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Outline

Overall aim¢ personalized calibration of a spatially extended model, fromn
sparse and noisy measurements.

ASome background, and why the application is important.
Alnterpolation of uncertain measurements over a manifold.
A(Calibration of model based on measurements.)
A(Interpolationof model parameters over theanifold.)
ANext steps

(Validation and verification are topics for another day!)
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Background

AHeart is an
electromechanical pump

AAbnormal formation or
propagation of electrical
activity is amarrnythmia.

INI Feb 2022 (c) University of Sheffield 2022

150-200 ms

300-400 ms



Background

AHeart is an
electromechanical pump

AAbnormal formation or
propagation of electrical
activity is amarrnythmia.

AAtrial fibrillation (AF) is the
most prevalent arrhythmia.

APersistent AF can be treated

by radiofrequency ablation

Left atrium
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Atrial fibrillation

AAtrial fibrillation in patients is frequently
sustained by activity in the left atrium.

ARF ablation in the LA can suppress AF.

AAIm to predict success fromersonalised Y o .
model of left atrial electrophysiology. alr \ &

ACalibration personalisatiot

APace at different locations, with different S1 |
and S1S2 intervals. | g
ASparse measurements of local activation time

Image from Coveney et HEE Trans Biomed

(LAT) and effective refractory period (ERP). Eng2019
Alnterpolation of measurements over LA mesh.
Aldentification of parameter fields.
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https://doi.org/10.1109/TBME.2019.2908486

Model of electrical activation

AVery simple phenomenological model of human atrial electrophysiglogy
Corradg Math Biosc2016
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A2 states:V,, and h.
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estimate conduction velocity (CV) and action potential duration (APD).

ANeed tocharacteriseCV and APD at different pacing rategestitution.
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https://doi.org/10.1016/j.mbs.2016.08.010

Key ideas

AElectrical activity spreads over a manifold, modelled by reaction
diffusion PDE.

AWe can generate (stationary) mesh from medical images.

ACardiologist can make limited measurements of local activation times
(LAT) and action potential duration (APD); these are uncertain.

AWe wish to use these measurements to infer model parameters.

AThen sample these parameters to run simulations that can be used to
predict treatment outcomes.
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Uncertainties and challenges

Sources of uncertainty in the calibration process include:

A Anatomical meskh the atria move, and imaging is associated with uncertainty.S®geado
et alMedical Image AnalysiZ20

ARegistrationof anatomical mesh (MRI) and location of recording catheters (mapping
system).

ANoisein electrograms limits measurement of local activation time (LAT).

ADiscrepancyetween model and real system.

Challenges for models in the clinical setting :

Alnterpolation over a complex manifoldOF y Qi dza S 9 dzOf ARSIy 21
A Samplingposterior distributions when nonlinear operations are involved {CV LAT).
Aldentifiability of model parameters given available measurements.
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Uncertain conduction velocity (1LAT)
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A Blue dots filtered bipolar
electrogram.

A Greenc differentiated, rectified, and
smoothed signal.

A Red line is observed LAJ.t

A Red dashed line showg and t,.

Error model for LAT observations
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Error model to account for misalignment of mesh
and catheter location
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See Coveney et HHEE Trans Biomé&ahg2019
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https://doi.org/10.1109/TBME.2019.2908486

LAT interpolatioq 1

Alnitial approach used a simple
Gaussian process
LD O (&) : V1w € (whe )
ABut Euclidian distances are not
appropriate for covariance.

AGaussian Markov Random
Fields allow Gaussian field to
be represented on the mesh
probabilistically.

AVariance accrues froni) (-
uncertainty in LAT, and (i) . ' -
uncertainties in interpolation. Example LAT map showing posterior mean and variance baseatient data.

ABlgger Variance in regions Witﬁpheres show LAT observations. Sphere sizes increase with observation varia
lower recording density.

Coveney et dEEE Trans Biom&mg2019
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https://doi.org/10.1109/TBME.2019.2908486

LAT interpolationq 2

ARefined approach with kernel
spectral density and
eigenvectors/values of
Laplacian on atrial manifold.

ALAT is a GP

APrecompute first 16
eigenvectors/values of the
Laplacian.

ALearnwightfrom uncertain
observations of LAT.

AG PM |c Gaussian prOCGSS simulation. Spheres show recording locations. Arrows indicate gradients of LAT
manifo|d interp0|ation_ Coveney et aPhil Trans Royal So@820
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Uncertain CV

ANot straightforward because of
nonlinearity: 0 w® pfMuv o0 Y

ARegions whera 0 0 i&small (e.g.
wave coII|S|ons) produce Iarge C
0K I Oy GSYyR 1

APosterior mean op/M 0 0 €dn be
used to generate mean CVentre
of each mesh triangle.

ASampling (2000 samples) can be
used to obtain percentiles &f0 0, :
Wthh can be |nverted to determ|ne Example CV map showing posterior mean and IQR of CV recovere

from simulation.
uncertainty in CV.

Coveney et aPhil Trans Royal So@2820
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