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ECG Forward Simulation

Predict ECGs

Heart Potentials Torso Potentials
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Defibrillation

http://www.defibrillatorinformation.com/

Mechanisms are not well know

Simulation has been key understanding
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— Detibrillation
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Why is Validation Missing?

http://www.defibrillatorinformation.com/

https://www.timeslifestyle.net/20 1803 | 8/where-is-your-heart-located/
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Challenges of Validation

Bear, etal., Circ A & E.2015;8:677-684.
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What Makes Validation Hard

https://www.army.mil/article/202490/
advancements_in_technology_change_the_way_health_care_is_delivered_at_the_tamc_cath_lab

Access Experimental
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Goal: Validate Two Pipelines

ECG Forward 2
Simulation

Defibrillation
Simulation
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Specific Aims

@

1. Evaluate the effect of missing sources
sampling on the ECG forward simulation
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Specific Aims

2. Record potentials in a torso-tank
preparation to validate the simulation
pipeline

3. Record body-surface potentials on
patients to validate the simulation pipeline

SepSE: 8]




SCI

ALt

21

Tools for Clinicians




SCI

ALt

22

Cardiac Activity

S wave
R

Bys{ |

B



Cardiac Activity
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Ventricular Tachycardia
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Ventricular Fibrillation
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Arrhythmia Treatments

Anti-Arrhythmic Drugs Ablation Procedures
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http://mvpresource.com

Defibrillation
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Ventricular Fibrillation
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Cardiac Activity




Defibrillation

Automatic External Wearable Cardioverter
Defibrillator- AED Defibrillator- WCD Implantable Cardioverter

r ’[ | Defibrillator- ICD

Right vantricular lead

http://www.buzzle.com/
http://www.wtamu.edu/ http://www.fda.gov/

Defibrillation Threshold (DFT):
Lowest Energy Needed for
Effective Defibrillation
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Bioelectric Fields

Potential Fields
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Potential Fields

J Dissipate with
Distance
Superimpose
Intrinsic or Extrinsic

Heterogeneous
Conduction

A
"‘: p Az"i_‘, |
Pl W,
’Iy

D

O
A
£
O




Cardiac Sources

P wave — S wave

ST segment Time Varying
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Electrogram

QRS wave T wave
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M
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< > Electrogram recording site
Activation Recovery
Electrogram Acvation Map

Locally Sensitive Invasive
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Electrocardiogram
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Body-Surface Potential Mapping (BSPM)
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Defibrillator Source

Waveform
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Mathematical Description

V-oVp =1 V-oVp =20
O(xn) = on
8qb(xt) -
on =0

Finite Element Method (FEM)

Boundary Element Method (BEM)
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Modeling Bioelectric Fields

Segmentation Computed
Meshing Potentials

Sources

background torso

blood

atria

ventricles
lung

bone

liver
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fat

muscle

bowel gas
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Validation

Bear, etal., Circ A & E.2015;8:677-684.

Source System Parameters Response
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Validation Approaches

In Situ Animal Torso Tank
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| Oster, etal., Circulation, Volume 96,

Rodriguez, etal., Circ Res. 2005 Jul
22; 97(2): 168-175.

Clinical

Jorgenson, et al., IEEE Trans. Biomed.
Issue 3, 1997

Bear, etal., Circ A & E.
Eng., VOL. 42, NO. 6, JUNE 1995

2015;8:677-684.

€ e post-pacing

Z nsess pustpaing

Sapp, etal,. Circ. A& E., 2012; 5(5):1001-1009

Jolley, et al. Heart Rhythm J 2008;5(4):565--572
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http://circ.ahajournals.org/content/96/3

Specific Aim

1. Evaluate the effect of missing source
sampling on the ECG forward simulation
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Error in Forward Simulation

Measured Epi Simulated BSPM Measured BSPM

Homogeneous Inhemogeneous

-15mV OmV 15mV 2mV -1lmV OmV 1mV 2ZmV

Bear, etal., CircArrhythmElectrophysiol.2015;8:677-684.
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Error in Forward Simulation
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ource Recording
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Test sampling strategies of the atrial region
to reduce error in forward simulation
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ECG Forward Simulation

Sampled Interpolated
Sources Sources Torso

¥ Laplacian
Interpolation Simulation
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Effect of No Atrial Sampling
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Effect of Missing Ventricle Sampling

. e ' ' '

2.67 mv| 0.33mV
. 89mvE-0.73mV
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400
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Ground Truth Reduced Ventricle Sampling
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CARP

Cage Simulation

Progressive Sampling
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Possible Sampling

More electrodes are better

Sparse placement can reduce error

Missing ventricular sampling
iIncreases error further
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Specific Aims

2. Record potentials in a torso-tank
preparation to validate the simulation
pipeline

3. Measure body-surface potentials in
patients to validate the simulation pipeline
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Defibrillation Simulation

Jorgenson, et al., IEEE Trans. Biomed. Eng., VOL. 42, NO. 6, JUNE 1995 ANTERIOR POSTERIOR
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Sparse or Local Recordings
No Validation in Patients
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Measure high spatial resolution volumetric
potentials within a torso-tank to validate the
defibrillation simulation

Measure body-surface potentials during ICD
testing for validation purposes
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Simulation Pipeline

Make Heart

Surface
BioMesh3D

MRI Scan Segment

Tetgen/
SCIRun

Register Calculate
Surfaces viake Mesh Potentials
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Two Validation Environments

https://www.army.mil/article/202490/
advancements_in_technology_change_the_way_health_care_is_delivered_at_the_tamc_cath_lab

Access Experimental
Complexity
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Tank Experiment

Attenuated
Insert CD
Excised (£ ICD
(3 enerator

Heart coil

Scan Heart

Apply

Cardiac Suspend

Sock in Tank
(247)
nsert Pk A s
Plunge Digitize
Needles™ ( Points for
(20 x 10) % Registration
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Record ICD potentials within heart
and on torso tank surface

ICD coil ICD can sock needles

‘.‘\l C — - “w‘
- - ' s { X V ‘ : y
h\
’ :
5




SCl &yl &

Registration Pipeline
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ICD Testing During Implantation

Subclavian
Vein
Collarbone

’
s~

Generator

Right atrial
lead

https://www.drugs.com/health-guide/implantable-cardioverter-
defibrillator-icd.html
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Limited Lead Selection and
Body-Surface Estimation

Limited Lead Selection
Original Data Apply Limited

Consrlnts Repeat 32X ea Set
Collect (REESS

Information Find

» Index: / *Maxl» g |

Body Surface Mapping

Training Data
Use for

Covariance Recording
Matrix

Sparse
Estimation Measurements
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— Matrix =y
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Final Leadset

Measurement
Locations

Front Back

UL & 64




65

Record ICD Surface Potentials During
Device Implantation and Testing
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Patient Age (years)

Error Metrics
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Potential Field Comparison

16-year-old

17-year-old ICD Coil
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Compare DFTs

Subject age

Empirical DF'T

Predicted DFT

6 years 0-31J 2.7 J
8 years 10-15J 8.31 J
9 years 10-151J 14.5 J
15 years 3—9J 5.2 J
16 years 14.6 — 20.7 J 20 J
117 years 5—-10J 19.9 J |
17 years 20 -25J 20.8 J
29 years 15 —-20J 18 J
32 years 10 -12 J 12.9 J
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LLS and BS Estimation can be effectively
applied to defibrillator potentials

Simulation accurately predicts BSPM

Simulation accurately predicts DFTs in
most cases
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Error Metrics

I sock
B tank
[ Ineedles
I all

Exp A Exp B Exp C Exp D Exp A Exp B Exp C Exp D
Experiment Experiment

C50;
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Experiment
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Potential Comparison

Exp D (10 J)

-41V
Exp D (10 J) Simulated Measured
240V
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18V
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1129V

18V

Simulated Measured




Proof of concept for measuring within
myocardium for validation of simulation

Low variation over multiple shocks shows
stablility of the preparation

Adequate needle sampling remains a
challenge
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Improved Validation of Two Pipelines

ECG Forward &
Simulation

Defibrillation
Simulation
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What did we learn?




ECG Forward Simulation

Better Source Representation
More Accurate Predictions
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Improve ECGImaging

Heart Potentials (¢},) Torso Potentials (oy)
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Defibrillation

Pioneered new validation approaches
Showed accuracy: potentials and DFTs

Improved confidence In its use
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Pediatric Defibrillation
|CD leads

Children’s Hospital Boston

Gasparini, JCE, 2005

Guide ICD Placements in Children
U
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Predictive Medicine
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