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Concept of FFRmyo 



Wakayama Medical University 

Measurement of FFRmyo 

FFR (A) = Pd / Pa during HE 

Pa 

A 

Pd 

Pa 

Pd 

No stenosis 

Stenosis（Ａ） 

During HE; Pd=Pa 

Pd / Pa=1.0 

FFR(A)= Max flow under the condition  

     with stenosis / without stenosis 

Rest Pd<Pa,  

During HE Pd <<Pa 
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Advantage of FFR in daily clinical practice 

Easy to measure mean coronary pressure by PGW. 

Normal value to FFR is 1.0. 

Cut-off value for demonstrating ischemia is 0.75. 

Cut-off value for revascularization is 0.8. 
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Intracoronary imaging & physiology  

in ESC guideline 2014 

Eur Heart J. 2014;35:2541-2619 

Clinical Evidence in FFR 
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166 156 145 133 117 106 93 74 64 52 41 25 13 Registry 
447 414 388 351 308 277 243 212 175 155 117 92 53 PCI+MT 
441 414 370 322 283 253 220 192 162 127 100 70 37 MT 
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OMT vs. Registry: HR 4.32 (1.75-10.7); p<0.001 

PCI+OMT vs. Registry: HR 1.29 (0.49-3.39); p=0.61 

PCI+OMT vs. OMT: HR 0.32 (0.19-0.53); p<0.001 

RCT:PCI+OMT  

REGISTRY:OMT 

RCT:OMT  

DEFER:J Am Coll Cardiol 2007;49:2105-2111  

FAME I: New Engl J Med 2009;360:213-224 

FAME II: New Engl J Med 2014;371:1208-1218 

FFR-guided 

30 days 

2.9% 90 days 

3.8% 

 

180 days 

4.9% 

 

360 days 

5.3% 

 

Angio-guided 

 

absolute difference in MACE-free survival 
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Relationship between FFR & functional tests 

(N.H.J.Pijls, et al. N Engl J Med 1996;334:1703-1708) 
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Relationship between FFR & other tests 

(Kern MJ & Samady H. J Am Coll Cardiol 2010;55:173-185) 
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Conceptual relationship between FFR & outcomes 

Johnson NP, et al. J Am Coll Caridol 2014;64:1641-1654 

0.8 
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Ahn JM, et al. Circulation in press (CIRCULATIONAHA.116.024433) 

Hazard Ratio of MACE in each FFR 
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Key integrated information from hundreds of studies 

Risk to die or experience myocardial infarction in 

the next 5 years related to a coronary stenosis: 

Non-ischemic stenosis; <1% per year 

(NUCLEAR studies, DEFER, FAME, PROSPECT, CCTA) 

Ischemic stenosis, if left untreated; 5-10% per year 

(Many historical registries, ACIP, etc. ) 

Stented stenosis; 2-3% per year after 2 years 

(e.g. DEFER, FAME, SYNTAX, many large studies & registries) 
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Ahn JM, et al. Circulation in press (CIRCULATIONAHA.116.024433) 

Incidence of MACE in deferred lesions according to each FFR group 
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Representative Examples of FFRCT (NXT trial) 

Norgaard BL, et al. J Am Coll Cardiol 2014;63:1145 - 1155 
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Correlation and Bland-Altman Plots of FFR and 

FFRCT in Vessels Having FFR Measured (n = 51) 

Green represents 2 overlying data points & red represents 3 overlying data points. 

Nørgaard BL, et al. J Am Coll Cardiol Cardiovasc Imag 2016, doi.org/10.1016/j.jcmg.2015.11.025 
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FFRCT 0.71 = Lesion-specific ischemia of an intermediate 
stenosis (30-70%)  - Concordant and in agreement with 
invasive FFR 

FFR 0.74 = Lesion-specific ischemia  RCA intermediate stenosis 

The DeFACTO Study: 
Intermediate Stenoses (30-70%) 
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SROC curves of the diagnostic accuracy of cardiac imaging 

compared with FFR  

Ibrahim Danad et al. Eur Heart J 2016;eurheartj.ehw095 

Per patient data Per vessel data 
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FFRCT Decision-Rule Algorithm in patients with new-onset 

chest pain without known coronary artery disease 

Nørgaard BL, et al. J Am Coll Cardiol Cardiovasc Imag 2016, doi.org/10.1016/j.jcmg.2015.11.025 
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Comparison between FFRCT & FFR 
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Comparison of FFRCTA Results Before and After Simulated 

PCI With Stent Implantation before (A) and after (B) PCI.  

Taylor CA, et al., J Am Coll Cardiol 2013;61:2233–2241 
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Computation of FFR From 3D QCA and TIMI Frame Count (A,B) X-ray angiography 

Tu S,  et al. JACC: Cardiovasc Interv, 2014; 7: 768–777 

, 
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Tu S,  et al. JACC: Cardiovasc Interv, 2014; 7: 768–777 

, 

 Correlation and Agreement Between FFR and the Computed FFRQCAA 
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iFR 
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Aortic stenosis* 

*  Yoshikawa J, Akasaka T, et al. J Am Soc Echocardiogr 1993; 6:516-524 

HCM** 

Coronary flow velocity recordings 

** Akasaka T, Yoshikawa J, et al. J Am Soc Echocardiogr 1994; 7:9-19  
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Relationship Between iFR & FFR and Pd /Pa & FFR  
Jeremias A, et. Al. J Am Coll Cardiol, 2014;63:1253-1261 

Relation between waist size and visceral fat 

Waist size 

(cm) 

Visceral fat (cm2) 
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CLARIFY 

92% 92% 

Sen et al. CLARIFY. J Am Coll Cardiol. 2013;61(13):1409-1420 

iFR has similar diagnostic accuracy to FFR 

iFR and FFR have 

similar diagnostic 

accuracies 
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FFR>0.8 

Defer PCI 

FFR≤0.8 

Perform PCI 

FFR  

guided PCI 

iFR<0.9 

Perform PCI 

iFR≥0.9 

Defer PCI 

Intermediate lesion requiring physiological assessment 

In ACS : intermediate non-culprit lesion 

N=2500, 1:1 Randomisation 

iFR  

guided PCI 

30 day, 1, 2 and 5yr follow-up 

Functional Lesion Assessment of Intermediate stenosis to guide Revascularisation 
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Patients enrollment in DEFINE-FLAIR study 

Davies JE, et al. N Engl J Med 2017;376:1824-34. 
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Cumulative Risk of the Primary Endpoint 

Davies JE, et al. N Engl J Med 2017;376:1824-34. 
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Procedural Characteristics 

Davies JE, et al. N Engl J Med 2017;376:1824-34. 

Superiority of iFR to FFR 
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Procedural Characteristics 

Davies JE, et al. N Engl J Med 2017;376:1824-34. 

Superiority of iFR to FFR 
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Procedural Characteristics 

Davies JE, et al. N Engl J Med 2017;376:1824-34. 

Any issues in iFR compared with FFR ? 
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Patients enrollment in iFR SWEDEHEART Clinical Trials 

Gotberg M, et al. N Engl J Med 2017;376:1813-23.. 
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Kaplan-Meier Curve for the Primary Endpoint 

Gotberg M, et al. N Engl J Med 2017;376:1813-23.. 
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Procedural Characteristics 

Gotberg M, et al. N Engl J Med 2017;376:1813-23.. 

Superiority of iFR to FFR 
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Procedural Characteristics 

Davies JE, et al. N Engl J Med 2017;376:1824-34. 

Any issues in iFR compared with FFR ? 
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FFR (prePCI) 

Distal lesion #7 Proximal lesion #6 

0.49 

0.52 

0.98 



Wakayama Medical University 

PCI to #6 

Xience V : 3.5x15mm 
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FFR (after stenting to #6) 

Distal lesion #7 
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PCI to #7 

Xience V : 2.5x8mm 
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FFR (after stenting to #7) 
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Pullback curve by iFR 

1 
2 

Pre Post 

Post PCI Pre PCI 
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iFR Pullback 

Nijjer S, et al. JACCint 2014;  12: 1386-1396. 
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Advantages of iFR pullback 

1.00 – 0.87 = 0.13 

0.85 – 0.65 = 0.20 

0.65 – 0.57 = 0.08 

• The most significant lesion could be identified by the finding of 
maximum pressure (iFR value) difference. 
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PCI case with iFR co-registration 
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2.75 ×  23 DES 

PCI case with iFR co-registration 
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2.75 ×  23 DES 

PCI case with iFR co-registration 
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2.75 ×  23 DES 

iFR 
predicted 0.86 

iFR 
predicted 0.93 

Prediction of post PCI 

iFR by Syncvision 

Short STENT ? 

Long STENT ? 

(with two stents) 
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2.75 ×  23 DES 

2.5 ×  23 DES 

Prediction of post PCI 

iFR by Syncvision 

We chose a short stent. 
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CLARIFY an ADVISE sub-study 

Summary of microvascular resistance (MVR) reduction with & without 

hyperemia by adenosine infusion in cases with or without significant stenosis  

??? 
???? 

HSR(－); no stenosis 

HSR(＋); stenosis 

Although reduction of MVR in iFR is grater than FFR in cases with stenosis, 

much more reduction in MVR is demonstrated during hyperemia in cases 

with & without stenosis in iFR. 

? 
?? 
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HYBRID IFR-FFR 
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iFR values 

DEFER safe 

>0.93 

PCI indicated 

iFR ONLY 

  

99% 72% 

 

97% 40% 

 

95% 33% 

 

 

81% 

% more  

than PdPa 

 

Match 

with FFR 

 

Petraco R et al. EuroIntervention. 2013 Feb 22;8(10):1157-65  
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SYNTAX II 

Serruys P et al. EUROPCR 2013 



Wakayama Medical University 

Lesion treatment ater iFR/FFR 
interrogation (n=1177) 

PCI 
deferred  

31% 
PCI 

performed  

69% 
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P < 0.001 P < 0.001 
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Primary endpoint: MACCE 
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Exploratory End-Point: MACCE  

PCI vs. CABG 

11.2% 

*Non-inferiority margin of 5% with a one-sided alpha of 5% 

10.6% 
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Unresolved issue 
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Coronary angiography (RCA) iFR & FFR 

Case: 64 y.o., female, NSTEMI (anterior) 
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QFR=0.73 
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FFR CT=0.79 

 

FFRCT Analysis

MISAKI, KYOUKO==)IÐ»·(B

0000058145

5/28/1956

Patient ID

Birth Date

4/12/2016

NONE

Wakayama Medical University

CT Study Date

Referring Physician

Institution

Created with FFRCT 1.8.0.61 on 04/28/2016 17:01 UTC.  HFID: c2db84b4-f490-4a5b-b539-0c9bf9a20f86
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Pressure Wire                         

Hyperemia free       

Typical measurement time     

Pressure damping unlikely 

 

Cost saving(add to FAME)  

  

Optimized for pullback    

Peri-PCI assessment  

     

Evidence against ischemia   

Clinical outcome data    

iFR FFR 

✗ 

1-2 min 5-10 min 

✗ 

Adenosine / Time 

Equipment ✗ 

✗ 

Coming soon ! 

✗ 

Comparison between FFR & iFR at present  
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Comparison among FFRs & iFR 

FFR p-wire 

FFR CTA-HF 

FFR CTA-SM 

QFR  

Imaging 

modality 

On-Line Pressure-

wire use 

Analysis 

time 

Hyperemia 

iFR  

Angio 

CTA 

CTA 

3D-Angio 

Angio 

Yes 

No 

No 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

<5mim 

24 hrs 

>35min 

<4min 

<5min 

Yes 

No 

No 

No 

No/yes 
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Take home message 

Although FFR might have a limitation based on diastolic 

coronary pressure-flow relationship, there are many evidence 

demonstrating clinical usefulness. 

Although timing of measurement is thought to be ideal in iFR 

based on diastolic coronary pressure-flow relationship, there 

are a only few data demonstrating clinical usefulness. 

Furthermore, several non-invasive FFR measurement systems 

are developing according to the evidence of invasive FFR, and 

clinical evidence have been demonstrated by these methods. 

Although non-inferiority of iFR for PCI guidance compared with 

FRR has been reported in DEFINE-FLAIR study and iFR 

SWEDEHEART Trials, there are still unresolved issues which 

should be resolved adequately and further investigation would 

be required in the future. 


