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50 years of Doppler and thermo flow

artery = Benchimol A, Am Heart J 1971;81:93-101. (Figure 4)
selective = Wilson RF, Circulation 1985;72:82-92. (Figure 1)
0.018” = Doucette JW, Circulation 1992;85:1899-911. (Figure 1)
bolus = Pijls NH, Circulation 2002;105:2482-6. (Figure 2)
continuous = Aarnoudse W, JACC 2007; 50:2294-304. (Figure 7)

1971 = artery 1985 = selective 1992 = 0.018”

2002 = bolus 2007 = continuous



CFR = coronary flow reserve

left = De Bruyne B, Circulation. 1994 Mar;89(3):1013-22. (Figure 4A)
right = Johnson NP, JACC. 2016 Jun 14;67(23):2772-88. (Figure 3 that compiles a broad literature)

Relative CFR by PET vs invasive FFR Prognostic gradient for CFR by cardiac PET



Complementary?

Kern MJ, De Bruyne B, Pijls NH, JACC. 1997 Sep;30(3):613-20.

“… pressure and flow represent the
two sides of the same coin …

from the physiologic point of view,
both techniques are highly complementary.”



57 year-old man with diabetes
and CCS class I angina

… or confusing?

Subject FLOW196 from DEFINE-FLOW (clinicaltrials.gov NCT02328820)

Pd/Pa = 0.88

FFR = 0.69
Pa = aortic

Pd = coronary

Doppler flow velocity
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CFR = 2.8
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FFR 0.69
CFR 2.8



left = Johnson NP, JACC Cardiovasc Imaging. 5(2):193, 2012. (Figure 3)
right = Ahn SG, JACC Cardiovasc Interv. 2017 May 22;10(10):999-1007. (Figure 2 with annotations)

Mechanisms of FFR/CFR discordance

FFR 0.99
CFR 1.8
DIFFUSE > focal

FFR 0.73
CFR 2.3
FOCAL > diffuse



left = Johnson NP, JACC Cardiovasc Imaging. 5(2):193, 2012. (Figure 1B)
middle = Wada T, Eur Heart J Cardiovasc Imaging. 15(4):399, 2014. (Figure 6)
right = 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

40% discordance and universal triangle



Lee JM, JACC. 2016 Mar 15;67(10):1158-1169. (Figures 1A and 2A with highlights and annotations)

CFR≤2

CFR>2

Does FFR/CFR discordance matter?



van de Hoef TP, Circ Cardiovasc Interv. 2014 Jun;7(3):301-311. (Figure 4B modified and annotated)

FFR>0.8 and CFR≥2
(no initial PCI)

FFR>0.8 but CFR<2
(no initial PCI)

MACE =
death, MI,

or PCI/CABG
(early MACE
= largely PCI)

For FFR>0.8, does CFR matter?



van de Hoef TP, Circ Cardiovasc Interv. 2014 Jun;7(3):301-311. (Figure 4B modified and annotated)

FFR>0.8 and CFR≥2
(no initial PCI)

MACE =
death, MI,

or PCI/CABG

For CFR≥2, does FFR matter?

FFR≤0.8 but CFR≥2
(no initial PCI)



Lee JM, JACC Cardiovasc Interv. 2018 Aug 13;11(15):1423-1433. (Figure 4A)

Medical treatment after CFR/FFR

both CFR/FFR low

both CFR/FFR high

mixed CFR/FFR



Limitations to existing literature

1. Single center/country
• Amsterdam AMC
• Korean collaboration (n=5)

2. Modest size of patients/lesions
• n=157/157 from AMC
• n=519/737 from Korea

3. Treatment arbitrary
• Why no PCI if FFR≤0.8?
• Why PCI for FFR>0.8?

4. Core lab
• Partial for Korean collaboration
• No for Amsterdam

5. Event committee for outcomes
• Yes for Korean collaboration
• No for Amsterdam



measure FFR and CFR

Treatment protocol



ComboWire XT: pressure and Doppler

left = https://www.usa.philips.com/healthcare/product/HCIGTD9500/combowire-xt-guide-wire/overview, accessed June 25, 2020
right = Siebes M, Circulation. 2004 Feb 17;109(6):756-62. (Figure 2)

before PCI after PCI



measure FFR and CFR

FFR>0.8
defer PCI
(CFR adds value?)

Treatment protocol

FFR≤0.8



no PCI!
since

FFR>0.8
(DEFER,
FAME,

FAME 2)



measure FFR and CFR

FFR>0.8
defer PCI
(CFR adds value?)

Treatment protocol

FFR≤0.8

CFR<2
perform PCI



yes PCI!
since FFR≤0.8

and CFR<2



measure FFR and CFR

FFR>0.8
defer PCI
(CFR adds value?)

Treatment protocol

FFR≤0.8

CFR≥2
defer PCI!
(key difference)

CFR<2
perform PCI



need PCI?
despite FFR≤0.8

since CFR≥2



despite same FFR
different CFR

thus, different treatments?

need PCI?
despite FFR≤0.8

since CFR≥2

yes PCI!
since FFR≤0.8

and CFR<2



57 year-old man with diabetes
and CCS class I angina

No PCI/CABG, event free @ 2 years

Subject FLOW196 from DEFINE-FLOW (clinicaltrials.gov NCT02328820)

Pd/Pa = 0.88

FFR = 0.69
Pa = aortic

Pd = coronary

Doppler flow velocity

IC adeno
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CFR = 2.8
= 55.5/19.6
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12 sites in 6 countries
• Denmark

✓ Aarhus (University Hospital Skejby, Dr. Evald Christiansen)
• England

✓ London (Royal Free, Dr. Tim Lockie)
• Italy

✓ Rome (Sacred Heart, Drs. Filippo Crea and Giampaolo Niccoli)
• Japan

✓ Gifu (Heart Center, Drs. Hitoshi Matsuo and Yoshiaki Kawase)
✓ Toda City (Central General Hospital, Dr. Masafumi Nakayama)
✓ Tokyo (Medical University, Dr. Nobuhiro Tanaka)
✓ Tsuchiura (Kyodo, Dr. Tsunekazu Kakuta)

• Netherlands
✓ Amsterdam (AMC, Dr. Jan Piek)
✓ Amsterdam (VUmc, Dr. Niels van Royen)
✓ Blaricum (Tergooi, Dr. Maribel Madera-Cambero)
✓ Breda (Amphia, Dr. Martijn Meuwissen)

• Spain
✓ Madrid (Hospital Clinico San Carlos, Dr. Javier Escaned)



Clinical characteristics, n=455

Age (years) 67 ±
10

Male 74%

Diabetes 21%

Prior MI 27%

Prior PCI 41%

Angina or heart failure 71%

Anti-anginal medication 84%

Aspirin 89%

Statin 80%Stegehuis VE, Am Heart J. 2020 Apr;222:139-146. (Table 2 excerpts)



Stegehuis VE, Am Heart J. 2020 Apr;222:139-146. (Table 3 with highlights)



DEFINE-FLOW overcomes limitations

12 centers, 6 countries

455/670 subjects/lesions

PCI only if FFR≤0.8 and CFR<2

Blinded analysis of pressure / flow

Central adjudication blinded to CFR/FFR

1. Single center/country
• Amsterdam AMC
• Korean collaboration (n=5)

2. Modest size of patients/lesions
• n=157/157 from AMC
• n=519/737 from Korea

3. Treatment arbitrary
• Why no PCI if FFR≤0.8?
• Why PCI for FFR>0.8?

4. Core lab
• Partial for Korean collaboration
• No for Amsterdam

5. Event committee for outcomes
• Yes for Korean collaboration
• No for Amsterdam


