>> digital twins for personalized medicine|
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Birth of Digital Twin concept: US Apollo 13 mission in 1970 /\@-
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Digital twin prototype (DTP)
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The heart ... (@

...existed before its digital models/twins
...pumps ~7,500 liters of blood a day
...beats ~100,000 times a day
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Cardiovascular physiology is complex, dynamic and non-linear
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@ CircAdapt

Physics

Bernoulli
ﬁ LNormSe = (Ls - Lsi) / LenSeriesElement;
( 1 Sflso = (C * L) * (1.51*SfAct);
le SfRest = @;
if (CRest !=0)
Laplace SfRest = L* (1.51 * CRest * SfAct);

kk3 = 2 * LsRef / dLsPas;
LfP = Ls / Ls@Pas;
y = exp(log(LfP) * k1);
ouble yTit = exp(log(LfP) * kk3);
SfEcm = (y - 1)*(@.8349*SfPas);
SfPasT = SfEcm+(yTit - 1)*(@.01*SfAct);
ble DSfPasDEf = y * (@.8349*SfPas*kl) + yTit * (©.81*SfAct*kk3);

Sf = SfPasT +(SfIso + SfRest)*LNormSe - SfRest;
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electrical activation of the normal heart /
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right ventricle

Left Bundle-Branch Block (LBBB)
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@
[ heart failure

left atrium

right atrium

left ventricle

right ventricle
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Cardiac Resynchronization
Therapy (CRT)

pacemaker
% CRT success rate: 50-70% of the patients benefits

P icht Universi : : :
<q Mazstricht University ...one in three patient does not benefit from CRT



1 cardiac cycle
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1 cardiac cycle
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Deformation of the pumping filling
and free wall

echocardiography
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Global pump function of the left ventricle is the
result of nal deformation patterns
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Septal deformation patterns reveal underlying disease substrates . m»
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Conclusion |

Biophysical models of the human heart and circulation can improve our

FO RWARD understanding of (imaging-derived) phenotypic characteristics of the failing

heart. Models can be used for hypothesis generation / evaluation.

Fancy stuff, but how can the individual patient
benefit from this technology?
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'Het moet meer en het moet sneller’

Foto ter illustratie, een cardioloog implanteert een pacemaker bij het hart van een patiént. m

f Met een 'digitale tweeling' controleren of een pacemakerbehandeling goed

werkt voordat die bij de patiént wordt uitgevoerd: dat kan volgens nieuw
@ onderzoek van Universiteit Maastricht en UMC Utrecht. Met een
computermodel wordt dan gecheckt of dit de juiste behandeling voor een

L 4 hartpatiént is.



In silico trial: virtual cardiac resynchronization therapy (CRT) (o
in Digital Twins of heart failure patients A\

%ﬁ:& UMC Utrecht

Table 1: Baseline characteristics (n=45).

Age (years) 66 + 10

45 CRT ECG Male gender (%, n) 62%, 28
candidates QRS duration (ms) 171+ 21
JA/_ LBBB morphologya (%, n) 84%, 38

CRT Class | indication (%, n) 82%, 37

REVERSE Atrial fibrillation (%, n) 11%, 5

REMODELING Ischaemic heart disease (%, n) 33%, 15
LVEDV (mL) 217 + 83
LVESV (mL) 172 + 81

LVEF (%) 239

ACE-inhibitor/AT2 (%, n) 93%, 42

Beta-blocker (%, n) 67%, 30

Diuretics (%, n) 96%, 43

% Maastricht University Spironolactone/eplerenone (%, n) 51%, 23

Koopsen et al., Europace, 2024;26(1):euae009



Model complexity: reproducibility vs. quality of fit
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REAL PATIENT
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REAL PATIENT

virtual CRT DIGITAL TWIN
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REAL PATIENT

virtual CRT DIGITAL TWIN
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REAL PATIENT

ESC 2021

Glikson et al, Eur Heart J, 2021
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Conclusion Il

Biophysical models of the human heart and circulation can improve our

FO RWARD understanding of (imaging-derived) phenotypic characteristics of the failing

heart. Models can be used for hypothesis generation / evaluation.

Integration of imaging-based diagnostic information in a personalised

INVE RSE biophysical model (Digital Twin) can expose ‘hidden’ disease substrates

that would remain concealed otherwise and predict therapy outcome.

The patient’s virtual heart is coming to life
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in silico phenotyping

ventricular function
atrial function
ular function
electrical function

virtual stress test virtual therapy

Source: Pink Floyd, The Dark Side of the Moon



>> thank you for your attention|

UM crowdfunding for open source
CircAdapt teaching project

VISIT
www.circadapt.org

funded by the
dutch heart foundation

Hartstichting

Maastricht UMC+
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