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Cabana MD, JAMA. 1999 Oct 20;282(15):1458-65. 

“know” “believe” “do” 
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1,052 papers through 
December 31, 2014 

(including 4 NEJM, 2 Lancet) 

PubMed search for “FFR” or “fractional flow reserve” (updated January 28, 2015) 

Knowledge: FFR awareness 



• # of FFR procedures divided by # of PCI procedures 

• Advantages 

– Easy to measure 

– Easy to understand 

– Hard to manipulate 

• Disadvantages 

– Neglects PCI deferral when FFR high 

– FFR can lead to CABG too 

– Some PCI does not need FFR (like STEMI culprits) 

How to measure FFR familiarity? 



2012 2013 2014 (2015) 
USA 

FFR/PCI* 16% 19% 22% (25%) 

Europe 
FFR/PCI 7% 8% 10% (12%) 

Japan 
FFR/PCI 7% 8% 9% (10%) 

* = public estimates from Millennium Research Group (MRG) 

Knowledge: FFR familiarity 



Park SJ, EHJ. 2013 Nov;34(43):3353-61. (modified Supplement Figure 1 with my annotations) 

IVUS use during PCI 

ASAN PCI registry from Korea 

FFR familiarity in Korea 



IVUS use during PCI 

FFR use for PCI 

Park SJ, EHJ. 2013 Nov;34(43):3353-61. (Supplement Figure 1 with my annotations) 

ASAN PCI registry from Korea 

FFR familiarity in Korea 



IVUS use during PCI 

FFR use for PCI 

FAME 1 
published 2-year data 

Park SJ, EHJ. 2013 Nov;34(43):3353-61. (Supplement Figure 1 with my annotations) 

ASAN PCI registry from Korea 

FFR familiarity in Korea 



* = Based on industry estimates combined with public estimates from Millennium Research Group (MRG) 

Knowledge of FFR: summary 

• More than 1,000 papers on FFR in last 20 years 

    (100-200 new papers per year recently) 

• Approximately ½  million FFR in 2015* 

    (roughly 1 FFR per minute every hour, every day) 

• Enormous increase in FFR uptake in last 5 years 

• Highest uptake approximately 60% FFR/PCI 

• Variations seen between and within countries 

• Similar patterns exist for medical therapy 



Will or should FFR uptake reach 100%? 

• Stable patients 

• NSTEMI (or unstable angina) 

– Culprit 

– Uncertain or non-culprit 

• STEMI 

– Culprit 

– Non-culprit 

• Unusual, rare (bridging, fistula, anomaly) 



Who undergoes PCI these days? 
1.  stable CAD 
• 30% in USA* 
• 17% in Scandinavia** 

2.  UA/NSTEMI 
• 55% in USA 
• 48% in Scandinavia 

3.  STEMI 
• 16% in USA 
• 33% in Scandinavia 

≈20-30% 

≈50% 

≈20-30% 

* = NCDR (CathPCI) data from 2010/11 (Dehmer GJ, JACC. 2012;60:2017) 
** = SCAAR data from 2009/10 (Fokkema ML, JACC. 2013;61:1222) 



Where is FFR in clinical guidelines? 
1.  stable CAD 
• ACC/AHA: class IIa/A 
• ESC: class I/A 

2.  UA/NSTEMI 
• ACC/AHA: 0 words 
• ESC: 2 sentences 

3.  STEMI 
• ACC/AHA: 1 study 
• ESC: 13 words 

≈20-30% 

≈50% 

≈20-30% 



Will or should FFR uptake reach 100%? 

• Stable patients 

• UA/NSTEMI 

– Culprit 

– Uncertain or non-culprit 

• STEMI 

– Culprit 

– Non-culprit 

• 25% PCI * 80% FFR 

• 50% PCI 

–              * 0% FFR 

– 50%     * 0% - 100% FFR 

• 25% PCI 

–              * 0% FFR 

– 50%      * 0% - 100% FFR 

Lower bound = ¼ *80% + ½ *½ *0%      + ¼ *½ *0%     = 20% 
Upper bound = ¼ *80% + ½ *½ *100% + ¼ *½ *100% = 58% 



• Acute coronary syndromes are 75% of PCI volume 

• Yet guidelines for ACS do not advocate FFR 

   (despite FAME ACS substudy, FAMOUS, PRIMULTI) 

• Thus 20% FFR/PCI matches current guidelines 

– Europe at 12% 

– USA at 25% 

– Scandinavia at 33% 

• But likely FFR/PCI uptake will not exceed 60% 

– Assumes 100% use for non-culprits in ACS 

– Debate and ongoing trials for these lesions 

Will or should FFR uptake reach 100%? 



Hannawi B, Tex Heart Inst J. 2014 Dec 1;41(6):579-84. 

Attitudes toward FFR 

• Members of SCAI in USA 

• 255 (25%) responses 

• February and March 2012 



Hannawi B, Tex Heart Inst J. 2014 Dec 1;41(6):579-84. 

Attitudes toward FFR 

“know” (knowledge) barrier 
<2% (minor) 



Hannawi B, Tex Heart Inst J. 2014 Dec 1;41(6):579-84. 

Attitudes toward FFR 

“belief” (attitude) barriers 
5% (minor) 



Hannawi B, Tex Heart Inst J. 2014 Dec 1;41(6):579-84. 

Attitudes toward FFR 

“do” (environment) barriers 
MAJOR 



“Participants were asked 
to make their decisions 
assuming ideal world 
conditions, without 
considering any financial 
restrictions or local 
regulations, but only after 
the best clinical practice 
achievable in this virtual 
catheterization 
laboratory.” 

Toth GG, Circ Cardiovasc Interv. 2014 Dec;7(6):751-9. (Figure 1) 

Attitudes toward FFR 

5 stable patients with 12 lesions 
QCA 32% to 72% 

495 responses via PCRonline 



Toth GG, Circ Cardiovasc Interv. 2014 Dec;7(6):751-9. (Figure 4) 

Attitudes toward FFR 

27% never picked FFR 
Maximum FFR use 10/12 



Commonwealth of Kentucky, 27th Judicial Circuit , Laurel Circuit Court Division II, Civil Action No. 11CI00972, 2011 

Slide courtesy of Joe Burnett from Volcano 

Changing FFR behavior: legal 



PTA is covered when used [for] … Treatment of Atherosclerotic Obstructive 
Lesions … of a single coronary artery for patients for whom the likely alternative 
treatment is coronary bypass surgery and who exhibit the following 
characteristics: 
 
•    Angina refractory to optimal medical management; 
•    Objective evidence of myocardial ischemia; and 
•    Lesions amenable to angioplasty. 

http://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=201&ncdver=9&bc=BAABAAAAAAAA, Accessed June 9, 2014 (my emphasis added) 
http://www.cms.gov/Research-Statistics-Data-and-Systems/Monitoring-Programs/Medicare-FFS-Compliance-Programs/Recovery-Audit-Program/, Accessed June 9, 2014 (my highlight) 

Changing FFR behavior: audits 



Changing FFR behavior: incentives 

http://www.ed.nl/regio/eindhoven/cz-geeft-catharina-ziekenhuis-eindhoven-meer-geld-bij-betere-zorg-1.5479592 (accessed December 2, 2015) 

“CZ [large Dutch health care 
insurance company] will give 
the Catharina Hospital in 
Eindhoven more money for 
better care” 
 outcome-based payments 
(FFR leads to better outcomes) 



Changing FFR behavior: AUC, registry 



How to use the right amount of FFR 

• Knowledge (“know”) 

– Largest gap for acute coronary syndromes 

– Likely maximum 60% FFR/PCI in future 

• Attitudes (“believe”) 

– Move beyond the angiogram 

• Behavior (“do”) 

– Media and legal 

– Payments (audits and incentives) 

– Appropriate use criteria and registry 


