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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

John McB. Hodgson, M.D. 



JB: angiographyJB: angiography

S th i t di t l iSmooth intermediate lesion
Clinical uncertainty

John McB. Hodgson, M.D. 



JB: FFR of LADJB: FFR of LAD

John McB. Hodgson, M.D. 



JB: IVUS preJB: IVUS pre 3.0 mm

John McB. Hodgson, M.D. 

3.6 mm
10.0 mm2



JB: post stentJB: post stent

After 3.5 mm 
@ 26 atm

John McB. Hodgson, M.D. 



JB: post IVUSJB: post IVUS

John McB. Hodgson, M.D. 



JB: FFR postJB: FFR post

John McB. Hodgson, M.D. 



Guidance of Guidance of Balloon PCI: 1998Balloon PCI: 1998

82 82 yoyo woman with woman with 
angina after CABG.  angina after CABG.  
CathCath performed priorperformed priorCathCath performed prior performed prior 
to to emergent surgery emergent surgery 
for bowel obstruction.  for bowel obstruction.  

John McB. Hodgson, M.D.



Guidance of Guidance of Balloon PCIBalloon PCI

FFR determination pre interventionFFR determination pre intervention

FFR =0.69FFR =0.69



Guidance of Guidance of Balloon PCIBalloon PCI

IVUS post dilationIVUS post dilation

LesionLesion

ReferenceReference Green circles are identicalGreen circles are identical
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Guidance of Guidance of Balloon PCIBalloon PCI

ll lll lExcellent result Excellent result 
with balloon with balloon 

ll !!onlyonly!!
Surgery next Surgery next 
d f ld f lday uneventful.day uneventful.
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Guidance of Guidance of Balloon PCIBalloon PCI

FFR post dilationFFR post dilationFFR post dilationFFR post dilation

FFR =0.99FFR =0.99

John McB. Hodgson, M.D.



Balloon only:  FFR predicts outcomeBalloon only:  FFR predicts outcome

BechBech et al  Circulation 1999;99:883 et al  Circulation 1999;99:883 



FFR in PCI: FFR in PCI: lesion specific lesion specific therapytherapy

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: FFR in PCI: lesion specific lesion specific therapytherapypp pypy

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: FFR in PCI: lesion specific lesion specific therapytherapy

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: FFR in PCI: lesion specific lesion specific therapytherapy

After an 8 mm After an 8 mm BMSBMS

0.93

0.88



FFR post FFR post BMS PCI BMS PCI predicts outcomepredicts outcome

i il i hi li il i hi l iffiff
John McB. Hodgson, M.D. Circulation 2002;105:2950Circulation 2002;105:2950

Similar angiographic resultSimilar angiographic result Different outcomesDifferent outcomes



FFR in PCI: optimizing therapyFFR in PCI: optimizing therapy

Evaluate theEvaluate the LCxLCx lesionlesionEvaluate the Evaluate the LCxLCx lesionlesion

FFR FFR –– 0.920.92



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



RZ: angiographyRZ: angiography

John McB. Hodgson, M.D. 



RRZ: RCA FFR Z: RCA FFR 
before LAD PCIbefore LAD PCI

Tight lesion, non-
ischemic FFR:
Visual miss-match

John McB. Hodgson, M.D. 



““FalseFalse”” FFR readingsFFR readings

 ALWAYS:  error is on high sideALWAYS:  error is on high sideA A o o g dA A o o g d
 Inadequate hyperemia (vasodilation)Inadequate hyperemia (vasodilation)

 Elevated venous pressureElevated venous pressure Elevated venous pressureElevated venous pressure

 High FFR in infarct zones is NOT falseHigh FFR in infarct zones is NOT false
 Reduced vascular bed: reduced need for flowReduced vascular bed: reduced need for flow Reduced vascular bed: reduced need for flowReduced vascular bed: reduced need for flow

 FFR measures fraction of FLOW reduction due to FFR measures fraction of FLOW reduction due to 
stenosis NOT the degree of stenosisstenosis NOT the degree of stenosisstenosis, NOT the degree of stenosisstenosis, NOT the degree of stenosis

 High FFR in stunned myocardium is NOT High FFR in stunned myocardium is NOT 
falsefalsefalsefalse
 Accurate for the time of measurementAccurate for the time of measurement

M b i u t h th diuM b i u t h th diu

John McB. Hodgson, M.D.

 May be inaccurate when the myocardium recovers May be inaccurate when the myocardium recovers 
and maximal flow is higher (>5 days later)and maximal flow is higher (>5 days later)



FFR in FFR in infarcted myocardium: infarcted myocardium: 90% lesion90% lesion

Pa
Pd 50% myocardial tissue loss50% myocardial tissue loss

50% reduction in 50% reduction in myocytesmyocytes
50% reduction in O50% reduction in O22 needsneeds
Peak flow: 200 ml/minPeak flow: 200 ml/min
Loss of pressure lessLoss of pressure lessLoss of pressure lessLoss of pressure less

Aorta:  100 mmHgAorta:  100 mmHggg
Distal:   85 mmHgDistal:   85 mmHg
FFR:  0.85FFR:  0.85

John McB. Hodgson, M.D.



FFR in FFR in normal myocardium: normal myocardium: 90% lesion90% lesion

Pa
Pd No myocardial tissue lossNo myocardial tissue loss

No reduction in No reduction in myocytesmyocytes
No reduction in ONo reduction in O22 needsneeds
Peak flow: 400 ml/minPeak flow: 400 ml/min
Loss of pressure moreLoss of pressure moreLoss of pressure moreLoss of pressure more

Aorta:  100 mmHgAorta:  100 mmHggg
Distal:   70 mmHgDistal:   70 mmHg
FFR:  0.70FFR:  0.70

Stenosis is the SAME!Stenosis is the SAME!
But it has a biggerBut it has a bigger

John McB. Hodgson, M.D.

But, it has a bigger But, it has a bigger 
impact in this patientimpact in this patient



FFR after infarctionFFR after infarction

22 patients with infarct related arteries compared to 21 non22 patients with infarct related arteries compared to 21 non--infarct infarct 
related arteries Mean 43% stenosis in each grouprelated arteries Mean 43% stenosis in each grouprelated arteries.  Mean 43% stenosis in each group.related arteries.  Mean 43% stenosis in each group.

MI No MI

CCI 2001;54:427CCI 2001;54:427--3434



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



Balloon treated ostial lesionsBalloon treated ostial lesions

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





Deferral: effect of lesion locationDeferral: effect of lesion location

Cleveland 1996-2001Cleveland 1996-2001



FFR to guide ISR treatmentFFR to guide ISR treatment

NonNon--TreatedTreatedNonNon TreatedTreated

65 lesions with ISR, 63% deferred65 lesions with ISR, 63% deferred

LopezLopez--PalopPalop et al  et al  EurEur Heart J 2004;25:2040Heart J 2004;25:2040



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



FFRFFR--guided PCIguided PCI 137 pts with MVD (312 ves)

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



Guidance of DESGuidance of DES
60 yo woman with positive stress echo inferior60 yo woman with positive stress echo inferior



Guidance of DESGuidance of DES



Guidance of DESGuidance of DES

Ramus FFR:Ramus FFR:Ramus FFR:Ramus FFR:
48 and 72 mcg 48 and 72 mcg 
icic AdenosineAdenosine

FFR: 0.91FFR: 0.91
NO PCI neededNO PCI neededNO PCI neededNO PCI needed



Guidance of DESGuidance of DES

RCA FFR:RCA FFR:
48 and 72 48 and 72 
mcg ic mcg ic 
AdenosineAdenosine

FFR: 0.79FFR: 0.79
& + stress:& + stress:& + stress: & + stress: 
PCI neededPCI needed



Guidance of DESGuidance of DES

DES: 2.5 x 18 distal and 3.5 x 18 proximalDES: 2.5 x 18 distal and 3.5 x 18 proximal
Mid lesion remainsMid lesion remains



Guidance of DESGuidance of DES

RCA FFR:RCA FFR:RCA FFR:RCA FFR:
Post DES  Post DES  
x 2x 2

FFR: 0.96FFR: 0.96
N f thN f thNo further No further 
PCI PCI 
neededneededneededneeded



DEFER trial randomized (FFR>0.75)DEFER trial randomized (FFR>0.75)

34%



FFR guided FFR guided multivesselmultivessel PCIPCI
FFR performed in 6.3% of all patients; deferred in 67% (0.80 cut)FFR performed in 6.3% of all patients; deferred in 67% (0.80 cut)
In 17% of FFR tested lesions protocol not followed  (n=467 les)In 17% of FFR tested lesions protocol not followed  (n=467 les)

61%

LegaleryLegalery EurEur Heart J 2005 Heart J 2005 John McB. Hodgson, M.D. 



FAME:  FFR guided FAME:  FFR guided multivesselmultivessel PCIPCI (n=1005 (n=1005 
PP ))PtsPts))

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

FFR-guided

A i id d

28%

30 days
2.9% 90 days

3.8% 180 days

Angio-guided

3.8%
4.9% 360 days

5.3%

John McB. Hodgson, M.D. N N EnglEngl J Med 2009;360:213J Med 2009;360:213--24. 24. 



FFR in PCI: FFR in PCI: CABG vs. StentCABG vs. Stent

 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.



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.



Tailored Tailored Approach StudyApproach Study

Multivessel patients 
referred for CABGreferred for CABG

FFR all lesions:
• CABG only if 

prox LAD or > 2 
l i i ifilesions significant

• PCI for all others

Catheter Catheter CardiovascCardiovasc IntervInterv 2004;63:1842004;63:184––191 191 



Tailored Tailored Approach StudyApproach Study

39%

Angio guided FFR guided

Catheter Catheter CardiovascCardiovasc IntervInterv 2004;63:1842004;63:184––191 191 

Angio guided FFR guided



FFR Outcomes SummaryFFR Outcomes Summary

 FFR guided PCI deferral is safe and has low FFR guided PCI deferral is safe and has low 
event rate, even with LM lesions or ISRevent rate, even with LM lesions or ISR

 Guided Balloon PCI has improved outcomesGuided Balloon PCI has improved outcomes

 Guided BMS PCI has improved outcomesGuided BMS PCI has improved outcomes Guided BMS PCI has improved outcomesGuided BMS PCI has improved outcomes

 Guided strategy for DES PCI has improved Guided strategy for DES PCI has improved 
outcomesoutcomesoutcomesoutcomes

 Guided strategy for PCI Guided strategy for PCI vsvs CABG has CABG has 
i d ti d timproved outcomesimproved outcomes

John McB. Hodgson, M.D. 


