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First, basic arterial anatomy and
physiology
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Atherosclerosis, an
inflammatory process

- Lipoprotein deposition.
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Atherosclerosis, an
inflammatory process

- Foam cell creation.
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Atherosclerosis, an
inflammatory process

- Platelet aggregation.

« Responsibility of smooth
muscle cells.
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Atherosclerosis, an

inflammatory process

- Plaque rupture and ﬁg{i:mk;‘c; Nf-‘ "
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Atherosclerosis, an
inflammatory process

- Timescale of plague formation.

NOMANCLATURE AND
MAIN HISTOLOGY

Initial lesion

* histologically "normal”

» macrophage infiltration
e isolated foam cells

SEQUENCES IN PROGRESSIO
OF ATHEROSCLEROSIS

Fatty streak

mainly intracellular lipid
accumulation

Intermediate lesion
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e intracellular lipid accumulation =

e small extracellular lipid pools
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Fibroatheroma
» single or multiple lipid cores o
» fibrotic/calcific layers B
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Vascular Remodeling
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Vascular Remodeling
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Perfect Remodeling
Artery expands to perfectly accommodate neontima
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ESS = Endothelial Shear Stress



Vascular remodeling

Natural Progression of Atherosclerosis

Vessel expansion to Expansion stops and
Maintain lumen size Iumen narrows

“shoulder”

Normal Mild Moderate Late
Disease Disease Disease




Concentric vs Eccentric Plagues

Concentric stenosis

Adventitia

Eccentric stenosis (Type 1)
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Concentric vs Eccentric Plagues
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Difficulties In assessing lesion
severity by angiography alone.

Pitfalls of Coronary Angiography
Lumen-o-gram
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Ditficulties in assessing lesion
severity by angiography alone.

Goronary cross-section Angiogram silhouette
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Difficulties In assessing lesion
severity by angiography alone.
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Difficulties In assessing lesion
severity by angiography alone.

Vessel Wall Remodeling & Plaque Disruption Pitfalls of Coronary Angiography
: T o Lumen-o-gram

Minimal Mild to Moderate
vessel CAD Asymptomatic CAD

hodified form Schoenhagen et al. JACC 2001: 35297 and Glagov et al. NEMT. 195873161371




Difficulties In assessing lesion
severity by angiography alone.
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IVUS Basics




IVUS Basics

IVUS stands for ntra ascular ltra ound.
Uses ultfrasound to create a ftomographic image of the vasculature.

Facilitates direct measurements of the lumen dimensions.
Ultrasound allows imaging of soft fissues within the arterial wall.

Allows characterization of plaque size, distribution and composition.



IVUS BasicCs

Guidewire artifact

Forward-Looking IVUS Imaging Using Dual-Ring CMUT Array |
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Schematic of an intravascular
THADRGUON ultrasound (IVUS) catheter
within a blood vessel.
Adapted from Kimura et al.,
Am Heart J 1995; 130:386-96.
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Normal Vessel
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IVUS Basics

Caicified Pia guo Shadow




Example Images
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Example Images
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Example Images

IVUS IMAGING
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Example Images




Example Images

Densely packed bundles of collagen libears Highly ipidic necrotic region with

with no evidence of intra-fiber lipid remnants of foam calls and dead

accumulation No evidence of macrophage lymphocytes prasant No collagen fibers

infiltration Appears dark yellow on Movat are vieible and machanical intagnty is

stained section poor. Cholesterol clefts and micro
calchcations are visible

Fibrous tissue
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Fibro- ||ml|c[:

Loosely packed bundles of collagen hbers calc“”“[—

with regions of lipid deposition present

These areas are celiular and no cholesterol Focal area of dense caicium. Appears
clefts or necrosis are present Some purple on Movat. Usually falls out section
macrophage infiltration  Increase in but calcium crystais are evident at
extracellular matrix. Appears turquoise on borders

Movat stained section

Fibro-lipidic -

region .
9 Calcium

Kem SCAI 2006







Normal
Artery

Athero-
sclerotic
Artery

Normal microvascular
tone

AP =30 mm Hg

Partial microvascular
dilatation

Exercise

Epicardi
arterial
dilatation

Complete microvascular
dilatation

AP=60 mm Hg

Epicardial
arterial
constriction

Complete microvascular
dilatation

95
L

of Resling Value)

Coronary Blood Flow (Multiple

Duration
of Exercise




« How is FFR performed?

Fractional Flow Reserve

PTCA guiding catheter

PTCA guide wire

Pressure
guidewire
with microchip




« Why do we use ite

Fractional Flow Reserve
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« What does that mean?

Fractional Flow Reserve
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Fractional Flow Reserve
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« Hyperemia = the increase in blood

Fractional Flow Reserve

HYPEREMIA

NORMAL

perfusion to different tissues in the
body through dilation of the
microvasculature.

HYPEREMIA




Fractional Flow Reserve

No Gradient Minimal Moderate Severe




Fractional Flow Reserve

« FAME Study




The Same, Yet Different...

ldenftical % Stenosis But Different Physiologic Significance

MLD, cross-
sectional area,
and stenosis
resistance are
identical, but
due to the
different sizes
of the perfusion
territory the
physiologic
severity Is
different!

Pijls, N. (2009). Concepts and Practical Set-Up of Coronary Pressure Measurements.
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Figure 1: The IFR is Identified in Real-time Permitting Beat-by-
beat Calculation of iFR
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wave-free ratio (iFR) is the pressure ratio cal
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