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Spatial Graphical representation Features Computational

dimension time®

oD No spatial dimension represented Seconds
Values for pressure, volume, and directional flow are derived

for each modeled section

D Pressure, volume, and flow can be captured at specified Seconds to minutes
discrete intervals across the length of the vessel

Uniform velocity flow profiles are assumed

D Allows for simulation of velocity field profiles, including Minutes to hours
parabolic, Womersley, and vortical flow in 2D

Simulation localized to one or several connecting vessels or

chambers. For closed-loop cardiovascular system modelling,

connection to 0D models is required

B Primary and secondary fluid flow characteristcs can be | Hours to days
5 simulated. Capacity for high temporal and spatial resolution
% Simulation localized to one or several adjoining vessels or
chambers. For closed-loop cardiovascular system modeling,
connection to 0D models i required

“Typical computational times are presented. Computational times can vary widely depending on the complesxity of the model, number and duration of simulations, data collected, software used,
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Theme Study focus

Haemodynamic consequences of valvulopathy © Haemodynamic effect of altered loading conditions in AS (Garcia et al,, 2006; Keshavarz-Motamed et al., 2014; Popovic
et al,, 2005; Ben-Assa et al,, 2019) and MR (Seman et al., 2023; Inuzuka et al., 2016)

® Characterization of transvalvular flow and pressure changes in AS (Seman et al., 2023; Garcia et al., 2006;
Keshavarz-Motamed et al., 2014; Ben-Assa et al., 2019; Syomin et al., 2019; Laubscher et al, 2022), AR (Syomin etal.,
2019), MS (Syomin et al., 2019), MR (Seman et al, 2023; Syomin et al,, 2019), TR (Hemalatha et al., 2010) and PR
(Hemalatha et al, 2010)

 Haemodynamic changes associated with acute and chronic MR (Ripoli et al., 1998)
 Evaluation of left ventricular remodelling in response to AS, AR, and MR (Maksuti et al,, 1985)
© Mechanism of impaired coronary flow reserve in AS (Garcia et al., 1985)

© Arrhythmogenic effect of AS,ARMS and MR (Pearce and Kim, 2022)

Interaction with co-existing cardiovascular © Haemodynamics of AS (Seman et al,, 2023; Popovic etal,, 2005), and MR (Seman et al, 2023; Inuzuka et al., 2016) with
pathology co-existing heart failure

® Impact of concomitant MR on AS (Seman et al,, 2023)
® Haemodynamic impact of AR, AS, MR, MS in the setting of atrial fibrillation (Scarsoglio et al., 2016)
® Effect of atrioventricular valve regurgitation in congenital single ventricle (Pant et al, 2018; Schiavazzi et al,, 2017)

Patient-specific clinical prediction « Patient-specific diagnostic and clinical prediction tool for quantifying cardiovascular haemodynamics and key heart
function metrics (Keshavarz-Motamed, 2020; Baiocchi et al,, 2021)

 Patient-specific modelling of stroke work pre- and post-transcatheter aortic valve replacement and its correlation to
quality-of-life (Ben-Assa et al., 2019)

 Patient-specific modelling of coronary artery haemodynamics pre- and post-transcatheter aortic valve replacement
(Garber et al,, 2023)

® Prediction of invasive haemodynamic metrics in a patient with congenital single ventricle and atrioventricular valve
regurgitation (Schiavazzi et al, 2017)

Diagnostic advancements ® Validation of novel index, normalized stroke work, to assess the haemodynamic load imposed on the left ventricle in
patients with AS (Keshavarz-Motamed et al., 2014)

 Role of myocardial performance index in the setting of MR under different loading conditions (Inuzuka et al, 2016)

 The use of left ventricular stroke work and vascular impedance as metrics to improve the characterization of patients
with AS (Ben-Assa et al., 2019)

 Value of assessing pulmonary vein flow in the echocardiographic assessment of MR severity (Grimes et al., 1995)
© Quantitation of the impact of MR on haemodynamic indices of AS severity (Seman et al,, 2023)
Simulation of therapeutic strategies  Aortic valve bypass for the treatment of severe AS (Benevento et al., 2015)
© The haemodynamic benefit of gradual versus abrupt correction of MR and TR (Walmsley et al., 2019)
 Effects of sodium nitroprusside in aortic stenosis associated with severe heart failure (Popovic et al, 2005)

© Optimal timing of correction of atrioventricular valve regurgitation during staged reconstructive surgery of congenital
single ventricle (Pant et al, 2018)

 Effectiveness of pulsatile and continuous LVAD therapy in the setting of AR or MR (Kim et al., 2016)

© Impact of TR on the haemodynamic effects of RVAD treatment (Punnoose et al., 2012)

© Haemodynamic Impact of venoarterial extra corporeal membrane oxygenation in the setting of AR (Zhu et al., 2024)

Abbreviations: AR, aortic regurgitation; AS, aortic stenosis; MR, mitral regurgitation; MS, mitral stenosis; PR, pulmonary regurgitation; TR, tricuspid regurgitation; RVAD, right ventricular
salet device: LVAD: Jb ventilovlar aisiat devios.
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Themes

Combining resacarch methods

Pre-clinical research

Diagnostic advancements

Multiscale models

Education and training

Access and usability

Key Di

rections

Arificial intelligence and machine learning
In-vitro, in-vivo, and clinical study design optimization
Additional data analysis and interpretation through simulation

Linking models with clinical outcome data

Streamlined processes for imaging and haemodynamic data acquisition
Testbed for new therapies and interventional strategies
Optimizing existing treatment approaches

Device development

Hypothesis generation

Developing new metrics for risk and severity assessment
Improved quantitation of key haemodynamics

Imputing missing or unobtainable measures

Integration with clinical, diagnostic, and imaging software
Reconciling clinical and imaging discordance

Cellular metabolism and tissue function

Electrophysiology and arrhythmias

Respiration and gas exchange

Cardiac remodelling

Multiple and mixed cardiac pathologies
Non-cardiac disease, e, chronic lung disease

Physiology and medical students

Cardiac imaging training

Clinical study design

Haemodynamic simulator for clinical simulation training
Integration with clinical simulation trainers, e.g., mannequins
Improved user interfaces for use by non-experts

Accessible stand-alone software packages or online-apps
Instructional and trouble-shooting resources

Tailored tools for clinicians, students, educators, and rescarchers

Streamlined data integration

Precision medicine and patient-specific modelling

Integration of data from clinical records, imaging, and diagnostic databases
Personalized clinical prediction and assessment
Treatment planning and optimization

Mechanical circulatory support control
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Patients sereened for model development and external validation

I

Internal development cohort (Beijing
Hospital): Patients with clinically
suspected CAD were enrolled (n=330)

l

External validation cohort (Fuwai
Hospital): Patients with clinically
suspected CAD were enrolled (n=167)

40 patients excluded:
-Pressure gradient between the aorta and LV (n=7)

—>{ -Severe valvular heart disease (n=12)

-Poor image quality (n=15)
-Other extremely severe organ illnesses (n=6)

Collecting A2C, A3C, and A4C TTE videos

before coronary angiography

2

Training cohort
(234 patients; 702 videos)

]

l

Testing cohort
(56 patients; 168 videos)

17 patients excluded:

-Pressure gradient between the aorta and LV (n=5)
-Severe valvular heart disease (n=3)

-Poor image quality (n=7)

-Other extremely severe organ illnesses (n=2)

——>

2
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