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The Cardiovascular System Stellenbosch
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AORTIC VALVE

DIASTOLE

* Opens/closes ~100,000 times
per day

SYSTOLE * Two types of valve diseases
. 1. aortic stenosis (AS)
7. aortic regurgitation (AR)

Artwork: CC BY-NC Reprinted with permission from Elsevier ©2024

https://www.innerbody.com/image/cardov.html
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Bicuspid Aortic Valve E

Calcific Aortic Stenosis E Rheumatic Aortic Stenosis m

Mechanism: Mechanism: Mechanism:
» Degeneration « Infection - rheumatic heart disease » Congenital malformation
* Progressive calcification & fibrosis (RHD) » Two leaflets instead of three

e Commissural fusion

»* Current research

Epidemiology: Epidemiology: Epidemiology:
* Most common in western countries * Dominant in low-income countries « ~2% of population

(>65 yrs.) * 40M+ RHD cases globally * Most common congenital heart defect
« 12.6M cases globally in 2017 » Higher risk of early CAS

Reprinted with permission from Elsevier ©2024
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Clinical Evaluation @[ Stellenbosch

measured

Diagnosis of AS: LV {-':-\_
- peak velocity + valve area (AVA)

+ mean pressure gradient (AP) i

LoV

M Calcific AS

AORTA

Simplified Bernoulli equation = AP
e T

AP =4 x V,°

V = peak EOA velocity (m/s) | AP in mmHg

Assumes steady, inviscid, isentropic flow
Morphology-insensitive

Different morphologies = different flow
characteristics

54m/is

| AS-Jet Mean gradient of S
ZinmHa ! Reprinted with permission from Elsevier ©2024
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Modelling Approaches Stellenbosch

IYUNIVESITHI
UNIVERSITEIT

3 . . Systemic  Systemic . P
ystemic vein capillaries ~ arteriole Systemic artery
Valve models e R me o LPM [ FEA | a —[ cm

Calcific Rheumatic % Com AS Severity —»|
‘ Left heart F SI
Commissural Cas I Systemic aortic
Leaflet thickness - ' Bisioe leogtic Right heart N Puls::::ary C F D
RA RV sinus
TI PO P Res ) #—— Dutlet
L £ ':" g
Cevn j%[ :
Revn I Rece Rear Rear :
° o Pulmonary vein z:'“.“;':i rsy P:In;r:igaery Pulam:nary 1 D formed
Cardiac Pulse Duplicator phatee st ey | calve
—
WP
i
4 [nlet
£y

+

Drirection of flow

Direction of fow

5 Engineering - EyobuNjineli - Ingenieurswese



Impact of Valve on Haemodynamics Stellenbosch
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Peak Velocity vs. Time
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Peak Velocity vs. Time
Rheumatic Aortic Stenosis
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Impact of Valve on Haemodynamics Stellenbosch

Calcific Aortic Stenosis
Velocity [mfs]
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Rheumatic Aortic Stenosis

Velocity [ms]

21% 62%

Higher peak velocity in RAS at same Higher mean gradients in RAS at
severity (CFD & FSI) same severity (FSI)

35%

Higher lost work in RAS at same
severity (CFD & FSI)
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Impact of Valve on Haemodynamics:

Clinical Implication

Calcific Aortic Stenosis

Rheumatic Aortic Stenosis

Velocity [ms]
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27%

Simplified Bernoulli overestimates

mean gradients in CAS

Higher peak velocity in RAS at same
severity (CFD & FSI)

Higher mean gradients in RAS at
same severity (FSI)

3%

Simplified Bernoulli overestimates

mean gradients in RAS

35%

Higher lost work in RAS at same
severity (CFD & FSI)
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FSI-informed Correlations @] Stellenbosch
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FSI-informed Correlations: @l Stellenbosch

In vivo comparison

Calcific Aortic Stenosis m
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" h at’s Next? Stellenbosch
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* Further develop pressure gradient correlations
* More simulation data
 Larger patient cohort to test correlations

« Experimental validation of other FSI cases

* Model BAV and combined CAS and BAV cases (new projects started in 2026)
» Develop correlations

» Consider effect of aortic root compliance on pressure (new project started in
2026)
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