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Tandem lesion 

𝑭𝑭𝑹(𝑩)𝒑𝒓𝒆𝒅 = 𝟏 −
𝑷𝒂 − 𝑷𝒘 𝑷𝒎 − 𝑷𝒅

𝑷𝒂 𝑷𝒎 − 𝑷𝒘
 𝑭𝑭𝑹(𝑨)𝒑𝒓𝒆𝒅 =

𝑷𝒅 − (
𝑷𝒎
𝑷𝒂

)𝑷𝒘

𝑷𝒂 − 𝑷𝒎 + 𝑷𝒅 − 𝑷𝒘
 

De Bruyne B, et al. Circulation 2000 18;101(15):1840–1847.  
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De Bruyne B, et al. Circulation 2000 18;101(15):1840–1847.  



Generalization: n sequential lesions 

𝑭𝑭𝑹(𝑿−)𝒑𝒓𝒆𝒅 =
𝑷𝒅 − 𝑷𝒘

𝑷𝒂 − 𝑷𝒑𝒓𝒐𝒙 + 𝑷𝒅𝒊𝒔𝒕 − 𝑷𝒘
+

𝑷𝒘 𝑷𝒂 − 𝑷𝒑𝒓𝒐𝒙 + 𝑷𝒅𝒊𝒔𝒕 − 𝑷𝒅

𝑷𝒂 𝑷𝒂 − 𝑷𝒑𝒓𝒐𝒙 + 𝑷𝒅𝒊𝒔𝒕 − 𝑷𝒘

 

𝑭𝑭𝑹(𝑿)𝒑𝒓𝒆𝒅 =
𝑷𝒅 − 𝑷𝒘 +

𝑷𝒘
𝑷𝒂

𝑷𝒑𝒓𝒐𝒙 − 𝑷𝒅𝒊𝒔𝒕

𝑷𝒑𝒓𝒐𝒙 − 𝑷𝒅𝒊𝒔𝒕 + 𝑷𝒅 − 𝑷𝒘
 

True FFR after releasing Sx: 

True FFR of Sx: 

Saito N, et al. J. Invasive Cardiol. 2013;25:642–9.  



In Vitro Experiment 

Saito N, et al. J. Invasive Cardiol. 2013;25:642–9.  



Apparent FFR Predictive FFR 

r2=0.60 r2=0.92 

𝑭𝑭𝑹(𝑿−)𝒑𝒓𝒆𝒅 =
𝑷𝒅 − 𝑷𝒘

𝑷𝒂 − 𝑷𝒑𝒓𝒐𝒙 + 𝑷𝒅𝒊𝒔𝒕 − 𝑷𝒘
+

𝑷𝒘 𝑷𝒂 − 𝑷𝒑𝒓𝒐𝒙 + 𝑷𝒅𝒊𝒔𝒕 − 𝑷𝒅

𝑷𝒂 𝑷𝒂 − 𝑷𝒑𝒓𝒐𝒙 + 𝑷𝒅𝒊𝒔𝒕 − 𝑷𝒘

 

Saito N, et al. J. Invasive Cardiol. 2013;25:642–9.  
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𝑭𝑭𝑹(𝑩)𝒑𝒓𝒆𝒅 = 𝟏 −
𝑷𝒂 − 𝑷𝒘 𝑷𝒎 − 𝑷𝒅

𝑷𝒂 𝑷𝒎 − 𝑷𝒘
 𝑭𝑭𝑹(𝑨)𝒑𝒓𝒆𝒅 =

𝑷𝒅 − (
𝑷𝒎
𝑷𝒂

)𝑷𝒘

𝑷𝒂 − 𝑷𝒎 + 𝑷𝒅 − 𝑷𝒘
 

De Bruyne B, et al. Circulation 2000 18;101(15):1840–1847.  

For the 2 stenosis equations to be applicable, there should be 

no major arterial branch between the 2 stenoses. 

Limitation: Tandem lesion 

Equations 

A 

B 





0.70 
0.83 

1.00 

FFR 

Is LMCA stenosis functionally significant?  



JACC Cardiovasc Interv 2012 5:1021–5 Circulation. Cardiovasc Interv 2013 6(2), 161–5.  

In vitro study   

In vitro study   In vivo study   



Study Results: Key Figure 

Daniels DV et al, JACC Cardiovasc Interv 2012 5:1021–5 

The effect of  downstream stenosis become  larger 

when the downstream stenosis become severer. 



𝑭𝑭𝑹𝒑𝒓𝒆𝒅−𝒎 =
𝑷𝟏𝒅𝑷𝟏𝒘

𝑷𝒂(𝑷𝟏𝒘 − 𝑷𝒎 + 𝑷𝟏𝒅)

=
𝒏𝑭𝑭𝑹𝟏 + 𝑭𝑭𝑹𝒎

𝟏 + 𝒏(𝟏 − (𝑭𝑭𝑹𝒎−𝑭𝑭𝑹𝟏))
  

𝑭𝑭𝑹𝒑𝒓𝒆𝒅−𝒎 =
𝑷𝟏𝒅𝑷𝟐𝒅𝑷𝟏𝒘

𝑷𝟏𝒅𝑷𝟐𝒅𝑷𝟏𝒘 + 𝑷𝒂𝑷𝟐𝒅(𝑷𝟏𝒘 − 𝑷𝒎) + 𝑷𝒎𝑷𝟏𝒅 𝑷𝒂 −𝑷𝟏𝒘

=  
𝒏𝑭𝑭𝑹𝟏 +𝑭𝑭𝑹𝟐

𝟏 − 𝑭𝑭𝑹𝒎 − 𝑭𝑭𝑹𝟐 + 𝒏(𝟏 − (𝑭𝑭𝑹𝒎−𝑭𝑭𝑹𝟏))
 

LMCA + One Vessel Disease 

LMCA + Two Vessel Disease 

Yamamoto E, Saito N, et al. Eurointervention, Accepted for Publication.  



Yamamoto E, Saito N, et al. Eurointervention, Accepted for Publication.  



Yamamoto E, Saito N, et al. Eurointervention, Accepted for Publication.  



LAD/LCX Flow = 2, FFR1 > 0.65, FFRm > 0.80 

FFRpred-m > 0.78 

FFRm-FFRpred-m  < 0.03 

Daniels DV et al, JACC Cardiovasc Interv 2012 5:1021–5 



LMCA + Downstream LAD/LCX Stenoses 

Recommendation 

POSITIVE GREY ZONE NEGATIVE 

0.80 0.85 

An apparent LMCA FFR between 0.80 and 0.85 is in 

a gray zone when downstream LAD/LCX stenoses 

existed and are severe.  



Hemodynamic Interaction 
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Matsuo H, Kawase Y, et al. Catheter Cardiovasc Interv 2013 82:E459–64.  



Watanabe H, Saito N, et al. J Cardiovasc Revascularization Med 2015;16:90–100.  



Delta-Star Transformation 

𝑟𝑐 =
𝑅1𝑅2

𝑅1 + 𝑅2 + 𝑅𝑐
 

 

𝑟1 =
𝑅1𝑅𝑐

𝑅1 + 𝑅2 + 𝑅𝑐
 

 

𝑟2 =
𝑅2𝑅𝑐

𝑅1 + 𝑅2 + 𝑅𝑐
 

Watanabe H, Saito N, et al. J Cardiovasc Revascularization Med 2015;16:90–100.  



𝐹𝐹𝑅′1−𝑝𝑟𝑒𝑑

=
𝐹𝐹𝑅1 − 𝐶𝐹𝐼1 𝐹𝐹𝑅2 − 𝐶𝐹𝐼2 − 𝐶𝐹𝐼1𝐶𝐹𝐼2 1 − 𝐹𝐹𝑅1 1 − 𝐹𝐹𝑅2 + 𝐶𝐹𝐼1 1 − 𝐹𝐹𝑅1 1 − 𝐶𝐹𝐼2

1 − 𝐶𝐹𝐼1 (𝐹𝐹𝑅2 − 𝐶𝐹𝐼2)
 

R=0.95 

Watanabe H, Saito N, et al. J Cardiovasc Revascularization Med 2015;16:90–100.  



Predicted FFR 

= 0.89 

 



3 Patterns of Hemodynamic Interaction 

1. Sequential 

 

2. Bifurcation 

 

3. Remote 

J. Invasive Cardiol. 2013;25:642–9.  

J Cardiovasc Revascularization Med 2015;16:90–100.  

Eurointervention, Accepted for Publication.  



Summary 

• Functional interaction between stenoses do 

exist, even when the stenoses are located 

in different coronary arteries. 

 

 

• Understanding the background mechanism 

will improve the performance of daily clinical 

practice. 


