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Shaw et al. J Nucl Cardiol 2004;11:171-85

Prognosis of Normal or Low-risk SPECT

Annual risk of cardiac death/ MI: Meta-analysis



Survival Benefit of Revascularization

at 1.9-year F/U

Hachamovitch et al. Circulation 2003;107:2900-7

Revascularization had greater survival benefit in patients with 

moderate to large amounts of ischemia



False Negative

“Balanced Ischemia”

 Underestimation of true severity of multi-vessel dz

 No typical perfusion pattern for LM disease

 Not “Lesion-Specific”

Berman et al. J Nuclear Cardiol 2007;14:521-8 

Pitfalls of Myocardial Perfusion Scan



Frequency of Stress Testing

to Document Ischemia Prior to Elective PCI

55.5%

44.5%

Stress test (+) Stress test (-)

Stable angina (N=23,837)

JAMA2008;300:1765-73
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Validation of FFR

With 3 Non-invasive Stress Tests

FFR <0.75

Sensitivity 88%

Specificity 100%

Positive PV 100%

Negative PV 88%

Accuracy 93%

Pijls et al. New Engl J med 1996;334:1703



Cut-Offs to Predict Ischemia

850.78MIBI-SPECT post-MI48Samady et al.
850.78MIBI-SPECT post-MI57DeBruyne et al.

850.74SPECT151Meuwissen et al.

760.75SPECT167Yanagisawa et al.
790.75SPECT167Usui et al.
900.75DSE21Jimenez-Navarro et al.
950.76SPECT40Caymaz et al.
770.74SPECT127Chamuleau et al.
910.75SPECT46Abe et al.

900.68DSE37Bartunek et al.

930.75X-ECG/SPECT/pacing/DSE45Pijls et al.

850.72X-ECG/SPECT60DeBruyne et al.

970.74X-ECG60Pijls et al.

AccuracyBCVStress TestNumberAuthor

890.77SPECT151Kang SJ (AMC 2010)

InsignificantSignificant

0.800.75

Grey



DEFER Trial

J Am Coll Cardiol 2007;49:2105–11

FFR≥0.75  DEFER (91 pts)

FFR≥0.75  PERFORM PCI (90 pts)

FFR<0.75   REFERENCE (144 pts)

325 Patients with Single Vessel Disease





FAME 2-year Outcomes

Angio-guided FFR-guided RR p

MACE at 2 years 22.4% 17.9% 0.80 0.08

Death or MI 12.9% 8.4% 0.65 0.02

Revascularization 12.7% 10.6% 0.84 0.30

Angina-free at 2yrs 75.8% 79.9% 0.14

77.6%

82.1%

Pijls et al. JACC 2010;56:177-84







2010 ESC Class I Level of Evidence A

2009 AHA/ACC Class IIa Level of Evidence A

FFR-guided PCI is recommended for detection of ischemia-

related lesions when objective evidence of vessel-related 

ischemia is not available 

FFR is reasonable to assess intermediate lesion (30-70% DS) 

and can be useful to guide revascularization in stable IHD

Current Guideline



Visual-Functional Mismatch

Frequency and Mechanism



%DS 80%
MLA 2.8 mm2



Visual-Functional Mismatch

J Am Coll Cardiol 2010;55:2816–21
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Mismatch

63 LM lesions 1066 Non-LM lesions

1000 Consecutive Patients

(1129 lesions with DS >30%) who underwent IVUS and FFR

Park et al. JACC interv 2012;5:1029-36

ClinicalTrials.gov NCT01366404



AMC data

Beta p-value 95% CI

Age 0.008 <0.001 0.004 - 0.011

LAD location -0.386 <0.001 -0.462 - 0.311

Lesion length -0.006 <0.001 -0.009 - 0.003

Minimal lumen area 0.185 <0.001 0.149 - 0.222

Plaque burden -0.006 <0.004 -0.009 - 0.003

Plaque rupture -0.165 0.020 -0.302 - 0.027

Factors Affecting FFR

Why Mismatch

Nov 2009-Jun 2011, 1000 consecutive patients (1129 lesions 
with DS >30%) who underwent pre-PCI IVUS and FFR 

(ClinicalTrials.gov NCT01366404)



Complex or irregular lumen 

produces greater flow 

resistance and energy loss 

of fluid, thus resulting in 

pressure drop and FFR↓

Park et al. JACC interv 2012;5:1029-36



N FFR RLA MLA AUC Sens Spec PPV NPV Accu

Takaki
(1999 Circ)

51 0.75 9.3 3.0 – 83% 92% – – –

Briguori
(2001 AJC)

53 0.75 7.8 4.0 – 92% 56% 38% 96% 64%

Ben-Dor
(2012 *)

205 0.80 8.6 3.09 0.73 69% 72% – – 70%

Kang
(2011 Circ int)

236 0.80 7.6 2.4 0.80 90% 60% 37% 96% 68%

Kang
(2012 AJC)

784 0.80 8.2 2.4 0.77 84% 63% 48% 90% 69%

Koo
(2011 JACC int)

267 0.80 6.8 2.75 0.81 69% 65% 27% 81% 67%

Gonzalo
(2012 JACC)

47 0.80 7.1 2.36
IVUS

0.63 67% 65% 67% 65% 66%

Gonzalo
(2012 JACC)

61 0.80 7.1 1.95
OCT

0.70 82% 63% 66% 80% 72%



Meta-analysis of 11 Clinical Trials

1759 patients with 1953 lesions

Nascimento et al. Catheter

Cardiovasc Interv 2013 (in press)

Predict FFR<0.80

Weighted MLA 2.61mm2

Pooled sensitivity 79%

Pooled specificity 65%

Smaller Cut-off than Used

Poor Accuracy



Kang et al. Am J Cardiol 2012;109:947-5

All Subgroup-specific MLA, accuracies <70-75%





Clinical Utility of FFR



Multi-vessel Disease

LAD FFR 0.84 RCA FFR 0.86

Functionally, No Disease!



BAPa Pm Pd

ΔP(A)

ΔP(B)

Pm – Pd
Pa – Pm 

Treat the lesion with a larger ΔP first

Then, repeat FFR across the remaining lesion

Tandem Lesion 
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Park et al. Am J Cardiol 2012;110:1578-84



stenosis (A)

Treat the Distal Stenosis (B) First !

XienceV 3.0x28
Repeat FFR across

the remaining lesion



Ostial LM 60%

Pure LMCA Disease: Ostial/Shaft

Stage 3

Thallium: PD, LAD/LCX 

territory

Ostial LM 20%



LAD pullback

LCX pullback

Bifurcation treated as a „Complex‟

Definitely, Treat!

FFR 0.72

FFR 0.78



Yong et al. Circ Cardiovasc Interv 2013;6:161-5

Clinically relevant effect of distal LAD stenosis on LM-FFR 

occurs only when the stenosis is proximal and very severe 

(composite FFR of LM and LAD stenosis <0.5)

Impact of Distal Stentosis on LM FFR



Promus Element

4.0 x 20mm

LM-LAD cross over

SB Optimization

After Single Stent Cross-Over

Defer !



After Routine Use of FFR
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2008.1-2009.12 (N=2699)

Impact of Routine Use of FFR 

on PCI Outcomes

Park et al. EHJ 2013;34:3353-61
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Park et al. Eur heart J 2013;34:3353-61



Before After Routine FFR
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Park et al. Eur heart J 2013;34:3353-61

Routine Use of FFR
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(Death, MI, Repeat Revascularization)

Park et al. Eur heart J 2013;34:3353-61
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Park et al. Eur heart J 2013;34:3353-61



Instantaneous Wave-

free Ratio (iFR)



Instantaneous Wave-free Ratio

 Adenosine-free index, the instantaneous PG across stenosis

 By physiologically increased diastolic flow, resting myocardial

resistance may equal mean hyperemic resistance

Sen et al. JACC 2012



 Diastolic resting resistance consistently exceeds mean

hyperemic resistance (on average 2.5 times higher)

 iFR rarely improves the accuracy compared to rest Pd/Pa

(relative distal pressure averaged over the whole cycle)

 iFR offers a biased estimate of FFR

Johnson et al. J Am Coll Cardiol 2013;61:1428–35



Sensitivity 73%

Specificity 87%

Positive PV 77%

Negative PV 85%

Accuracy 82%

Sensitivity 78%

Specificity 82%

Positive PV 85%

Negative PV 73%

Accuracy 80%

ADVISE IIRESOLVE

Jeremias et al. J Am Coll Cardiol 2013 in press 

Cut-off ≤0.90

Cut-off ≤0.89

Escaned et al.

ClinicalTrials.gov NCT01740895 



Hybrid iFR/FFR Approach 

Adenosine requiring range

iFR 0.86-0.93

Adenosine requiring range

iFR 0.88-0.97

ADVISE IIRESOLVE

Jeremias et al. J Am Coll Cardiol 2013 in press 

Accuracy ≥90%

Escaned et al.

ClinicalTrials.gov NCT01740895 

sparing adenosine 

in 70%



iFR Clinical Implementation SYNTAX II



 FFR is a gold standard to assess ischemia and

cannot be replaced by any single IVUS parameter

 FFR-guided PCI improves clinical outcomes

 Despite the fundamental pitfall of iFR (flow≠

pressure without maximal hyperemia), hybrid iFR

/FFR approach increases the accuracy >90%,

sparing adenosine use in >60%. Outcome studies

will show if the approach is clinically feasible

Summary


