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 110 x 150 
 Angina for a couple of months 
 Trop T negative 
 T wave inversion across the chest leads 
 Not wanting to risk radial… 

 Huge struggle with femoral access 

 Vascular ultrasound is very useful 

 But…. 





























 Revascularisation, PTCA, stent, or CABG is 
only useful for significant lesions: 

 ‘Significant’ coronary lesion: one which is 
physiologically, functionally, or 
haemodynamically significant, ie: associated 
with ‘inducible myocardial ischaemia’ 

 How do you know what is significant? 

 



 In SA: exercise test 

 Low sensivity, low specificity 

 Not possible in many patients, result often 
confounded 

 Abnormal ECG at rest: results even less reliable 

 Radionuclide scans: 

 Expensive, not widely available locally 

 Very unreliable eg in multivessel disease 

 



 Many patients arrive in the cath lab with no 
non invasive tests available 

 Acute coronary syndromes 

 LBBB 

 Cannot walk etc…. 

 
 What about looking at the angiogram 

 ‘that is what we have always done….’ 

 
 



 Huge potential for observer error: 35% 
 Error in interpreting angiograms: the more 

modest lesions underestimated, the more 
severe lesions overestimated 

 2D representation of a complex, eccentric 
lesion with length and angulation! 

 What is the real reference vessel? 
 These errors: mostly in lesions between 

around 30-80%! 



 2-D angiograms fail to provide enough 
information. 
 

 
 
 

 
 
 

 
 
 In a study of patients with LMCA stenoses (n=51), 4 experienced cardiologists 

achieved correct lesion classification no more than 50% of the time using angio 
when comparing to FFR as the gold standard. 

 
      Lindstaedt et al, Int J Cardiol 2007; 120(21): 254-261 

600664-001/001 



 How many stents 
placed in your lab will 
benefit the patient? 

What proportion of 
patients in your lab benefit 
from the stents that they 

receive? 



 Remains the road map 

 But not the gold standard! 

 Has  limited value to determine which lesions are 
associated with ischaemia 

 Has unacceptable inter and intra observer 
variability in assessing lesion significance. 

 Despite this: Many trials have used angio as the 
gold standard when testing the benefits of 
revascularisation! 



 Developed to investigate the functional significance 
of a coronary artery stenosis 

 
 The gold standard for the detection of myocardial 

ischemia related to a particular stenosis 
 
 It should be a routinely available diagnostic tool 
 
 Relatively cheap 
 Quick, safe, easy to perform 
 Immediate results for decision making 
 Saves much unnecessary revascularisation 
 Allows better patient outcomes 



 ‘maximal achievable blood flow to a myocardial 
territory in the presence of an epicardial 
coronary stenosis expressed as a ratio to the 
normal maximal achievable blood flow to that 
same myocardial territory in the hypothetical 
situation that the supplying artery were 
completely normal’ 

 
 FFR expresses maximal blood flow in the 

presence of a stenosis as a fraction of normal 
maximum blood flow 



 Exercise tolerance in stable coronary artery 
disease determined by the maximal amount 
of myocardial blood flow during exercise 

 Maximal flow the most important parameter to 
quantify severity of CAD 

 Expressing ml/min meaningless: varies according 
to territory size 

 So flow in disease should be expressed as a 
proportion of normal flow 



 FFR wires measure pressure 
 
 During maximal hyperaemia, myocardial 

perfusion pressure is directly proportional to 
myocardial flow so the ratio of maximum 
stenotic flow to normal maximum flow can be 
expressed as the ratio of distal coronary 
pressure to aortic pressure at hyperaemia 
(full vasodilation)   



 FFR normal value is 1.0 for every artery 
 Takes into account extent of perfusion area, 

presence of collaterals 
 Clear threshold value and a narrow grey zone 

of 0.75-0.8 
 Very suitable tool for making decisions 



 Sensor 30mm back from the tip of 0.014 wire 
 Connector to measuring system 

 On demand, plug and play 

 Wireless 

 Need to ensure epicardial vessels and 
microvasculature fully dilated 

 IC nitro 

 Adenosine – bolus (or infusion) 

▪ 40-80 mics 

 



 Unequivocal normal value 
 Well defined cut off 
 Independent of heart rate, BP, myocardial 

contractility 
 Takes into account collateral flow and 

viability 
 Don’t need a normal coronary to compare 

with 
 Highly reproducible and easily obtainable. 



1996 NEJM Article 

FFR = Pdist /Paorta < 0.75  significant 

 

FFR = Pdist /Paorta > 0.75  non-significant  
600664-001/001 



FFR < 0.75 : 

Sensitivity = 88%     

Specificity = 100%  Pijls, et al. New England Journal of Medicine 1996; 

334:1703 600664-001/001 



DEFER Trial 
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Bech GJW, De Bruyne B, Pijls NHJ, Muinck E, Hoorntje JCA, Escaned J, 
Stella P, Boersma E, Bartunek J, Koolen JJ, Wijns W. (2001). Fractional 
Flow Reserve to Determine the Appropriateness of Angioplasty in 
Moderate Cornonary Stenosis, A Randomized Trial. Ciruclation 103:2928-
2934. 

 

 Prospective, randomized, multi-center 

trial (14 centers) in 325 patients with 

stable chest pain and an intermediate 

stenosis without objective evidence of 

ischemia… 

 

Objective: 

• test safety of deferring PCI of stenoses 

not responsible for inducible ischemia 

as indicated by FFR > 0.75  

(“outcome”)  

•  to compare quality of life in such 

patients, whether or not treated by PCI 

(CCS-class need for anti anginal drugs) 

(“symptoms”)  

600664-001/001 



Bech, et al. Circulation 2001; 103:2928-2934 
600664-001/001 



5-Year DEFER Data 
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Pijls NHJ, Schaardenburgh P, Manoharan G, Boersma E, 

Bech JW, Veer M, Bar F, Hoorntje J, Koolen J, Wijns W, De 

Bruyne B. (2007). Percutaneous Coronary Intervention of 

Functionally Nonsignificant Stenosis: 5-Year Follow-Up of the 

DEFER Study. Journal of the American College of 

Cardiology. Volume 49, Number 21:2105-2111. 

600664-001/001 



Pijls, et al. JACC 2007 

Mace rates less  

than 1% per year! 
in the DEFER group 

600664-001/001 



40 600664-001/001 



Patient with MVD 

 

Antiplatelet therapy 

≥ 12 months 

 

Follow – up  

 

Antiplatelet therapy 

≥ 12 months 

 

Informed consent 

Indicate all 

stenoses ≥50% by 

angio 

Randomization  

 

FFR-Guided PCI Angio-Guided PCI 

FFR measured in all arteries. 

Stent only stenoses with FFR ≤ 0.80 

with DES 

Stent all indicated stenoses with DES-
stent 
 

Chart courtesy Dr. Pijls and FAME investigators as presented at TCT 2008 600664-001/001 



 1005 patients – randomized into 2 groups 

 Angio-guided PCI: Stent all lesions with >50% stenosis   (n = 496) 

 FFR-guided PCI: Stent all lesions with FFR <0.80 (n = 509) 

 
Key Inclusion Criteria 

 At least two  ≥50% diameter stenoses in at least two major 
epicardial vessels 

Key Exclusion Criteria 
 LM disease 
 Previous CABG 
 Recent (<5 days) MI patient if peak CK >1000 units per liter 
 Extremely tortuous or calcified vessels 
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Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary 
Intervention. New England Journal of Medicine.  Volume 360, Number 3:213-224. 600664-001/001 



ANGIO-Group 

n = 496 

FFR-Group 

n = 509 
P-value 

Mean # of Indicated Lesions per Patient 2.7 ± 0.9 2.8 ± 1.0 0.34 

FFR results 

Lesions successfully measured (%) - 1329 (98%) - 

    Lesions with FFR ≤ 0.80 (%) - 874 (63%) - 

    Lesions with FFR > 0.80 (%) - 513 (37%) - 

Stents per patient 2.7 ± 1.2 1.9 ± 1.3 <0.001 

Lesions successfully stented (%) 92% 94% - 

Total DES 1359 980 - 

 FFR-guided group used 0.8 less stents per patient! 
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Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary 
Intervention. New England Journal of Medicine.  Volume 360, Number 3:213-224. 600664-001/001 



ANGIO-Group 

n = 496 

FFR-Group 

n = 509 
P-value 

Procedure time, min 70 ± 44 71 ± 43 0.51 

Contrast agent used, mL 302 ± 127 272 ± 133 <0.001 

Material cost during 

procedure, USD 
$6007 $5332 <0.001 

Length of hospital stay, days 3.7 ± 3.5  3.4 ± 3.3 0.05 

 FFR-guided group used less contrast while reducing material 
costs by $675 per patient! 

 Using FFR does not increase procedure time. 
 Hospital stay per patient was reduced by 0.3 days. 
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Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding 
Percutaneous Coronary Intervention. New England Journal of Medicine.  Volume 360, 
Number 3:213-224. 600664-001/001 



 
 
 

ANGIO-Group 

n = 496 

FFR-Group 

n = 509 
P-value 

Events at 1 year, # (%) 

Death, MI, CABG, or repeat-PCI 91 (18.4) 67 (13.2) 0.02 

Death 15 (3.0) 9 (1.8) 0.19 

Death or MI 55 (11.1) 37 (7.3) 0.04 

CABG or repeat PCI 47 (9.5) 33 (6.5) 0.08 

Total # of MACE 113 76 0.02 

 MACE rates in the FFR-guided group are 28% lower than the 
Angio-guided group! 

 Death or MI in the FFR-guided group is 34% lower than in 
the Angio-guided group! 
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Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary 
Intervention. New England Journal of Medicine.  Volume 360, Number 3:213-224. 600664-001/001 



46 

FFR-Group 

30 days 
2.9% 90 days 

3.8% 
 

180 days 
4.9% 
 360 days 

5.3% 
 

ANGIO-Group 

Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary Intervention. New 
England Journal of Medicine.  Volume 360, Number 3:213-224. 600664-001/001 



1. FFR-guided PCI in MVD provides outcomes equal to or better than Angio-
guided PCI  

 MACE rates in the FFR-guided group are 28% lower! 
 Death & MI in the FFR-guided group is 34% lower! 

 
2. FFR-guided PCI results in a functional class (symptoms) equal to or better 

than angio-guided PCI  
 Functional class between the two study groups are similar. FFR lowers 

adverse events while delivering functionally complete revascularization. 
 

3. FFR-guided PCI is more cost effective for the hospital than is angio-guided 
PCI 

 FFR-guided group used 0.8 less stents per patient! 
 FFR-guided group used less contrast per procedure 
 FFR-guided procedures’ direct costs were $675 less per patient! 
 Using FFR in MVD does not increase procedure time. 
 Hospital stay per patient was reduced by 0.3 days. 

Fearon et al. (2009). Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary 
Intervention. New England Journal of Medicine.  Volume 360, Number 3:213-224. 

600664-001/001 



 To compare outcomes in ischemia-guided PCI 
with medical therapy 

 Single or multivessel stable IHD 
 Stopped early: highly significant difference, 

favouring PCI, in patients randomized to PCI 

 Primary endpoint: death/MI/urgent revasc 

 Greater need for urgent revasc: 11% vs 1.6% 



 FFR is one of those rare instances in 
medicine where a new technology 
not only improves outcome, but 
saves resources 



 In Fame: 
 QCA 50-70% stenosis: only 35% significant 

 QCA 71-90% stenosis:  20% NOT significant 
 ‘Functional syntax score’ may change 

‘3VCAD’ for CABG to ‘2V disease for PCI’ 
 FFR is the preferred technique for evaluating 

intermediate LMS lesions. 
 Valid for culprit and non culprits in NSTEMI, 

and most non culprits in STEMI 
 NOT for culprit, acute, in STEMI 



 The accuracy depends exquisitely on the 
ability to induce maximal hyperaemia 

 FFR is overestimated in the presence of high 
LVEDP 
 Thus not appropriate in decompensated STEMI to 

assess other vessels! 
 Where to stent in serial focal lesions/diffuse 

disease? 
 Not yet enough data regarding the effect of 

revascularisation/medical therapy on post 
treatment FFR! 
 

 
Wijns and Pixaras, JACC Intervention, vol 6 no 3 2013 



 Understand it 
 Use it, routinely 
 Trust your results, and act accordingly 

 
 Your patients will benefit 
 And you will save money 





 Pressure only indices for lesion 

assessment 

 

iFR FFR 
• 5 beats Resting 
      Physiological 

• At least 1 minute 
     Requires hyperaemia 
     Pharmacological 



 IFR and FFR: Hybrid Approach 
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95% classification match with FFR 

Physiologic Assessment 



• Rapid multi-vessel assessment 
 

• Assess multiple points within vessel 
without requiring long vasodilator 
infusions 
 

• Assess hemodynamic improvement after 
coronary intervention 

 



Definition: 
Instantaneous pressure 
ratio, across a stenosis 
during the wave-free 
period, when resistance is 
naturally constant and 
minimised in the cardiac 
cycle  

Pa 
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Sen S, et al. Development and validation of a new adenosine-independent index of stenosis severity 
from coronary wave-intensity analysis: results of the ADVISE (ADenosine Vasodilator Independent 
Stenosis Evaluation) study. J Am Coll Cardiol. 2012 Apr 10;59(15):1392-402. 

600-0100.36 
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1. Noise from compression and 

suction waves is minimized 

 

 

2. Resistance is constant so 

∆P is proportional to ∆Q 

(flow) 

 

 

3. Velocity is higher so better 

power to discriminate 

Three Benefits to the iFR® Window 

Sen S, et al. Development and validation of a new adenosine-independent index of stenosis 
severity from coronary wave-intensity analysis: results of the ADVISE (ADenosine Vasodilator 
Independent Stenosis Evaluation) study. J Am Coll Cardiol. 2012 Apr 10;59(15):1392-402. 

600-0100.36 



 
 Increasing Flow Velocity 

exaggerates the pressure 
drop across a stenosis 
 

 
 Bigger pressure drop allows 

for  better classification of 
stenosis severity 
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Pd/Pa 

FFR 

Gould, K. Pressure-flow characteristics of coronary stenoses in unsedated dogs at rest and during 
coronary vasodilation Circulation research 1978;43:242-253 

600-0100.36 



iFR Window 
Wave-free flow 

~30% increase in  
mean flow velocity* 

Coronary Flow during one full cardiac cycle 

iFR® Window Maximizes Flow 
 

• iFR Flow is 30% higher which amplifies the signal vs. Pd/Pa alone  

Sen S, et al. Development and validation of a new adenosine-independent index of stenosis severity from 
coronary wave-intensity analysis: results of the ADVISE (ADenosine Vasodilator Independent Stenosis 
Evaluation) study. J Am Coll Cardiol. 2012 Apr 10;59(15):1392-402. 

 

• Bigger pressure drop = better classification of stenosis 

severity 

Pd/Pa 

iFR 
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600-0100.36 
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 I think it’s a severe lesion and so will stent it? 

 This thinking can no longer be justified 

 When you are in the lab think physiology: 

 Will this patient benefit from the procedure we 
are offering? 

 Practice makes perfect: with regular routine 
use physiology assessments become simpler, 
quicker and no fuss at all! 


