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Fractional Flow Reserve (FFR)Fractional Flow Reserve (FFR)

Maximum flow down a 
vessel in the presence 
of a stenosis…

…compared to the 
maximum flow in the 
hypothetical absence of 
the stenosis

Pijls and De Bruyne, Coronary Pressure
Kluwer Academic Publishers, 2000
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Derivation of FFRDerivation of FFR

• FFR = 
Coronary Flow (Stenosis)

Coronary Flow (Normal)

• at maximal hyperemia Coronary Flow ≈ Pressure

Pressure
Resistance• Coronary Flow =
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Derivation of FFRDerivation of FFR

• FFR = 
Coronary Pressure (Stenosis)

Coronary Pressure (Normal)

• at maximal hyperemia Coronary Flow ≈ Pressure

Pressure
Resistance• Coronary Flow =
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Kluwer Academic Publishers, 2000
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Kluwer Academic Publishers, 2000

FFR = Pd / Pa
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• Clearly defined normal value
• Not affected by resting hemodynamics
• Relatively easy to perform

Adapted from: Pijls and De Bruyne, Coronary Pressure
Kluwer Academic Publishers, 2000
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Fractional Flow Reserve 
versus

Angiography for

Multivessel

Evaluation

FFractionalractional FlowFlow Reserve Reserve 
versusversus

AAngiographyngiography forfor

MMultivesselultivessel

EEvaluationvaluation
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TCT, October 14TCT, October 14thth , 2008, 2008

Nico H.J.Pijls, MD, PhDNico H.J.Pijls, MD, PhD
Catharina Hospital, EindhovenCatharina Hospital, Eindhoven

The Netherlands,The Netherlands,
on behalf of the on behalf of the FAME investigatorsFAME investigators

FRACTIONAL  FLOW  RESERVE  
versus ANGIOGRAPHY

FOR  GUIDING  PCI  IN  PATIENTS  WITH 
MULTIVESSEL CORONARY ARTERY DISEASE

FRACTIONAL  FLOW  RESERVE  FRACTIONAL  FLOW  RESERVE  
versusversus ANGIOGRAPHYANGIOGRAPHY

FOR  GUIDING  PCI  IN  PATIENTS  WITH FOR  GUIDING  PCI  IN  PATIENTS  WITH 
MULTIVESSEL CORONARY ARTERY DISEASEMULTIVESSEL CORONARY ARTERY DISEASE

Late Late BreakingBreaking Trial atTrial at
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BACKGROUNDBACKGROUND (1)(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
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BACKGROUNDBACKGROUND (2)(2)

•• FractionalFractional FlowFlow Reserve (Reserve (FFR)FFR) is is anan accurate accurate 
and and selectiveselective index index whichwhich indicatesindicates whetherwhether a a 
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

ThereforeTherefore::

• FFR guidance of PCI in patients with
multivessel disease may improve outcome
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Study PopulationStudy Population
The FAME study was designed to reflect daily practice
in performing PCI in patients with multivessel disease

InclusionInclusion criteria:criteria:
• ALL patients with multivessel disease
• Stenoses ≥ 50% in 2 or 3 major epicardial
coronary arteries, which are amenable for stenting

ExclusionExclusion criteria:criteria:
• Left main disease or previous bypass surgery
• Acute STEMI
• Extremely tortuous or calcified coronary arteries

Note: Patients with previous PCI were not excluded
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Angiography-guided PCI FFR-guided PCI

Measure FFR in all 
indicated stenoses

Stent all indicated
stenoses

Stent only those
stenoses with FFR ≤ 0.80

Randomization

Indicate all stenoses ≥ 50% 
considered for stenting

Patient with stenoses ≥ 50% 
in at least 2 of the 3 major 

epicardial vessels

1-year follow-up

FLOW CHART
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PRIMARY ENDPOINTPRIMARYPRIMARY ENDPOINTENDPOINT

Composite of death, myocardial infarction, 
or repeat revascularization (“MACE”) 

at 1 year
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SECONDARY ENDPOINTSSECONDARYSECONDARY ENDPOINTSENDPOINTS

•• Individual components of MACE at 1 year
• Functional class
• Use of anti-anginal drugs
• Health-related quality of life (EuroQOL-5D)

• Procedure time
• Amount of contrast agent used during procedure
• Cost of the procedure
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• PCI according to local routine

• Only drug-eluting stents (DES)

• FFR measured by Pressure Wire

(Certus wire, RADI Medical Systems)

• Hyperemia induced by i.v. adenosine 140 µg/kg/min 

in femoral vein

• EKG, CK, CK-MB, etc during hospital stay

• Follow-up at 1 month, 6 months, 1 year

TreatmentTreatmentTreatment
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FAME FAME studystudy
Steering Steering CommitteeCommittee::
Nico Nico H.JH.J. . PijlsPijls, Eindhoven, , Eindhoven, NetherlandsNetherlands (PI)(PI)
William F. William F. FearonFearon, , StanfordStanford, CA, USA (PI), CA, USA (PI)
Bernard De Bernard De BruyneBruyne, Aalst, , Aalst, BelgiumBelgium
Pim Pim A.LA.L. . ToninoTonino, Eindhoven, , Eindhoven, NetherlandsNetherlands

Data Data analysisanalysis::
Uwe Uwe SiebertSiebert, Boston, MA, , Boston, MA, USA and Hall iT, AustriaUSA and Hall iT, Austria

ClinicalClinical EventsEvents Committee:Committee:
Eric Eeckhout, Lausanne, SwitzerlandEric Eeckhout, Lausanne, Switzerland
Morton Kern, Irvine, CA, USAMorton Kern, Irvine, CA, USA
Mamdouh El Gamal, Eindhoven, NLMamdouh El Gamal, Eindhoven, NL
John Hodgson, Phoenix, AZ, USAJohn Hodgson, Phoenix, AZ, USA
Emanuele Barbato, Naples, ItalyEmanuele Barbato, Naples, Italy

Funding Source:Funding Source:
Radi Medical Systems, Medtronic CorporationRadi Medical Systems, Medtronic Corporation
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Participating CentersParticipating Centers
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RigshospitaletRigshospitalet, Copenhagen , Copenhagen (T.Engstrom)

EUROPE (14)EUROPE (14)
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Assessed for eligibility
N=1905

Angiography-
guided PCI

N=496

FFR-guided PCI
N=509

Lost to follow-up
N=8

Analyzed
N=496

Analyzed
N=509

Randomized
N=1005

Lost to follow-up
N=11

Not eligible N= 900
Left main stenosis N= 157

Extreme coronary tortuosity

or calcification N= 217

No informed consent  N= 105

Contra-indication for DES  N= 86

Participation in other study N= 94

Logistic reasons N= 210

Other reasons N= 31

CONSORT-E CHARTCONSORT-E CHART
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0.340.342926PreviousPrevious PCI , PCI , %%

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

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

0.620.627274HyperlipidemiaHyperlipidemia, , %%
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

Baseline Characteristics (1)BaselineBaseline CharacteristicsCharacteristics (1)(1)
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Baseline Characteristics (2)BaselineBaseline CharacteristicsCharacteristics (2)(2)

0.340.342.8±1.02.7±0.9# # indicatedindicated lesionslesions per per patientpatient

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496
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Baseline Characteristics (2)BaselineBaseline CharacteristicsCharacteristics (2)(2)

0.810.812.5±0.72.5±0.6ReferenceReference diameter diameter (mm)(mm)

0.350.351.0±0.51.0±0.4MLD (mm)MLD (mm)
0.240.2460±1861±17% stenosis % stenosis severityseverity

0.340.342.8±1.02.7±0.9# # indicatedindicated lesionslesions per per patientpatient

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496
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Baseline Characteristics (2)BaselineBaseline CharacteristicsCharacteristics (2)(2)

--260 (18)247 (18)> 90% > 90% narrowingnarrowing, No (%), No (%)

0.080.0810.67.5Patients with Patients with ≥≥1 total occlusion 1 total occlusion (%)(%)

0.810.812.5±0.72.5±0.6ReferenceReference diameter diameter (mm)(mm)

--624 (44)550 (41)5050--70% 70% narrowingnarrowing, , No (%)No (%)

0.350.351.0±0.51.0±0.4MLD (mm)MLD (mm)

--530 (37)553 (41)7070--90% 90% narrowingnarrowing,, No (%)No (%)

0.240.2460±1861±17% stenosis % stenosis severityseverity

0.340.342.8±1.02.7±0.9# # indicatedindicated lesionslesions per per patientpatient

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496
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Case Example:Case Example:Case Example:

• 71 year old woman with increasing symptoms of 
exertional dyspnea ± chest pain

• Coronary angiography 2 years prior revealed 60% LAD 
and 60% RCA lesions…treated medically

• Recent stress echo without ischemia, normal EF

• Because of worsening symptoms referred for cath, 
moderate 3 vessel disease noted and CABG 
considered.

• Referred back to the cath lab for FFR assessment and 
possible PCI
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FFR of RCA
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FFR of Cx and OM1
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FFR of Cx and OM2
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FFR of LAD
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--0.88 ± 0.05-FFR in FFR in nonnon--ischemicischemic lesionslesions

--874 (63%)-LesionsLesions withwith FFR FFR ≤≤ 0.80 ,0.80 ,No (%)No (%)

--513 (37%)-LesionsLesions withwith FFR > 0.80 ,FFR > 0.80 ,No (%)No (%)

0.340.342.8 ± 1.02.7 ± 0.9# # indicatedindicated lesionslesions per per patientpatient

--0.60 ± 0.14-FFR in FFR in ischemicischemic lesionslesions

--1329 (98%)-LesionsLesions succesfullysuccesfully measuredmeasured, , No (%)No (%)

FFR FFR resultsresults

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496

Procedural Results (1)ProceduralProcedural ResultsResults (1)(1)
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--94%92%LesionsLesions succesfullysuccesfully stentedstented (%)(%)

--9801359DES, DES, totaltotal,  ,  NoNo

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

--874 (63%)-LesionsLesions withwith FFR FFR ≤≤ 0.80 ,0.80 ,No (%)No (%)

--513 (37%)-LesionsLesions withwith FFR > 0.80 ,FFR > 0.80 ,No (%)No (%)

0.340.342.8 ± 1.02.7 ± 0.9# # indicatedindicated lesionslesions per per patientpatient

--1329 (98%)-LesionsLesions succesfullysuccesfully measuredmeasured, , No (%)No (%)

FFR FFR resultsresults

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496

Procedural Results (1)ProceduralProcedural ResultsResults (1)(1)
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Procedural Results (2)ProceduralProcedural ResultsResults (2)(2)

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

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496
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Procedural Results (2)ProceduralProcedural ResultsResults (2)(2)

<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
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ProceduralProcedural ResultsResults (2)(2)

<0.001<0.00153326007MaterialsMaterials usedused at procedure at procedure 
(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
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Procedural Results (2)ProceduralProcedural ResultsResults (2)(2)

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

<0.001<0.00153326007MaterialsMaterials usedused at procedure at procedure 
(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
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Events at 1 Events at 1 yearyear, No (%), No (%)
Death, MI, CABG, or repeatDeath, MI, CABG, or repeat--PCIPCI

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496

Adverse Events at 1 yearAdverseAdverse EventsEvents at 1 at 1 yearyear
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Events at 1 Events at 1 yearyear, No (%), No (%)
0.020.0267 (13.2)91 (18.4)Death, MI, CABG, or repeatDeath, MI, CABG, or repeat--PCIPCI

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496

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

0.080.0833 (6.5)47 (9.5)CABG CABG oror repeatrepeat PCIPCI
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 (18.4)Death, MI, CABG, or repeatDeath, MI, CABG, or repeat--PCIPCI

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496

Adverse Events at 1 yearAdverseAdverse EventsEvents at 1 at 1 yearyear
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Events at 1 Events at 1 yearyear, No (%), No (%)

0.020.0276113Total no. of MACETotal no. of MACE

0.080.0833 (6.5)47 (9.5)CABG CABG oror repeatrepeat PCIPCI
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 (18.4)Death, MI, CABG, or repeatDeath, MI, CABG, or repeat--PCIPCI

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496

AdverseAdverse EventsEvents at 1 at 1 yearyear
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0.070.0729 (5.7)43 (8.7)AllAll myocardialmyocardial infarctionsinfarctions

1727OtherOther infarctionsinfarctions ((““late late oror largelarge””))

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

1216SmallSmall periproceduralperiprocedural CKCK--MBMB 33--5 x N5 x N

MyocardialMyocardial infarctioninfarction, , specifiedspecified

0.020.0276113Total no. of MACETotal no. of MACE

0.080.0833 (6.5)47 (9.5)CABG CABG oror repeatrepeat PCIPCI
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 (18.4)Death, MI, CABG, or repeatDeath, MI, CABG, or repeat--PCIPCI

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496

Adverse Events at 1 yearAdverseAdverse EventsEvents at 1 at 1 yearyear
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FFR-guided

30 days
2.9% 90 days

3.8% 180 days
4.9% 360 days

5.3%

Angio-guided

Absolute Difference in MACE-Free Survival

Event-free Survival EventEvent--freefree Survival Survival 
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0.070.07360 (73)326 (68)
PatientsPatients without event and without event and freefree

fromfrom anginaangina

0.200.20399 (81)374 (78)PatientsPatients freefree fromfrom angina, No. (%)angina, No. (%)

0.480.481.2 ± 0.81.2 ± 0.7NumberNumber of of antianti--anginalanginal medsmeds, No., No.

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

PP--valuevalue
FFR-group

N=509
ANGIO-group

N=496

Functional Class at 1 YearFunctionalFunctional ClassClass at 1 at 1 YearYear
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CONCLUSIONS (1)CONCLUSIONSCONCLUSIONS (1)(1)

Routine Routine measurementmeasurement of FFR of FFR duringduring PCI PCI withwith DES DES 
in in patientspatients withwith multivesselmultivessel diseasedisease, , whenwhen
comparedcompared toto 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 %
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CONCLUSIONS (2)CONCLUSIONSCONCLUSIONS (2)(2)

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

• Is cost-saving and does not prolong the procedure

• Reduces the number of stents used

• Decreases the amount of contrast agent used

• Results in a similar, if not better, functional status
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Routine measurement of FFR during PCI with 
DES supports the evolving paradigm of:
Routine Routine measurementmeasurement of FFR of FFR duringduring PCI with PCI with 
DESDES supportssupports the the evolvingevolving paradigmparadigm of:of:

CONCLUSIONS (3)CONCLUSIONSCONCLUSIONS (3)(3)

“Functionally Complete Revascularization”, 
i.e. revascularization of ischemic lesions and 
medical treatment of non-ischemic ones.

““Functionally Complete RevascularizationFunctionally Complete Revascularization””, , 
i.e. revascularization of ischemic lesions and i.e. revascularization of ischemic lesions and 
medical treatment of nonmedical treatment of non--ischemic ones.ischemic ones.


