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What is Computational Modeling?



Math, Lots of Math, and Blood Flow

All fluid flow is governed by Newton’s Laws of Conservation of Mass
and Momentum.
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Computational Simulation

Blood flow = Fluid dynamics
Solves Equations

Flow and Pressure




Computational Simulation

Complex Geometry
Patient-specific

Manipulate
Anatomy/physiology

Virtual Surgery
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3 Ways Computational Modeling
Helps Us

Improve/Modify Surgical Operation
Insights/Clinical Decision Support

Innovation/Novel Concepts



3 Ways Computational Modeling
Can Help Us

Modify/Guide Surgical Operation
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Computational Fluid Dynamic Study of Flow Optimization in Realistic
Models of the Total Cavopulmonary Connections'
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Virtual Stage 2
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CFD: Flow, Pressure, Power LossS




Hemi-Fontan and bidirectional Glenn operations result in WER

ni-Fontan an al G peration M JTCVS
flow-mediated viscous energy loss at the time of stage '
[1 palliation
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Comparison of HF and BDG flow hemodynamic
patterns.

CENTRAL MESSAGE
The second stage of surgical

palliation of HLHS using either
HF or BDG results in similar flow-
mediated viscous energy loss
throughout the SCPC junction.



Virtual Surgical Planning:
Left Pulmonary AVMSs
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Virtual Surgical Planning:
Left Pulmonary AVMSs
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Azygous continuation

s/p Kawashima

TCPC = Hepatic vein to
extracardiac conduit

Severe left pulmonary AVMs



Left Pulmonary AVMSs

RPA
91%




Predict hepatic flow distribution

Azygous to Hepatic vein to
Y-Graft conduit Azygous

Wallace H. Coulter School of Biomedical Engineering



Multiphysiologic State Computational

Fluid Dynamics Modeling for |

Planning Fontan With Interrupted Jﬁﬁ%
Inferior Vena Cava VOL.3,No. 7, 2024
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3 Ways Computational Modeling
Helps Us

Insights/Clinical Decision Support



Stage 1 Palliation
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Closed Loop: Multiscale Modeling
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Oxygen Delivery
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Upper Body Cireulation
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Short communication
Multiscale models of the hybrid palliation for hypoplastic left heart syndrome

Chiara Corsini®, Daria Cosentino®, Giancarlo Pennati®, Gabriele Dubini®, Tain-Yen Hsia®,
Francesco Migliavacca®™*
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Surgery for Congenital Heart Disease

Use of Mathematical Modeling to Compare and Predict
Hemodynamic Effects Between Hybrid and Surgical
Norwood Palliations for Hypoplastic Left Heart Syndrome
Tain-Yen Hsia, MD: Daria Cosentino, MS; Chiara Corsini, MS; Giancarlo Pennati, PhD;

Gabriele Dubini. PhD: Francesco Migliavacca, PhD;
for the Modeling of Congenital Hearts Alliance (MOCHA) Investigators
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Aortic Arch



Wave Intensity Analysis
Norwood Aortic Arch = Poor Ventricular-Arterial Coupling
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Looks Do Matter! Aortic Arch Shape After
Hypoplastic Left Heart Syndrome Palliation
Correlates With Cavopulmonary Outcomes

Jan L. Bruse, MS, Elena Cervi, MD, Kristin McLeod, PhD, Giovanni Biglino, PhD,
Maxime Sermesant, PhD, Xavier Pennec, PhD, Andrew M. Taylor, MD,
Silvia Schievano, PhD, and Tain-Yen Hsia, MD, for the Modeling of Congenital Hearts

Alliance (MOCHA) Collaborative Group* (Ann Thorac Surg 2017;103:645-54)
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Computational Statistical Shape Analysis
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Predictive Simulation for all 3 Stages

« Patient Specific (Personalized Medicine)
« User Friendly

* Input = bedside data/ clinical information
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Predictive Simulation for all 3 Stages

« Lumped parameter network of entire circulation (0-D)
 No 3D modeling = Fast!
* 10S and Web-based

Stage 1 Stage 2 Stage 3
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Virtual TCPC
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3 Ways Computational Modeling
Helps Us

Innovation/Novel Concepts



Congenital Heart Disease Marsden et al

Evaluation of a novel Y-shaped extracardiac Fontan baffle using
computational fluid dynamics
The Journal of Thoracic and Cardiovascular Surgery * February 2009




Congenital Heart Disease Marsden et al

Evaluation of a novel Y-shaped extracardiac Fontan baffle using
computational fluid dynamics
The Journal of Thoracic and Cardiovascular Surgery * February 2009
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Balanced Hepatic Venous Flow (prevent AVM)



Technical feasibility and intermediate outcomes of using a

handcrafted, area-preserving, bifurcated Y-graft modification of the
Fontan procedure The Journal of Thoracic and Cardiovascular Surgery * Volume 149, Number 1

M. Reddy (Stanford): 6 patients
1 ECMO, 1 right limb thrombosis

Abandoned

A pulsatile hemodynamic evaluation of the commercially available
bifurcated Y-graft Fontan modification and comparison with the
lateral tunnel and eXtracardiac condUitS The Journal of Thoracic and Cardiovascular Surgery * Volume 151, Number 6

K. Kantor (Atlanta): 45 patients

38% re-admission for pleural effusion, 2 death
More complicated operation (vs. traditional)

Worse energy loss
Poorer hepatic flow distribution

Abandoned



Computer Modeling IS:

Mathematical solution to
complex problem

Effects of surgery,
anatomy, and physiology

Supplement clinical
decision-making

Velocity Magnifude (cm/s)
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Allows for novel
iInnovations



Computer Modeling Is NOT:

Predictor of clinical
B outcome

Account for all biological

) i, &8 processes

?"'5/‘ \ Dictate clinical decisions

Replace JCC/MDT
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