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Ex vivo validation of NIRS for detection of

confluent [>0.2mm thick & >60 ° in
circumference] LRP that is relatively

superficial [overlying fibrous cap thickness

<0.45mm]).
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CLINICAL INVESTIGATION AND REPORTS

Detection of Lipid Pool, Thin Fibrous Cap, and
Inflammatory Cells in Human Aortic Atherosclerotic
Plaques by Near-Infrared Spectroscopy

Pedro R. Moreno, MD, Robert A. Lodder, PhD, K. Raman Purushothaman, MD, William E.
Charash, MD, PhD, William N. O'Connor, MD, and James E. Muller, MD

ABSTRACT: Background— A method is needed to identify nonstenotic, lipid-rich coronary
plaques that are likely to cause acute coranary events. Near-infrared (NIR) spectroscopy can
provide information on the chemical compasition of tissue. We tested the hypothesis that NIR
spectroscopy can identify plaque composition and features associated with plaque
vulnerability in human aortic atheroscleratic plagues obtained at the time of autapsy.Methods
and Resulis— A total of 199 samples from § human aorlic specimens were analyzed by NIR
spectroscopy. Features of plaque vulneral were defined by histology as presence of lipid
pool, thin fibrous cap (<65 um by ocular micrometry), and inflammatory cell infilration. An
InfraAlyzer 500 spectrophotometer was used. Spectral absorbance values were obtained as
log (1/R) data from 1100 to 2200 nm at 10-nm intervals. Principal compeonent regression was
used for analysis. An algorithm was constructed with 50% of the samples used as a reference
set; blinded predictions of plaque composition were then performed on the remaining samples.
NIR spectroscopy sensitivity and specificity for histological features of plague vulnerability
were 90% and 93% for lipid pool, 77% and 93% for thin cap, and 84% and 89% for
inflammatory cells, respectively. Conclusions— NIR spectroscopy can identify plaque
compaosition and features associated with plague vulnerability in postmortem human aortic
specimens. These results support efforts to develop an NIR spectroscopy catheter system fto
detect vulnerable coronary plaques in living patients.
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here is widespread agreement that new diagnostic technigues are required to identify

coronary plaques that are prone to disruption.'* The type of plaque considered to be

mast vulnerable to disruption is a thin-capped fibroatheroma with increased inflammatory
cell content.* 8 Multiple techniques are being tested to identify such plagues before they
disrupt and cause thrombosis.” 14 Identification of these potentially lethal plaques before they
disrupt will facilitate the development of therapeutic strategies to prevent acute coronary
events.

Moreno et al. Circulation 2002;105:923-7
Gardner et al. JACC Cardiovasc Imaging 2008;1:638-48

Detection of Lipid Core Coronary Plaques in
Autopsy Specimens With a Novel Catheter-
Based Near-Infrared Spectroscopy System
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Early Studies of NIRS Predicting Patient-Level NC-MACE

All-cause Mortality,
Stroke, Non-fatal ACS, or

Cardiac Death. ACS
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Unplanned PCI (%)

20 -
LCBI 2Median (43, n=102)
15 —
10 — p=0.003
5 — LCBI <Median (43, n=101)
r
0 M I T 1
0 90 180 270 360

Follow-up (days)

Oemrawsingh et al J Am Coll Cardiol.
2014;64:2510-8

Quartile 4 (MaxLBCl ., 2360, n=70)
=== Quartile 3 (MaxLBCl,,,,, 227-360, n=67)

50 —
= Quartile 2 (MaxLBCl,,,, 83-227, n=68)

40 Quartile 1 (MaxLBCl,,,, <83, n=68)
30 - r'
20 = p J
10 [Jl

0= T T T |

0 1 2 3 4

Follow-up (years)

Schuurman et al. Eur Heart J. 2018;39:295-
302

Cardiovascular
Research Foundation

100 =
p<0.001

\l
ol
|

MaxLCBI,q, 2400 (n=21)

MACCE (%)
o1
(@]
1

N
(&)
|

MaxL.CBlI,y, <400 (n=100)

1 1 1 1 1
0 200 400 600 800
Follow-up (days)

Madder et al. Eur Heart J Cardiovasc Imaging.

2016;17:393-9

=

o

o
]

(0]
o
1

LCBI 277 (n=13)

MACE (%)
(o]
(@)
|

40 - p=0.004
20 LCBI <77 (n=26)
o -1_I_ T T T T
0] 900 1800 2700 3600 4500
Time (days)

Danek et al. Cardiovasc Revasc Med. 2017;18:177-

81.

MACCE (%)

MACCE (%)

50 -

40 -

30 -

20 -

10

Log rank p=0.034

LCBI >65 (n=72)

LCBI <65 (n=72)

30

20 -

1 1 1 1 1
(0] 1 2 3 4
Follow-up (Years)

Log rank p=0.015

MaxLCBl,,, 2400 (n=36)

el MaxL CBl,,, <400 (n=108)

1 1 1 1 1
(0] 1 2 3 4
Follow-up (Years)

Karlsson et al. Open Heart 2019;6.
doi:10.1136/0penhrt-2018-000917



LRP Study Flow

Two hypotheses were tested for
plaques at non-stenotic sites that
have not undergone PCI:

The Vulnerable Patient Hypothesis:
Pts with increased max 4mm LCBI
In all scanned arteries are more
likely to experience Non Culprit-
MACE than those without increased
max 4mm LCBI

The Vulnerable Plaqgue Hypothesis:
Coronary artery segments with
iIncreased max 4mm LCBI (within
the segment) are more likely than
segments without increased max
A4mm LCBI to cause Non Culprit -
MACE
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Presentation to Catheterization Lab for NIRS

evaluation
NE=LS0]0]0)

At least 1 Large LRP
N=3000

Follow up contacts

60 days, 6 months, 12 months, 24 months

At least 1 Large LRP
N=3000

No MACE MACE

NIRS (if
available)

Waksman et al. Lancet. 2019;394:1629-37

No Large LRP’s
N=6000

Follow up
N=3000

Randomized
1:1

No Large LRP’s

N=3000
No MACE MACE
NIRS (if
available)

No Follow up
N=3000



Multivariable Model of Lesion-level NCL-MACE

Lesion-level predictors OR (95% ClI)

MaxLCBI ., 2400 3.39 (1.85-6.20)
Plaque burden =270% 3.99 (1.38-11.56)
Minimum lumen area <4.0mm? 1.79 (1.02-3.16)

Interaction between maxLCBI4mm >400 and plaque burden within maxLCBI,,,, 270%, p=0.822.
Interaction between maxLCBI4mm >400 and MLA within maxLCBIl4mm <, ., p=0.512.

Cardiovascular Waksman et al. Lancet. 2019;394:1629-37
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Patient-level Cumulative NC-MACE

HR val
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Cumulative NC-MACE (%)

Segment-level Cumulative NC-MACE (n=56)
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) 600 732
Time (Days)

HR p
[95% CI] Value
Primary For each 100
Endpoint: increase of
maxLCBl,m 1.45 <0.001 maxLCBl,m
as a [1.28-1.64] ' NC-MACE
continuous risk increased
variable by 45%
Coronary
segment with
Secondary 4.11
Endpoint: [2.3-7.34] Sh00L mfjé‘é:iil‘;}‘m
r>n4a8(OLCB'4mm 411% higher
risk of NC-
MACE

Patient cluster adjusted via WLW methodology

Waksman et al. Lancet. 2019;394:1629-37




PROSPECT Il Natural History Study

(PROSPECT ABSORB RCT)
902 pts with troponin(+) ACS had 3 vessel NIRS-IVUS after successful PCI

4 pts were not followed beyond
30 days because NCL imaging
data was not acquired; these

898 pts: 21 non-flow limiting lesion with 265% plaque burden?  Ptsremained in the safety

cohort
Yes /\ NoO The primary outcome was a

(N=182) (n=716) composite of cardiac death, MI,
unstable angina or progressive
® angina either requiring
revascularization or with rapid lesion
progression, attributed to originally

AR Il untreated NCLs
GDMT (N=93) (N=89)
Routine angio/3V IVUS-NIRS FU at 25 months ~ The primary safety outcome of
intravascular imaging-related major
Clinical FU in PROSPECT II: complications requiring treatment

Median 3.7 years occurred in 2/902 pts (0.2%)

Cardiovascular Erlinge et al. Lancet. 2021;397:985-95
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Multivariable Model of Lesion-level NCL-MACE
with all 3 High Risk Plague Characteristics

Lesion-level predictors* ~ OR (95% CI)

MaxLCBI,  >324.7 3.80 (1.87-7.70)

Plaque burden =70% 5.37 (2.42-11.89)

Minimum lumen area <4.0mm? 1.85 (0.95-3.61)

*Covariate adjusted for age, sex, prior PCI, HTN, diabetes, use of high-dose statin at
discharge, total non-culprit segment length analyzed

Cardiovascular Erlinge et al. Lancet. 2021;397:985-95
eeeeeeeeeee dation



NCL-related MACE According to the Presence of MLA

<4.0 mm?
Patient-level events Lesion-level events
15 15
OR 5.49 [95% CI, 1.97-15.28] OR 4.99 [95% ClI, 2.61-9.54]
< 10 9.9% 10
LL] LL]
O MLA <4.0mm? O
< <
> S
> ° Q 5 MLA <4.0mm?
MLA >4.0mm?2 = =R >
, LsLe MLA >4.0mm?
0~ 0 0.5%
0 1 2 3 4 0] 1 _ 2 3 4
Time (Years) Time (Years)
Number at risk:
<4.0mm2 679 654 636 465 259 1,375 1,354 1,340 1,108 593
>4.0 mm2 219 215 212 158 72 2,254 2,235 2,228 1,665 907

Cardiovascular
Research Foundation

Erlinge et al. Lancet.

2021;397:985-95



NCL-related MACE According to the Presence of
Plaque Burden 270%

Patient-level events

S | OR3.09[95% Cl, 1.65-5.76] <
LUl i o
&() 10 PB 270% 1L0% o
= <
. >
® o
Z 5 >
3.6%
. PB <70%
i
0 1 2 3 4

Time (Years)

494
354

Number at risk:

PB 270% 530
PB <70% 368

510
359

Cardiovascular
Research Foundation

367
256

199
132

Erlinge et al. Lancet.

L esion-level events

15
OR 11.37 [95% ClI, 5.60-23.11]
10
PB =270%
2 4.6%
_/_’_'_,—/_/_’_(P’B:;
0 0.4%
0 1 2 3 4

Time (Years)

764
2,804

787
2,842

773
2,816

576
2,107

338
1,162

2021;397:985-95



NCL-related MACE According to the Presence of HR
Plague Defined by MaxLCBlI,, ., 2324.7

Patient-level events
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Lesion-level NCL-MACE According to the
Presence of MaxLCBlI,,,,,2324.7 and PB 270%

10
;\5\ PB =70% and maxLCBI,,,, =2324.7
o g —— PB270% and maxLCBl,py <324.7
OR 11.33 [95% ClI, 6.10-21.03] @) S I LR 53947
PB 270% and maxLCBlI,, 2324.7 < o ant MaAXELBlamm =55 7.0%
vS. others A 6 = PB<70% and maxLCBl,, <324.7
zZ
OR 36.73 [95% CI, 13.59-99.28] F>-’ 4
PB 270% and maxLCBI, ., 2324.7 iIJ
vs. PB <70% and maxLCBlI,, _5 . 2 204,
_ I_I_r'_l
0] 0.2%
0 1 2 3 4
Number at risk: Time (YearS)
10% of leSsioNnS——>  PB 270% and maxLCBI,, 23247 374 368 362 271 162
PB 270% and maxLCBI,, <3247 391 383 381 293 168
PB <70% and maxLCBl,,, 2324.7 477 469 468 350 197
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Cardiovascular Erlinge et al. Lancet. 2021;397:985-95
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Spline and ROC analyses of the continuous relationship between
probability of lesion-level NCL-MACE and plaque burden and
MaxLCBl .,
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- MaxLCBl = 687

MLA = 3.8 mm?
Plaque burden = 80.1%

Non-culprit lesion 1 Non-culpritlesion 1 Non-culprit lesion 2 Culprit stent

3\ Cardiovascular Erlinge et al. Lancet. 2021;397:985-95
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Predicting OCT-TCFA

MaxLCBI,, vs OCT-TCFA

<250 250-399 =400 P-value AUC Cut-off
# 124 118 S7
OCT
Lumen area, mm? 8.4+3.9 7.6+3.2 7.9+3.5 0.3
Min FC thickness, u 119+38 110+51 78133 <0.001
Mean lipid angle, ° 126+33 137132 162154 <0.001 0.752 >178°
IVUS
Vessel area, mm? 15.0+6.4 16.2+5.9 16.9+7.1 0.13
Lumen area, mm? 8.4+3.9 7.6+£3.2 7.9%£3.5 0.3
Atheroma volume, % 44+12 53+10 53+11 <0.001 0.699 >55%
Remodeling index 1.01+0.10 | 1.02+0.10 : 1.08+0.10 : <0.001 0.564 >1.053
NIRS
maxLCBlI 174+43 322+43 524+12 <0.001 0.882 >401
Mean lipid angle, ° 11413 50128 94144 <0.001 0.809 >98°

Cardiovascular
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Zanchin et al. Eur Heart J Cardiovasc Imaging 2021;22:824-834.



CLIMA Study

* |In 1003 pts undergoing OCT evaluation of the untreated proximal
LAD, markers of high-risk plagues
 MLA <3.5 mm?
 Minimum FCT <75um overlying a lipid core and measured at the
thinnest point
e Lipid plaque with lipid arc >180°
* Macrophage clusters
* Primary Endpoint -- Composite of cardiac death and target segment
MI -- observed In 37 pts (3.7%)

Cardiovascular Prati et al. Eur Heart J 2020;41:383-91
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Pre-specified simultaneous
presence of the four OCT 28
criteria in the same plaque was
observed in 18.9% of pts
experiencing the primary
endpoint and was an
independent predictor of events
(HR 7.54, 3.1-18.6).

%3 Cardiovascular Prati et al. Eur Heart J 2020:41:383-91



Patients with events

m Patients without events

20%

plaques with all 4 high risk criteria

plagues without all 4 high risk criteria

81%
0%
65% 0 30 60 90 120 150 180 210 240 270 300 330 360
57% 57% Ptsatrisk | 1002 i 998 i 989 i 981 i 973 i 966 : 936 : 930 i 917 i 901 : 895 i 884 i 870
51% Events 1 5 8 14 15 21 24 26 31 kY) 33 35 37
Composite 39% 40% 350,
. ()
of cardiac 30%
death and . o
target 17% 18% 19% 19% 19%
0
segment Ml I I S 6% 4% 3%
. - [ | ]
FCT <75u MLA Lipid >180° Macrophages MLA FCT <75u MLA MLA MLA <3.5mm?
<3.5mm? <3.5mm? Llpld >180° <3.5mm? <3.5mm? FCT <75|J-
Lipid >180° FCT <75u FCT <75u Lipid >180°
Lipid >180°  Macrophages
Hazard ratio 4.65 2.07 2.40 2.66 1.94 6.53 3.40 5.40 7.54
p-value <0.001 0.032 0.013 0.021 0.07 <0.01 <0.01 <0.01 <0.01
Prevalence 19.8% 39.5% 44 4% 62.4% 18.3% 8.7% 6.9% 4.7% 3.6%
PPV 5.3% 10.4% 5.9% 5.2% WAL 5.6% 4.1% 3.4% 19.4%
NPV 97.4% 97.6% 97.5% 98.0% 96.5% 96.7% 96.7% 96.3% 96.9%

Cardiovascular
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Prati et al. Eur Heart J 2020;41:383-91




COMBINE

Medically treated diabetic pts with [ 550 patients enrolled }

) / ) ] 3 violation of exclusion criteria
angiographically intermediate, but FFR- 2 malignancies
. . . > 1 failure to revascularize the
_ negative coronary lesions will have C culprit lesion )
different clinical outcomes, depending on T ]
presence or absence of plaque [ S ENiEEn SRl RrecEnlilte } 4 K -
- 6 had no eligible target lesion
vulnerability features (OCT-detected R (restenosis)
TCFA), with TCFA diabetic pts having the 9 S AR )
Worst prognosis _ | _ |
423 had FFR > 0.80 [ 112 FFR =< 0.80 }
3 had PCIl in FFR (-) W \ J
30 had no OCTor [ p .
non-analyzable OCT : 93 had
§ 990 nzid valid OCT ) { revascularizations
r |
[ 292 No-TCFA } L 98 TCFA }
[ 1 lost to FU ] [ 1 lostto FU ]
L 291 18month FU } L 97 18month FU }

Cardiovascular Kedhi et al. Eur Heart J. 2021:ehab433. doi: 10.1093/eurheartj/ehab433
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COMBINE: OCT-TCFA vs no OCT-TCFA in FFR
negative lesions in diabetic pts

Primary Endpoint: Cardiac death, TV-MI, CD-TLR, or Hospitalization for USA

25% -

<
® 200 | HR 4.7 95%CI (2.0-10.9) p=0.0004
5 Log rank test p<0.0001
©
2 LoeE TCFA
.g — 13.3%
©
S
S 5% - 3.1%
8 No TCFA —
0% -t T T |
30 182 365 546
. Days Since Enrollment
No. at Risk
TCFA 98 88 86 44
No TCFA 282 286 281 144

Cardiovascular
Research Foundation

Kedhi et al. Eur Heart J.

TCFA | No TCFA VaFl)l'Je
Cardiac death 0% 0.3% 0.6
TV-MI 4.1% 0% <0.001
CD-TLR 11.2% | 1.4% | <0.001
E)‘r)slﬁ’gf'za“on 62% | 1.7% | 0.002

TCFA (HR 4.6, p<0.001) and MLA per

1mm? decrease (HR 1.6, p=0.04) were
independent predictors of the primary
endpoint

2021:ehab433. doi: 10.1093/eurheartj/ehab433




What Is the likelihood of distal
embolization or peri-procedural
Ml during stent implantation?

Peri-procedural CK-MB elevation occurred in 20.4%
Peri-procedure CK-MB >3xULN occurred in 16.9%

An ACC National Cardiovascular Data Registry (NCDR) report
indicated that no-reflow occurred in 2.3% of primary PCIl and was
associated with greater in-hospital mortality (12.6% vs. 3.8%, p<0.001)

Jeremias et al. J Am Coll Cardiol. 2004:44:1210-14
Cardiovascular Stone et al Circulation 2001;104:642-7
BadaC h Foundation Harrison et al. Am J Cardiol 2013;111:178-84



Prevalence of echoattenuated plague

Superficial attenuation

A el E e m Deep attenuation

100 - 100 - 100 -
% % %
80 | 80 1 &l
60 - 60 - 60 1
40 - 40 - 40 -
20 - 20 - 20 - l
O I I I ] O I I ] O -_\
PIT Early Late Early FA Late FA

o\o o\o oo oo
O 051, ng s FA FA .- .
N * Superficial attenuation
Necroti : almost always indicated
€CTOtC core a fibroatheroma

geigg'c?\gfn%gtlg Pu et al. J Am Coll Cardiol 2014;63:2220-33



Echoattenuated plaque

rdiov I ]
Coldliovenctial Pu et al. J Am Coll Cardiol 2014:63:2220-33



62y/o man with HTN, DM, and PAD s/p R-BKA complaining of chest
discomfort. High sensitivity Troponin 41 ng/L. ECG with new LBBB.

[ WWWWM erw r LNW‘/\A%\/J | ‘—\JJ\JJL/\.,J’\WJN/«V\/*\MMVWN (\-«\f\v r \m /\~n / H/ Ly
M A wmwd A

ﬂ J\\f\J f\’W\—«MVVM/LWJL\JM w\(u)\ ]
! F f‘

ﬂ JL/\-NL/MAAJ\J»JW Lol Mo J U %
ﬂw/w«ww NVMMWJ%/\#L/ i Jv\ww«ﬂu
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bbb bbb

\M N‘\ ﬁ\ﬁ\rﬁJ e W\AVVJ\W\'\/V b w*J \\wkﬁ
ﬁv m,”w e /\~ \ A , A
\f Wﬁ H f [ W‘

Héer L quUJWMJ 81 et et P 1 P e

TC 192, HDL 40, LDL 144, TG 42
COVID positive

* hsTnT 36 — 41 ng/L e TTE

* sCr 0.69, eGFR 68 - LV EF 25%, global hypokinesis
* Nal35,K4.6 - No LV thrombus noted

* Hgb 12.8, PIt 307k, WBC 10.7k - Normal RV systolic function

* INR 1.1, aPTT 33.9 - No significant valvulopathy
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Predilation with a non-compliant 3.0x20mm
balloon at 12 atm
Implantation of a 3.50x34mm ZES at 16 atm

" Cardiovascular
' Research Foundation



VAMPIRE Trial

cuu'/ as''ration thrombus moval

200 pts with STEMI/NSTEMI/USA within 2 months and a single
native coronary artery lesion and >180° attenuated plague by
grayscale IVUS >5mm in length

| Randomized |
PCI with distal PCI without
protection | distal
Filtrap, Nipro, Japan — rotection
(e (n:F1)01) P | il : (n=99)
v v
98 included in analysis of no-reflow 96 included in analysis of no-reflow

Primary endpoint = No-reflow during PCI

Secondary endpoints = Post-PCI TIMI flow, corrected TIMI frame count,
CK or CK-MB elevation 6-24h post-PCIl, MACE pre-discharge

Cardiovascular Hibi et al. JACC Cardiovasc Interv. 2018;11:1545-55




Primary endpoint: Incidence of no-reflow phenomenon

No-reflow Secondary Endpoints
(%) phenomenon Distal Protection |~ Conventional . P-Value
50 Treatment |

At one year, MACE obcurred N 12.2% In the distél protection group
vs 3.1% in the conventional treatment group (P=0.029), which was
driven by a higher risk of TVR (11.2% vs. 2.1%, p=0.018).

Hibi et al. Circ J. 2020:85:44-49.

= CK-MB @ 6-24 hours 53 49.5 0.6
= In-hospital MACE 1.0% 8.3% 0.0179
Distal protection  Conventional Cardiac arrest/shock 0% 5.2% 0.028
(n=98) Treatment
(n=96)

Cardiovascular Hibi et al. JACC Cardiovasc Interv. 2018;11:1545-55



“Higher” probability of distal embolization.
The common denominator was presence of a TCFA

. Attenuated plague — grayscale IVUS

Lee et al. JACC Cardiovasc Interv. 2009;2:65-72
Wu et al, Am J Cardiol 2010;105:48-53

Okura et al, Circ J 2007;71:648-53
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