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1. Introduction

The rapid development of noninvasive imaging in cardiology
has facilitated a paradigm shift in the diagnosis of coronary
artery disease over the last 20years. For several decades,
invasive coronary angiography was the gold standard, default
test for diagnosing coronary artery disease but with rapid
technological improvements in the quality of computed tomo-
graphy coronary angiography (CTCA), this test has become
dominant in many centers. CTCA allows for the identification
not only of the presence and extent of coronary atheroma, but
can also provide increasingly sophisticated data regarding
plaque composition, including markers of risk. Moreover,
using fluid dynamics computer modeling, noninvasive assess-
ment of fractional flow reserve can be derived from CTCA
datasets when coupled with some basic clinical parameters.
These advances continue to stimulate changes to the clinical
pathway of patients presenting with chest pain of recent
onset.

2. Review of current chest pain pathways in the UK

In 2016, the use of CTCA was recommended as the default test
for the majority of stable patients by the NICE CG95 Guidelines
for Chest Pain of Recent Onset [1]. This recommendation was
driven by data including particularly the 5year follow-up of
SCOT-HEART study, which demonstrated prognostic benefit
for a CTCA upfront strategy in 4146 patient with stable chest
pain when compared to routine care [2]. Specifically, at
a median follow-up 4.8years, patients who underwent
a CTCA strategy had a significantly lower incidence of
a combination of death from coronary heart disease or non-
fatal myocardial infarction, compared with routine assessment
(2.3% CT group vs 3.9% standard care). This difference was
driven by the rate of MI, but not death. It is notable that,
perhaps counter-intuitively, the rates of coronary angiogra-
phy/revascularisation were similar at 5years (491 CT group
vs 502 standard care). It has been hypothesized that the
clinical benefit derives from the application of disease-
modifying medical therapy in the CTCA group, having had
coronary atheroma identified early in the care pathway.

Other trials, including PROMISE have also shown equivalence
for an up-front CTCA strategy in stable chest pain patients
compared to routine functional testing [3].

By contrast, the clinical value of routine early CTCA in
patients with acute coronary syndrome has not been estab-
lished. The RAPID CTCA trial tested the early use of CTCA
versus standard care on the 1-year clinical outcomes in 1749
patients presenting with a provisional diagnosis of non-ST
elevation MI and one or more of: 1) previous coronary heart
disease; 2) elevated troponin; 3) abnormal ECG. The primary
outcome was all cause death or myocardial infarction at 1
year [4]. There was no difference in the primary outcome
between the groups (5.8% CT group vs 6.1% standard of
care, p=0.65), and, although CTCA was associated with
a reduced rate of invasive angiography, this arm also had
longer length of stay.

3. FFRcr

FFRCT uses the dataset from CTCA to model flow limitation
and derive FFR, validated against invasive angiography and
pressure wire-derived FFR [5]. In a series of observational
studies, including PLATFORM [6] and ADVANCE [7], and
now 2 randomized trials (FORECAST [8] & PRECISE [9]),
the clinical utility of FFRct in stable patients compared to
routine care can be summarized as follows: (i) quicker care
pathway to management plan; (i) significantly fewer
patients having invasive coronary angiography (ICA); (iii)
significantly less ICA showing no obstructive coronary dis-
ease; (iv) no difference in MACE rate; (v) cost neutral in
the NHS.

Additionally, the recent FISH & CHIPS UK Registry recently
reported a lower CV mortality after adoption of FFRcr across
Trusts in the NHS [10]. Finally, the FFRCT analysis, thanks to
deep learning artificial intelligence platforms, can now offer
sophisticated automated assessment of adverse plaque and
hemodynamic characteristics that predict the risk of individual
plaque lesions causing acute coronary syndrome (ACS) events
in the future: the potential clinical utility of which is
substantial.
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4. CTCA: assessment of plaque risk, perivascular
inflammation & prognosis

There is rapidly accumulating evidence that some features of
plague composition as defined on CTCA are associated with
risk of future substrate for ACS, including plaque volume, low
attenuation plaque, napkin-ring sign, spotty calcification and
positive remodeling [11]. For example, a sub study analysis
from the RAPID-CTCA trial has demonstrated that low attenua-
tion plaque burden is predictive of 1year mortality or recur-
rent myocardial infarction, independent of GRACE score and
obstructive coronary artery disease [12]. In addition, CTCA
plaque characterization can discriminate between type 1 and
type 2 myocardial infarction [13]. Such findings have been
reproduced in multiple independent studies, as reviewed in
references [14,15]. Furthermore, in the EMERALD study, the
use of a combination of adverse plaque characteristics and
adverse hemodynamic characteristics using FFRcr yielded
a stepwise, dose-dependent risk stratification for lesion-
specific risk of subsequent ACS [8].

CTCA data has also been used to derive and validate the
Fat Attenuation Index (FAI), a quantification of the dynamic
status of coronary perivascular fat metabolism that is
a surrogate for local inflammation [11]. Using this novel tool,
it has been shown that FAI, tested on 2 distinct patient popu-
lations, is associated with medium term mortality in the CRISP
CT study [16].

These data have recently been augmented by the deploy-
ment of deep learning artificial intelligence to amplify the
ability to incorporate multiple inter-related factors in com-
plex models for prediction of lesion risk, and consequent
patient prognosis. Examples are available in EMERALD2 [17]
and the ORFAN EAT study [18]. Further clinical validation of
these Al-based concepts is likely to yield powerful new tools
with which to risk stratify patients, particularly in the field of
primary prevention, using much more precise algorithms
than we currently employ pathways that will incorporate
a hierarchy of conventional clinical factors as well as CTCA-
based and novel blood biomarkers in turn. This will inevitably
open avenues for investigation into prophylactic interven-
tions to prevent high risk plaques from following their nat-
ural trajectory. As with all CT based imaging there is
a radiation risk to the patient involved, and therefore we
would generally not recommend interval CT scanning unless
the patient develops new symptoms consistent with myocar-
dial ischemia. As demonstrated in SCOT-HEART, early tar-
geted interventions to lower modifiable cardiovascular risk
factors is the clear goal of advanced CT imaging of the
coronary vasculature.

5. Conclusion

Evidence already justifies the application of CTCA as a default
investigation in patients with stable chest pain. The facility to
combine anatomical and physiological vessel assessment
using FFRct already offers a safe and efficient novel pathway
for such patients. A rapidly growing body of data using Al-
dependent complex models that incorporate variables of
patient-specific, vessel-specific, and plaque-specific features

are leading us to a new era of promise for tailored primary
prevention medicine for subclinical coronary artery disease.
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