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Definition of Shape

Shape components

— Diameter, curvature,
stenosis, angle, tortuosity,
aneurysm, dilatation

Built world’s first atlas

400 normal, 200 diseased
CT angiograms and
growing
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Large Variation in Shape

* Variation of Angle B

e Large differences al
between bifurcations _-L-_ _...__

RCA acute marginal

* Also broad differences é‘;ﬂ_ pemesae
between individuals T e e —
Degrees

Medrano-Gracia, Ormiston, Beier et al. Eurolntervention, 2016



Shape analysis

* Able to compare
guantitatively and to
generate an average

e Sophisticated multi-
component shape study




Coronary shape
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Phantom creation
Stent testing




Shape determines Flow

* Flow is geometry
specific

* Flow is a major factor
in disease
development

e Shape indices may
function as disease
indicator




Shape determines Flow

 Three individual LM
shapes

Adverse high wall shear stress gradient

* Main differences angle B
and size

* Numerical data -
Adverse vessel stress
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Beier, Ormiston et al.: Journal of Biomechanics, 2016



It’s complicated

* Angle B alone does not
Table 5.4: Multi-Regressions of Vessel Areas Exposed to Adverse Haemodynamic Stress
h a Ve a S i g n ifi Ca nt effe Ct Standardised Coefficients Model Quality

Area 3 SE P-Value R? P-Value
(%)
. : : w Tortuosity 52686  450.61 0.2512
¢ In COmblnathn Wlth gf Angle B (;05»« ()?46 0,9;30
- Inflow ang|e 0.37 0.35 0.3018 0.506 0.0007***
inflow angle it does
= ® Tortuosity 62.81 22.06 0.0102*
_%oé Angle B 0.05 0.02 0.0413*

Inflow angle -0.02 0.02 0.2834 0.316 0.0164*

e Sophisticated analysis is

? Tortuosity  1.15¢+03  2.54e4+02 7.53e-05%**
%® AngleB 8.01e-01  2.60e-01  0.0018%*
needge =% Inflow angle -4.48¢-02  1.99e-01  0.8241 0.633  1.80e-06***

Haemodynamic quantities are normalised over the vessel area, and considered thresholds were:
low WSS<0.5Pa, high WSS=2.5Pa, high WSSG=200Pa/m, and low TAWSS<0.5Pa. 3
Coefficient estimate; SE = Standard Error; P-value with 0 “***°_ 0.001 ***°, 0.01 **’, and 0.05
2 Trap= Tortuocsity of LAD; ajap-rox Bifurcation angle; a;,, Incoming bifurcation
angle.




Summary

Coronary shape varies significantly between
bifurcations and individuals

Atlas profiling can reveal adverse shape markers with
confidence — inflow and B

Flow analysis links shape to disease and its treatment




Future

Population-profiling
(Population spectrum
and classification)

|dentification of shape
markers

Phenotype classification

Stent treatment
guidelines
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