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Abstract: Traditionally, coronary artery disease was assessed using coronary angiographic guidance. 
Significant lesions were determined by the coronary angiographer. However, interobserver variability showed a 

significant limitation of interpretation of coronary angiography. Stent deployment and apposition were also 

evaluated based on angiographic appearance only. Risk factors for stent thrombosis and in-stent restenosis such 

as incomplete stent apposition, edge dissection, and thrombus presence were often not detected. However, in the 

last 10 years, the field of interventional cardiology has benefitted from the use of more objective measures of the 

severity of coronary artery disease. Fractional flow reserve is calculated by dividing the distal coronary 

pressure by the proximal coronary pressure during maximal hyperemia this article will discuss the use of 

fractional flow reserve in determining the severity of coronary artery lesions and whether they should be 

revascularized.  
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Coronary artery disease is the leading cause of mortality internationally. Traditionally, coronary artery 

disease was assessed using coronary angiographic guidance. Significant lesions were determined by 
the coronary angiographer. However, interobserver variability showed a significant limitation of 

interpretation of coronary angiography [1]. Stent deployment and apposition were also evaluated 

based on angiographic appearance only. Risk factors for stent thrombosis and in-stent restenosis such 
as incomplete stent apposition, edge dissection, and thrombus presence were often not detected [2]. 

However, in the last 10 years, the field of interventional cardiology has benefitted from the use of 

more objective measures of the severity of coronary artery disease. This article will discuss the use of 
fractional flow reserve in determining the severity of coronary artery lesions and whether they should 

be revascularized.  

FRACTIONAL FLOW RESERVE  

Over the last 10 years, fractional flow reserve has become a reference standard for the invasive 

assessment of coronary artery disease.  Its measurement assesses the fuctional severity of coronary 

artery stenoses. and the need for coronary revascularization [3, 4]. Fractional flow reserve is 
calculated by dividing the distal coronary pressure by the proximal coronary pressure during maximal 

hyperemia [3]. In an ideal situation with no limitation to coronary flow, these pressures should be 

equal. The hemodynamic significance of a coronary lesion is determined by the ratio of these 

pressures. Pijils et al demonstrated in follow-up of patients in the Deferral of Percutaneous Coronary 
Intervention (DEFER) study that a fractional flow reserve cutoff of 0.75 was excellent in predicting 5-

year outcome after deferral of percutaneous coronary intervention of an intermediate coronary 

stenosis [5]. This study found that percutaneous coronary intervention of a functionally nonsignificant 
stenosis indicated by a fractional flow reserve of ≥ 0, 75 is not of benefit to the patient [5]. This study 

also demonstrated that the coronary lesions at greatest risk of causing cardiovascular death or 

myocardial infarction are those that are functionally significant as indicated by a fractional flow 

reserve of <0.75 [5].  

The Fractional Flow Reserve Versus Angiography for Guiding Percutaneous Coronary Intervention 

(FAME) trials further solidified the role of fractional flow reserve in the treatment of patients with 

multi-vessel coronary artery disease [6-9].  In the FAME 1 trial, fractional flow reserve - guided 
percutaneous coronary intervention with drug- eluting stents was demonstrated to have a lower 

composite of death, myocardial infarction, and repeat revascularization as compared to interventions 

done based on an angiographic assessment alone [6]. The 1-year rate of death, nonfatal myocardial 
infarction, and repeat revascularization in the 1005 patients with multivessel coronary artery disease 
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randomized to percutaneous coronary intervention with drug-eluting stents guided by coronary 

angiography alone or to fractional flow reserve measurements plus coronary angiography was 18.3% 
(91 patients) in the coronary angiography alone group versus 13.2% (67 patients) in the fractional 

flow reserve group (p = 0.02) [6]. At 1 year follow-up 78% of the coronary angiography alone group 

and 81% of the fractional flow reserve group were free from angina pectoris (p = 0.20) [6]. The 
number of stents used was 2.7 in the fractional flow reserve group versus 1.9 in the coronary 

angiography group alone (p<0001) [6] 

At 2-year follow-up of FAME 1, the rates of mortality or myocardial infarction were 12.9% in the 

angiography-guided group versus 8.4% in the fractional flow reserve group (p = 0.02) [7]. The 2-year 

rates of death, nonfatal myocardial infarction, or coronary revascularization were 22.4% in the 

angiography-guided group versus 17.9%% in the fractional flow reserve group (p = 0.08) [7]. The 2-

year rates of percutaneous coronary intervention or coronary artery bypass graft surgery were 12.7% 

in the angiography-guided group versus 10.6%% in the fractional flow reserve group (p = 0.30) 

[7].For coronary lesions deferred on the basis of a fractional flow reserve greater than 0.80, the 2-year 

incidence of myocardial infarction was 0.2%, and the 2-year incidence of coronary revascularization 

was 3.2% [7] 

At 5-year follow-up of FAME 1, the incidence of major adverse cardiac events was 31% in the 

angiography-guided group versus 28%% in the fractional flow reserve group (p = 0.31) [8]. The 

number of stents used was 2.7 in the fractional flow reserve group versus 1.9 in the coronary 

angiography group alone (p<0001) [8] 

The utility of fractional flow reserve was again shown in the FAME 2 trial, which demonstrated that 

percutaneous coronary intervention in addition to maximal medical therapy was superior to maximal 

medical therapy alone in 888 randomized patients with hemodynamically significant lesions as 

demonstrated by a fractional flow reserve value of less than 0.80. [9]. The primary endpoint of death, 

myocardial infarction, or urgent coronary revascularization was 4.3% in the percutaneous coronary 

intervention group versus 12.7% in the maximal medical therapy alone group (hazard ratio = 0.32, p 

<0.001) [9]. This was driven primarily by a reduction in the amount of urgent coronary 

revascularization in the percutaneous coronary intervention group (1.6%) than in the maximal medical 

therapy alone group (11.1%) (Hazard ratio = 0.13, p < 0.001) [9]. In patients without myocardial 

ischemia, the outcome was favorable with maximal medical therapy alone [9].  

The implications of these findings are of importance. The Clinical Outcomes Utilizing 

Revascularization and Aggressive Drug Evaluation (COURAGE) trial demonstrated that percutaneous 

coronary intervention offered no mortality benefit in patients with stable coronary artery disease  as 

compared to optimal medical therapy [10]. However, in patients with significant myocardial ischemia, 

there may be a decrease in major cardiovascular events with percutaneous coronary intervention.  

Therefore, fractional flow reserve when used as a surrogate marker for ischemia, allows for a direct 

intervention to an ischemia- causing lesion, which may cause a reduction in major cardiovascular 

events. Fractional flow reserve assessment of coronary artery disease can also cause deferral of 

revascularization of lesions that are not hemodynamically significant. The International Study of 

Comparative Health Effectiveness with Medical and Invasive Approaches (ISCHEMIA) trial is 

enrolling stable ischemic heart disease patients with at least moderate ischemia who are asymptomatic 

or symptomatic with or without previous revascularization to investigate whether an invasive strategy 

with revascularization will improve prognosis compared with optimal medical therapy 11]. 

Sant’Anna et al demonstrated that fractional flow reserve assessment in multi-vessel coronary artery 

disease has shown a decrease in the number of significant lesions [12]. In this study of 250 patients 

with 471 coronary stenoses scheduled for percutaneous coronary intervention, 32% of the coronary 

stenoses and 48% of the patients would have received a different treatment if a fractional flow reserve 

measurement was not made [12].  Other studies have similarly found that in patients with multi-vessel 

coronary artery disease, fractional flow reserve - guided percutaneous coronary intervention leads to 

less arteries being treated than angiographically treated vessels [13].  

Clinical trials have mostly suggested that the risk of major adverse cardiovascular outcomes after 

fractional flow reserve based deferral of percutaneous coronary intervention is low. However, studies 

have been variable with respect to the rate of future intervention on these vessels, with the majority 

suggesting a rate of less than 10% at one year. Depta et al recently showed that deferral of 
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percutaneous coronary intervention based on fractional flow reserve resulted in delayed intervention 

of 5.3% at 1 year and 18% within 4 years [14]. A clinical prediction model including age, history of 

tobacco use, history of coronary artery disease, higher creatinine, and multivessel coronary artery 

disease plus the fractional flow reserve value can help predict the risk of deferred lesion intervention 

in the first year after fractional flow reserve assessment [14].  

Left main coronary artery stenosis is also an important dilemma. Angiographically, the severity of left 

main coronary artery lesions can vary based on the view selected. A hemodynamic assessment of the 

left main coronary artery stenosis may help with this ambiguity in light of the potential clinical 

implications. Courtis et al showed that an fractional flow reserve - guided assessment of left main 

coronary artery stenosis resulted in similar outcomes in patients treated with revascularization versus 

medical therapy [15]. This study investigated 142 patients with ambiguous or intermediate left main 

coronary artery lesions and decided on coronary revascularization based on whether the fractional 

flow reserve was less than 0. 75 or greater than 0. 80. Those coronary artery lesions which were less 

than 0. 75 were treated with coronary revascularization therapy (60 patients) and those with fractional 

flow reserve values greater than 0.80 were treated with medical therapy (82 patients). At 14-months 

follow-up, the incidence of major adverse cardiac events was 13% in the medical therapy group 

versus 7% with coronary revascularization (p = 0.27) [15] 

Perhaps one of the most clinically important applications of these methods is the assessment of the 

degree of left main coronary artery disease.  Traditionally, visual assessment of left main coronary 

artery disease has been variable and can be clinically important.
 
Diffuseness of the atherosclerotic 

process seems to be the major reason for angiographic underestimation of narrowing of coronary 

arteries [16].  

Bech et al measured fractional flow reserve in 54 consecutive patients with angiographically 

equivalent left main coronary artery disease[17]. The fractional flow reserve was ≥ 0.75 in 24 of 54 

patients (44%) who were treated medically. Coronary artery bypass graft surgery was performed in 

the 30 of 54 patients (56%) who had a fractional flow reserve less than 0.75 [17].  Survival at 3 years 

was 100% for the medical group and 97% for the surgical group [17]. Event-free survival at 3 years 

was 76% for the medical group and 83% for the surgical group [17]. 

In 213 patients with an angiographically equivocal left main coronary artery stenosis, quantitative 

coronary angiography and measurements of fractional flow reserve were performed [18]. The 

fractional flow reserve was less than 0.80 in 75 patients and ≥ 0.80 in 138 patients. When the 

fractional flow reserve was less than 0.80, coronary artery bypass surgery was performed. When the 

fractional flow reserve was ≥ 0.80 , the patients were treated medically or another coronary artery 

stenosis was treated by coronary angioplasty (the nonsurgical group). The 5-year survival estimates 

were 85.4% in the surgical group versus 89.8% in the nonsurgical group (p not significant). The 5-

year event-free survival estimates were 82.8% in the surgical group versus 74.2% in the nonsurgical 

group (p not significant). Percent diameter stenosis measured by quantitative coronary angiography 

correlated with fractional flow reserve (p <0.001), but a very large scatter was present. In 23% of 

patients with a diameter left main coronary artery stenosis, the left main coronary artery stenosis was 

hemodynamically significant by measurement of fractional flow reserve [18]. These data suggest that 

fractional flow reserve should be measured in patients with equivocal stenosis of the left main 

coronary artery before making a decision about the need for coronary revascularization [18]. 

There is still some controversy as to which fractional flow reserve value should be used as the value 

for coronary revascularization and how distal left main coronary artery stenosis should be approached. 

Perhaps, intravascular ultrasound is most useful in cases where borderline fractional flow reserve 

readings are attained. Ostial and mid-shaft left main coronary artery disease  may be able to be 

reliably assessed with fractional flow reserve, but distal left main coronary artery disease  can be more 

cumbersome as the disease often extends into the daughter vessels. Some coronary interventionalists 

recommend a pressure wire pullback method from the daughter vessels into the left main coronary 

artery in order to localize the most significant disease [19]. 
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