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Basic Coronary PhysiologyBasic Coronary Physiology 
Resting vs. Hyperemic GradientsResting vs. Hyperemic Gradients

••Equivalent resting gradients result in markedly Equivalent resting gradients result in markedly 
different myocardial perfusion pressuresdifferent myocardial perfusion pressures
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Coronary Stenoses and Flow ReserveCoronary Stenoses and Flow Reserve
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Basic Coronary PhysiologyBasic Coronary Physiology 
Types of Flow ReserveTypes of Flow Reserve

•• Coronary flow reserve (CFR)Coronary flow reserve (CFR)

•• Relative coronary flow reserve (Relative coronary flow reserve (rCFRrCFR))

•• Myocardial fractional flow reserve (Myocardial fractional flow reserve (FFRFFRmyomyo ))



Doppler Velocity and Pressure MeasurementsDoppler Velocity and Pressure Measurements

Physiologic Guidewire Technology

• Doppler guidewire

• Pressure guidewire

CFRCFR
FFRFFR
rCFRrCFR
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Fractional Flow Reserve ConceptsFractional Flow Reserve Concepts 
Definition of Definition of FFRFFRmyomyo

The amount of hyperemic flow that a vessel The amount of hyperemic flow that a vessel 
can supply when a can supply when a stenosisstenosis is present is present 

FFRFFRmyomyo = = 
Hyperemic Hyperemic CBFCBFLesionLesion

Hyperemic Hyperemic CBFCBFNoNo LesionLesion

compared tocompared to

The amount of hyperemic flow that the The amount of hyperemic flow that the 
vessel can supply without the vessel can supply without the stenosisstenosis



Fractional Flow Reserve ConceptsFractional Flow Reserve Concepts

Ohm’s Law
V = I x RV = I x R

Voltage = Current x ResistanceVoltage = Current x Resistance
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Hydraulic Equation
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Gradient
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Fractional Flow Reserve ConceptsFractional Flow Reserve Concepts

••Myocardial Myocardial 
blood flow blood flow 
during during 
hyperemia hyperemia 
withwith a a 
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••Myocardial Fractional Flow Reserve:Myocardial Fractional Flow Reserve:
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Fractional Flow Reserve ConceptsFractional Flow Reserve Concepts
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Fractional Flow Reserve ConceptsFractional Flow Reserve Concepts 
AssumptionsAssumptions

••All measurements made at maximal hyperemiaAll measurements made at maximal hyperemia

••The microcirculation is maximally The microcirculation is maximally vasodilatedvasodilated 
and myocardial resistance (and myocardial resistance (RRmyomyo ) is constant) is constant

••Venous pressure (right Venous pressure (right atrialatrial) is small and can ) is small and can 
be ignoredbe ignored



Fractional Flow Reserve ConceptsFractional Flow Reserve Concepts 
Normal Normal FFRFFRmyomyo

FFR = 0.98

Resting Gradient Hyperemia



FFR = 0.55

Resting Gradient Hyperemia

Fractional Flow Reserve ConceptsFractional Flow Reserve Concepts 
Abnormal Abnormal FFRFFRmyomyo



Coronary Velocity ReserveCoronary Velocity Reserve 
Basic ConceptsBasic Concepts

Coronary Velocity Flow Reserve:Coronary Velocity Flow Reserve:
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Coronary Velocity ReserveCoronary Velocity Reserve 
Basic ConceptsBasic Concepts

Coronary Velocity Flow Reserve:Coronary Velocity Flow Reserve:
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DopplerDoppler--derived CVRderived CVR 
Correlative StudiesCorrelative Studies
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Miller 33 Adeno/dip
MIBI

<2.0 82 100 89

Joye 30 Ex-Tl201 <2.0 94 95 94

Deychack 17 Ex-Tl201 <1.8 94 94 96

Heller 100 Ex-Tl201 <1.8 89 92 92

Danzi 30 Dip-echo <2.0 91 84 87
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••Velocity profileVelocity profile
•• Parabolic vs. nonParabolic vs. non--parabolicparabolic
•• Entrance length effectsEntrance length effects
•• Varying flow areaVarying flow area

Limitations of Doppler CVRLimitations of Doppler CVR

“Fully developed” flow

Entrance length
Vavg = 1/2 VpeakVavg =  Vpeak Vavg 

 
3/5 Vpeak

Underdeveloped flow
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Limitations of Doppler CFR and FFRLimitations of Doppler CFR and FFR

•• Velocity profileVelocity profile
•• Parabolic vs. nonParabolic vs. non-- 

parabolicparabolic
•• Entrance length effectsEntrance length effects
•• Varying flow areaVarying flow area

•• Technical problemsTechnical problems
•• Poor signalPoor signal

•• Microcirculatory diseaseMicrocirculatory disease
•• Regional heterogeneityRegional heterogeneity
•• Temporal heterogeneityTemporal heterogeneity

Doppler CFR
••Right heart failureRight heart failure
••Tandem, or serial, lesionsTandem, or serial, lesions
••Technical problemsTechnical problems

•• Pressure driftPressure drift
•• GuideGuide--catheter dampingcatheter damping

••Microcirculatory diseaseMicrocirculatory disease
•• Regional heterogeneityRegional heterogeneity
•• Temporal heterogeneityTemporal heterogeneity

Pressure-derived FFR

STH 2001-001



Temporal Heterogeneity in FlowTemporal Heterogeneity in Flow 
Post Myocardial InfarctionPost Myocardial Infarction

Bax et al, JACC 2000

57 patients, primary PTCA for anterior MI

0

0.5

1

1.5

2

2.5

3

3.5

Infarct Artery Non-Infarct Artery

Post PTCA
1 Week
6 Months

*

* *

*

*p<0.001 vs Post PTCA

CVR





0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0
Relation Between Myocardial FFR and the Noninvasive Tests

Pijls
 

et al:  NEJM, 1996 Type of test

Fractional
 flow

 reserve

Exercise test Thallium scan Stress
echocardiogram

Positive
Negative



AAuutthhoorr nn
IIsscchheemmiicc

TTeesstt FFFFRRmmyyoo

SSeennssiittiivviittyy
%%

SSppeecciiffiicciittyy
%%

AAccccuurraaccyy
%%

Pijls 45 4 test
standard

<0.75 88 100 93

De Bruyne 60 Exercise
ECG

<0.72 100 87 -

Bartunek 37 Dobu/exer
ECG

<0.68 95 94 -

Abe 46 Thallium <0.76 96 100 96

Chamuleau 152 MIBI <0.75 - - 80

Fractional Flow Reserve ConceptsFractional Flow Reserve Concepts 
Correlative StudiesCorrelative Studies
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Pullback record



DeBruyne et al, Circulation 2001

Normal Coronaries Normal Coronaries 



DeBruyne et al, Circulation 2001

Diffuse Disease Diffuse Disease 
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Bech et al, Heart 2001

EquivocalEquivocal 
Left MainLeft Main 
Disease Disease 
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Bech et al, Heart 2001

FFRFFRmyomyo and Equivocal Left Main Disease and Equivocal Left Main Disease 

• 54 Consecutive patients with angiographically 
equivocal left main disease



Bech et al, Heart 2001

FFRFFRmyomyo and Equivocal Left Main Disease and Equivocal Left Main Disease 
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P=0.0122P=0.0122

86±6%86±6%
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Group A:  DS ≤35% and FFR ≥0.9
Group B:  DS 35% and /or FFR <0.9







Deferral of PTCA Based on FFRDeferral of PTCA Based on FFR

Bech et al, Circulation 2001

• 325 patients referred for PTCA without documented ischemia
• If FFR >0.75, randomized to Defer (91) or Performance (90) groups
• If FFR <0.75, PTCA performed, Reference group (144)
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Kaplan-Meier Survival Curves for Freedom from Adverse 
Cardiac Events During 24 Months of Follow-Up for 3 Groups
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Assessing Coronary Physiology with Assessing Coronary Physiology with FFRFFRmyomyo

Optimal Optimal 
PTCA PTCA 
ResultResult
(if %DS(if %DS
<35%)<35%)

•• Indeterminate lesions:Indeterminate lesions:
PCI safely deferredPCI safely deferred

•• PostPost--PCI:PCI:
Ischemic Relief, ButIschemic Relief, But
High Restenosis RiskHigh Restenosis Risk

Physiologically Physiologically 
Significant Lesion Significant Lesion 

PresentPresent

1.001.000.940.940.900.900.750.75

Optimal Optimal 
Stent Stent 
ResultResult





































End pointEnd point AngiographyAngiography-- 
guided PCI, guided PCI, 
n=496 (%)n=496 (%)

FFRFFR--guided guided 
PCI, n=509 PCI, n=509 
(%)(%)

pp

Death, MI, CABG, Death, MI, CABG, 
or repeat PCIor repeat PCI

18.418.4 13.213.2 0.020.02

DeathDeath 3.03.0 1.81.8 0.190.19

Death or MIDeath or MI 11.111.1 7.37.3 0.040.04

CABG or repeat CABG or repeat 
PCIPCI

9.59.5 6.56.5 0.080.08

Pijls N. TCT 2008; October 14, 2008; Washington, DC.

Fractional Flow Reserve versus Angiography Fractional Flow Reserve versus Angiography 
for Guiding PCI in Patients with for Guiding PCI in Patients with MultivesselMultivessel

 Coronary Artery Disease (FAME): Adverse Coronary Artery Disease (FAME): Adverse 
events at one yearevents at one year
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IVUS IVUS vsvs
 VH VH vsvs

 Strain Strain vsvs
 OCT OCT 
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