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Clinical Evidence in FFR
Intracoronary imaging & physiology
iIn ESC guideline 2014
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Survival Free of MACE

Recommendations

FFR. to identify
haemaodynamically relevant
coronary lesion(s) in stable
patients when evidence of
ischaemia is not available.
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optimize stent implantation.
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optimize stent implantation.
IVUS to assess severity and
optimize treatment of
unprotected left main = 705
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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

assess the haemodynamic relevance of

intermediate-grade stenosis.™"”'%3”

FFR-guided PCl should be considered in
patients with multivessel disease under-
going PCI.>7*"

IVUS should be considered to assess the

severity of unprotected left main

lesions.>> 37
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Global Adoption of Coronary Physiology to Guide
Revascularization Decision Making in 2016

B <6% 6-10% B >10%

Gotberg M, et al. J Am Coll Cardiol 2017;70:1379-1402 %hm MMWW@W




Why Don't We Use Physiology More Often in the Cath. Labo?

Coronary Psychology

Do You Believe?*

Nils P. Johnson, MD, MS,* Bon-Kwon Koo, MD, PuD” J Am Coll Cardiol Intv 2018;11:1492-1494

claimed it was due toja knowledge barrier (“I do not
understand enough about FFR”)/} Additionally, <5%

of responses identified|attitude barriers, for example

“I do not trust FFR.”[Instead, the dominant responses
focused on/reimbursement and the time necessary to

perform the procedure. A logical conclusion from this

survey was that we should focus on environmental
barriers to improve the penetrance of coronary

physiology.




Why Don't We Use Physiology More Often in the Cath. Labo?

» Re-Imbursement issue: insurance coverage

» Oculo-stenotic reflex: Many interventionist might
be anatomy first more than physiology as angio-
believers.

» Difficulty to understand the concept of coronary
physiology completely.

» Difficulty of the wire manipulation compared with
other work force wires.

» Patients discomfort & time consuming procedure.




FFR market in Japan
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Recent PGW market In Japan (Yano Keizai)
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Public Reporting of Coronary Physiology Uptake
Johnson NP & Koo BK. J Am Coll Cardiol Intv 2018;11:1492-1494

Hospital-Level

Country (Ref. #) Year PW PCI PW/PCI | Temporal Change Reporting?
Sweden (9) 2017 NR NR 26% 3.1-fold in 10 yrs  Yes
United Kingdom (10) 2016 18,811 100,483] 19% 3.5-fold in 8 yrs  Yes
Italy (11) 2016 11,000 218,751 | 5% 1.4-foldin 4 yrs  Yes

Europe EAPCI (12) 2015 NR 889,957 16% 2-fold in 5 yrs Per country
United States (13) 2014 3,465* NR 31% 3.8-foldin5yrs No
Australia (14) 2015 NR 3,869 | 19% 100-fold in 9 yrs  Per state

*Limited to a subset of the 59,375 patients in the National Cardiovascular Data Registry CathPCl Registry with
lesions deemed 40-70% by visual assessment.

EAPCI = European Association of Percutaneous Cardiovascular Interventions; NR = not reported; PCl =
percutaneous coronary intervention; PW = intracoronary pressure wire.




Why Don't We Use Physiology More Often in the Cath. Labo?

» Re-Imbursement issue: insurance coverage

Oculo-stenotic reflex: Many interventionist might

be anatomy first more than physiology as angio-
believers

» Difficulty to understand the concept of coronary
physiology completely.

» Difficulty of the wire manipulation compared with
other work force wires.

» Patients discomfort & time consuming procedure.




Anatomy can predict physiology ?

Table 3. Summary of Literature Predicting Physiology From Minimum Lumen Area

FFR Stenoses, Best MLA Area Under
Method Heference Heference n Cutoff, mm®* ROC Curve Comelation
3D-QCA <0.8 Yong et al” 63 1.9 0.79 0.63
IVUS =0.8 Koh et al* 55 1.8 0.70 0.30
=0.8 Gonzalo et al* 61 2.4 0.63
=0.8 Gonzalo et al* 61 2.4 0.63 010
<0.8 Park et al*! 1066 24 0.76 0.47
<0.8 Kang et al* 784 2.4 0.77 0.48
<0.8 Kang et al* 236 2.4 0.80 0.51
<0.8 Koo et al*® 267 2.8
<0.8 Chen et al® 323 3.0 0.77
<0.75 Takagi et al* a1 3.0 0.79
<0.8 Kwan et al** 169 3.0 0.86 0.50
<0.8 Waksman et al® 367 3l 0.65 0.30
<0.8 Ben-Dor et al® 205 31 0.73 0.36
<0.8 Ben-Dor et al 92 3.2 0.74 0.34
=0.8 Koh et al** 38 3.5 0.82 0.55
<0.75 Briguon et al® 53 4.0 0.41
<0.8 Park et al* 63 487 0.83 0.56
<0.8 Kang et al* 55 487 0.90 0.62
<0.75 Jasti et al® 55 5.97 0.74
<0.75 Lee et al* 86 0.87

Johnson NP, et al. Circ Cardiovasc Imaging 2013;6:817-832  Wakayama Medical University



Anatomy can predict physiology ?

8%

oy T i+ OPUS-CLASS study
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N e e Much better accuracy in the measurement has been

demonstrated in OCT compared with IVUS.

Actual phantom OCT IVUS

lumen area

Table 3. Summary of Literature Predicting Physiology From Minimum Lumen Area

FFR stenoses, Best MLA Area Under
Method Heference Heference n Cutoff, mm** ROC Curve Comelation
OCT =0.8 Reith et al* 62 1.6 0.81 0.62
<0.75 Shiono et al® 62 1.9 0.90 0.75
<0.75 Shiono et al™ 62 1.9 0.90 0.75
=0.8 Gonzalo et al® 61 2.0 0.74
=0.8 Gonzalo et al*® 61 2.0 0.74 0.33

Several randomised studies and meta analysis demonstrated that there are
moderate correlation between anatomical and physiological lesion severity
assessment, and optimal cut-off value of FFR < 0.80 should be vessel dependent.

Johnson NP, et al. Circ Cardiovasc Imaging 2013;6:817-832 %kayama Ml@d/“ﬁlmw




Multivariable logistic regression analysis
For functionally significant stenosis (FFR<0.75)

Shiono Y, et al. Catheter Cardiovasc Interv. 2014 :84:406-413

OR 959% CI p value

Minimal lumen diameter 0.022 0.007-0.062 <0.001

Lesion length 1.049 1.020-1.079 =0.001
Supply area

1.102 1.068-1.137 <0.001

(modified APPROACH score)

OR = odds ratio; Cl = confidence interval; LAD = left anterior
descending coronary artery; APPROACH score = Alberta Provivncia
Project for OQutcome Assessment in Coronary Heart Disease score
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Fighting the "Oculostenotic Reflex”

Grace A. Lin, MD, MAS; R. Adams Dudley, MD, MBA

JAMA Internal Medicine 2014;174:1621-1622
major reason for current practice

Many physicians are influ-

In rec
tific ¢

623ar 1 ¢ CONAucted in 2007,4P1°°% cardiologists described how pa-
tients “could not escape” a procedure once they were in the

g]io?rj f[:.ula catheterization laboratory. One physician stated, “I think we
howe: 011 a1l know that we’re not necessarily preventing heart attacks
term IS0 by treating asymptomatic stenosis...but nonetheless that pa-
this st The! tjent Jeaves the lab with an open artery, the best that my in-
Eﬁ?ﬁh d8I( terventional partners can offer.” The medical culture appears
the | to reinforce this cognitive bias toward intervention, resulting

Unite
_ angin Of br in non-evidence-based treatment decisions.




Oculostenotic Reflex

Integrated Lacrimal Functional Unit

A.V Stenting B.Y Stenting C. Kissing Stents

E. Culottes F. Crush

e e

Warayarna earcal University




Lesion assessment in FAME Study
Angiography vs FFR

Tonino PAL, et al. J Am Coll Cardiol 2010;55:2816-2821

Number of functionally diseased vessels (0-, 1-, 2-, or 2-VD) as Number of functionally diseased vessels (0-, 1-, 2-, or 3-VD) as

0-vD

0-vD (9%) | 8-VD (14%)

(12%) 3-VD

2-VD (43%)
1-VD (34%)

1-VD (45%) 2-VD (43%)

Angiographic 2-VD Angiographic 3-VD

There might be concern about the reduction of PCl number
if physiological assessment has to be performed frequently.




Why Don't We Use Physiology More Often in the Cath. Labo?

» Re-Imbursement issue: insurance coverage

» Oculo-stenotic reflex: Many interventionist might
be anatomy first more than physiology as angio-
believers

» Difficulty to understand the concept of coronary
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Measurement of FFRmyo

No stenosis Pa FFR(A)= Max flow under the condition
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First, it will be p
pressure (P,) and
subtraction of ver
purpose, suppose ii
P,, that R,== and
and P,=P, by defu

and

Therefore

P

P,

Equation Ala can
forms, which will b

and

where C,, C;, and (
collateral resistanc
dial bed supplied t

The second step
of the stenotic corc

Pijls N, et al. Circulation 1993;86:1354-1367

Concept of FFRmyo

The contributit Note that for evalu: Finally, the theoretical relation between collateral flow at
calculated as follc stenotic artery after ldifferent degrees of stenosis can be obtained. From Figure 1,
better measure than (jt js clear that Q.=(P,—P,)/R. Therefore:

independent of arter:
clear that Q§2} (P‘;(Zl_ p}zl)f& AQp

Because QV=0:

Therefore: , 5= = (A7a)
FFR(, P;”=P, or, if correction for pressure changes is made:
Q¥ A®Pp Ap
(ATDb)

A
N =(1-— :

and because Q.= ( pe 0~ p@_p®ph_p

{ _ In fact, Equation A7 states that decrease of AP by improved

) The expression FFEstenosis geometry after PTCA induces a proportional decrease

III_ case of inte1 of FFR,,, of the dilaof the relative contribution of collateral flow to total myocar-

aximum vasodil called pressure-correc gia) fiow, which will be further clarified in the following

previous study.!! examples.

Equation ASa cana = application of these equations in clinical practice also will

the following: be demonstrated.

Substitution of
tion Alb, gives th m

| preséure P,-P,.
FFR.r=" through the coror
intervention (situ

2 H
oY 0¥-o; Example 1

W QW-0U  The first example is based on the simple hemodynamic case
i o in which systemic pressures (P, and P,) are unchanged during
an%:’g;;:gi::;tmmgﬁ PTCA. Therefore, according to Equation Ala, wedge pressure
. ’ (P,) also is constant.
dium can be compare Before and after PTCA of one of the coronary arteries,

Q? (pressure measurements are performed by the pressure-
. ——=-monitoring guide wire at maximum coronary hyperemia
TP ; - . .
Next, fractional 0" (induced by intracoronary administration of papaverine or

calculated as follo adenosine. Mean arterial pressure (P,) is 90 mm Hg both

before and after the procedure; transstenotic pressure gra-
FFR? pf»-pl*dient AP is reduced from 50 mm Hg before to 10 mm Hg
= after the procedure; and venous pressure (P,) is 0 both
FFRE;L; P?—~Pbefore and after the procedure. P, measured during balloon
inflation, is 20 mm Hg. Therefore, P{"=P{"=90 mm Hg,
AP§P=40 mm Hg, P{¥’=80 mm Hg, P{"’=P{*)=0 mm Hg, and
= ( 1-—P{V=P =20 mm Hg.

P;” "With Equations A6b, ASb, and A7b, the following is

obtained:

or, if correction for p1

FFRmyo=

By substitution

Equation A3 ha



Wave free period & IFR
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Coronary Autoregulation as a Means of Quantifying Stenosis
Severity Under Resting Conditions

A
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GOtberg M, et al. J Am Coll Cardiol 201&*27%1379-%9&@# University




Coronary Autoregulation as a Means of Quantifying Stenosis
Severity Under Resting Conditions

Increasing vasodilation
of microcirculation

—
—_— RESTING FLOW

Falling Pd pressure

Resting flow

Reference <50 50-59 60-69 70-79 80-89 90-99
Diameter Stenosis (%)

GOtberg M, et al. J Am Coll Cardiol 201&*27%1379-%9&@# University




Hazard ratio, 0.95 (95% Cl, 0.68 to 1.33)
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Comparison among coronary physiology measurement

System Abbott Acist Boston Opsens Philips
Type of Sensor EPIieeth(r)i_c Optical Optical Optical EPIieeth?i_c
Torqueability A N/A O © A
Drift A O O © A
Reconnection A N/A O © A
Display © A O A O
Evidence © A A A @
Flow data © - _ _ @)
Co-registration - - - - ©

Resting index




Different diastolic indexes
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Comparison among different diastolic indexes & IFR

1 1 : ROC Diastolic Indices vs iFR
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Diagnostic Values of Diastolic Indexes at Cutoff Value
of <0.89 Versus FFR 0.8
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CENTRAL ILLUSTRATION: Correlations and AUC Values >0.99 for All
Resting Pd/Pa Ratios Over Different Periods in Diastole Compared With iFR as
the Reference Standard
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PCl case with IFR co-registration
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IFR Pullback
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The Expected Behavior of Hyperemic and Resting Flow
After Removal of Stenosis

A Hyperemic Flow

...................................... Increase in
hyperemic
flow after PCl

Rest Flow

Coronary Flow

® Minimal change in

rest flow after PC|

=
Stenosis Severity
A Rest Flow ===
ans Rest and Hyperemic
N\ o S\ flow pre-PCl of
_ Dau AW distal lesion
HE Flow ===l
Rest Flow ==
o Rest and Hyperemic
® flow post-PCl of
—_— AN distal lesion
HE Flow mesllp>

Gotberg M, et al. J Am Coll Cardiol 2017;70:1379-1402 o
Wakayama Medizal University



Why Don't We Use Physiology More Often in the Cath. Labo?

» Re-Imbursement issue: insurance coverage

» Oculo-stenotic reflex: Many interventionist might
be anatomy first more than physiology as angio-
believers

» Difficulty to understand the concept of coronary
physiology completely.

» Difficulty of the wire manipulation compared with
other work force wires.

» Patients discomfort & time consuming procedure.




Comparison among coronary physiology measurement
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Why Don't We Use Physiology More Often in the Cath. Labo?

» Re-Imbursement issue: insurance coverage

» Oculo-stenotic reflex: Many interventionist might
be anatomy first more than physiology as angio-
believers

» Difficulty to understand the concept of coronary
physiology completely.

» Difficulty of the wire manipulation compared with
other work force wires.

» Patients discomfort & time consuming procedure.




Procedural Characteristics (DEFINE-FLAIR)
Superiority of IFR to FFR

iFR Group FFR Group
Variable (N=1242) (N=1250) P Valuey
Stents placed with postdilation — no. (% of total stents placed) 407 (49.5) 425 (46.9) 0.28
PCl procedures performed with pressure wire — no. (% of total 261 (31.8) 278 (30.7) 0.63
stents placed)
Patient-reported adverse procedural symptoms or signs 39 (3.1) 385 (30.8) <0.001
— no. of patients (%)
Patient-reported dyspnea — no. of patients (%) 13 (1.0) 250 (20.0)
Patient-reported chest pain — no. of patients (%) 19 (1.5) 90 (7.2)
Physician-reported adverse procedural signs — no. of patients (%)
Heart-rhythm disturbance 2 (0.2) 60 (4.8)
Significant hypotension 4 (0.3) 13 (1.0)
Vomiting or nausea 1(0.1) 11 (0.9)
Ventricular arrhythmia or bronchospasm9 1(0.1) 8 (0.6)
Other 4 (0.3) 38 (3.0)

Davies JE, et al. N Engl J Med 2017;376:1824-34 Walkayarma Medical University



Procedural Characteristics (DEFINE-FLAIR)

Supenonty Of |FR tO FFR iFR Group FFR Group

Variable (N=1242) (N=1250) P Valuey
Radial-artery approach — no. of patients (%) 896 (72.1) 888 (71.0) 0.54
Procedure time — min
Median 40.5 45.0 0.001
Interquartile range 27.0-60.0 30.0-66.0

Hyperemic agent administered — no. of patients (% of total no. who
received a hyperemic agent)

Total NA 1608 (100)
Intracoronary adenosine NA 455 (28.3)
Intravenous adenosine NA 950 (59.1)
Other agent NA 203 (12.6)
Multivessel disease — no. of patients (%) 505 (40.7) 519 (41.5) 0.66
Type of vessel evaluated — no. (% of total vessels evaluated)i:
Total 1575 (100) 1608 (100) 0.58
Left anterior descending artery 844 (53.6) 845 (52.5) 0.56
Left circumflex artery 323 (20.5) 333 (20.7) 0.89
Right coronary artery 374 (23.7) 393 (24.4) 0.65
Other 3(2.1) 31 (1.9) 0.74
Unknown 1(0.1) 6 (0.4) 0.06

Davies JE, et al. N Engl J Med 2017;376:1824-34 Walkayarma Medical University



Procedural Characteristics (SWEDEHEART)

Characteristic Su perior ty of IFR to FFR l(I;lR=(ch’ll12I; I;:JR:I;;S;I)J P Value
Radial-artery approach — no. of patients (%) 841 (83.1) 811 (80.5) 0.13
Contrast material used per patient — ml 0.10
Median 110 115
Interquartile range 80-155 80-160
Procedure time — miny 0.09
Median 50.8 53.1
Interquartile range 13.8-87.8 18.1-88.1
Fluoroscopy time — min 0.57
Median 10.5 10.2
Interquartile range 6.3-16.8 6.5-16.0
Intravenous adenosine administered — no. of patients (%) NA 695 (69.0)
Total no. of lesions evaluated 1568 1436
Chest discomfort during procedure <0.0017
None 982 (97.0) 319 (31.7)
Mild 26 (2.6) 316 (31.4)
Moderate 2 (0.2) 285 (28.3)
Severe 2 (0.2) 87 (8.6)
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Recommendations on functional testing and intravascu-
lar imaging for lesion assessment

Recommendations

When evidence of ischaemia is not avail-
FFR or iwFR

assess the haemodynamic relevance of
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able, are recommended to

intermediate-grade stenosis.

FFR-guided PCl should be considered in
patients with multivessel disease under-
going PCI.>7*"

IVUS should be considered to assess the

severity of unprotected left main

lesions.>> 37
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Why Don't We Use Physiology More Often in the Cath. Labo?
Coronary Psychology J Am Coll Cardiol Intv 2018;11:1492-1494

Do You Believe?*
don’t interventional cardiologists use coronary

physiology?” As demonstrated by both virtual (4) and

real-world (2) studies, and large temporal increases in

its uptake (Table 1), factors such as
]
play minor roles. Although op-

erators can be reluctant to admit it (3), the funda-
mental reason has received different labels: attitude,

belief, local practice “experience,
we as a profession do not yet emotionall

accept coronary physiology to guide treatment. Call it

“coronary psychology.

Nils P. Johnson, MD, MS,*




Take home message
Why Don't We Use Physiology More Often in the Cath. Labo ?
My private opinion with no scientific evidence!!

» There are many issues which lead the interventionists not to
use physiology so often in the cath. labo.
Re-imbursement & income
Difficulty of coronary physiology concept

» There are still many visual first PCI physicians who are
anatomy believer and staying in fantastic illusion world
where PCI can improve patients prognosis even in stable
coronary artery disease, and they cannot escape from the
addiction of oculo-stenotic reflex.




Change Practice!!

JCS2020

The 84th Annual Scientific Meeting
of the Japanese Circulation Society
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Asian Pacific Society of Cardiology Congress 2020
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Welcome to APSC 2020 in Kyoto,
Japan!!
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CLINICAL RESEARCH

CORONARY INTERYENTIONS

Validation of a novel non-
hyperemic index of coronary
artery stenosis severity - the
Resting Full-cycle Ratio (RFR)
- VALIDATE RFR

euro

LATE
BREAKING

TRIALS
Validation of a novel non-hyperaemic index of coronary

artery stenosis severity: the Resting Full-cycle Ratio
(VALIDATE RFR) study

Johan Svanerud’, MSc; Jung-Min Ahn?, MD; Allen Jeremias™, MD; Marcel van “t Veer™, MSe, PhD;

Ankita Gore™, BS, MSc; Akiko Maehara®”, MD; Aaron Crowley®, MA; Nico HJ. Pijls*, MD, PhD;

Bemard De Bruyne®, MD, PhD; Niks P. Johnson®, MD, MS; Barry Hennigan'®, MD; Stuart Watkins™, MD;

Colin Berry™'!, MD, PhD; Keith G. Oldroyd™, MD; Seung-Jung Park?, MD, PhD; Ziad A. Ali*™, MD, DPhil

1. Coroventis Research AB, Uppsala, Sweden; 2. Asan Medical Center. Seoul, Sowth Korea; 3. Clinical Trials Center, Cardiovascular
Research Fonmdation, New York, NY, USA; 4. St Francis Hospital, Roshn, NY, USA; 5. Catharing Hospital, Eindhoven,
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the Netherlands; 6. Eindhoven University of Techmology, Department of Biomedical Engineering, Eindhoven, the Netherlands;

7. New York-FPreshyterian Hospital Cohambia University Medical Center, New York NY, USA; 8 The Cardiovaseular Center,
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Abstract

Aims: Randomised controlled trials have reported instantancous wave-free ratio (iFR) to be non-inferior o
fractional flow reserve (FFR) for major adverse cardiovascular events at one year; however, iFR is limited
by sensitive landmarking of the pressure waveform, and the assumption that maximal flow and minimal
resistance occur during a fixed period of diastole, We sought to validate the resting full-cycle ratio (RFR),
anovel non-hyperaemic index of coronary stenosis severity based on unbiased identification of the lowest

«fractional flow
reserve

+ innovation

+ other imaging
modalities

distal coronary pressure to aortic pressure ratio (Pd/Pa), independent of the ECG, landmark identification,
and timing within the cardiac cycle.

Methods and results VALIDATE-RFR was a retrospective study designed to derive and validate the L]

RFR. The primary endpoint was the agreement between RFR and iFR. RFR was retrospectively deter J SV an e r u d J M A h n A J e r e m I aS M
mined in 651 waveforms in which iFR was measured using a proprietary Philips'Volcano wire. RFR was ) ) )

highly correlated to iFR (R*=0.99, p=0,001), with a mean bias 00,002 (95% limits of agreement 0,023 to
0.020). The diagnostic performance of RFR versus iFR was diagnostic accuracy 97.4%, sensitivity 98.2%,

specificity 96.9%, positive predictive value 94.5%. negative predictive value 99.0%, area under the receiver va n t Ve e r A G o re A M a e h a ra A
operating characteristic curve of 0.996, and diagnostically equivalent within 1% (mean difference —0.002; , , ,
5% CI: —0.009 to 0.006, p=0.03). The RFR was detected outside diastole in 12.2% (341/2,790) of all car- i
diac cveles and 32.4% (167/516) of cardiac cveles in the right coronary artery where the sensitivity of IFR r O W I e N P I I S B D e B r u n e N
C Yy, N. FIJIS, yne,
Joh B H ' S Watki C
onnson, ennigan, alkins,
B KG Old d, SJ Park, ZA. Ali
erry, royd, alrk, . Al

compared to FFR was lowest (40.6%),

Conclusions: RFR is diagnostically equivalent to iFR but unbiased in its ability to detect the lowest
Pd/Pa during the full cardiac cycle, potentially unmasking physiologically significant coronary stenoses that

would be missed by assessment dedicated to specific segments of the cardiac cycle.

*Corresponding author: Columbia University Medical Center; Cardiovascular Research Foundarion; 1700 Broadway,

loar; New York: NY 10019; USA. E-
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Resting Full-cycle Flow Ratio (RFR)

Lowest Pd/Pa ratio during the
entire heart cycle

 Unbiased identification of
lowest Pd/Pa in diastole or
systole

* Independent of ECG

 No waveform landmark
identification necessary

« Sensitive to small pressure
changes during pullback

« High dynamic range




Resting Full-cycle Flow Ratio (RFR)

Phasic Pressure Pd/Pa point-by-point

Anti-noise filter Minimum value - RFR

- RFR . RFR

4-5 consecutive heart cycles used to determine the RFR




