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Physiological indexes in cath labo
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The Concept of Fractional flow reserve
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ldentification of the naturally occurring diastolic
wave-free period using wave intensity

proximal-onginating WAVE FREE PERIOD

compression wave
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STENOSIS PRESSURE GRADIENT, mmig

A minimal velocity is required for stenosis
discrimination

Different stenosis
severities can
generate a similar
low pressure drop
(iFR/FFR) if

SEVERE STENOSIS

MODERATE
STENOSIS

33+ ) ]
MILD STENOSIS mterrogate.d with
low velocities.
Therefore a
e O STENORS minimal velocity
0 | ' - is required
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STENOSIS PRESSURE GRADIENT, mmig

Consistent velocity is required for stenosis
discrimination

Different stenosis
severities can
generate the same
pressure drop
(iFR/FFR) depending

SEVERE STENOSIS

MODERATE
STENOSIS

. .
N on the underlying
velocity.
------------------ . Therefore a
NO STENasIS consistent velocity is
.:- | ___,  essential
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CLARIFY anADviISE sub-study

Why does adenosine not improve diagnostic agreement?

Complete cycle flow Wave-free flow
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STENOSIS PRESSURE GRADIENT, mmiy
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Reproducibility of IFR

iFR;

A B .
v = 1.003 x - 0.006 mean difference 0.0035
<: r =0.992 > 0.04 « -] o
T —
e @ e 56 5
L. F— upper LoA = 0.026
D02 A =] -] o coooa @
E 00 000 00 O DODOQOOOD 0000  0OCO
s i = Klaan
; 0,00 -<B'a$ - G.D[}35> 00 00 O OO 0000 OOUOODLOLODEONOE "
E a sc e © @ -
% -0,02 — lower LoA =-0.019 o T T
=
ﬂ [=]
0,04 4
&
0.7 08 09 1.0 IZI.IE IZI'TE IZIT? I}TB [ITQ 1 T[I
iFR 4 Average of iFR1 and iFR2

iFR was measured twice in 130 lesions (86.1 %)

/\_\l\/x



FFR classification changes!

A. n =238, r=0.980, p < 0.001 I
y=0.977x + 0.027

Using IV adenosine
and IC adenosine
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Lesion Characteristics

Lesion base analysis

n=241

measured vessel

RCA 58 LCA 183

M1 related

12

Lesions with stable pt

155 (64.7%)

Lesions with unstable pt

85 (35.3%)

FFRmyo 0.74+0.14
FFR=<0.80 157 (65.1%)
iFR 0.83+0.18
MLD 1.20=+0.40
Ref VD 2.87+0.65
LL 24.1+14.1
%DS 57.8+10.5




Correlation of IFR with FFR
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Diagnostic characteristics of IFR in all

All lesions

o N=241
g AUC :0.857 (0/810-0.904)
h e Sensitivity : 77.1%
Specificity : 79.7%
0.2 P.PV :87.7%
N.PV : 65 0%

1 - specificity
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Consistent IFR cut-points

IFR value with best classification for FFR<0.80

» ADVISE-Registry(n=339)

» South Korean Study(n=238)
» RESOLVE(n=1593)

» ADVISE-in Practice(n=392)
> ADVISE 2 (n=689)

> GHC (n=241)

FDA Labeling iFR = 0.89

0.89
0.90
0.90
0.90
0.89
0.90



Excellent iFR-FFR classification match using
independently validated algorithm

ADVISE-REGISTRY ADVISE

‘ * n>3000 stenoses

‘ SOUTH KOREAN

* Independent core-lab

AMC / KCL blinded analyses
. FORECAST
o * |nvestigators studies
RESOLVE

e Multi-centre collaborative
@ ADVISE2 studies
75 80 85 90

H 7th | i d Physiol it 2014
Classification Match (%) TEBME AN NGapted from Sen S et al. J Am Coll Cardiol. 2013;62(10):943-5




casel : iFR and FFR Why discrepant?
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EVIDENCE

Study 1

FFR vs IFR

Gold Standard: Hyperaemic Stenosis Resistance (HSR)
N=51

CLARIFY

Sen et al. ] Am Coll Cardiol. 2013;61(13):1409-20



IFR has similar diagnostic
accuracy to FFR

1008 -

p=ns
80RI
DIAGNOSTIC °%%
ACCURACY
40P
20021
oRrl-

FFR iFR CLARIFY

Sen et al. JACC 2013
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EVIDENCE

Study 2

FFR vs iFR
Gold Standard: Hyperaemic Stenosis Resistance (HSR)

N=120

Sen et al. ) Am Coll Cardiol. 2013;62(6):566



IFR and FFR have similar diagnostic power to
detect iIschaemia

100 - p<0.01

80k -

DIAGNOSTIC  ©9%

ACCURACY
400

206

(0l

FFR IFR

Supplementary data courtesy of Johnson et al.
Sen S et al. J Am Coll Cardiol. 2013;62(6):566
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EVIDENCE

Study 3

FFR vs iIFR vs BSR
Gold Standard: Myocardial Perfusion Scintigraphy

N=85

Van de Hoef et al. J Eurointervention (in press)



Study Design

MPS

|

lnvasive coronary angiogram

| T~

FFR IFR BSR
Imperial algorithm AMC algorithm
Blinded analysis Blinded analysis

van de Hoefr et al. Eurointervention (in pres



Hyperaemia does not increase diagnostic accuracy

1003 vD=NS

for all comparisons
| |
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EVIDENCE

Study 4

FFR vs IFR

n=49

Gold Standard: Positron Emission Tomography (PET)

De Waard G et al. ACC 2014



Study Protocol

34 patients with 49 intermediate coronary artery
lesions 40 — 90% diameter stenosis

['°O]H,0 PET imaging Coronary angiography
with pressure
measurements

Offline analysis of DS% and
pressure indices using
seperate hyperaemic and
baseline traces

Analysis by clinicians
masked to pressure results

Comparison of PET MBF and FFR, iFR, P4/P, and iFRa
Comparison of PET MBF and DS%
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Classification between FFR / iIFR
and PET MBF Is identical
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IFR and FFR have similar diagnostic
power 10 detect ischaemia
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EVIDENCE

Study 5

FFR vs IFR

N=216

Gold Standard: Coronary Flow Reserve (CFR)

Petraco R. et al. Circ. Cardiovascular int. (in press)



Noninvasive Coronary Flow Reserve and Prognosis

A B
20% 20%
Lawer vs. Upper  P<0.0001 Lower vs. Upper  MRS.6[2.5-12.4] P<0.0001
Middle vs. Upper  P<0,0001 Middle vs. Upper MR 34[157.7] P=0,003
15% -
£
s 10% w=Lower Tertile
% —Middle Tertde
d 5% - ~Uppar Tertila
0%
0 1 2 3 0 1 2 3

Years Years

Figure 4, Cardiac mortality. Cumulative incidence of cardiac mortality for tertiles of coronary flow reserve (CFR) presented in Kaplan-Meier
format (A) and after adjustment™® for age, sex, body mass index, hypertension, dyslipidemia, diabeates mellitus, family history of coronary
artery disease {CAD), tobacco use, prior CAD, chest pain, dyspnea, early revasculanization, rest left ventricular ejection fraction (LVEF),
summed stress score, and LVEF reserve (B), showing a significant association between CFR and cardiac mortality. HR indicates hazard ratio,

Murthy VL., et al. Circulation. 2011;124:2215-2224.
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CFR

iFR

r=0.537 (95%Cl: 1.183 - 1.787), p<0.001
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better estimate of hyperaemia flow

CFR
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Measurement of instantaneous wave-free ratio (iFR) and fractional flow reserve (FFR)
for the identification of stenoses with abnormal coronary flow velocity reserve (CFVR)

3.5 - »
iIFR measurement FFR measurement CFVR
Measurement of iFR discriminates.  Paradoxically, adenosine
between stenoses with higherand  administration following a high iFR
lower CFVR value only identify patients with
34 even higher CFVRs
L)
>
—
2
4] »15)
= CFVR 2.51 FrR< 0801077y 258
& 259 —&
9 FFR > 0.80 (n=23) 2.50
o
@
> Mean CFVR of
= overall sample = 2.1
o (N=216]
NS
A e 00 1.97
c
o
| .
S
(N:1J4) 1 60
‘. k
— CFVR 1.69 FFR <0.80 uess
Adenosine administration does not
add diagnostic value over a fow iFR
result
1 =

2014/12/8 7thimagin Petraco R et al. Circ Cardiovasc Interv. 2014 in press



Flow adds significant benefit to FFR In predicting outcomes

_~FFR>0.80 / CFVR=>2.0
-~ FFR>0.80 / CFVR<2.0

-~ FFR<0.80 / CFVR=>2.0
< FFR Normal
= CFR Abnormal
©
§ FFR Abnormal
s CFR Normal J
Q f I
= -
= — —
- : ! z H_r’_
= s .~ FFR Normal
= _— CFR Normal

I I I 1 1 I I I 1 I I
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Time since procedure (years)

FFR significance <0.80

CFR significance <2.0 Van de Hoef T., et al. Circ int. (in press)



Vasodilators do not improve
physiological diagnostic accuracy
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1. et al. Circ Cardiovasc Interv. 2012;5(4):508-14 . 3. Vande Hoef Euroint. (in press) 5. Petraco et al. Circ. Int. (in press)
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FLAIR trial

Functional Lesion Assessment of Intermediate stenosis to guide Revascularisation

Main sponsor: Imperial College London

Funders: Unrestricted Educational grant from
Volcano Corporation

Study coordination centre: Imperial College London

NRES reference: TBC

Principal Investigators: Justin Davies & Javier Escaned

Study Chairman: Manesh Patel

Medical Lead: Sayan Sen

Steering Committee: Eric Van Belle, Farrel Hellig, Raj Kharbanda,
Martin Mates, Hitoshi Matsuo, and
Nob Tanaka

Evaluation including cost, complication, procedure time, as well aspt satisfaction



Study design

Intermediate lesion requiring physiological assessment
In ACS : intermediate non-culprit lesion

y

1:1 Randomisation

4

v

FFR<0.8
Perform PCI

|

N4

iFR
guided PCI

l

l

iFR>0.9
Defer PCI

l

iFR£0.9
Perform PCI

FER
guided PCI
|
FFR>0.8
Defer PCI
I
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30 day, 1, 2 and 5yr follow-up
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My standpoint

» Maximum hyperemia is mandatory to measure FFR .

» Diagnostic power of resting index iFR is almost equal to
FFR, if both indexes are compared with another
physiological golden standard.

» From above reason, maximg‘m. hypgr@mia ismnot
mandatorysfor thé didchimirration of ischemia causing
stenosis. T 1 L Ll

» The linkage tﬂf“ﬁiia\i enf igafso men@atory to

- regard iFR as the easy efficacious physiological index —
~+ lifor Hecision makidglofifeVascularization in cathtlabo.



