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BACKGROUND

* Rupture of vulnerable plaque is the main
cause of ACS and AMI. Identification
of these vulnerable plaque is therefore

essential to enable the development of
treatment modalities to stabilize them.




BACKGROUND

* The pathologic features of plaque prone
to ropture are positively remodelled
vessel,including a large necrotic core,a
thin fibrous cap (<65um), and

macrophage infiltration into the
cap.This entity is usually known as thin-
cap fibroatheroma (TCFA).




LESION VS LUMEN: | LIMITI DELLA CORONAROGRAFIA

‘Ambrose et al reported that minor to moderate luminal
irreqularities with an irregular ulcerative contour were the
most prominent angiographic finding predictive of subsequent
occlusion.

‘However .elucidation of the precise morphology of the ATS
plaque associated with ACS has remained difficult,because
angiography provides only a silhouette of the vessel

lumen,not precise intframural plague morphology.




TABLE |. Comparison of Catheter-Based Techniques for
Detection of Individual Features of Vulnerable Plaque

Thin-cap Lipid
Technique detection Inflammation core Remodeling

Intravascular ultrasounds +
Echogenecity
Palpography
WVirtual histology
Optical coherence
tomography
Thermography
Angioscopy
Intravascular MR1
Spectroscopy




NVUS: lesion Vs lumen

* Thin cap
 Inflammation




POSITIVE REMODELING: A LESION EEM GREATER THAN THE
REEERENCE (lesion EEMiarea/reference EEM area>1.)

Atherosclerosis: Traditional vs.
Contemporary Model

Traditional Contemporary

-THE CORONARY LUMEN IS USUALLY PRESERVED UNTIL THE PLAQUE

INVOLVEMENT REACHES ABOUT 40% OF VESSEL CIRCUMFERENCE.
-POSITIVE REMODELING IS ASSOCIATED WITH GREATER LIPIDIC
CORE AND WITH THIN FIBROUS CAP.




ATHEROSCLEROSIS

Atherosclerosis 202 (2009) 476482

www.elsevier.com/locate/atherosclerosis

Impact of vascular remodeling on the coronary plaque compositions:
An investigation with in vivo tissue characterization using integrated
backscatter-intravascular ultrasound

Hiroki Takeuchi, Yoshihiro Morino *, Takashi Matsukage, Naoki Masuda, Yota Kawamura,
Satoshi Kasai, Tadashi Hashida, Daisuke Fujibayashi, Teruhisa Tanabe, Yuji Ikari

Importantly, our study showed that PR lesions had a
ereater content of lipid and lower content of hard plaque tis-
sue component, consistent with previous pathological studies
and clinical experiences [3.12.21]. which explain the poten-
tial mechanism behind the high incidence of ACS seen in the
PR lesion. Incontr

pattern and medication usage in this study, several previous
studies had indicated that some pharmacological interven-
tion might affect the patterns of remodeling and changes
in plaque compositions, including angiotensin-converting
enzyme inhibitors and statins [22,23].




Determinazione dell area
dell‘ateroma mediante [VUS

MEE Area

MEE=Membrana Elastica Esterna

(MEE Area — Area del Lume)=area ateroma




LIPID CORE

Vuilnerable Plaque

Fibrous Cap Lipid Core

ECHOLUCENT ZONE CLOSE TO THE LUMINAL SURFACE:
" SHALLOW SURFACE




Soft Plaque

* Not as bright as the
adventitia (hypoechoic)

» “Soft” refers to the low
echogenicity, generally due
to high lipid content in a
mostly cellular lesion.

* Reduced echodensity may
also be due to:

= necrotic zone within plaque

= intramural hemorrhage
= thrombus

The Cardiovascular Lenox Hill Heart and Vascular FA=Y
Research Foundation Institute of New York &&




Intervention

In vive characterisation of coronary plaques with
conventional grey-scale intravascular ultrasound:
correlation with optical coherence tomography

Adrian F. Low', MBBS; Yoshiaki Kawase', MD; Yiong-Huak Chan?, PhD; Guillermo J. Tearney®, MD, PhD;

Brett E. Bouma®, PhD; Ik-Kyung Jang'*, MD, PhD.

1. Cardiology Division, Massachusetls General Hospital, Boston, MA, USA

IDENTIFICATION OF LIPID POOLS
IVUS vs OCT

IVUS consistently under-
reported lipid content when
compared to OCT

SENSITIVITY 24.1%
SPECIFICITY 93.9%

Singapore; 3. Department of Pathology, Wellman Center for Photomedicine, Massachusetts Generat Hospital, MA, LISA

2. Biostatistics Unit, National Universily of Singapore,

Abstract
Aims: Although inravascular ultrasound {(VUS) is widely uwsed, there is limited published data on its
accuracy in defining plague characteristics in wivw. Optical coherence tomography (OCT) is a high-
resolution imaging technigue that takes advantage of the pronounced optical contrast between the
components of normal and diseased vessels. The aim of His study was to evaluate the ability of
corwentional grey-scale IVUS in identifying fn wivo coronary plague characteristics, in parficular lipid
contentas a marker of the vulnerable plaque, when comparad o OCT.

Methods and results: In patients undergoing cardizc catheterisation, IWUS and OCT imaging was
performed. Detgiled qualitative analysis of lipid-rich plague, calcific plague, and plaque disruption were
performed at corresponding sites using both modalites. A tofal of 146 matched sites were available for
analysis, When compared to OCT, sensitivity of IWUS for idenfification of lipid pools was low (24,1%) but
specificity was high (93.9%). The senstivity and specificity of IVUS for detection of caleific plague and
plague disruption were respectively 92.9%; 66.4%, and 66.7%,; 96.15%.

Conclusinns: Conventional grey-scale WUS may not be a reliable imaging maodality for detecion of lipid-rich
and hence vulnerable plaques. This has important implications in using corvenfonal grey-scale VS
identify the vulnerable plague.




IVUS-VH offers an in vivo opportunity to assess
plaque morphology and histology

4 IVUS/IVH Core Lab Analysis

Lesions are classified into 3 main sub-types
based on VH composition

1. Fibrotic

2. Fibrocalcific

i ‘;f;;; 3. Pathological intimal thickening

4. Thick cap fibroatheroma

9. VH-thin cap fibroatheroma
(presumed high risk)




PRCA fibroatheroma 2nd VH-TCFA

Angiographically Single NC
mild lesion Length 11 mm

39%
1%
53%
DC 7%

Rimodellamento positivo con lume conservato,NC e TCFA




How common are vulnerable
plaques?

Are vulnerable plaque
locations predictable?

When vulnerable plaques rupture,
do they always cause events?




Multiple Atherosclerotic Plaque Rupture in
Acute Coronary Syndrome

A Three-Vessel Intravascular Ultrasound Study

G. Rioufol, MD, PhD: G. Finet, MD, PhD: I. Ginon, MD: X André-Fouét, MD; E. Rossi, MD;
E. Vialle, MD; E. Desjoyaux, MD; G. Convert, MD: J.F. Huret, MD; A. Tabib, MD, PhD

Baclkground—Toe test the hypothesis of general atherosclerotic plague destabilization during acute corcnary syndrome
(ACS), the present study sought to analyze the 3 coronary arteries by systematic intravascular ultrasound scan (TVUS).

Metheds and Results—Seventy-two arteries were explored in 24 patients referred for percutanecus coronary intervention
after a first ACS with troponin I elevation. Fifty plaque muptures (mean. 2.08 per patient; range. 0 to &) were diagnosed
by the associaticn of a mptured capsule with intraplague cavity. Plagque supture on the culprit lesion was found in 9
patients (37.3%). At least 1 plaque rupture was found somewhere other than on the culprit lesion in 19 patients (79%).
These lesions were in a different artery than the culprit artery in 70 8% and were in both other arteries in 12.53% of these
24 patients. Complete IVUS examination of all 3 eoremary — % % "7 oo o mee Bl oo
that multiple atherosclerotic plague ruptures were detects
necusly with the culprit lesion; they were frequent and loc
trunks; and the multiple plague ruptures in locations other | L
less calcified. -

Conclusion—Although one single lesion is clinically actin
associated with overall coronary instability. (Circulation. 15 -

20 -
15 -
1 -
g -

e
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. (Circulation. 2002;106:804-808.) namber of ruptured plagues distinet from the culpelt leson

Figure 1. Parcantage distribution of coronary athercsclerotic
plague ruptures cther than the culprit lesion. In 79% of caseas,
at least 1 such plague ruptura was found.




Ruptured plaques in patients with
MI and stable angina

% of patients

70 *In M, the only independent predictor of plaque
60 - : rupture was elevated CRP (p=0.035, OR=2.139).

*In stable angina, the only independent predictor
50 1 was diabetes mellitus (p=0.034, OR=2.553).
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(Hong et al Circulation 2004;110:928-33) Glg St s

multiple plague rupture in 207% of AMI




Locatlon of 82 TCFAs in 34 patlents Wlth AMI and 17

ulnerable plaques tend to cluster in predlctable
"hot spots” within the proximal segments of the
LAD and LCX and the entire length of the RCA

# of TCFAs

- * LAD (n=23)

LCX (n=16)

| I * RCA (n=42)

10-20 20-30 30-40 40-51‘.} su-su 60-T0 70-80 80-90
Distance from coronary ostium (mm)

0

9 -
a-
T-
B-
5-
4 -
3 -
2 -
1 -
0

(Fujii et al AHA 2007)




Linking Plaque
Composition to Events:
Insights from PROSPECT

ESTABLISHMENT OF THE NATURAL HISTORY OF
HIGH-RISK VULNERABLE PLAQUES

Identification of lesions with morphological charac-
teristic of “wvulnerable plagques™ 1s not sufficient; we
need to observe the natural history of these lesions and
confirm the hypothesis of their potential clinical insta-
bility. Only prospective observation could reliably
identifty which plaque 1s prone to rupture and change

our approach to the treatment of coronary atheroscler-
otic disease.




The PROSPECT Trial

700 pts with ACS
UA (with ECGA) or NSTEMI or STEMI >24°
1-2 vessel CAD undergoing PCI
at up to 40 sites in U.S,, Europe

Metabolic S. Biomarkers
= Waist circum = Hs CRP

- Fast lipids : . - IL-6
. Fast g'fu PCI of culprit lesion(s) . sCD40L

» HgbA1C . - MPO
e Successful and uncomplicated ° il

» Creatinine - MMP9
* Lp-PLA2

Formally enrolled e

& 3-vessel imaging post PCI
Nt Culprit artery, followed by

e
.

PI: Gregg W. Stone
Sponsor: Abbott Vascular; Partner: Volcano

non-culprit arteries
Angiography (QCA of entire coronary tree)

IVUS -
Proximal 6-8

Virtual histology cm of each
coronary

Palpography (n=~350) artery

Meds rec MSCT
Aspirin Substudy
Plavix 1yr F/U: 1 mo, 6 mo, N=50-100
Statin 1 yr, 2 yr’

; Repeat imaging
Repeat biomarkers 2 ) .
@ 30 days, 6 months 13-5 yrs in pts with events

_ 5 oo Somms e




PROSPECT Baseline Analysis
Conclusions s

* Insights derived from the baseline findings
from PROSPECT include the facts that:

= At least one non-culprit lesion with an
IVUS MLA <4.0 mm? was identified in of pts

= VH-TCFAs were identified in the coronary tree in
of pts (mean 0.99 * 1.3, range 0-7 per pt), and
were more widespread than previously described.

* Follow-up is ongoing to determine whether
baseline demographics, biomarkers,
angiography, IVUS, and VH can identify pts
and lesions at risk for future adverse CV events




PROSPECT:

All
- Culprit lesion (CL) related
—— Non culprit lesion (NCL) related
Indeterminate
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e PROSPECT: Correlates of
- Non Culprit Lesion Related Events |’

c{f ~

Lesion level events (51 events from 2655 lesions in 609 pts at median 3.4 yrs)
Virtual Histology Plaque Type
HR [95% CI]

Variable
% VH-TCFA (n=590)
~+/ Not VH-TCFA (n=2065)

7~ ThCFA (n=1005)
“=¢ Not ThCFA (n=1650)

4 D PIT (n=964)
&% Not PIT (n=1691)

\ Fibrotic (n=67)
~7 Not Fibrotic (n=2588)

f) Fibrocalcific (n=29)
Not fibrocalcific (n=2626)

]
-

Rate (n)

HR [95% CI] P

4.4% (26)
1.2% (25)

1.8% (18)
2.0% (33)

0.6% (6)
2.7% (45)

0% (0)
2.0% (51)

3.4% (1)
1.9% (50)

01

5

10

13

3.84 [2.22, 6.65] <0.0001

0.89[0.50, 1.58] 0.69

0.23[0.10,0.53] 0.001

1.75[0.24, 12.63] 0.58

TCFA = thin cap fibroatheroma: ThCFA = thick cap fibroatheroma; PIT = pathologic intimal thickening. Univariate. unadijusted.
» The prospective identification of non culprit lesions prone to develop

MACE within 3 years can be enhanced by characterization of

underlying plaque morphology with virtual histology, with VH-TCFAs
representing the highest risk lesion type

- The combination of large plaque burden (IVUS) and a large necrotic
core without a visible cap (VH-TCFA) identifies lesions which are at
especially high risk for future adverse cardiovascular events




FROM IDENTIFICATION
TO MANAGEMENT

‘LOCAL TREATMENT

‘SYSTEMIC TREATMENT







Case Study

Mature Sewfews Cardiodogy 6, 374-378 (May 2009) | doi10.1038 / nrcardio, 200934

Subject Categories: Angina and coronary artery disease | Intervention

First case of stenting of a vulnerable plaque in the SECRITT I
trial—the dawn of a new era?
Steve Fla|'r||:|'|ari1:arlJ Miewves Gu:uruzah:ulJ Robert Jan wan Geuns=, Hector M. Garcla-Garcia=,

2 1

Joanna J1. W.I'l.hfl-:rzyrl-:u:ul.f»lsl-:alJ Jurgen M. R. Liu;|t|'|ar‘lzlJ Evelyn Flegarl B Patrick w, Serruysl




Effects of the Direct Lipoprotein-Associated Phospholipase
A, Inhibitor Darapladib on Human Coronary
Atherosclerotic Plaque
Patrick W. Serruys, MD, PhD: Héctor M. Garcia-Garcia, MD, MSc; Pawel Buszman, MD, PhD;
Paul Erme, MD, PhD; Stefan Verheve, MD, PhD: Michael Aschermann, MD;

Henrikus Duckers, MD, PhD: Oyvind Bleie, MD; Dariusz Dudek, MDy. Hans Erik Botker, MD:;
Clemens von Birgelen. MD, PhD: Don D Amico, MA: Tammy Hutchinson, MSc:

Andrew Zambanini, MD: Frits Mastik; Gerrit-Anne van Es. PhD; Antonius F.W. van der Steen, PhD:,
D. Geotfrey Vince, PhD; Peter Ganz, MD: Christian W. Hamm, MD.,

William Wijns, MD, PhD; Andrew Zalewski, MD, PhD;
for the Integrated Biomarker and Imaging Study-2 Investigators

spressed abundantly in the necrotic core of

COronary s, and products of its enzymatic activity may »inflammation and cell death. rendering plaque
vulnerable to rupture.

IBIS-2 Imaging Methodology Plaque Composition

Imaging beyond measuring plaque size by IVUS - VH
change from baseline in necrotic core volume

entire region of interest [mean 48 mm] the worst 10 mm subsegment
key secondary endpoint

p=0.012 p=0.003
 — 1

* p=0.009

mean change (mm?)

| p=0.71

mean change (mm?®)

B placebo (plus standard of care) n=110
B darapladib 160 mg (plus standard of care) n=129
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900 : Matural course of lipid-rich plaques assessed with combination of intra-vascular ultrasound and optical coherence tomography

Authors:

K. Ishibashi (Walkavarma /Japan), 8. Takarada {(Walavama /Japan), T. Tanimoto (Wakayama fapan), H. Kitabata (Walayvama /Japan), T. Kubo {Wakavyvama
flapan), K. Hirata (Wakayama fapan), N. Nakamura (Walayama fapan), M. Mizukoshi {Walavama Aapan), T. Imanishi {(Wakavyvama /Japan), T. Akasaka
(Walkayama fJapan)

Topic(s):
Invasive coronary imaging

Citation:
European Heart Journal { 2009 % 30 { Abstract Supplement 3, 152

Purpose: Identification of coronary lesions with morphological characteristic of “rupture-prone plaques” is not sufficient. The purpose of this
study to examine the natural history of non-culprit lipid-rich plagues in patients with non-57 elevated acute coronary syndrome (NSTEACS),

Methods: Consecutive 80 patients with NSTEACS who underwent percutaneous coronary intervention {(PCI) were enrolled, \We assessed the
volume change of residual non-culprit lipid-rich plagues and the change of the corresponding fibrous cap thickness (FCT) by use of intra-vascular
ultrasound {IYUS) and optical coherence tomography (OCT), respectively, at baseline and after 9-months.,

Results: From the analysis study of natural history, the change in total atheroma volume {TAY) of lipid-rich plaques was 0.42+0.6% and the
change in the corresponding FCT was 14+£12% during 9 months follow-up periods. Percent change in TaY showed a significant positive
correlation with percent LOL/HDL ratio reduction {R=0.37, P<0.01}. In contrast, the change in FCT demonstrated no correlation with LOL/HDL
ratio level, but had a significant positive correlation with percent change in high sensitive CRP (R=0.39, P<0.01). And between TaAY and FCT
changes, no significant correlation was observed. Furthermore, in a multivariable analysis including age, sex, diabetes mellitus, hypertension,
several concomitant drugs, only statin-use was the independent predictor for changing well-stabilized plagues, which obtained both TAY
reduction and FCT increase,

Conclusion: The change in TAY and in FCT of coronary plaques during 9-months was related to the two different independent factor {reduction
rate of LOL-C and high sensitive CRP, respectively). Furthermore, lipid lowering therapy by use of statin has a potential to stabilize them by both
plague reduction and fibrous cap thickening.

PLAQUE STABILIZATION / PLAQUE REGRESSION




Effects of Statin Treatments on Coronary Plaques
Assessed by Volumetric Virtual Histology
Intravascular Ultrasound Analysis

Statin-naive patients with angiographically mild to
wmoderate coronary disease (N=100)

Simvastatin 20 mg Rosuvastatin 10 mg

l'seriaL VH-IVUS at baseline and 12 mowth'

Hong et al. JACC Interv 2009




Baseline characteristics

Simvastatin

(N=50)

Rosuvastatin

(N=50)

Lipid profiles at baseline
Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglycerides (mg/dL)

Lipid profiles at 12-month follow-up

Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)

HDL cholesterol (mg/dL)
Triglycerides (mg/dL)

191 £ 34
119 £ 30
43 £ 10
149 £ 69

142t 22
78 £ 20
48 £ 12
115 £ 50

189 £ 27
116 £ 28
43 £ 11
152 £ 75

128 £ 20
64 £ 21
52 £ 14
107 £ 96




Plagque Composition by TVUS-VH
change from baseline in necrotic core volume
The worst 10 mm Segment

" There was no significant treatment effect among statin groups. However, by [
intra-group serial analysis, there was significant reduction of NC in the
rosuvastatin group.




Representative case:
Rosuvastatin group

Baseline

NC 2,3 mm?2(47%) NC 1,1 mm?2(24%)




Conclusion

A desire toridentiify the potentialllethallaspects ofi

atiherosclerotic plagues is; driving investigators into
more innovative imaging technology.

Seeing more will verify and validate pathiolegy and
mechanisms

Seeing more will" permif aterosclerotic researcher to
identify best therapies for better outcome

The clinical value o medicine will reside in the linkage
between! image and ouficome, the’ study: oft which will
remain; al the farefront of our alitiack on acute and
cronic coronary' heart disease.




CONCLUSIONI
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Just as IVLIS was a step beyond angiography, it is now

tashionable to point to new imaging modalities such as
virtual histology or mntegrated backscatter IVLIS, palpog-
raphy, optical imaging, spectroscopy, and so on as tech-
nologies that are a step beyond IVUS, Although in their
relative infancy, these techniques have the potential to

assess changes in plaque composition and stability rather
than just overall changes 1n atherosclerosis volume. It 15
the instability of the disease, not just the increase in
plaque mass, that 1s different in high-risk patient subsets.
However, these new t:-:hniqu-:s will yield sigmificant
intormation only wath careful patient and coronary artery
segment selection, the proper analysis, and correlation with
clhinical events




THIN CAP

* Although the most
accepted threshold to
define a cap as “thin”
has been set at 65um

by pathology
iInvestigation,a
number of important
ex vivo studies used
higher (200 ym)
threshold.

OCT

10 um

Scarsa
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Modelling the decreasing coronary heart disease
mortality in Sweden between 1986 and 2002

Lena Bjorck'™, Annika Rosengren’, Kathleen Bennett?, George Lappas’,
and Simon Capewell’

‘Elq:l'lrrm! ef B ngancy and Cardicsiy e Maficne, Sablgrambe Acsharmy, Univerdty of Gethmborg, Gosthan burg, Swadan; :I:q:-ﬁ'r-rl off Phannstolegy
Trinky Cirdra for Halth Scances, 5 |amin’s Heapial, Dobklin ko ad J|:'lp'h'r-rl ef Fuldic Hadth, Unbarsity of Lverpesl, L), UK

Aecmaed M [l JO0E, niied M Ovto e JO0F, arcetend J0 Morambter J00E, andnag proddsheah eadoflmng 13 jamery 500§

See page 1017 for the editorial comment on this artde {dok10.109 Xeurbe art) \chpd 15)

A recent Swedish study showed that only 1% of
an over-50% decrease CHD mortality between
1986 and 2002 could be attributed to local
treatment of stenotic lesion by PCl or CABG

surgery !




| Linking Plaque

* | make the assumption that we willbe '@ nts:
able to detect TCFAs. After all, we are

smart people, and a lot of money and ;PECT
time is being spent on this problem.

* However, that does not mean that this
malrae ceanea and wnll hecome a clinical

Gary S. Mintz, MD

ESTABLISHMENT OF THE NATURAL HISTORY OF
HIGH-RISK VULNERABLE PLAQUES

Identification of lesions with morphological charac-
teristic of “vulnerable plaques™ 1s not sufficient; we
need to observe the natural history of these lesions and
confirm the hypothesis of their potential clinical insta-
bility. Only prospective observation could reliably
identifty which plaque 1s prone to rupture and change
our approach to the treatment of coronary atheroscler-
otic disease.




