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Post FAME Case ExamplePost FAME Case Example

• 46 year old diabetic woman with HTN and 
dyslipidemia presents to outside hospital with 
a NSTEMI in March 2009.

• Cath reveals 3 vessel CAD and the patient is 
transferred to Stanford for CABG.

• Cardiac surgeon reviews angiogram and asks 
for a second opinion.
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Limitations of Noninvasive Imaging:Limitations of Noninvasive Imaging:

Lima et al. J Am Coll Cardiol 2003;42:63-70

143 Patients with angiographically significant 
3 vessel disease (> 70% diameter stenosis)

Nuclear Scan Finding % Patients
No Defect 18%

Single Vessel Pattern 36%

Two Vessel Pattern 36%

Three Vessel Pattern 10%
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FFR vs. Nuclear Perfusion Scan in MVDFFR vs. Nuclear Perfusion Scan in MVD

Ragosta et al. Am J Cardiol 2007;99:896-902

36 patients with multivessel CAD

Discordance occurred in 31% of vessels / territories, 
predominantly because of a low FFR and normal nuclear result



Stanford

Prognostic Importance of IschemiaPrognostic Importance of Ischemia

Leslie, et al. J Nucl Med 2005;46:204-11

Nuclear perfusion scans in 718 patients followed for 5 years
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Importance of Revascularization 
when  Ischemia is Present

Importance of Revascularization 
when  Ischemia is Present
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Hachamovitch et al. Circulation 1998;97:535-543

Nuclear perfusion scans performed in > 5000 patients
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COURAGE Nuclear SubstudyCOURAGE Nuclear Substudy

Shaw et al. Circulation 2008;117:1283

Comparison of death/MI in patients with mod-severe pre-treatment ischemia
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Limitation of AngiographyLimitation of Angiography
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Courtesy of Bernard De Bruyne, MD, PhD

Comparison of QCA to FFR in over 3,000 lesions
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FFR-Guided PCI in MVDFFR-Guided PCI in MVD

Wongpraparut et al. Am J Cardiol 2005;96:877-884.

FFR-Guided

Angio-Guided

137 Patients, Non-Randomized
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Fractional Flow Reserve 
versus

Angiography for

Multivessel

Evaluation

FFractionalractional FlowFlow Reserve Reserve 
versusversus

AAngiographyngiography forfor

MMultivesselultivessel

EEvaluationvaluation

New Engl J Med 2009;360:213-24
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HYPOTHESISHYPOTHESISHYPOTHESIS

FFR – guided Percutaneous Coronary
Intervention (PCI) in multivessel disease

is superior to current
angiography – guided PCI
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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
• At least 2 stenoses ≥ 50% in 2 or 3 major epicardial
coronary artery disease, amenable for stenting

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

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

epicardial vessels

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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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 CharacteristicsBaselineBaseline CharacteristicsCharacteristics
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<0.001<0.0011.9 ± 1.32.7 ± 1.2StentsStents per per patientpatient
--94%92%LesionsLesions succesfullysuccesfully stentedstented (%)(%)

--9801359DES, DES, totaltotal,  ,  NoNo

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

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

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

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

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 $)
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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



Stanford

Events at 1 Events at 1 yearyear, No (%), No (%)
0.020.0267 (13.2)91 (18.3)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 (18.3)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 (18.3)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

76113Total 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 (18.3)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% 365 days

5.1%

Angio-guided

Absolute Difference in MACE-Free Survival

Event-free Survival EventEvent--freefree Survival Survival 
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FAME 1 Year Economic EvaluationFAME 1 Year Economic Evaluation

-7000

-6000

-5000

-4000

-3000

-2000

-1000

0

1000

2000

3000

4000

5000

6000

7000

-0.100 -0.075 -0.050 -0.025 0.000 0.025 0.050 0.075 0.100

Increm. QALY

In
cr

em
. C

os
t [

U
SD

]

FFR Guidance 
Improves outcomes

FFR Guidance 
Saves Resources

In
cr

em
en

ta
l C

os
t

Incremental QALY

AHA 2009

Bootstrap SimulationBootstrap Simulation



Stanford

2 Year Survival Free of MACE2 Year Survival Free of MACE

FFRFFR--GuidedGuided

AngioAngio--GuidedGuided

730 days730 days
4.5%4.5%

Late Breaking Trial, TCT 2009
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Adverse Events at 2 YearsAdverse Events at 2 Years

Angio-
Guided
n = 496 

FFR-
Guided
n = 509

P 
Value

Total no. of MACETotal no. of MACE 139 105
Individual EndpointsIndividual Endpoints
DeathDeath 19 (3.8) 13 (2.6) 0.250.25
Myocardial InfarctionMyocardial Infarction 48 (9.7) 31 (6.1) 0.030.03
CABG or repeat PCICABG or repeat PCI 61 (12.3) 53 (10.4) 0.350.35
Composite EndpointsComposite Endpoints
Death or Myocardial InfarctionDeath or Myocardial Infarction 63 (12.7) 43 (8.4) 0.030.03
Death, MI, CABG, or reDeath, MI, CABG, or re--PCIPCI 110 (22.2) 90 (17.7) 0.070.07

Late Breaking Trial, TCT 2009
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2 Year Outcome of Deferred Lesions2 Year Outcome of Deferred Lesions
513 Deferred Lesions in513 Deferred Lesions in
509 FFR509 FFR--Guided PatientsGuided Patients

2 Years2 Years

31 31 Myocardial InfarctionsMyocardial Infarctions 2222
PeriPeri--proceduralprocedural

99
Late Myocardial InfarctionsLate Myocardial Infarctions

88
Due to a New Lesion Due to a New Lesion 

or Stentor Stent--RelatedRelated

11
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

Late Breaking Trial, TCT 2009



Stanford

2 Year Outcome of Deferred Lesions2 Year Outcome of Deferred Lesions
513 Deferred Lesions in513 Deferred Lesions in
509 FFR509 FFR--Guided PatientsGuided Patients

2 Years2 Years

5353 Repeat RevascularizationsRepeat Revascularizations
3737

in a New Lesion orin a New Lesion or
in a in a RestenoticRestenotic OneOne

1616
Originally Deferred LesionsOriginally Deferred Lesions

66
Without FFR or Without FFR or 

Despite an FFR > 0.80Despite an FFR > 0.80

1010
Originally 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 revascularization

Late Breaking Trial, TCT 2009
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Post FAME Case ExamplePost FAME Case Example

• 46 year old diabetic woman with HTN and 
dyslipidemia presents to outside hospital with 
a NSTEMI in March 2009.

• Cath reveals 3 vessel CAD and the patient is 
transferred to Stanford for CABG.

• Cardiac surgeon reviews angiogram and asks 
for a second opinion.
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FFR of Ramus = 0.97
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FFR of RCA = 0.87
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Summary of CaseSummary of Case
• Anatomic 3V CAD, functional 1V CAD 

• Successfully treated with single stent

• 130 cc contrast, < 1 hour procedure

• Remains event free at 8 months
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Anatomic vs. Functional CADAnatomic vs. Functional CAD

1VD (34%) 2VD (43%)

3VD (14%)
0VD (9%)

Angiographic
3 Vessel
Disease

Tonino et al., JACC 2009 (submitted)
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Which Lesions Need FFR?Which Lesions Need FFR?

Tonino et al., JACC 2009 (submitted)

1329 lesions in the FFR-guided arm

~35%

~20%

Need FFR

~65%
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Implications of FAMEImplications of FAME

FAME

Death and MI in the COURAGE study

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

• FFR-guided PCI in patients with multi-
vessel CAD compared to angio-guided PCI:
– Improves outcomes at 1 year
– Saves money
– Simplifies the procedure
– Is durable out to two years with excellent 

outcomes in the deferred lesions


