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Cardiovascular Precision Medicine
 Cardiology at forefront of quantitative analysis for decades

 QCA – 1980’s

 Cardiovascular imaging is everywhere 
 Angio, IVUS, MR, CT, SPECT, OCT, … 

 Image analysis for clinical care is still mainly qualitative

 Quantification needs to be omnipresent in routine clinical care for 
precision medicine to reach its potential
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Do you remember this slide?
… Thin-Cap Fibroatheromas (TCFA) 

Moore, K. J., Tabas, I.: Cell, 2011

MACE Risk – Major Adverse Cardiac Events

 High-risk coronary plaque:
 Thin-cap fibroatheroma (TCFA)

 Plaque burden PB>70%

 Minimal luminal area MLA<4mm2

 MACE prevention:
 Identify locations at risk to develop high-risk plaques

 Intervene (balloon angioplasty, stenting,  medication, …)
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IVUS + Virtual Histology

Demo: Virtual histology – VRML visualization

 White = Dense Calcium

 Red = Necrotic Core

 Dark Green = Fibrous (Fibro-fatty)

 Light green = Fibro-lipidic

Angiographic 
Lumen

Intravascular 
Ultrasound
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• LOGISMOS approach for simultaneous dual-surface segmentation
• User-guided computer-aided refinement (Just-Enough Interaction)

• User interaction time reduced from hours to several minutes

IVUS Image Segmentation

Can Future TCFA Locations be Predicted?
Can MACE be Predicted? 
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What will happen 
here ?

What will happen 
here ?

TCFA

NonTCFA

1 year later

Study Cohort
 61 patients with 

stable angina 
pectoris

 2 studies comparing 
statin therapy for 
atherosclerosis 
progression

 Plaque types 

(truth) 
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Predicting Plaque Development
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IVUS-IVUS 
Automated Registration
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Baseline  Follow-up Registration
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IVUS-IVUS Registration - Validation
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IVUS-IVUS Registration – Validation 
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TESTING

TRAINING

Segmentation 
& 
Registration

Baseline

Follow-up

Location-specific 
features

- VH-based features
- IVUS-based features

Systemic 

- biomarkers

Systemic 
information

- demographics
- biomarkers

Predictive 
classifier: predict 
TCFA based on 
baseline features

Baseline

Optimal 
feature subset

Optimal feature 
subset

Feature selection

Temporal plaque 
change

- TCFA
- non-TCFA
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Feature Set
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61 patients with stable angina pectoris, Charles University Prague
BL + 12M Follow-up IVUS-VH

From BL image data predicting MACE at 12M: TCFA or PB70% or MLA4mm2

Results: Plaque Type Development (w Statins)
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Conclusion
 Prerequisites to precision medicine in atherosclerosis 
 Highly accurate quantitative analysis of coronary morphology

 Relevant biomarkers

 Longitudinal data 

 Large-enough dataset with ground truth

 All is challenging 
 Requires Engineering – Medicine collaboration

 Frequently multi-center data acquisition

 And it is costly

 The potential rewards are worth the effort!
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