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“We may be entering the era of ischemia-directed therapy for optimal treatment of
patients with coronary disease and not just patient-level, but lesion-level
assessment of that ischemia.”
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We live in an era of clinical medicine in which
we are blessed with an unparalleled armory
of high-technology, noninvasive and invasive
investigational tools. Yet in the field of cardio-
logy, many practitioners continue to rely on a
subjective angiographic assessment of coronary
anatomy on which to base important manage-
ment decisions. Indeed, UK guidelines issued
by NICE for the assessment of patients with
recent-onset stable chest pain suggest that, for
a patient with an estimated likelihood of coro-
nary artery disease (CAD) of 61-90%, coronary
angiography (CA) should be offered as the first-
line diagnostic investigation, even without any
prior noninvasive assessment for ischemia [101].
It is widely accepted that an atheromatous lesion
in a major epicardial coronary artery produc-
ing a visual narrowing of >70% (>50% in the
left main coronary artery) is likely to be flow
restrictive/able to produce angina and of prog-
nostic importance when located in the proximal
coronary tree. Accurate visual grading of CAD
severity during CA may seem straightforward,
but in many cases, the angiographic findings
are not clear cut and fall into the intermediate
severity range (50—70% stenosis), or a lesion
appears hazy due to the presence of calcification
or thrombus. In reality, it is well established that
reliable and reproducible ‘eyeball” quantification
of stenosis severity during CA alone is inaccu-
rate and prone to intra- and inter-observer vari-
ability (1-4]. Accuracy regarding disease severity
can be improved with the use of intravascular
ultrasound [3.4], but this is rarely performed
during routine diagnostic CA, especially if the
angiogram is performed by a noninterventional
cardiologist and correlates poorly with vessel
physiology. With the advent and validation of

invasive physiological assessment of lesion-level
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coronary artery disease = fractional flow reserve

ischemia, as offered by fractional flow reserve
(FFR), the prognostic importance of target-
ing ischemia in the context of percutaneous
coronary intervention (PCI) has become clear.
However, data from the RIPCORD study now
offer insight into the potential clinical value of
routine FFR assessment at the stage of CA. RIP-
CORD has raised important questions about
current practice. Can an operator be confident
that each stenosis seen during CA is clinically
important, and therefore can they make reli-
able decisions about revascularization on CA
alone? Accurate physiological data may mean
the difference between selecting optimal medi-
cal therapy (OMT) alone, PCI or multivessel
coronary artery bypass grafting (CABG). More
importantly, we know that revascularization of
a nonischemic vessel, by PCI at least, offers no
clinical benefit and, in fact, increases the risk of
future events.

Coronary anatomy versus
physiology: role in predicting
prognosis

Whilst there are data to support the concept
that risk of myocardial infarction correlates
with lesion severity as determined by CA
5], reliably determining whether a coronary
lesion of intermediate angiographic severity
(i.e., 50-70%) is functionally and, therefore,
prognostically important is imprecise based on
CA alone. Thus, for example, only approxi-
mately half of patients with a coronary steno-
sis of 250% on multislice coronary computed
tomography have associated inducible ischemia
(6]. This is critically important given that it has
been robustly demonstrated that inducible
myocardial ischemia detected by noninvasive
stress imaging reliably predicts risk of future
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What has the RIPCORD trial told us about
using fractional flow reserve for
diagnostic angiography?
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cardiac events [7-9]. Conversely, and of equal
importance, in patients with known CAD but
no inducible ischemia on such tests, the likeli-
hood of a myocardial infarction over the next
few years is very low. Furthermore, the extent
of total and left ventricular ischemia is associ-
ated with prognosis [7] and patients with a large
ischemic burden have been shown to have an
improved outlook following revascularization
compared with OMT alone [10]. These data
lay the foundation for the theory that it is the
presence and extent of myocardial ischemia,
rather than the angiographic severity of CAD,
that most reliably predicts prognosis. Given the
dominance of the presence and extent of isch-
emia in predicting outcome and the increased
tendency to perform CA, the availability of a
simple and reliable invasive test for ischemia
represents a major step forward in the care of
patients with angina.

Coronary pressure wire

The functional importance of any coronary ste-
nosis can be assessed during CA using a coro-
nary pressure wire. This technology enables the
cardiologist to make real-time measurements
of the intra-arterial pressure difference across
a coronary stenosis, presented as an intuitive
value known as the FFR. The FFR represents
the degree of reduction in myocardial blood flow
in a stenosed epicardial coronary artery com-
pared with what would be expected if there was
no restriction to flow in the same vessel. The
pressure wire provides an accurate, reproducible
and well-validated assessment as to whether a
coronary stenosis is capable of inducing myo-
cardial ischemia, and can be used to provide
lesion-specific data [11.12]. It is not influenced
by changes in hemodynamic parameters and,
in experienced hands, has a low complication
rate [12,13]. There is a clear and robust cutoff
FFR value of 0.75, below which a lesion can
be classified as able to cause ischemia (specific-
ity: 100%:; sensitivity: 88%; positive predictive
value: 100%; and overall accuracy: 93%) [13].
On the other hand, a FFR of >0.80 is virtually
never associated with ischemia. The DEFER
study demonstrated that, in coronary stenoses
with an FFR of >0.75, the risk of cardiac death
or myocardial infarction is <1% per annum, and
that PCI for such lesions can be safely deferred
with the use of OMT [14]. More recently, the
FAME study found that, in patients with stable
angina and multivessel disease originally tar-
geted for PCI, FFR-guided PCI is superior to
angiogram-guided PCI when a cutoff FFR value
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of 0.80 is applied, despite fewer lesions treated
and fewer stents deployed [15]. Subsequently, the
FAME-2 study showed that PCI plus OMT is
superior to OMT alone in patients with stable
angina and a FFR of <0.80, with regard to rates
of death or myocardial infarction at 2 years [16].
Revascularization of patients with angina and
a FFR of <0.80 therefore allows us to achieve
the optimal outcome for the patient: both a
symptomatic and a prognostic benefit. This is
reviewed fully in a recently published paper 17).

RIPCORD

The RIPCORD study was designed to investi-
gate whether routine measurement of FFR in all
major epicardial coronary branches would alter
the management strategy from that based on CA
alone. Why did the question arise as to whether
FFR-based assessment of the coronary circula-
tion may be valuable at the stage of diagnostic
angiography? First, the evidence (as summarized
above) suggests that ischemia is more predictive
of adverse events than anatomy alone; second,
because angiographic assessment is poorly repro-
ducible and particularly inaccurate in moderate
or very diffuse lesions; and finally, because in
the field of PCI, FFR guidance has been shown
to reduce the amount of revascularization deliv-
ered, but with improved clinical outcome. By
contrast, there are pieces of our management
challenge that are missing. First, there are very
few data relating to the value of FFR-based
assessment for determining optimal deploy-
ment of CABG or medical therapy alone; and
second, the COURAGE trial has challenged
cardiologists to understand who they should
revascularize and why [18]. FFR guidance offers
a potentially efficient solution to this challenge.

“..itis the presence and extent of myocardial
ischemia, rather than the angiographic
severity of coronary artery disease, that most
reliably predicts prognosis.”

In the RIPCORD study, patients with cardiac-
sounding chest pain were scheduled to undergo
elective diagnostic CA as determined by their
physician. The cardiologist who performed the
CA selected a single management plan based
on the clinical features and the angiographic
appearance of any CAD according to their
routine clinical practice. Treatment options
were OMT, PCI, CABG or further informa-
tion required (e.g., noninvasive ischemia test).
Once CA was completed, a second interven-
tional cardiologist then performed pressure wire
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assessment of all coronary branches with a refer-
ence diameter of >2.25 mm and a >30% steno-
sis by visual assessment. A FFR result of <0.80
was taken to represent a physiologically signifi-
cant stenosis. The FFR results were disclosed
to the first cardiologist who was then invited
to revise the management strategy based on the
new FFR information gleaned. The primary
aim of the trial was to determine to what extent
the angiogram-derived management would be
altered by the availability of FFR data. Second,
the study sought to determine the degree of cor-
relation of ‘significant’ lesions between standard
angiographic assessment of stenosis severity and
pressure wire assessment of the main coronary
arteries.

Overall, 200 patients were studied across ten
cardiac units in the UK [19]. The demographic
characteristics of the cohort were typical for a
UK-based population of patients with suspected
angina — that is, the majority were male, had
a mean age of 64 years and were overweight,
with traditional risk factors of CAD. In total,
47% of patients had undergone an exercise
treadmill ECG prior to CA, while 9% of the
cohort had a noninvasive imaging ischemia test
preangiography.

For 26% of the patients, the initial angio-
gram-based management strategy was modi-
fied after disclosure of the pressure wire results
(p < 0.001). This change in management was
explained by the discrepancy between the angio-
graphically determined significance of coronary
lesions and FFR-derived stratification, seen in
32% of the study population.
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Discussion

In summary, the RIPCORD study demon-
strated that there was a change in management

strategy in just over a quarter of patients when

FFR data were provided, compared with angio-

graphic assessment alone. Patients committed

to revascularization were found to have no

physiologically significant disease, and patients

in whom the angiogram detected no significant

disease were found to have single, double and

even triple vessel disease by FFR and were thus

referred for PCI and even CABG.

The implications of this study, if the proof of

concept is valid, are potentially profound. Rigor-

ously conducted randomized trial data are now

required. If they provide similar results, then rely-

ing on angiographic assessment of coronary dis-

ease alone, without FFR data, may be untenable.

We may be entering the era of ischemia-directed

therapy for optimal treatment of patients with

coronary disease and not just patient-level, but

lesion-level assessment of that ischemia.
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