v e
- - - . 1 - -
b  ceevr e - -

¥ Pl e S '.f,«.-'-h. S R
.. .Hirtoshi Matsuo. M .-t :

partment of Card
Ifu Heart Center




Disclosure Statement of Financial Interest

Within the past 12 months, | have had a financial interest/arrangement
or affiliation with the organization(s) listed below.

Affiliation/Financial Relationship Company

e Consulting Fees/Honoraria e Zeon Medical Inc,
Phillips volcano
Abott Vascular
Boston Scientific,
Kaneka Medical Inc,
Nihon Mediphysics



Definition of IFR:

Instant wave-free ratio across a stenosis during the wave-free period, when resistance is
naturally constant and minimized in the cardiac cycle

120+

Wave-free period

Pressure (mm Hg)

0O 100 200 300 400 500 600 700 800 900

Time (ms)



Study Design

DEFNE FLAIK

Coronary stenosis in which physiological
severity was in question

1:1 Randomization

FFR-guided

revascularization

Kesting

iFR-guided

revascularization

A iR
> N

’ SWEDEHEART

MACE composite endpoint of:

* Death

* Non-fatal myocardial
infarction

* Unplanned revascularization

Non-inferiority margin for risk
difference: 3.4%

FFR >0.8
Defer PCI

FFR <0.8
Perform PCI

iFR >0.89
Defer PCI

iFR <0.89
Perform PCI

30 day, 1-, 2- and 5-year follow-up

Primary endpoint to be reported at 1-year

DEFINE FLAIR. https:/clinicaltrials.gov/ct2/show/NCT02053038.

Davies JE et al. N Engl J Med 2017; Gotberg M, et al. N Engl J Med 2017



pooled analysis of Define FLAIR and iFR Sweedeheart

IFR guide FFR guide

( n=>2 total # of stents 1520 ( nN= total # of stents 1693

mPCl m CABG m Defer mPCl = CABG m Defer

Significantly less revascularisation based on iFR interrogation (P < 0.01)

Escaned, et al EUROPCR 2017



MACE 1n 1FR and FFR guided decision—making:
pooled data

HR=1.03 95% CI: (0.81, 1.31) p=0.81

0.10
l

IFR 6.47%
FFR 6.41%

Proportion with MACE
0.05

0.00
I

0 1 2 3 4 5 6 7 8 9 10 11 12
Months since randomisation
MACE similar and low at 1 year after iFR- and FFR-based decision-making

Escaned, et al EUROPCR 2017



Pooled data: analysis of deferred revascularisation patients

0.10

Deferred: HR 1.05 (0.69-1.60); p=0.82

IFR 4.12%

———=" FFR 4.05%

Proportion with MACE
0.05

0.00

0 1 2 3 4 5 6 7 8 9 10 11 12

Months since randomisation
Similar and low MACE rates at 1 year after iFR- and FFR- based deferral

Escaned, et al EUROPCR 2017
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DEFINE FLAIR: IFR guided revascularization reduces procedure time

4.5 minutes saved”

Iﬂ— Median Time Saving—}l
IFR 40.5min I :
——————
I
FFR |
———— | 5, I\

Time (minutes)

* Threshold for reduction in median time (p=0.001)



Significantly Lower Cost with IFR

Adjusted A $896
(p=0.006)

w0 8243 Shorter procedural duration

8000

$7442 No hyperaemic medication

7500

7000

Lower PCl rates

6500

6000

Fewer CABG procedures

Fewer Unplanned PCI (LAD)

4500

4000

3500

FFR IFR
Lord J, Tanaka N, Yokoi H, Takashima H, Kikuta 'Y,
Koo BK, Nam CW, Matsuo H, Serruys PW, Escaned J, Patel M, Davies J, et al. ACC.18. Submitted



ESC Guideline of coronary revascularization (Neumann, Sousa-Uva et al. 2018)

Recommendations on functional testing and intravascu-
lar imaging for lesion assessment

Recommendations

When evidence of ischaemia is not avail-

able, FFR or iwFR are recommended to

When evidence of ischemia is
not available, FFR or iwFR are
recommended to assess the
hemodynamic relevance of
intermediate grade stenosis.

assess the haemodynamic relevance of

) ) . 15,17,18,39
intermediate-grade stenosis.

FFR-guided PCl should be considered in
patients with multivessel disease under-
going PCI. %"

IVUS should be considered to assess the

severity of unprotected left main
35-37

©ESC 2018

lesions.

FFR. = fractional flow reserve; iwFR = instantaneous wave-free ratio: IVUS =

intravascular ultrasound; PCl = percutaneous coronary intervention.

*Class of recommendation.

®Level of evidence. 11



Intracoronary Physiology Indices
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Dicrotic notch

Diastolic  ~

(Systolic Phase) (Diastolic Phase)



Options in Coronary Physiology

Hyperemic Non-Hyperemic Pressure Ratios (NHPR)

Diastolic/
Subcycle

BOSTON SCI PHILIPS OPSENS ABBOTT

<0.80 | <0.91 <0.89

Whole Cycle

| ALL I
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dPR provided by Opsens

A Diastolic zone definition

diastole

150 -

Pressure [mm Hg]

50

100 \

dPR

0

1 2

The dPR is shown as the Pd/Pa* ratio over the entire diastole

* mean (Pd/Pa)

» Does not require ECG signal.

» Opsens own signal analysis and dicrotic notch detection method.

» Median value over 4 consecutive heart beats is regarded as dPR because this
allows reliable dPR measurement without the need for analyzing and
rejecting heartbeats that are considered as irregular/outliers.

Matsuo H, TCT 2018 presentation slide.



DFR provided by Boston Scientific

Intermediate Lesion Severe Lesion
DFR: 0.90 DFR: 0.71
iFR: 0.90 iFR: 0.71
140

=< 100

mean

a0

60

40

 This e DFR window uses two criteria: Pa < mean
Pa AND down-sloping Pa

 No ECG signal required
« 5-beat average in bold = DFR definition



RFR provided by Abott Vascular

RFR = Resting Full Cycle Ratio

RFR is a resting index specifically equipped with abbott vascular pressure wire.
RFR is defined as the lowest Pd/Pa during whole cardiac cycle. 5 beats averaging
value is regarded as the RFR in the single point calculation whereas Beat by beat
value is applied to draw the pullback curve of RFR.

< > FFR (average Pd/Pa
over full cycle)

iIFR (average Pd/Pa over
diastolic wave-free period)

Pressure (mmHg)

® RFR (lowest sub-cycle Pd/Pa
calculated as a moving average)

Time 16 of
24



mmHg

ACIST dPR: Algorithm Definition

ACIST

A

Pd/Pa at midpoint of peak to peak averaged over 5 beats
120
a0

- Pd I

Wave-Free Period

- Pa

.

0l Seconds 1 2 3 4

CVIT2018



Comparison of different diastolic resting indexes to iFR
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Comparison of different diastolic resting indexes to iFR

TABLE 1 Median Values and Mutual Differences, Spearman's Correlation Coefficients,

Coefficients of Determination, and AUC Values of Resting Diastolic Indexes With
Respect to iFR

Indiex Median (IQR) Difference With iFR  Spearman‘s Rho R* AUC
dPR 0.920 (0.8820-0.960) 0.0059 + 0.0108 0.993 0.984 0.997
dPR 25 75 0.915 (0.870-0.950) 0.0012 + 0.0065 0.997 0.994 0.999
AdPR i 0.915 (0.870-0.950) 0.0012 + 0.0081 0.993 0.990 0.997
IF Reretonss 0.915 (0.875-0.955) 0.0054 + 0.0088 0.993 0.989 0.995
IFR_ 50ms 0.915 (0.870-0.950) 0.0026 + 0.0083 0.996 0.990 0.998
iFR yooms 0.915 (0.870-0960) 0.0009 + 0.0086 0.996 0990 0.998

AUC = amea under the curve; dPR = dizstolic pressure ratio; dPR.c. = = averzge Pdf/Pa from 25% o 75%
into diastole; dPRy = PdfPFa at the single point in time at mid-dizstole; IFR = instantaneous wave-free ratiog
IFR_some: = average PdfPa from 25% into diastole until 50 ms before end of diastole; iFR_jgoms = average
Pd/Pa from 25% into dizstele until 100 ms before end of diastole; iF Rmarsa s = average PdfPa from 25% into diastole
until 5 ms beforeend of diastole; KR = interguartile range; Pa = aortic pressure; Pd = distal coronary pressure.

FIGURE 2 Scatterplots of iFR Versus Different Diastolic Indexes
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Scattemplots of iFR versus dif ferent diastolic indexes. The dashed lines indicate the Lline of
identity. Abbreviations as in Figure 1.

van’t Veer M et al . JACC 2017; 70 (25):2088 — 96




VALIDATE RFR study

A R?=0.985, p<0.001
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Johan Svanerud et al. Eurointervention 2018



Case 1: 72 y.o. male, atypical chest pain

Coronary angiogram showed serial stenosis in RCA

Images shown are the authors’ own.



Simultaneous Assessment of dPR and iFR

Images shown are the authors’ own.

200
180

160

- 140

HANTANVANVANT

=120

100

60

40

List of Runs

1AM
11:38:05 AM
11:38:27 AM
11:38:49 AM
11:39:11 AM
11:41:11 AM
11:41:26 AM
11:52:36 AM

11:59:48 AM

Pullback

00.04,

1.00+
0.90 -
0.80
0.70 4
0.60 -
0.50 4
0.40 -
0.30
0.20 4
0.10

0.00 -




dPR is reproducible
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Images shown are the authors’ own.



Pullback assessment of iFR and dPR




Case 2: 77 y.0. male, anglna pectorls
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Simultaneous

Images shown are the authors’ own.

assessment of d PR and iFR in irregular heart beat
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Reproducibility of iFR

0:05 () ; : 5 0:05

iFR° [ I iFR’

[ List of Runs | iFR| FFR] : ' : j  List of Runs | iFR| FFR]
10:26:41 AM 0.99 : : 10:26‘:41 AM 0.99
Baseline Ba.seh.ne
10:34:08 AM 0.86 10.34._08 AM 0.86
LAD Distal LAD I?lstal
10:34:51 AM 0.88 10.34._51 AM 0.88
LAD Distal LAF) plsta|
10:35:12 AM 0.87 10.35.j2 AM
i LAD Distal
LAD Distal 202,
10:35:24 AM 0.86 10.35.4 AM
LAD Distal LAD Distal
10:35:59 AM 0.87 10:35:59 AM
Pullback Pullback
10:40:55 AM 0.98 150:4(;‘:55 AM
Baseline aseline

Images shown are the authors’ own.




Reproducibility of dPR

Images shown are the authors’ own.



Pullback assessment by DPR
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Circulation

ORIGINAL RESEARCH ARTICLE

Physiological and Clinical Assessment
of Resting Physiological Indexes

Resting Full-Cycle Ratio, Diastolic Pressure Ratio, and
Instantaneous Wave-Free Ratio

Lee JM, Koo BW et al . Circulation 2019; 139:889 — 900



A RFR -iFR

R=0.979, P<0.001
RFR = 0.956 x iFR + 0.022
e G-index 0.987
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R=0.9835, P<0.001
dPR =0.954 x iFR + 0.038
i C-Index 0.993

Diastelic Pressure-Ratie [dPR)

E dPR-FFR

R=0.819, P<0.001
dPR = 0.684 x iFR + 0.343
1% C-Index 0.917

Diastolic Pressure-Ratie (dPR)

Lee JM, Koo BW et al . Circulation 2019; 139:889 — 900

C dPR- RFR

R=0.992, P<0.001
dPR = 0.961 x RFR + 0.046
1 G-ndex 0.988
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Diastelic Pressurs-Ratie [dPR)
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Resting Full-Cyzle Ratis [RFR)

F iFR - FFR

R=0.814, P<0.001
iFR = 0.702 x RFR + 0.333
1@ C-ndex 0.920 ¥
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Resting physiological indexes according to different anatomical and hemodynamic
severity.
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15

10

Estimated 2-Year VOCO Rates (%)

Prognostic value of resting indexes.

iFR, dPR, RFR all showed similar association
with Estimated 2 year VOCO rates.

- iFR HR 0.514, 95% CI 0.370-0.715, p<0.001
== RFR HR 0.524, 95% CI 0.378-0.725, p<0.001

— dPR HR 0.587, 95% Cl 0.436-0.791, p<0.001

¥ L | T ¥ 1

0.60 0.70 0.80 0.90 1.00
Resting Physiologic Indices

Lee JM, Koo BW et al . Circulation 2019; 139:889 — 900



Take home message

» DEFINE FLAIR and iFR SWEDEHEART study demonstrated the
similar outcome with less revascularization, with less cost.

» Deferal by both iFR and FFR are safe.

» Both iFR and FFR are recommended as class IA in ESC
revascularization guideline.

» Other resting indexes like dPR, RFR, DFR are numerically
identical and prognostically same compared with iFR.

» These newly emerged resting indexes can be used in the same
way as iFR.



