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The current understanding of the pathophysiology of 
coronary artery disease relies on the potential adverse effect 
of myocardial ischemia (1). Even though the ischemia 
hypothesis has been placed at the core of the evaluation 
of patients with stable coronary artery disease, no clear 
evidence supports the benefit of revascularization in terms 
of hard clinical endpoints namely myocardial infarction and 
death (2). 

Fractional flow reserve (FFR) is the ratio of hyperemic 
flow in the presence of an epicardial stenosis to hyperemic 
flow in the absence of this epicardial stenosis and can be 
calculated from the ratio of distal to proximal coronary 
pressure (3). FFR was derived from invasive coronary 
flow measurements and validated against non-invasive 
tests for ischemia detection (4-6). A series of trials have 
demonstrated the safety and cost-effectiveness of deferring 
interventions in absence of ischemia based on FFR (7). In 
addition, FFR has been shown to improve patient selection 
for percutaneous revascularization as compared with 
conventional coronary angiography (8). The most clinically 
relevant question, whether FFR-guided revascularization 
improves clinical outcomes compared to optimal medical 
therapy was the main hypothesis of the Fractional Flow 
Reserve Versus Angiography for Multivessel Evaluation 
(FAME) 2 trial (9). 

FAME 2 was an international, prospective trial that 
randomized 888 patients with at least one epicardial 
coronary stenosis with an FFR ≤0.80 either to percutaneous 
coronary intervention (PCI) with current-generation drug-

eluting stents or to optimal medical therapy (9). In contrast 
with previous trials, FAME 2 systematically assessed for 
epicardial vessel related myocardial ischemia where the 
benefit of PCI was more likely to be observed (2). The 1-year 
follow-up of FAME 2, showed a significant reduction in the 
composite primary endpoint of all-cause death, myocardial 
infarction and unplanned urgent revascularization with 
FFR-guided PCI, the benefit was driven by a reduction 
in urgent revascularization (9). The Data and Safety 
Monitoring Board (DSMB) prematurely halt recruitment 
based on a significant difference in the primary endpoint 
between the treatment strategies; this reduced the statistical 
power of the trial and left the clinical question of the 
potential benefit of FFR-guided PCI on hard clinical 
outcomes unanswered (9). 

At 3-year follow-up, the benefit of FFR-guided PCI 
in terms of the primary outcome was maintained (10). 

Moreover, a significant benefit in the relief from angina 
compared with medical therapy was observed despite a 
45% cross-over rate of patients initially allocated to the 
medical therapy arm alone to PCI. The incidence of 
revascularization and the higher requirement of antianginal 
medication in patients randomized to the medical therapy 
arm increased the cost of this strategy, and by three years no 
difference was found in cost between an FFR-guided PCI 
and medical therapy strategy (10). 

In 2018, the 5-year follow-up of FAME 2 showed a 
sustained benefit of FFR-guided PCI in the rate of the 
primary end point with a hazard ratio of 0.46 (95% CI, 
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0.34 to 0.63; P<0.001). There was no significant difference 
between the PCI group and the medical-therapy group in 
the rate of death (5.1% and 5.2%, respectively; hazard ratio, 
0.98; 95% CI, 0.55 to 1.75); however, the rate of myocardial 
infarction was reduced by 34% with PCI (8.1% and 12.0%; 
hazard ratio, 0.66; 95% CI, 0.43 to 1.00) and this difference 
was driven by a reduction in spontaneous myocardial 
infarction. Relief from angina was more pronounced 
with PCI than with optimal medical therapy up to  
three years; this difference was not statistically significant 
at five years but at that time, as many as 51% of patients 
initially assigned to receive medical therapy only had 
crossed over and received PCI (11).

FAME 2 is the first trial to show benefit of PCI in a hard 
endpoint such as myocardial infarction with the implication 
of a prognostic benefit of PCI in patients with documented 
ischemia defined by FFR. Some limitations should be 
acknowledged. The analyses of the individual components 
of the primary endpoint are statistically underpowered to 
detect a difference in clinical outcomes; 2,490 patients are 
required to have a 90% chance of detecting a significant 
reduction in myocardial infarction with FFR-guided PCI 
compared to medical therapy. 

Several studies have shown the stable nature of coronary 
artery disease (11-13). In FAME 2, the Kaplan-Meier curve 
for myocardial infarction between PCI and medical therapy 
started to diverge after the third year of follow-up (11). 
As an initial strategy, medical therapy could be a suitable 
alternative to myocardial revascularization in patients with 
stable coronary artery disease. However, at long term and 
accounting for the relief of angina and resolution of ischemia 
the overall data favours myocardial revascularization and 
supports the concept of myocardial ischemia as one of the 
factors leading to adverse clinical events.

Since FAME 2, developments in the field of PCI and 
medical therapy have continued to show reduction in 
clinical events in patients with coronary artery disease. 
The SYNTAX II study, demonstrated the impact of a 
state-of-the-art PCI strategy on clinical outcomes. Patient 
selection based on predicted 4-year mortality, physiology 
guided PCI with resting indexes and use of thin strut drug-
eluting stents with biodegradable polymer optimized by 
intravascular ultrasound improved clinical outcomes in 
patients with three vessel coronary artery disease (12). 
Moreover, the advent of new LDL reduction therapies such 
as proprotein convertase subtilisin/kexin type 9 (PCSK9) or 
antiinflammatory therapy as adjunctive medical therapy in 
high risk patients have also shown to reduce of rates adverse 

events (13). A contemporary randomized trial utilizing 
these new therapies is required to further define the optimal 
treatment strategies in patients with stable coronary artery 
disease. 

The findings of FAME 2 may lay perspective into the 
recent controversy surrounding the change of the primary 
endpoint of International Study of Comparative Health 
Effectiveness with Medical and Invasive Approaches 
(ISCHEMIA) study to include not just cardiovascular 
death and myocardial infarction—the study’s initial 
primary endpoint—but also resuscitated cardiac arrest, 
hospitalization for unstable angina, and hospitalization for 
heart failure at 3-year follow-up (14,15). An early benefit 
of myocardial revascularization in hard clinical outcomes 
should not be expected. Late follow-up will be required to 
assess the differences in hard endpoints between PCI and 
medical therapy in patients with documented myocardial 
ischemia. 

The results of FAME 2 put FFR central stage in the 
clinical decision-making process about treatment in 
patients with stable coronary artery disease. These results 
should reinforce the importance of combined anatomical 
evaluation and ‘physiological thinking’ in these patients. In 
the next decade, several options to invasive pressure wire 
assessment will facilitate widespread adoption of functional 
guided revascularization in routine clinical practice. 
Angiography-derived FFR methods have been shown to 
be accurate with respect to pressure-derived FFR without 
the need of vessel wiring or adenosine, resulting in a cost-
effective approach for the management of patients referred 
to conventional angiography (16). Furthermore, non-
invasive FFR derived from computed tomography (FFRCT) 
has shown to be accurate, to improve resource utilization 
and based on the finding of FAME 2 has the potential to 
improve clinical outcomes by refining patient selection for 
revascularization and treatment planning in the non-invasive  
setting (17,18). Novel coronary physiology approaches 
are under development to enhance patient selection and 
treatment planning in patients with epicardial coronary 
artery disease undergoing PCI. 

The era of personalised medicine has arrived. The 
current knowledge, largely based on traditional non-invasive 
testing, supports the concept that stenoses able to induce 
reversible ischemia should be revascularized. Yet, metrics 
for functional assessment are likely to change drastically in 
the near future. Individualized approaches encompassing 
patient’s characteristics, biomarker and metabolic profiles, 
atherosclerotic plaque characterization, functional assessment 
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of coronary lesions and extent of disease for predicting 
outcomes may guide treatment decisions for a prognostic 
benefit in patients with stable coronary artery disease. 

Acknowledgements

None.

Footnote

Conflicts of Interest: C Collet reports receiving research grants 
from Heart Flow and Biosensors. PW Serruys is members of 
the International Advisory Board for Abbott Vascular.

References

1.	 Windecker S, Kolh P, Alfonso F, et al. 2014 ESC/
EACTS guidelines on myocardial revascularization. 
EuroIntervention 2015;10:1024-94.

2.	 Boden WE, O'Rourke RA, Teo KK, et al. Optimal medical 
therapy with or without PCI for stable coronary disease. N 
Engl J Med 2007;356:1503-16.

3.	 Echavarria-Pinto M, Collet C, Escaned J, et al. State of 
the art: pressure wire and coronary functional assessment. 
EuroIntervention 2017;13:666-79.

4.	 Pijls NH, van Son JA, Kirkeeide RL, et al. Experimental 
basis of determining maximum coronary, myocardial, 
and collateral blood flow by pressure measurements 
for assessing functional stenosis severity before and 
after percutaneous transluminal coronary angioplasty. 
Circulation 1993;87:1354-67.

5.	 De Bruyne B, Baudhuin T, Melin JA, et al. Coronary flow 
reserve calculated from pressure measurements in humans. 
Validation with positron emission tomography. Circulation 
1994;89:1013-22.

6.	 Pijls NH, De Bruyne B, Peels K, et al. Measurement of 
fractional flow reserve to assess the functional severity of 
coronary-artery stenoses. N Engl J Med 1996;334:1703-8.

7.	 Zimmermann FM, Ferrara A, Johnson NP, et al. Deferral 
vs. performance of percutaneous coronary intervention 
of functionally non-significant coronary stenosis: 15-year 
follow-up of the DEFER trial. Eur Heart J 2015;36:3182-8.

8.	 Tonino PA, De Bruyne B, Pijls NH, et al. Fractional flow 
reserve versus angiography for guiding percutaneous 
coronary intervention. N Engl J Med 2009;360:213-24.

9.	 De Bruyne B, Pijls NH, Kalesan B, et al. Fractional flow 
reserve-guided PCI versus medical therapy in stable 
coronary disease. N Engl J Med 2012;367:991-1001.

10.	 Fearon WF, Nishi T, De Bruyne B, et al. Clinical 
Outcomes and Cost-Effectiveness of Fractional Flow 
Reserve-Guided Percutaneous Coronary Intervention in 
Patients With Stable Coronary Artery Disease: Three-
Year Follow-Up of the FAME 2 Trial (Fractional Flow 
Reserve Versus Angiography for Multivessel Evaluation). 
Circulation 2018;137:480-7.

11.	 Xaplanteris P, Fournier S, Pijls NHJ, et al. Five-Year 
Outcomes with PCI Guided by Fractional Flow Reserve. 
N Engl J Med 2018. [Epub ahead of print].

12.	 Escaned J, Collet C, Ryan N, et al. Clinical outcomes of 
state-of-the-art percutaneous coronary revascularization in 
patients with de novo three vessel disease:1-year results of 
the SYNTAX II study. Eur Heart J 2017;38:3124-34.

13.	 Sabatine MS, Giugliano RP, Keech AC, et al. Evolocumab 
and Clinical Outcomes in Patients with Cardiovascular 
Disease. N Engl J Med 2017;376:1713-22.

14.	 Maron DJ, Hochman JS, O'Brien SM, et al. International 
Study of Comparative Health Effectiveness with Medical 
and Invasive Approaches (ISCHEMIA) trial: Rationale and 
design. Am Heart J 2018;201:124-35.

15.	 Bangalore S, Maron DJ, Reynolds HR, et al. ISCHEMIA: 
Establishing the Primary End Point. Circ Cardiovasc Qual 
Outcomes 2018;11:e004791.

16.	 Xu B, Tu S, Qiao S, et al. Diagnostic Accuracy of 
Angiography-Based Quantitative Flow Ratio for Online 
Assessment of Coronary Stenosis: FAVOR II China Study. 
J Am Coll Cardiol 2017;70:3077-87.

17.	 Douglas PS, Pontone G, Hlatky MA, et al. Clinical 
outcomes of fractional flow reserve by computed 
tomographic angiography-guided diagnostic strategies 
vs. usual care in patients with suspected coronary artery 
disease: the prospective longitudinal trial of FFR(CT): 
outcome and resource impacts study. Eur Heart J 
2015;36:3359-67.

18.	 Norgaard BL, Leipsic J, Gaur S, et al. Diagnostic 
performance of noninvasive fractional flow reserve derived 
from coronary computed tomography angiography in 
suspected coronary artery disease: the NXT trial (Analysis 
of Coronary Blood Flow Using CT Angiography: Next 
Steps). J Am Coll Cardiol 2014;63:1145-55.

Cite this article as: Collet C, Serruys PW. Fractional 
flow reserve at the crossroad between revascularization and 
medical therapy. Cardiovasc Diagn Ther 2018;8(4):556-558. doi: 
10.21037/cdt.2018.06.06


