The Basics of Coronary Physiology
Measurement: FFR, IFR and other NHPRs
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Many Indices

* Non-Invasive Functional Study
* Treadmill test
@ » Stress echocardiography
« Myocardial perfusion imaging
« SPECT
« MRI, CT

* Fractional Flow Reserve (FFR)

* Non-Hyperemic Pressure Ratio (NHPR)
* iIFR
* Resting Pd/Pa
* dPR
* RFR

Morton J. Kern et al. JACC 2017;70(17):2124-7
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How To Detect Objective Ischemia

 During , Decreased Coronary Blood Flow To Induce
I\I/Zl)yocar-dlal ..' Myocardial Perfusion Abnormality —
erfusion
Imaging

_ _ Direct Evidence
Contractile Abnormality - of Ischemia

I Stress Echo

Treadmill Test

Electrical Abnormality
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Ischemia Test in Cath Lab ?
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N H Pijls et al. N Engl J Med 1996;334:1703-8,

FFR as A Non-Invasive Functional Study In Cath Lab

Comparison with 3 Non-Invasive Functional Studies
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* N = 45 patients
 Sensitivity 88%, Specificity 100%, , NPV 88%
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Current Cut-off Value of FFR: 0.80

0 < > 0.75 «<— 0.80 <« > 1.0
Significant grey zone [, L ES L LTTr: 1]

Author Number Stress Test BCV Accuracy
Pijls et al. 60 X-ECG 0.74 97
DeBruyne et al. 60 X-ECG/SPECT 0.72 85
Pijls et al. 45 X-ECG/SPECT/pacing/DSE 0.75 93
Bartunek et al. 37 DSE 0.68 90
Abe et al. 46 SPECT 0.75 91
Chamuleau et al. 127 SPECT 0.74 77

I Caymaz et al. 40 SPECT 0.76 95
Jimenez-Navarroetal. 21 DSE 0.75 90
Usui et al. 167 SPECT 0.75 79
Yanagisawa et al. 167 SPECT 0.75 76
Meuwissen et al. 151 SPECT 0.74 85
DeBruyne et al. 57 MIBI-SPECT post-MI 0.78 85
Samady et al. 48 MIBI-SPECT post-MI 0.78 85
Ahn JM et al.(2011) 151 SPECT 0.77 89




FFR < 0.80: Stenting Justified FFR > 0.80: Defer
FAME 2 DEFER

Hazard ratio, 0.46 (95% Cl, 0.34-0.63) c di D th d MI

P<0.001 -
= < Mortahty ardiac vea an
o
"é P=0.002
o i =
§ In 325 patients 20 - P=0.003 l
T), * FFR=0.75 15 4
5 : P=0.21
s Medical Tx  PCI Medical therapy —> DEFER (n=91)
g R 10 4 7.9
O — PERFORMANCE (N=90)  ,| ..

- FFR<0.75 .. N

- DEFER REFERENCE
Years since Randomization REFERENCE (N=144) PERTORN
FFR 20.75 FFR <0.75
No. at Risk
E‘Cid'cal therapy ::.}, 3402 g;i i;i -The risk of CD or Ml related to this stenosis is <1%/year and not decreased by stenting.
De Bruyne, et al. New Engl J Med 2014;371:1208-17. J Am Coll Cardiol 2007:49:2105-11.
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Outcome Derived Revascularization Threshold

FFR: To Decide Revascularization

Cardiac Death, MI, and TVR Cardiac Death, and Ml

Deferral Deferral

Revascularization

Revascularization
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Log Hazard Ratio
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Interaction P<0.001 Interaction P=0.011

040 045 050 055 060 065 070 075 080 085 09 095 1.00
Fractonal Flow Reserve

040 045 050 055 060 065 070 075 080 085 090 095 1.00
Fractonal Flow Reserve

Ahn JM, Park SJ et al. Circulation 2017 Jun 6;135(23):2241-2251




FFR Guided PCI

FAME | Asan PCI Registry
WALk MACE ~

15 _

100 1
[ P=0.02 o HR (95%Cl) 0.55 (0.43-0.70), p<0.001
S Stent Number s OFED 055 QAT
- Q
—_ 0 = _
S 29.6% g " 8.6%
E 80l il Tt £ /
: "y 0 p
7] 2 |
3 3 5 4.8%
< 70 E I
Ll o
(&)
= 60 153 (31%) versus 143 (28%) events; 0 ‘ ‘ ‘ ‘ | |
: Log-rank p=0.22 0 60 120 180 240 300 360
0 : No. at Risk Days Since Procedure
No. at Risk 1 p. 3 4 5 _
CAG guided 495 193 150 319 293 257 Before Rolutlne Use 2178 2066 2011 1960
FFR guided 509 434 189 341 310 263 After Routine Use 2178 2092 2067 2037
van Nunen LX, Zimmermann FM et al. LANCET 2015;386(10006):1853-60 Park SJ, Ahn JM et al. Eur Heart J. 2013 Nov;34(43):3353-61
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Asan PCIl Reqistry

Stent Number Death
5 15 1 -
P=0.84 P=0.60
0.8 -
1l P<0.001 2 0.7 0.7
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1 Cardiac Death NonCD
1.0
29%
0 . , : : 0 f T T | | T ]
1vD VD 3vD LM 0 60 120 180 240 300 360

« The benefit of FFR guided PCI is primarily due to
1) The reduced number of stents per patient

2) The subsequent decreased risk of peri-procedural Ml and repeat revascularization

3) Favorable outcome with less stenting

Myocardial Infarction
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Park SJ, Ahn JM et al. Eur Heart J. 2013 Nov;34(43):3353-61
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Treatment Strategy

Reduced Stent Number and Increased Medical Treatment

FLOWER-MI FUTURE Trial

Number of stents per patient

15 30% l

Control Group FFR Group

CAG Guided B FFR Guided

I Optimal Medical Treatment Alone M PClI [ CABG

N Engl J Med 2021;385:297-308 J Am Coll Cardiol 2021,78:1875-1885
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FFR Requires Hyperemia
(Adenosine, ATP. Nicorandil etc.)
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» Contraindicated or disliked by

patients
 Adds costs and time

 Adds inconvenience and risk




Since TCT 2011,
IFR, Instantaneous wave-free ratio

Hypothesis 1

Resistance measured at rest durir HypOthESiS 2
free period is similar to mean resi

hyperaemia. The Pd/Pa ratio (iFR) during the re
period was similar to FFR.

Diagnostic accuracy of iFR
Compared with FFR, 0.80

+ BestiFR cut-off;

<0.89 2. —_

77777777

= Properly classified by iFR: o
= B2.46%

Hyperaemic mean resistance

075
i
.,

| Area under ROC =0.90
f (95% Cl: 0.88-0.92)
p=0.0001

= Specificity:
B7.78%

Wave-free period

Sanaitivity
0.50

Pressure (mm Hg)
.

/+ Sensitivity:
f 72.98%

0.25

0 ;ﬂl * Positive predictive value:
I 77.02%

[T 0.00 025 0.50 075 1.00
1 - Specilicily

0

Wave-free period
0.0
|

ADVISE study

« Negative predictive value:
85.27%
ADVISE study

Justin Davies and Javier Escaned , ADVICE | and Il study presentation



ACC 2017, o
IFR is Non-Inferior to FFR
to Guide Revascularization Decision

DEFINE-FLAIR IFR-SWEDEHEART

Hazard ratio, 0.95 (95% Cl, 0.68 to 1.33)

g iFR (n=1012)

FFR

0
I 02345 6 7 %920 112

2 3 B 5 6 7 8 9 10 11 12

FFR (n=1007)

HR (95% CI) =
1.12 (95% CI: 0.79, 1.58)
P=0.53

Patients (%)
Cumulative risk of composite endpoint (%)

Months since Randomization No. at Risk

No. at Risk iFR 1012 1002
iFR 1242 1149 1131 1122 1118 1111 1088 1052 1037 1027 1019 995 764 FFR 1007 990

FFR 1250 1169 1156 1149 1144 1141 1119 1081 1066 1055 1046 1017 793

N Engl J Med. 2017 May 11;376(19):1824-1834 N Engl J Med. 2017 May 11;376(19):1813-1823
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Guidelines

ESC Guideline 2018 ACC/AHA Guideline 2021

Recommendations for the Use of Coronary Physiology to Guide
| ,_ Revascularization With PCI
A

Referenced studies that support the recommendations are
summarized in

1. In patients with angina or an anginal equiva-
lent, undocumented ischemia, and angio-

When evidence of ischaemia is not avail-

able,|FFR or iwFRfare recommended to

assess the haemodynamic relevance of

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

FFR-guided PCl should be considered in

patients with multivessel disease under-
12931

going PC

the decision to proceed with PCI.™®
IVUS should be considered to assess the

. In stable patients with angiographically inter-
mediate stenoses and FFR >0.80 or iFR

severity of unprotected left main

lesions.>> 37

>0.89, PCl should not be performed.” "




Since 2017/,
Many Non-Hyperemic Pressure Ratios (NHPR)
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Introduction

Resting coronary physiology to guide revasculinzation procedures
dates 10 the very advent of perctanecus coromary itervention
(PCI). In the first reported series of coronary balloon angk
Grintzig measured the pressure drop 3cro
baseline and agan afer dilstion, although be
acknawledged itrogenic gradient generated by the dewce itself.'

Pressure gradent 2
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The irstantanecus wavedfree ratio (IFR)
non-hyperaemic condtions, To test for unig
coronary pressure measurements. we com
numerical simitanty and test/retest repeataty

Exght hundred and ranety-three lesions from
tes. Dastolc pressure ratio and 2 linear tray
Mean dfference between dPR and IFR [A

(ROC) curve (AUC) » 0997] marrored

<0001 £ 0004, # » 0998 AUC = 1.00)
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(A ».0012 £ 0031, /¥ = 0927, AUC = O
matched almost exactly (average A = <0.00)
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Validation of Resting Diastolic Pressure Ratio Calculated
by a Novel Algorithm and Its Correlation With Distal
Coronary Artery Pressure to Aortic Pressure, Instantaneous
Wave-Free Ratio, and Fractional Flow Reserve

The dPR Study

See Editorial by Kern and Seto Jurgen Ligthart, RT*

Kaneshka Masdjedi, MD*

Karen Witberg, RN

Frits Mastik, BSc

Laurens van Zandvoort,
BSc

Miguel E. Lemmert, MD,
PhD

Jeroen Wilschut, MD

Roberto Diletti, MD, PhD

Peter de Jaegere, MD,
PhD

Felix Zijlstra, MD, PhD

Isabella Kardys, MD, PhD

Nicolas M Van Mieghem,
MD, PhD

Joost Daemen, MD, PhD

BACKGROUND: Instantaneous wave-free ratio (iFR) offers a reliable
non-hyperemic assessment of coronary physiology but requires dedicated
proprietary software with a fully automated algorithm. We hypothesized
that dPR (diastolic pressure ratio), calculated with novel universal
software, has a strong correlation with iFR, similar diagnostic accuracy
relative to resting distal coronary artery pressure/aortic pressure and
fractional flow reserve (FFR)

METHODS AND RESULTS: The dPR study is an observational,
retrospective, single-center cohort study including patients who
underwent iFR or FFR. Dedicated software was used to calculate the

dPR from Digital Imaging and Communications in Medicine (DICOM)
pressure waveforms. The flat period on the pressure difference between
sample (dP) to the time difference between the same sample points (dt)
signal was used to detect automatically the period, where the resistance
is low and constant, and to calculate the dPR, which is an average over

5 consecutive heartbeats. The software was validated by correlating iFR
results with dPR. Software validation was done by comparing 78 iFR
measurements in 44 patients who underwent iFR. Mean iFR and dPR
were 0.91+0.10 and 0.9210.10, respectively, with a significant linear
correlation (R=0.997; P<0.001). Diagnostic accuracy was tested in 100
patients who underwent FFR. Mean FFR, resting distal coronary artery
pressure/aortic pressure, and dPR were 0.85+0.09, 0.94+0.05, and
0.93+0.07, respectively. There was a significant linear correlation between
dPR and FFR (R=0.77; P<0.001). Both distal coronary artery pressure/aortic
pressure and dPR had good diagnostic accuracy in the identification of
lesions with an FFR <0.80 (area under the curve, 0.84; 95% Cl, 0.76-0.92
and 0.86; 95% Cl, 0.78-0.93, respectively)

CONCLUSIONS: dPR, calculated by a novel validated software tool,
showed a strong linear correlation with iFR. dPR correlated well with FFR
with a good diagnostic accuracy to identify positive FFR




Definition of Physiologic Indices

(A) FFR (<0.80)
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(B) Resting Pd/Pa (<0.91/0.92)
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(E) RFR (<0.89)
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(C) iFR (0.89)
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Mean Pd/Pa at rest during wave free period (WFP)

(F) DFR (<0.89)
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IRIS-FFR Registry

A 4

2301 lesions in 1851 patients
With valid resting and hyperemic raw pressure tracing (=5 beats)

\ 4

1329 lesions were after physiologic assessment
IRIS FFR IRIS FFR* Nils P. Johnson Marcel van ‘t Veer Ziad A. Ali Nils P. Johnson
Wenguang Li Johan Svanerud Johan Svanerud Wenguang Li

*All resting tracings were confirmed by Wenguang Li during virtual iFR and DFR calculation
tcalculated using the proprietary software (Volcano Corporation)

-




A

NHPR vs. IER

Prediction of IFR <0.89

FFR Pd/Pa ﬁ{ dPR RFR DFR\\
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Kaplan-Meier Curves o

(A) FFR (B) Resting Pd/Pa (C) iFR
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13.7 %

r=0.89 (0.86-0.90; p<0.001)

0.8-
0.7-
0.6~
0.5~
0.4-
0.3~

0.2- *
02 03 04 05 06 07
FFR

Cook CM et al.

JACC Cardiovasc Interv. 2017;10(24):2514-2524

Frequency of FFR/iFR Discordance
13.3 %

High iFR-Low FFR High iFR-High FFR
8.4% (69/817) 71.0% (580/817)

56.8%

Q
2
©
>
[+ 4
&

r=0.811, P<0.001

. Low iFR-Low FFR Low iFR-High FFR
15.7% (128/817) 4.9% (40/817)

] '
08 09 1.
03 04 05 06 0.7 0.9 1.0

SH Lee et al.

iFR/FFR discordance

20.6 %

iFR/FFR concordance

50 40 30 2 10 0 10

Frequency

Derimay F et al.

20 N 4

JACC Cardiovasc Interv. 2019;12(20):2018-2031 Catheter Cardiovasc Interv. 2019 Sep 1;94(3):356-363



Physiologic and Anatomic Characteristics of S

Discordant Lesions

: : 'R+/IFR— : Focal Disease
Differences in Coronary Flow Reserve FFR—-/iIFR+ - Diffuse Disease

Coronary Flow Reserve
p =008

FFR-  UNOBSTRUCTED

FFR-/iFR+ FFR+/iFR-
Cook CM et al. JACC Cardiovasc Imaging. 2020 Mar;13(3):746-756.
JACC Cardiovasc Interv. 2017;10(24):2514-2524 Circ Cardiovasc Interv. 2019;12:e007494

*Adverse plague characteristics include low-attenuation plaque,
k' - positive remodeling, spotty calcification, and napkin risk sign




11l
Clinical Characteristics of Discordant Lesions

Low Resting Pd/Pa . .
Normal EFR High Resting Pd/Pa Odds Ratio 95% CI P Value
59 Mormal FFR
Resting Pd/Pa<0.92and FFR>0.80 VerylSmall Hyperemic Pressure|Drop
1.00 — 5.0% 561-??‘? Age 1.02 1.01-1.03 0.004
0.90 — T ; Gender (Male) Low CFR phenotype 4 0.59-0.94 0.012
0.80 —deeremeeeens .. inrameaamariasaimentsienasenantens 02 faddd : Diabetes 50 1.19-1.89 0.001
_ o : Hyperlipidemia 0.72 0.57-0.91 0.005
16 % Discordance | i LM/pLAD
e /0 *1: Proximal location (vs. mid to distal) 0.49-0.78 <0.001
O 0 PR T TP S i Resting Pd/Pa>0.92 and FFR<0.80 Very|Biqg Hyperemig Pressure Diop
b e, #%er Tt e e
TH O ‘ i . Age 0.97-0.99 <0.001
0.40— e C 22.3% | 11.0%
Cr e : i Gender (Male) 1.45-2.22 <0.001
0.30 —
? Diabetes i 0.66-0.96 0.016
0.20— Low Resting Pd/Pa High Resting Pd/Pa e Super normal CFR phenotype
Low FER Low EER Family history e 0.50-0.87 0.003
0.10 — 11%
. Chronic renal failure 0.32 0.14-0.75 0.008
0.00 — T T T T T T T T T T T T T-T 1
P PP PP LPLLTLELLEL,FPL,LLSL S Diameter stenosis (250%) 3.16-5.21 <0.001
Resting Whole-Cycle Pd/Pa AHA/ACC B2C lesion 1.20-1.71 <0.001
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How To Compromise the Discordance

Physiologic Consideration Anatomical Consideration
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0.86 0.93
\ 'f J

FFR ZONE

+ DS >50%
+ AHA/ACC B2C lesion
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Male
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Summary

 Current guideline widely endorsed intracoronary physiology, both FFR and iFR. I

 IFR could be used in the revascularization decision-making, particularly when
hyperemic agents are not easily available.

* FFR would be preferred in lesions which was proximally located or showed I
angiographically tight or complex.

* All NHPR (resting Pd/Pa, IFR, dPR, RFR, DFR) are the same. Physicians can l
I apply other NHPRs in daily practice in the same manner as IFR.

* In the post-ISCHEMIA era, FFR<0.80 (or iIFR <0.89) would be a minimum '
requirement for coronary revascularization and stenting on the stenosis with
FFR>0.80 (or IFR >0.89) Is never justified. Please defer.
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