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FFR (or IFR) Guideline

AHA/ACC Guideline 2021 ESC Guideline 2018

Recommendations for the Use of Coronary Physiology to Guide
Revascularization With PCI

Referenced studies that support the recommendations are When evidence of ischaemia is not avail-
summarized in : able,|FFR or iwFR bre recommended to

assess the haemodynamic relevance of
15,17,18,39

Recommendations

. , : : . intermediate-grade stenosis.
1. In patients with angina or an anginal equiva-

lent, undocumented ischemia, and angio- FFR-guided PCI should be considered in
graphically intermediate stenoses, the use of
fractional flow reserve (FFR) or instantaneous
wave-free ratio (iFR) is recommended to guide
the decision to proceed with PCI.™®

patients with multivessel disease under-
going PC1.7?"

IVUS should be considered to assess the
2. In stable patients with angiographically inter- severity of unprotected left main
mediate stenoses and FFR >0.80 or iFR 35-37
>0.89, PCI should not be performed.” '

lesions.
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Instantaneous Wave-free Ratio versus Fractional Flow Reserve

to Guide PCI

M. Gétberg, E.H. Christiansen, 1.J. Gudmundsdottir, L. Sandhall, M. Danielewicz, L. Jakobsen, S.-E. Olsson,
P. Ohagen, H. Olsson, E. Omerovic, F. Calais, P. Lindroos, M. Maeng, T. Tédt, D. Venetsanos, S.K. James,
A. Karegren, M. Nilsson, |. Carlsson, D. Hauer, J. Jensen, A.-C. Karlsson, G. Panayi, D. Erlinge, and O. Frébert,

for the iFR-SWEDEHEART Investigators*

ABSTRACT

BACKGROUND

The instantaneous wave-free ratio (iFR) is an index used to assess the severity of coro-
nary-artery stenosis. The index has been tested against fractional flow reserve (FFR) in
small trials, and the two measures have been found to have similar diagnostic accu-
racy. However, studies of clinical outcomes associated with the use of iFR are lacking.
We aimed to evaluate whether iFR is noninferior to FFR with respect to the rate of
subsequent major adverse cardiac events.

METHODS

We conducted a multicenter, randomized, controlled, open-label clinical trial using the
Swedish Coronary Angiography and Angioplasty Registry for enrollment. A total of
2037 participants with stable angina or an acute coronary syndrome who had an indi-
cation for physiologically guided assessment of coronary-artery stenosis were random-
ly assigned to undergo revascularization guided by either iFR or FFR. The primary end
point was the rate of a composite of death from any cause, nonfatal myocardial infarc-
tion, or unplanned revascularization within 12 months after the procedure.

RESULTS

A primary end-point event occurred in 68 of 1012 patients (6.7%) in the iFR group and
in 61 of 1007 (6.1%) in the FFR group (difference in event rates, 0.7 percentage points;
95% confidence interval [CI], —1.5 to 2.8; P=0.007 for noninferiority; hazard ratio, 1.12;
95% CI, 0.79 to 1.58; P=0.53); the upper limit of the 95% confidence interval for the
difference in event rates fell within the prespecified noninferiority margin of 3.2 per-
centage points. The results were similar among major subgroups. The rates of myocar-
dial infarction, target-lesion revascularization, restenosis, and stent thrombosis did not
differ significantly between the two groups. A significantly higher proportion of pa-
tients in the FFR group than in the iFR group reported chest discomfort during the
procedure.

CONCLUSIONS

Among patients with stable angina or an acute coronary syndrome, an iFR-guided re-
vascularization strategy was noninferior to an FFR-guided revascularization strategy
with respect to the rate of major adverse cardiac events at 12 months. (Funded by
Philips Volcano; iFR SWEDEHEART ClinicalTrials.gov number, NCT02166736.)
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FFR (or iFR)

* Minimum Scientific and Ethical Safeguards

to Avoid Unnecessary PCI

*No Benefit of PCIl: FFR > 0.80 or IFR >0.89
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Clinical Benefit of FFR (1)
ASAN PCI Regqistry

Lesion Number Stent Number

Before Routine Use of FFR Before Routine Use of FFR
After Routine Use of FFR After Routine Use of FFR

P<0.001

Stent number

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



Death

Before Routine Use of FFR
After Routine Use of FFR

Clinical Benefit of FFR (2)

Myocardial Infarction

Before Routine Use of FFR
After Routine Use of FFR

Repeat Revascularization

Before Routine Use of FFR
After Routine Use of FFR

P=0.84 P=0.60 P=0.001 P<0.001 P=0.39
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2008
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« The benefit of FFR guided PCI is primarily due to
1) The reduced number of stents used per patients
2) The subsequent decreased risk of peri-procedural Ml and repeat revascularization

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



Clinical Benefit of FFR (3)

Meta-analysis from FAME2, DANAMI, COMPARE-Acute

30+
FFR-guided PCI vs, Medical therapy: HR 0.72 (95% CI 0.54-0.96), P=0.02
Reduction of Spontaneous Myocardial Infarction
g P-value for
8 20 Medical Therapy HR (95% CI) Faeive interaction
=
] » :/ Cardiac death or myocardial infarction 0.003
£ A‘);// Day 0 to 7 1.94 (0.85 to 4.42) - 0.12
o T Day 8 to maximum follow-up 0.62 (0.46 10 0.85) ==l 0.003
g — o Cardiac death . 0.83
£ 10- P et e DayOto7 0.76 (0.12 10 4.60) el 0.76
. o el e H
o e :,-/./’/FFRgulded PCI Day 8 to maximum follow-up 1.08 (0.58 to 2.01) e B 0.81
/,/@ 7‘/‘* Myocardial infarction : 0.001
A Day 0 to 7 2.51 (0.96 10 6.57) ———> 0.06
%’9’/ Day 8 to maximum follow-up 0.59 (0.42 10 0.83) =i ; 0.002
0+ 05 1 2 4
0 1 2 3 4 5 — - >
Years after randomization TR guided Pl ::'iffj therapy
No. at risk
Medical therapy 1344 1222 688 559 381 301
FFR-guided PCI 1056 980 696 566 406 328

Eur Heart J . 2019 Jan 7;40(2):180-186.




Why the Penetration of FFR Is Low ?



Revascularization in Stable Angina

PCI Failure or Trial Failure ?

COURAGE
FAME?Z2
ISCHEMIA Trial



COURAGE Tnal

Death from Any Cause and Ml

1.0+
€= oy
£ 094 i~ _Medical therapy
- PCI "™ oe e
; g ..x.b.-;%
e 08 =ae,
8 S 5 8 T e
BEE 4s-
$98
=37 067
2 U Hazard ratio, 1.05; 95% Cl (0.87-1.27); P=0.62
g = 0.5,
n < A
O]Il]Il]ll]II]rr[II]ll]
0 1 2 3 4 5 6 7
Years
No. at Risk
Medical therapy 1138 1017 959 834 638 408 192 30
Py
PClI 1149 1013 952 833 637 417 200 35

Revasc. During FU
in Medication Group

Spontaneous Ml

Medication: 119

PCI: 108

Boden et al. New Engl J Med 2007;356:1503-16.




Death from Any Cause

FAME 2 Trial

1007 204 Hazard ratio, 0.98 (95% Cl, 0.55-1.75) Revasc. During FU
_ in Medication Group
£ 80 154
a
70
z 10
= 60
I
E 504 5] Medical therapy
a
= 404 PCi
= 0
= 304 T T T T T
E 0 1 2 3 4 5
a 204
10
0 | #"—'—_1—_ . ;
0 1 2 3 4 5
Years since Randomization
Mo. at Risk
Medical therapy 441 432 426 416 347 343
PCI 447 439 431 422 360 352

Spontaneous M

Medication: 54

PCI: 29

P. Xaplanteris et al. N Engl J Med 2018;379:250-9




ISCHEMIA Trial

Death from Any Cause

100+ 25+
90
—_ 204
R 804
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:ﬁ 60 104 Invasive strategy
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Mo. at Risk

Conservative strategy 2591
Invasive strategy 2588

Years since Randomization

2548 2065 1445 E44 349
2518 2061 1431 2827 317

Revasc. During FU
in Medication Group

Spontaneous Ml

Medication: 196

PCI: 130

Boden et al. New Engl J Med 2007;356:1503-16.




Revascularization Reduction of

in Medication Group Spontaneous Ml
O/ 60 - Hazard Ratio

50 - COURAGE Trial =~ 0.89 (?)

0 - ni FAME?2 Trial 0.62 (0.39-0.99)
D9 Meta* 0.59 (0.42-0.83)
20 - ISCHEMIA Trial .67 (0.53-0.83)
10 - COMPLETE Trial  0.68 (0.53-0.86)
0 -

ISCHEMIA ~ COURAGE FAMEZ2 ‘ Non culprit lesion revascularization

in STEMI with MV

* Meta-analysis from FAME2, DANAMI, COMPARE-Acute
Eur Heart J . 2019 Jan 7;40(2):180-186.



Cardiac risk (death, Ml)

Subclinical
phase

.
l.‘.
N

------

Natural History of Stable Angina Patients

with Moderate to Severe Ischemia Under OMT

Time

Higher risk with
insufficiently controlled
risk factors, suboptimal
lifestyle modifications
and/or medical therapy,
large area at risk of
myocardial ischaemia

Lower risk with
optimally controlled risk
factors, lifestyle changes,
adequate therapy for
secondary prevention
(e.g. aspirin, statins, ACE
inhibitors) and
appropriate
revascularization

The ISCHEMIA perspective

Rapid progression or Rupture

1

7.6% - sMI
1.2% - uAP admissior

2591 patients

under OMT

‘ 85% - No Event

Regression or Adaptation




Severe IHD that Can Affect Worse Prognosis

Were

Major Exclusion Criteria

COURAGE FAME Il
» Persistent CCS IV  CABG indicated
* High-risk stress test * LM disease
LM disease  LVEF <30%
« EF <30%
* Refractory HF
ORBITA ISCHEMIA
» Multi-vessel ds « NYHAI-IV HF
LM disease * Refractory Angina
* LV dysfunction * LM disease
« EF <35%

In the Trials

Left Main Coronary Stenosis: Meta-a

nalysis

Treatment "A" better  Treatment "B" better

Avs. B OR S5% BCI
PCI vs. CABG0.990.71 - 1.33

MT vs. CABG 3.23 2.09 - 4.55 ——

MT vs. PCI  3.221.96 - 5.30 |

One-Year Mortality
Posterior Median Odds Ratios (OR) and 95% Bayesian Credible
Intervals (BCI)

Circulation. 2013;127:2177-2185

Ischemic cardiomyopathy (EF < 35%): STICH Trial

100+
90
80+
70+

Hazard ratio, 0.84 (95%& Cl, 0.73-0.97)
P=0.02 by log-rank test

60 -
50 L
s

Event Rate (%)
|

40 o
30 o

20
10 "
0

Medical therapy

—

CABG

T T T T T T T T T
0 1 2 3 4 5 6 7 3 9

Years since Randomization

T 1
10 11

N Engl J Med 2016;374:1511-20



Treatment of SIHD

OMT plus Risk Factor Modification (Default Treatment)

LM or iCMP (EF<35%)

Behavioral risk factor
« Smoking cessation

. . : : Pharmacologic Targets
« Physical activity Revascularization

: * Aspirin
 Reduced saturated fat intake . Statin
 Ezetimibe
« ACEI/ARB
Physiologic risk factor O7\E1€T . Beta blocker
 BP control

« Lipid control
 BMI control



Incidence rate (per 100,000)

o

IS

Trends in Elective PCl volume across England and Wales

Impact of COURAGE and ORBITA Trials

430,248 PCI procedures were undertaken for stable angina between 2006 to 2019

COURAGE published: 03/2007 ~

IRR 1.06 (95%CT 0.69-1.62) Increased proportion of patients,
undergo without stress
lnduced

A

Increased proportion of patlents
[* undergolng PCIwith NYHA class I ]

ORBITA

IRR 0.96 (95%CI 0.74-1.23)

112017

2006-Jan

2006-Jul

2007-Jan

I° COURAGE and ORBITA clinical trials had no significant impact on PCI volume
3
8
&

2007-Jul
2008-Jan
2009-Jan
2009-Jul
2010-Jan
2010-Jul
2011-Jan
2011-Jul
2012-Jan
2012-Jul
2013-Jan
2013-Jul
2014-Jan
2014-Jul
2015-Jan
2015-Jul
2016-Jan
2016-Jul
2017-Jan
2017-Jul

2018-Jan

2018-Jul

2019-Jan

2019-Jul

2020-Jan

Incidence rates (per 100,000)

101

2006

2007

2008

2009

2010 2011 2012 2013 2014
Year

= Non-ORBITA centers=e=ORBITA centers

J Am Heart Assoc. 2022:11:e025426. DOI: 10.1161/JAHA.122.025426

2015

2016

2017

2018

2019



Doctors (Humans) are like that.
They don't change easily.



Appropriateness of PCI
From NCDR CathPCIl Registry(N=500,154)

Acute Indication

1. No angina (53.8%)
2. Low-Risk Ischemia on Non-Invasive Stress Imaging (71.6%)

3. Suboptimal (<1 Medication) Antianginal Medication (95.8%)

P(ocedure
gbpropriate

JAMA 2011;306(1):53-61



Since the publication of the Appropriate Use Criteria for Coronary Revascularization in 2009,

there have been significant reductions in the volume of nonacute PCI

Nonacute indications

Acute indications
100 - ™ 100 ~
80 80 -
wn 4 n
& g
= 60 < 601
5 5
@ 'L @ H‘:
2 ol £ & 2 X &
T 40 & = € 40 &
& i X . o o o & §
204 * oo ) 20 -
© Q
0- 0-
2009 2010 2011 2012 2013 2014 ZUIOQ 20:10 20|11 20:12 2(]'13 2[)'14
. Year
Hospital acute Hospital nonacute Year
PCI Vﬂlume, 177 402 389 407 401 403 PCI volume 39 84 72 60 55 53
median NO_ (101-289) (246-629) (255-514) (264-627) (262-620) (265-520) median NO. (20_72) (46'15 1) (39_127) (34_107) (29_100) (27‘98)

(IQR)

(IQR)

JAMA. 2015;314(19):2045-2053



Current Status of FFR Penetration (1)

Patients, (%)

100

81.5
80 -

83.6

83.4

ASAN PCI registry from Korea

o 97.7 943 957 o943 96.7 96.7 975 97‘_—_2_8-5\961—__9_8
~ IVUS use during PCI
FAME 1
published 2-year data
4 A 582 576 578

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

Use of FFR wire
(Abbott)

2019Y: 1238
2020Y: 1096

2021Y: 1214

2022Y: 1196



Current Status of FFR Penetration (2)

TABLE 1 Public Reporting of Coronary Physiology Uptake

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-foldin 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



Gradually, People Are Changing.
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30 1

% of Procedures with Pressure Wire
— s
o o

Current Status of FFR Penetration (3)
SCAAR Regqistry (>30%)

J Am Coll Cardiol 2020;75:2785-99

30 |
Mortality
—
£
£ 20
a8
S
-
u
[
2
k5
= 10 4
E
=
o
0 4
0 2 3 4 5 5] 7 8 9 10 n
Number at Risk Years
) @h H Ao —— Angiography 20,493 18,455 16,267 14,183 12,137 10,207 8,329 6,588 4,872 3,337 1777 315
P " A "\«G —— FFR 3,367 2,841 2,286 1,836 1,431 1,104 882 666 491 340 188 39
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Current Status of FFR Penetration (4)
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g
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J Am Coll Cardiol 2020:75:409-19



. 200001

10000+

Number of Procedure, No

Current Status of FFR Penetration (5)

The KOrea National Health Insurance Service Database (5% !!)

All-Cause Death

~* Angiography-based PCI
~+ FFR-based PCI

25949

24469 P=0.006
21973
22092
19445
P<0.001
5.0%
4.7%
4.3%
3.9%
3.3%
1368
893 992 1209
654 — == P<0.001
. . —
2013 2014 2015 2016 2017

Year

10.0

o ~
o (3}
% ‘uoijiodoid

N
o

0.0

Cumulative Risk of Mortality

20% A

15% A

10% -

5% A

0% -

Adjusted HR: 0.798 (95% CI: 0.698-0.913), P < 0.001

1 2 3 4
Years
—— Angiography-Guided PCI — FFR-Guided PCI



Nationwide Trends of Gatekeeper to Invasive Coronary
Angiography in Suspected Coronary Artery Disease

400,000 -

—e— CCTA ~@--TMT @ SPECT

- @+ CCTA+TMT —8— CCTA+SPECT  --@-- TMT+SPECT
CCTA+TMT+SPECT - Directly ICA

380,000 -
360,000 -
340,000 -

320,000 -

300,000 3

280,000 -

120,000
100,000
80,000 -
60,000 -

40,000 A

20,000 -

A
2012 2013 2014 2015 2016 2017 2018 2012 2013 2014 2015 2016 2017 2018

Korean Circ J. 2022 Nov;52(11):814-825
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EDITORIAL COMMENT

Coronary Psychology

Do You Believe?*

Nils P. Johnson, MD, MS,* Bon-Kwon Koo, MD, PuD"

CC hy don’t physicians follow clinical
practice guidelines?” That ques-
tion—the title of a broad data review

and synthesis (1)-remains as valid today as it was

almost 20 years ago when posed. The Cabana et al.

(1) framework connected 3 major steps along a path:

knowledge (understanding what do to), attitude

(believing that it should be done), and behavior (actu-

ally doing it). At each step, potential barriers can

thwart the desired action. Given the enormous evi-
dence base supporting coronary physiology, its

perceived underuse in clinical practice has led to a

multitude of explanatory theories, including hyper-

emic drugs, wire properties, and reimbursement. In
this issue of JACC: Cardiovascular Interventions, the

ERIS study from Italy (2) provides an important op-

portunity to examine new and old data for each of

these hypothetical barriers.

SEE PAGE 1482

VOoL. 11, NO. 15, 2018

claimed it was due to a 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.

However, surveys may not accurately reflect
behavior, as recently demonstrated by polling mis-
cues in the United States election and the Brexit vote.
A subsequent European study called the ISIS study (4)
asked interventional cardiologists to make clinical
decisions when provided with an angiogram showing
an intermediate lesion in a stable patient. Impor-
tantly, the decisions were to be made “assuming ideal
world conditions, without considering any financial
restrictions or local regulations, but only after the

Coronary psychology

What really works?

more studies/trials
training or conferences
guideline or consensus
insurance reimbursement
media coverage

legal action

public registry

simplify (avoid hyperemia)
better wires



How to Overcome Low Penetration of FFR?



Current Status of FFR Penetration (6)

Japan FFR Market Units and Penetration 2009~2017
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PCI Trend in US and JAPAN
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The Policy Change for Ischemia Assessment
In Japan

A Proportion of planned PCI with ischemia assessmer The Japanese Ministry of Health, Labour, and Welfare
introduced a new reimbursement policy: to reduce
unnecessary PCls, ischemia assessment (unless stenosis
was very tight) was required for planned PCI beginning in

I P ; April 2018

Although the database did not include test results of
iIschemia assessment or details of PCl-associated
complications, the total number of planned PCls

B Numbsraf planned FCl ansiyzed decreased without an increase in all-cause mortality after
implementation of the new reimbursement policy.
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: Our results have a potential clinical benefit because the
e policy change led to a reduction in the number of
unnecessary PCls in patients with coronary artery disease

No of planned PCI (N)
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