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FFR, the why and the how










List of Runs
05:16:34 PM
05:16:42 PM
05:16:49 PM
05:16:56 PM
05:19:20 PM
05:19:49 PM
05.21:53 PM
05:22:07 PM
{5 22:1/7 PM
05

0523
05:24:11 PM
05:26:26 PM

iFR| FFR|

0.92
0.94
0.95
0.95

Options

Save Frame |




0:13

FFR

Pd/Pa
Pa:iPa
Pd:iPd

List of Runs

.

s
e

IEREREE EEEREEEERERRE

A IR

.
"
.

(R SR I - e Sy et e

S P S R S W SRR AP AP P

.
b cooaiie e S

BRI

R N R R L L R TR

L ]
-
o

-h
-

-
~

'I'I'lil'l'l'l{:

-
-




110 X 150
Angina for a couple of months

Trop T negative
T wave inversion across the chest leads

Not wanting to risk radial...
Huge struggle with femoral access

Vascular ultrasound is very useful
But....
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What now?


















Of course?
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FFR 0.85
Pd/Pa - 0.85

Pa:iPa 115:166
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Revascularisation, PTCA, stent, or CABG is
only useful for significant lesions:
‘Significant’ coronary lesion: one which is
physiologically, functionally, or
haemodynamically significant, ie: associated
with ‘inducible myocardial ischaemia’

How do you know what is significant?



Non invasive tests

In SA: exercise test

Low sensivity, low specificity

Not possible in many patients, result often
confounded

Abnormal ECG at rest: results even less reliable

Radionuclide scans:
Expensive, not widely available locally
Very unreliable eg in multivessel disease



Non invasive tests:

Many patients arrive in the cath lab with no
non invasive tests available

Acute coronary syndromes
LBBB
Cannot walk etc....

What about looking at the angiogram
‘that is what we have always done....



SO, how good is looking at the

angiogram?

Huge potential for observer error: 35%
Errorin interpreting angiograms: the more
modest lesions underestimated, the more
severe lesions overestimated

2D representation of a complex, eccentric
lesion with length and angulation!

What is the real reference vessel?

These errors: mostly in lesions between
around 30-80%!



Why do we need physiology?

20%

Stenosis A7
40% £ 4
Stenosis ‘ \\ R

Stenosis

In a study of patients with LMCA stenoses (n=51), 4 experienced cardiologists
achieved correct lesion classification no more than 50% of the time using angio

when comparing to FFR as the gold standard.

600664-001/001






Coronary angiography

Remains the road map
But not the gold standard!

Has limited value to determine which lesions are
associated with ischaemia

Has unacceptable inter and intra observer
variability in assessing lesion significance.

Despite this: Many trials have used angio as the
gold standard when testing the benefits of
revascularisation!



FFR

Developed to investigate the functional significance
of a coronary artery stenosis

The gold standard for the detection of myocardial
ischemia related to a particular stenosis

It should be a routinely available diagnostic tool

Relatively cheap

Quick, safe, easy to perform

Immediate results for decision making
Saves much unnecessary revascularisation
Allows better patient outcomes



FFR

‘maximal achievable blood flow to a myocardial
territory in the presence of an epicardial
coronary stenosis expressed as a ratio to the
normal maximal achievable blood flow to that
same myocardial territory in the hypothetical
situation that the supplying artery were
completely normal’

FFR expresses maximal blood flow in the

presence of a stenosis as a fraction of normal
maximum blood flow



Background

Exercise tolerance in stable coronary artery
disease determined by the maximal amount
of myocardial blood flow during exercise

Maximal flow the most important parameter to
quantify severity of CAD

Expressing ml/min meaningless: varies according
to territory size

So flow in disease should be expressed as a
proportion of normal flow



FFR

FFR wires measure pressure

During maximal hyperaemia, myocardial
perfusion pressure is directly proportional to
myocardial flow so the ratio of maximum
stenotic flow to normal maximum flow can be
expressed as the ratio of distal coronary
pressure to aortic pressure at hyperaemia
(full vasodilation)



Background

FFR normal value is 1.0 for every artery
Takes into account extent of perfusion area,
presence of collaterals

Clear threshold value and a narrow grey zone

of 0.75-0.8
Very suitable tool for making decisions



Practical consideration

Sensor 3omm back from the tip of 0.014 wire
Connector to measuring system

On demand, plug and play

Wireless
Need to ensure epicardial vessels and
microvasculature fully dilated

IC nitro

Adenosine —bolus (or infusion)
40-80 MICS



Summary: special features

Unequivocal normal value

Well defined cut off
Independent of heart rate, BP, myocardial

contractility

Takes into account collateral flow and
viability

Don’t need a normal coronary to compare
with

Highly reproducible and easily obtainable.



1996 NEJM Article

Reprinted From

The

New England

Established in 1812 as

Journal of Medicine

VOLUME 331 JUNE 27, 1996

NUMBER 26

MEASUREMENT OF FRACTIONAL FLOW RESERVE TO ASSESS THE FUNCTIONAL SEVERITY
OF CORONARY-ARTERY STENOSES

Nico IL]. Pryus, MLD., PRI, BERNARD DE BRUYNE, M.1)., KATHINKA PEELS, M.D.,
Perx HL van pER Voort, M.1)., Haxs J.RM. Boxyier, M1, PH.D.. Jozer BarTUNEK, M.1).,
AND JacouEes |, KoorLen, M.D., PH.D.

Abstract Background. The clinical significance of cor-
onary-artery stenoses of moderate severity can be diffi-
cult to determine. Myocardial fractional flow reserve (FFR}
is a new index of the functional severity of coronary ste-
noses that is calculated from pressure measurements
made during coronary arteriography. We compared this
index with the results of noninvasive tests commonly
used to detect myocardial ischemia, to determine the
usefulness of the index,

Methods, In 45 consecutive patients with moderate
coronary stenosis and chest pain of uncertain origin, we
performed bicycle exercise testing, thallium scintigraphy,
stress echocardiography with dobutamine, and quantita-
tive coronary arteriography and compared the results
with measurements of FFR.

Results, In all 21 patients with an FFR of less than
0.75, reversible myocardial ischemia was demonstrated

FFR =

FFR

unequivocally on at least one noninvasive test, After cor-
onary angioplasty or bypass surgery was performed, all
the positive test results reverted to normal. In contrast,
21 of the 24 patients with an FFR of 0.75 or higher tested
negative for reversible myocardial ischemia on all the
noninvasive tests. No revascularization procedures were
performed in these patients, and none were required dur-
ing 14 months of follow-up. The sensitivity of FFR in the
identification of reversible ischemia was 88 percent, the
specificity 100 percent, the positive predictive valug 100
percent, the negative predictive value 88 percent, and
the accuracy 93 percent.

Conclusions. In patients with coronary stenosis of
moderate severity, FFR appears to be a useful index of the
functional severity of the stenoses and the need for coro-
nary revascularization, (N Engl J Med 1996;334,1703-8.)

01996, Massachusetts Medical Society.

Paist /Paortqg < 0.75 significant

Paist /Paorta = 0.75 non-significant

600664-001/001
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FFR < 0.75:
Sensitivity = 88%
Specificity = 100%
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irculation (2001)

DEFER Trial

Prospective, randomized, multi-center
trial (14 centers) in 325 patients with
stable chest pain and an intermediate
stenosis without objective evidence of
ischemia...

Objective:

e test safety of deferring PCI of stenoses
not responsible for inducible ischemia
as indicated by FFR > 0.75
(“outcome”)

» to compare quality of life in such

patients, whether or not treated by PCI
(CCS-class need for anti anginal drugs)

("symptoms”)

Bech GJW, De Bruyne B, Pijls NHJ, Muinck E, Hoorntje JCA, Escaned J,
Stella P, Boersma E, Bartunek J, Koolen JJ, Wijns W. (2001). Fractional
Flow Reserve to Determine the Appropriateness of Angioplasty in
Moderate Cornonary Stenosis, A Randomized Trial. Ciruclation 103:2928-

2934.

Fractional Flow Reserve to Determine the Appropriateness
of Angioplasty in Moderate Coronary Stenosis
A Randomized Trial

G. Jan Willem Bech MD:; Bernard De Bruyne, MD, FhD); Mico H.J. Pijls, MDD, PhD;
Ebe D. de Mwnck, MD, PhD; Jan C_ A Hoornte, MD, PhD; Javier Escaned, MD, PhD;
Pieter B. Stella, MD; Enc Boersma, MSe, Phl}; Jozef Bartunek WMD), PhDD:
Jacques J. Eoolen, MDD}, PhDy; William Wiyms, MD, PRI}

Background—PTCA of 2 coronary stenosis without dooumented ischemda at noninvasive swess testing is often performed.
bt its benefit is unproven Coronsry pressure—derved fractionsl flow reserve (FFR) is an imvasive index of stenosis
severity that is a relishls substinte for noninazive stress tasting. A value of 075 identifies stenoses with hemodynanic

sizmificance.

Methods end Resulrs—In 325 patients for whom PTCA was planned and who did not have documented ischemia, FFE.

of the stenosis was measured If FFR. was =

EToup: 0

0.75, patdents were randomly assizped o defieral (defermal proup; n=21)
or performance (performance group; n="%0) of PTCA If FFR was <
144). Clindcal follow-up was obeained at 1, 3, 4, 12, and 24 months. Event-free survival was similar between
the deferral and performance proups (92% versus 89% at 12 months and 89%6 versus 83% at

0.75, PTCA was performed as planned (reference

24 months) bat was

sigmificantly lower in the reference group (20%% st 12 months and 78% at 24 months). In sddition, the percentage of
patients free from anzins was similar between the deferrs] and performance sroups (4996 versus 50%; at 12 months and
T%e versus 51% at 24 monthe) but was significantly higher in the reference group (§7% at 12 and $0%% at 24 months)
Conclusions—In patients with 3 coronary stenosis without evidence of ischemia, coronary pressure—derived FER idennifiss
those who will benefit from PTCA. (Cirenlamon. 2001;103 20287934 )

Hev Words: coronary disease w angioplasty m pressure m blood Sow

o patients with chest pain and a coronary stenosis at angiog-

raphy, revascularization i wamanted if objective evidence of
reversible ischemia is present and medical themapy fadls Vet,
PTCA &5 often recommended solaly on the basiz of the anmio-
cram, althoush poninvasive testing for reversible ischemia s
either negatve, equivocal or oot performed at all® In such
patients, it is unclear whether the chest pain nmust be arributed o
the comopary stenosis and whether PTCA mmproves event-free
sarvival or fimctioral class * Fractional flow reserve (FFE) is an.
mwvasive indew of the finrtional severity of a stenosis determined
from coronarny pressure measurement during cardiac catheteriza-
tion. FFE. expresses maxinum achievable blood fow to the
myocariiom supplied by a stenotic artery as a fracton of pormal
maximmmm flow. Its nemmal valoe is 1.0, and a vabee of 0.75
reliably identifies stenozes associated with inducible ischemda
The diagnestc acouracy of FFE for that purpess is =009,
which iz higher than for any other invasive or nomimvasive
test T

See p 2573

Retrospective shadies suzgest that deferral of angioplasty
in patients with FFE safe and results in an excellent
clinical outcoms “* Thiz has never besn investipated, how-
ever, in a prospective smady. Therefors, the present random-
ized stady was undsraken in patisnes refemed for PTCA
withont documented schemia to mvestgate whather FFE
discriminates patients in whom PTCA iz appropriate from
those m whom if is not.

Aethod:

Seletl:lon of Patients

they were refumed for elective PTCA of az
cant ds movo stancais (-50% dizmeter ste-
esiment) im A pative coromaTy amtery with a
ufarunce d_'l.r_sw: =15 mm and f oo evidence of mverible
ischemia Bad besa decumcnoted by nonimvasive testing within the
presicms 2 months. Menimvasive tests weers mither negative, incom-

.n]la J:: \d:ﬂ']mL L] _-\_H'.l 4ad=m_c B spital, 'Ll:d:l. du.

to Mico FL I Phjls, '\D Pl Cathomiea Fospital, Department of Cardiclogy, PO Box 1330, 5502 ZA Findhoven, The Metharinds.

Cormupondancs
E-zmil Mace Pijlsi@intr ol net
€ 2001 Amarican Feart Aswociation, Inc.

Crreulmtion i available 2t hopcwwe. drculstonshs org

600664-001/( 0p1



Defer Trial Design

FFR>0.75

PTCA deferred
(91)

| Defer Group I

Study Population
(325)
Randomized to Randomized to
deferral of PTCA performance of PTCA
(167) (158)
I I
FFR<0.75 FFR<0.75 FFR=0.75
PTCA performed PTCA performed PTCA performed
(76) (68) (90)

Reference Group

Perform Group

600664-001/001



JACC (2007)

Percutaneous Coronary Intervention
of Functionally Nonsignificant Stenosis

-L:iern.l.r-:l -:I.:. Bruyne,

R Study
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Defer: 5 Year Cardiac Death and M

S - 3.3
0 - DEFER PERFORM REFERENCE

FFR > 0.75 FFR < 0.75

600664-001/001



FAME - one year results

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 JANUARY 15, 2009 VOL. 360 NO. 3

Fractional Flow Reserve versus Angiography
for Guiding Percutaneous Coronary Intervention

Pim A.L. Tonino, M.D., Bernard De Bruyne, M.D., Ph.D., Nico H.J. Pijls, M.D., Ph.D.,
Uwe Siebert, M.D., M.P.H., Sc.D., Fumiaki lkeno, M.D., Marcel van ‘t Veer, M.Sc., Volker Klauss, M.D., Ph.D.,
Ganesh Manoharan, M.D., Thomas Engstrem, M.D., Ph.D., Keith G. Oldroyd, M.D., Peter N. Ver Lee, M.D.,
Philip A. MacCarthy, M.D., Ph.D., and William F. Fearon, M.D., for the FAME Study Investigators*

600664-0014@1




FAME Study Design

Informed consent

Patient with MVD

Indicate all

stenoses 250% by

angio

Randomization

FFR-Guided PCI

Angio-Guided PCI

FFR measured in all arteries.

with DES

Stent only stenoses with FFR < 0.80

Stent all indicated stenoses with DES-
stent

Anfiplatelet therapy
= 12 months

Anfiplatelet therapy
= 12 months

Follow — up

600664-001/001



FAME Study Population

1005 patients —randomized into 2 groups

Angio-guided PCI: Stent all lesions with >50% stenosis (n =496)
FFR-guided PCI: Stent all lesions with FFR <0.80 (n = 509)

Key Inclusion Criteria

At least two =50% diameter stenoses in at least two major
epicardial vessels

Key Exclusion Criteria

LM disease
Previous CABG

Recent (<5 days) Ml patient if peak CK >1000 units per liter
Extremely tortuous or calcified vessels

Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary
Intervention. New England Journal of Medicine. Volume 360, Number 3:213-224. 600664-0014201



Procedural Results

ANGIO-Group FFR-Group P-value
n =494 n =509
Mean # of Indicated Lesions per Patient 27+0.9 28+1.0 0.34
FFR results
Lesions successfully measured (%) - 1329 (98%) -
Lesions with FFR < 0.80 (%) - 874 (63%) -
Lesions with FFR > 0.80 (%) - 513 (37%) -
Stents per patient 27 +1.2 1.9+1.3 <0.001
Lesions successfully stented (%) 92% 94% -
Total DES 1359 980 -

FFR-guided group used 0.8 less stents per patient!

Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary
Intervention. New England Journal of Medicine. Volume 360, Number 3:213-224.

600664-001/091



Procedural Results

ANGIO-Group FFR-Group

n =496 n = 509 P-value
Procedure time, min 70 + 44 71 £ 43 0.51
Contrast agent used, mL 302 + 127 272 + 133 <0.001
Material cost during

<

orocedure, USD $6007 $5332 0.001
Length of hospital stay, days 3.7+£3.5 3.4+3.3 0.05

FFR-guided group used less contrast while reducing material
costs by $675 per patient!

Using FFR does not increase procedure time.

Hospital stay per patient was reduced by 0.3 days.

Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding
Percutaneous Coronary Intervention. New England Journal of Medicine. Volume 360,
Number 3:213-224. 600664-0014QQ1



Patient Outcomes

ANGIO-Gr FFR-Grou
(r;\ S4fsoup n= 509p P-value

Events at 1 year, # (%)

Death, MI, CABG, or repeat-PCI 91 (18.4) 67 (13.2) 0.02
Death 15 (3.0) 9(1.8) 0.19
Death or Mi 55(11.1) 37 (7.3) 0.04
CABG orrepeat PCI 47 (9.5) 33 (6.5) 0.08
Total # of MACE 113 76 0.02

MACE rates in the FFR-guided group are 28% lower than the

Angio-guided group!

Death or Ml in the FFR-guided group is 34% lower than in

the Angio-quided group!

Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary

Intervention. New England Journal of Medicine. Volume 360, Number 3:213-224. 600664-001/091



MACE-Free Survival Rates

Survival Free of MACE

1.00

0y5 080 085 080 0495

0.70

. FFR-Group

i ‘_I“H_‘—-—._I_I_I_L
sodays N

12.9% 9o days L
8% 180 days

4.9% ANGIO-Group

0 G0 120 180 240 200 360
Ciays since Randomization

Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary Intervention. New
England Journal of Medicine. Volume 360, Number 3:213-224. 600664—0014@1



Recap of Key Points from FAME

FFR-guided PCl in MVD provides outcomes equal to or better than Angio-
guided PCl

FFR-guided PCl results in a functional class (symptoms) equal to or better
than angio-guided PCl

FFR-guided PCl is more cost effective for the hospital than is angio-guided
PCl

Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronar y 600664-001/001
Intervention. New England Journal of Medicine. Volume 360, Number 3:213-224.



FAME 2

To compare outcomes in ischemia-quided PCl
with medical therapy

Single or multivessel stable IHD

Stopped early: highly significant difference,
favouring PCl, in patients randomized to PCl

Primary endpoint: death/Ml/urgent revasc
Greater need for urgent revasc: 11% vs 1.6%



FFR

FFR is one of those rare instances in
medicine where a new technology
not only improves outcome, but
Saves resources



One other thing...

In Fame:
QCA 50-70% stenosis: only 35% significant

QCA 71-90% stenosis: 20% NOT significant
‘Functional syntax score’ may change
'‘3VCAD' for CABG to '2V disease for PCI’
FFR is the preferred technique for evaluating
intermediate LMS lesions.

Valid for culprit and non culprits in NSTEMI,
and most non culprits in STEMI
NOT for culprit, acute, in STEMI



Any problems?

The accuracy depends exquisitely on the
ability to induce maximal hyperaemia

FFR is overestimated in the presence of high
LVEDP

Thus not appropriate in decompensated STEMI to
assess other vessels!

Where to stent in serial focal lesions/diffuse
disease?

Not yet enough data regarding the effect of

revascularisation/medical therapy on post
treatment FFR!

Wijns and Pixaras, JACC Intervention, vol 6 no 3 2013



Take home?

Understand it
Use it, routinely
Trust your results, and act accordingly

Your patients will benefit
And you will save money
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An Adenosine-Independent
Index of Stenosis

Severity From Coronary
Wave-Intensity Analysis

A New Paradigm in Coronary

Physiology for the Cath Lab?*

Morton . Kern, MD

Blore than 15 years ago, Mica Phls, from Eindhosven, the

Metherlands, .

Bruyne from Aalst, Belpium and others, deve

concemved, and, : with Bernard De

ped and

tested the fructional fow reserve {FFR) concept [1-3). They

are to be credited for one of the mose important advances 1n
the diagnoss and treatment of coronary artery disease in the
percutanesus coronary intervention [PCT) era. The current

paradigm of FFR revolutionized coronary physiclogy and

translared directly to the practical in-lab fmenonal assess-
ment of coronany

PCLL

stenosis in patients before and duning

the lower cost of .11"_".|n.1.'i|'.|; such outcomes I:H'I. the use of
10% of

.'.I'il.'ll'l.' |\r:_.'|l:n.

FFR in the interventional community at |
PCT
i

TECO

Irge 1= =

.'.l'\l:-l'. nce of

'I.'I.I'.I:I.':- '.'n.r:--rl*:lr..‘l 1 Edv

-al evadence and at times in contravention to guideline
mendations {9 10} Why is the use of FFR less than

WiLal one 1“”.'-.1 I.'Z"\.:l'\ll.'l.": bar such

trongly supported in-lab
measure of ischemia, 2 measurement that s particularly
helpful, if not entical, when uncertainty exists regarding the

“ereat/not wrear” decision? The barriers to FFR adopeion, as

ussed previously {11) irding the

E CONOCCTHS T

percetved incrensed procedure fime and cose, physician
recmbursement, uncertainty about the technigque or dats,
and the cumbersome requirement of adenosine with com-
plaints about dose, route of administration, femaral venous
access, and achieverment of maximal hyperemia.

Motvated by both science and practicaliey, Sen et

T |'-n':=r1|| & I'll\.l'.'\'.l l.l.'“n.'l.'F".. EII\'. i'!l:-'..'.l'l'!J.I

s W
pressure ratio {(IFR), wsang and expanding on the tenets of
FFR. 1FR, an index

mstantaneous ratio of tanslesional pressures aoguired duc-

based on the

stenosis severity,

ing a specific pericd of diastole in which the coronary
microcirculatory resistance s constant and minimal, fulfll-
ing the FFR resistance criterin without the need for aden-

[=ES N TS I'I'-'.'\'. eI

wcally

[n their most recent and perhaps the o

relevant waork, Sen et all (12) idenafied thra their earlier

studies of coronary wave—intensity analysts {

) A |'\l|.'l.'J"|.| af
dinseale in which an equiliboum or balance between pres-
sure waves from the aorta and distal microarculatory wae
reflections s established; that is, a wave-free penod begin-
ing ust after the onset of distole. Importantdy, dunng the

1, the ca

wave-free per wny microciroulatory

ulated o
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Pressure only indices for lesion

assessment
IFR FFR
* 1 beats Resting * Atleast 1 minute
Physiological Requires hyperaemia

Pharmacological



95% classification match with FFR

IFR and FFR: Hybrid Approach
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IFR Physiologic Assessment

Rapid multi-vessel assessment

Assess multiple points within vessel
without requiring long vasodilator
infusions

Assess hemodynamic improvement after
coronary intervention



Introduction of the iFR” Modality

________________________________________________________ 0,
Definition:
‘Instantaneous pressure
ratio, across a stenosis

- during the wave-free
period, when resistance is
' naturally constant and
minimised in the cardiac

Wave-free period

Pressure (mm Hg)

\/\/Pa

70 + Pd

_______________________________________________________ 0 100 200 300 400 500 600 700 800 900
Time (ms)
SenS, et al. Development and validation of a new adenosine-independent index of stenosis severity

from coronary wave-intensity analysis: results of the ADVISE (ADenosine Vasodilator Independent
Stenosis Evaluation) study. J Am Coll Cardiol. 2012 Apr 10;59(15):1392-402. 57



Wave intensity

Resistance

Pressure

(Wx10-5 m2 5'2]

Three Benefits to the iFR® Window

(mmHg s/m)

(mmHg)

WAVE FREE PERIOD Noise from compression and
suction waves is minimized

Resistance is constant so
AP is proportional to AQ
(flow)

Velocity is higher so better
power to discriminate

(; o (5 o (=]
- N " o
Velocity
(mis)

o' 1 1 I 1 - . 1 1
o 100 200 300 400 S00 600 700

SenS, et al. Development and validation of a new adenosine-independent index of stenosis
severity from coronary wave-intensity analysis: results of the ADVISE (ADenosine Vasodilator
Independent Stenosis Evaluation) study. JAm Coll Cardiol. 2012 Apr 10;59(15):1392-402. 58



Higher Velocity = Better

Classification

Increasing Flow Velocity

3 SEVERE STENOSIS
i doocmare exaggerates the pressure
b STENOSIS drop across a stenosis
S
% # L ] L ] L —] - o o
&3 A
E || MILD STENOSIS .
§ I Bigger pressure drop allows
2 : for better classification of
o
R stenosis severity
- .. NO STENOSIS
Pd/Pa |
0 !:D 1

CORONARY FLOW VELOCITY, cm/uec

Gould, K. Pressure-flow characteristics of coronary stenoses in unsedated dogs at rest and during
coronary vasodilation Circulation research 1978;43:242-253 £q



IFR Flow is 30% higher which amplifies the signal vs. Pd/Pa alone

iFR Window
Wave-free flow

|

i SEVERE STENOSIS
[ MODERATE
I?" STENOSIS
=]
g 37
~30% increase in € :
. 1 : MILD STENOSIS
I mean flow velocity* g !
2 |13 _ :
_ O OE e == S PeEssassem IFR |
gLt/ . .
10 ; ' | NO STENOSIS
A dPs 4 4
o J o
Coronary Flow during one full cardiac cycle CORONARY rwwsgsu:em: e &

Bigger pressure drop = better classification of stenosis
severity

SenS, et al. Development and validation of a new adenosine-independent index of stenosis severity from
coronary wave-intensity analysis: results of the ADVISE (ADenosine Vasodilator Independent Stenosis

Evaluation) study. JAm Coll Cardiol. 2012 Apr 10;59(15):1392-402.



Validated in the Past, Selected for

the Future

IFR® (instant wave-Free Ratio™) Clinical Progress

157 patients —
Initial proof
of concept

202
All-comer
patients —
STJ study
using
different
algorithm

298

Blinded
multicenter
All-comer
patients

345
All-comer
patients

1800 Blinded
All-comer patients
including VERIFY
patients — Volcano
prototype algorithm

71 Blinded
ACS
patients

550 patients -
Clinical
usefulness of
iFR to reduce
Adenosine
usage

85 blinded patients —
Comparison o
non-invasive
functional testing

85 patients —
Comparison
to actual
coronary
flow
ischemia

300+
patients —
Blinded
comparison
of FFR and
iFR using
final Volcano
algorithm
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Take home message

| think it's a severe lesion and so will stent it?
"his thinking can no longer be justified

When you are in the lab think physiology:

Will this patient benefit from the procedure we
are offering?

Practice makes perfect: with regular routine
use physiology assessments become simpler,
quicker and no fuss at all!




