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71 year-old man who presented with abnormal SPECT: 
• Modifiable risk factor: 

o Hypertension (treated with beta blocker) 
• Symptoms 

o None with typical daily activities 
o Occasional palpitations 
o Non-exertional chest discomfort, but mild and brief 
o Classic but mild angina once with heavy exertion 

• Workup 
o Unremarkable echocardiogram and Holter 
o Treadmill showed no angina but 2mm ST depression 

after 6:30 minutes of Bruce protocol 
o SPECT showed partially reversible inferolateral defect 



Total occlusion of large OM branch 
supplied by collaterals 

(explains inferolateral SPECT defect) 



Calcified lesion in proximal LAD 



PET: LAD 
CFR = 2.6 

calcified proximal 
LAD lesion 
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Invasive tools to estimate flow 
•Doppler velocity 
 
•Bolus thermodilution 
 
•Continuous thermodilution 
 
•Thermal anemometry 

Pijls NH, Circulation. 105(21):2482, 2002, Figure 2 
Aarnoudse W, JACC. 50(24):2294, 2007, Figure 7 
van der Horst A, Med Eng Phys. 33(6):684, 2011, Figures 1 and 2 



N = 558 lesions 

Based on Johnson NP, JACC Cardiovasc Imaging. 5(2):193, 2012, Figure 1 (plus 120 new lesions) 
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Based on Johnson NP, JACC Cardiovasc Imaging. 5(2):193, 2012, Figure 1 (plus 120 new lesions) 
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all points in triangle 
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Based on Johnson NP, JACC Cardiovasc Imaging. 5(2):193, 2012, Figure 1 (plus 120 new lesions) 
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     agree ≈ 60% (20% + 41%) 
disagree ≈ 40% (21% + 18%) 



FFR≤0.8 
CFR≥2 

FFR≤0.8 
CFR<2 

Johnson NP, JACC Cardiovasc Imaging. 5(2):193, 2012, Figure 3 



Universal CFR/FFR triangle 

PET = Johnson NP, JACC Cardiovasc Imaging. 5(2):193, 2012, Figure 1B 
Thoracic echo = Wada T, Eur Heart J Cardiovasc Imaging. 15(4):399, 2014, Figure 6 
Thermodilution = Echavarria-Pinto M, Circulation. 128(24):2557, 2013, Figure 1B 

CFR by PET 

Texas (2012) 

CFR by thoracic echo 

Japan (2014) 

CFR by thermo 

Madrid (2013) 

43% discordance 35% discordance 44% discordance 



van de Hoef TP, Circ Cardiovasc Interv. 7(3):301-11, 2014, Figure 4B (annotated) 

FFR>0.8 and CFR≥2 

(no initial PCI) 

FFR≤0.8 but CFR≥2 

(no initial PCI) 

FFR>0.8 but CFR<2 

(no initial PCI) 
MACE = 

death, MI, 

or PCI/CABG 



despite same FFR 
different CFR 

thus, different treatments? 

yes PCI! 
both FFR≤0.8 
and CFR<2 

need PCI? 
despite FFR≤0.8 
since CFR≥2 



despite same FFR 
different CFR 

thus, different treatments? 

need PCI? 
yes FFR>0.8 
but CFR<2 

no PCI! 
both FFR>0.8 
and CFR≥2 



DEFINE-FLOW study (NCT02328820) 
•PI: Nils Johnson (UT), Jan Piek (AMC) 
•Sponsors: Volcano/Philips, UT 
•Size: 450 patients 
•Sites: approximately 10 (international) 
•Enrollment: started October 2014 
•Tool: ComboWire Doppler (Volcano) 
•Endpoint: 2-year MACE 
•Design: pilot, not randomized 
      FFR≤0.8, CFR<2 = undergo PCI 
      FFR≤0.8, CFR≥2 = defer PCI 
      FFR>0.8 = defer PCI 



“… pressure and flow represent 

the two sides of the same coin 

… from the physiologic point of 

view, both techniques are highly 

complementary.” 
 

-Kern MJ, De Bruyne B, Pijls NH. 

 JACC. 30(3):613, 1997. (my color and emphasis added) 


