Shedding light on the gray zone
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Over two decades have passed since Pijls et /. proposed that
invasively-determined myocardial fractional flow reserve
(FFR) could serve as an index of the functional severity
of coronary artery stenosis (1). FFR is derived from the
ratio of mean pressure at the distal epicardial coronary
conduit of an atheromatous coronary lesion to that of
the aortic root in pharmacologically induced hyperemia,
and represents the very fraction of maximal myocardial
blood flow (MBF) that can be maintained despite coronary
artery stenosis. The theoretical normal value of FFR is
1.00 regardless of the patient, the specific vessel studied
or concurrent hemodynamic changes. However, when the
microcirculation remains intact, the FFR value falls with
the progression of a flow-limiting coronary lesion and as
an increasing amount of myocardium becomes supplied by
a flow-limiting coronary artery. Sequential non-invasive
exercise tests, myocardial perfusion imaging (MPI) with
single-photon emission computed tomography (SPECT)
and stress echocardiography have confirmed that an FFR
value of <0.75 represents stress-inducible myocardial
ischemia (2). The DEFER trial (3) demonstrated that
the revascularization (REV) of coronary stenosis with
FFR >0.75 did not improve clinical outcomes compared
with those of patients deferred to receive optimal medical
treatment (OMT). Otherwise, the subsequent FAME II
(Fractional Flow Reserve Guided PCI versus Medical
Therapy in Stable Coronary Disease II) clinical trial (4)
showed that REV of coronary stenosis with FFR <0.80
improved clinical outcomes compared with OMT alone.
Thus, FFR values between 0.75 and 0.80 are referred
to as the FFR gray zone, namely, an area of uncertainty
regarding the actual degree of ischemia in patients with

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

stable coronary artery disease (CAD). This gray zone of
uncertainty affects decisions about which patients are
selected for REV and those that will receive OMT.

The authors focused on patients in the gray zone,
and confirmed the prognostic legitimacy of REV in such
patients. They classified 1,459 patients with single-segment
disease and FFR values within three strata as ischemic, gray
zone and non-ischemic (0.70-0.75, 0.76-0.80 and 0.81-0.85,
respectively) in a retrospective single-center study. The
clinical endpoints of major adverse cardiac events (MACE)
defined as the composite of overall death, myocardial
infarction (MI) and target vessel REV were assessed in 1,010
of the patients who received OMT alone and 449 who
were treated by REV + OMT and were followed up for 25
(range, 6-48) and 26 (range, 13-47) months, respectively.
Although differences in MACE rates between patients
treated with OMT alone and with REV + OMT were not
statistically significant in the gray zone, trends towards
higher rates of death or MI and overall death were observed
in the group treated with OMT alone in comparison with
REV + OMT (9.4% vs. 4.8%, P=0.06 and 7.5% vs. 3.2%,
P=0.059, respectively). An increase in the MACE rate was
statistically significant across the three FFR strata in the
OMT group, especially when the lesion was proximally
located. Otherwise, the MACE rate remained similar in
the REV + OMT group regardless of the actual FFR value.
These findings could serve from a prognostic viewpoint as
a rationale for selecting REV to treat patients in the gray
zone especially those with proximal lesions.

This evidence has also raised the issue of how to non-
invasively diagnose patients who have stable CAD and flow-
limiting coronary lesions corresponding to FFR <0.80.
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Table 1 Multivariate analyses of independent factors predicting FFR <0.80 among quantitative parameters of myocardial perfusion abnormalities

and non-invasive parameters

95% Cl
Parameter Coefficient SE P OR
Lower Upper
LAD
Stress TPD—rest TPD (%) 0.909 0.295 0.002 2.481 1.391 4.427
TID ratio 1.343 0.441 0.002 3.832" 1.615 9.093
LVEF at rest (%) -0.117 0.041 0.004 0.889 0.821 0.964
B-blockers -2.392 1.024 0.020 0.091 0.012 0.681
Constant —6.750 3.873 0.081
Non-LAD
Stress TPD—rest TPD (%) 1.275 0.439 0.004 3.579 1.515 8.453
LVM (g) -0.036 0.014 0.009 0.965 0.940 0.991
LVEF at rest (%) -0.105 0.046 0.021 0.900 0.823 0.984
RCA lesions (% DS =50%) 4.188 1.843 0.023 65.859 1.778 2,439.761
TID ratio -0.967 0.468 0.039 0.380" 0.152 0.952
Age (years) -0.112 0.067 0.092 0.894 0.784 1.018
Constant 25.123 9.295 0.007

I change in transient ischemic dilation ratio of 0.1 corresponds to described OR. Cl, confidence interval; DS, diameter stenosis; FFR,

fractional flow reserve; LAD, left anterior descending artery; LVEF, left ventricular ejection fraction; LVM, left ventricular mass; OR, odds

ratio; RCA, right coronary artery; SE, standard error; TID, transient ischemic dilation; TPD, total perfusion defect. Reproduced with

permission from the publisher (9).

Coronary computed tomographic angiography (CCTA)
derived FFR (FFR¢p) is a novel and promising non-
invasive approach that can precisely localize flow-limiting
coronary artery stenosis as it applies computational fluid
dynamics to calculate the FFR of each of three vessels
from image acquisition by the standard rest CCTA study
without a need for vasodilator-stress conditions. Although
its application to severely calcified coronary arteries and
patients with chronic kidney disease is somewhat limited,
FFR¢r might serve as a promising gatekeeper for invasive
FFR assessment in routine clinical practice, because clinical
data have shown strong correlation with invasive FFR and a
reduction in false-positive findings in standard interpretation
of CCTA images (5). Another potent modality that could
address this issue is MPI-SPECT, because a nuclear sub-
study of the COURAGE (Clinical Outcomes Utilizing
Revascularization and Aggressive Drug Evaluation) trial (6)
demonstrated that MPI-SPECT findings could predict
improved outcomes after REV. However, to predict FFR
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solely by standard interpretation of MPI-SPECT images
seems somewhat limited, because MPI-SPECT findings
represent changes in relative MBF between hyperemia and
the resting state that can be affected by microcirculatory
and myocardial properties in addition to epicardial coronary
perfusion. Furthermore, interpretation is dependent on the
presence and accurate identification of a region of normal
perfusion. This is a particular impediment in diffuse or
multi-vessel disease that could include, “balanced ischemia”
and a scant obviously normal reference region (7). Actually,
FFR and invasive coronary flow reserve (CFR) values have
occasionally been mismatched, especially in patients with
diffuse diseases of epicardial conduit vessels or diseases of
the coronary microvasculature (8). We recently showed
that a flow-limiting FFR of <0.80 could be predicted from
findings of quantitative MPI with quantitative perfusion
SPECT (QPS) and other non-invasive parameters
identified by multivariate analyses (Zable 1) (9) by assessing
136 diseased vessels in prospectively-identified 84 patients
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Figure 1 Comparison of diagnostic accuracy of multivariate and univariate models using stress TPD—rest TPD to predict regions of interest
with coronary lesions corresponding to FFR <0.80. Receiver operating characteristic curves were developed based on univariate and multivariate
logistic regression analyses using stress TPD—rest TPD to predict whether LAD (A) and non-LAD (B) regions have lesions with FFR <0.80.
Diagnostic accuracy at predicted value of 0.50 in LAD regions was better and AUC was larger (P=0.013) in multivariate, than in univariate models.
Despite improved diagnostic accuracy, AUC in non-LAD region did not significantly differ between univariate and univariate models (P=0.054).
Net reclassification analysis revealed that multivariate model significantly reclassified 15% of FFR >0.80 and 13% of FFR <0.80 predicted by the

univariate model. AUC, area under the curve; CI, confidence interval; FFR, fractional flow reserve; LAD, left anterior descending artery; NPV,

negative predictive value; PPV, positive predictive value; TPD, total perfusion defect. Reproduced with permission from the publisher (9).

with stable CAD who were assessed by MPI-SPECT
and invasive FFR. The formulas based on these analyses
demonstrated to predict major vessels of interest with
FFR <0.80 with defined probabilities (sensitivity, specificity
and accuracy for LAD and non-LAD: 84%, 87% and
86%, and 75%, 93% and 87%, respectively) (Figure I) (9).
Although somewhat limited by a sample size and a single-
center design, an appropriately-designed validation cohort
study might provide a novel adjunctive tool that could
diagnose functionally significant CAD from MPI findings.
Other approaches to assess parameters that might be
more appropriate to the physiological characterization of
CAD than FFR are in progress. Absolute MBF quantitation,
measurable in the order of mL/g/minute, which allows the
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non-invasive calculation of myocardial flow reserve (MFR)
or CFR using stress cardiac positron emission tomography
(PET) demonstrated superior risk stratification and
incremental prognostic value (10,11). However, a benefit
of CFR quantitation in terms of selecting patients for REV
has not yet been demonstrated in randomized clinical trials.
Absolute MBF quantitation using stress cardiac magnetic
resonance (CMR) (12) or dynamic SPECT imaging (13) is
based on a theory similar to that of cardiac PET. However,
more evidence is required before this concept could be
applied to routine clinical practice.

The issue then, is whether or not all patients with stable
CAD should be assessed by invasive FFR. We believe that a
non-invasive diagnostic modality or a combination of such
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approaches with highly accurate prognostic value for stable
CAD that can precisely clarify the contribution of epicardial
coronary stenosis to abnormal findings, might eventually
resolve this issue.
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