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StentStent all all oror measuremeasure FFR FFR firstfirst??



FAME FAME studystudy:  :  BACKGROUND (1)BACKGROUND (1)

•• StentingStenting of of nonnon--ischemicischemic stenosesstenoses has has nono benefitbenefit
comparedcompared to to medicalmedical treatmenttreatment onlyonly

•• StentingStenting of of ischemiaischemia--relatedrelated stenosesstenoses improvesimproves
symptomssymptoms and and outcomeoutcome

•• In In multivesselmultivessel coronarycoronary diseasedisease (MVD), (MVD), identifyingidentifying
whichwhich stenosesstenoses causecause ischemiaischemia is is difficultdifficult::

NonNon--invasiveinvasive tests are tests are oftenoften unreliableunreliable in MVD andin MVD and
coronarycoronary angiographyangiography oftenoften resultsresults in in bothboth underunder--
oror overestimationoverestimation of of functionalfunctional stenosisstenosis severityseverity



FAME FAME studystudy:  :  BACKGROUND (2)BACKGROUND (2)

•• FractionalFractional FlowFlow Reserve (FFR), is the most Reserve (FFR), is the most 
accurate and accurate and selectiveselective index to index to indicateindicate whetherwhether a a 
particularparticular stenosisstenosis is is responsibleresponsible forfor inducibleinducible
ischemiaischemia

•• FFR FFR cancan bebe easilyeasily determineddetermined in the in the cathcath lablab
justjust prior to prior to stentingstenting



FAME FAME studystudy:  :  HYPOTHESISHYPOTHESIS

FFR FFR –– guidedguided PCIPCI
in in multivesselmultivessel diseasedisease

is superior to is superior to 
currentcurrent angiographyangiography –– guidedguided PCIPCI



FAME FAME studystudy:  :  DESIGNDESIGN

RandomizedRandomized multicentermulticenter studystudy in 1005 in 1005 patientspatients
undergoingundergoing DESDES--stentingstenting forfor multivesselmultivessel diseasedisease
in 20 US and in 20 US and EuropeanEuropean centerscenters

MultivesselMultivessel diseasedisease::
StenosesStenoses of > 50% in at least 2 of the 3 of > 50% in at least 2 of the 3 majormajor
coronarycoronary arteriesarteries

•• independent independent corecore--lablab
•• independent data independent data analysisanalysis
•• blindedblinded adverseadverse eventevent committeecommittee



FAME FAME studystudy: : StudyStudy PopulationPopulation

The FAME The FAME studystudy was was designeddesigned to to reflectreflect dailydaily practicepractice
in in performingperforming PCI in PCI in patientspatients withwith multivesselmultivessel diseasedisease

InclusionInclusion criteria:criteria:
•• ALLALL patientspatients withwith multivesselmultivessel diseasedisease
•• At least 2 At least 2 stenosesstenoses ≥≥ 50% in 2 50% in 2 oror 3 major 3 major epicardialepicardial
coronarycoronary arteries, arteries, amenableamenable forfor stentingstenting

ExclusionExclusion criteria:criteria:
•• LeftLeft mainmain diseasedisease oror previousprevious bypass bypass surgerysurgery
•• Acute STEMIAcute STEMI
•• ExtremelyExtremely tortuoustortuous oror calcifiedcalcified coronarycoronary arteriesarteries

NoteNote:: patientspatients withwith previousprevious PCI PCI werewere notnot excludedexcluded



FLOW CHARTFLOW CHART



FAME FAME studystudy: : PRIMARY ENDPOINTPRIMARY ENDPOINT

CompositeComposite of of deathdeath, , myocardialmyocardial infarctioninfarction, , 
oror repeatrepeat revascularizationrevascularization ((““MACEMACE””) ) 

at 1 at 1 yearyear



FAME FAME studystudy: : SECONDARY ENDPOINTSSECONDARY ENDPOINTS

•• IndividualIndividual componentscomponents of MACE at 1 of MACE at 1 yearyear
•• FunctionalFunctional classclass
•• UseUse of of antianti--anginalanginal drugsdrugs
•• HealthHealth--relatedrelated qualityquality of of lifelife (EuroQOL(EuroQOL--5D)5D)

•• Procedure timeProcedure time
•• AmountAmount of contrast agent of contrast agent usedused duringduring procedureprocedure
•• CostCost of the procedureof the procedure



•• PCI PCI accordingaccording to to locallocal routineroutine

•• OnlyOnly drugdrug--elutingeluting stentsstents (DES)(DES)

•• FFR FFR measuredmeasured byby PressurePressure WireWire

((CertusCertus wirewire, RADI , RADI MedicalMedical SystemsSystems))

•• HyperemiaHyperemia inducedinduced byby i.v. i.v. adenosineadenosine 140 140 µµg/kg/min g/kg/min 

in in femoralfemoral veinvein

•• EKG, CK, CKEKG, CK, CK--MB, etc MB, etc duringduring hospitalhospital staystay

•• FollowFollow--up at 1 up at 1 monthmonth, 6 , 6 monthsmonths, 1 , 1 yearyear

•• PlavixPlavix ((clopidogrelclopidogrel) in ) in allall patientspatients forfor 1 1 yearyear

FAME FAME studystudy: : TREATMENTTREATMENT



0.340.342926PreviousPrevious PCI , PCI , %%

0.470.472927LVEF < 50% , LVEF < 50% , %%
0.920.9257±1157±12LVEF,  LVEF,  meanmean±±SDSD

0.110.112936UnstableUnstable angina, angina, %%
0.840.843736PreviousPrevious MI, MI, %%

0.620.627274Hyperlipidemia, Hyperlipidemia, %%
0.120.122732CurrentCurrent smokersmoker, , %%
0.100.106166HypertensionHypertension, , %%
0.650.652425Diabetes, Diabetes, %%
0.300.307573Male, Male, %%
0.470.4765±1064±10AgeAge, , meanmean±±SDSD

PP--
valuevalue

FFR-group
N=509

ANGIO-group
N=496

FAME FAME studystudy: : Baseline Baseline CharacteristicsCharacteristics (1)(1)
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0.340.342.8±1.02.7±0.9Indicated lesions/patient (n=)Indicated lesions/patient (n=)

PP--
valuevalue

FFR-group
N=509

ANGIO-group
N=496

FAME FAME studystudy: : Baseline Baseline CharacteristicsCharacteristics (2)(2)



Lesions in Lesions in prox.orprox.or midmid
0.420.421032 (73)960 (71)segment, No (%)segment, No (%)

0.390.39210 (41)186 (38)Prox. LAD involved, Prox. LAD involved, No (%)No (%)
0.080.0810.67.5Pts. with Pts. with ≥≥1 total occlusion (%)1 total occlusion (%)

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

0.340.342.8±1.02.7±0.9Indicated lesions/patient (n=)Indicated lesions/patient (n=)

PP--
valuevalue

FFR-group
N=509

ANGIO-group
N=496

FAME FAME studystudy: : Baseline Baseline CharacteristicsCharacteristics (2)(2)



--9801359DES, DES, totaltotal,  No,  No
--94%92%LesionsLesions succesfullysuccesfully stentedstented (%)(%)

<0.001<0.0011.9 ± 1.32.7 ± 1.2StentsStents per per patientpatient

--513 (37%)-LesionsLesions withwith FFR > 0.80 ,FFR > 0.80 ,No (%)No (%)
--874 (63%)-LesionsLesions withwith FFR FFR ≤≤ 0.80 ,0.80 ,No (%)No (%)
--1329 (98%)-LesionsLesions succesfullysuccesfully measuredmeasured, No (%), No (%)

FFR FFR resultsresults

0.340.342.8±1.02.7±0.9Indicated lesions/patient (n=)Indicated lesions/patient (n=)

PP--
valuevalue

FFR-group
N=509

ANGIO-group
N=496

FAME FAME studystudy: : ProceduralProcedural resultsresults (1)(1)



0.050.053.4 ± 3.33.7 ± 3.5LengthLength of of hospitalhospital staystay ((daysdays))

<0.001<0.00153326007ProceduralProcedural materialsmaterials (US $)(US $)

<0.001<0.001272 ± 133302 ± 127Contrast agent Contrast agent usedused (ml)(ml)

0.510.5171 ± 4370 ± 44Procedure time  (min)Procedure time  (min)

PP--
valuevalue

FFR-group
N=509

ANGIO-group
N=496

FAME FAME studystudy: : ProceduralProcedural resultsresults (2)(2)



0.020.0267 (13.2)91 (18.3)Death, MI, CABG, repeatDeath, MI, CABG, repeat--PCIPCI

Events at 1 Events at 1 yearyear, No (%), No (%)

PP--
valuevalue

FFR-group
N=509

ANGIO-group
N=496

FAME FAME studystudy: : AdverseAdverse eventsevents at 1 at 1 yearyear
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PP--
valuevalue

FFR-group
N=509

ANGIO-group
N=496

FAME FAME studystudy: : AdverseAdverse eventsevents at 1 at 1 yearyear



0.040.0437 (7.3)55 (11.1)DeathDeath oror myocardialmyocardial infarctioninfarction
0.190.199 (1.8)15 (3.0)DeathDeath
0.020.0267 (13.2)91 (18.3)Death, MI, CABG, repeatDeath, MI, CABG, repeat--PCIPCI
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PP--
valuevalue

FFR-group
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FAME FAME studystudy: : AdverseAdverse eventsevents at 1 at 1 yearyear
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0.040.0437 (7.3)55 (11.1)DeathDeath oror myocardialmyocardial infarctioninfarction
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0.020.0267 (13.2)91 (18.3)Death, MI, CABG, repeatDeath, MI, CABG, repeat--PCIPCI

Events at 1 Events at 1 yearyear, No (%), No (%)

PP--
valuevalue
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FAME FAME studystudy: : AdverseAdverse eventsevents at 1 at 1 yearyear



0.020.0276113Total no. of MACETotal no. of MACE
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PP--
valuevalue
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N=509

ANGIO-group
N=496

FAME FAME studystudy: : AdverseAdverse eventsevents at 1 at 1 yearyear



17 (3.3)27 (5.5)OtherOther infarctionsinfarctions (late, (late, largelarge))

12 (2.4)16 (3.2)(CKMB 3(CKMB 3--5 x ULN)5 x ULN)
SmallSmall periproceduralperiprocedural

0.070.0729 (5.7)43 (8.7)All All myocardialmyocardial infarctionsinfarctions
MI, MI, specifiedspecified

0.020.0267 (13.2)91 (18.3)Death, MI, CABG, repeatDeath, MI, CABG, repeat--PCIPCI

Events at 1 Events at 1 yearyear, No (%), No (%)

PP--
valuevalue

FFR-group
N=509

ANGIO-group
N=496

FAME FAME studystudy: : AdverseAdverse eventsevents at 1 at 1 yearyear



FFR-guided

30 days
2.9% 90 days

3.8% 180 days
4.9% 360 days

5.1%

Angio-guided

Absolute Difference in MACE-Free Survival

FAME FAME studystudy:  :  EventEvent--freefree SurvivalSurvival



0.650.6575 ± 1674 ± 16EQEQ--5D 5D visualvisual analogueanalogue scalescale

0.480.481.2 ± 0.81.2 ± 0.7AntiAnti--anginalanginal medsmeds, No., No.

0.200.20399 (81)374 (78)PtsPts. free . free fromfrom angina, No. (%)angina, No. (%)

0.07360 (73)326 (68)
PatientsPatients without event and free without event and free 

fromfrom anginaangina

PP--
valuevalue

FFR-group
N=509

ANGIO-group
N=496

FAME FAME studystudy: : FunctionalFunctional classclass at 1 at 1 yearyear





WhatWhat aboutabout prognosis of prognosis of deferreddeferred lesionslesions??

1329 lesions measured by FFR
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1329 lesions measured by FFR

513 (37%) lesions FFR > 0.80 874 (63%) lesions FFR ≤
0.80



WhatWhat aboutabout prognosis of prognosis of deferreddeferred lesionslesions??

1329 lesions measured by FFR

513 (37%) lesions FFR > 0.80

7 out of 513 (1.4%) were stented



WhatWhat aboutabout prognosis of prognosis of deferreddeferred lesionslesions??

1329 lesions measured by FFR

513 (37%) lesions FFR > 0.80

6 had FFR ≤ 0.80

1 protocol violation (FFR 0.86)

7 out of 513 (1.4%) were stented



WhatWhat aboutabout prognosis of prognosis of deferreddeferred lesionslesions??

1329 lesions measured by FFR

513 (37%) lesions FFR > 0.80

0 out of 513 were related to AMI: 0%

• A very low event rate for deferred lesions in        
the FFR-guided arm at 1 year

• Deferring PCI of lesions with FFR > 0.80 in  
MVD patients is safe

7 out of 513 (1.4%) were stented



FAME FAME studystudy:: CRITICS IN EDITORIAL BY ELLISCRITICS IN EDITORIAL BY ELLIS

• use of thienopyridines?           ALL patients 1 year

• high percentage of small peri-procedural infarctions?
Not at All : 3.2 % and 2.4 % respectively

• favourable clinical characteristics ?
Not correct: FAME included previous MI,
ACS, poor LV, previous PCI (30% each!),
30% diabetes, 40% prox LAD, 10% CTO

• FFR measurement in 50-70 % lesions
would be sufficient?         



“I do not stent lesions of 50-70%”



1329 1329 lesionslesions in in FFRFFR--armarm

IschemicIschemic thresholdthreshold 0.800.80



LesionsLesions significant significant byby angioangio and and byby FFRFFR



LesionsLesions nonnon--significant significant byby FFRFFR

~20%~20%~60%~60%



ShouldShould we we thanthan taketake 70% as 70% as cutcut--offoff??

~20%~20%~60%~60%



40% of 5040% of 50--70% 70% categorycategory is is functionallyfunctionally significant !!significant !!

~20%~20%~60%~60%

~40%~40%



HowHow does FAME fit does FAME fit withwith otherother recentlyrecently
performedperformed RCTRCT’’ss to (DES) to (DES) stentingstenting

in in MultivesselMultivessel DiseaseDisease??
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PCI
CABG

PCI
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PCI -
an

gio

PCI -
FFRPCI
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19.1 21.5 18.6
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Stratified per SYNTAX score tertile



FUNCTIONAL CLASS 
in COURAGE, SYNTAX – 3VD  and FAME

PCI -
an

gio
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40

% free from angina at 1 year
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MEDICAL
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50

%

71
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TREATMENT OPTIONS FOR MVDTREATMENT OPTIONS FOR MVD

R/x            PCI          CABGR/x            PCI          CABG



TREATMENT OPTIONS FOR MVDTREATMENT OPTIONS FOR MVD

R/x             PCI           CABGR/x             PCI           CABG



WhyWhy is is outcomeoutcome of FFR of FFR guidedguided
procedures procedures soso goodgood??



Intrinsic risk of death and myocardial infarction?

= no limitation of oxygen
supply

= limitation of oxygen
supply

coronary

artery

coronary

artery

aorta



= no limitation of oxygen
supply

= limitation of oxygen
supply

coronary

artery

coronary

artery

aorta

Ischemic lesion intrinsic risk 5 % per year
Non-ischemic lesion intrinsic risk 1 % per year
Stented stenosis intrinsic risk 3 % per year

“stent ‘m all” intrinsic risk 12% 12%
“stent only the ischemic ones” intrinsic risk 12 8 %
both strategies eliminate ischemia similar functional class



FAME FAME studystudy:  CONCLUSIONS (1):  CONCLUSIONS (1)

Routine Routine measurementmeasurement of FFR of FFR duringduring PCI PCI withwith DES DES 
in in patientspatients withwith multivesselmultivessel diseasedisease, , whenwhen
comparedcompared to to currentcurrent angiographyangiography guidedguided strategystrategy

•• ReducesReduces the the raterate of the of the compositecomposite endpointendpoint of of 
deathdeath, , myocardialmyocardial infarctioninfarction, , rere--PCIPCI and CABG and CABG 
at 1 at 1 yearyear byby ~ ~ 30%30%

•• ReducesReduces mortalitymortality and and myocardialmyocardial infarctioninfarction at at 
1 1 yearyear byby ~ ~ 35 %35 %



FAME FAME studystudy:  CONCLUSIONS (2):  CONCLUSIONS (2)

Routine Routine measurementmeasurement of FFR of FFR duringduring PCI PCI withwith DES DES 
in in patientspatients withwith multivesselmultivessel diseasedisease, , whenwhen
comparedcompared to to currentcurrent angiographyangiography guidedguided strategystrategy

•• Is Is costcost--savingsaving and does and does notnot prolong the procedureprolong the procedure

•• ReducesReduces the the numbernumber of of stentsstents usedused

•• DecreasesDecreases the the amountamount of contrast agent of contrast agent usedused

•• ResultsResults in a in a similarsimilar, , ifif notnot betterbetter, , functionalfunctional statusstatus



Routine Routine measurementmeasurement of FFR of FFR duringduring DESDES--stentingstenting
in in patientspatients withwith multivesselmultivessel diseasedisease is superior is superior 

to to currentcurrent angiographyangiography guidedguided treatmenttreatment

ItIt improvesimproves outcomeoutcome of PCI of PCI significantlysignificantly

ItIt supports the supports the evolvingevolving paradigmparadigm of of 

““FunctionallyFunctionally Complete Complete RevascularizationRevascularization””,,
i.e. i.e. stentingstenting of of ischemicischemic lesionslesions and and 

medicalmedical treatmenttreatment of of nonnon--ischemicischemic onesones

FAME FAME studystudy:  CONCLUSIONS (3):  CONCLUSIONS (3)



WhatWhat aboutabout refref diameter, diameter, vesselvessel sizesize??

ReferenceReference diameterdiameter::
•• FAME 2.5mmFAME 2.5mm
•• PivotalPivotal DES trials 2.6DES trials 2.6--2.8mm2.8mm

selectionselection bias bias 
single single vesselvessel diseasedisease
excludingexcluding lesionslesions <2.5mm<2.5mm
lessless extensiveextensive diseasedisease

Most studies Most studies onon PCI in MVD: PCI in MVD: nono QCA QCA 
(MASII, ARTS, SYNTAX)(MASII, ARTS, SYNTAX)


