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Introduction

Heart Disease: “is a group of conditions affecting
the structure and functions of the heart.”

Examples:

— Angina

— Arrythmia

— Atrial fibrillation

B Carleton — Coronary Artery Disease (CAD)
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Introduction (2)

= CAD

— Most common form of heart disease
— Occurs when arteries in the heart are blocked
— Complications include
= Angina (chest pain) due to lack of oxygen to the heart

= Heart Attack due to part heart muscle death from lack of
oxygen

@ Carleton

UNIVERSITY

Canada's Capital University



Introduction (3)

= Gold Standard for Diagnosis of CAD
— Angiography
= Catheter inserted (groin or arm)
= Guided through artery to a position near the heart
= Contrast agent is administered through catheter
= X-rays are taken in conjunction with release of contrast

agent
8 Carleton — Cardiac CT
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= Contrast agent administered

= X-ray images are taken in conjunction with the release of
contrast agent



Introduction (4)

= EIT

— Experimental imaging technique where changes inside the
body can be imaged using a set of electrodes on the surface

— Advantages: Portable, non-ionizing, high acquisition rates,
relatively inexpensive
— Disadvantages: Low resolution, high sensitivity to electrode

movement, imaging anomalies are not well understood, use
of ill conditioned problem to calculate images
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B ocction — Problem — Contributions — Resuls — Conclusion — Future Work
Problem

= The goal of this thesis is to develop a collection of
Electrical Impedance Tomography (EIT)
techniques to allow for monitoring of cardiac
output and other parameters of heart function
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S ocction — Problem — Contribuions — Resuls — Conclusion — Future Work
Contributions

EIT Protocol

= Hardware Toolset

Software Toolset
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S ocction — Problem — Contribuions — Resuls — Conclusion — Future Work
Contributions (CT Protocol)

CT Protocol

*1
EIT
Protocol

Consentand Prep HeartRatz > 65hpm Observation/Out Patient
*Consentformis signed BetaBlockers sintravenous needle
#ntravenous needleis Administered remaoved
inserted +*15 minute observation
*Heartrate is checked HeartRate <= &5 bpm | period (bleeding stops, no
adverse side effects, etc.)
CT room ready for next patient
CTRoom Prep
+CTImaging Procedure T images clear
explained (breathing of obvious artefacts
protocol, whatto expect L4
C l ex. noise, etc.)
Aot Nitrox Gas
ar eton =G hooked Administered CT Image s contain *2
A8 abviousartefacts EIT
UNIVERSITY *Laid down on CT table Protocal
Canada's Capital University
Readyfor imaging
Test Run
*Saline Injected e
simages acquired CT free of aracceptable level of image artefacts Image Acquisition
: tri *Tracer administered
mage trigger *CTimages acquired
parameters calculated
based onvitals
Toomany artefacts in CT image (large amount of blood vessel calcification, veryirregular heart beat, etc)




S ocction — Problem — Contribuions — Resuls — Conclusion — Future Work
Contributions (EIT Protocol)
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*1 {link from €T Protocol}

If consented

*Request Consent

4 EIT
Electrodes

Placedon
Patient

il

*1 {link to €T Protocol)

EIT Protocol

*2 {link fram CT Protocol)

ﬁl‘ Prep \
*Remaining 12 EIT electrodes

placed on patient in circular plan
around 5™ intercostal space
+0ne ground electrode placed on
leftabdomen

+2 ECG electrodes placed on
patient {one right below the
right clavicle, and the otherjust
below the left clavicle) ground
remainsthe same asEIT
*Hooked upto EIT system
*Hooked upto ECG amplifier

+CThreathingprotocol re-
\nerated /

2% Ifelectrade impedances

are belowthreshold

Checkimpedance

of EIT electrodes EIT and ECG
actaccordingly acguisition
*ElTand ECG data
simultaneously
Lacquired

!

*2 {link to €T Protocol)
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Contributions

Contributions (Hardware Toolset)

ECG Amplifier

ECG ]
Amp Picoscope Laptop

EIT RC
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Contributions

]
I Contributions (Hardware Toolset) (2)
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Contributions (Hardware Toolset) (3)
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Contributions (Software Toolset)
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Algorithm

Filter/Align EIT Signal
*Filter EIT data using EIDORS
algorithm for Viasys system
@ +shift EIT signal to start time
ofthe syncpulse
*Save QRS peaks withinthe
last 15 seconds of
acquisition (breath hold)

sthrow out first and last QRS
peakitoo close to start and

ECG Filtering ]
«50 Hz eliminatedfrom

the ECG data

*The ECG signal is band T‘

passfiltered 10-50Hz EIT Raw Data
*Readin EIT Raw
data using
EIDORS software

A

EIT Start/End Time

QRS Peak Detection *Readin hardware syne
@ pulse

ECG Raw Data
*ECG Raw datais
readin and sub-
sampled

«Threshold of 98% chosen At q
*Any signalabove 98% is R 58 £ SRCOnds 35
baseline

-plf::ktimes are storedin a - AlEEhizE e
threshold determines

hist to determi
istogramto determine starttime

outliers {eliminate peaks L. .
R #flip signal, re-determine
thresholdto find endtime

©

O,

O,

Ensemble Averaging
*Settime constant @
+Set hyper-parameter

*5et QRS window
sAlgorithm disregards
otherEIT data
sSolution should be
withinwindow

*Set solve times

*Run Ensemble averaging

algorithm on EIT filtered data
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Contributions (Software Toolset) (2)

Raw Data Ensemble Averaging
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Contributions (Software Toolset) (3)
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B ocction — Problem — Contributions — Results — Conclusion — Future Work
Results (Simulation)

Legend

Tar get at each frame

Bectrodes

Ao

Time constant
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B ocction — Problem — Contributions — Results — Conclusion — Future Work
Results (Simulation) (2)
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Results

Results (Human Experiment)

= Subject #1
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Conclusion

= (Goal of this thesis was to design a toolset to
enable the measurement of EIT cardiac
parameters

= The results are promising
= A colleague is taking over this work
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B ocction — Problem — Contributions — Resals — Conclusion — Future Work
Future Work

= Compare EIT and CT Blood flow
= Test toolset on patients at UOHI
= Tweak EIT and Software Protocol as needed

= Include other EIT methods to improve cardiac EIT
Imaging

Try several EIT systems
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N e
Thank You

= Questions
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Results (Human Experiment) (2)

= Subject #2
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Results (Human Experiment) (3)

= Subject #3
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Results (Simulation) (2)
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Contributions (Software Toolset) (4)

Algorithm Calculation

Calculate Matrix B
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Calculate Matrix A @ @ from Step 2 (BC)
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RepeatStep 3and 4 forall iteration of x



