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The marriage between coronary anatomy and physiology was sealed
four decades ago with the evidence that progressive decreases in
coronary lumen diameter resulted in reduced myocardial blood
flow. Since that time, coronary artery revascularization has been
based on visual assessment of the severity of coronary lumen diam-
eter reduction during invasive coronary angiography (ICA), assum-
ing that this accurately reflects the physiological significance of the
lesion.

However, this marriage was troubled by reports suggesting that
more than two-thirds of acute myocardial infarctions may have non-
obstructive coronary artery stenosis.1 Moreover, the ‘hard endpoint’
benefit of coronary revascularization was challenged by the results of
several trials showing no mortality benefit of angiography-based per-
cutaneous coronary intervention (PCI) compared with medical ther-
apy.2,3 Furthermore, the relationship between stenosis severity and
ischaemia was questioned by many studies, including a COURAGE
substudy showing that among patients with coronary artery stenosis
≥70%, only 32% of patients had severe ischaemia and 40% had neg-
ligible ischaemia by myocardial perfusion.2 Similarly, Tonino et al.3

showed that 20% of lesions with ≥70% stenosis did not produce is-
chaemia and 17% of lesions with ,50% stenosis caused ischaemia.
Such mismatches between anatomy and physiology caused a severe
rift in the relationship between anatomy and physiology in the man-
agement of coronary artery disease (CAD), and divorce papers have
been served on more than one occasion.

To the rescue came fractional flow reserve (FFR) which provided
a quantitative means of determining the haemodynamic significance
of coronary artery lesions. Clinical validation was provided by pro-
spective, randomized trial data demonstrating that FFR-guided treat-
ment of ischaemia-causing lesions (FFR ≤0.80) provided improved
long-term outcomes compared with medical therapy alone.4 On the

basis of such data, invasive FFR is now widely considered the gold
standard for the functional assessment of coronary artery stenosis
and is widely recommended in professional guidelines,5 thus bring-
ing physiology back to the side of anatomy.

At the same time, there is increasing evidence that certain athero-
sclerotic plaque characteristics make them unstable and vulnerable
to rupture, resulting in adverse cardiac events.6 Sannino et al.6 high-
lighted the archetype vulnerable plaque as characterized by positive
remodelling, a lipid-rich necrotic core, and a thin fibrous cap.

In this regard, coronary computed tomography angiography
(CCTA) is uniquely well positioned to bring together key anatomical
and functional elements needed for the diagnosis and treatment of
CAD. First of all, CCTA provides excellent anatomical imaging of
the coronary arteries and can reliably rule out the presence of sig-
nificant CAD with high sensitivity and high negative predictive value.
However, CCTA cannot determine the functional significance of
coronary lesions, resulting in a high false-positive rate when com-
pared with invasively measured FFR. This limitation has now been
addressed with the availability of non-invasive FFR derived from
CCTA images (FFRCT) using computational fluid dynamics. FFRCT

provides significantly higher specificity and positive predictive value
than CCTA, with a per-patient sensitivity and specificity of 86% and
79%, respectively, with a reduction of 68% of the number of false-
positive cases due to calcified lesions even in patients with a high cal-
cium score .400.7 More recently, the PLATFORM trial has shown
how the use of the FFRCT diagnostic strategy as gatekeeper in pa-
tients undergoing ICA is a feasible and safe alternative to invasive
evaluation and results in a reduction in ICA use of 61%8 and a
32% avoidance of cost.9

However, missing from the CCTA/FFRCT marriage is the element
of the atherosclerotic plaque itself. CCTA is able to describe high-
risk plaque (HRP) features such as positive remodelling, spotty
calcifications, and low attenuation plaque that are related to acute
coronary syndrome and can potentially serve as independent
predictors of major adverse cardiac events (MACE).10 Can plaque
characteristics now be brought into the marriage of CCTA and
FFRCT to make the picture complete?

The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.
† doi:10.1093/eurheartj/ehv690.

* Corresponding author. Via C. Parea 4, 20138 Milan, Italy. Tel: +39 02 58002574, Fax: +39 02 58002231, Email: gianluca.pontone@ccfm.it

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2016. For permissions please email: journals.permissions@oup.com.

European Heart Journal (2016) 37, 1228–1231
doi:10.1093/eurheartj/ehv748

Downloaded from https://academic.oup.com/eurheartj/article-abstract/37/15/1228/1748847
by guest
on 27 July 2018

mailto:gianluca.pontone@ccfm.it
mailto:gianluca.pontone@ccfm.it
mailto:gianluca.pontone@ccfm.it


In this issue of the journal, Gaur et al.11 present an intriguing post-
hoc analysis of the NXT trial7 evaluating coronary plaque character-
istics, coronary artery stenosis severity, non-invasive FFRCT, and

their relationship to invasive FFR, and report an inverse relationship
between coronary plaque volumes and lesion-specific ischaemia.
More specifically, they found that non-calcified plaque volume,

Figure 1 Potential mechanism responsible for computed tomography-derived fractional flow reserve (FFRCT): (1) Linear reduction of blood
flow (green colour) related to the degree of coronary stenoses (A); (2) Plaque morphology characterized by a high plaque volume with positive
remodelling and large low attenuation core (purple colour) that could produce oxidative stress and local inflammation leading to clinically relevant
‘functional stenoses’ (B); (3) Myocardial mass to be perfused (red colour) according to the principle that larger it is, lower FFR for a given stenosis
will be detected (C). All these three determinants have to be balanced on the contribution of collateral vessels for both stenoses supplied by
collaterals but also for stenosed arteries providing collaterals to another more critically diseased vessel (D). These four determinants are respon-
sible for a pathological FFRCT (yellow colour) as detected by CCTA in the middle-distal right coronary artery (E). CCTA could be uniquely suited
to provide the best platform for defining the relationships between these key determinants of coronary artery disease.
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plaque length, and mainly low-density non-calcified plaque consist-
ently predict ischaemia beyond the degree of stenosis, providing
additional value to FFRCT identification of ischaemia-causing le-
sions. This apparently surprising association between coronary ar-
tery anatomy and physiopathology could be explained by the
evidence that oxidative stress and local inflammation, as determined
by low-density plaque, may negatively influence the balance be-
tween vasodilators and vasoconstrictors, leading to clinically rele-
vant ‘functional stenoses’. Similar results have been found by Park
et al.12 who showed that positive remodelling of coronary plaque
is associated with ischaemia-causing lesions independent of stenosis
severity. Accordingly, the study by Gaur et al.11 is a crucial piece of
evidence regarding the potential missing link between atheroscler-
otic burden and ischaemia that could have several implications. First,
in patients with pathological FFR, two different scenarios may be
present. Some patients may have a mild to moderate stenosis
with strong thrombogenic stimuli while others may have a severe
stenosis with associated high shear stress. Secondly, early identifica-
tion of high-risk plaque could become pivotal in the management of
patients with suspected CAD, and CCTA images based on segmen-
ted lumen borders for plaque characterization, calculation of com-
putation fluid dynamics to estimate longitudinal shear stress and
axial plaque stress, and measurement of coronary artery stenosis
may have a relevant impact to enable strategies to limit cardiac mor-
bidity and mortality. Thirdly, therapeutic implications could be de-
rived from the findings of this study. There is robust evidence of
clinical benefit of statin-mediated LDL-cholesterol-lowering ther-
apy.13 However, Puri et al.14 showed that baseline coronary ather-
oma volume remained strongly associated with subsequent MACE
despite statin treatment. Moreover, patients with a higher baseline
coronary atheroma volume experienced more pronounced disease
regression,14 confirming the powerful prognostic capacity of disease
burden above and beyond traditional cardiovascular risk factors and
significant LDL-cholesterol lowering. High-dose statin therapy limits
the progression, regresses coronary atherosclerosis, and lowers
clinical event rates by a possible procalcific effects.14 Accordingly,
the most recent US guidelines advocate high-intensity statin therapy
in all individuals with known atherosclerosis, regardless of baseline
lipoprotein levels,13 highlighting the role of coronary imaging in this
regard. This scenario could open up the option to reserve invasive
diagnostic and revascularization procedures for those patients with
positive FFR or FFRCT in the setting of obstructive disease, and to
target high-intensity statin therapy towards patients with positive
FFR in the setting of non-obstructive high-risk plaque with the aim
to reach plaque stabilization and consequently FFR normalization.

Despite this study opening up such intriguing scenarios, some lim-
itations require discussion. Accurate segmentation of lumen bor-
ders by CCTA is at the core of both plaque characterization and
FFRCT calculation. However, this step is sometimes problematic
due to limited spatial and temporal resolution. Moreover, the plaque
characterization process could be realistically proposed in clinical
practice only if it is performed with a fully automated approach
such as in this study. Of note, in contrast to previous studies,12

this report takes a much more rigorous and clinically applicable ap-
proach because it provides optimal thresholds for quantifying pla-
que characteristics, and examines all plaques in coronary arteries
≥2.0 mm in diameter, rather than artificially restricting analysis to

plaques upstream of an invasive FFR sensor. However, a further
and larger validation study of this automated analysis in the real clin-
ical world would be desirable. Finally, conflicting data still exist re-
garding the agreement between CCTA and intravascular
ultrasound (IVUS) in plaque characterization, showing alternatively
a underestimation or overestimation of plaque burden with coron-
ary CTA when compared with IVUS.

Considering its capability to evaluate plaque characteristics and
lumen stenosis and to be used for FFR calculation, CCTA is uniquely
suited to provide the best platform for defining the relationships
among the key determinants of CAD and future cardiac events.
CCTA-derived information may enhance the options to optimize
medical therapy based on a combination of anatomy, physiology,
and plaque characteristics, in addition to systemic atherosclerotic
risk factors, thus consummating the ‘perfect marriage’. Prospective
clinical trials focusing on a combination of all these data and conse-
quent interventions are needed to shift the question from ‘does it
improve risk prediction’ to ‘should the practitioner do something
differently because of the evidence?’15

The study of Gaur et al.11 is an important step forward in this dir-
ection, opening up the era of a CCTA-based second ‘honeymoon’
between anatomy and physiology in the diagnosis and treatment
of ischaemic heart disease.
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