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Defibrillators in Pediatric Patients

Stephenson, JCE, 2006Gasparini, JCE, 2005 Children’s Hospital Boston

ICD cans

ICD leads
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Simulated Solution to Defibrillation
Information underlying
cardiac disease
Patient specific 
anatomy
Existing implanted 
leads
Accessible locations
Patient growth

Predicted Defibrillation
thresholds and lead
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Our Pipeline: Segmentation
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Place electrode
 leads

Build hex/tet
mesh

Solve potentials
using FEM

Evaluate electric
field strength

Our Pipeline: Model Generation

Performed with SCIRun
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Histogram
field strength

Electric field Current 
density

Electric field
within the heart

Critical mass hypothesis: > 95 % of the ventricular
myocardium electric field 5 V/cm considered effective

Our Pipeline: Evaluate DFT

Tuesday, August 30, 2011



Some Validation

Tuesday, August 30, 2011



Multiple lead configuration

Model create 
from CT-scan

Polarity of leads

Predicted
DFT (J)

Clinical 
DFT(J)

Can + right  lead → left  lead 66.2 Not Tested

Can →  left  lead + right  lead 118.9 Not Tested

Can + left  lead → right  lead 24.0 20

Inactive Can: left  lead → right 
lead 

47.5 > 35

left leadright lead

ICD can
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DFT Comparisons
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Some Applications
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Patient Specific ICD Treatment

Simulation
Pipeline

Placement with 
Minimal DFT

Tuesday, August 30, 2011



Subcutaneous Electrode Placements
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Effects of Abandoned Leads
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Effects of Abandoned Leads
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Effects of Spinal Rods
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Effects of Spinal Rods

www.postersession.com 

Background 
Spinal fixation rods (SR) and abandoned 
epicardial patches (EP) provide a conductor 
substrate for electric field changes during cardiac 
defibrillation 

Abandoned EPs increase defibrillation thresholds 
(DFTs) in animal models  

 Methods 

•!Full torso thin slice MRI performed prior to ICD 
implant 

•!MRI segmented into ten tissue types using Seg3D  

•!Full torso finite element models (FEM) created in 
SCIRun 

•!ICD generator, ICD leads, spinal fixation rods and 
epicardial patches were interactively placed into 
468 FEMs using SCIRun 

•!Single Coil RV Lead positions were systematically 
varied from base to apex in 13 locations including 
the RVOT 

•!Electrostatic defibrillation simulations were 
performed  with and without extraneous 
conductors (SRs and EPs) 

•!The critical mass hypothesis of 5 V/cm used to 
calculate DFT 

•!Change in DFT used for analysis 

 Effect of Spinal Fixation Rods and Abandoned Epicardial Patches  
on Defibrillation Thresholds Predicted from Computational Simulation 

MRI segmented into 10 tissue types and assigned 
respective conductivity (S/m) 

ICD and Leads placed 

Results 

Conclusions 

•!Full torso FEMS predict SRs and abandoned EPs 

can increase or decrease DFTs 

•!EPs can increase DFTs out of the energy range 
of current ICDs as predicted by previous animal 

models 

•!Change in DFT depends on the location of the 

ICD generator, RV coil, SRs and EPs 

Right Prepectoral ICD and SRs Left Prepectoral ICD and SRs 

Left Prepectoral ICD and EPs Right Prepectoral ICD and EPs 
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FEMs created and Solved 

RV coil tip positions from base to apex 

Isopotentials for position 6 with and without SRs 

•!SRs decreased DFTs for most lead positions in right-sided ICDs (change in DFT range -20.9 to 0.8 J, 

mean -8.4 ± 6.5 J, p<0.001).  With left-sided ICDs, SRs increased DFTs with lateral and apical lead 

positions but decreased DFTs for RVOT and superior septal lead positions (range -2.5 to 4.1 J, mean 0.9 ± 

1.9 J, p<0.05).  

•!EPs increased DFTs out of the range of current implantable ICDs (>45 J) in 49 of 52 right-sided 

configurations.  EPs in anterior and posterior positions produced the smallest change for right-sided 

ICDs but the largest change for left-sided ICDs.  
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Forward Inverse Problems

Forward

Inverse
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Fwd/Inv Toolkit
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Organization of the Fwd/Inv Toolkit.  Gray 
boxes are options currently available
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