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Design as a continuum. Multidisciplinary. Primary outcome is 
reduced suffering (commercialization is means to end). 



Model driven design
• Part of equipment design, personalized software
• Supports translation from pre-clinical models
• Supports trial design
• Supports regulatory
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Case study of process



Patient LB
30 months old

2 seizures per minute

March 30, 2015. Contact with clinical 
team at Herzog Medical Center, Israel.

March 20, 2016. 
First Treatment
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2009

HD-tDCS
Non-invasive brain

stimulation

• Epilepsy: Seizures of hyper-active neurons

• Treatments decrease excitability

• More electrical stimulation increase activity

• Direct Current Stimulation can decrease 
activity: control seizures

1995-2000 Pre-clinical experiments: Direct Current 
Stimulation on epilepsy animal models
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Hyper-polarize soma = 
decrease excitability

1995-2000 Pre-clinical experiments: Direct Current 
Stimulation on epilepsy animal models
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Depolarize soma = 
increase excitability

1995-2000 Pre-clinical experiments: Direct Current 
Stimulation on epilepsy animal models
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1995-2000 Pre-clinical experiments: Direct Current 
Stimulation on epilepsy animal models

Solid biomedical science + engineering. No translation.
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1995-2000

Diffuse Current 
with regions of 
excitation

Scalp

Brain

+ -

2000 Transcranial Direct Current Stimulation
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HD-tDCS
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stimulation

1995-2000 2004 + Mechanisms of Direct Current Stimulation

• Established that low-intensity direct 
current modulate only already active 
synaptic processing  (human application 
use “functional targeting”)

• Soma, dendrite, or axon compartments 
targeted (all field directions potent)
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1995-2000

2x-

High-Definition Transcranial Direct Current Stimulation (tDCS)

Scalp

Brain

+ - +

Targeted inhibition
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1995-2000

Model workflow preserves anatomy precision of MRI

High-Definition Transcranial Direct Current Stimulation (tDCS)
2009
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1995-2000

Since 2009 cited >1100 times. At time was criticized.
1. Seems to refute common understanding of tDCS
2. No possible to pass DC through small electrodes
3. Just a model.

High-Definition Transcranial Direct Current Stimulation (tDCS)
2009
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1995-2000

Since 2009 cited >1100 times. At time time was criticized.
1. Seems to refute common understanding of tDCS
2. No possible to pass DC through small electrodes
3. Just a model.

High-Definition Transcranial Direct Current Stimulation (tDCS)
2009

“High Definition” electrodes that pass 3 criteria for ‘good’ electrode
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Since 2009 cited >1100 times. At time time was criticized.
1. Seems to refute common understanding of tDCS
2. No possible to pass DC through small electrodes
3. Just a model.
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FDA Regulatory

Product Design
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Clinical Trials
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USA and international compliance

Product design 
implement HD-tDCS + 

reduce regulatory 
hurdle, reduce cost, 

simplify set-up.
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HD-tDCS
Non-invasive brain

stimulation

2015

FDA Regulatory Phase-1 Trials EU Regulatory

Product Design Clinical Trials

USA and international compliance

4x1 HD-tDCS modulates 
cortical excitability 



2009

HD-tDCS
Non-invasive brain

stimulation

2015

FDA Regulatory Phase-1 Trials EU Regulatory

Product Design Clinical Trials

4x1 High-Definition with 
high intensity pulses, as 
focal as TMS in producing 
MEPs
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2015

FDA Regulatory

Combining HD-tDCS with 
EEG mapping of brain

”Read and write the brain” 

EU RegulatoryPhase-1 Trials

Product Design Clinical Trials

USA and international compliance
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2 seizures per minute
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March 30, 2015 March 20, 2016. 
First Treatment

HD-tDCS in an infant customized to inhibit brain targets identified by EEG.
Translational medical device design: Hypothesis is the design.

Regulatory: Israel Ministry of Health 

Dose designTrial design Device customization

Patient LB
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Design as a continuum. Multidisciplinary. Primary outcome is 
reduced suffering (commercialization is means to end). 



Medical Device Design 

Home-based tDCS
Remote-supervised tDCS

Toddler-Cane
Wearable white cane
Non-profit (Safe Toddles)

WiPOX: Wireless hand-help 
intraoperative sensor 

(non-commercial)
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New Treatment
Toddler Cane: Hands-free, 
wearable, 2-step warning

Scientific Hypothesis
Safe mobility = health development of 

visually impaired toddlers



New Treatment
Intraoperative rapid-

response pen-tip sensor 
of tissue viability 

Scientific Hypothesis
Local tissue oxygen 

saturation determines 
viability after surgery

• Surgical “tool”
• Rapid-prototype solution sterility
• Positive clinical trial.
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