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Bioelectric Navigation 



Clinical Need 

•! 8 million intravascular 
procedures performed under 
fluoroscopy each year Schauer 2009 

•! Radiation dose equivalent to 
250-3500 chest x-rays CDRH 2010 

•! Pediatric, pregnant patients 
especially vulnerable 

•! Technically challenging 
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Can we meet the technical challenges without radiation?  



Inspiration 
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•! electric fish use vision and 
electrosense to characterize and 
localize objects 

•! EOD creates electric field 
•! measure changes to electric field 

caused by objects of different 
impedance 

Stamper 2009 



Bioelectric Navigation 

February 14, 2017 Advanced Computer-Integrated Surgery  
Johns Hopkins University Slide 5 



In Vivo Catheter Test 
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Project Goal 

The state of the art for intravascular navigation is to first navigate a guide wire 
under fluoroscopy to the area of interest then advance a catheter over the guide 
wire.  The current BN prototype uses a commercially available, non-irrigated 6F 

catheter, too large to be used as a guide wire. The goal of this project is to create 
a guide wire based on the BN technology. 
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Source: UKETS 



Relevance 

•! Navigation is done with a guidewire, 
not a catheter 

•! Clinical collaborator specifically 
asked for guidewire to test 
navigation 

•! Integral to eventual adoption of 
technology for navigation 
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Team  

•! Erin Sutton 
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•! Noah Cowan 
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Source: Miller-Stephenson Medical 
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Approach 



Approach 
•! Research guidewire construction 
•! Simulate 3-electrode guidewire in COMSOL  
•! Design guidewire 

–! Define design constraints  
–! Fully develop at least 3 designs 
–! Perform decision analysis with mentors to pick design 
–! Improve embodiment design 
–! BOM 

•! Build guidewire 
•! Test guidewire in acrylic phantom 

–! Measure voltage as guidewire passes through all paths 
–! Use video as ground truth  
–! Compare results with catheter’s performance 
–! Detect branches as small as 2 mm 



Deliverables 
•! Weekly meeting with other CAMP CIS II projects 
•! Project Plan report and presentation 
•! Simulation (COMSOL) of 3-electrode guide wire  
•! Seminar presentation and critical review 
•! Replacement of current sources 
•! CAD design of guide wire, including BOM 
•! Checkpoint presentation 
•! Working guide wire prototype 
•! Experiment design report 
•! Experimental validation 
•! Final report and presentation 
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ground electrode

proximal array

distal array

flexible tip

Feb 9 

Seminar presentation and critical review Mar 7 

Mar 30 

Experiment design report Apr 5 

Final report and presentation May 16 



Dependencies   

•! Not sure how to solder stainless steel to platinum – ask Iulian and Noah 
•! May have trouble sourcing small enough heat shrink tubing – either don’t coat 

wire for this experiment or look into specialty polymer manufacturers 
•! Many other responsibilities this semester (grant, paper, thesis) – delay 

construction until grant and paper are out, guidewire important part of thesis 
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Experimental Setup 
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