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‘ L. . ‘ Cardiovascular Precision Medicine
Prediction of Future MaJOI' Adverse = Cardiology at forefront of quantitative analysis for decades

Cardiac Events: Coronary IVUS 2 QCA- 1980’

= Cardiovascular imaging is everywhere
o Angio, IVUS, MR, CT, SPECT, OCT, ...

M. Sonka = Image analysis for clinical care is still mainly qualitative
+ 1IBI, Charles University, IKEM, CKTCH ) ] ) ) ) o
= Quantification needs to be omnipresent in routine clinical care for
The University of lowa, lowa City, IA precision medicine to reach its potential
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Do you remember this slide? | MACE Risk — Major Adverse Cardiac Events
... Thin-Cap Fibroatheromas (TCFA)

Fatty streak Established lesions Vulnerable plaque Ruptured plaque

= High-risk coronary plaque:
o Thin-cap fibroatheroma (TCFA)
o Plaque burden PB>70%
0 Minimal luminal area MLA<4mm?

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

debris core

) Macrophage foam cll | penditc cel L‘) T cell

<. Smooth muscle cell Extracellular matrix () ApoB-LP.

o Intervene (balloon angioplasty, stenting, medication, ...)

Moore, K. J., Tabas, I.: Cell, 2011
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IVUS + Virtual Histology

11:01:29 2150

Angiographic
Lumen '

Intravascular
Ultrasound

e White = Dense Calcium

o Dark Green = Fibrous (Fibro-fatty)
o Red = Necrotic Core o Light green = Fibro-lipidic

. Demo: Virtual histology — VRML visualization
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Mouse Position
Slice No:[ 68 ContourNo: [ 5

IVUS Image Segmentation

* LOGISMOS approach for simultaneous dual-surface segmentation
* User-guided computer-aided refinement (Just-Enough Interaction)
 User interaction time reduced from hours to several minutes
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Analysis nformation (Slce)
S Contour (-
S. Cortour () -Y: m
5. Contour ()2 m
S Contour (4) X mm
S Contour (8) - m
S. Contour (4)-2. m
Centroid (- | 42712843 mm
Centoid ()= | 10554749 mm
Cenroid (-2 [ 27.273342 mm
Cenroid () [ 42912382 mm
Centiod (4)-: | 10983308 mm
Centoid (4)-2: [ 275678571 mm
CSAL [ S8 mm 2
CSA(A): [ 11680555 mm"2
Plague m
Cunveture- | 004354
Curvaturo-: [ -01276%
Cunvaturs -2 [ -0,064289
Curvature Index
Vel (Polytope) | 240723 mm"3
Vol (Wetenabe) | 2421782mm"3
Vol Simpson's). | 2415346 mm"3
Eccenticiy | 7.27620
Plague CSA | 5434876 mm"2
% Plague Arear 5081 %
Suface Area (L) | 3496696 "2
Suface Area (). | 460892 mm"2

Can Future TCFA Locations be Predicted? Study Cohort e

Can MACE be Predicted? 61 patients with <G| -
1 year lator stable angina
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Predicting Plaque Development

TRAINING of classifier to predict changes PREDICTION of plague changes and perfor-
in a single variable of temporal plague change mance assessment using a trained classifier
Regoradby [ ot Trained classifier
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FOLLOW UP ) FOLLOW UP in a vessel not used for training (b)
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IVUS-IVUS
Automated Registration

BIOMEDICAL
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AGING

BL-regist.

degree

BL-landm. FU-regist

FU-regist

' Baseline > Follow-up Registration

FLU

| IVUS-IVUS Registration - Validation

TABLE 1

IISTANCE AND ROTATIONAL REGISTRATION ERRORS OF INTER-OBSERVER VARIABILITY AND OUR METHOD

LM: LANDMARKS. NO DIFFERENCES WERE STATISTICALLY Si

GNIFICANT

Bl-regist

FU-regist

[[User A0(%)
Exp. 1 vs. Exp. 2 130
Exp. 1 vs. Exp. 3 120

| _Exp. 2 vs. Exp. 175

| 3D graph vs. Exp. | 103

| 3D graph vs. Exp. 2 125

| 3D graph vs. Exp. 3 T0£11.51 147
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BIOMEDICAL IMAGING:

| IVUS-IVUS Registration — Validation
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BIOMEDICAL IMAGING

Location-specific
features

- VH-based features

- IVUS-based features

Feature selection Optnlifesture

emporal plaque
change

-TCFA

-non-TCFA

Optimal
feature subset
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Positive Negative

Baseline

Follow-up

Baseline

Follow-up

selTCFA

‘ Baseline
proximal

Follow-up
distal

‘ Feature Set

Basic Clinical

TFirt-Order
Descriptors
Local (F22-F30)

Textures

Tayered  Plaque
Components
{F47-F118)
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Plaque
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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 PB=70% or MLA:
A " « DE ¥

" TCFA

ALC

18 features 16

‘ Results: Plaque Type Development (w Statins)

Follow-up

Baseline TCFA | ThCFA  FeP FP PIT NL

TCFA 408 55 148 13 109 71 12
(6%)

ThCFA 1068 36 390 59 205 277 101
(17%)

FeP 140 2 45 32 12 35 14
(2%)

FP 826 4 108 19 34 279 102
(13%)

PIT 2005 17 128 20 719 881 240
(32%)

NI 1894 10 51 18 86 196 1533
(30%)

Total 6341 124 870 161 1445 1739 2002

(2%) (14%)  (3%) (23%) (27%) (32%)
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‘ Conclusion

= Prerequisites to precision medicine in atherosclerosis
= Highly accurate quantitative analysis of coronary morphology
o Relevant biomarkers
o Longitudinal data
o Large-enough dataset with ground truth
o All is challenging
= Requires Engineering — Medicine collaboration
= Frequently multi-center data acquisition

0 And it is costly
= The potential rewards are worth the effort!
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