
MAY/JUNE 2011 I CARDIAC INTERVENTIONS TODAY I 53

COVER STORY

FFR for Decision Making
in Complex PCI

I
nterventional cardiologists are increasingly faced with
patients who have complex artery coronary disease
such as multivessel disease, bifurcation disease, left main
disease, or stenoses of calcified or tortuous vessels in

elderly patients.1 Management of these patients is even
more difficult if we consider that previous noninvasive func-
tional assessment is often inadequate to selectively guide
the revascularization strategy.2 Assuming optimal medical
therapy is on board, it is often the case that we are then left
with the conundrum of selecting the mode of revasculariza-
tion that will be the most beneficial to the patient (ie, per-
cutaneous coronary intervention [PCI] or coronary artery
bypass graft surgery [CABG]). 

The challenge for selection of best therapy is even
more noteworthy in patients who have complex coro-
nary artery disease because the risk of complications is
significantly higher for these patients regardless of the
revascularization strategy.3 As clinicians, we should have
very robust, accurate, objective, and consistent evidence
to show that our management of patients is correct and
not based solely on the visual estimation obtained from
coronary angiography.

Although intravascular ultrasound and optical coherence
tomography provide us with very important anatomical
information, it is difficult to glean information on the func-
tional relevance of coronary stenoses to enable the clinician
to provide the most appropriate revascularization. This is
where fractional flow reserve (FFR) plays a vital role. FFR
gives us crucial information on the ischemic burden of a
coronary stenosis.4 In this article, we discuss the use of FFR
in the setting of complex PCI based on the evidence avail-
able to date and then discuss the possible application of FFR
guidance in managing complex interventions. 

COMPLETE ANATOMICAL REVASCULARIZATION
Historically, complete anatomical percutaneous revascu-

larization in patients with multivessel disease consists of
either stenting (preferably with a drug-eluting stent [DES])

or CABG of all lesions that are deemed to be angiographi-
cally significant. Several pitfalls arise from our visual esti-
mation of coronary stenoses during angiography. One may
decide to apply the stringent definition of an angiographi-
cally significant stenosis of > 70% or a more conservative
definition of > 50%. Either way, the application of such cri-
teria is subjective and can affect the mode of revasculariza-
tion chosen, as evidenced by the reclassification of the
number of vessels that are actually diseased (ie, the num-
ber of vessels that are actually responsible for inducible
ischemia).5

The clinical efficacy of an angiographically guided revas-
cularization approach to patients with three-vessel or left
main disease has been compared with CABG in the SYN-
TAX trial.6 The study did not meet the primary endpoint of
noninferiority between the two revascularization strategies,
resulting in a lower event rate in the group of patients who
were treated with CABG. Interestingly, the greatest benefit
from CABG arose largely in patients with more complex
coronary artery disease. In fact, the rate of major adverse
cardiovascular events in the group of patients treated with
PCI progressively increased with greater severity and exten-
sion of coronary atherosclerotic disease (ie, with a SYNTAX
score > 32). 

This trend of increasing event rates was parallel to the
increasing number of DES implanted. In addition to the
SYNTAX score, the number of DES implanted seemed to be
a good discriminatory index to predict outcomes, with the
highest incidence of adverse events arising in patients receiv-
ing six stents or more.7

Overall, these results showed that in patients with more
severe coronary atherosclerosis, where more complex inter-
ventions are applied, an angiographically guided PCI strate-
gy is still affected by high failure rates in spite of the use of
DES. Several reasons might account for these results. First, in
the absence of functional evaluation of coronary artery dis-
ease, the risk exists for unnecessary stent implantation in
nonischemic vessels, therefore inducing an additional iatro-
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genic risk (eg, periprocedural myocardial infarction [MI],
stent thrombosis, etc.). Second, some functionally significant
lesions might remain undetected because of their mild
angiographic appearance, in spite of being ischemia induc-
ing.5 Third, patients with more extensive coronary artery dis-
ease have increased thrombotic risk due to limitations in
the effectiveness of antiplatelet therapy.8 Last, the prolonged
dual-antiplatelet therapy that is required after DES implan-
tation exposes patients to potentially life-threatening bleed-
ing complications. We can speculate that if an FFR-guided
approach had been applied to guide the mode of revascu-
larization, the results of the SYNTAX trial may well have
been different.

USING FFR TO GUIDE THE 
REVASCULARIZATION STRATEGY 

FFR is a well-validated diagnostic tool with excellent
reproducibility and repeatability, which can selectively
tailor revascularization on a lesion-to-lesion basis at the
time of diagnostic angiography. Essentially, the combi-
nation of coronary angiography combined with FFR
represents a “one-stop shop,” providing the clinician
with crucial information on the presence or absence of
ischemia, which we already know has important prog-
nostic implications. 

In brief, FFR is defined as the ratio of maximal myocar-
dial blood flow in the presence of a stenosis to the maxi-
mal myocardial blood flow in the hypothetical case that
the same artery would be normal.9 In other words, FFR
tells us to what extent the myocardial blood flow can
improve once the coronary stenosis is treated (eg, an FFR
of 0.7 means that stenting the coronary lesion could result
in up to a 30% improvement in maximal myocardial
blood flow).

Practically, FFR is calculated as the ratio of the pressure
distal to the lesion to be evaluated to the aortic pressure
measured during maximal hyperemia. Whereas the aortic
pressure is measured at the tip of the guiding catheter, the
pressure distal to the lesion is measured with a dedicated
pressure wire that is advanced into the target vessel distal to
the stenosis of interest. Maximal hyperemia is reliably
achieved with intravenous infusion of adenosine, although
intracoronary bolus is used in the assessment of simple
coronary anatomical settings (ie, focal intermediate steno-
sis). Cutoff values of FFR for the identification of myocardial
ischemia have been investigated and validated extensively in
several studies and head-to-head comparisons with nonin-
vasive functional tests.10-12

An FFR value < 0.75 is consistently predictive of a stenosis
responsible for myocardial ischemia (100% positive predic-
tive value), whereas FFR values > 0.8 are typically not associ-
ated with inducible myocardial ischemia. Although a gray

zone exists, this is relatively narrow and accounts only for a
minimal range of FFR values (between 0.75 and 0.8). A large
body of evidence supports the use of FFR for guidance of
revascularization in different anatomical lesion settings, such
as intermediate stenoses, multivessel disease, left main dis-
ease, bifurcation lesions, sequential stenoses, diffuse athero-
sclerosis, and bypass grafts.13

COMPLETE FUNCTIONAL REVASCULARIZATION
A complete functional percutaneous revascularization

strategy for patients with multivessel disease consists of
stenting (preferably DES) all the physiologically significant
lesions—those that are ischemia inducing—while treating
the lesions that are not ischemia inducing with optimal
medical therapy. In fact, the latter are better deferred with
good long-term clinical outcome. 

The DEFER study showed that the incidence of death
and nonfatal MI at 5 years was not significantly different
between patients who were deferred on the basis of non-
functionally significant lesions and patients undergoing PCI
despite negative FFR (3.3% vs 7.9%; P = .21).14 In addition,
the percentage of patients who were free from angina at fol-
low-up was not different between the two groups. These
findings have also been confirmed in the setting of left main
disease. In a registry of 213 patients with angiographically
equivocal left main coronary artery stenosis, the 5-year sur-
vival rate of patients who were deferred on the basis of FFR
> 0.8 and were treated with optimal medical therapy was
favorable and comparable to that of patients with FFR < 0.8
who were treated with CABG (89.8% vs 85.4%; P = .48). In
other words, patients with nonhemodynamically significant
stenoses do not derive additional clinical benefit when
undergoing revascularization.

In contrast, revascularization of ischemia-inducing lesions
is associated with improvement of symptoms and better
clinical outcomes.15,16 In patients with multivessel disease, a
complete functional revascularization strategy guided by
FFR measurement was compared with a complete anatomi-
cal revascularization strategy guided by angiography in the
FAME (Fractional Flow Reserve Versus Angiography for
Multivessel Evaluation) trial.17 Patients assigned to the
angiography-guided PCI group underwent stenting of all
indicated lesions, whereas patients assigned to the FFR-guid-
ed PCI group underwent stenting of indicated lesions only if
the FFR was ≤ 0.8. 

Compared with the angiography-guided strategy, the
FFR-guided strategy was associated with a significant reduc-
tion of major adverse cardiac events at 1 year (13.2% vs
18.3%; P = .02). This beneficial effect was also preserved at
2 years, with a significantly lower rate of MI (6.1% vs 9.9%;
P = .03) and of the combined endpoint of death and MI
(8.4% vs 12.9%; P = .02).18 Importantly, the FFR-guided strat-



egy was found to not only improve clinical outcome but
also significantly reduce costs.19 It is important to note that
the FAME population had a moderate level of CAD com-
plexity, with a mean SYNTAX score of 14, compared to the
SYNTAX study in which patients had more complex disease
and a mean SYNTAX score of twice that level. 

The beneficial effect of the FFR-guided strategy was also
achieved thanks to a functional redefinition of coronary
atherosclerosis severity. Among patients (n = 115) with
angiographic three-vessel disease, only 14% had functional
three-vessel disease, 43% had functional two-vessel disease,
and 34% had functional single-vessel disease. In 9% of the
cases, no functional severe stenosis could be detected.5

Changing the diagnosis from three vessels to two- or one-
vessel disease could have a huge impact on the clinical deci-
sion making. According to the guidelines and/or local revas-
cularization strategy, patients with three-vessel disease who
are normally referred for surgery would be downgraded on
the basis of the functional severity of the stenosis by FFR. 

In extreme cases, the patient may be reclassified to single-
vessel disease based on the FFR assessment and end up with
a single stent. Avoidance of complex coronary intervention
or CABG through FFR-guided reclassification is a very
attractive scenario for the patient and the health service
when we consider the potential risk exposure to the patient
and the potential cost-saving exercise. 

THE USE OF FFR IN BIFURCATION DISEASE
Atherosclerosis frequently occurs at branch points of

coronary vessels, and for many cardiologists, the manage-
ment of bifurcation disease remains a challenge. In addition,
the existence of multiple techniques for treating bifurcation
disease certainly does not simplify matters. Recent evidence
suggests that provisional stenting is a more effective strategy
than a two-stent strategy in the majority of cases when
treating bifurcations.20 Regardless of the strategy chosen, it is
frequently the case that the ostium of the side branch is
compromised either through plaque shift or carina shift.
Trying to decide whether to treat or not to treat a side
branch is not straightforward, and all of the anatomical
applications we have, whether visual estimation, quantita-
tive coronary analysis, or intravascular ultrasound, have not
been found to be reliable in predicting the functional rele-
vance of a jailed side branch and therefore determining the
best strategy after the side branch has been jailed. 

Although many operators have often proposed dilat-
ing the jailed side branch after plaque shift using final
kissing balloons, the recently published NORDIC III trial
suggests that a final kissing-balloon strategy is unneces-
sary because no clinical benefit was seen with this strate-
gy out to 6 months.21 However, one possible explanation
for this could be that in the side branches where a final kiss-

ing balloon was used, the stenosis was not functionally sig-
nificant in the first place. In addition, when we consider the
literature from Koo et al,22 showing that on average, approx-
imately 32% of the jailed side branches were functionally sig-
nificant, and apply it to the NORDIC III data, it could be
argued that this study did not find a difference from final
kissing balloons because it was not powered to answer this.
One might speculate that had the strategy to dilate the side
branch been based on the detection of inducible ischemia
using FFR, the conclusion may have differed. 

THE USE OF FFR IN LEFT MAIN STEM DISEASE
Left main coronary artery lesions are sometimes difficult

to appreciate angiographically for several reasons: (1) the
catheter obscures the angiographic image; (2) coexistent
atherosclerosis makes it difficult to estimate the stenosis; (3)
the mixing effect of blood and contrast at the ostium
affects image quality; and (4) the left main artery can be
remarkably short. Any one or a combination of these limita-
tions makes it notoriously difficult to accurately evaluate the
functional significance of a stenosed left main artery. In
extreme cases, even an angiographically mild-to-moderate
left main stenosis can provoke such a reflex action that
patients undergo surgical revascularization of a functionally
irrelevant lesion. The implications of this are far reaching
because the patient may be subjected to sternotomy and
bypass grafting. In addition, this strategy may be in vain
because grafts anastomosed onto a vessel with no hemo-
dynamically significant stenosis are at higher risk of early
occlusion.23

Again, FFR is invaluable in the assessment of left main dis-
ease because it eliminates many of the pitfalls that angiogra-
phy presents. One thing that FFR has taught us is that the
threshold to measure FFR in left main disease should be low
(eg, in the presence of equivocal mild stenosis) because it
supplies such a substantial myocardial mass. In terms of the
safety of FFR to evaluate left main stem disease, we have sev-
eral small studies supporting this practice and one more
recent study evaluating 223 patients.24 In each case, FFR was
measured, and if the value was ≤ 0.8, the patient was
referred for surgery, whereas if the patient had an FFR > 0.8,
the patient was prescribed optimal medical therapy alone. 

The results of this study showed that the survival rates
were comparable (89.8% vs 85.4%; P = .48), as were event-
free survival estimates (74.2% vs 82.8%; P = .5) after 5 years
of follow-up. Incidentally, in up to 23% of the patients, left
main stenosis was deemed angiographically nonsignificant,
whereas FFR showed a value of < 0.8. In other words, revas-
cularization was denied on the basis of the angiographic
estimation of lesion severity; however, these patients actual-
ly had a functionally significant stenosis. These data support
the role of FFR in left main disease.
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FUTURE PERSPECTIVES: THE FAME II TRIAL
Despite the growing body of evidence supporting a revas-

cularization strategy that is aimed at targeting the ischemic
substrate, the data from the COURAGE trial raised several
issues with regard to the merits of invasive revascularization
strategies compared to a policy of aggressive optimal med-
ical management of patients, particularly those with stable
angina.25

The COURAGE study showed that there was no differ-
ence in the primary endpoint of death and MI between a
strategy of PCI plus optimal medical therapy and optimal
medical therapy alone. Not surprisingly, these findings were
met with criticisms questioning the real applicability of the
COURAGE data to the real-world clinical practice. Having
included only a small number of patients compared to all of
those who were initially screened and the very high rate of
noninvasive functional assessment (uncommon in clinical
practice) raised the suspicion of a highly selected patient
population.26 In addition, it is very possible that nonfunc-
tionally significant coronary lesions have been stented only
on the basis of their angiographic appearance, which actual-
ly should have been left alone. 

Based on the FAME trial and the results of COURAGE,
the FAME II trial was designed. The purpose of the FAME II
trial is simple in that it aims to compare the clinical out-
comes, safety, and cost effectiveness of FFR-guided PCI plus
optimal medical therapy versus optimal medical therapy
alone in patients with stable coronary artery disease, includ-
ing those who may necessitate complex PCI. This study is
crucial and will undoubtedly address the question of which
patient and which lesion subsets will benefit most from per-
cutaneous coronary revascularization and optimal medical
therapy.

CONCLUSION
There are still several question marks over the relative

merits of PCI in the management of complex coronary dis-
ease. However, the one thing that seems clear is that as clini-
cians, we cannot continue to guide complex intervention
solely on the basis of visual estimation. FFR measurement
represents a valuable tool that enables the interventional
cardiologist to base his decision making on the functional
severity of the stenosis, therefore tailoring the treatment to
those lesions and vessels that are responsible for the
patient’s symptoms. ■
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