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The problem 
and features

An automata 
framework

A real-time heart 
model

This project aimed to design and implement a heart 
model in Simulink that interacts in real-time with devices

On the horizon



3

Can we better interpret device-heart interactions or know 
that device responses will be safe and optimal?

Mond et al. The 
Australian and New 
Zealand cardiac 
implantable electronic 
device survey. Heart 
Lung Circ. 32, 261, 
2023.

Nasir et al. Predictors of complications and 
mortality among patients undergoing 
pacemaker implantation. BMC Cardiovasc 
Dis. 24, 200, 2024.
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Can we better interpret device-heart interactions or know 
that device responses will be safe and optimal?

Heart
Pacemaker

Model
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Iaizzo et al. Anatomy 
and physiology of the 
cardiac conduction 
system. Springer. 
2010.

A heart model needs to capture a complete timing 
sequence and variable signal features
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A heart model needs dynamic signals that respond to 
drive, heart rate and history

Ashton et al. Shift of leading 
pacemaker site during reflex 
vagal stimulation. J Physiol. 
597, 3297, 2019.

Ai et al. A parametric 
computational model of the 
action potential of pacemaker 
cells. IEEE TBME. 65, 123, 
2017.

Engelman et al. Structural heterogeneity alone 
is a sufficient substrate for dynamic instability. 
Circ Arrhy Electrophys. 3, 195, 2010.
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Trew et al. 
Cardiac 
intramural 
electrical 
mapping…in the 
peri-infarct 
region. AJP 
Heart Circ Phys. 
317, H743, 2019.

Hussan et al. A clustering method for calculating 
membrane currents. Cardiovasc Eng Tech. 3, 3, 2012.

A heart model needs to enable multiple disease states, 
function in real-time and interact in closed-loop

Rutherford et al. High-
resolution 3D 
reconstruction of the 
infarct border zone. Circ
Res. 111, 301, 2012.
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Hybrid Input/Output Automaton (HIOA) model hybrid systems as 
a combination of discrete and continuous behavior
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An HIOA model can be parameterized to capture regional 
electrical heterogeneity and dynamics
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HIOA favours compositional design by supporting 
communication and concurrency between components
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Our novel parametric HIOA model captures rate-
dependent dynamics of important pacemaker cells
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Our novel parametric HIOA model captures rate-
dependent dynamics of important pacemaker cells
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The compositional model produces atrio-ventricular node 
(AVN) filtering and escape ectopic automatic rhythms
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Our heart model simulates normal activation sequences 
that match known literature values
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A model of electrograms (EGM) bridges the virtual heart 
and the physical device
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Used in a closed-loop system our heart model automates 
device validation in a physiologically relevant context
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The closed-loop model system shows how a dual chamber pacemaker 
can cause atrioventricular nodal reentry tachycardia (AVNRT)

Intrinsic 
heart 

Device 
intervention

AVNRT 
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The closed-loop model system enables pacemaker 
mediated tachycardia (PMT) risk assessment
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The closed-loop model system shows how pacemaker 
programing causes a dangerous heart rhythm

Intrinsic 
Heart 

Device
PVARP=250 ms

Device
PVARP=340 ms

PMT

Enable clinicians to 
understand the impact of 
device parameters on heart-
device interactions
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The closed-loop model system shows how pacemaker 
parameters are customized for safety in heart conditions

The device parameter safe 
zone (PMT free) for this 
heart condition is:
150 ≤ AVI (ms) ≤ 180
330 ≤ PVARP (ms) ≤ 500
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Simulink & Stateflow enable the HIOA modelling
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Simulink Library facilitates the model composition 

Library

Parameters
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On the horizon, our heart model has built in expansion 
capacity 

Riccio et al. Electrical restitution and spatiotemporal 
organization. Circ Res. 84, 955, 1999.

Trew et al. Cardiac intramural electrical 
mapping…in the peri-infarct region. AJP 
Heart Circ Phys. 317, H743, 2019.

Li et al. Adenosine-induced 
atrial fibrillation. Circulation. 
134, 486, 2016.
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We have developed a heart model with adaptive capacity 
that interacts with medical devices in real-time

Heart model packaged as a robust teaching and 
demonstration tool
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