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Invasive coronary angiography is an imperfect criterion standard
for assessment of coronary artery disease severity. Decisions about
treatment strategy, including medical therapy or percutaneous or
surgical revascularization, are made based on angiographic results.
However, coronary angiograms can overestimate or underesti-
mate lesion severity, especially when only moderate stenosis (40%-
80%) is present. Several factors other than the percentage of lumi-
nal narrowing may determine if a stenosis actually causes ischemia.
The length of the stenosis, serial lesions, the amount and viability
of the myocardium the vessel serves, and presence of collateral flow
are some of the key determinants of why a 70% stenosis, for ex-
ample, may cause marked ischemia in one patient but not in an-
other. Adding to the complexity of angiographic interpretation, ex-
perienced angiographers may disagree about the severity of
intermediate lesions.

Addition of fractional flow reserve (FFR) measurements to an-
giography helps physicians to understand better the clinical signifi-
cance of angiographically ambiguous lesions. FFR is measured by
passing a wire with a pressure sensor into the coronary artery via a
catheter and determining the ratio of the intracoronary pressure dis-
tal to a lesion to the aortic pressure proximal to the lesion (Figure).1

When there is no lesion, the FFR is 1.0. An FFR of less than or
equal to 0.75 to 0.80 correlates with ischemia. Revascularization of
lesions below this range results in better outcomes than does medi-
cal therapy. FFR is measured at a steady state and can be followed
with administration of a vasodilator such as adenosine. The resul-
tant hyperemic flow serves as an invasive pharmacological stress test.
In current clinical practice, a steady-state FFR of less than or equal
to 0.80 is considered diagnostic for myocardial ischemia. Myocar-
dial ischemia is also diagnosed if the initial FFR is greater than 0.80
but falls below that value following vasodilation.

The Fractional Flow Reserve vs Angiography for Multivessel Evalu-
ation (FAME) 2 trial randomized 888 patients with stable coronary ar-
tery disease in whom the FFR was less than or equal to 0.80 to re-
ceive either medical therapy or percutaneous coronary intervention
(PCI).2 Patients randomized to the PCI group had fewer ischemic
events, largely driven by a reduction in the need for urgent revascu-
larization procedures. The validity of this end point has been criti-
cized because of some subjectivity in determining who needs ur-
gent revascularization. The counterargument is that most of the urgent
revascularization procedures were performed after obtaining objec-
tive measures of ischemia, such as electrocardiographic changes or
the patient having a documented myocardial infarction.

Recently, 5-year outcomes from FAME 2 revealed that the pri-
mary composite end point of death, myocardial infarction, or ur-
gent revascularization was significantly reduced with PCI com-
pared with medical therapy (13.9% vs 27.0%; hazard ratio, 0.46;
P < .001) for patients who had an FFR less than or equal to 0.80.3

There was also better angina relief with PCI. There was no signifi-
cant difference in mortality rates between the 2 strategies, al-

though there were fewer myocardial infarctions in the PCI group than
the medical therapy group (hazard ratio, 0.66; 95% CI, 0.43-1.00).
Approximately half of the patients randomized to receive medical
therapy eventually required PCI. Consequently, FAME 2 underesti-
mated the benefits of PCI in patients with an FFR of less than or equal
to 0.80.

Limitations of FFR include the potential need for vasodilator ad-
ministration that may have adverse effects such as transient dysp-
nea or bradycardia.1 FFR requires more time than angiography to per-
form, and it is costlier, especially if several arteries must be assessed
when multivessel disease is present. The coronary artery may be in-
jured requiring immediate stenting in approximately 0.5% of the pa-
tients. Extreme vessel tortuousity and other anatomical factors may
increase this risk. Serial lesions within an artery create complex in-
terdependent flow dynamics, making it difficult to assess one le-
sion’s physiological severity.1 For these reasons, improvements in the
technical aspects of the procedure and the evolution of related pro-
cedures, such as the instantaneous wave-free ratio (iFR), simplify
invasive physiological measurements of flow.4 Use of iFR does not
require a vasodilator, allowing quicker measurements. With iFR, the

Figure. Physiological Assessment of Coronary Artery Lesion Severity
Using Fractional Flow Reserve
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A value of 1.0 indicates normal flow. The corresponding instantaneous
wave-free ratio (iFR) cutoff value for ischemia is less than or equal to 0.89.
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cutoff value is less than or equal to 0.89. Potentially, developments
such as iFR may lower the barrier to performing physiological mea-
surements, which still occur only in the minority of PCI cases.

Trial data show lower use of stents when FFR is measured
since it may avoid placing stents across lesions that are worri-
some in appearance but have adequate blood flow. Thus, physi-
ological assessment of moderate stenoses could help reduce the
costs of management of coronary artery disease while enhancing
the efficacy of PCI in the patients who end up receiving it.5 In cer-
tain situations, use of FFR or iFR would direct patients toward PCI
when medical therapy would have otherwise been used, in others
to medical therapy when PCI would have been used, and yet in
other cases influence the choice of PCI vs coronary artery bypass
grafting. In actual practice, widespread use of FFR and iFR would
likely lead to a net decrease in the number of PCI cases performed
for stable angina.

Ongoing trials are evaluating other related indices of physiol-
ogy and flow. The role in determining which vessels to bypass

during coronary artery bypass grafting is being examined.6 The abil-
ity to guide interventional cardiologists in treating multivessel dis-
ease in the context of ST-elevation myocardial infarction is also being
evaluated.7 Noninvasive FFR coupled with computed tomography
may provide information about both anatomy and physiology. Thus,
the future is bright for physiological assessment of the hemody-
namic significance of angiographic coronary artery stenoses.

However, even once it is determined with FFR or iFR that a le-
sion is causing ischemia, a further challenge is that not all ischemia
actually results in angina. Additionally, even with a normal FFR, there
may still be angina due to coronary artery disease because of mi-
crovascular disease (although there are modalities to sort that out,
such as noninvasive positron emission tomography or invasive coro-
nary flow reserve). Thus, use of invasive physiological assessment
does not diminish the importance of proper clinical history or non-
invasive imaging, though FFR or iFR is very useful as an adjunct to
determine objectively if intermediate severity coronary stenoses are
indeed causing ischemia.
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