Soft tissue cancer
Soft tissue tumors, benign
Uterine adenomyosis
Uterine fibroids
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STATE OF COMMERCIALIZATION

Clinical Device Manufacturers with Regulatory Approvals continued

EpiSonica CORP

Regulatory approval
Soft tissue cancer, 2016
Uterine Adenomyosis, 2016–2019
Uterine Fibroids, 2016–2019

Device
ArcBLATE (ARC-100M)

Treatment guidance
MR

Planning guidance
MR

                       

EyeTechCare SA

Regulatory approval
Glaucoma, 2011

Commercial treatment
Glaucoma

Clinical research
Glaucoma

Device
EyeOP1

Treatment guidance
Unguided

                       

Guided Therapy Systems LLC

Regulatory approvals
Epicondylitis, 2018
Plantar fasciitis, 2018
Soft tissue injury, 2018

Device
Actisound

Treatment Guidance
Ultrasound

Devices
CZB
CZF
CZG300
JC
JC200
JC200D

Treatment guidance
Ultrasound

EDAP TMS SA

Regulatory approvals
Benign prostatic hyperplasia, 2015
Prostate cancer, 1999

Commercial treatments
Benign prostatic hyperplasia
Prostate cancer

Clinical research
Benign prostatic hyperplasia
Liver metastases
Prostate cancer

Devices
Ablatherm
Focal One

Treatment guidance
Image fusion

Planning Guidance
Ultrasound

                       



III.42     Focused Ultrasound Foundation | 2020 State of the Field

Insightec LTD

Regulatory approvals
Arthritis, facetogenic, 2006
Bone cancer, 2013
Bone metastases, 2006
Bone tumors, benign, 2006
Breast cancer, 2007–2018
Depression, 2015–2018
Essential tremor, 2004
Multiple myeloma, 2013
Neuropathic pain, 2004
Obsessive-compulsive disorder, 2015–2018
Osteoid osteoma, 2006
Parkinson’s disease, dyskinesia, 2015
Parkinson’s disease, tremor, 2015
Prostate cancer, 2016
Uterine adenomyosis, 2004
Uterine fibroids, 2002

Commercial treatments
Arteriovenous malformations
Arthritis, facetogenic
Astrocytoma
Bone cancer
Bone metastases
Breast cancer
Desmoid tumors
Dystonia
Epilepsy
Essential tremor
Multiple tumors
Neuropathic pain
Osteoid osteoma
Parkinson’s disease, dyskinesia
Parkinson’s disease, tremor
Prostate cancer
Soft tissue tumors, benign
Trigeminal neuralgia
Uterine adenomyosis
Uterine fibroids

STATE OF COMMERCIALIZATION

Clinical Device Manufacturers with Regulatory Approvals continued

Clinical research
Alzheimer’s disease
Arthritis, facetogenic
Arthritis, knee
Astrocytoma
Bone cancer
Bone metastases
Bone tumors, benign
Brain metastases, breast cancer
Dementia
Depression
Dystonia
Endometriosis
Epilepsy
Essential tremor
Glioblastoma
Head & neck tumors
Holmes tremor
Huntington’s disease
Liver tumors
Multiple sclerosis
Neuropathic pain
Obsessive-compulsive disorder
Opioid and other addictions
Osteoid osteoma
Painful amputation neuromas
Parkinson’s disease, dyskinesia
Parkinson’s disease, tremor
Prostate cancer
Soft tissue cancer
Soft tissue tumors, benign
Uterine adenomyosis
Uterine fibroids

Devices
Exablate Body System
Exablate Neuro
Exablate Prostate

Treatment guidance
MR
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STATE OF COMMERCIALIZATION

Clinical Device Manufacturers with Regulatory Approvals continued

Profound Medical CORP

Regulatory approvals
Benign prostate hyperplasia, 2019
Bone metastases, 2010
Prostate cancer, 2016
Uterine adenomyosis, 2010
Uterine fibroids, 2009

Commercial treatments
Arteriovenous malformations
Benign prostatic hyperplasia
Bone cancer
Bone metastases
Bone tumors, benign
Cancer pain
Desmoid tumors
Endometriosis
Osteoid osteoma
Prostate cancer
Soft tissue cancer
Soft tissue tumors, benign
Uterine adenomyosis
Uterine fibroids

Clinical research
Benign prostatic hyperplasia
Bone cancer
Bone metastases
Bone tumors, benign
Breast cancer
Cancer pain
Desmoid tumors
Osteoid osteoma
Pancreatic tumors
Plantar fasciitis
Prostate cancer
Soft tissue cancer
Soft tissue tumors, benign
Uterine adenomyosis
Uterine fibroids
Vaginal tumors

Devices
Sonalleve
TULSA-PRO

Treatment guidance
MR 

Kona Medical INC

Regulatory approval
Hypertension, 2016

Clinical research
Hypertension

Device
Surround Sound (Prototype)

Treatment guidance
Ultrasound 

Mirabilis Medical INC

Regulatory approval
Uterine fibroids, 2017

Commercial treatment
Uterine fibroids

Device
Mirabilis System (Prototype)

Treatment guidance
Ultrasound 
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Shanghai A&S Science Technology Development CO LTD

Regulatory approvals
Bone metastases, 2002
Breast cancer, 2002
Liver tumors, 2002
Soft tissue cancer, 2002
Uterine fibroids, 2002

Commercial treatments
Endometrial tumors
Liver metastases
Liver tumors
Pancreatic tumors
Uterine adenomyosis
Uterine fibroids

Device
HIFUNIT9000

Treatment guidance
Ultrasound 

Shenzhen PRO-HITU Medical Tech CO LTD

Regulatory approvals
Uterine adenomyosis. 2012
Uterine fibroids, 2012

Commercial treatments
Pancreatic tumors
Uterine adenomyosis
Uterine fibroids

Devices
PRO2008
PRO300

Treatment guidance
Ultrasound 

STATE OF COMMERCIALIZATION

Clinical Device Manufacturers with Regulatory Approvals continued

SonaCare Medical LLC

Regulatory approvals
Benign prostatic hyperplasia, 2001
Prostate cancer, 2005

Commercial treatments
Benign prostatic hyperplasia
Prostate cancer

Clinical research
Cervical tumors
Endometrial tumors
Ovarian tumors
Prostate cancer

Devices
Sonablate
Sonatherm

Treatment guidance
Ultrasound 
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STATE OF COMMERCIALIZATION

Clinical Device Manufacturers with Regulatory Approvals continued

  

Theraclion SA

Regulatory approvals
Breast fibroadenoma, 2012
Thyroid nodules, 2007
Varicose veins, 2019

Commercial treatments
Breast cancer
Breast fibroadenoma
Thyroid nodules
Varicose veins

Clinical research
Breast cancer
Breast fibroadenoma
Graves’ disease
Head & neck tumors
Multiple tumors
Thyroid nodules
Varicose veins

Devices
Echopulse
SONOVEIN

Treatment guidance
Ultrasound 

Wuxi Haiying Electronic Medical Systems CO LTD

Regulatory approval
Uterine fibroids, 2016

Commercial treatment
Uterine fibroids

Treatment guidance
Ultrasound 
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Approval ● North  America ● South America
● Approval begin date ● Europe ● Oceania
❙ Approval end date ● Asia ● Africa

STATE OF COMMERCIALIZATION

First Global Regulatory Approvals for Companies by Indication

Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Alpinion Medical Systems
Uterine adenomyosis

Uterine fibroids

Beijing Yuande Bio-Medical Engineering
Breast cancer

Kidney tumors

Liver tumors

Pancreatic tumors

Uterine fibroids

Chongqing Haifu Medical Technology 
Breast cancer

Cervicitis

Kidney tumors

Liver metastases

Liver tumors

Osteoid osteoma

Pancreatic tumors

Rhinitis

Soft tissue cancer

Soft tissue tumors, benign

Uterine adenomyosis

Uterine fibroids
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STATE OF COMMERCIALIZATION

First Global Regulatory Approvals for Companies by Indication continued

Approval ● North  America ● South America
● Approval begin date ● Europe ● Oceania
❙ Approval end date ● Asia ● Africa

Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

EDAP TMS
BPH

Prostate cancer

EpiSonica
Soft tissue cancer

Uterine adenomyosis

Uterine fibroids

EyeTechCare
Glaucoma

Guided Therapy Systems
Epicondylitis

Plantar fasciitis

Soft tissue injury

Insightec
Arthritis, facetogenic

Bone cancer

Bone metastases

Bone tumors, benign

Breast cancer

Depression

Essential tremor

Multiple myeloma



Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Insightec continued

Neuropathic pain

OCD

Osteoid osteoma

Parkinson’s dyskinesia

Parkinson’s tremor

Prostate cancer

Uterine adenomyosis

Uterine fibroids

Kona Medical
Hypertension

Mirabilis Medical
Uterine fibroids

Profound Medical 
Bone metastases

BPH

Prostate cancer

Uterine adenomyosis

Uterine fibroids
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Approval ● North  America ● South America
● Approval begin date ● Europe ● Oceania
❙ Approval end date ● Asia ● Africa

STATE OF COMMERCIALIZATION

First Global Regulatory Approvals for Companies by Indication continued



Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Shanghai A&S 
Bone metastases

Breast cancer

Liver tumors

Soft tissue cancer

Uterine fibroids

Shenzhen PRO-HITU Medical
Uterine adenomyosis

Uterine fibroids

SonaCare Medical
BPH

Prostate cancer

Theraclion
Breast fibroadenoma

Thyroid nodules

Varicose veins

Wuxi Haiying Electronic Medical
Uterine fibroids
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STATE OF COMMERCIALIZATION

First Global Regulatory Approvals for Companies by Indication continued

Approval ● North  America ● South America
● Approval begin date ● Europe ● Oceania
❙ Approval end date ● Asia ● Africa
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Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

EDAP TMS

BPH

Prostate cancer

Insightec
Arthritis, facetogenic

Bone metastases

Bone tumors, benign

Essential tremor

Osteoid osteoma

Parkinson’s tremor

Uterine adenomyosis

Uterine fibroids

Profound Medical 
BPH

Prostate cancer

Uterine fibroids

SonaCare Medical
BPH

Prostate cancer   

STATE OF COMMERCIALIZATION

North America—FUS Regulatory Approvals by Company and Indication

Approval North  America
● Approval begin date ● Bahamas, Ministry of Health ● United States, FDA, ● Mexico, COFEPRIS
❙ Approval end date ● Barbados, Ministry of Health and Wellness Center for Devices & Radiological Health

● Costa Rica, Ministerio de Salud ● Canada, Health Canada, 
● Dominican Republic, MISPAS Medical Devices Bureau
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Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Alpinion Medical Systems

Uterine fibroids

Chongqing Haifu Medical Technology
Breast cancer

Kidney tumors

Liver metastases

Liver tumors

Osteoid osteoma

Pancreatic tumors

Rhinitis

Soft tissue cancer

Soft tissue tumors, benign

Uterine adenomyosis

Uterine fibroids

EDAP TMS
Prostate cancer

EyeTechCare
Glaucoma

Guided Therapy Systems
Epicondylitis

Plantar fasciitis

Soft tissue injury

Europe—FUS Regulatory Approvals by Company and Indication

Approval Europe
● Approval begin date ● Europe, CE Marking
❙ Approval end date ● Russia, Roszdravnadzor



Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Insightec
Arthritis, facetogenic

Bone cancer

Bone metastases

Bone tumors, benign

Breast cancer

Depression

Essential tremor

Multiple myeloma

Neuropathic pain 

OCD

Osteoid osteoma

Parkinson’s dyskinesia

Parkinson’s tremor

Prostate cancer

Uterine adenomyosis

Uterine fibroids

Kona Medical
Hypertension

Mirabilis Medicall
Uterine fibroids
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STATE OF COMMERCIALIZATION

Europe—FUS Regulatory Approvals by Company and Indication continued

Approval Europe
● Approval begin date ● Europe, CE Marking
❙ Approval end date ● Russia, Roszdravnadzor
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Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Profound Medical
Bone metastases

Prostate cancer

Uterine adenomyosis

Uterine fibroids

Shanghai A&S
Uterine fibroids

Shenzhen PRO-HITU Medical

Uterine fibroids

SonaCare Medical
Prostate cancer

Theraclion
Breast fibroadenoma

Thyroid nodules

Varicose veins

Europe—FUS Regulatory Approvals by Company and Indication continued

Approval Europe
● Approval begin date ● Europe, CE Marking
❙ Approval end date ● Russia, Roszdravnadzor
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Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Alpinion Medical Systems
Uterine adenomyosis

Uterine fibroids

Beijing Yuande Bio-Medical Engineering
Breast cancer

Kidney tumors

Liver tumors

Pancreatic tumors

Uterine fibroids

Chongqing Haifu Medical Technology
Breast cancer

Cervicitis

Kidney tumors

Liver tumors

Osteoid osteoma

Pancreatic tumors

Rhinitis

Soft tissue cancer

Soft tissue tumors, benign

Uterine fibroids

EDAP TMS
Prostate cancer

Asia—FUS Regulatory Approvals by Company and Indication

Approval Asia
● Approval begin date ● China, CFDA ● Israel, AMAR ● Malaysia, MDA ● Taiwan, FDA
❙ Approval end date ● Hong Kong, MDD ● Japan, MHLW ● Pakistan, DRAP ● Thailand, FDA

● India, CDSCO ● Kazakhstan, NCEM ● Saudi Arabia, SFDA ● Uzbekistan, GDQC
● Indonesia, DGPMD ● South Korea, MFDS ● Singapore, HSA ● Vietnam, DMEW



Approval Asia
● Approval begin date ● China, CFDA ● Israel, AMAR ● Malaysia, MDA ● Taiwan, FDA
❙ Approval end date ● Hong Kong, MDD ● Japan, MHLW ● Pakistan, DRAP ● Thailand, FDA

● India, CDSCO ● Kazakhstan, NCEM ● Saudi Arabia, SFDA ● Uzbekistan, GDQC
● Indonesia, DGPMD ● South Korea, MFDS ● Singapore, HSA ● Vietnam, DMEW
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Asia—FUS Regulatory Approvals by Company and Indication continued

Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

EpiSonica
Soft tissue cancer

   Uterine adenomyosis

Uterine fibroids

EyeTechCare
Glaucoma

Insightec
Arthritis, facetogenic

Bone metastases

Bone tumors, benign

Breast cancer

Depression

Essential tremor

Neuropathic pain

OCD

Osteoid osteoma

Parkinson’s dyskinesia

Parkinson’s tremor 

Uterine adenomyosis

 Uterine fibroids

Profound Medical
Bone metastases

Prostate cancer

Uterine adenomyosis

Uterine fibroids
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Approval Asia
● Approval begin date ● China, CFDA ● Israel, AMAR ● Malaysia, MDA ● Taiwan, FDA
❙ Approval end date ● Hong Kong, MDD ● Japan, MHLW ● Pakistan, DRAP ● Thailand, FDA

● India, CDSCO ● Kazakhstan, NCEM ● Saudi Arabia, SFDA ● Uzbekistan, GDQC
● Indonesia, DGPMD ● South Korea, MFDS ● Singapore, HSA ● Vietnam, DMEW

Asia—FUS Regulatory Approvals by Company and Indication continued

Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Shanghai A&S
Bone metastases

Breast cancer

Liver tumors

Soft tissue cancer

Uterine fibroids

Shenzhen PRO-HITU Medical
Uterine adenomyosis

Uterine fibroids

SonaCare Medical
BPH

Prostate cancer

Theraclion
Breast fibroadenoma

Thyroid nodules

Varicose veins

Wuxi Haiying Electronic Medical
Uterine fibroids

STATE OF COMMERCIALIZATION
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Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

EDAP TMS
Prostate cancer

Insightec
Arthritis, facetogenic

Bone metastases

Bone tumors, benign

Essential tremor

Neuropathic pain

Osteoid osteoma

Parkinson’s tremor

Uterine adenomyosis

Uterine fibroids

Profound Medical
Bone metastases

Uterine adenomyosis

Uterine fibroids

SonaCare Medical
Prostate cancer

South America—FUS Regulatory Approvals by Company and Indication

Approval South America
● Approval begin date ● Argentina, ANMAT ● Trinidad and Tobago, Ministry of Health
❙ Approval end date ● Brazil, ANVISA

● Colombia, INVIMA
● Ecuador, ANRCVS



Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

SonaCare Medical
Prostate cancer

Africa—FUS Regulatory Approvals by Company and Indication
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Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Insightec
Arthritis, facetogenic

Bone metastases

Bone tumors, benign

Essential tremor

Osteoid osteoma

Uterine adenomyosis

Uterine fibroids

Profound Medical
Bone metastases

Prostate cancer

Uterine adenomyosis

Uterine fibroids

SonaCare Medical
Prostate cancer

Oceania—FUS Regulatory Approvals by Company and Indication

Approval Oceania Africa
● Approval begin date ● Australia, TGA ● South Africa, MCC
❙ Approval end date ● New Zealand, MEDSAFE
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Manufacturers 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

Alpinion Medical Systems
Uterine adenomyosis

Uterine fibroids

Beijing Yuande Bio-Medical Engineering
Breast cancer

Kidney tumors

Liver tumors

Pancreatic tumors

Uterine fibroids

Chongqing Haifu Medical Technology
Breast cancer

Kidney tumors

Liver tumors

Osteoid osteoma

Pancreatic tumors

Rhinitis

Soft tissue cancer

Soft tissue tumor, benign

Uterine fibroids

EDAP TMS
Prostate cancer

  a
Soft tissue cancer

   Uterine adenomyosis

Uterine fibroids

South American FUS Regulatory Approvals by Company and Indication

Approval xxxxx
● Approval begin date ● China, CFDA ● Israel, AMAR ● Malaysia, MDA ● Taiwan, FDA
❙ Approval end date ● Hong Kong, MDD ● Japan, MHLW ● Pakistan, DRAP ● Thailand, FDA

● India, CDSCO ● Kazakhstan, NCEM ● Saudi Arabia, SFDA ● Uzbekistan, GDQC
● Indonesia, DGPMD ● Korea, MFDS ● Singapore, HSA ● Vietnam, DMEW
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Timeline of Other FUS Companies by Region
● Distributor ● Microbubble ● OEM

North America and
South America* 2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

In past State of the Field Reports, the company timelines
were based upon date of company formation. This year’s 
reporting is a bit different. Instead of the date of 
incorporation we are reporting on the year the company 
became involved in the FUS industry. For many early-stage
FUS manufacturing companies this date is one and the same;
however, for the OEM manufacturers and/or microbubble
companies listed here this is a difference from previous years.

Electronics and Innovation

JJ & A Instruments

Ultrasonic S-Lab

Verasonics

Daxsonics Ultrasound

III.60     Focused Ultrasound Foundation | State of the Field 2020

Onda

Sonic Concepts

THS International

SonoGene Piezo Technologies

Artenga

Vesselon

Lantheus Medical Imaging

Dynaflow

American HIFU

HIFU Prostate Services

Sul Imagem*

*Located in South America
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Timeline of Other FUS Companies by Region continued

● Distributor ● Microbubble ● OEM

Europe

2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

Bracco Imaging

Imasonic

Promedica Bioelectronics

Alliance Medical Italia

OxSonics

GE-Parallel Design

PI Ceramic

Asia

2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1989

ECHO Healthcare

S-Sharp

Tamura

Allmed Solutions

Meggitt

Precision Acoustics

Takai Hospital Supply

Sumo Corporations
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Brainbox

Thermosome

Phoenix Solutions

Demakai

EofE Ultrasonics

Humanscan
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FUS Industry by Region

Other FUS Companies                       

North America
■ D I S T R I B U TO R

American HIFU LLC | Naples, Florida, United States, americanhifu.com

HIFU Prostate Services LLC | Charlotte, North Carolina, United States, www.hifuprostateservices.com 

THS International INC | Indianapolis, Indiana, United States, www.thsinternational.com 

■ M I C R O B U B B L E

Artenga INC | Ottawa, Ontario, Canada, www.artenga.com

Dynaflow INC | Jessup, Maryland, United States, www.dynaflow-inc.com

Lantheus Medical Imaging INC | North Billerica, Massachusetts, United States, www.lantheus.com

SonoGene LLC | Glen Ellyn, Illinois, United States

Vesselon INC | Norwalk, Connecticut, United States, www.vesselon.com

■ O E M

Daxsonics Ultrasound INC | Halifax, Nova Scotia, Canada, www.daxsonics.com

Electronics and Innovation LTD | Rochester, New York, United States, www.eandiltd.com

JJ & A Instruments LLC | Duvall, Washington, United States, jja-instruments.com

Onda INC | Sunnyvale, California, United States, www.ondacorp.com

Piezo Technologies | Indianapolis, Indiana, United States, www.piezotechnologies.com

Sonic Concepts INC | Bothell, Washington, United States, www.sonicconcpets.com

Ultrasonic S-Lab LLC | Concord, California, United States, www.ultrasonic-s-lab.com

Verasonics INC | Kirkland, Washington, United States, www.verasonics.com

Europe
■ D I S T R I B U TO R

Alliance Medical Italia SRL | Milano, Italy, www.alliancemedical.it 

Brainbox LTD | Cardiff, Wales, United Kingdom, brainbox-neuro.com

Penta Elektronik Medikal Sistemler AS | Ankara, Turkey, penta-med.com.tr

Promedica Bioelectronics SRL | Roma , Italy, www.promedicasrl.eu 

■ M I C R O B U B B L E

Bracco Imaging SPA | Milano, Italy, www.braccoimaging.com

OxSonics LTD | Oxford, United Kingdom, www.oxsonics.com

Phoenix Solutions AS | Moss, Norway, www.phoenixsolutions.no

Thermosome GMBH | Planegg/Martinsried, Germany, www.thermosome.com

16

12

STATE OF COMMERCIALIZATION



Other FUS Companies                       

Europe continued

■ O E M

GE-Parallel Design SAS | Sophia Antipolis, France

Imasonic SA | Voray-sur-l’Ognon, France, www.imasonic.com

Meggitt A/S | Kvistgård, Denmark, www.meggittferroperm.com

Precision Acoustics LTD | Dorchester, United Kingdom, acoustics.co.uk

Asia
■ D I S T R I B U TO R

Beijing Ren De Sheng Technology | Beijing, China

Demakai co LTD | New Taipei City, Taiwan, www.dermacare.com.tw

ECHO Healthcare INC | Seoul, South Korea, www.hifu.kr

Sumo Corporations LTD | Shanghai, China, www.sumo.com.hk

■ O E M

EofE Ultrasonics CO LTD | Hanggongdaehak-ro, South Korea, ultrasonics.co.kr

Humanscan CO LTD | Ansan, South Korea, www.humanscan.co.kr

S-Sharp CORP | New Taipei City, Taiwan, www.s-sharp.com

Tamura CORP | Tokyo, Japan, www.tamuracorp.com

South America
■ D I S T R I B U TO R

Sul Imagem | São José, Brazil, www.sul-imagem.com.br
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FUS Industry by Region continued

8
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THE FOUNDATION

 The Foundation has a robust research program and 
organizes, conducts, and supports clinical trials and preclinical 
laboratory studies with an emphasis on brain disorders, 
oncology, and immunotherapy. It is the largest 
nongovernmental source of focused ultrasound research
funding in the world.

Our mission is to accelerate the timeline of 
clinical adoption of the technology to treat more
patients and relieve more suffering.

fusfoundation.org

Focused Ultrasound Foundation Overview

The Foundation is a unique medical research, education, 
and advocacy organization created as the catalyst to accelerate 
the development and adoption of focused ultrasound and
thereby reduce death, disability, and suffering for countless
patients. To achieve its goals, the Foundation utilizes an 
approach that is entrepreneurial, high impact, high performance, 
market driven, and results oriented.

By identifying opportunities and overcoming barriers, the
Foundation is shortening the time from laboratory research
to widespread treatment. 

Major initiatives include

● Influencing the direction of the field, setting research 
priorities, and creating an urgent, patient-centric culture

● Providing resources, both human and financial capital

● Fostering collaboration and stimulating innovation

● Creating, aggregating, and sharing knowledge

● Cultivating the next generation of clinicians and scholars

● Increasing awareness

www.fusfoundation.org
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The Focused Ultrasound Foundation wishes to thank its exceptional Board of Directors
and Council for their steadfast dedication to helping make focused ultrasound a clinical 
reality and improving the lives of millions of patients.

Board of Directors

Neal F. Kassell, MD
Chairman, Focused Ultrasound Foundation
Former Co-chair of Neurosurgery, University of Virginia

Scott Beardsley, PhD
Dean, University of Virginia Darden School of Business

Eugene V. Fife
Founding Principal, Vawter Capital, LLC
Former Chairman, Goldman Sachs International

John R. Grisham
Author

William A. Hawkins III
Senior Advisor, EW Healthcare Partners 
Former Chairman & CEO, Medtronic

Daniel P. Jordan, PhD
President Emeritus, Thomas Jefferson Foundation

Syaru Shirley Lin, PhD
Adjunct Faculty, Chinese University of Hong Kong
Director, Goldman Sachs Asia Bank 

Michael R. Lincoln
Global Business Department Chair, Cooley LLP

Michael Milken
Chairman, Milken Institute

Edward D. Miller, MD
Former CEO, Johns Hopkins Medicine

Frederic H. Moll, MD
Chief Development Officer, J & J Medical Devices
Co-founder, Auris Health & Intuitive Surgical  
Charles W. “Wick” Moorman IV
Former Chairman & CEO, Norfolk Southern
Former CEO, Amtrak 

Gary Shapiro
President & CEO, Consumer Technology Association (CTA)®

Steve H. Rusckowski
Chairman, President and CEO, Quest Diagnostics Inc.
Former CEO, Philips Healthcare 

Carl P. Zeithaml, PhD

Former Dean and F. S. Cornell Professor of Free Enterprise,
McIntire School of Commerce, University of Virginia

Council

Jane P. Batten
Charles H. Seilheimer Jr. 
Co-chairs

. . . . .

John B. Adams Jr. 
Dorothy N. Batten
Ellen Block
Amanda Brown
Deborah Caldwell
Jessica Che-yi Chao
Nancy J. & Thomas N. Chewning 
Marguerite & Norwood Davis
Peter Gabriel
David Goode
Rick Hamilton
Diane Heller
Cecelia S. & William J. Howell
Kat Imhoff
Dean L. Kamen
Ann Kingston
Harry Lester
Jonna Mendez
Paula F. Newcomb
Wyndham G. Robertson
Mary Lou Seilheimer
Alice H. Siegel
Allan C. Stam, PhD

Aaron Stern, MD, PhD

Fredi & Howard Stevenson
Bernice Szeto
Jane M. Tolleson*
Andrew C. von Eschenbach, MD

*Deceased
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THE FOUNDATION

The Focused Ultrasound Foundation encourages widespread 

distribution of the 2020 State of the Field Report in part or its entirety. 

Inquiries for reproduction can be directed to Emily White at 

ewhite@fusfoundation.org.  

Date 9.8.2020
© 2020 Focused Ultrasound Foundation. All rights reserved.

No part of this report may be reproduced for commercial purposes in any written, 
electronic, recording, or photocopy form or stored in a retrieval system without the
written permission of the Focused Ultrasound Foundation.

The Focused Ultrasound Foundation strives to provide the most accurate information
possible and therefore works proactively with the manufacturers and research sites 
to collect the most current data available in advance of the release of this publication.
This report is based on data through December 31, 2019. The Focused Ultrasound
Foundation assumes no responsibility for any errors or omissions as every precaution
has been taken to verify the accuracy of the information contained herein. No liability
is assumed for damages that may result from the use of information contained within.
If you note something out of date or inaccurate, please submit the new information/
updates to: info@fusfoundation.org.

mailto:info@fusfoundation.org
mailto:ewhite@fusfoundation.org
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