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Coronary computed tomography (CCT) is a non-invasive imaging method that allows
visualization of the epicardial coronary arteries. The diagnostic and prognostic role
of CCT has been demonstrated by various randomized trials to such an extent that it
has been included as a Class I, level of evidence B recommendation in the latest
European Society of Cardiology (ESC) guidelines for the diagnosis of chronic coronary
syndrome in patients at intermediate-low cardiovascular risk. In addition to the ana-
tomical evaluation, the CCT allows to evaluate the presence of high-risk characteris-
tics of the atherosclerotic plaque (napkin-ring sign, positive remodelling, spotty
calcification, and low-attenuation plaque), thus discriminating the stability of the
atheromatous pathology. Furthermore, among the potential of cardiac CT in the emer-
gency department, the possibility of making a triple rule-out must be underlined, ex-
cluding three potential big killers as the cause of acute chest pain: acute coronary
syndrome, pulmonary embolism, and aortic dissection. Various randomized clinical
studies have demonstrated that the prognosis of the patient with chronic coronary ar-
tery disease (CAD) improves only if a haemodynamically significant stenosis is treated,
generally investigated with invasive fractional flow reserve (FFR); CCT technological
advances have made it possible to create an algorithm for calculating the FFR-CT, an
index of haemodynamic significance of coronary stenosis, whose correlation with
the invasive FFR data and, consequently, with the prognosis has been demonstrated
of patients with CAD.

Coronary computed tomography (CCT) is a non-invasive
imaging method that allows you to visualize the coronary
arteries by investigating their anatomy, origin, course,
and relationships with other cardiac structures. Its charac-
teristic of being born as a three-dimensional examination
allows to study the calibre of the vessels, verifying the pres-
ence of atherosclerotic disease and the degree of stenosis,
up to being able to estimate the composition of the ather-
omatous plaque and the nature of the perivascular tissues
that surround it. The technological advances in favour of
this method and the amount of scientific evidence in its
favour are so impressive that they have allowed this test
to obtain, in a few years, a role of primary importance in
the study of chronic ischaemic heart disease: in the most
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recent guidelines ESC in fact the execution of this examin-
ation in the suspicion of chronic coronary syndrome is in
Class I, level of evidence B."

The advantages of this method also extend to the acute
coronary syndrome (ACS). Since the first years of the new
millennium, important scientific works have followed that
have allowed us to demonstrate the usefulness of CCT in
the emergency setting, summarized in Table 1.

The first important work on the subject is the Rule
Out Myocardial Infarction using Computer Assisted
Tomography (ROMICAT) trial published in 2009 on Journal
American College of Cardiology (JACC). This study demon-
strated on a cohort of patients with chest pain,
non-ischaemic electrocardiogram (ECG), and unchanged
troponins that CCT very effectively highlights the pres-
ence of obstructive coronary atheromasia with 100% sensi-
tivity and with a negative predictive value of 100% in
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patients with ACS.2 A 2-year follow-up of these patients
also allowed us to demonstrate a substantial difference
in the incidence of major adverse cardiac events (MACE)
in patients who did not demonstrate obstructive coronary
atheroma compared to patients who had significant coron-
ary artery disease (CAD) at the first evaluation.

A better ability to discriminate patients with a high
probability of ACS in the emergency department (ED)
also leads to advantages in terms of time and costs: The
Coronary Computed Tomographic Angiography for
Systematic Triage of Acute Chest Pain Patients to
Treatment (CT STAT) trial is a randomized controlled trial
(RCT) in which it was shown that the use of CCTA allowed a
reduction of 54% of time to diagnosis compared to other
provocative imaging methods (median 2.9 hvs. 6.3 h P<
0.0001). Costs were 38% lower than the standard (median
$2.137 vs. $3.458, P <0.0001). The choice of diagnostic
method did not lead to a difference in MACE (0.8% in the
CCTarm vs. 0.4% in the other arm, P=0.29).3

In 2012, a couple of trials were published in the New
England Journal of Medicine that definitively confirmed
CCT’s role in acute patients: ROMICAT is an RCT that evalu-
ated 1000 with symptoms suggestive of ACS in the absence
of ECG or troponin alterations at the first evaluation divid-
ing them 1:1 in arm with early CCT vs. arm of standard of
care. The average length of stay in the emergency room
was reduced by 7.6 h (P < 0.001), with an increase in direct
discharge from the ED (47% vs. 12%, P<0.001), in the ab-
sence of undiagnosed ACS and no increase in MACE at one
month. In this work, an increase in downstream diagnostic
tests was reported in the CCT arm, at the same cost of
$4289 vs. $4060 (P=0.65).*

The Better Evaluation of Acute Chest Pain with
Computed Tomography Angiography (BEACON) trial is an
RCT that evaluated 1370 patients with intermediate-low
probability of ACS randomized 2:1 in CCT vs. standard of
care. Among patients with negative CCTs, none reported
myocardial infarction or death at 30 days. In the CCT
arm, the ED discharge rate proved to be higher (49.6%
vs. 22.7%), the stay in the hospital was reduced (18.0 h
vs. 24.8 h; P<0.001), and the CAD diagnosis rate was high-
er (9.0% vs. 3.5%), in the absence of differences on signifi-
cant adverse events.’

Furthermore, the additional assessment of atheromatous
plaque composition for the identification of high-risk pla-
ques is a known benefit of CCT. A sub-analysis of ROMICAT
Il evaluated in the CCTarm the presence of non-obstructive
CAD (1-49% stenosis), significant CAD (>50% or >70%), and
the presence of at least one high-risk plaque feature [re-
modelling positive, low attenuation plaque <30 Hounsfield
unit (HU), napkin-ring sign, and spotty calcification].®

With the implementation of high-sensitivity troponin as-
says, a more accurate and rapid diagnosis of myocardial in-
farction has been achieved. A prospective, multi-centre,
randomized trial of standard treatment and CCT vs. stand-
ard treatment, conducted in Europe on 500 patients, con-
firmed the added value of using CCT in the ED: the
percentage of patients discharged from the ED was not dif-
ferent in two arms (65% vs. 59%, P=0.16), as well as the
length of stay (6.3 h in both groups; P=0.80). However,
a reduction in treatment costs was highlighted in the
CCTarm (€337 vs. €511, P<0.01) and a reduction in post-
discharge investigations. Furthermore, a difference in un-
diagnosed ACS was not recorded.”

Subsequent work by Liu Ting’s group in China
evaluated patients with acute chest pain by categoriz-
ing risk profiles (low-medium-high) based on high-
sensitivity troponin. Coronary computed tomography
made it possible to qualitatively evaluate the presence
of significant CAD (>50% stenosis), characterizing the pla-
que composition and vulnerable plaque features (positive
remodelling, low attenuation plaque <30 HU, napkin-ring
sign, and spotty calcifications). The mean age of the popu-
lation was 50.3 + 8.2 (43% women). The diagnosis of ACS
was made in 16.3% of patients. Across the high-sensitivity
troponin | (hsTnl)-based risk categories, there was an in-
crease in the prevalence of obstructive atheromasia
(>50% stenosis) in 0%, 11.5%, and 61.9% of patients, re-
spectively (P<0.001), and high-risk plaques, respectively
0%, 36.0%, and 85.7% of patients (P<0.001). None of the
low-risk patients developed ACS, while 10.1% and 52.3%
of intermediate-risk and high-risk patients developed
ACS, respectively. It was also shown that the prevalence
of high-risk plaques and the severity of stenosis correlated
with elevated hsTnl levels.®

In the clinical context of acute chest pain in the ED, in
addition to assessing the presence of obstructive coronary
stenosis, among the potential of CCT, we should consider
the ability to perform the so-called triple rule-out; with
a single non-invasive, rapid, and widely available diagnos-
tic exam, with the appropriate technical precautions dur-
ing the acquisition phase, it is possible to reliably exclude
the presence of three ‘big killer’ pathological conditions
with a single exam session: significant CAD, pulmonary
embolism, and acute aortic dissection.’

Cardiac CT therefore allows the anatomical evaluation,
with evidence of the presence or absence of obstructive
CAD and the determination of the extent of the stenosis,
and the qualitative evaluation of the characteristics of
the atherosclerotic plaque with particular reference to
those phenotypes associated with the so-called unstable
plaque (e.g. positive remodelling, low-attenuation pla-
que, napkin-ring sign, and spotty calcification).

However, some multi-centre trials have shown that the
prognosis of patients with ischaemic heart disease im-
proves only when a coronary stenosis is treated, which is
also functionally significant, i.e. capable of causing myo-
cardial ischaemia.

The reference technique for defining the haemodynam-
ic relevance of a coronary stenosis is the fractional flow re-
serve (FFR), an invasive hyperaemic technique, measured
during maximal coronary flow, which is based on the ratio
between the pressure present downstream of a coronary
stenosis and a reference pressure, usually measured at
the aortic level, for which a cut-off of 0.8 was established
by the trials to define its significance.

Given the increasingly important role of cardiac CT in
the suspicion of ischaemic heart disease, the idea arose
of trying to obtain the same functional data obtainable
from invasive FFR starting from the information acquired
during the CCT at rest.

The FFR-CT technique allows to calculate, using compu-
tational fluid dynamics algorithms, in a non-invasive way,
the FFR values on all the main epicardial coronary vessels,
based on a purely anatomical data set of images of the cor-
onary tree obtained with CCT without the need to admin-
ister a pharmacological stress. Essential criteria for the
feasibility of FFR-CT analysis are the acquisition of images
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Figure 1 Electrocardiogram tracing of a 56-year-old hypertensive man who smoked. Access to emergency department for atypical angina, negative high-

sensitivity troponin | in serial measurements.

Figure 2 Coronary computed tomography showed high-risk fibrolipidic plaque at the proximal IVA causing severe stenosis (A). Fractional flow reserve-
computed tomography analysis showed significant values downstream of the lesion (B). Coronary angiography confirmed the finding (C).

with a scanner of no less than 64 slices, the use of sublin-
gual nitrates, and adequate image quality.

To solve the complex computational fluid dynamics al-
gorithms at the basis of the FFR-CT, software has been de-
veloped capable of simulating the behaviour of the

coronary microcirculation in conditions of maximum
hyperaemia; currently, the only available commercial
software approved by the Food and Drug Administration
is owned by the US company HeartFlow (HeartFlow Inc.,
Redwood, CA, USA).
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Multi-centre trials in the literature have demon-
strated the reliability of the FFR-CT measured with
HeartFlow software and its correlation with the invasive
FFR data.

Until the introduction of the FFR-CT, there was no CT
technique that in basal conditions and without the need
for administration of pharmacological stimulus could
evaluate the haemodynamic significance of a coronary
stenosis in a non-invasive way.

In view of the demonstrated diagnostic and prognostic
role of FFR-CT in stable ischaemic heart disease, in the
last period, there has been growing interest in evaluating
its applicability in the ED in the clinical setting of acute
chest pain.

Chinnaiyan et al.,"® in their study published in 2020 in
JACC Cardiovascular imaging, demonstrated that in pa-
tients with acute chest pain, adding functional data with
FFR-CT is feasible without resulting in a significant in-
crease in MACE compared to CT anatomical coronary ar-
tery. Furthermore, they demonstrated that deferring
revascularization is safe with a negative FFR-CT, a condi-
tion associated with a higher prevalence of non-
obstructive disease on coronary angiography.

The feasibility was also confirmed by results from the
work of Eberhard et al.,"" where the authors emphasize
that sufficient image quality is required for the applicabil-
ity of the FFR-CT analysis.

Additionally, a sub-analysis of the ROMICAT Il trial in pa-
tients with acute chest pain demonstrated the association
of FFR-CT significance with degree of stenosis, high-risk
characteristics of plaque, and relative risk of ACS and
the need for coronary revascularization. '?

Finally, also in patients with acute chest pain, the value
of FFR-CT plays a prognostic role, as evidenced by Fischer
et al.,"3 which demonstrated that its negativity (FFR-CT >
0.8) is associated with the absence of MACE 30 days after
discharge from the ED.

A study is also underway to evaluate the applicability of
FFR-CT in patients hospitalized with low-risk
non-ST-elevation ACS (NSTE-ACS) to evaluate the possible
possibility of avoiding the use of coronary angiography and
consequently the reduction of related costs, in that part of
patients with negative FFR-CT; from the results of this
work, it will be possible to understand the possible applic-
ability of this technique also in a subgroup of patients with
ACS, further expanding the contexts in which CCT would
play a first-line test role.™

In support of this discussion, we bring a practical ex-
ample of how the use of CCTcan prove decisive in the diag-
nostic work-up of chest pain: Figure 1 shows the ECG
tracing of a 56-year-old man, hypertensive and smoker,
with no previous cardiological history. The patient pre-
sented to the ED for atypical angina. Physical examination
and serial measurement of hsTnl were negative.

Figure 2 shows images of the CCT that identified a high-
risk fibrolipidic plaque on proximal left anterior descending
(LAD) artery, resulting in severe stenosis (A). The FFR-CT
analysis showed significant values downstream of the lesion
(B). Invasive coronary angiography confirmed the finding
(C). The patient was then treated with percutaneous cor-
onary intervention (PCl) with an excellent final result.

From the data presented, therefore, emerges an in-
creasing role of CCT in patients with acute chest pain,
able in the first place to exclude potentially fatal

conditions if not promptly diagnosed such as aortic dissec-
tion and pulmonary embolism, but above all for the ability
to highlight the presence or absence of obstructive CAD
with, in cases that require it, the possibility of also adding
a functional evaluation, obtaining the haemodynamic sig-
nificance data in a single exam.
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