NIRS vs. IVUS: Lessons from
in Vivo ACS Patients & in Vitro SCD Cases
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A patient died from Anterior STEMI
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Human plaques with lipid pool & necrotic core
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Plaguerupture



NIRS has been developed to detect lipid core plaque

(LCP)

©
@
—_
o))
.
LA
©
o
-
S |
©
-—
o
Q
S
o
-

60 -

0

High Prob

Low Prob

>

»

Pullback { mm )

Region of Interest

“"Chemogram”

Range = 140 -300

Distance = 16mm

Viable Pixels = 57960
ignored Pixels = 0

Pixels Over Treshold= 18028
LCHRI=31104

Mean Angle = 111.98

"Block Chemogram™
#ellow=4
#Tan=1

#0range = 2

#Red =1

Maximum 2mm

“Chemogram™

Range =162 - 182
Distance = 2mm

Viable Pixels = 7560
ignored Pixels =~ 0

Pixels Over Treshold= 4385
Max 2mm LCBI = 580.03

Max Angle = 216

A digital colour-coded map of the artery wall indicating the location and

Intensity of lipid core
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NIRS Can Differentiate Lesions with Large Plaque Burden

Large Plaque Burden + Large Lipid Core Large Plaque Burden + No Lipid Core
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NIRS Vs. IVUS

Lipid core plaque

Limitation: No structure Limitation: lipid rich plaque
information before rupture
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European Heart Journal (1998) 19, 207-229

Clinical application and image interpretation in
intracoronary ultrasound

C. Di Mario, G. Gorge, R. Peters, P. Kearney, F. Pinto, D. Hausmann,

C. von Birgelen, A. Colombo, H. Mudra, J. Roelandt and R. Erbel on behalf of the
Study Group on Intracoronary Imaging of the Working Group of Coronary
Circulation and of the Subgroup on Intravascular Ultrasound of the Working
Group of Echocardiography of the European Society of Cardiology
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Toblihad by ) e I PI1 SOT 153097103 1081 75+

ACC CLINICAL EXPERT CONSENSUS DOCUMENT

American College of Cardiology

Clinical Expert Consensus Document on

Standards for Acquisition, Measurement and
Reporting of Intravascular Ultrasound Studies (IVUS)

A Report of the American College of Cardiology

T |~Lllnm on Clinical [\pul Consensus Documents

De <//¢/ in Ce //// oration with the /tr/\u Soctety of C nlr//r gy
Endorsed by the Society of Cardiac Angrography m//u’f ent

It is generally accepted :
-Grayscale IVUS is limited to the detection of NC lesions;
-There is no specific ultrasonic textural patterns associated with NC.



Histological validation study of 2294 human coronary
autopsy specimens from cardiovascular death victims

Jeurnal af the Amencan Callege of Cardialagy
& 2014 By the Amencan c-nﬂ%e af Ca:\d.r:ﬂ-rg}' Foundation
Published by Elbevier Inc.

Insights Into Echo-Attenuated Plaques,
Echolucent Plaques, and Plaques With

Spotty Calcification

Nowvel Findings From Comparisons :ﬁmong

Intravascular Ultrasound, Near-Infrared Spectroscopy,
and Pathological Histology in 2,294 Human Coronary

Artery Segments

Wal. 63, Ma. 21, 2114
ISEN (F35- 1097 /536 00
hettpe/dx dosorg/ WL 10064 jaoc 201402 576
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Can Grayscale IVUS
Detect Necrotic
Core-Rich Plague?

CrossMark

I read with great interest the paper by Pu et al. (1)
in the Journal and congratulate the investigators on
an excellent study, which contributes greatly to
our current knowledge of intravascular ultrasound
(IVUS). It is generally accepted that grayscale IVUS is
limited to the detection of lipid-rich necrotic core
lesions, and there is no specific grayscale ultrasonic
signature associated with necrotic core. However, Pu
et al.’s (1) IVUS histological validation study of 2,294

classification scheme by IVUS grayscale image char-
acteristics should be updated on the basis of the
novel findings by Pu et al. (1) on echo-attenuated
plaque.

‘Erling Falk, MD

*University of Copenhagen

Niels Andersensvej 65

DK-2900 Hellerup

Copenhagen

Denmark

E-mail: erlingfalk478@gmail.com

http://dx.doi.org/10.1016/].jacc.2014.08.044
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Arc of Echo-attenuated plaque

Echo-attenuated Plaque (Arc=30")

Echo-attenuated Plaque

Incidence (%)

090 91180 181-270 271-360

Arc of echo-attenuation ( Degree)




Echo-attenuation with superficial location is a reliable
IVUS signature for high-risk plaque containing a large
necrotic core
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The Location of Histologic NC in Echo

Leading Edge -
of/Histologic
Necrptic Core
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-Attenuated Plaque

IVUS:

Thickness of
“echogenic cap” of
echo-attenuated

~ plaque

\'\Pathology:

| Thickness of the

4 |histologic fibrous
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Echo-lucent plaques

IVUS:EP (superficial) —yys:EP (superficial) ~ IVUS:EP (deep) VUSER (deep)
atn: blana tiorous

Path: Late FA (Necrotic : -
Cigaenesisy °*°  Path: PIT (lipid pool




Compared with echo-attenuated plaques,
echolucent plaques associated with smaller NIRS- LCP

P<0.001 9 p<0.001
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What is behind the Calcium?
Limitation of the IVUS: can not penetrate into Calcium




Behind Calcium, could be a very big NC
Rotation for Calcified stenosis : No reflow




NIRS could “see”calcified plagque with/without NC
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Culprit Lesions in STEMI:
Insights from Near-infrared Spectroscopy

J Am Coll Cardiol Intv. 2013;6(8):838-846




Why might a large lipid burden be important?

35 year old male with sudden cardiac arrest while
mowing his lawn.

maxLCBl,.., = 813
Plague burden =67%




Baseline Risk factors
Male, 71 year old DM
HBP
Symptoms Diagnostic examination

Repeated chest pain 3d ECG: V1-5 ST suppression
TNI: (+)
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Echo-attenuated plague !







Attenuated plaques

Grayscale-1VUS-detected attenuated plaques indicated
the presence of NIRS-detected LCP
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For Calcified Plaques, an interesting finding -

A positive relationship between VH-detected NC and
NIRS-detected LCP in non-calcified plaques but not in

NC (%, VH-IVUS)

@

NC (%, VH-IVUS)

Spearman’s Rho = 0.16 ; P=0.110
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Spearman’s Rho = 0.51 ;: P= 0.001
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VH-IVUS overestimation of NC content in the
presence of calcification

IVUS-VH NIRS
Chemogram > i
Plaque e
" Burden: "\ Necrotic core behind the dense calelum
. BTN la an artifoct of VH?
Composition High Prob

B Fl: 05mmt(19.2%)
(] FF: 0.0 mm* (1,0%)
Bl NC: 0.9 mm* (33.7%)
L] DC: 1.2 mmv (46.2%)

_ Block Chemogram Q
: Low Prob ‘

NIRS could “see”calcified plaque with/without NC

VH-IVUS could not “see” calcified plaque with/without NC



VH-IVUS always put red “necrotic core” behind the calcium




Caution should be taken in the VH-IVUS assessment of
NC in vessels with heavy calcification

B Stented site
(10 subsegments)

Post-stenting

After stent

Before stent

Artificial addition of calcium-like elements to the
atherosclerotic plaque led to an increase in necrotic tissue in

virtual histology that is probably artefactual
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® Echo-attenuated signature, in particular that with
superficial location, indicated a high-risk plaque
containing a large NC.

® VH-IVUS overestimation of NC content in vessels
with heavy calcification. Caution should be taken.

® NIRS can differentiate calcified plagues with/without
NC, and differentiate “True” or “false™ AP/EP, thus
might improve the tissue characterization of coronary
plaques.



