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l Available Tools for Precise Lesion Assessment

Myocardial FFR
iIschemia
Coronary
physiology
Vulnerable
plaque
R/ Py 072
ing o « Aruptured plaque responsible
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of cardiac death frequently
appears as a thin-cap
fibroatheroma (TCFA),
characterized by a large lipid
core, a thin fibrous cap (<65
Rigmred Sea ST e um), and active inflammation
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Falk E et al., Eur Heart J 2013;34(10):719-28 Libby P, Circulation 1995;91(11):2844-50



l Safety Concern of Deferred Revascularization: Vulnerable Plague

« COMBINE OCT-FFR: TCFA presented in 25% of the patients with diabetes and =1 FFR-negative lesions and
was associated with a nearly five-fold higher rate of MACE

25% Hazard ratio 4.65 (95% Cl, 1.99 - 10.89) P <0.001
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Kedhi E et al., Eur Heart J 2021;42(45):4671-9



Novel Al-powered Methods to Compute FFR, IMR and Plagque
Vulnerability From Coronary Angiography

MQFR, AMR and RWS computed from a single angiographic view in 1 min

Coronary Tree pQFR & AMR MQFR pull-back & RWS mapping
_.Ci L : >l LM+LAD

Pullback Curve 1 — 0.6
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DICOM Data

1min to get
m results
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m ¥
AngioPlus Core* cocux B » i )

only software, no additional invasive procedure

about 1 minute to perform the computations

*Pulse Medical, Shanghai, China
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Huang J and Tu S, EuroPCR 2022 Best Innovation & Jon DeHaan Grant

Use angio-based pQFR, I:>You need ...only angiography, no need of costly disposables

AMR and RWS




prediction of FFR<0.80

Accuracy % 93.0 (90.2, 95.8)
Sensitivity % 87.5 (80.2, 92.8)
Specificity % 96.2 (92.6, 98.3)
PPV % 92.9 (86.5, 96.9)
NPV % 93.1(88.9, 96.1)
+LR 23.0 (11.6, 45.5)

LR 0.13 (0.08, 0.20)

Comparison between HQFR and DS% for the

HQFR <0.80 DS% 250%

76.5(71.9, 81.1)
57.5 (48.1, 66.5)
86.7 (81.3, 91.0)
71.1 (61.0, 79.9)
78.1(72.2, 83.2)
4.3 (3.0, 6.3)
0.49 (0.40, 0.60)

330 vessels, 306 patients

AngioPlus Core
(Pulse Medical)

Tu S et al., Catheter Cardiovasc Interv 2021;97(2):1040-7
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l Two Views Is Not Always Better

sview | ECCENtric Lesion, but Symmetric Lumen

OOCCOO COOOO
OCCOO <><>oo<>

3D ‘ perfect co-registration imperfect co-registration
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2D nQFR vs. 3D nQFR

2 recommended projections
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I} 2D pQFR vs. 3D UQFR

100

o 1) co
o o o

Sensitivity

N
o

— HQFR1  AUC 0.96

/" 280 vessels 262
’ patients

--- MQFR2 AUC 0.95
------ 3D-uQFR AUC 0.95
|

20 40 60 80 100
100-Specificity

FFR <0.80 as reference

Accuracy %
Sensitivity %
Specificity %
PPV %
NPV %
+LR
-LR
AUC

HQFR1 <0.80
92.1 (89.0, 95.3)
88.1 (80.2, 93.7)
94.4 (90.0, 97.3)
89.9 (82.2, 95.0)
93.4 (88.7, 96.5)

15.8 (8.6, 28.9)

0.13 (0.07, 0.2)
0.96 (0.93, 0.98)

HQFR2 <0.80
92.5 (89.4, 95.6)
88.1 (80.2, 93.7)
95.0 (90.7, 97.7)
90.8 (83.3, 95.7)
93.4 (88.8, 96.5)

17.5 (9.2, 33.3)
0.13 (0.07, 0.2)
0.95 (0.92, 0.98)

3D-puQFR <0.80

93.2 (90.3, 96.2)
90.1 (82.5, 93.7)
95.0 (90.7, 97.7)
91.0 (83.6, 95.8)
94.4 (90.0, 97.3)
17.9 (9.4, 34.0)
0.10 (0.06, 0.2)
0.95 (0.92, 0.97)

Single-view nQFR and two-view 3D-uQFR had comparable accuracy

Ding, Tu, Wijns et al. JSCA/ 2022; 1: 100399
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l Diagnostic Performance of pQFR

100
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Sensitivity
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797 patients, 877 vessels (feasibility 95.4%) with paired pnQFR and FFR
core lab, blinded analysis using the FLAVOUR* study population

_“AUC 0.95 (95%C1 0.93

n=877
, 0.96), p<0.0001
|

0 20 40 60 80 100

100-Specifi

city

Pre-PCl pQFR <0.80

Accuracy % 90 (88, 92)
Sensitivity % 82 (77, 86)
Specificity % 94 (92, 96)
PPV % 87 (83, 91)
NPV % 92 (89, 94)
+LR 14.3 (10.3, 19.9)
-LR 0.19 (0.1, 0.2)
AUC 0.95 (0.93, 0.96)

Pre-PCl FFR <0.80 as reference
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* Koo et al. N Engl J Med 2022;387:779-89

Ding et al, Manuscript under review



l Concept of Radial Wall Strain (RWS)

Normal Vulnerable plaque

.....
—~—

Minimal diameter
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Maximal diameter

Dynamic Angiogram

5 4 9 13.6%

Max lumen deformation

Radial wall strain (RWS) =

max diameter —min diameter

max diameter
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Hong H, Wijns W, Tu S et al., Eurolntervention 2022;18(12):1001-10



l Implementation of RWS and yQFR

Serie§ NO.S

2013:01-21 1206513 O . 9 O

Frame rate; 15.0 f/s Vessel MQFR Vessel QFR
50.3 mm

3.1/2.9mm

AQFR 0.07

0.97

| B1:093 Residual QFR
[ ©93)

24mm

Max RWS: 0.34 mi Max RWS%:

) ~ _ RWS will be rapidly available after nQFR and

LAO:42.6 CRA: 1.6

Cal. fac. : 0.19 mm/px (Isocenter) : AMR: ,\ CO'regiSte red With a ngiogra m

AngioPlus Core
(Pulse Medical, Shanghai)
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Tu., EuroPCR 2022
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l RWS Identify Vulnerable Plaque Defined by OCT

S
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VISUAL ILLUSTRATION. Radial Wall Strain: a Novel Angiographic Measure of Plaque
Composition and Vulnerability

RWSmax for LCR>0.33
Radial wall strain (case example) L
Max RWS: Max RWS%: 80 |-
: RWS 12% !
\‘Q.,}RWS 12% RWS5% T LCR 0.25 é‘ 60 |-
[72]
ot - )
K ’,;,17') w 40 .
A RWS 150, B 4 20 AUC = 0.86
' LCRO6: : (95%Cl 0.78-0.91)
T _ P < 0.001
0 &3 -3 3 1 2 4 2 1 3 oA A 1

O Lipid plaque
@ Fibrotic tissue
O Calcified plaque
@ Macrophages

0 20 40 60 80 100
100-Specificity

//1‘ I /,/ A\
( P\ \}
] x

RWS 5%

LCR 0.08

Abbreviations: LCR, lipid-to-cap-ratio; RWS, radial wall strain.
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Hong ,Tu, et al. Eurolntervention 2022; 18:1001-10 Hong, Tu et al., JACC:Asia 2022;2:460-472



l RWS Predicts Subsegent AMI

Aqu:atllsg)ts A?;I]I:grélc;l;p Co?rt]rzll%rzo)up o value

Coronary artery location 1.000

LAD 52 (29.5) 13 (29.5) 39 (29.5)

LCx 16 (9.1) 4(9.1) 12 (9.1)

RCA 108 (61.4) 27 (61.4) 81 (61.4)
Coronary segment location 1.000

Proximal 60 (34.1) 15 (34.1) 45 (34.1)

Middle 88 (50.0) 22 (50.0) 66 (50.0)

Distal 28 (15.9) 7 (15.9) 21 (15.9)
QCA-derived parameters

MLD, mm 2.0 (1.7, 2.4) 1.9 (1.6, 2.4) 2.0(1.7, 2.4) 0.409

DS%, % 34.0 (30.0, 40.0)  33.0 (29.0, 40.0) 34.5(30.3, 40.0) 0.359

RVD, mm 3.0 (2.6, 3.6) 2.9 (2.5, 3.6) 3.1 (2.7, 3.6) 0.283

Lesion length, mm 13.0 (9.4, 16.9) 15.2 (10.4, 18.3) 11.9 (9.2, 16.5) 0.040
Vessel-level yQFR 0.91 (0.88, 0.94) 0.92(0.88, 0.95) 0.91(0.88,0.94) 0.640
Lesion-level AUQFR 0.04 (0.02,0.07) 0.04 (0.02,0.07) 0.04 (0.02,0.07) 0.725
RWS,.., % 10 (9, 13) 13 (13, 14) 10 (9, 11) <0.001

44 lesion-related AMI patients with
132 matched controls

100+

mm RWS,,,>12% mm RWS,,£12%
84.8
g 80- 77.3
42}
S
w60+
@
‘s
S 40-
=
Q
o
o
a 20+
0-
AMI group Control group
RWS,,,>12%: 34/44 S 20/132
Risk ratio (95% Cl): 7.25(3.94-13.37)
p value: <0.001
N7 s ( b
/I \T=TSJTU

Li, ..., Tu, Ge. J Am Coll Cardiol Interv 2023; 16:1039-1049




Combined yQFR-RWS Significantly Improves the Safety
of Deferred Revascularization

G Fi
% ‘q SHANGHATI J1AO TONG UNIVERSITY

30 15 -
i — RWSmax>12% : : —
— RWSmax<12% o mmm  Angiographic nonsignificant
o 25 D m= | QFR>0-80
== | HR 4.77 (95%CI 2.63-8.64) 2 45 11-5 MQFR>0-80 + RWS,,,,<12%
c - -
— <0. c
Eé 20 p<0.001 g
S S I )
s 15
T ®© o]
o
83 | L 97
&< 10 , I ®
c & _
2 | I e Q
5 o 6 -
B . 7))
I — ]
0 4]
I I 1 1 >
0 3 6 9 12 "'6 3 -
Time (months) ®
Number at risk ©
Group: RWSmax>12% o
200 197 187 181 170 0-
Group: RWSmax=s12%
633 626 625 619 612 VOCE

/\jf\ﬁSJTUJF

Tu S, Wijns W et al., J Am Coll Cardiol 2023; 81(8):756-67



l An Example Case

A 40-year-old patient presented with NSTEMI: the culprit sub-occlusive LCx stenosis was treated at
the index procedure and the non-culprit RCA intermediate stenosis was deferred

Non-culprit RCA stenosis at the index procedure: A severe prog ression of the
MLD = 1.7 mm, DS% = 41%, pQFR = 0.90, RWS, _, = 27.7% .
deferred RCA lesion was

Max RWS:
found 9 months later

max

0 (mm)

LAO 45°
CAU 0°

ﬂf\%@ﬂﬁ

Fezzi, Tu, Wijns, Ribichini et al. Eur Heart J Case Rep 2023; 7(8):ytad309



l Limitations in Angiography-based Solutions

* Angiographic image overlap and significant foreshortening
* Post-PCl optimization: stent mal-apposition/under-expansion
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OFR UFR

1-Contour

OctPlus & %

1-Contour

i
é
¢
*

Vessel OFR
. =
02 -
164 282 |4
015 1438 | &’
087 1048 |

OctPlus (Pulse Medical, Shanghai, China) IvusPlus (Pulse Medical, Shanghai, China)
N F=rsuTull 1




l High Diagnhostic Concordance between OFR and FFR

L Pre-PCl Post-PCl
80 |- Accuracy, % (95% Cl) 91(88,94) 87(82, 91)
B 8 : Sensitivity, % (95% Cl) 88(83,93) 78 (67, 86)
> |
"é Specificity, % (95% Cl) 94 (90,97) 93 (88, 97)
= I
) 40
I Positive predictive value, % (95% Cl) 93 (88, 96) 88 (79, 93)
20 ] Negative predictive value, % (95% Cl) 90 (86, 93) 87 (82, 91)
B —— Pre-PCl AUC = 0.95 (95%CI 0.93-0.97)
I e . %C1 0.89.0. 15.11 11.82
oL | e ARE s EEREER Positive likelihood ratio (8.49,26.88)  (6.22,22.45)
0 20 40 60 80 100 0.12 0.24
Negative likelihood ratio (0.08, 0.19) (0.16, 0.36)

100-Specificity

Hu, Wijns, Tu et al. Eurointervention 2023:19(2):e145-54 Gutiérrez-Chico, Tu et al. Cardiol J 2020;27:350-61
Yu, Tu et al. Eurolntervention 2019;15:189-97 Emori, Tu, Akasaka et al. Circ J 2020;84:2253-8
Huang, Tu et al. Eurointervention 2020;16:568-76 Ding, Wijns, Tu et al. Eurolntervention 2021;17:€989-98
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l OCT-uFR from Co-registered Angiography and OCT

49 ® DDl oFR Fusion C® | ke angio, OCT, and FFR measurement
:" % ' B Fusion [IFR v 'L: = . R S ) 3; 100 _—
80 B |
> 60 P
3 - o
¢ n/s \3;3/1)2775 WW:255 % - Jr_,‘."
1 A
20 =)
[ ||| — OCT-uQFR: 0.95 (0.91-0.97)
|/ | — pQFR: 0.92 (0.88-0.95)
|| | —— OCT-derived AS%: 0.79 (0.73-0.84)
0 |-~ QCA-derived DS%: 0.81 (0.76-0.86)
Flow  !IFR-2D IFR-3D 0 20 40 60 80 100
100-Specificity

al WJTUF

Xu, Tu et al. JSCAI 2023; 101043



Suboptimal angiographic image quality (109 vessels)

OCT(')";%FR - ‘MQFR < o.so‘ p
AUC 0.93 0.87 0.028
Accuracy 90% 81% 0.056

Optimal angiographic image quality (160 vessels)

OCTE,“&FR = |nQFR < o.so‘ D
AUC 0.94 0.94 0.879
Accuracy 93% 93% 0.828
s MN\F=rsoTul 1L

et al. JSCA/ 2023; 101043



l Al-powered OCT :

OctPlus & %

1-Contour

WL 110 W28
Vessel OFR A Bl
0.88

272 208
0.09 9938
0.97 1035

A Measurements o

s M\FsuTull 1L

Chu M, Tu S et al., Eurolntervention 2021;17:41-50



l Al-powered OCT: Validation against Expert Annotation;;::j

Expert-result  Al-result

m Correct E Incorrect

fibrous

163 (97.6% ) g(2.4% )

lipidic 162 (90.5% ) kﬂg-S% )

80
All Regions kA%) calicium 138 (88.5% ) ks(ll,s%)
. (48.1%
macrophages k7 40 (51.9% )

94.7% )

(
cholesterol 3 "
crystal k | 1(5.3%)
0 50

100 150 200

Diagnostic accuracy = 92.2% for basic plaque
components

[ Fibrous/intimal  [] Lipid [C] Calcium [ Maicrophage [l Cholesterol crystal
[ Side-branch B Guide-wire
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Chu M, Tu S et al., Eurolntervention 2021;17:41-50



binary variable

TCFA = thin-cap fibroatheroma
Cap thickness<65um & lipid arc>180°

LCR = lipid-to-cap ratio
Lipid burden / cap thickness

continuous variable

LCR=

>180°

FCT=60pum

TCFA(+)

L

60pm

*100=0.25

TCFA(-)

0

*100=0.389

90pum
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Hong H, Tu S, et al., JACC: Asia 2022; 2:460-72



l Prediction of 2-year MACE for Non-culprit Vessels

604 ACS patients (915 vessels)

30+
—— LCR=>0.33
—— LCR=0.33
E —
@
£ 20}
e w HR 19.13 (4.49-81.55)
28 p<0.001
®=
23 _:—'—'_‘
E g 10 |-
o _‘_'_,_A_l_
D | I 1 1 |
0 6 12 18 24
months
Number at risk
Group: LCR>0.33
172 164 155 152 147
Group: LCR=0.33
432 429 427 425 422

- }: V4 )
\ YELAAE
?"o,, ‘q SHANGHAI JIAO TONG UNIVERSITY
30
—— TCFA(+)
- ~— TCFA(-)
n ——
©
§ é 20 |-
g HR 2.77 (1.19-6.44)
23 p=0.003
T3
E a 10
S < [
Q —‘—,_‘—,
__—,_,—r—’_'
ﬂ | | | ] |
0 6 12 18 24
months
Number at risk
Group: TCFA(+)
69 64 62 61 99
Group: TCFA(-)
535 529 520 516 510
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Hong H, Tu S, et al., JACC: Asia 2022; 2:460-72
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o
1

14.0

Curmnulative Incidence of Nonculprit Vessel Related MACE( %)
=]

o -
LCR =0.33 OFR =0.84 TCFA(+) MLA =2.95 TCFA(+) +
MLA =2.95
Events/Patients 24/172 2/432  24/217 2/387 9/69 17/535 15/200 11/404  3/28 23/576
Hazard Ratio 1912 1n.52 277 263 1.95
(95% Cl) (4.49-81.55) (2.70-4912) (119-6.44) (1.20-5.76) (0.56-6.80)
P value =0.00 0.0Mm 0.002 0.016 0.295

M Present M Absent

24.0

06

LCR =0.33 +
OFR =0.84

23/96 3/508

4273
(12.80-142.64)
=0.001

Hong H, Tu S, et al., JACC: Asia 2022; 2:460-72

3.0

TCFA(+) +
OFR =0.84

9/36 17/568

6.58
(2.83-15.33)
= 0.001
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l Future: Inflammation and Biomechanics

« Inflammation: the major underlying mechanism of

atherosclerosis

Innate immunity
Modifed LDL and

! HDL, ApoB peptide H MHC Peptide o
i or lipid antigens . classll antigen 5 :
! Cholesterol crystals o o, Naive E !
| t L \cDa- |______} .
i L Teell |
i @ Macrophage i) TCR KT cell TCR e !
l @ i ' | :
| -] a [ 1
' 11 Activated Activated i
; I—.| | | INKT cell T cell Activated i
i TLR and inflammasome i atp > vhay Beell i
E activation Y 4.-;: [ 310 |
i i ! =T celland B cell responses !
! = Cytokines (IFNa, IFNB, IL-18, IL-6, TNF) 11 = Cytokines (IFMy) !
! = Growth factors H = Growth factors |
; = ECM-degrading enzymes b o e
| = NET formation ! I
! = ROS generation | S . Fibrous cap
B b P Endnlhelial cell erosion or rupture
1 S esquamation -
Hypercholesterolaemia i ‘\‘ L Rl \| l-’;-'—Apnptmic
ApoB-LP .. : " ,r", i Apoptotic endothelial cell
i : e VSMC
{ | Immune cell 0 \
I ] Rt Inflammatory
i recruitment 4 [Fibrous cop NET ._macmphage @-T i
L 1 e formation | Protease -
Lumen . \ ; A L -\‘ ® Necrotic core D4+
Endmhehval cell : ﬁj: : L ' Collagen Fibrom o T1cel
I y : \ yocyt H
S ——— ._ : | 1 | e Foamy TREMZ"#
§ e — = oe, “ hai
Intima | £ dothelial cell '.k‘@} BICY _/ e - i
VsMC | activation and APCT L TCR g Macrophage-like / cell Activated resident ~ CD8*
|| dysfunction Miniiation of = VSMC e macrophage ;wo:loﬂc
o e
Media immune response / VSMC migration ;i*‘ @
and proliferation
Adwventitia r P o
Dendritic cell Tcell Fibroblast B cell Resident n:;cmphage

 Biomechanical forces: critical local factors
affecting plaque initation, progression, and rupture

Enhanced expression
of inflammatory
adhesion molecules
(e.g. VCAM-1 and

E-selectin)

—_—
Disturbed
e blood flow
Laminar
blood flow
Arterial 4
lumen
Intima-
e S Foam cell
- <o e
Media L Bil®,77 !®! = /@ f
I" /
Adventitia- ’,’I
| e AL, :
i TPSS Microcalcification 7 : e Increased EC TWSS| /
! s turnover !
! * Activation of ]
) JNK and p53 \ 1

* Localized increase in PSS
* Large necrotic core
-| ® Thin fibrous cap

® Microcalcification
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Engelen SE et al., Nat Rev Cardiol 2022;19(8):522-42

Brown AJ et al., Nat Rev Cardiol 2016;13(4):210-20



l Integrated OCT, IVUS, NIFR, and PSS

OCT IVUS NIRF

: . . _ ) lecular & biochemical imagi
superior spatial resolution high penetration depth mo :;; ei:a”y ;gfirﬁgﬁ?ng;sgmg

Outer sheath Ball lens
DCF Fiber -

\ %} NIRF = near infrared fluorescence

PSS = plaque stress

OCT-NIRF probe Ultrasound transducer

1 pullback=




Thank You!
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