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FRACTIONAL FLOW RESERVE:
The index FFR (Fractional Flow Reserve)
i b d th t f ll i i i lis based upon the two following principles:

• It is not resting flow, but maximum achievable flow
which determines the functional capacity (exercisep y (
tolerance) of a patient

• At maximum vasodilation (corresponding with 
maximum hyperemia or with maximum exercise)maximum hyperemia or with maximum exercise), 
blood flow to the myocardium is proportional to 

di l f imyocardial perfusion pressure
(~hyperemic distal coronary pressure)( hyperemic distal coronary pressure)
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FRACTIONAL FLOW RESERVE =FRACTIONAL FLOW RESERVE =

MAXIMUM FLOW IN THE PRESENCE OF A STENOSIS

NORMAL MAXIMUM FLOWNORMAL MAXIMUM FLOW

~



FFR myo =
PdFFR myo = 
Pa

P ti t iPa = mean aortic pressure at maximum
hyperemiahyperemia

Pd = mean distal coronary pressure at
maximum hyperemiamaximum hyperemia
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Fractional Flow Reserve in Clinical Practice

REST HYPEREMIA
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normal          increasing stenosis        total occlusion

100   100                100   70                 100   25  (Pwedge)( g )

Maximum myocardial perfusion:

100%                70%                     25% 

FFR: 1.0                   0.7                       0.25

I th d FFR i li l l t d tIn other words: FFR is linearly related to
maximum achievable blood flow



Application in catherization laboratorypp y

= FFRmyo+ = FFRmyo
pressure 
wire

papav./  adenosinehyperemic stimulus
wire



0 014 sensor-tipped PTCA guidewire0.014 sensor-tipped  PTCA guidewire





MAXIMUM VASODILATORY STIMULIMAXIMUM VASODILATORY STIMULI

!! Maximum hyperemia is paramount !!

• PAPAVERINE i.c.
• ADENOSINE   i.c.
• ADENOSINE   i.v. infusion
• ATP i.c
• ATP i.v.

REGADENOSON i v bolus• REGADENOSON i.v. bolus



BASIC FEATURES OF FFR
• Normal value = 1.0 for every patient and every artery
• FFR is not influenced by changing hemodynamic• FFR is not influenced by changing hemodynamic 

conditions (heart rate, blood pressure, contractility)
• FFR specifically relates the influence of the epicardial

stenosis to myocardial perfusion area and blood flowstenosis to myocardial perfusion area and blood flow
• FFR accounts for collaterals
• FFR has a circumscript threshold value (~ 0.75 –

0.80 ) to indicate ischemia0.80 ) to  indicate ischemia
• FFR is easy to measure (success rate 99 %) and 

t l d iblextremely reproducible
• Pressure measurement has un unequaled spatial q p

resolution



Fractional Flow Reserve in Normal 
C A t iCoronary Arteries

33 truely normal coronary arteries in patients\
without coronary artery disease:without coronary artery disease:

FFR = 0 98 +/ 0 02 (range 0 93 1 00)FFR = 0.98 +/- 0.02  (range 0.93 – 1.00)

Pijls Circulation 1995;92: 183-193

86 apparently normal contralateral arteries 

Pijls, Circulation 1995;92: 183-193

pp y
In patients with coronary disease:

FFR = 0.87 +/- 0.09 ( range 0.64 – 0.97)

De Bruyne, Circulation 2001; 104:2401-2406



BASIC FEATURES OF FFR
• Normal value = 1.0 for every patient and every artery 
• FFR is not influenced by changing hemodynamic• FFR is not influenced by changing hemodynamic 

conditions (heart rate, blood pressure, contractility)
• FFR specifically relates the influence of the epicardial

stenosis to myocardial perfusion area and blood flowstenosis to myocardial perfusion area and blood flow
• FFR accounts for collaterals
• FFR has a circumscript threshold value (~ 0.75 –

0.80 ) to indicate ischemia0.80 ) to  indicate ischemia
• FFR is easy to measure (success rate 99 %) and 

t l d iblextremely reproducible
• Pressure measurement has un unequaled spatial q p

resolution



Hemodynamic Variability of FFRHemodynamic Variability of FFRmyomyo and CFRand CFRy yy y myomyo
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BASIC FEATURES OF FFR
• Normal value = 1.0 for every patient and every artery 
• FFR is not influenced by changing hemodynamic• FFR is not influenced by changing hemodynamic 

conditions (heart rate, blood pressure, contractility)
• FFR specifically relates the influence of the epicardial

stenosis to myocardial perfusion area and blood flowstenosis to myocardial perfusion area and blood flow
• FFR accounts for collaterals
• FFR has a circumscript threshold value with small

gray zone (~ 0.76 – 0.80 ) to indicate ischemiagray zone  (  0.76 0.80 ) to  indicate ischemia
• FFR is easy to measure (success rate 99 %) and 

t l d iblextremely reproducible
• Pressure measurement has un unequaled spatial q p

resolution



Threshold value of FFR to detect 
significant stenosis 6significant stenosis Lecture tonight at 6 pm

FFR non-signif. stenosis significant

1.0 0.80 0.75 0

FFR is the only functional index which has ever
been validated versus a true gold standard.been validated versus a true gold standard.
(Prospective multi-testing Bayesian methodology) Lecture tomorrow

ALL studies ever performed in a wide variety of clinical & 
angiographic conditions, found threshold between 0.75 and 0.80g g p

Sensitivity :  90%y
Specificity : 100%

N Engl J Med 1996; 334:1703-1708



Reproducibility of FFRp y

N=200

VERIFY study, Berry et al, JACC 2012 ( in press)



At 1200 consecutive in-duplo measurements of FFR, 
there was NOT ANY cross-over across the gray zonethere was NOT ANY cross over across the gray zone

FFR non-signif. stenosis significant

1.0 0.80 0.75 0

3%     2%

0%



BASIC FEATURES OF FFR
• Normal value = 1.0 for every patient and every artery 
• FFR is not influenced by changing hemodynamic• FFR is not influenced by changing hemodynamic 

conditions (heart rate, blood pressure, contractility)
• FFR specifically relates the influence of the epicardial

stenosis to myocardial perfusion area and blood flowstenosis to myocardial perfusion area and blood flow
• FFR accounts for collaterals
• FFR has a circumscript threshold value (~ 0.75 –

0.80 ) to indicate ischemia0.80 ) to  indicate ischemia
• FFR is easy to measure (success rate 99 %) and 

t l d iblextremely reproducible
• Pressure measurement has un unequaled spatial q p

resolution
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similar stenosis but different extent of perfusion area

Normal MyocardiumNormal Myocardium
4 mm2 is too small

Normal MyocardiumNormal Myocardium

QCA IVUS
identical CSA

4 mm2

QCA, IVUS

Scar
4 mm2

N l M diN l M di

Scar
Normal MyocardiumNormal Myocardium

4 mm2 is sufficient

identical CSA, but different significance of stenosis



FFR accounts for the extent of the perfusion area:

N l M diN l M diNormal MyocardiumNormal Myocardium60100

FFR=0.60FFR=0.60

Scar
80100

FFR=0.80FFR=0.80

Normal MyocardiumNormal Myocardium

80100

o a yoca d uo a yoca d u

Anatomic stenosis severity by IVUS or QCA
is identical but physiologic severity has decreased.

FFR accounts for these changes !!!



FEASIBILITY OF FFR MEASUREMENT
DEFER study: (Circulation 2001;103:2928-2934) 
325 patients in 14 centers325 patients in 14 centers
STENT Registry: (Circulation 2002;105:2950-2954)
750 patients in 15 centers;750 patients in 15 centers;
FAME STUDY
1005 patients with complex MVDp p
FAME-2 STUDY
1206 patients with any type of coronary artery diseasep y yp y y

S f l FFR i 98 99 5 %Successful FFR measurement in 98 – 99.5 %
of all patients with minimal loss of time



BASIC FEATURES OF FFR
Pressure measurement has un unequaled spatial 
resolutionresolution

Hyperemic Pull-back Recording





0.65



FFR: The Pressure Pull-back Curve
Pressure pull-back curve at maximum 
hyperemia:

place sensor in distal coronary artery• place sensor in distal coronary artery
• induce sustained maximum hyperemia by i.v. 

adenosine, or i.c. papaverine
• pull back the sensor slowly under fluoroscopypull back the sensor slowly under fluoroscopy
• the individual contribution of every segment and 

spot to the extent of disease can be studied inspot to the extent of disease can be studied in 
this way

Coronary pressure is unique in this respect and such 
d t il d ti l i f ti t b bt i d bdetailed spatial information cannot be obtained by any
other invasive or non-invasive method



CONCLUSIONS:

• FFR is a simple, straightforward, easy-to-perform way
to evaluate the functional significance of a stenosis withto evaluate the functional significance of a stenosis, with

l d d d ibilit• unequaled accuracy and reproducibility
(special lecture tonight at evening symposium at 6 pm)

• and important implications for outcome
(several lectures tomorrow)

• some tricks and pitfalls
(next presentation by Dr Fearon)

• maximum hyperemia mandatory for optimum benefityp y p
(presentation later in this session)



EINDE



Starting – up FFR measurements in your Lab:
• study the principles and understand the concept

• be prepared to rely upon your brains, rather than
on the angio: what you measure is more reliableon the angio: what you measure is more reliable
than what you see

• involve your nurses/technicians/residents
and convince your fellow staff members

• do not just an occasional patient with a mild stenosis
once in a week, but use the PW consistently in 10 oronce in a week, but use the PW consistently in 10 or
20 consecutive cases during 1 or 2 weeks



HOW TO OPTIMIZE FFR IN YOUR CATH-LAB (1)

If you decide to measure FFR, do it always in the
same way and be consistent in your decision:same way and be consistent in your decision:

FFR 0 80 t t i di t d di l t t tFFR > 0.80          no stent indicated, medical treatment
FFR < 0.75          stent, if technically feasible

Measuring FFR of > 0.80 and placing a stent as yet,g p g y
is NONSENSE

If you are not prepared to believe your measurement, 
You can better not do itYou can better not do it 

““FFR never lies”
( key paper: Koolen, Cathet Cardiovasc Interv 2008: 72:248-256)



HOW TO OPTIMIZE FFR IN YOUR CATH-LAB (2)

cooperation of your nurses is of paramount importance !

• preparing the equipment, cables, pressure wire
t ki f h i ti l• taking care of hyperemic stimulus
(keep it simple)

• anticipate to the procedure, remind you to measure
• willingness to spend some extra time, if needed  g p ,

therefore, train your nurses and make them understandtherefore, train your nurses and make them understand
the principles, practice, and great advantages of FFR

Similar for fellows and colleagues !



....and last but not least:

EASY to use means READY to use :EASY to use means READY to use :

Design the configuration in your cath.lab in an
ti t bl i t t foptimum way to enable instantaneous use of 

the PressureWire if the case demands it 


