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DO YOU AGREE ?

Any treatment in health care should be directed
either toeither to

• Releave symptoms ( improve quality of life )• Releave symptoms ( improve quality of life )

or toor to

• Improve outcome ( prognosis longevity)• Improve outcome ( prognosis, longevity)

No other rationale for any treatment is possible !No other rationale for any treatment is possible !



DO YOU AGREE ?

Stenting a coronary stenosis is justified if:

• that stenosis is responsible for symptoms

or 

• has a negative influence on outcome 

or both

I cannot imagine any other rationale for stentingI cannot imagine any other rationale for stenting



FUNCTIONALLY  SIGNIFICANT STENOSIS

a functionally significant stenosis 
generally gives symptoms (angina)
(“ischemic” stenosis, hemodynamically
significant stenosis)

PCI and stenting is extremely effective in relieving
symptoms (angina) in such patients

(and much more effective than medical treatment)

DEFER, COURAGE, SYNTAX, FAME



freedom from chest pain
DEFER-study, JACC 2007; 49 : 2105-2111
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FUNCTIONAL CLASS 
in COURAGE - SYNTAX – 3VD and FAMEin COURAGE SYNTAX 3VD  and FAME
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FUNCTIONALLY  SIGNIFICANT STENOSIS

PCI and stenting is extremely effective in relieving
symptoms (angina) in such patientsy p ( g ) p

…and often improves outcomep



Death & MI 5 during 5 years of follow-up after
PCI vs Medical Treatment in ISCHEMIC stenosis
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FUNCTIONALLY  SIGNIFICANT STENOSIS

stenting a functionally significant stenosis 
is justified , when technically feasible

DEFER, COURAGE, SYNTAX, FAME



FUNCTIONALLY  NON-SIGNIFICANT STENOSIS

a functionally non-significant stenosis 
(“non-ischemic stenosis”) generally 
gives no complaints

So, from the symptomatic point of view there is
no reason to stent such lesion 



FUNCTIONALLY  NON-SIGNIFICANT STENOSIS

And what about prognosis longevity ?And what about prognosis, longevity ?

What about the risk of experiencing death or MI ?What about the risk of experiencing death or MI ?

Do we improve that by stenting a functionallyDo we improve that by stenting a functionally
non-significant stenosis ?



Cardiac Death And Acute MI After 5 Years

non-ischemic stenosis, R/x
non-ischemic stenosis, R/x + stent 
ischemic stenosis, R/x + stent

JACC, 2008



Cardiac Death And Acute MI After 5 Years

non-ischemic stenosis, R/x
non-ischemic stenosis, R/x + stent 
ischemic stenosis, R/x + stent

JACC, 2008



Risk to die or experience myocardial infarctionp y
in the next 5 years related to a coronary stenosis:

• non-ischemic stenosis: < 1% per year *
(NUCLEAR studies, DEFER, FAME)

• ischemic stenosis, if left untreated: 5-10% per year
(Many historical registries, ACIP, etc)

• stented stenosis: 2-3% per year
(e.g DEFER, FAME, SYNTAX,many large studies
and registries) 



So, at this point it will be clear that functionallySo, at this point it will be clear that functionally
significant (= ischemic) lesions should be 
revascularized, …..revascularized, …..

…..……whereas it makes no sense to stent…..……whereas it makes no sense to stent 
non-ischemic lesions

Therefore, the key issue is to establish if a particular , y p
stenosis is associated with reversible ischemia….

Fractional Flow Reserve  (FFR)



FFR is the most accurate method to 
indicate or exclude reversible ischemiaindicate or exclude reversible ischemia

FFR i if stenosis significantFFR non-signif. stenosis significant

1.0 0.80 0.75 01.0 0.80 0.75 0

FFR is the only functional index which has everFFR is the only functional index which has ever
been validated versus a true gold standard.
(Prospective multi-testing Bayesian methodology)

ALL studies ever performed in a wide variety of clinical & 
angiographic conditions found threshold between 0 75 and 0 80angiographic conditions, found threshold between 0.75 and 0.80

Sensitivity : 90%Sensitivity :  90%
Specificity : 100% N Engl J Med 1996; 334:1703-1708

Circulation 2010, many others



The wind tunnel to prove the effectivenessThe wind tunnel to prove the effectiveness 
of any method,
is a prospective and randomized trialis a prospective  and randomized trial…..

FAME studyy



FAME study:  FAME study:  HYPOTHESISHYPOTHESIS

FFRFFR guided Percutaneous Coronaryguided Percutaneous CoronaryFFR FFR –– guided Percutaneous Coronary guided Percutaneous Coronary 
Intervention (PCI) in multivessel disease, Intervention (PCI) in multivessel disease, 

is superior to standard is superior to standard 
angiography angiography –– guided PCIguided PCIg g p yg g p y gg



FAME study: FAME study: Baseline Characteristics (1)Baseline Characteristics (1)

ANGIO-group
N=496

FFR-group
N=509

PP--
valuevalueN=496 N=509 valuevalue

Age, Age, meanmean±±SDSD 64±10 65±10 0.470.47
MaleMale %% 73 75 0 300 30Male, Male, %% 73 75 0.300.30
Diabetes, Diabetes, %% 25 24 0.650.65
HypertensionHypertension %% 66 61 0 100 10Hypertension, Hypertension, %% 66 61 0.100.10
Current smoker, Current smoker, %% 32 27 0.120.12
Hyperlipidemia, Hyperlipidemia, %% 74 72 0.620.62yp p ,yp p ,

Previous MI, Previous MI, %% 36 37 0.840.84
Unstable angina, Unstable angina, %% 36 29 0.110.11U stab e a g a,U stab e a g a, %% 36 9 00
Previous PCI , Previous PCI , %% 26 29 0.340.34
LVEF,  LVEF,  meanmean±±SDSD 57±12 57±11 0.920.92
LVEF < 50% , LVEF < 50% , %% 27 29 0.470.47



FAME study: FAME study: Baseline Characteristics (2)Baseline Characteristics (2)

ANGIO-group
N=496

FFR-group
N=509

PP--valuevalue
N=496 N=509

# indicated lesions per patient# indicated lesions per patient 2.7±0.9 2.8±1.0 0.340.34

5050--70% narrowing, 70% narrowing, No (%)No (%) 550 (41) 624 (44) --
7070--90% narrowing,90% narrowing, No (%)No (%) 553 (41) 530 (37) --g,g, ( )( ) ( ) ( )
9090--99% narrowing,99% narrowing, No (%)No (%) 207 (15) 202(14) --
Total occlusion, Total occlusion, No (%)No (%) 40 (3) 58 (4) --

Patients with ≥1 total occlusion Patients with ≥1 total occlusion 
(%)(%)

7.5 10.6 0.080.08
(%)(%)

Patients with prox LAD involved, Patients with prox LAD involved, 
No (%)No (%)

186 (38) 210 (41) 0.390.39

% lesions in segment 1,2,6,7,or 11% lesions in segment 1,2,6,7,or 11 960 (71) 1032 (73) 0.420.42



FAME study: FAME study: Procedural Results (1)Procedural Results (1)

ANGIO-group
N=496

FFR-group
N=509

PP--valuevalue
N=496 N=509

# i di t d l i ti t# i di t d l i ti t 2 7 ± 0 9 2 8 ± 1 0 0 340 34# indicated lesions per patient# indicated lesions per patient 2.7 ± 0.9 2.8 ± 1.0 0.340.34

St t ti tSt t ti t 2 7 ± 1 2 1 9 ± 1 3 <0 001<0 001Stents per patientStents per patient 2.7 ± 1.2 1.9 ± 1.3 <0.001<0.001

1005 patients; almost 3000 stenoses;

Angio guided: all angiographic significant stenoses stentedAngio-guided:  all angiographic significant stenoses stented
PCI-guided:      stenting of FFR-positive lesions only



FAME study: FAME study: Adverse Events at 1 yearAdverse Events at 1 year

ANGIO-group
N=496

FFR-group
N=509

PP--valuevalue
N=496 N=509

Events at 1 year, No (%)Events at 1 year, No (%)
Death, MI, CABG, or repeatDeath, MI, CABG, or repeat--PCIPCI 91 (18.4) 67 (13.2) 0.020.02Death, MI, CABG, or repeatDeath, MI, CABG, or repeat PCIPCI 91 (18.4) 67 (13.2) 0.020.02
DeathDeath 15 (3.0) 9 (1.8) 0.190.19
Death or myocardial infarctionDeath or myocardial infarction 55 (11.1) 37 (7.3) 0.040.04yy ( ) ( )
CABG or repeat PCICABG or repeat PCI 47 (9.5) 33 (6.5) 0.080.08

Total no. of MACETotal no. of MACE 113 76 0.020.02

Myocardial infarction, specifiedMyocardial infarction, specified
All myocardial infarctionsAll myocardial infarctions 43 (8.7) 29 (5.7) 0.070.07
S ll i d l CKS ll i d l CK MB 3MB 3 5 N5 N 16 12Small periprocedural CKSmall periprocedural CK--MB 3MB 3--5 x N5 x N 16 12
Other infarctions (“late or large”)Other infarctions (“late or large”) 27 17



DEATH & MI in the FAME study after 2 years
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Freedom from Angina in the FAME study
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FFR guided PCI:FFR –guided PCI:

• improves outcome 
• improves quality of livep q y
• is cost-saving
• reduces radiation and contrast exposurep
• does not prolong time of procedure 

Tonino et al, NEJM 2009; Pijls et al, JACC 2010



FAME study:  FAME study:  Economic Evaluation (1) Economic Evaluation (1) 
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An FFR-guided strategy to multivessel PCI is one of those rare 
it ti i di i i hi h i ti t t t t l

Fearon et al, Circulation 2010

situations in medicine in which a new innovative treatment not only 
improves outcome but is also cost-saving



FAME study:  FAME study:  Diabetes vs NonDiabetes vs Non--Diabetes Diabetes 

FFR, no diab
FFR, diabetes
ANGIO no diabANGIO, no diab
ANGIO, diabetes



FAME study:  FAME study:  Unstable Angina & NonUnstable Angina & Non--STEMI STEMI 

FFR, no ACS
FFR, ACS
ANGIO no ACSANGIO, no ACS
ANGIO, ACS



FAME study:  FAME study:  Patients with Previous PCI Patients with Previous PCI 

FFR, no prev PCI
FFR, previous PCI
ANGIO no prev PCIANGIO, no prev PCI
ANGIO, previous PCI



Outcome of Deferred Lesions:

513 Deferred Lesions and 901 stented lesions in513 Deferred Lesions and 901 stented lesions in
509 FFR509 FFR--Guided PatientsGuided Patients

2 Years2 Years

8899
Late Myocardial InfarctionsLate Myocardial Infarctions

88
Due to a New Lesion Due to a New Lesion 

or Stent Relatedor Stent Related

11 O l 1/513 0 2% f d f dO l 1/513 0 2% f d f d11
Myocardial Infarction due toMyocardial Infarction due to

an Originally Deferred Lesionan Originally Deferred Lesion

Only 1/513 or 0.2% of deferred Only 1/513 or 0.2% of deferred 
lesions resulted in a late lesions resulted in a late 

myocardial infarctionmyocardial infarction



Outcome of Deferred Lesions:

513 Deferred Lesions and 901 stented lesions in513 Deferred Lesions and 901 stented lesions in
509 FFR509 FFR--Guided PatientsGuided Patients

2 Years2 Years
3737

5353 Repeat RevascularizationsRepeat Revascularizations
3737

in a New Lesion and/orin a New Lesion and/or
in a Restenotic Onein a Restenotic One

66
Without FFR or Without FFR or 

D it FFR 0 80D it FFR 0 80
1010

Originally Deferred LesionsOriginally Deferred Lesions Despite an FFR > 0.80Despite an FFR > 0.80Originally Deferred LesionsOriginally Deferred Lesions
with Clear Progressionwith Clear Progression

Only 10/513 or 1.9% of deferred Only 10/513 or 1.9% of deferred 
lesions clearly progressed lesions clearly progressed 

requiring repeat revascularizationrequiring repeat revascularizationrequiring repeat revascularizationrequiring repeat revascularization



GUIDELINES ESC SEPTEMBER 2010

FFR UPGRADED TO LEVEL I A INDICATION

GUIDELINES ESC SEPTEMBER 2010

FFR UPGRADED TO LEVEL I A INDICATION

10 – Procedural aspects of PCI
Table 28: Specific PCI devices and pharmacotherapy

Class Level

FFR-guided PCI is recommended for detection of ischemia-related  
lesion(s) when objective evidence of vessel related ischamia is not I Alesion(s) when objective evidence of vessel-related ischamia is not 
available 

I A

DES* are recommended for reduction of restenosis/reocclusion, if no contraindication to 
extended DAPT I A

Distal embolic protection is recommended during PCI of SVG disease to avoid distal 
embolisation of debris and prevent MI I B

Rotablation is recommended for preparation of heavily calcified or severely fibrotic I Clesions that cannot be crossed by a balloon or adequately dilated before planned stenting I C

ESC-EACTS Guidlines for Myocardial Revascularisation, August 30, 2010 



CONCLUSIONSCONCLUSIONS

Physiologic Lesion Assessment by FFR to guidePhysiologic Lesion Assessment by FFR to guidePhysiologic Lesion Assessment by FFR to guidePhysiologic Lesion Assessment by FFR to guide
routine PCI is superior to current angiography routine PCI is superior to current angiography 
guided treatmentguided treatmentguided treatment.guided treatment.

FFR improves outcome of PCI significantlyFFR improves outcome of PCI significantlyFFR improves outcome of PCI significantlyFFR improves outcome of PCI significantly

and supports the evolving paradigm ofand supports the evolving paradigm ofand supports the evolving paradigm of and supports the evolving paradigm of 

“Functionally Complete Revascularization”“Functionally Complete Revascularization”Functionally Complete Revascularization ,Functionally Complete Revascularization ,
i.e. stenting of ischemic lesions and i.e. stenting of ischemic lesions and 

medical treatment of nonmedical treatment of non ischemic onesischemic onesmedical treatment of nonmedical treatment of non--ischemic ones.ischemic ones.


