IVUS-guided Decision Making
for PCI
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The IVUS image
is an extremely
thin slice of the
artery. The IVUS
technology

is capable of
producing
S00-600 images
r cenlimeler

A of artery.




Comparing Angiography and IVUS

Coronary cross-section Angiogram silhouette

In angiography, angle of view determines what we see.



Clinical Utility for IVUS

 Stenting of smaller vessels
—Vessels < 3mm

* Intra-stent restenosis
— Visualize the stent

 Difficult to assess lesions
— More sensitive plague detection
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Clinical Utility for IVUS

Dynamic visualization in cross-sectional fashion In Vivo

. Tomographic assessment of plaque
. Qualitative information about plague compostion
. Quantitative detail about lumen & vessel dimension



Utility CTO of IVUS




Image Interpretation



Normal or “Healthy” Vessels




Normal or “Healthy” Vessels

adventitia
(MA) border
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Lower Density Plaques

Eccentric fibrous plague Concentric fibro-fatty plaque



Lower Density Plaques

Lurmen

IvVis . - Eccentric
catheter = fibrous
plague

Eccentric fibrous plague

Concentric
fibro-fatty
placgise

Guidewire
artifact

VS
catheter

Concentric fibro-fatty plaque



Mixed Plaque

Mixed eccentric plague Thin concentric fibrous plaque
(fibrous, fibro-fatty, and calcified) mixed with calcium



Mixed Plaque

Fibrous
plague VLS TP
catheter Fibrous e
Guidewire plague —

artifact Guldewire

artifact

Fioro-fathy
plague

e Cakcified

plague catheter Calkified plague

Mixed eccentric plague Thin concentric fibrous plaque
(fibrous, fibro-fatty, and calcified) mixed with calcium



Calcified Plaque

S0° arc (one quadrant) Mixed deep and superficial
of deep calcium calcified plague



Calcified Plaque

Calcified Shadowing (IVUS signal 3
Fibrous  Ploaue does not pass through Reverberations Deep calcium
plague calcified plague)
’ e . [ Shadowing
: Fibraous = Superficial
plague ,.r":_______ calzium

Superficial . : e

-:algiu_.m Y Fibrous
Fibrous Packe
plagus VLIS Guidewire

VLS
catheter artifact

cathater
Mixed deep and superficial
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calcified plague
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Calcified Plaque (continued)

180° arc of eccentric superficial 270° arc of superficial
calcified plaque calcified plagque



Calcified Plaque (continued)

Calcified plague

Reverberations Calcified plague

IVLIS catheber

IVILES catheter

180° arc of eccentric superficial 270° arc of superficial
calcified plaque calcified plagque



Fully apposed stent Incompletely apposed stent



Stents

Concentric mixed fibrous

and fibro-fatty plague

IVLES
catheter

%, Apposad

VLIS Unopposed

S — catheter

Stent
struts

Unopposad
Vessa| wall

Fully apposed Incompletely apposed
stent stent



Ste ntS (continued)

Stent deployment in a heavily calcified vessel



Ste ntS (continued)

Stent struts

Guidewire artifact

¢ Stent struts

. IVLIS catheter

Stent struts Calcified plague

Stent deployment in a heavily calcified vessel



Dissections

Fibrous plaque dissection Deep fibro-fatty plague dissection
extending into the intima extending into the media



Dissections

IVILIS

catheter Dissection arm - Media
Dissection
Fibro-fathy arr
plague Fibrous
plague
i
: L Fibro-fatty
Flbrous —— Forofatty Biawe
plague . nlaque
IVUS
catheter
Fibrous plaque dissection Deep fibro-fatty plague dissection

extending into the intima extending into the media



Disse(:tions (continued)

Horseshoe dissection of fibrous Horseshoe dissection of
plague extending into the media calcified plaque



Disse(:tions (continued)

Calcified Drissection
plague g

cathater

Horseshoe dissection of fibrous
plague extending into the media

VLIS Superficial
catheter calkcium

Dissaction
arm; calcified
placgue

speckie

Horseshoe dissection of
calcified plaque



Intramural Hematoma




Intramural Hematoma

Intramural Hematoma




Intramural Hematoma




Intramural Hematoma

Intramural Hematoma




False Lumens




False Lumens

False Lumens



Thrombus




Thrombus




Thrombus

T i 11.4 mm, 1 mmidi
w No Cathete



Thrombus
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Initial
IVUS of LAD Milking




Post Stent
Stenting for LAD Milking




Characterization of plaque composition
between the lumen and media.

» Fibrotic Tissue
« Lipidic Tissue

« Calcified Tissue




Fibrotic Densely packed collagen fibers, no intra-fiber lipid no microphage

Lipid Lipid pools are areas of extracellular lipid accumulation in a

Pool proteoghycan-rich matrix without necrosis. Lipid pool areas should
have a relatively well-demarcated area of homogeneous clearing
(these areas often have a "fluffy" appearance) with apoptotic
smooth muscle cells andlor barely-perceptible cholesterol crystals,

Mecrotic Early: The core of an early fibroatheroma typically contains evidence

Core of smooth muscle cell apoptosis, with microscopic calcifications in
many cases, and small (usually less than 20 microns) cholesterol
clefts. There is a small amount of macrophage infiltration around the

edges of the core, but no significant macrophage breakdown or loss
of extracellular matrix.

Late: The core of a late fibroatheroma may contain hemorrhage and
has cholesteral erystals greater than 20 microns in size. There s
evidence of extensive or complete extracellular matrix degradation.

- Calcified Focal area of dense calcium
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iLab™ System Software 2.2
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Measurement and Analysis

Lumen border

Max imum plague
thiclkrness

Maxirmurm
diarmebes

LIMmen

Measurements
required

for analysis

of IVUS
fmages

Y : Minimurn lurmen
Media-adventitig diameter

(MA) border

Minimum plague
thickness

Maximum plague thickness

Eccentricity = —
¥ = Minimum plagque thickness

Flague CSA* = MA CS5A - Lumen CSA

Plaque CSA

% Plaque area MA CSA

Reference lumen CSA -
%% Area stenosis = Lesion lumen CSA

Reference lumen CSA

* Plaque C5A includes variable amounts
of srnooth muscle from media

. Lumen CSA

. Plague CSA



Measurement and Analysis




Calculating — Area

D{mm) = 0.0
Al = 59mme




Lumen Diameter Measurements




IVUS-Guided Stenting

* Measurement and Analysis

Lumen Diameters vs. Cross Sectional Areas (CSA)
Lumen Diameter Lumen CSA 90% of Lumen |Lumen Diameter at
(mm) {mm2) CSA {mm?2) 90% of CSA (mm)
2.5 4.9 4.4 2.4
3.0 7.0 6.4 2.8
3.2 8.0 7.2 3.0
3.4 9.0 B.2 3.2

"The Predictive Value of Different Intravascular Ultrasound
Criteria for Restenosis After Coronary Stenting™

Minimum Lumen Cross

CarHonal Aras Potential Restenosis Rate

The Iincidence of <5mm? 46%
restenosis has an 5.0-5.9mm= 33%
inverse relationship to 6.0-7.9mm? 27%
post-procedure absolute 8.0-8.9mm? 21%
IVUS lumen CSA. =omm? e,

1Mousgaet 4., ACC OF: 707-6. Data o not include DEE,
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LAD..Promus Element 4.0*20



kissing stent(pre)










LAD..Cypher 3.0*33



LCX..Cypher 3.0*28



Crush(pre)
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Crush(post)
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Mﬂesulute 3.0*30



T-stent(pre)










T-stent(post)
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Dissection




Dissection




Dissection




LCX..Xience(P) 3.0*3
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PCI IVUS Role !l

How to determine lesion length morphology
How to identify dissections

Determining appropriate stent placement
Determining lesion size

Understanding the shortfalls of angiography

Understanding the clinical indications for IVUS
utilization



in Coronary Bifurcation Lesions
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sound (IVLUS) guidance on long-term outcomes has not been evy
long-term outcomes of IV U*:--gmdn:d eniting in bifurcati
patients with de nove ponleft main coronary bifurcation
implantation from January 1998 to February 20046, We
(ie., death, stent thrombosis, and target lesion revasg
adjustment using a multivariate Cox proportional
IVUS-guided stenting significantly reduced the le
[HR] 0.21, 95% confidence interval [C1 0,13 o 0.7
in the patients receiving drug-cluting stents {DESs

Stenting for bifurcation kesions is still challenging, and the tﬂt\t'ﬁ
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ascular ultra-
(e assessed the
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tho underwent stent
the adverse outcomes
on} within 4 yvears, after
odel and propensity scoring.
~cause mortality (haeard ratio
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R 024, 95% CI 0.06 tw 0.86, p =

te of stent thrombosis (HR 0,48, 955 C1

0,030, but not in the patients receiving bare n@ﬂlm{HH 041,955 ClO3ta L26, p =

01 2p IVUS.guided stenting had no effec d
016 to 143, p = 0L19) or target lesio %
p o= 0.21) In patients receiving [ ‘io. ]
of very late stent thrombaosis (
patients receiv '||Ii: DESs, IVUS
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stenting. In addition, |‘L S
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comparcd to conventional angiograp)
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ce reduced the development of very late stent throms-
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stenting at the Asan Medical Center (Seoul and Gangneung,
TSE consecutive patients  underwent

deployment. A large colion study reported thal inbravascalar
ultrasound (IVUS) guidance dunng drug-cluting  stent
(IXES) implantation significantly reduced the thrombosis
rale and showed a Tavorable rend for repeal revasculariza-
tion.' IVUIS guidance might be even more useiul in complex

stenting for de novo nonlell main corenary bifurcation le-
stons with a side branch > 2.0 mm in diameter, by visual
estimation. The performance of IVUS-guided stenting wis
bzl b the physician’s discretion. Patients were classified o
having undergone 1V US-goided stenting if an 1VUS exame-



Is there still a role for intravascular ultrasound in the current

practice era?

Gabriel Maluenda, MD; Augusto D. Pichard, MD; Ron Waksman*, MD

Department of Intemal Medicine, Division of Cordiology, Washington Hospital Center, Woshington, OC, USA
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Abstract
Although' coronary angiogram is considered the gold standard for coronary assessment, it consislently
underestimates vossel sizeflesion seventy, and usually misses heavy calcified plagues. Intravascular
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SVMI HD-IVUS




SVMI HD-IVUS

Product Comparison

SVMI BSC Volcano LLI/SJM
Feature HDavus  |iLab! s5/Revolutio | C7-XRIC7-
Atlantis n Dragonfly

Frequency/wavelength 40 & 60MHz 40MHz 45MHz 1300nm
Energy Ultrasound  Ultrasound  Ultrasound NIR Light
Axial Resolution <50 gm ~150 gm ~200 ym ~15 gm

Max. Frame Rate 100 fps 30 fps 30 fps 100 fps
Max. Pullback Speed 20 mm/sec 1.0mm/sec 1.0 mmisec 20 mm/sec
Frame Spacing 200 um 33 um 33 4m 200 pm
Elevational Resolution =200 gm ~400 gm ~600 4um ~40 pym

Pullback Length 120 mm 100 mm 100 mm 50 mm
Tissue Penetration =4 mm =5 mm =5 mm 0.8-1.5 mm

Imaging in Elood Yes Yes Yes MNo
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