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Medical device discovery and development path
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Regulatory Science in the FDA Division of Biomedical Physics

Regulatory science:
development of new tools,
standards, and approaches to
assess the safety, efficacy,
guality, and performance of all
FDA regulated products

Who we are:
e 30 regulatory scientists
« 60 fellows, students, contractors
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Modeling non-invasive neurostimulation
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Modeling electric field in the brain

« “Macroscopic” modeling (Organ level)

— External source (e.g., TMS, tDCS, tACS)
— Anatomical precision
— Electrical properties of brain & anisotropy

* “Microscopic” level (Neuronal response)

— What is the physiological response associated to a
given electric field?

 Model Validation
* Regulatory Science: the “MIDA” model
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Transcranial DC, then and now

Current Regulator
LM-456

SN
Resistor
LM-456

Plate V in Aldini J., Essai théorique et E

expérimental sur le galvanisme. Paris: . - _ -
Fournier Fils, 1804. Galvanism is being DIY tDCS brain-boosting kit

applied on the head of Luigi Lanzarini.

http://www.extremetech.com/extreme/121861-goflow-a-

Parent, Can. J. Neurol. Sci. 2004: 31: 576-584 diy-tdcs-brain-boosting-kit
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Macroscopic modeling
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Anatomical precision:
where is the electric field?
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~ Electric fleld and source configuration
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Electric field and technology (e.g., TMS vs. tDCS)
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Improving ideomotor limb apraxia by electrical
stimulation of the left posterior parietal cortex

Nadia Bolognini,'” Silvia Convento,' Elisabetta Banco,™* Flavia Mattioli,* Luigi Tesio™® and
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Parazzini et al., IEEE TransBiomEng 2011
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From Macroscopic to Neuronal response
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Model validation
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Modeling non-invasive neurostimulation:
Reqgulatory Science Research in the
Office of Science and Engineering Laboratories
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MIDA: A Multimodal Imaging-Based Detailed Anatomical Model of the Human
Head and Neck

~hae GG Klaas F Pruess

Model of human head and neck freely
available for the scientific community
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FDA Staff: Collaborators:

* Maria lacono - IT'IS Foundation (Zurich)
* Kelsey Bower » Massachusetts General
« Esther Akinnagbe Hospital (Boston, MA)

e« Ethan Cohen * University of Vienna

« Wolfgang Kainz (PI) « ETH Zurich (Switzerland)

 Leonardo Angelone (PI)

FDA Critical Path Initiative

NIH- NIBIB (1R21EB016449-01A1),
ORISE Research Participation Program
CTI (14930.1 PFLS-LS)



MIDA model — MRI and DTI

lacono et al., IEEE EMBS 2014
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Gray Matter and White Matter

lacono et al., MIDA Model, PlosOne 2015



Deep Brain

MIDA model

Basal Ganglia, Thalamus, & Limbic System

lacono et al., MIDA Model, PlosOne 2015
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Bones and Vessels
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lacono et al., MIDA Model, PlosOne 2015
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-C__ase study — tACS

Neufeld et al., IEEE NER 2015
 Surface based models

* Inclusion of anisotropic properties

* “Functionalized model” (Neuronal

response)
lacono et al., MIDA Model, PlosOne 2015
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Summary

« “Macroscopic” modeling (Organ level)

— External source (e.g., TMS, tDCS, tACS)
— Anatomical precision
— Electrical properties of brain & anisotropy

* “Microscopic” level (Neuronal response)

— What is the physiological response associated to a
given electric field?

 Model Validation
* Regulatory Science: the “MIDA” model

23



U.S. Food and Drug Administration www.fda.gov

Protecting and Promoting Public Health

"_I) U.S. Food and Drug Administration
IDA_ Protecting and Promoting Your Health

Home | Food | Drugs | Medical Devices | Radiation-Emitting Products | Vaccines, Biood 8 Biologics | Animal & Vaterinary | Cosmetics | Tobacco Products

About FDA

Home » AboutFDA » FDA Organization » Office of Medical Products and Tobacco > Aboutthe Center for Devices and Radiological Health » CORH Offices

RH MIDA - A Multimodal Imaging-Based Model of the

Oftce e Center Ditectr Human Head and Neck
S;:fa:;(:ommum:aunnanﬂ fsuame | W TeEeT | inunkeoin | @ PiNT | B EAL | O PRINT Apr 22’ 2015 (Dubllca‘tlon da‘te) throuqh NOV 19' 2015:
Office of Compliante The MIDA model is a multimodal imaging-based deftailed anatomical computer model of the human head and

neck. The model offers detailed representation of brain surfaces. meninges. cerebrospinal fluid distribution. | H .
Office of Device Evaluation eyes, ears, and a number of deep brain structures, as well as several distinct muscles, bones and skull layers. P OSO n e paper VI EWS . 3 137

blood vessels. cranial nerves, dental structures. and glands. Organs and tissues of the MIDA model are

Office o In Vitro Diagnostcs and represented by three-gimensional, ighly detailed computer-aided design (CAD) objects in standardized CAD

Radiological Health data format. The individual CAD objects allow meshing at arbitrary resolutions without loss of smail features. The
MIDA model can be used in all sofware capable of importing and manipulating CAD data .

OBcs ofMansgument Opaatcns * PlosOne paper downloads: 418
To enhance the visibility of specific tissues, the MIDA model was oblained by integrating different magnetic

Ofice of Stience and Engineenng resonance imaging (MRI) techniques: 1. structural T1- and T2-weighted sequences; 2. a specific T2-weighted

Laboratories sequence with high nerve contrast optimized to enhance the structures of the ear and eye; 3. magnetic
resonance angiography (MRA) to image the vasculature, and 4. diffusion tensor imaging (OTI) 1o obtain

Office of Survelllance and Infarmation on tissue anisotropv and fiber orientation. The spatial resolution of the model is 500 um [Sotropic. . M | DA model dOWnloads . 44

Biomelrics

MIDA Mesh
—-— -

Contact Information
For inquiries about the MIDA model please email MIDAmodel@fda hhs gov
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Thank you!
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