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Same stenosis, same functional significance ?
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Evaluation of Coronary Stenosis

An ideal parameter should account for the interaction between

* Epicardial stenosis severity,
* Extent of the perfusion territory,
 Myocardial blood flow including collaterals

* Microvascular function

= Physiologic or functional evaluation
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Fractional Flow Reserve (FFR)

FFR Maximum flow in presence of stenosis Qriax (Pd-PV)/R Distal Pr (P d)

Normal maximum flow B Qﬁ’]ax_ (PG-PV)/R B Proximal Pr (Pa)
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Application in the cath lab

Pressure Wire Adenosine




Fractional Flow Reserve
Unique Features of FFR PROCEDUR ACTION TYP;VIvs-'llr%rjeb
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Easily obtained  BOKD
Epicardial stenosis specific

Independent from the hemodynamic parameters ERASE |
Applicable in multi-vessel disease, multiple lesions 2003-03-28 09:08:31
Normal value is unequivocally =1 ( 6 6)
Takes into account collateral flow
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FFR = 0.6 means:

“Due to this particular stenosis, blood flow to the myocardium is
only 60 % of normal maximal flow”

If, post PCI FFR = 0.9, this means:

“Blood flow has increased by 50% and is 90% of normal maximal
flow”



FFR vs. Myocardial ischemia

All pts with FFR below 0.75

Overall results for FFRmyo Percentage [yot S yueyuohpe i

e - o whereas in the majority, 8/.5 %
SenSItIVIty 88 % (21/24 pts) of patients with FFR
SpECIﬁCIty 100 % higher than 0.75 ischemia could

not be induced.

Pos. Pred.Value 100 %
Neg. Pred.Value 88 %
Accuracy 93 %

Pijls et al. NEJM 1996,334



Intermediate lesions

[CPRINT J[EDIT ] [RENAME] EXPORT][ ERASE | [ ] PRINT || EDIT | [RENAME] EXPORT] ERASE SETUP
2003-09-29 09:27:46 LAD MOD  PREPTCA ADOIV  2009-06-09 09:48:03
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DEFER study

Study Population

(325)

Intermediate lesion
No documented ischemia

Randomized to

Randomized to

deferral of PTCA performance of PTCA
(167) (158)
| | | | |
FFR>0.75 FFR<0.75 FFR<0.75 FFR>0.75
PTCA deferred PTCA performed PTCA performed PTCA performed
(91) (76) (68) (90)

Defer Group Reference Group

10

l Perform Group l

Circulation 2001



DEFER study - 5 yr follow-up

100
90
80
70
60
20

5yr MACE: 16.5%

——

—— FFR > 0.75, defer

Event-free Survival(%)

40
30 — FFR > 0.75, perform
20 ——FFR < 0.75, reference

10
0

20 Death/MI after 5 years

DEFER PERFORM REFERENCE

Piils, JACC 2006
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Left main, Proximal LAD lesions

M/63 HT, Hyperlipidemia
Referred from other hospital after CAG for urgent CABG

N3 H

:,
al

Lt Main, LAos, pRCA lesion:
CABG? PCI?




M/63 HT, Hyperlipidemia
Recent onset resting and exertional chest pain
Referred from other hospital after CAG for urgent CABG

13.24
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M/63 HT, Hyperlipidemia
Recent onset resting and exertional chest pain
Referred from other hospital after CAG for urgent CABG




FFR-guided Decision Making in Left Main Stenosis

4534 patients
+ “some degree” of LM stenosis

T

1352 2908
“< 30% stenosis” “significant” & CABG

274 consecutive pts+“equivocal LM”
= FFR

= QCA
=» >6 Mos (up to 12 years) clinical follow-up

Hamilos, et al. Circulation 2009
15



FFR-guided Decision Making in Left Main Stenosis
SURVIVAL RATE

00—
wl 0 TE———
g & i — FFR20.80
E ----- FFR<0.80
O a0
——
20-
0 | | | | |
¢ 1 @ ® 4 @
No atrisk Months
FFR>0.80 136 103 72 52 38 26
FFR<0.80 73 56 41 o e 1o

Hamilos, et al. Circulation 2009

16



FFR-guided Decision Making in prox LAD

N= 730 Patients

Mean follow-up: 40+2 months

MACE

00— FFR20.8
80- ) e — .
o
g | FFR<0.8
60
L P =0.0019
U F—
£ 40
2
20-
n T T T T 1
0 12 24 36 48 60
No at risk Months

FFR 0.80 544 477 392 303 200 121
FFR<0.80 165 143 107 79 o6 40

SURVIVAL

>
100.. FFR20.8
™
£ % p=omm
=
o 40-
e
20-
n T T T T 1
0 12 24 3 48 60
No at risk Months

FFR 0.80 5641 a03 423 332 222 140
FFR<0.80 166 130 117 87 65 43

Muller, et al. AHA 2009
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Bifurcation lesions

Before PCI After MB stenting

CURSOR
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2 RESET

-
f3 RESET
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Fractional Flow Reserve

Can anatomical severity predict the functional significance?

FFR vs. % diameter stenosis in Jailed side branches
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% diameter stenosis

Kumsars |, et al. Eurointervention 2011



FI67 Unstable angina, Distal left main and LAD os lesion+

i

i FFR 0.82

' FFRO0.86

X 2 ?




F/52
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70 U

Stable angina, 3VD by CT coronary angiogs
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FAME study

Patient with stenoses 2 50% in at least 2

major epicardial vessels
(N=1005)

Randomization

g |

Angiography-guided PCI
(N=496)

J

4

[ DES, all indicated stenoses J

|}

FFR-guided PCI
(N=509)

4

[ DES, when FFR < 0.80 ]

| S,

Clinical follow-up

J]

J<

DES: drug-eluting stents

22

Tonino, et al. NEJM 2009



FAME study: Procedural Results

FFR-group

P-val
N=509 vaiue

No of stents per patient 1.9 +1.3 <0.001

Procedure time (min) 71 £ 43 0.51

Contrast agent used (ml) 272 + 133 <0.001

Materials used at procedure 5332 <0.001

(US 9)
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FAME study: 2-year outcomes

2 Year MACE-free Survival

2 Year Death/MI-free Survival

1,00

0,95

FFR-Guided

0,85

0,50

Angio-Guided

Survival Free from Major Adverse Cardiac Events

075 730 days
A4.5%
0,70
6 150 2;0 SéD 4éD 650 ?éD

Days since Randomization

Survival Free from Death and MI

1,00

0,957

0,90

FFR-Guided

Angio-Guided

0857 730 days
A4.3%
0,80
0,75
0,70
150 2;0 BéD 450 GSD TED

Days since Randomization

MACE: Death, Ml, re-PCI, CABG

24

Fearon, et al JACC




Inside the hall of “FAME”

Proportions of functionally diseased coronary arteries
in patients with angiographic 3 vessel disease

Tonino JACC 2010
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Inside the hall of “FAME”

FFR versus Angiography
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91-99%

Tonino JACC 2010



Inside the hall of “FAME”

Outcome of Deferred Lesions

513 Deferred Lesions in
509 FFR-Guided Patients

l 2 Years

53 Repeat Revascularizations

|

16

Originally Deferred Lesions

—> | 37 New or Restenotic lesions

6 Without FFR or

l

10

Originally Deferred Lesions
with Clear Progression

27

Despite an FFR < 0.80

Only 10/507 or 2.6% of deferred
lesions clearly progressed
requiring repeat revascularization
Fearon, et al JACC



Inside the hall of “FAME”
Outcome of Deferred Lesions

513 Deferred Lesions in
509 FFR-Guided Patients

l 2 Years

31 Myocardial Infarctions — 22 Peri-procedural

|

9

Late Myocardial Infarctions

l

1 Only 1/509 or 0.2% of deferred
MI due to Originally deferred lesion lesions resulted in a late Ml

>| 8 New Lesion or Stent Related

Fearon, et al JACC
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There seems to be many



Pitfalls with FFR measurements



Equalization between aorta and sensor pressures

31



Don't equalise with an “INTRODUCER” in place

2009-11-17 08:36:25

18.24

CURZOR

Introducer “IN” Introducer “OUT” +
@
B 19 2 A1 2 of3 oM




Don’t measure FFR with an “INTRODUCER” in place

[CPRINT J[_EDIT ] [RENAME] EXPORT] ERASE | fol=a [PRINT [ EDIT | [RENAME[ EXPORT] ERASE ] [SETUP |
M) LM PRE PTCA 2 - : \ _ ) PRE PT :

(68)

Pd mean Pd mean

0.79 0.83

FFR % FFR

—_—
RESET
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Check the “CURSOR?” location

(71)

Pd mean

0.72

FFR

2703 § | | S A SRR R ! 31.77
CURSOR GO ol ! ‘ ! - - Ll .

CURSOR

+&P +&
Tk 4 % 2 Er g %

35



[CPRINT [ _EDIT | [RENAME | EXPORT][ ERASE | [[SETUP ]|
2009-11-18 17:01:04

2.37

CURSOR

+ &P

5 RESET

Hyperemia: IV adenosine infusion

5 Fr guiding catheter, radial approach
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“FLUSH” the guiding catheter

o1 12 13 14 15 15 17
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Check the shape of “PRESSURE CURVE”

38






PRINT EXPORT| ERASE SETUP
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PRINT EDIT | [RENAME| EXPORT] ERASE |
LA PRE PTCA o\t

(59) | (52)

0.76 0.76

FFR ] - _ . A FFR

L
RESET
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Artificial gradient due to “DRIFT”

PRINT EDIT EXPORT SETUP f — PRINT EDIT EXPORT SETUP
2009-11-17 12:15:22 VO LA LAD MOD PRE PTCA &D0 1Y 2009-11-17 12:22:.06

(52)
0.76

FFR

36.35

CURSOR

+ &P

RESET el % L Er] EL RESET

« Shape of pressure curve: Identical
 Aortic notch in the distal curve +
« |f drift is suspected “re-equalisation” is necessary.
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Aware of “Accordion effect”




Checklists for possible pitfalls

— Infusion pump or connection site

— Introducer in place?

— Check the cursor location

— Check the shape of pressure curves

— Guide catheter problem

* Side-holes

* Flush

» Disengage during recording
— Drift

* Re-equalise
— Spasm/Accordion effects
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Coronary revascularization by FFR

4 V4 )

Feasible
Practical

\_ O\ /
4 N/ )

Cost-saving

| Stents | Contrast
Number agent

. AN J

Reduce unnecessary PCls and related
complications!
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