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postintervention assessment of optimal and exclusion of complications.
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ow We Create a Chemogram

A mountain of NIRS data simplified into a single image you can trust

The Makoto™ Intravascular Imaging System was designed with the primary goal of helping you make quick and
informed decisions at the bedside. The easy-to-interpret chemogram provides insight into the complex plaques that
complicate your interventional strategy, treatment procedures, and patient's recovery.
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200,000 NIRS Spectra

Approximately 1,300 NIRS spectra per
millimeter are acquired as the catheter scans
the vessel.'

Analysis of Acquired Data

The acquired NIRS signals are analyzed and
each spectrum is assigned a probability
score, from 0 to 1, based on the likelihood of
the presence of LCP.

Color Based on Probability

All probability scores, low to high, are mapped
on a continuous color scale from red to
yellow. Scores above 0.6 appear orange to
yellow in the chemogram and contribute to the
Lipid Core Burden Index (LCBI).

Chemogram Display

The chemogram is automatically generated
within seconds, creating a map of the LCP
location within the vessel wall. This
color-coded map can be interpreted quickly,
permitting informed treatment decisions.

Data you can trust:

Nearly 2,500 artery cross-sections were
histologically and spectrally analyzed to validate
lipid core plaque detection by NIRS. The red
and yellow colors on the chemogram help
differentiate normal or fibrotic plaque that is
presumed to be stable (left) from those that
contain lipid core plaques (right).?
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Pathophysiology of ACS

Molecular and Inflammatory cascade progression

f Atherosclerotic plaque development and progression |
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Figure 1. Pathophysiology of ACS. ACS = acute coronary syndrome; TLR2 = Toll-like receptor 2.
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Figure 1. Apparatus for Fixing an Arterial Sample, Gross and Histologic Views, and Close-Up of NIRS Catheter

(A) A coronary artery segment mounted in a fixture to ensure registration of intraluminal near-infrared spectroscopy (NIRS) signals with
histology. The vertical rods permit precise sectioning at 2-mm intervals. (B and C) Gross and microscopic cross-sections. Histomorphom- etry outlines show the lumen

(red), lipid core (blue), and a small lipid pool (yellow). The angle subtended by the lipid core is shown in green. Radii used to measure cap and core thickness are in

black. (D) The imaging tip of the NIRS catheter lying on a U.S. penny. ACC: CARDIOVASCULAR IMAGING. VoL, 1
NO. 5, 2008
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Why NIR Spectroscopy?

To identify lipids such as cholesterol

Organic molecules have unique spectroscopic signatures that can be used to detect their presence in a
mixture of unknown composition. NIRS allows us to distinguish molecules, such as collagen and

cholesterol, within the vessel wall and thus identify the presence of LCP.

Where does the Light Propagate?

Through blood, tissue and interstitial spaces

The microscopic mirrors at the tip of the Dualpro™ catheter are designed to deliver near-infrared light to
the vessel wall and collect the diffusely reflected light. The light propagates through blood and tissue by
scattering and absorption, even in the presence of calcium or stents, to interrogate the plaque for its

chemical fingerprint.

How are the Spectra Interpreted?
With the aid of advanced algorithms

Advanced algorithms analyze the returned light and calculate the probability of the presence of a lipid
core plaque. Our algorithms have been validated in a large prospective histology study providing

you with information you can trust.




B. Khialani et al. / The American Journal of Cardiology 255 (2025) 89-98

Concept of Vulnerable Plaque
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Figure 2. Concept of vulnerable plaque. IVUS = intravascular ultrasound; NIRS-IVUS = Near infrared spectroscopy-IVUS; OCT = optical coherence tomography.
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Figure 1. Pathophysiology of ACS. ACS = acute coronary syndrome; TLR2 = Toll-like receptor 2.
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1. MLA<4.0mm2,

2. Plaque burden >70%

3. TCFAby OCT or RF-IVUS

4. Lipid rich plague on NIRS (,,.,LCBI;,,>315)

MLA, minimal lumen area, TCFA (thin-cap fibroatheroma) was defined as a 210% confluent necrotic core with
>30° abutting the lumen in 3 consecutive frames on RF-IVUS (radiofrequency intravascular ultrasonography)
or a lipid plaque with arc >90° and fibrous cap thickness <65 um on OCT (optical coherence tomography).
1axLCBlsmm, maximal lipid core burden index in a 4 mm segment on NIRS (near-infrared spectroscopy).



Nhan Dién RUi Ro Tiém An: Stc Manh Cua Hinh Anh Hoc NIRS-IVUS
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Predicting Future Cardiovascular Events using NIRS-IVUS

NIRS-IVUS

LCBI4mmmax: 4}3

Non-culprit

oy 4

Lipid core

Fig. 1. Use of NIRS-IVUS in assessing coronary artery plaques, showing cross-sectional imaging and lipid core
burden chemogram to predict future cardiovascular events in both culprit (a) and non-culprit (b) arteries.



“Lipid Core Burden Index” - LCBI Calculation

Quantitative summary metric of LCP content in Chemogram

Potentially useful as measure of risk or of therapeutic efficacy

Fraction of Chemogram image pixels above probability of 0.6

Scaled from 0 to 1000
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LCBI Calculation

Image pixels > 0.6: 21239

Image pixels: 145974

21239

145974 X 1000 = 145

(outliers and guidewire excluded)



NIRS Detects Plaques Which May Be Vulnerable to Rupture

 Achemogram is a scanned vessel opened and laid flat

* Yellow indicates lipid core plaque (LCP)
* Histologically validated

Chemogram
Color

Indication

Red No LCP

Yellow LCP

Circumference

\\ NIPR0



How We Create a Chemogram

A mountain of NIRS data simplified into a single image you can trust

) 200,000 NIRS Spectra

Approxmately 1,300 NIRS spectra per Teletateta T TN | PN ——
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the presence of LCP.

Color Based on Probability

All probability scores, low to high, are mapped
on a continuous color scale from red to
yellow. Scores above 0.6 appear orange to
yollow in the chemogram and contribute to the
Lipid Core Burden Index (LCBI)

Chemogram Display

The chemogram is automatically generated
within seconds, creating a map of the LCP
location within the vessel wall. Thes
color-coded map can be interpreted quickly
permating informed treatment decisions.

Data you can trust:

Nearly 2,500 artery cross-sections were
hestologically and spectrally analyzed to validate
lppid core plaque detection by NIRS. The red
and yellow colors on the chemogram help
differentiate normal or fibrotic plaque that 1s
presumed to be stable (left) from those that
contain lipid core plagues (right).*
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Delivering unprecedented treatment insights through the power of plaque

composition analysis and high-resolution structural views

VULNERABLE PATIENT VULNERABLE PLAQUE
maxLCBlamm > 400 maxLCBl4amm > 400
89% Higher Risk 4-fold Higher Risk
A patient with A coronary segment with
maxLCBl4mm greater than maxLCBI, . -~ greater than
| 400 is at 89% higher risk | 400 is 322% higher risk |
than a patient with less than than a segment with less than
400 maxLCBIl4mm 400 maxLCBI4Amm

4 pr 0O

= — . 0= its) N

Vulnerable Threshold : > 400 units signifying an increased risk of plaque rupture and J

Sponsored by Infraredx

MACE. NCT02033694 & NIP0D




Vai tro cua IVUS-NIRS: Du phong sém Bién chirng No-Reflow trong Can thiép Mach vanh (PClI)

VAN DE: HIEN TUONG "KHONG TAI TUGI MAU” (NO-REFLOW) GIAI PHAP: HINH ANH HOC IVUS-NIRS DA PHUONG THUC

Ban d6 hoa hoc “Chemogram” va Chi s¢ LCBI
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© No-Reflow la gi? Mang xa vira giau lipid
L4 tinh trang tudi mau cho co tim khong déy du maxLCBl4mm
du dong mach vanh da duoc tai thong thanh cong Ngudng xéc dinh mang
sau can thlep PCI, lam tang nguy co nhoi mau Xd vira dé bi ton thuong:
co tim va tién Iuong xau. maxLCBl4mm > 400

N\

Tudi mau co tim = .

> Nguyén nhén chinh: e ) A Ban do hoa hoc

Vi méng xo vira giau lipid. Téc déng vao . khong day du 7 wIRS “Chemogram" va
mang xo vira dé ton thuang 1am v, gidi sau PCI thanh cong (Quang pho can Chi so LCBI

phdng manh vun gay tac nghén vi mach. ' : Cong nghé kép trong hong ngoai)

O Han ché ctia Chup mach vanh truyén thong: mot ong thong duy nhat
Chi cho thay hinh anh 2D lumenogram, khong phét (He thong Makoto & Dualpro™)
hién mang xo vira nguy hiém an trong thanh mach.

Mot doan mach vanh cé chi so

/\/ maxLCBl4mm lon hon 400 c6 nguy

I.I.l.l. co gay bién cd cao hon 322% so voi
doan c6 chi so thap hon.

Cac chlen lugc can thlep dieu chinh
«/ Thiét bj bao vé dau xa
« Diéu tri du phong bang thudce

" K§thuat dat stent nhe nhang hon Cai thién két ‘qua cho bénh nhén

Xac dinh va quan H mang X0 vita nguy co cao
ngan ngua No-Reflow, giam nh6i mau co tim
chu phau va cai thlen an toan thu thuat.

Budc 1: Sang Ioc nguy co truac can thiep
St dung IVUS- NIRS quét ton thuong trude stent.
maxLCBI4mm > 400 canh bao nguy co cao.

« Tranh dat canh stent vao viing
16i lipid lon -




Dual Modality ... Why Makoto IVUS + NIRS? O

IVUS + NIRS™

Accurate vessel diameter

Plagque burden

Plaque morphology for optimal stent sizing
Devices deployment

IVUS + NIRS Enhanced detection gf high-risk plagques
Catheter Guidance for preventive PCI to reduce adverse
events.

Clinical Lower mortality
Outcomes Target on lesion failure
Lower repeat revascularization
Lower myocardial infarction rates
Low flow and non-flow phenomenon




Determine degree of stenosis

Determine size of reference vessel

Determine landing zone for a stent

Assure proper stent deployment

Assess degree of calcification

Detect Lipid Core Plaque (LCP)

Identify culprit lesions

Assess Risk of Peri-procedural Ml

Avoid landing stent edge in large lipid core

Assess impact of lipid lowering therapy on LCP

|dentify Patients and Plaques with risk of MACE




Nhin Thau Mang Xo Vira: Nang Cao

Tien Luong Tim Mach vo

Van Dé Lam Sang:
Moi Nguy Hiém An Giau

Mang xo
vira gil‘ra
giau lipid

Khoang 2/3 cc bién c6
mach vanh cap la dova
mang xo vira giau lipid.

8
Chup dong mach vanh co
thé bd sét cac mang xo
vira nguy hiém khong
gay hep dang ké

Bénh nhan tiéu duong co
ngu|y co MACE tang gap
~2 |lan

S — —e |

Ap luc ct thanh mach thap
(Low Wall Shear Stress - WSS) va
su hién dien cta lipid c6 tac dong
cong hudng

Cong Nghé Dot Pha:
Hé Thong Makoto

IVUS+NIRS

| IVUS+NIRS

Bang Ching Lam Sang:
Du Doan Rui Ro va Cai
Thién Két Qua

Thiét bj hinh anh n6i mach hai phuong
thirc duy nhéat dugc FDA cap phép

High
IVUS cho Cau tric
l l = Low
Ganhndng  Kich thudc NIRS cho Thanh phan
mang X0 vira long mach NIRS tao ra mot Chemogram
truc quan. Mau | vang chi ra
su hién dién cua mang xo
vira |6i lipid
J

bénh nhan va mang Xo vira co nguy co gia tang

{He thong Makoto dugc chi dinh deé xac dinh cacJ

cac Bién cd Tim mach Bat loi Chinh (MACE)

(

Tinh toan LCBI =

Chi So Then Chot

Chi S5 Génh Nang

L6i Lipid (LCBI)

LCBI dinh long ham luong

mang xo vita I6i lipid

maxLCBI4mm > 400

|

400

Ngudng de bi ton thuong:

vira va MACE tang ién dang ké

Mot chi s6 maxLCBI4mm [6n hon
400 cho théy nguy co v méng xo

S0 diém anh c6
xdc suat lipid >0.6
Tdng c6 diém anh

co thé phan tich

X

1000

() \ nhan

Bang Chimg Lam Sang:
Du Doan Rui Ro va
Cai Thién Két Qua

2. Nghién ciu LRP: Bénh

; maxL %I4mm >400 co
- ) nguy co MACE cao hon

89%. Céc doan mach xanh

c6 maxLCBI4mm > 400 c6
nguy co cao hon 322%
(gap4 lan) gay ra mot bién
c0 trong tuong lai

s, Nghién ciu PROSPECT II:

>\ Ganh néing mang xo vita
 270%va

S maxLCBl4mm 2324.7

lam tang nguy co MACE
én 37 fan

425, Nghién cifu PACMAN-AMI

. Liéu phép ha lipid tich cyc
5 lam giam lipid va on dinh

7 mang xo vira.

4, IVUS-PCI [am giam ty &

<\ thiit bai cua mach mau

N dich (6,6%) s0 véi PCI chi c6

" hudng dan clia chyp mach
(10,7%) sau 3 nam

Ung Dung L4m Sang:
Toi Uu Hoa Can Thiép

Xdc dinh céc ton thuong
thu pham Va nguy co

tiém an: NIRS giup phat
hién céc mang 161 lipid
(LCP) géy ra cdc bién b va
xac dinh cdc ton thuong
khong phai thl pham co
nguy co cao

Toi uu hoa viéc dat stent:
IVUS d4m bao knch thudc
stent phu hop, xac dinh
ving tlep can toi uu va xac
nhgn suap sat va bung nd
hoan toan clia stent, giam
cdc bién chiing

Hudng dan diéu tri phong
ngtra: Xac dinh cac bénh
nhén va mang xo vita co
nguy co cao - cho phap
can thiép som hodc dieu tri
ndi khoa tich cuc hon dé
ngan ngira cac bién 6
trong tuong lai

Danh gia higu qua dieu tri:
NIRS co thé theo doi tac
dong cua cac liéu phap ha
lipid doi véi thanh phén
mang X0 vifa, cung cap
bén chimg khéch quan v
6n dinh clia mang xo vira
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CATHETER KEP 2 CONG NGHE IVUS+NIRS

NIRS Works d | "
) UQ Pf O * Catheter Specification
NIRS Mirrors IVUS + NIRS
HD IVUS 35 - 65Mhz Extended
- Bandwidth
optical tip\ ' // e 160cm Working Length
( \

/)) 150mm Pullback Imaging Range

16mm 15t Marker to IVUS Image Distance

X
sheath

ultrasound emm - 16mm IVUS Image Depth Diameter

transducer

6F Interventional Guide Compatible

0.014” Guide Wire Compatible

Structure
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IVUS Image
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NIRS-IVUS with Histology

e Left
* High plague burden, calcium shadowing and signal dropout on IVUS,
but no lipid core plaque by NIRS
* Histology confirms calcified fibrous plaque

 Center
* High plaque burden, calcium shadowing and signal dropout on IVUS,
and substantial lipid core plaque by NIRS
* Histology confirms large lipid core plaque

* Right
* No plague burden on IVUS and no lipid core plaque by NIRS
* Histology confirms normal vessel

\\ NIPR0
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Figure 6. NIRS Scan of a Patient and Corresponding Angiogram

(Top) cineangiographic frame of the left coronary artery of a 71-year-old man with post-infarct angina. There is a severe culprit stenosis
(A) in the proximal left anterior descending artery. (Bottom) the corresponding chemogram reveals a prominent, circumferential lipid
core-containing coronary plaques (LCP) signal between 8 and 18 mm in the area of the culprit lesion. The narrowest area of luminal ste-
nosis is approximately 14 mm and demarcated in the chemogram (A). The block chemogram shows that the strongest LCP signals
extend from 9 to 17 mm. NIRS = near-infrared spectroscopy.

GHEMOGRAM

Research Original Investigation Effect of Alirocumab Added to High-Intensity Statin Therapy on Coronary Atherosclerosis

Figure 3. Example of Plaque Regression, Lipid Regression, and Fibrous Cap Thickening in a Trial Patient

Intravascular ultrasonography Near-infrared spectroscopy chemogram Optical coherence tomography

B} Maximum lipid core burden index (4 mm): 316 Minimal fibrous cap thickness: 56 pm
* R
7>
7\

[
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BASELINE PLAQUE IMAGING

B Maximum lipid core burden index (4 mm): 155 ﬂ Minimal fibrous cap thickness: 158 pm

»

PLAQUE IMAGING AT 52 WK

Allimages were obtained from the same lesion in the same patient and matched  in panels A and D. For near-infrared spectroscopy, a reduction in maximum lipid

for the 2 time points of intracoronary imaging investigation. For intravascular core burden index (4 mm) was measured; the dotted lines in panels Band E
ultrasonography (IVUS), external elastic lamina borders (green line) and lumen indicate the 4-mm region with greatest lipid accumulation. For optical
borders (red line) are superimposed and a reduction in percent atheroma coherence tomography, an increase in minimal fibrous cap thickness (noted by

volume from 62% to 50% is indicated. Note the calcification (solid white linear white arrows in panels C and F) from 56 pm to 158 pm was measured.
structure) extending between 3 and 5 hours in this matched IVUS cross section




Key to Predicting Acute Events

Unstable NEW culprit
Angina at Vulnerable
at 7 Plaque
months

Case Study Courtesy of :
Dr. Ryan Madder
Spectrum Hospital
Grand Rapids, MI




5627 patients who underwent coronary
angiography and were evaluated
with FFR for intermediate stenosis

Articles

2065 with all lesions requiring revascularisation

ANG CHNG LAM SA

showing FFR <0-80 excluded

3562 with lesions with diameter
stenosis >50% and FFR >0-80
evaluated with intracoronary

Preventive percutaneous coronary intervention versus @Wr® magig

optimal medical therapy alone for the treatment of Sty g i
vulnerable atherosclerotic coronary plaques (PREVENT):

a multicentre, open-label, randomised controlled trial S

Seung-Jung Park*, Jung-Min Ahn*, Do-Yoon Kang, Sung-Cheol Yun, Young-Keun Ahn, Won-Jang Kim, Chang-Wook Nam, Jin-Ok Jeong, ¥  2withdrawn dueto system errors

In-Ho Chae, Hiroki Shiomi, Hsien-Li Kao, Joo-Yong Hahn, Sung-Ho Her, Bong-Ki Lee, Tae Hoon Ahn, Ki-Yuk Chang, Jei Keon Chae, David Smyth,
Gary S Mintz, Gregg W Stone, Duk-Woo Park, for the PREVENT Investigatorst

Summary
Background Acute coronary syndrome and sudden cardiac death are often caused by rupture and thrombosis of lipid-

Published Online

v

803 assigned to preventive percutaneous
coronary intervention plus optimal

medical therapy

v

803 assigned to optimal medical therapy
alone

rich atherosclerotic coronary plaques (known as vulnerable plaques), many of which are non-flow-limiting. The safety April8 2024
and effectiveness of focal preventive therapy with percutaneous coronary intervention of vulnerable plaques in "MPs//d010rg/101016/

: . P Py P . ry . plaq $0140-6736(24)00413-6 N 6 withdrew consent N 2 withdrew consent
reducing adverse cardiac events are unknown. We aimed to assess whether preventive percutaneous coronary See Online/C . 17 lost to follow-up 25 lost to follow-up
. . « ey . o e . . . ee Unlineg/Lommen
intervention of non-flow-limiting vulnerable plaques improves clinical outcomes compared with optimal medical ;.. /40 org/101016/
therapy alone. S0140-6736(24)00488-4

) 74 crossed over to optimal 12 crossed over to preventive
*Contributed equally medical therapy alone by percutaneous coronary

Methods PREVENT was a multicentre, open-label, randomised controlled trial done at 15 research hospitals in four 4 i jist of the investigators in | patient or physician | intervention by patient or
countries (South Korea, Japan, Taiwan, and New Zealand). Patients aged 18 years or older with non-flow-limiting the PREVENT trialis in discretion physician discretion
(fractional flow reserve >0-80) vulnerable coronary plaques identified by intracoronary imaging were randomly theappendix(pp3-4) v 5 v :

assigned (1:1) to either percutaneous coronary intervention plus optimal medical therapy or optimal medical therapy
alone, in block sizes of 4 or 6, stratified by diabetes status and the performance of percutaneous coronary intervention
in a non-study target vessel. Follow-up continued annually in all enrolled patients until the last enrolled patient
reached 2 years after randomisation. The primary outcome was a composite of death from cardiac causes, target-
vessel myocardial infarction, ischaemia-driven target-vessel revascularisation, or hospitalisation for unstable or
progressive angina, assessed in the intention-to-treat population at 2 years. Time-to-first-event estimates were
calculated with the Kaplan-Meier method and were compared with the log-rank test. This report is the principal
analysis from the trial and includes all long-term analysed data. The trial is registered at ClinicalTrials.gov,
NCT02316886, and is complete.

Findings Between Sept 23, 2015, and Sept 29, 2021, 5627 patients were screened for eligibility, 1606 of whom were
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780 completed 2-year follow-up

¢!

776 completed 2-year follow-up

—p 18 lost to follow-up

A 4

762 completed final follow-up

-

803 included in the intention-to-treat
analysis

— 33 lost to follow-up

h 4

743 completed final follow-up

!

803 included in the intention-to-treat
analysis

Figure 1: Trial profile

Goyang, South Korea .
FFR=fractional flow reserve.

(W-J Kim MD); Division of

enrolled and randomly assigned to percutaneous coronary intervention (n=803) or optimal medical therapy
alone (n=803). 1177 (73%) patients were men and 429 (27%) were women. 2-year follow-up for the primary outcome



Two Large Independent Studies.
Same Result.
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p Value Conclusion
With the help of (95%(:')
IVUS+NIRS imaging, results . . .
from both the Prospect Il and X Primary Endpoint: 118 For each 100 unit increase of
LRP olinical studies identify maxLCBI, asa (1.05-132) 0.004 maxLCBI,_ _the risk of NC-MACE
non-obstructive high-risk continuous variable i increases by 18%
plagues and conclude
that the most vulnerable plaque contains both high PB and high lipid - A patient with maxLCBI
content. Secondary Endpoint: 1.89 0.002 ' P than 400 is at 89% ?1"‘."” h
maxLCBl, >400 (1.26-2.83) ' greater than 'S d o nigher
sl of NC-MACE
Change Percent Atheroma Volume (PAV) by IVUS -1.2% PAV
Change Total Atheroma Volume (TAV) by IVUS -11.3mm
VULNERABLE PLAQUE LEVEL ENDPOINT - RESULTS
Change maxLCBI, by NIRS -41.2 maxLCBI,
HR .
PACMAN-AMI, PROSPECT II, LRP Study and many more studies p Value Conclusion
show that patients remain at risk of MACE after their interventions (QS%CI)
h in th lone; . . . .
:me;:” sant :rzp_ya one; more ean be done Primary Endpoint: 145 For each 100 unit increase of
as succeeded In ' .
obsenving the process of ma?(LCBI amm 95 @ (130-160) <0.0001 maxLCﬁI . the risk of NC-MACE
change to a more stable continuous variable Increases by 45%
plaque composition’ A th
where other techniques : coronary segment wit
) Secondary Endpoint: :
were unable’ y EnAp 4.2 <0.0001 | maxLCBI, _greaterthan 400 is at
A significant reduction in ischemia-driven revascularization (non-TLR) maxLCBI4mm >400 (2.39-745) 3229 hlgher risk of NC-MACE
in the treatment group.

We have the abillity to identify non-obstructive high-risk plaque,
allowing physicians to be more proactive with their method of care.



What is the LRP study? What is the PROSPECT Il study? What is the PACMAN-AMI study?

- Pl: Ron Waksman »  Pl: David Erlinge - Pl: Professor Lorenz Riber
1563 Patients enrolled in 44 Hospital Centers 22&22, with troponin + ACS after successful PCI enrolled at 16 - 300 Patients enrolled
Multi-Center & Multi-National Study o MiediarTollow-up 57 yoars - Multi-Center & Multi- National Study
Patients with known or suspected coronary artery disease oo o _ - Understand the impact of Statins and alirocumab (PCSK9i) on
undergoing cardiac catheterization with possible ad hoc PCl for an After successful treatment of all flow-limiting lesions in pts with coronary plaque

recent MI (STEMI or troponin + NSTEMI), intravascular imaging was

performed in the proximal 6-10 cm of all 3 coronary arteries with a ; _ .
combination NIRS-IVUS catheter rate reduction by reducing the size of LRP as detected by NIRS',

Study looked at high risk plaque characterization such as: mx(4)LCBI Early intervention on LRP found by NIRS to reduce risk of MACE in
of 324.7, Plague Burden >70% and Minimum Lumen Area < 4mm?2 ACS patients'.

index event in whom it also was feasible to image additional non-
culprit territories were enrolled.

PACMAN-AMI reveals that Alirocumab is able to achieve this MACE

A minimum of 50mm of non-culprit artery had to be imaged with
LCBI in this artery blinded to the Interventional Cardiologist.

All enrolled patients with LRP max4mmLCBI > 250 and half of
enrolled patients with LRP max4mmLCBlI < 250 were followed for 2 ] b i
years. '

All MACE events were reported and adjudicated by an independent
clinical events committee. MACE comprised of cardiac death, cardiac

BT AT ) ICR eIt i Ae I e aly Sy FIRIE, We (Interventional Cardiologists) always forget that our words have
revascularisation by coronary artery bypass grafting or PCI, and

KEAMISSIBN 15/ Maspial idr anginansita Faresien 265 ameer high weight with patients, we are responsible for initiating and then

stenosis progression related and unrelated to the treatment at index N B
procedure. also convincing the patient to take these medicine on long term. A

VULNERABLE PATIENT LEVEL ENDPOINT - RESULTS

"y
— Lorenz Raber, M.D. ) )'1
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This allows for patients to be identified by LRP for greatest benefit

8.0% were caused by unanticipated events arising from untreated , - :
from PCSK9i administration.

non-flowlimiting plaques vs. 4.6% from recurrent events at treated

VULNERABLE PLAQUE LEVEL ENDPOINT - RESULTS culprit lesions
(9;/':0,) p Value Conclusion » The combination of lipid-rich plaque and large plaque burden Endpoints, all met with statistical significance:
identified vulnerable plaques that placed patients at especially high
Primary Endpoint: - For each 100 unit increase of risk for future MACE Change Percent Atheroma Volume(PAV) by IVUS....mmmmmne -1.2% PAV
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Near-Infrared Spectroscopy Detects Lipid-Rich Plaque Preceding )

ST-Segment Elevation Myocardial Infarction

Check for
| updates

Shazil Mahmood, MD *, Samia Mazumder, MD, Ryan D. Madder, MD

Department of Cardiovascular Medicine, William Beaumont University Hospital, Corewell Health East, Royal Oak, Michigan

Case report

A 57-year-old woman with unstable angina underwent invasive cor-
onary angiography demonstrating a culprit lesion in the midsegment of
the right coronary artery (RCA) (Figure 1A). Combined near-infrared
spectroscopy (NIRS) and intravascular ultrasound (IVUS) imaging of the
culprit lesion before stent placement demonstrated a plaque burden
(PB) of 84% by IVUS and a large lipid-rich plaque (LRP) by NIRS char-
acterized by a maximum lipid core burden index in 4 mm (maxLCBl4mm)
of 668 (Figure 1B). NIRS also demonstrated LRP extending beyond the
distal angiographic margin of the culprit lesion at the site of mild
angiographic stenosis (Figure 1C). The patient underwent successful
percutaneous coronary intervention (PCI) using a stent of sufficient
length to cover both the culprit lesion and the adjacent LRP. Post-PCl
NIRS-IVUS demonstrated an optimal stent result. Final angiography
showed a moderate severity nonculprit lesion in the distal RCA just
proximal to the bifurcation (Figure 1D). Review of the post-PCl NIRS-
IVUS images revealed this nonculprit lesion had a minimum luminal area
(MLA) of 5.3 mm?, a PB of 55%, and a large lipid burden with a
maxLCBIgmm of 679 (Figure 1E, F). Owing to an MLA of 5.3 mm? by IVUS
and only moderate stenosis severity by angiography, PCI was not per-
formed on this nonculprit lesion. The patient was discharged home on
dual antiplatelet therapy and a high-intensity statin.

Approximately 5 years later, the patient presented to the emer-
gency room with acute chest pain and was found to have an inferior ST-
segment elevation myocardial infarction (STEMI). She was taken
emergently to the catheterization laboratory and found to have a de
novo culprit lesion in the distal RCA just proximal to the bifurcation at
the site of the large LRP detected by NIRS 5 years earlier (Figure 1G,
H). The patient underwent successful primary PCI of the culprit lesion
in the distal RCA.

Discussion

This case emphasizes multiple known facts about NIRS findings at
culprit and nonculprit lesions and highlights several knowledge gaps

that exist with respect to NIRS-detected LRP. Among the known facts,
multiple previous studies among patients with acute coronary syn-
dromes (ACS) have shown NIRS frequently identifies large LRP having
a maxLCBlsmm >400 at culprit lesion sites. Consistent with these
studies, the culprit lesion triggering the index ACS in the present case
had a NIRS maxLCBlgym of 668. In addition to its consistency with
previous NIRS studies, this finding is also congruent with histopatho-
logic studies demonstrating the rupture of large LRP to be responsible
for the majority of ACS events. In the present case, NIRS also detected
LRP extending beyond the angiographic culprit lesion margins, a
finding previously reported to be commonplace. This observation
emphasizes the importance of using intracoronary imaging to identify
the optimal landing zones for stent deployment, as landing a stent
edge within an LRP has been associated with an increased risk of
subsequent stent-related events.' Based on this premise, a longer
stent was used during the baseline PCl to cover both the culprit lesion
and adjacent LRP.

Perhaps, the most interesting aspect of this case relates to the
imaging findings of the nonculprit lesion in the distal RCA at the
conclusion of the baseline procedure. Neither the moderate stenosis
severity by angiography at the nonculprit site nor the IVUS MLA of
5.3 mm?, which is well above IVUS MLA thresholds known to be
associated with hemodynamic significance, would represent in-
dications for PCl at the time the baseline case was performed.
Furthermore, the PB of 55% is not in excess of the 70% PB associated
with vulnerability. In contrast to the lower-risk IVUS findings, the NIRS
finding of @ maxLCBly,,, of 679 at the nonculprit site is indicative of
both increased patient-level and lesion-level risk. As shown in the
Lipid-Rich Plague study, plaques having a maxLCBl4mm >400 carry a 4-
fold increase of site-specific coronary events.” Similarly, in the PROS-
PECT Il study, plaques having a maxLCBlamm >325 were associated
with a 7-fold increased risk of site-specific major adverse cardiovas-
cular events.”

While consistent with the findings of the Lipid-Rich Plaque and
PROSPECT |l studies, this case also highlights several uncertainties
regarding NIRS-detected LRP. First, the follow-up periods in the Lipid-
Rich Plaque and PROSPECT Il studies were 2 and 3.7 years,
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Figure 1.

Near-infrared spectroscopy (NIRS) lipid-rich
plaque (LRP) at baseline followed by
ST-segment elevation myocardial infarction
(STEMI) 5 years later. (A) Baseline angiog-
ram—blue arrow shows culprit lesion and white
arrow shows mild angiographic stenosis. (B)
Cross-sectional NIRS-intravenous ultrasound
(IVUS) image of culprit lesion showing large
plague burden (PB) and large LRP. (C) NIRS
chemogram showing culprit lesion LRP (blue
arrow) and lipid corresponding to site of mild
angiographic stenosis (white arrow). (D) Final
angiogram at conclusion of baseline percuta-
neous coronary intervention (PCl). White
bracket and arrow show nonculprit lesion with
moderate angiographic stenosis. (E) Cross-
sectional NIRS-IVUS image of nonculprit lesion
in distal right coronary artery (RCA) showing
adequate minimum luminal area (MLA) and
moderate PB by IVUS and a high maxLCBlamm
by NIRS. (F) NIRS chemogram showing stenting
segment (blue brackets) and large LRP at non-
culprit site in distal RCA (white brackets). (G)
Angiogram at time of STEMI presentation 5
years later showing a culprit lesion in the distal
RCA. (H) Electrocardiogram showing inferior
STEMI.
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Imaging Technology Comparison

IVUS+ NIRS"

ONLY the Makoto Imaging System and Dualpro [VUS+NIRS catheter offer complete vessel characterization for
better clinical decision-making.
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Central Illustration. Role of preventive percutaneous coronary intervention (PCI) in vulnerable plaque. IVUS = intravascular ultrasound; MACE = major adverse cardiovascular
event; NIRS-IVUS = near-infrared spectroscopy-IVUS; OCT = optical coherence tomography; RF = radiofrequency.



Graphical Abstract

Multimodality (intra)vascular imaging based 3D reconstruction of human coronary arteries
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Conclusion

Coronary regions exposed to

low WSS show more plaque

progression than mid or high
wall shear stress (WSS)

Lipid-rich sectors show more
plaque progression than fibrous
plaques or regions free of plaque

Lipid-rich plaques exposed to
low WSS show the most plaque
progression

Coronary artery disease ® Near-infrared spectroscopy ¢ Intravascular ultrasound ® Optical coherence tomography
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Figure 1 Methodology overview of 3D reconstruction, WSS, and data analysis matching plaque components. (A) Example of a 3D-reconstructed RCA.
IVUS-derived lumen contours (green) were fused with the CT-derived vessel centreline (blue) and CT-derived side branch contours (white). By adding local
flow measurements and using CFD, WSS was calculated in these reconstructed models. NIRS- and OCT-derived plaque phenotypes were matched and plotted
on the IVUS-derived 3D reconstruction, the ROL. (B) From the 3D-reconstructed vessels, 2D maps were created by cutting the vessel open in the longitudinal
direction. For statistical analysis, the 2D maps were divided into sectors of 1.5 mm/45°. Examples of 2D maps in this overview are as follows: the continuous
WSS, the WSS tertiles (low, mid, high), wall thickness (WT), NIRS-derived plaque phenotype, and OCT-derived phenotype.
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