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Methods

20x frames

Finite Element Generation
• Open source software converts voxels to mesh.

• Material properties and boundary conditions applied.

Manual Method (Multiple Days) Automatic Method (~15 Minutes)

Inclusion of 

microcalcifications
Morphology Investigation
• Investigated how common clinical morphological metrics relate to PSS.

• Frames separated into low stress groups, n=55 (peak PSS <150 kPa) and 

high stress groups, n=41 (peak PSS > 150 kPa).

Frame Interpolation
• Signed Distance Function (SDF) used to interpolate 

sparse OCT frames.

Results

Arc Angle Min Lumen Distance Plaque Eccentricity Lumen Eccentricity
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• OCT frames that were simulated to have PSS over 150 kPa were shown to 

have significantly larger lipid arc angles, lumen-plaque eccentricity, lipid 

area, calcium area and lumen areas, closely mirroring clinical observations.

• Presence of calcifications did not necessarily raise stress. In some scenarios it 

may provide stability.

• First automatized 3D FEA platform for OCT imaging enabling 

reproducible, patient-specific simulation files to be generated in a matter of 

minutes rather than days.

• Preliminary small scale studies reflects clinical observations

• Framework enables larger scale studies to be performed to new metrics to 

be made to identify patients at risk of myocardial infraction and related 

pathologies

• Future development aims to simulate virtual angioplasty operations, 

enabling precise tailoring of surgical intervention to improve patient 

outcome in addition to providing a tool for stent development

1) Kadry, Karim, et al. "A platform for high-fidelity patient-specific structural modelling of 

atherosclerotic arteries: from intravascular imaging to three-dimensional stress distributions." 

Journal of the Royal Society Interface 18.182 (2021): 20210436.

2) “Heart Attack (Myocardial Infarction)”, Cleveland Clinic, 

my.clevelandclinic.org/health/diseases/16818-heart-attack-myocardial-infarction 

Study related morphology to stressCalcium providing possible stress shielding

Background

[2]

Illustration of myocardial infarction

• Plaque rupture is attributed to Plaque 

Structural Stress (PSS), leading to 

severe complications such as 

Myocardial Infarction

• PSS is highly dependent on both 

material properties and morphology in 

3D which current clinical metrics do not 

fully capture.

• 3D FEA simulations capture the effect 

material morphology has on stress 

distributions [2], however current 

methods are labor intensive and are 

not reproducible. 

• We present the first software capable 

of producing 3D structural simulations 

via FEA (Finite Element Analysis) with 

labelled OCT (Optical Coherence 

Tomography) images in a fully-

automated method. 
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Atherosclerosis
▪ Cardiovascular diseases (CVDs) leading cause of death worldwide.

▪ Atherosclerosis is the chronic narrowing of artery and in severe cases lead to 
myocardial infarction (MI), the most common death from CVD.

▪ Unstable plaque lesions are more likely to lead to MI.

▪ Unstable lesions are those with increased levels of Plaque Structual Stress (PSS)

Diagnosing

Non-invasive techniques are often inadequate

▪ Computed Tomography (CT) scans often lack the 
necessary resolution to discern the necessary detail.

Angiography

▪ Poor resolution leading to lack of material and 
morphology detail.

Intravascular Ultrasound (IVUS)

▪ Relatively (100-200 μm)  is not able to thickness of 
the fibrous cap.

Optical Coherence Tomography (OCT)

▪ Magnitude better resolution than IVUS (10-20 μm)

▪ Can discern the fibrous cap in addition to small 
calcium deposits
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OCT able to effectively delineate lipid to show true 

fibrous cap thickness

OCT

Finite Element Analysis

▪ Most research is limited to 2D due to poor 

material contrast, frame sparsity and

imaging penetration depth often 

resulting in a underestimation in the stress 

and neglects how stress is distributed 

axially.

▪ Nezami lab has previously built a semi-

automatic pipeline to make 3D 

simulations, however the entire process is 

still extremely timely often multiple taking 

days. 

Previous semi-automated method to construct 3D FEA simulations

Histological cross section against 2D FEA simulation. The 

simulation highlights regions of high stress at the shoulder 

of the lipid cap.
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IVUS

IVUS unable to discern fibrous cap

Visualization of OCT imaging

OCT or IVUS?

▪ Due to the simpler procedure, IVUS remains as the most popular 
catheter based imaging modality

▪ With future FEA studies highlighting the importance of the details 
that OCT is able to capture, perhaps this may change[2]
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Match Labels

Interpolate Labels with Signed Distance Function

Refined Boundary Layers

Interpolated FramesOriginal Frames

20x frames

Meshing Pipeline Characterize Morphology, 

Material, Stress 

Relationship 

Apply Boundary Conditions

Interpolated Expanded Trimmed

Post Processing

• Iterate through every label and create signed distance function SDF

• SDF represents distance to background

• Positive values of linearly interpolated SDFs enables generation of isotropic voxel 

resolution from the original sparse OCT frames

• Areas around the 

lumen, lipid and 

calcium are refined 

further, allowing for 

the FEA to converge

Physiological 

blood pressure 

load (15 kPa)

Zero 

displacement 

on both ends
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✔
Statistically significant and 

matches clinical observations

Not significant and contradicts 

clinical observations
✖

ns Not significant, no discernable 

trend

*
Matches other FE simulations, 

few clinical results

ns Not significant but promising 

trend 

Arc Angle

*LSAR

Plaque Eccentricity Min Lumen Distance

Lumen Eccentricity Perimeter

Morphology Investigated
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• 139 frames investigated

• 90% contained lipid, 58.3% 

contained calcium.

• 13 of the 17 morphological 

features investigated match 

expected trends in expected 

PSS. 

• Only 58.3% contained calcium. 

With a larger study, with more 

anatomical variation, results 

could be expected to be more 

significant.

• Lipid arc angles, lumen-plaque 

eccentricity, lipid area, calcium 

area and lumen areas proved to 

be statistically significant 

indicators of increasing PSS and 

thus plaque rupture risk.
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• Physiological stress distributions with peak stress 

occurring at the thin fibrous cap, the likely site of a 

rupture.

Physiological Stress Distribution

Morphology Effect on PSS
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Limitations
▪ Currently neglects tortuosity of the artery

▪ Fluid dynamics are not considered

▪ Material properties are considered to be isotropic

▪ Residual stress is not considered

▪ Simulations still take hours

Future Applications

▪ Virtual, patient-specific angioplasty enabling optimized 

surgery in addition to providing for stent development in 

industry or by providing a regulatory in-silico test.

▪ Machine learning tools can be used to validate existing 

morphological parameters or discover new, clinically 

implementable metrics.

▪ FSI |(Fluid-structure interaction) models can incorporate fluid 

dynamics to consider the impact of blood flow.

Research is being expanded 

to provide assessment of 

stent performance on lesion 

stability

Overview

▪ First automatized platform for 3D FEA for 

OCT/IVUS imaging.

▪ Computational model generation is performed 

within minutes and not days.

▪ Preliminary study shows the platform produces 

physiological stress distributions

▪ High stress frames had significantly higher lipid 

arc angles, lumen plaque eccentricity and lipid 

and calcium area.

▪ The software is versatile and has the potential for 

various applications. 

▪ Open source software allows the software to be 

distributed easily and increases clinical 

translatability.

Left Coronary Artery Right Coronary Artery

CNN Labeling Interpolation

Characterize Morphology, 

Material, Stress Relationship 

Open-Source Software

FE model generation created with entirely 

open-source software

Pipeline of research project

Utilizing Machine Learning 

to recognize morphologies 

that leads dangerously high 

stress can aid clinicians by 

improving current metrics 

Image of coronary arteries highlights that tortuosity 

is not currently accounted for
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