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Abstract: The change of paradigm determined by the introduction of cardiac computed tomography (CCT)
in the field of cardiovascular medicine has allowed new evidence to emerge. These evidences point towards a
major role, probably the most important one in terms of prognostic impact, in the detection, characterization
and quantification of atherosclerosis as the main driver and endpoint for the management of coronary artery
disease (CAD). Extensive literature has been published in the last decade with large numbers and patients’
populations, investigating several aspects and correlations between atherosclerotic plaque features and risk
factors; also, the relationship between plaque features, both with qualitative and quantitative approaches,
and cardiovascular events has been investigated. More recent studies have also pointed out the relationship
between the knowledge and classification of sub-clinical atherosclerosis and the induced modification of
medical therapy (both aggressiveness and compliance) that is most likely able to increase the effect of anti-
atherosclerotic drugs, hence significantly improving prognosis. Non-invasive assessment of CAD by means
of CCT is becoming the primary tool for management and also the most important parameter for the
comprehension of natural history of CAD and how the therapies we adopt are affecting plaque burden as a
whole. In this review we will address the modern concepts of CAD driven understanding and management of

cardiovascular disease.

Keywords: Coronary artery disease (CAD); cardiac computed tomography (CCT); atherosclerosis; diagnosis;
prognosis; therapy; optimal medical therapy (OMT)

Submitted May 22, 2020. Accepted for publication Aug 07, 2020.
doi: 10.21037/cdt-20-525
View this article at: http://dx.doi.org/10.21037/cdt-20-525

Introduction there have always been a dichotomy between non-invasive

and invasive techniques; they were complementary and

Imaging in cardiology has been the backbone of clinical most of all coronary imaging was only possible with invasive

decision making (1-24) and also one of the major drivers techniques.

in clinical research (25-32). There is no doubt that many In the early years of this millennium CCT was developed

important steps have been made in clinical cardiology and progressively put in place; over 2 decades it has become

through the application of standard imaging modalities (e.g., a robust clinical method with a very wide spectrum of clinical

echocardiography, SPECT, CMR, Invasive Angiography
with all additional intravascular tools). However, until the

introduction of cardiac computed tomography (CCT),
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application and its clinical role is expanding every year.
CCT’ role has been properly recognized in guidelines (21)
after some major trials (29-32) and spans from diagnosis, to
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Figure 1 CCT of different CAD phenotypes. The figure shows different CAD phenotypes. (A) A normal LAD straightened with axial

section of the vessel. (B) A patient with non-obstructive phenotype characterized by a mixed quality of disease (i.e., concomitant presence of

calcified and non-calcified atherosclerosis). (C) A patient with severe CAD and obstructive phenotype on proximal-mid LAD and ostial D1

which entails a heavy burden of calcified disease. LAD, left anterior descending coronary artery; D1, the 1st diagonal branch; CCT, cardiac

computed tomography; CAD, coronary artery disease.

prognosis, to surveillance, to atherosclerosis phenotyping,
to pre-interventional planning (coronary and structural).
CCT has become the real missing piece of the puzzle to
complete the armamentarium of non-invasive techniques in
cardiology (Figure I).

What we as experienced operator struggle with every
day is somehow to communicate that the previous paradigm
of coronary artery disease (CAD) approach is not there
anymore. Cardiovascular medicine has developed and
underwent a major change driven by technology that today
it is not acceptable anymore to keep thinking in terms of
an ischemia-centric clinical environment. Prevalence of
CAD is increasing but morbidity and mortality are slightly
reducing, the “face” (i.e., the phenotype) of atherosclerosis
is changing because of the changes in our lifestyle, because
of the chronic therapies we assume, because of other factors
we are not completely able to understand. And in addition
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to this there is a very simple concept to really fix in our
mind: “ischemia is not a disease; atherosclerosis is the
disease”; hence, performing early coronary imaging we get
much more than one step closer to the disease we want to
treat and prevent.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/cdt-20-525).

The history leading to the “New Paradigm”
(Figure 2)

In several fields of medicine when we talk and deal with a
disease using tests and imaging methods, we tend to focus
more and more on direct signs of the primary diseases
itself. Modern medicine still starts from signs & symptoms
collected while talking and examining the patient, but as
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Figure 2 Optimal medical therapy vs. percutaneous coronary intervention. The figure shows a simplified version of natural history of CAD

with the two paths of OMT and PCI. OMT, optimal medical therapy; PCI, percutaneous coronary intervention; AMI, acute myocardial

infarction; CAD, coronary artery disease; cFR, coronary flow reserve.

soon as the probability of specific disease increase, we want
to detect, image and possibly quantify/grade the disease.
In many cases we want to exclude the actual disease, which
works fine as well.

For decades this approach in Cardiology and in
particular in the field of coronary heart disease has been
always indirect, until coronary imaging was performed with
invasive tools [i.e., invasive coronary angiography (CAG)].
There was no other way. For a long time, we have told that
looking at atherosclerosis at the level of carotid arteries
was a good way to look at the atherosclerosis of coronary
arteries. Honestly, this is something difficult to accept even
today that this concept has been debunked.

Diagnostic Cardiology was based on signs & symptoms,
Electrocardiogram, treadmill test, echocardiography,
stress SPECT, stress CMR, etc., but none of these tests
was actually looking at atherosclerosis inside the coronary
arteries.

Then, during the late eighties and nineties, electron-
beam computed tomography (EBCT) equipment was
developed and it became possible to directly see very well
coronary calcifications. There was big excitement because
it was possible to see also coronary arteries but well because
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the spatial resolution was too low and images were too
noisy; but calcifications were exciting and extensive studies
were performed that showed in a nutshell that coronary
calcium score (CACS) is a powerful independent predictor
of coronary events in asymptomatic population, especially
useful in individuals with low-intermediate risk; today this
is in the American guidelines on cardiovascular prevention.

At this point, part of the coronary puzzle was available.
But it was a too small piece of information.

In the late nineties and beginning of the new millennium
a new technology was developed. It was multislice
computed tomography (MSCT), which today is just CT.
This technology immediately showed the potential to
perform coronary angiography like any other non-invasive
CT angiography. Several technical issues were progressively
solved through the years concerning speed, radiation dose,
contrast material, contrast resolution, spatial resolution, and
so forth.

In the last decade, the technical development of CCT
became steadier while clinical studies actually exploded
providing very strong and extensive evidence of the role of
the method in clinical practice. Large studies, registries, and
ultimately randomized controlled trials contributed greatly
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Figure 3 Modern algorithm for suspected coronary artery disease. The figure shows how cardiac CT (CCT) has the primary and pivotal
role in defining the CAD phenotype in the first place and off course also the role of defining the degree of obstruction of coronary arteries.
While providing this key information, CCT determines also what happens next. For simplicity we divided the panel into two main areas (i.e.,
a green on the left and red area on the right, representing also the severity of CAD). When we fall on the non-obstructive side of spectrum (left
side) the most relevant information are collected in the light of potential future containment of risk factors and preventative therapies; on the
other hand, when we fall in the obstructive side of the spectrum (right side), we need to go deeper in the functional impact of CAD. ECG,
electrocardiogram; CHD, coronary heart disease; CT, computed tomography; Non Obs, non-obstructive; Obs, obstructive; CAD, coronary
artery disease; CO, coronary opacification; CCO, corrected coronary opacification; TAG, transluminal attenuation gradient; CMR, cardiac
magnetic resonance; SPECT, single-photon emission computed tomography; Echo, echocardiography; PET, positron emission tomography;
CAG, conventional coronary artery angiography; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; FFR,

fractional flow reserve.

in establishing CCT as a primary clinical tool in suspected important question because if affects the way today the
obstructive CAD. Cardiological community still looks at the diagnostic role
of CAG. All the prolific growth of indirect and surrogate
markers for CAD over the past 50 years has been justified
in the fact that CAG was the only method providing direct
What if we had CCT before we had CAG? This is an visualization of coronary arteries. In fact, CAG has several

The new paradigm (Figure 3)
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limitations too, beyond the fact that it is invasive and
therefore not risk-free. It does not show atherosclerosis, it
does not show arterial wall remodeling, it does not show
the inherent features of atherosclerosis that are quite
meaningful nowadays to define what kind of phenotype
are we dealing with, and so forth. For these reasons over
time, several intravascular imaging techniques have been
developed. These techniques are mainly able to fill the
gap in qualitative and quantitative evaluation of coronary
artery wall [e.g., intravascular ultrasound (IVUS), optical
coherence tomography (OCT), etc.]. They proved to
be very useful also in the assessment of pre- and post-
angioplasty/stenting assessment of coronary artery wall and
in the assessment of complications of the procedure.

Unfortunately, the implementation of invasive
intravascular techniques does not solve the problem of
routine coronary imaging. We cannot perform invasive
intravascular coronary imaging because of additional cost,
risk and ultimately, we can do it when we have a good
reason in the context of interventional procedures.

Finally, CCT completed the spectrum of tools. In good
hands, CCT can provide all information of a diagnostic
CAG and beyond because it is able to show, characterize
and quantify plaque burden, beside every anatomical
3-dimensional detail. When we acknowledge the role of
CCT we define also a certain level of competence and
skills which are related to the technical and interpretational
part of the process. It takes a significant amount of time to
adequately prepare a CCT team that will be able to deliver
the expected quality standards.

What happened in the last 2-3 years goes way beyond
the recognition of a reliable diagnostic tool. An alignment of
studies, not all strictly related to the role of CCT, brought
to the inevitable conclusion that CCT is the primary tool to
use.

We will develop the reasoning starting from the latest
evidence and going backwards.

At the end of 2019 the European Society of Cardiology
presented the new guidelines on chronic coronary
syndrome (21); this document finally places CCT in Class
I for the assessment of suspected CAD in symptomatic
patients. Even if this was expected, it was not at all
obvious because there has been strenuous resistance to
this recognition for several years, especially from the side
functional imagers Cardiologist. Almost at the same time,
few weeks later, the preliminary results of the NIH funded
ISCHEMIA trial are presented at the American Heart
Association 2019; this is the most awaited diagnostic trial of
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the last decades in which more than

A total of 5,000 patients with stable angina were followed
for 3.3 years along 2 randomized arms, one treated with
percutaneous coronary intervention (PCI) and one treated
with optimal medical therapy (OMT). PCI resulted to
be not superior in reducing major cardiovascular events
as compared to OMT in stable patients with moderate
ischemia. This result is in line the previously published
COURAGE study in 2007 and in 2015 with 15 years of
follow-up (23,24).

Moreover, already in 2017 the ORBITA study already
showed in 230 stable patients with single-vessel obstructive
disease (>70%) that randomizing them into a sham PCI and
a real PCI in both cases with OMT at 6 weeks there was no
difference in the exercise capacity between the two arms;
this explains the power of placebo effect of PCIL.

More recently the controversial result of the EXCEL
trial has been presented at TCT 2019; this trial showed
no significant difference between the PCI arm and CABG
arm in 1,905 randomized patients in terms of survival at 5
years (i.e., death + stroke + AMI 22% with PCI and 19.2%
with CABG). To strengthen these results, a few days later
also the results of the NOBLE trial have been published
and they showed in 1,201 patients with 5 years follow-up
that patients with left main significant disease have better
prognosis if treated with CABG as compared to PCL

Before this recent flood of clinical information, we
had mainly two major randomized controlled trial that
were specifically designed to verify the role of CCT. The
PROMISE trial and the SCOT-HEART trial (29-32). They
both have patients with suspected obstructive CAD at the
beginning. The PROMISE trial randomized immediately
into anatomical arm (CCT) vs. functional arm (standard
of care/SOC with functional tests), while the SCOT-
HEART randomized a standard of care arm (mostly with
functional tests) vs. the same + CCT; in this case CCT was
simply added to standard of care (29-31). The first results
of the PROMISE trial showed a substantial equivalence of
diagnostic and prognostic performance of the two arms, even
though further analyses with longer follow-ups showed a
better outlook for the anatomical arm (32). What was really
unexpected especially in terms of magnitude was the striking
better prognosis of patients in SCOT-HEART in the arm
with SOC + CCT. Neither in PROMISE nor in SCOT-
HEART the protocol included guidelines on how the manage
or use the results of tests, letting all decisions in the hands
of the referring physicians. In SCOT-HEART, probably for
the first time in history of cardiology, the only fact of using
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a test improved significantly the prognosis of patients. This

have been further investigated and in seems that the effect is

probably attributable to more aggressive medical treatment
in patients with non-obstructive CAD and also better medical
treatment compliance of these same patients.

The combined effect of all this evidence in a relatively
short period of time has changed the paradigm, and it is a
clinical paradigm not a theoretical or hypothetical one. The
following is a very synthetic list of statements to privilege
clarity:

% When there is a significant coronary artery stenosis
and the patient is stable, putting a stent does not
increase survival; it is optimal medical therapy that
plays the most important role;

% Even in patients with significant stenosis of the left
main, using stent instead of bypass surgery does not
improve survival (it is actually worse);

% Itis clear that the role of atherosclerosis imaging is
outpacing by far the role functional tests; it is more
important to see, assess and quantify atherosclerosis
as first step. Functional imaging comes in when
ischemia needs to be evaluated; anyway as a second
step;

% A patient with suspected obstructive CAD should
be referred to CCT as a first step;

% A symptomatic stable patient with no left main
significantly obstructive disease at CCT can follow
an OMT path which can become a PCI and/or a
CABG if OMT is not sufficient;

% The implementation of CCT as primary tool for
Chronic Coronary Syndrome is going to positively
impact the length and the cost of conventional
diagnostic algorithms based on simple tests
including functional tests.

There are some things that should be noted. CCT is
the solution is most situations. In fact, when we propose
CCT as the primary tool we intend that CCT is handled by
super-experienced operators in specialistic environments.
Without the adequate state-of-art expertise CCT loses most
of its advantages (exactly as it happens with CMR).

Newer clinically relevant applications of CCT

While the major paradigm shift is described and mostly
focused on atherosclerosis and plaque imaging and
characterization, there also some new CCT techniques
that have a great potential in clinical routine and that
focus predominantly on the assessment of ischemia. The

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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main applications in this field are CT perfusion (CTP)
and fractional flow reserve CT (FFR-CT). With CTP
we basically apply the same strategy that we apply for
Cardiovascular MR perfusion; we perform dynamic
imaging during first pass of contrast material through the
myocardium to identify regions/segments of slow/late/absent
perfusion, during stress and at rest. With FFR-CT instead
we surrogate the pressure drop after a coronary stenosis
using the CCT dataset normally acquired for the purpose
of anatomical assessment of coronary stenosis; by using
accurate vessel segmentation and advanced fluid-dynamics
algorithm it is possible to derive an FFR value, in analogy
with what is normally performed with an intracoronary
catheter. These two applications have the great potential to
allow CCT to become a one-stop-shop for all patients with
suspected CAD and/or chronic coronary syndrome.

After a new paradigm, do we need new
endpoints? (Figure 4)

Current evidence in terms of diagnostic algorithms
and incremental clinical value point at the fact that
atherosclerosis is the diagnostic and therapeutic target
of modern cardiovascular medicine especially for CAD.
Extensive work has already been performed to progressively
define the role of different components of atherosclerosis as
detected and characterized by CCT (see the CONFIRM,
ICONIC and PARADIGM registries). More work is
undergoing, and even more will be done in the next decade.
Peculiar information can be extrapolated and apparently
the most important ones that today seem within reach of
clinical implementation are total plaque burden and high-
risk plaques identification.

The atherosclerotic plaque features that are more
interesting in terms of routine detectability during CCT
are: total plaque volume, predominantly non calcified
plaque, positive remodeling, napkin ring sign, micro-spotty
calcifications, low density plaque core. These features all
define a high-risk plaque and the risk is incremental when
they are present together.

We need to add to these features some newly discovered
parameters with the potential to further improve risk
stratification, such as epicardial fat quantification and
modification, fractional flow reserve derived methods, and
spectral imaging.

The translational nature of this information is the
possibility to assess the modifications of the characteristics
of atheroma over time, to monitor and eventually quantify
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the anti-atherogenic effect of current (e.g., statins) and
new drugs (e.g., PCSK9), to identify responder from non-
responder to new therapies, and so forth. This whole new
field of imaging-driven personalized medical therapy is
extremely exciting and with great potential especially in the
asymptomatic population.

Conclusions

A new paradigm of early assessment of atherosclerosis
is in place concerning coronary arteries by means of
the introduction in routine clinical practice of CCT.
This change has several implications one of which is the
possibility to address the phenotype of atherosclerosis at
very early stages of the natural history of CAD. Therefore,
we have to modify our design of research studies and
eventually our clinical endpoints during medical and
interventional treatment of CAD.
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