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What is Computational Modeling?



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

Math, Lots of Math, and Blood Flow

Navier-Stokes equations for Newtonian Fluids:







Blood flow = Fluid dynamics

Solves Equations

Flow and Pressure

Computational Simulation



Complex Geometry

Patient-specific

Manipulate 

Anatomy/physiology

Virtual Surgery

Computational Simulation



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

Insights/Clinical Decision Support

Innovation/Novel Concepts



1996: Marc de Leval et al.

Modified Lateral Tunnel

Reduced power loss / Improve 

efficiency

1st instance CFD changing 

clinical practice

The Beginning



Extracardiac TCPC Lateral tunnel dilation

Power 

Loss



Extracardiac TCPC Lateral tunnel dilation

Power 

Loss





Virtual Stage 2
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CFD: Flow, Pressure, Power Loss
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Sundarerswaran et al, JACC imaging, 2009
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Wallace H. Coulter School of Biomedical Engineering

Sundarerswaran et al, JACC imaging, 2009
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Virtual Surgical Planning:

Left Pulmonary AVMs

1 Ventricle

Interrupted IVC with 

Azygous continuation

s/p Kawashima

TCPC = Hepatic vein to 

extracardiac conduit

Severe left pulmonary AVMs



Wallace H. Coulter School of Biomedical Engineering

Sundarerswaran et al, JACC imaging, 2009
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Wallace H. Coulter School of Biomedical Engineering
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3 Ways Computational Modeling 
Helps Us

Improve/Modify Surgical Operation

Insights/Clinical Decision Support

Innovation/Novel Concepts



Stage 1 Palliation

Physiology Equivalent?



Closed Loop: Multiscale Modeling





Oxygen Delivery

QP ∙ CARTO2 + SVO2 = QP ∙ CPVO2

QS ∙ CARTO2 – CVO2 = QS ∙ CVENO2

SVO2 = CVO2

   

O2 delivery =  
QS ·  CARTO2

BSA

   

SatART =  
CARTO2

OXCap
·  100
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Aortic Arch



Wave Intensity Analysis 
Norwood Aortic Arch = Poor Ventricular-Arterial Coupling





Computational Statistical Shape Analysis
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CFD For All!



Predictive Simulation for all 3 Stages

Stage 1 Stage 2 Stage 3

• Patient Specific (Personalized Medicine)

• User Friendly

• Input = bedside data / clinical information



Stage 1 Stage 2 Stage 3

• Lumped parameter network of entire circulation (0-D)

• No 3D modeling = Fast!

• iOS and Web-based

Predictive Simulation for all 3 Stages



4 y.o. Ebstein’s 

Functional tricuspid 

atresia

s/p Glenn, LPA stent

78-82% Sat

SVC pressure  =17

TPG = 8

LVEDP = 11

? High Risk TCPC



Virtual TCPC

No Fenestration

Qp:Qs 1

O2 Sat 97 %

Atrial Pressure 10

Fontan Pressure 19

TPG 9

O2 Delivery 1059



Virtual TCPC

No Fenestration

Qp:Qs 1 0.75

O2 Sat 97 % 92 %

Atrial Pressure 10 10

Fontan Pressure 19 17

TPG 9 7

O2 Delivery 1059 1030

Sildenafil + 

4 mm Fenestration



Real fenestrated TCPC + sildenafil

Qp:Qs 1 0.75

O2 Sat 97 % 92 % 89-92 %

Atrial Pressure 10 10 9-10

Fontan Pressure 19 17 16-17

TPG 9 7 7-8

O2 Delivery 1059 1030

No Fenestration
Sildenafil + 

4 mm Fenestration
Post-Op



3 Ways Computational Modeling 
Helps Us

Improve/Modify Surgical Operation

Insights/Clinical Decision Support

Innovation/Novel Concepts





Improve Flow Efficiency (low energy loss)

Balanced Hepatic Venous Flow (prevent AVM)



M. Reddy (Stanford):  6 patients

1 ECMO, 1 right limb thrombosis

Abandoned

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

Allows for novel 

innovations



Computer Modeling Is NOT:

Predictor of clinical 

outcome

Account for all biological 

processes

Dictate clinical decisions

Replace JCC/MDT



Thank You!
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