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Abstract—  

Invasive measurements of coronary artery blood flow and 

pressure can be used to assess whether atherosclerotic disease 

is causal of ischemia. Fractional flow reserve (FFR) is defined 

as the ratio of flow in the diseased vessel divided by the flow 

that would be attained in the vessel in the hypothetical case 

where the vessel was normal. FFR can be derived from 

pressure measurements assuming that the resistance to flow 

downstream of the measurement location would be the same 

in the hypothetical normal case. Non-invasive CT-derived 

computed FFR (FFRCT) is a novel technology that enables 

non-invasive assessment of the functional significance of 

lesions from computational fluid dynamics (CFD) applied to 

coronary computed tomography angiography (cCTA). Since 

FFRCT technology enabled non-invasive methods to model 

patient specific coronary geometry and physiology, this 

technology is applicable to plan the revascularization strategy 

and to the analysis of various hemodynamic parameters 

related with plaque progression and rupture.  

 

The FFRCT solution encompasses pressure and velocity fields 

and thus wall shear stress (WSS) or traction can be easily 

derived for the quantification of total plaque force or stress. 

Non-invasive assessment of those hemodynamic parameters 

can provide valuable information on the possibility of plaque 

progression and on the identification of rupture prone plaques.  

 

Clinical application of these non-invasive hemodynamic 

indices will provide additional insight in understanding the 

patient’s vulnerability and its association with hemodynamic 

indices. In a recently performed EMERALD study, addition 

of non-invasive hemodynamics derived from CT angiography 

significantly improved the ability to predict the risk of ACS. 

The results were the same even in non-obstructive lesions. 

Ongoing EMERALD II study will validate this concept. 
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Dr. Bon-kwon Koo is a professor of Seoul National 

University, director of cardiovascular center and chair in 

Cardiology Division of Seoul National University Hospital, 

Seoul, Korea. Dr. Koo is an interventional cardiologist and 

his main research interest is imaging and physiology of 

coronary artery disease. Dr. Koo is a principal investigator of 

many domestic and international studies. He has published 

more than 400 papers in major journals. He was a course 

director of TCT-AP and is a course co-director of ENCORE 

course. He has performed series of studies on bifurcation 

 
 

lesions and coronary physiology/imaging which provided 

important insights in this field. His recent researches on non-

invasive hemodynamic assessment using coronary CT 

angiography and computational fluid dynamics enables the 

assessment of FFR without invasive procedures and has 

started a new chapter in the diagnosis of coronary artery 

disease. This innovation has now been expanded to non-

invasive treatment planner and non-invasive assessment for 

the risk of acute coronary syndrome 
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Abstract—  

The introduction of invasive physiology indices in the 

functional assessment of coronary artery disease has 

revolutionised the way clinical decisions are made whether or 

not to treat a coronary artery lesion by percutaneous coronary 

intervention (PCI). The fractional flow reserve (FFR) was 

introduced over 3 decades ago as a user friendly wire-based 

index using intra-arterial pressure gradients as a surrogate 

measurement for coronary blood flow. Over the last 15 years, 

the number of trials involving FFR has increased 

exponentially with robust data consistently supporting the 

superiority of an FFR-guided versus angiography-guided 

approach to PCI. It follows that FFR now receives the top 

level of recommendation from many international Cardiology 

societies as a required step before PCI is performed in patients 

with stable coronary artery disease. More novel indices have 

since been developed, namely the wire-based resting indices 

including the instantaneous wave free ratio (iFR), which 

overcome some of the main limitations of FFR such as the 

need for a hyperaemic drug agent which increases procedure 

time and affects patient comfort. Yet more novel tools 

available for use in the cardiac catheterisation laboratory 

include non-wire-based indices such as the quantitative flow 

reserve (QFR), which utilises computational fluid dynamics 

to estimate changes in flow based on angiographic findings. 

In this paper, we discuss the pivotal trial data supporting the 

use of these physiologic indices and their rise in prominence 

from mere research devices to real-world clinical tools for 

decision making. 
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Asst Prof Chin has a special passion for teaching and 

medical education, and he attained his Master of Science in 

Clinical Education degree in 2014. He actively participates in, 

and drives initiatives to enhance the training of junior doctors 

and medical students, including the introduction of online 

learning modules that has led to significant positive clinical 

impact. He holds several official teaching positions and is also 

a Core Faculty Member of the SingHealth Internal Medicine 

Residency Programme and a Physician Faculty Member of 

the SingHealth Cardiology Senior Residency Programme.  

 

 

 
 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 
 

Physiology Guided PCI: what is the matter with clinician 
Chee Yang Chin, MBBS, National Heart Centre Singapore; Duke-NUS Medical School, National 

University of Singapore  

5357



  

Abstract—  

Fractional flow reserve (FFR) is a hyperemic pressure ratio-

derived index to estimate stenosis severity in coronary artery 

as gold diagnostic standard. In spite of recent progresses in 

patients specific method of computed FFR (CT-FFR), there 

are still many unresolved problems. Especially, complicated 

model structure to compute patient specific model of CT-FFR 

is a typical example. The aim of this study is to propose a 

simple and efficient method of CT-FFR based on Q-method 

approach. This method couples computed tomography (CT)-

derived 3D computational fluid dynamics (CFD) model with 

Q-method based lumped parameter models (LPM).  

In this work, steady flows were simulated to obtain non-

invasively the coronary FFR values by using a multi-scale 

coronary modeling coupling CFD with the LPM of the 

cardiovascular system. The simulations of the multi-scale 

modeling were performed using a Navier-Stokes solver based 

on a segregated finite element scheme [1-3]. Inlet boundary 

condition for CFD model employed measured blood pressure 

data and we couple CFD outlet and LPM of microvascular 

system of coronary system for specification of outlet 

boundary condition of CFD model. To calculate the LPM 

parameters such as resistances and capacitances, we 

employed the novel scheme of Q-method. Here, resistance 

and capacitance values in this method were not initially set 

and iteratively adjusted according to the model geometry of 

coronary arteries.   
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Abstract:  

Coronary artery disease (CAD) is a very common cause of 

heart failure affecting millions of people worldwide. 

Detection of ischemia – producing coronary stenosis is a 

critical component of clinical practice. Despite with 

established fractional flow reserve (FFR) from invasive 

coronary angiography (ICA), it is invasive and not without its 

own inherent risks. There is therefore a need for additional 

imaging technique for this important condition. Computed 

coronary tomographic angiography (CCTA) is a noninvasive 

test for diagnosis of anatomic coronary stenosis. 

Mathematical computational modeling applied to CCTA 

images, enables computation of FFR (CT-FFR) and other 

hemodynamic parameters [1-4]. In this talk, we will discuss 

CFD-based CT-FFR, our developed non-CFD method of CT-

FFRB, and the comparisons of existing methods with meta-

analysis [5].    

 

Non-CFD based CT-FFR will yield a quicker diagnosis test 

for the diagnosis of lesion specific ischemia in patients with 

CAD, which would be accessible to wide population.  
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