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Biomedical Digital Twins (my synopsis)

Virtual model of biological system 
that … 

1.mimics the biological system
2. is fit for purpose
3. is created & updated with 

data from its biological twin
4.has a predictive capability to 

inform decisions for the 
biological twin



Methods for Quantifying Blood Flow circa 1980’s and 1990’s
Computer Models of Blood Flow (1980’s-1990’s)

(K. Perktold – Graz, Austria)

3D CFD Solution of pulsatile flow and wall shear 
stress in the carotid artery bifurcation 

Perktold et. al. J. Biomech. 24: 409-20, 
1991. 

In Vitro models of flow in Carotid Arteries (1983)
(Zarins, Giddens, Glagov - Univ. Chicago, GA Tech.)

Zarins et. al. Circ Res 53:502-514, 1983

Localization of atherosclerosis in 
low shear region of carotid sinus



1. C.A. Taylor, T.J.R. Hughes, and C.K. Zarins, (1998) Finite Element Modeling of 3-dimensional Pulsatile Flow in the 
Abdominal Aorta: Relevance to Atherosclerosis. Annals of Biomedical Engineering. Vol. 26, No. 6, pp. 1-13.

2. C.A. Taylor, T.J.R. Hughes, and C.K. Zarins, (1999) Effect of Exercise on Hemodynamic Conditions in the Abdominal 
Aorta. Journal of Vascular Surgery. Vol. 29, No. 6, pp. 1077-89

Modeling Blood Flow in Arteries - mid 1990’s

• Taylor et al. solved 3D pulsatile flow in 
abdominal aorta to examine role of 
hemodynamics in localization of 
atherosclerosis1,2

• Vessel walls were assumed rigid, 
geometries very simple, boundary 
conditions highly idealized

• No ability to predict flow distribution or 
model pressure at physiologic levels



AAA model 
constructed from 
Spiral CT data. 

Velocity magnitude 
contours. 

1. C.A. Taylor, T.J.R. Hughes, and C.K. Zarins, (1996) Computers in Physics, Vol. 10, No. 3, pp. 224-232.

2. C.A. Taylor, T.J.R. Hughes, and C.K. Zarins, (1998) Finite Element Modeling of Blood Flow in Arteries. Computer Methods 
in Applied Mechanics and Engineering. Vol. 158, Nos. 1-2, pp. 155-196.

Patient-specific Modeling of Blood Flow started at 
Stanford University in 1995
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Taylor et al., Predictive Medicine: Computational Techniques in Therapeutic Decision-Making, Computer Aided Surgery, 
Vol. 4, No. 5, pp. 231-247, 1999.

Predictive Medicine circa 1998

ASPIRE System Live Demo at 1998 Society for 
Vascular Surgeons
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Taylor et al., Predictive Medicine: Computational Techniques in Therapeutic Decision-Making, Computer 
Aided Surgery, Vol. 4, No. 5, pp. 231-247, 1999.

Predictive Medicine paper published >25 years ago …



Patient-specific Modeling Core Technology – 2000-2010
Image-based geometric modeling Physiologically Realistic Boundary Conditions

Fluid-structure interaction methods









Image-based Geometric Modeling (2D segmentation)
Re-sample image along centerline Segment vessel on 2D cross-section

Orient lumen contours along centerlines, loft NURBS surfaces and use 
geometric union operation to create final 3D model

K.C. Wang, R.W. Dutton, C.A. Taylor, (1999) Improving geometric model construction for blood flow modeling - Geometric 
Image Segmentation and Image-based Model Construction for Computational Hemodynamics. IEEE Engineering in 
Medicine and Biology. Vol. 18, No. 6, pp. 33-39.



Image-based Geometric Modeling (Direct 3D segmentation)

G. Xiong, C.A. Figueroa, N. Xiao, C.A. Taylor (2010) Simulation of Blood Flow in Deformable Vessels using Subject-specific Geometry and 
Spatially-varying Wall Properties. International Journal for Numerical Methods in Biomedical Engineering. Vol. 27, No. 7, pp. 1000–1016.
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Coupled Multidomain Method for modeling blood flow1…
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2.  Weak form:

3. Multidomain weak form:

1.  Navier-Stokes equations:

1. I. Vignon-Clementel, C.A. Figueroa, K.C. Jansen, C.A. Taylor (2006) Outflow Boundary Conditions for Three-Dimensional Finite Element 
Modeling of Blood Flow and Pressure in Arteries. Computer Methods in Applied Mechanics and Engineering, Vol. 195, pp. 3776-3796.



The Coupled Multidomain Method enables efficient and robust 
coupling between 3D, 1D and 0D models of blood flow 

Coarse / Large Fine / Small

Level of Detail / Extent of Vascular System Included

One-dimensional wave model
(Smith, NP. Ann. Biomed. Eng., 2000)

Lumped parameter model
(Kim, HJ. Ann. Biomed. Eng. 2010,)

Three-dimensional finite 
element model

(Kim, HJ  et al. Ann. Biomed. Eng. 
2010,) 
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Patient-specific Modeling of Coronary Blood Flow1

1. H.J. Kim, I.E. Vignon-Clementel, J. Shih, C.A. Figueroa, K.E. Jansen, C.A. Taylor (2010) Patient-specific Modeling of Blood Flow 
and Pressure in Human Coronary Arteries. Annals of Biomedical Engineering. Vol. 38, No. 10, pp. 3195-3209.
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Coupled Momentum Method for modeling vessel wall dynamics1

C.A. Figueroa, I.E. Vignon-Clementel, K.C. Jansen, T.J.R. Hughes, C.A. Taylor (2006) A Coupled Momentum Method 
For Modeling Blood Flow In Three-Dimensional Deformable Arteries. Computer Methods in Applied Mechanics and 
Engineering, Vol. 195, Issues 41-43, pp. 5685-5706.



Xiao et. al. Journal of computational physics. 2013;244:22-40. 



Patient-specific / Image-based Modeling 2009-10

Taylor & Humphrey, CMAME 2009 Taylor & Steinman, ABME 2010Taylor & Figueroa, CMAME 2009



Doctoral students (25) and Postdocs (5) from Taylor lab at Stanford
Erik Bekkers, M.D., Ph.D.
Chris Cheng, Ph.D.
Gilwoo Choi, Ph.D.
Mary Draney, Ph.D.
Alberto Figueroa, Ph.D.
Craig Goergen, Ph.D.
Hyun Jin Kim, Ph.D.
Joy Ku, Ph.D.
Ethan Kung, Ph.D.
John LaDisa, Ph.D.

Andrea Les , Ph.D.
Alison Marsden, Ph.D.
Phillipe Moireau, Ph.D. 
Tina Morrison, Ph.D.
Mary O’Connell, Ph.D.
Rashmi Raghu, Ph.D.
Hedi Razavi, Ph.D.
Sanaz Saatchi, Ph.D.
Shawn Shadden, Ph.D. 
Jessica Shih, Ph.D.

Ryan Spilker, Ph.D.
Brooke Steele, Ph.D.
Ga Young Suh, Ph.D. 
Beverly Tang, Ph.D.
Aaron Wang, Ph.D.
Kenneth Wang, M.D., Ph.D.
Nathan Wilson, Ph.D.
Irene Vignon-Clementel, Ph.D.
Nan Xiao, Ph.D.
Guanglei Xiong, Ph.D.



SimVascular Software originated in my lab at Stanford, was first 
released in 2008 and is now widely used for patient-specific 
cardiovascular modeling
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HeartFlow Founded in 2010 by Taylor and Zarins to improve diagnosis 
of Heart Disease



Coronary Artery Disease (CAD) one of primary heart diseases

Source: NIH NHLBI



Cardiac Testing Should Help Physicians Determine the Right Treatment Pathway for 
Each Patient with Suspected Coronary Artery Disease (CAD)

Further Assessment, 
Intervention, or 

Surgery

Suspected CAD

No CAD



Sequential testing strategy used to risk stratify patients with suspected 
CAD and determine appropriate therapy, i.e. lifestyle changes, medical 
management or revascularization (e.g. stenting, surgery)

Braunwald, “What Do Clinicians Expect From Imagers?”, JACC 2006 

Risk factors (symptoms, family history, LDL, BP, …)

Noninvasive 
testing (SPECT, 
ECG, Stress Echo, 
MRI, CT, …)

Invasive testing 
(in cath lab)

Lifestyle changes, 
Statins, anti-
hypertensives, …

More aggressive medical 
management, e.g. PCSK9 
inhibitors, GLP-1 agonists

Stenting, surgery



Patients with suspected Heart Disease are often Referred to Non-invasive 
Functional Testing, but these tests are limited in detecting Coronary Artery 
Disease (CAD)

1.  Patel, et al. N Engl J Med 2010.  Patel, et al. AHJ 2014.  Danad, et al. JAMA Cardiology 2017.
2. Arbab-Zadeh, Heart Int 2012. Yokota, et al. Neth Heart J 2018.  Nakanishi, et al. J Nucl Cardiol 2018.



Diseased left coronary artery

Normal right coronary artery

%DS > 
50%

Due to Limitations in Noninvasive Cardiac Stress Testing, many patients are referred 
for Invasive Diagnostic Tests

Courtesy of Paul Yock, M.D.



• Fractional Flow Reserve (FFR) 
– Defines the functional significance of coronary lesions*
– Measured with pressure wire during coronary angiography

Invasive coronary physiology measurements have emerged as the gold-standard 
test to identify whether disease is limiting blood supply to the heart and 
consequently whether a patient may benefit from PCI

*Pijls NH et al. J Am Coll Cardiol. 2007
Pijls NH et al. J. Am. Coll. Cardiol. 2010

Angiography FFR



ANATOMY
Identify obstructive CAD

FUNCTION
Identify lesion-specific 

ischemia that may 
benefit from PCI

Invasive

Diagnosing Anatomic and Functionally-Significant CAD Invasively

• Angiography and FFR require invasive cardiac catheterization
• ≈40% of patients that enter the cath lab have obstructive CAD1

• ≈40% of patients with obstructive CAD on angiography have +’ve FFR2

     → Only 16% of patients in cath lab have both obstructive CAD and +’ve FFR

Can we identify obstructive CAD and quantify FFR before cardiac cath?
1. Patel et al, NEJM 2010, 2. Tonino et. al., NEJM 2009.



ANATOMY
Identify obstructive CAD

FUNCTION
Identify lesion-specific 

ischemia that may 
benefit from PCI

Invasive

Noninvasive ?

Diagnosing Anatomic and Functionally-Significant CAD Noninvasively

FFRCT



“You make experiments and I 
make theories. Do you know 
the difference? A theory is 
something nobody believes, 
except the person who made 
it. An experiment is something 
everybody believes, except the 
person who made it.

Albert Einstein



Deriving FFR from CT

Taylor et. al. (2013) Computational Fluid Dynamics Applied to Cardiac Computed Tomography for Noninvasive Quantification of 
Fractional Flow Reserve:  Scientific Basis. Journal of the American College of Cardiology. Vol. 61, Issue 22, pp. 2233-2241.



Extracting anatomic data from CT imaging is challenging …



Extracting anatomic data from CT imaging is challenging …

32 32
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AI to the Rescue?



State of AI in Medicine



State of AI in Medicine



What do the REAL experts think?



Will AI replace doctors in  10 years?



9 years after Geoffery Hinton’s comments …



How do we leverage Artificial and Human Intelligence to extract 
lumen anatomy for these cases?



Image segmentation methods developed and validated using 
invasive imaging data



Image segmentation methods developed and validated using 
invasive imaging data

Uzu et.al. EuroIntervention. 2019;14:e1609-e1618. 



Human-in-the-loop AI Foundation

42 42

Taylor et. al. Computer Methods in Applied 
Mechanics and Engineering, 2023



Patient #1 - El Camino Hospital October 2009

The fidelity of the FFRCT anatomic models have improved significantly 
over the years

FFRct v2.19 – 2018FFRct v1.4 – Circa 2014

Deep Learning methods first introduced in FFRCT v2.2 in January, 2017. 
More than 100 Software Releases since then. 



Deriving FFR from CT

Taylor et. al. (2013) Computational Fluid Dynamics Applied to Cardiac Computed Tomography for Noninvasive Quantification of 
Fractional Flow Reserve:  Scientific Basis. Journal of the American College of Cardiology. Vol. 61, Issue 22, pp. 2233-2241.
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“It can scarcely be denied that the supreme goal of all 
theory is to make the irreducible basic elements as 
simple and as few as possible without having to 
surrender the adequate representation of a single datum 
of experience.”

Albert Einstein
From “On the Method of Theoretical Physics,” 
the Herbert Spencer Lecture, Oxford, June 10, 
1933

Scientific Approach to Developing Physiology Model
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Physiologic Model of FFRCT – 3rd Generation (Released 2021)

Taylor et. al. Computer Methods in Applied Mechanics and Engineering, 2023
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Data from animal studies and perfusion imaging demonstrates that baseline 
coronary blood flow is indeed proportional to myocardial mass

Adapted from Danad et. al., Eur J Nucl Med Mol 
Imaging. 2012

Qc∝ Mmyo
0.74

Choy et. al., J Appl Physiol, 2008.

Baseline coronary blood flow is proportional to myocardial 
mass and is minimally affected by CAD 

Left Ventricle Myocardial Volume can be 
extracted from CT data and used to 
compute average total coronary blood flow 
at rest

Scientific Principle #1
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Myocardial Perfusion territory ⇒ Coronary Artery Flow ⇒ Coronary Artery Size
Therefore, epicardial coronary artery size is related to coronary artery flow

Scientific Principle #2
Resistance of microcirculatory vascular bed at rest is inversely 
proportional to size of feeding vessel

Regional Myo Mass ∝ Cross-sectional Area
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1. When the heart lacks O2, breakdown of 
ATP results in release of Adenosine → 
vasodilation

2. Exogenous administration of Adenosine 
elicits the maximum hyperemic response 
by forcing complete smooth muscle cell 
relaxation

3. Standard of care for induction of 
hyperemia in non-invasive tests and the 
cath lab

Intravenous administration of adenosine elicits remarkably 
consistent vasodilatory response in normal subjects at 
sufficient doses (Adapted from Wilson, et. al.,  Circulation 1990)

Adenosine relaxes smooth muscle cells lining 
arterioles resulting in vasodilation

140
mcg/kg/min

Predictable microcirculatory response to adenosine
Scientific Principle #3

www.scientificanimations.com



Deriving FFR from CT

Taylor et. al. (2013) Computational Fluid Dynamics Applied to Cardiac Computed Tomography for Noninvasive Quantification of 
Fractional Flow Reserve:  Scientific Basis. Journal of the American College of Cardiology. Vol. 61, Issue 22, pp. 2233-2241.



Computational Fluid Dynamics used to quantify blood flow and pressure
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2.  Weak form:

3. Multidomain weak form:

1.  Navier-Stokes equations:

1. I. Vignon-Clementel, C.A. Figueroa, K.C. Jansen, C.A. Taylor (2006) Outflow Boundary Conditions for 
Three-Dimensional Finite Element Modeling of Blood Flow and Pressure in Arteries. Computer Methods in 
Applied Mechanics and Engineering, Vol. 195, pp. 3776-3796.






Patient-specific Sensitivity analysis and Uncertainty Quantification demonstrated 
relative importance of model variables

S. Sankaran, L. Grady, C.A. Taylor (2015) Fast Geometric Sensitivity Analysis in Hemodynamic Simulations Using 
Machine Learning. Computer Methods in Applied Mechanics and Engineering. Vol. 297, pp. 167–190.

S. Sankaran, H.J. Kim, G. Choi, C.A. Taylor (2015). Uncertainty quantification in coronary blood flow simulations: 
impact of geometry, boundary conditions and blood viscosity. Journal of Biomechanics, 2016.



FFRCT data available along length of vessels

Sreedharan, S., Zekry, S.B., Leipsic, J.A. et al. Updates on Fractional Flow Reserve Derived by CT (FFRCT). Curr Treat Options Cardio 
Med 22, 17 (2020).



Clinical evidence supporting accuracy, utility and economic impact 

1. Nørgaard et al., "Diagnostic performance of noninvasive fractional flow reserve derived from coronary computed tomography angiography in suspected coronary artery disease: the NXT trial," JACC, 2014.
2. Driessen et al., "Comparison of Coronary Computed Angiography, Fractional Flow Reserve, and Perfusion Imaging for Ischemia Diagnosis," JACC, 2019.
3. Narula et al. Quantitative Assessment of Deep Learning-based Coronary Plaque by CT Angiography Prospectively Compared with Intravascular Ultrasound. SCCT Scientific Sessions, 2023; Narula et al. Prospective deep learning–based quantitative assessment of coronary plaque by computed 

tomography angiography compared with intravascular ultrasound: the REVEALPLAQUE study. EHJ CVI 2024 https://doi.org/10.1093/ehjci/jeae115
4. Douglas et al., "Comparison of an Initial Risk-Based Testing Strategy vs Usual Testing in Stable Symptomatic Patients With Suspected Coronary Artery Disease," JAMA Cardiol, 2023.Fairbairn et al.

Accuracy evaluated against invasive standards

Clinical utility evaluated with outcomes data
PRECISE (RCT) 
ADVANCE
FISH&CHIPS 
DECODE

Economic benefit compared to standard care PRECISE (RCT) 
PLATFORM 

NXT  
PACIFIC  
REVEALPLAQUE

Publications

Studies



FFRCT diagnostic accuracy

“FFRct has highest accuracy among noninvasive tests to predict FFR”

Driessen et. al. JACC 2019



CT + FFRct identifies Coronary Artery Disease in patients with PAD (CLTI)

Krievens et. al. Journal of Vascular Surgery, 2021., Zellens et. al. J. Critical Limb Ischemia, 2021, 
Latkovskis et. al. EJVES, 2024.  

Use of FFRCT Analysis to inform cardiac treatment improved survival in patients with no CAD history or 
symptoms that were treated for chronic limb threatening ischemia

FFRCT - guided

Control

67 year old man with no cardiac history or symptoms admitted 
to the hospital for treatment of ischemic rest pain of the left 
foot with an ankle-brachial index of 0.44. 



Vessels with Abnormal FFRCT have lower event rate when Revascularized 
compared to Non-revascularized

* Hecht et al. Euro Heart J 2019

Madsen et. al.  Journal of Cardiovascular Computed Tomography 18 (2024) 494–502

Event rate: late (>90 day) 
revascularization or non-
fatal MI 



FFRCT identifies increased risk of cardiovascular death or spontaneous 
M.I. for patients with low or high Calcium scores

Madsen KT., Radiology, Published Online: October 14, 2025    
https://doi.org/10.1148/radiol.251788

N=900 participants were included, 377 (42%) with abnormal CT-FFR and 394 (44%) with high CAC (≥ 400).
Cardiovascular death or spontaneous M.I.

CAC < 400
Cardiovascular death or spontaneous M.I.

CAC ≥ 400



Chest-pain guidelines in the U.K. were updated in 2016 to recommend CCTA 
anatomic imaging followed by functional testing if diagnosis is uncertain. Rate 
of CCTA and Cardiac MRI have increased dramatically since 2016.  

* Hecht et al. Euro Heart J 2019

Timmis, A et al., Heart, May 2017 “NICE updates the stable chest 
pain guideline”

Weir-McCall et al. J Am Coll Cardiol Img 2023 “National 
Trends in Coronary Artery Disease Imaging”

CCTA

MRI



FFRCT received positive review from NICE (National Institute for Health 
and Care Excellence) in 2017 and, in 2021, was one of first products to 
be mandated by NHS England



FISH&Chips study in NHS hospitals reveals FFRct is safe while reducing invasive 
angiograms and downstream noninvasive cardiac testing

Real world, multi-center, retrospective study including more than 90,000 patients assessing at a national 
level the incremental impact of adding FFRCT to a CCTA-first diagnostic paradigm for evaluating CAD. 

“FFR-CT was safe, with no difference in all-cause (n = 1,134 
(3.2%) versus 1,612 (2.9%), adjusted-hazard ratio (aHR) 1.00 
(0.93–1.08), P = 0.97) or cardiovascular mortality (n = 465 
(1.3%) versus 617 (1.1%), aHR 0.96 (0.85–1.08), P = 0.48), 
while reducing invasive coronary angiograms (n = 5,720 
(16%) versus 8,183 (14.9%), aHR 0.93 (0.90–0.97), P < 0.001) 
and noninvasive cardiac tests (189/1,000 patients versus 
167/1,000), P < 0.001).”
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In 2021, American College of Cardiology / American Heart Association Clinical 
Guidelines were updated to elevate CT-first pathway (Level 1A) followed by functional 
assessment



There are >1000 FDA-cleared AI products



However, few of these AI products are being PAID for. HeartFlow FFRCT 
recognized as most widely reimbursed AI product in U.S. Healthcare system. 



Yosef A. Cohen. Circulation: Cardiovascular Imaging. Temporal Trends in Noninvasive and Invasive Cardiac Testing From 2010 to 2022 
in the US Medicare Population, Volume: 18, Issue: 4, Pages: e017567, DOI: (10.1161/CIRCIMAGING.124.017567) 

Cardiac CT and FFR-CT utilization are growing rapidly for Coronary 
Imaging
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Anatomy, Plaque & Physiology Data all available from CCTA



FDA Cleared AI Quantitative Coronary Plaque Analysis (AI-QCPA) Products - HeartFlow






Methods to assess coronary anatomy, physiology and plaque
ANATOMY

Identify obstructive CAD
PHYSIOLOGY

Identify lesion-specific 
ischemia that may benefit 

from PCI

PLAQUE
Characterize and Quantify 

atherosclerosis

Invasive

Noninvasive ?



FDA Cleared AI Quantitative Anatomy Product - HeartFlow



Performance of AI Quantitative Coronary Plaque Analysis

Objective:
Determine accuracy of AI-Plaque Analysis vs IVUS 
via a global prospective study with independent, 
blinded, core lab adjudication

Presented at SCCT 2023



Performance of AI Quantitative Coronary Plaque Analysis

Narula et. al. 2025





EMERALD I - Combining Plaque + Physiology to predict Risk of ACS

Observations:

Plaque-specific risk is significantly 
heightened in the presence of both 
adverse plaque characteristics (APC) 
and abnormal physiology (∆FFRCT).

Identification of these factors may 
inform treatment to mitigate risk.

Emerald I - Lee, et al, JACC Imaging 2019.   doi.org/10.1016/j.jcmg.2018.01.023

APC (+) and ∆ FFRCT (+)
HR: 11.75 (p=0.001)

APC (-) and FFRCT (-)
HR: 1 (reference)

APC (+) or ∆ FFRCT (+)
HR: 3.65 (p=0.082)

P.I. Bon Kwon Koo, M.D., Ph.D.

Professor, Director of 
Cardiovascular Center and 
Chair in Cardiology Division at 
Seoul National University 
Hospital, Seoul, KR.



EMERALD II (351 Patients, 2,451 lesions) showed that coronary lesions experiencing 
large hemodynamic forces are more likely to cause ACS in the future

Koo et. al. JACC Imaging, 2024



Combining Physiology and Plaque data may predict MACE (CV Death & 
Spontaneous MI)

Madsen et al. JACC 2023; 82:B173-B173.
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Planner for CT-guided PCI



Post-PCI FFR can be predicted. Validated in P3 trial.

Nagumo et. al., Clinical Cardiology, 2021. Sonck et. al., JACC Imaging, 2023. 

“HeartFlow technology is accurate and 
precise for predicting FFR after PCI”

Post-PCI Invasive 
FFR

HeartFlow Predicted Post-PCI 
FFR

N = 97,402 matched FFR values

Mean Difference 0.01±0.05

Mean Difference between FFRCT Planner and 
Invasive Post-PCI FFR Pullback Curves



Precise Procedural and PCI Planning Using Coronary CT Angiography (P4) clinical 
trial testing hypothesis that a CT-guided PCI strategy is non-inferior to IVUS 
guided PCI with respect to MACE

Study Design:
• Randomized Controlled Trial
• 20 sites, 1090 patients (Stable 

CAD patients with stenosis >70% 
and FFRCT ≤0.80)

• Endpoint: Death, MI, Ischemia-
driven TVR at 1 Year

Ohashi et al. JACC 2023.





CCTA and FFRCT can be used to plan CABG Procedures

Serruys et. al., Coronary bypass surgery guided by computed tomography in a low-risk population. European Heart Journal 2024.

“CABG guided by CCTA is 
feasible and has an 
acceptable safety profile in a 
selected population of 
complex coronary artery 
disease.” 



Conclusions

• Patient-specific mathematical models of blood flow are now used in routine 
care

• ACC/AHA Guidelines recommend FFRCT for patients with at least one 
stenosis in the 40-90% range

• FFRCT can be used to explain chest pain, defer cardiac catheterization 
when negative and when positive can identify patients most likely to 
benefit from stenting

• AI-enabled quantification of coronary artery plaque is now widely available 
and will enable screening and management for CAD

• Anatomic, physiology and plaque data derived from CT can be used to 
discriminate between culprit and non-culprit lesions causal of heart attacks



15 Years Solving the Technical, Business and Regulatory 
Challenges Necessary to Unlock All Barriers to Adoption
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On August 8, 2025, HeartFlow went public on the Nasdaq (HTFL)



The journey from the bench to bedside was not smooth. We had 
to navigate multiple “valleys of death”. 

HTFL



It was worth it – to date, these products have been used for 
>500,000 patients

85
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UT Projects
RESEARCH

Current projects in Cardiology are  
 Building patient-specific models coupling blood flow from the large 

arteries to the microcirculation to the myocardium
 Predicting risk of heart attacks based on noninvasive data to 

support screening of CAD and eradication of premature death due 
to heart disease (w/ Prof. Tom Hughes, Prof. Vagheesh 
Narasimhan, UT Integrative Biology)

Planned projects in Pulmonology
 Creating lung digital twin models to improve diagnosis and 

treatment of chronic lung diseases including COPD, lung cancer, 
Interstitial Lungs Diseases (ILDs)

TRANSLATION
• Establishing Medical Digital Twin Venture Studio w/ UT Discovery to 

Impact Program to support and mentor UT entrepreneurs






Lung Digital Twins created from CT data for personalized, precision 
mechanical ventilation



Lung Digital Twins validated with Electrical Impedance Tomography

Rixner et. al. J Appl Physiol doi:10.1152/japplphysiol.00313.2025



Lung Digital Twin Models can be used to simulate inhaled therapeutics



Modeling inhaled therapeutic for Idiopathic Pulmonary Fibrosis



“Hospital of the Future” being built at The University of Texas at Austin 
will incorporate medical digital twins
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