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Angiography is inadequate in Angiography is inadequate in 
nonnon--critical lesions in noncritical lesions in non--acute patientsacute patients

AUC recommends adjunctive techniquesAUC recommends adjunctive techniques



J Am Coll Cardiol Intervent 2010;3:818-19



Bernoulli equationBernoulli equationernoulli equationernoulli equation

Entrance effects Separation losses

Friction loss

Pressure drop across stenosis:Pressure drop across stenosis:
•• increases ithincreases ith floflo in a nonin a non linear fashionlinear fashion•• increases with increases with flowflow in a nonin a non--linear fashionlinear fashion
•• increases with increases with lesion lengthlesion length
•• increases with smallerincreases with smaller lumen arealumen areaincreases with smaller increases with smaller lumen arealumen area



When to use FFRWhen to use FFR

All intermediate lesions in stable patientsAll intermediate lesions in stable patientsAll intermediate lesions in stable patientsAll intermediate lesions in stable patientsAll intermediate lesions in stable patients All intermediate lesions in stable patients 
where there is not DEFINITIVE matching where there is not DEFINITIVE matching 
ischemia on a nonischemia on a non--invasive studyinvasive study

All intermediate lesions in stable patients All intermediate lesions in stable patients 
where there is not DEFINITIVE matching where there is not DEFINITIVE matching 
ischemia on a nonischemia on a non--invasive studyinvasive studyyy

All side branch All side branch ostiaostia when %DS >70when %DS >70

Questionable nonQuestionable non--culprit lesions in STEMIculprit lesions in STEMI

yy
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Questionable nonQuestionable non--culprit lesions in STEMIculprit lesions in STEMIQuestionable nonQuestionable non culprit lesions in STEMI culprit lesions in STEMI 
patientspatients

MultivesselMultivessel disease to triage to CABG vs PCIdisease to triage to CABG vs PCI

Questionable nonQuestionable non culprit lesions in STEMI culprit lesions in STEMI 
patientspatients
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and guide PCI of only sig lesionsand guide PCI of only sig lesions
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NOT in STEMI or ACS BM+ lesionsNOT in STEMI or ACS BM+ lesionsNOT in STEMI or ACS BM+ lesionsNOT in STEMI or ACS BM+ lesions
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Deferral: effect of lesion locationDeferral: effect of lesion location

Cleveland 1996-2001Cleveland 1996-2001





Assessment Assessment of LMof LM

274 pts with visual LM %DS 30274 pts with visual LM %DS 30--7070274 pts with visual LM %DS 30274 pts with visual LM %DS 30 7070

Hamilos Circulation. 2009;120:1505-1512



FFR in LM: safety of FFR in LM: safety of deferring deferring TxTx

Hamilos Circulation. 2009;120:1505-1512



FFR in PCI:FFR in PCI: optimizing therapyoptimizing therapy

59 yo dialysis patient with flash 59 yo dialysis patient with flash 
l d I PCI d d?l d I PCI d d?pulmonary edema.  Is PCI needed?pulmonary edema.  Is PCI needed?



FFR in PCI:FFR in PCI: optimizing therapyoptimizing therapy

59 yo dialysis patient with flash 59 yo dialysis patient with flash 
l d I PCI d d?l d I PCI d d?pulmonary edema.  Is PCI needed?pulmonary edema.  Is PCI needed?

FFR 0 92FFR 0 92FFR= 0.92FFR= 0.92

No PCI indicatedNo PCI indicatedNo PCI indicatedNo PCI indicated



JBJB

65 65 yoyo man with atypical chest pains and DOE man with atypical chest pains and DOE 
for many yearsfor many years

Exercise MIBI: stopped for Exercise MIBI: stopped for dypsneadypsnea; no ECG ; no ECG 
changes;  possible anterior reversible defect; changes;  possible anterior reversible defect; 
ischemic dilatationischemic dilatation

History of coronary angiogram 6 years prior:History of coronary angiogram 6 years prior:History of coronary angiogram 6 years prior  History of coronary angiogram 6 years prior  
reportedly mild luminal irregularitiesreportedly mild luminal irregularities
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JB: angiographyJB: angiography
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JB: FFR of LADJB: FFR of LAD
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JB: IVUS preJB: IVUS pre 3.0 mm
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3.6 mm
10.0 mm2



JB: post stentJB: post stent
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JB: post IVUSJB: post IVUS
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JB: FFR postJB: FFR post
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Determination of involved vessels in ACSDetermination of involved vessels in ACS

RZ: 60 RZ: 60 yoyo man with acute MIman with acute MI

Presented 2 days post eventPresented 2 days post eventy py p
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RZ: angiographyRZ: angiography
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RZ: angiographyRZ: angiography

John McB. Hodgson, M.D. 



RRZ: RCA FFR Z: RCA FFR 
before LAD PCIbefore LAD PCI
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RZ: post stentRZ: post stent
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OstialOstial lesion evaluationlesion evaluation

55 55 ostialostial lesions evaluated with QCA and FFRlesions evaluated with QCA and FFR55 55 ostialostial lesions evaluated with QCA and FFRlesions evaluated with QCA and FFR

< 10% were significant

John McB. Hodgson, M.D. Am J Cardiol 2004;93:1404-1407



FFR vs Angio evaluation of SBFFR vs Angio evaluation of SB

n = 97
%sten > 50%%sten > 50%
ref > 2 mm

John McB. Hodgson, M.D. J Am Coll Cardiol 2005;46:633-7



BB: LAD BranchBB: LAD Branch

LAD FFR 0.72 LAD FFR 0.72 
at time of RCAat time of RCAat time of RCA at time of RCA 
STEMISTEMI
5 weeks earlier5 weeks earlier5 weeks earlier5 weeks earlier



BB: LAD post StentBB: LAD post Stent



Side branch decisionsSide branch decisions
Classification of need for PCI: angiographic vs FFR criteriaClassification of need for PCI: angiographic vs FFR criteria

John McB. Hodgson, M.D. Eur Heart J 2008;29:726-732



RA: LCA preRA: LCA pre



RA: LCA RA: LCA post RB and stentpost RB and stent

LAD FFRLAD FFR



RA: RA: post post KISSKISS

RAMUS FFRRAMUS FFR

LAD FFRLAD FFR



Balloon treated ostial lesionsBalloon treated ostial lesions

John McB. Hodgson, M.D. Eur Heart J 2008;29:726-732



FFRFFR--guided PCIguided PCI
Concurrent but NOT randomized:Concurrent but NOT randomized:
57 FFR57 FFR--guided, 80 conventionalguided, 80 conventional

Wongpraparut et al  Am J Cardiol 2005;96:877Wongpraparut et al  Am J Cardiol 2005;96:87758% lesions deferred58% lesions deferred



FFRFFR--guided PCIguided PCI

Wongpraparut et al  Am J Cardiol 2005;96:877Wongpraparut et al  Am J Cardiol 2005;96:877



Not eligible N= 900
Left main stenosis  N= 157

Extreme coronary tortuosity

FAMEFAME
Assessed for eligibility

N=1905

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

Randomized
N=1005

Angiography-
guided PCI

FFR-guided PCI
N=509

FFR criterion: 
0 80

FFR criterion: 
0 80guided PCI

N=496
N 509

Lost to follow-upLost to follow up

0.80 0.80 

Lost to follow-up
N=8

Analyzed Analyzed

Lost to follow-up
N=11

John McB. Hodgson, M.D.

Analyzed
N=496

Analyzed
N=509



FAME:  FFR guided FAME:  FFR guided multivesselmultivessel PCIPCI
improves outcomeimproves outcome

Absolute Difference in MACE-Free SurvivalAbsolute Difference in MACE-Free Survival

FFR-guided

A i id d30 days
2.9% 90 days

3.8% 180 days

Angio-guided

3.8%
4.9% 360 days

5.3%

John McB. Hodgson, M.D.



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapy

45 yo man with typical angina and positive MIBI anterior

How would you approach this patient?How would you approach this patient?



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapyp g pyp g py

Evaluate the LAD serial lesionsEvaluate the LAD serial lesions

Distal to both:Distal to both:
FFRFFR –– 0 750 75FFR FFR –– 0.750.75



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapy

Find the worst lesionFind the worst lesion
C tiC tiContinuous Continuous 
infusion with infusion with 
pullback shows pullback shows 
a clear focal a clear focal a c ea ocaa c ea oca
lesionlesion



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapy

After an 8 mm stentAfter an 8 mm stent

0.93

0.88



Lesion length: Lesion length: 
short lesions in short lesions in 
big vessels are big vessels are 
usually NOT usually NOT 
significantsignificant

Brosh et al  Am Heart J 2005;150:338Brosh et al  Am Heart J 2005;150:338



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapy

Evaluate the Evaluate the LCxLCx lesionlesion

FFR FFR –– 0.920.92



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapyp g pyp g py

72 year old woman with insulin72 year old woman with insulin--dependent dependent 
diabetes and anginadiabetes and angina

125 kg, 152 cm, morbid obesity125 kg, 152 cm, morbid obesity

EF: 60%EF: 60%EF  60%EF  60%

Angiography: three vessel disease including Angiography: three vessel disease including 
proximal LADproximal LADproximal LADproximal LAD

CABG or PCI?CABG or PCI?

John McB. Hodgson, M.D.



FFR in PCI: optimizing FFR in PCI: optimizing therapy (1999)therapy (1999)

LAD/D1 bifurcation lesionLAD/D1 bifurcation lesion

John McB. Hodgson, M.D.



Tailored ApproachTailored Approach

Catheter Catheter CardiovascCardiovasc IntervInterv 2004;63:1842004;63:184––191191



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapy

Evaluate LAD/D1 lesion with FFREvaluate LAD/D1 lesion with FFR

FFR=0.87FFR=0.87

D1D1 ADE 36 mcgADE 36 mcg

John McB. Hodgson, M.D.



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapy

Evaluate LAD/D1 lesion with FFREvaluate LAD/D1 lesion with FFR

LADLAD FFR=0.83FFR=0.83

ADE 36 mcgADE 36 mcg

John McB. Hodgson, M.D.



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapy

Treat LCx RCA with PCITreat LCx RCA with PCITreat LCx, RCA with PCITreat LCx, RCA with PCI

LCX: stentLCX: stent RCA: CBRCA: CB

John McB. Hodgson, M.D.



When to use FFRWhen to use FFR
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