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SPARC-VOX
Objective: Leverage SPARC Stage 1 capabilities to accelerate bioelectronic medicines
SPARC-V: Map the human vagus nerve
SPARC O: Open-source modular neuromodulation platform
SPARC X: Prize challenges for demonstration of next-generation capabilities

Funds Available $33M/year

Program Duration: 3 years

Council Action: Vote on support of Program
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Program origins

Identified critical priority areas:

Biological maps of structure and function

Advancement of interface technology

Early establishment of therapeutic 
feasibility

Collaborative data mining and standards

...all enabled by “an emerging community of 
‘bioelectricians’ ”
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Opportunity: Neuromodulation of end-organ function 
holds promise in treating many diseases/conditions.

Challenge: The mechanisms of action for 
neuromodulation therapies remain poorly understood. 

SPARC program goals:
• Capitalize on recent advances in technology to deliver 

detailed, integrated functional and anatomical neural circuit 
maps for organs.

• Provide the scientific foundation necessary to pilot new and 
improved neuromodulation devices and stimulation 
protocols that are more advanced and effective.

Catalyze the development of next-generation bioelectronic medicines by providing 
access to high-value datasets, maps, and predictive simulations.

Stimulating Peripheral Activity to Relieve 
Conditions (SPARC)
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Mapping innervation across organs



Stimulating Peripheral Activity to 
Relieve Conditions (SPARC)
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MAPS: High-resolution anatomical tracing, in vivo 
electrophysiology, live cell imaging, and transcriptomics 
for mapping peripheral neural networks

TOOLS: New probe and sensor technologies for mapping

TRANSLATION: Partnerships to drive studies in humans

DATA RESOURCES: Integrative online hubs to synthesize 
and share map data and build predictive multiscale 
simulations

Heart Lung Stomach Colon BladderShivkumar (UCLA) Powley (Purdue)
Keast

(U Melbourne)Howard (U Toledo)Bolser (Florida)



Selected publications



SPARC-V: Map the human vagus nerve

Sub-initiative 1: Construct high-res connectivity profiles for at least 100 
human vagal nerves, at standardized points of interest
Budget: $8M/year x 3 years

Sub-initiative 2: Recruit at least 500 patients with implanted VNS 
hardware for parameter sweep studies with standardized multisystem 
endpoints 
Budget: $7M/year x 3 years

Sub-initiative 3: Continue development of the Portal (sparc.science) and 
associated tools to host and work with these data products
Budget: $6M/year x 3 years

Image credit: Jonathan Simmons, MD @jsimmo02



Why focus on the vagus nerve?

Vagal nerve stimulation (VNS) is established as a treatment modality, but still 
has breakthrough potential due to the rudimentary mechanistic basis of current 
treatments. 

Via its connections to multiple organ systems, the vagus spans NIH IC missions 
by impacting function across cardiac, gastric, immune domains, and others yet 
unknown.

SPARC stage 1 projects focusing on vagal anatomy and physiology have 
produced some of the most exciting work. We should build on this.



SPARC-O: Open-source neuromodulation

Neuromodulation researchers need a clinical grade neurostimulation and recording 
platform with strategic independence from existing major players

Initiative to be co-designed and co-led by NIH BRAIN and SPARC teams 

Budget: $10M/year x 3 years

Funding to phase over to BRAIN over three years, depending on 
strategic alignment and progress 

Applicants will propose to create interoperability specifications and compatible modules 
that can be combined into custom hardware profiles and supported sustainably.



SPARC-X: Prize challenges for demonstration of next-
generation VNS capabilities

Increasingly difficult stages, with increasing 
prize awards:
Stage 1 prize: $100K, for plans
Stage 2 prize: $1M, for proof of concept demonstration
Stage 3 prize: $5M, for demonstration of repeatability
Prizes only awarded for work meeting benchmarks

Challenge goal: Demonstrate independent 
vagal modulation of multiple endpoints in 
a large animal model

Pelot, Behrend, Grill 2019
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Discussion

Furness 2019



Background Slides

Additional Detail on SPARC Structure and Accomplishments
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SPARC Program Challenge

A semi-quantitative framework for 
predicting neuromodulation device 
success in gaining market approval
(in preparation)
Ross EK,* Hachmann JT,* Harris 
JP, Asp A, Settell ML, Batton
A, Hara S, Nicolai EN, Kurani
S, Ludwig KA.

Understanding target engagement moves 
device therapies to patients
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FY2015 2016 2017 2018 2019 2020 2021
New tools (exploratory)

New tools (specific, need-driven)

Data and Resource Center (DRC): DAT-CORE, MAP-CORE, SIM-CORE

Innervation of understudied organs

Preclinical support for new indications Data-rich clinical studies

Comprehensive organ mapping
HEART STOMACH
COLON LUNG BLADDER

Foundational organ mapping

MAPS
TOOLS
TRANSLATION
DATA RESOURCES

Visceral pain mapping
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SPARC Initiatives Overview



The SPARC Portal
http://sparc.science

• CC-BY 4.0 license
• Data citation instructions

• 58 datasets now, more continually curated
• Protocols publicly available at protocols.io

https://sparc.science/
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SPARC Discovery Highlights
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SPARC Discovery Highlights

Stimulation phase 
locked to respiration 

phase
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SPARC Discovery Highlights
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Industry partnerships, three types
Type I: SPARC-supported teams with industry partners

Type II: SPARC-supported teams with commercial activities/ambitions

Purdue with Axion Biosystems (Ward, gastric vagal signals interpreted at neck)

Michigan with Cortec (Bruns, LUT nerve interface)
IU with Medtronic (Chen, subcutaneous sympathetic activation for AF)

Louisville with Medtronic (Harkema, spinal stim for bowel and bladder in SCI)

CALMI2
(Gregersen)

G-Tech 
(Axelrod)

Feinstein 
(Miller)

Micro-Leads
(McLaughlin) (Wagenaar) (Kuster)
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Industry partnerships, three types
Type III: Licensing of IP from SPARC-supported teams

Case study: SPARC-funded Vitaly Napadow working with bioelectronic medicine company Cala Health



Making translational connections

Louisville - spinal stim for bowel and 
bladder in SCI

Indiana University – cardiac and 
skin sympathetic neuromodulation 

Michigan - LUT 
nerve interface

Purdue - cutaneous cervical vagal 
signals

Purdue - gastric MRI

Partnerships Licensing of IP

Has joint IP with UCL for EIT technology 
supported by SPARC and GSK

Potential Commercial Products

licensed auricular vagus stim 
tech from SPARC awardee MGH

California Medical 
Innovations Institute

Transiting colonic 
pressure sensor

Micro-Leads, Inc.

HD microelectrode 
Spinal stimulating array

G-Tech Medical 

Electrogastrogram
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