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Abstract: Cardiovascular diseases are the first cause of death globally; early detection of coronary artery 
disease (CAD) is a challenge for clinicians and radiologists. Over the past 2 decades there have been several 
improvements in the methods for the assessment of diagnosis and prognosis in patients with suspected 
CAD; most of these methods are imaging methods and they operate with high-end technologies. Cardiac 
computed tomography (CCT) as we know it today was introduced in 1998 and has ever progressed with 
constant pace. The first decade was the technical validation phase of the method while the second decade was 
the clinical validation phase. CCT has developed an excellent diagnostic and prognostic value; technological 
development together with radiation dose reduction, contributed to the widening of its clinical indications. 
The diagnostic value of CCT is particularly important as a first line in symptomatic patients with suspected 
obstructive CAD and low-to-intermediate cardiovascular risk. It is a test that should come, whenever 
possible, in front of functional evaluation because of its very high sensitivity and negative predictive value. 
The prognostic value of CCt is still investigational, even though it is becoming quite evident that the 
atherosclerotic phenotype plays a major role in the determination of prognosis, and as consequence, in the 
individualization of optimal pharmacological therapy, especially in the cohort without significant obstructive 
CAD. Recently, scientific and practical guidelines have been updated taking into account the role of CCT, 
which is able to provide a reliable and fast diagnosis with an additional resources optimization. Multiple 
registries and trials have been developed and will be summarized in this review. Recent guidelines highlighted 
the role of CCT in diagnosing suspected CAD.
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Introduction

According to World Health Organization, cardiovascular 
diseases are the first cause of death globally; thus, people at 
high cardiovascular risk need early detection of coronary 

artery disease (CAD) to reduce related mortality and 

morbidity (1). Since CAD represents an important cost for 

health services, guidelines and diagnostic workup have been 

modified and updated in the last decades in order to achieve 
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a better and faster diagnosis, in the easier way, reducing 
public costs. The best technique should be the one with 
the highest sensitivity and negative predictive value, with 
the lowest biological and economic costs. Technological 
development achieved by cardiac computed tomography 
(CCT) in the last decades, together with radiation dose 
reduction strategies, contributed to the expansion of 
clinical indications for CCT. Diagnostic accuracy of CCT, 
in the identification of coronary stenosis strictly depends 
on hardware requirements that have improved in recent 
years. The high spatial and temporal resolution, together 
with high scanning velocity and high contrast resolution, 
are crucial for a good cardiac CT scanning. CCT has an 
excellent prognostic value with an excellent sensitivity and 
negative predictive value, close to 100% in more studies 
(Table 1). Several registries and trials have been developed in 
the last decade; they changed, step by step, the prognostic 
paradigm for CAD diagnosis. The purpose of this article is 
to review the diagnostic and prognostic paradigm for CAD 
detection, discussing the results of the principal clinical 
trials over CCT (Table 2).

We present the following article/case in accordance with 
the Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/cdt-20-526).

Methods

Information sources used to write this article are: World 
Health Organization’s data, the site clinicaltrials.gov, 
Medline search, web search discussions with experts in the 

field; hand searches of the references of recovered literature.

Discussion

Prognostic insights of the CONFIRM registry

The CONFIRM (COronary CT Angiography EvaluatioN 
For Clinical Outcomes: An InteRnational Multicenter) 
registry is a large, prospective, observational study of 
patients undergoing CCT. CONFIRM study represents a 
milestone in the diagnosis of coronary heart disease. 

The primary purpose of CONFIRM was to assess the 
prognostic value of CCT findings for the prediction of 
future adverse cardiac events. In particular, the CONFIRM 
aimed to study coronary and non-coronary cardiac findings 
at CCT and integrate them with demographic and clinical 
data in order to refine the risk stratification in case of 
suspected or known CAD. The initial registry cohort 
included patients with suspected CAD who underwent 
≥64-detector row CCT at 12 centres in 6 countries (United 
States, Canada, Germany, Switzerland, Italy, South Korea) 
between 2005 and 2009. The CONFIRM study included 
two phases: a first phase included 27,125 patients (≥18 years 
of age) with a mean follow-up of 2.3±1.1 years for a primary 
endpoint of all-cause death; a second phase included 
4,682 patients in a distinct validation cohort with identical 
elements to phase I and with event follow-up. Furthermore, 
several studies on defined subgroups and topics followed the 
main study (17).

Patients were followed up after CCT in order to 

Table 1 Diagnostic performance of CCT

 Authors CT-Slices
Population 

(n)
Stenosis (%)

Sensitivity 
(%)

Specificity 
(%)

PPV (%) NPV (%)

Nikolaou et al. (2) 64 72 50 97 79 86 96

Ehara et al. (3) 64 69 50 98 86 98 86

Weustink et al. (4) Dual source 100 50 99 87 96 95

Leber et al. (5) Dual source 90 50 95 90 74 99

Meijboom et al. (6) 64 360 50 99 64 86 97

Cademartiri et al. (7) 64 279 50 100 95 76 100

Opolski et al. (8) Dual source 475 50 98 37 67 94

Lee et al. (9) 64 61 50 100 83.3 93.5 100

CCT, cardiac computed tomography.

http://dx.doi.org/10.21037/cdt-20-526
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Table 2 Design of large clinical trials over CCT

Trial Acronym Type of study Design Enrolled patients 

SCOT-HEART 
(10)

Scottish COmputed 
Tomography of the HEART 
Trial (SCOT-HEART)

Interventional (Clinical 
Trial), Randomized, 
multicentre trial

Standard of care plus coronary 
calcium score and CCT, 
versus standard of care alone

Evaluation of suspected angina 
in patients without ACS within  
3 months

PROMISE (11) PROspective Multicenter 
Imaging Study for 
Evaluation of Chest Pain

Interventional (Clinical 
Trial), Randomized, 
Parallel Assignment, 
Open Label

Anatomical testing with 
the use of CCT versus 
functional testing

Previously unassessed 
patients with worsening or new 
suspicious symptoms for CAD 
requiring diagnostic tests

CONFIRM (12) COroNary CT Angiography 
Evaluation For Clinical 
Outcomes: An InteRnational 
Multicenter Registry

Observational, 
Prospective

CCT Patients with suspected CAD 
undergoing CCT for CAD 
assessment as part of the 
standard of care

ICONIC (13) Incident COroNary 
Syndromes Identified by 
Computed Tomography

Observational, 
Case-Control study, 
Retrospective

Serial CCT Patients without prior CAD (no 
revascularization or myocardial 
infarction), and baseline 
CCT with follow-up of ACS. 
Propensity score matched for 
controls

PARADIGM 
(14)

Progression of 
AtheRosclerotic PlAque 
DetermIned by Computed 
TomoGraphic Angiography 
Imaging

Observational [Patient 
Registry], Cohort, 
Prospective

Serial CCT Patients with known or 
suspected CAD who have 
undergone serial CCT 2 years 
after baseline

PLATFORM 
(15)

Prospective LongitudinAl 
Trial of FFRct: Outcome 
and Resource IMpacts)

Observational, 
prospective

Standard practice 
evaluation and treatment 
vs. FFRCT

Patients with suspected CAD

ISCHEMIA 
(16)

International Study of 
Comparative Health 
Effectiveness with Medical 
and Invasive Approaches

Interventional (Clinical 
Trial), Randomized, 
Parallel Assignment, 
Open Label

Routine invasive strategy 
(angiography + OMT) versus 
conservative strategy

Patients with SIHD and 
moderate or severe ischemia 
over an average follow-up of 
approximately 3.5 years

CCT, cardiac computed tomography; ACS, acute coronary syndrome; CAD, coronary artery disease; SIHD, stable ischemic heart disease; 
FFRCT, fractional flow reserve derived from CT.

identify major adverse cardiac events (MACE) and CAD-
related hospitalizations. The presence of CAD diagnosed 
at CCT conferred an increased risk of mortality, compared 
to those with normal coronary arteries. One of the main 
contributions of CONFIRM was the identification of an 
increased risk of death with the severity of CAD identified 
in CCT image datasets. The study distinguished the risk 
according to the age and gender of patients. Patients  
≥65 years showed an increased risk of all-cause death for 
increase of the extent and severity of CAD. On the other 
side, patients <65 years of age had an increased death 
risk with 2- and 3-vessel or left main disease compared 
to patients ≥65 years; non-obstructive or 1-vessel CAD 

mortality had similar rates (18). The women with 3-vessel or 
left main disease presented surprisingly a higher probability 
of death than men; mortality rates did not show significant 
gender differences for the other categories of CAD in 
relation to the extension (18). It is also of great interest to 
observe that patients with normal coronary arteries at CCT 
showed an excellent prognosis, highlighting the importance 
of risk stratification on the basis of CAD assessed with CCT  
(Figure 1) (18).

Villines et al. (19) analysed a population of 10,037 
symptomatic patients without known CAD from the 
CONFIRM registry, who underwent both coronary 
calcium score (CCS) and CCT. They demonstrated that 
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5,128 subjects had a CCS of 0 and among them 84% had 
no CAD, 13% had non-obstructive CAD, and 3.5% had 
≥50% stenosis (1.4% had ≥70% stenosis) at CCT. Any 
obstructive CAD detected by CCT was associated with a 
significantly increased rate of all-cause mortality. A CCS >0 
had an excellent negative predictive value (96%) for stenosis 
identification ≥50%, with a good sensitivity (89%); however, 
specificity (59%) and positive predictive value (29%) were 
lower. Authors demonstrated that among symptomatic 
patients with a 0 CCS, obstructive CAD may be associated 
with increased cardiovascular events. The authors concluded 
that CCS didn’t add incremental prognostic information to 

CCT image datasets in symptomatic patients (19).
Moreover, 1,226 asymptomatic subjects from the 

CONFIRM registry, undergoing both CCS and CCT, 
were evaluated with a 6 years follow-up. Authors 
demonstrated that CCT findings, in asymptomatic patients, 
including coronary stenosis severity, plaque composition, 
and coronary segment location provided incremental 
prognostic utility, beyond traditional risk factors alone. 
Furthermore, authors showed that CCT findings did not 
add any diagnostic benefit if added to a model consisting 
of both CCS and conventional risk factors; in daily clinical 
practice of asymptomatic subjects, it could be enough to 

Figure 1 Association of coronary findings at CCT with different outcome: normal coronary artery (A); calcified non-obstructive plaques 
(B); mixed plaques with moderate stenosis (C); obstructive non-calcified plaque (D); positive remodelling (E,F); unstable plaque with intra-
plaque dye penetration (G,H).

A B C D

E F G H
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perform a CS together with the assessment of traditional 
cardiovascular risk factors (20).

A further sub-analysis of the CONFIRM registry 
evaluated the ability of CCT to predict 5-year mortality at 
different ages. Authors analysed CCT results according to 
age and divided the population into two groups: <70 years 
(n=7,198) and ≥70 years (n=1,786); they found that the 
segment involvement score (SIS) was predictive of mortality 
in both groups. The same study showed that CCT findings 
predicted long-term MACE in both groups (21).

Focusing on the prognosis of chronic total occlusions 
(CTOs), Opolski et al. (22) analysed a population of 22,828 
patients without known prior CAD. Authors showed that 
the CCT identification of CTOs is associated with an 
increase of late myocardial revascularizations; however, 
two-years mortality was comparable to that of patients with 
moderate/severe CAD (22).

Another sub-analysis evaluated the usefulness of baseline 
statin therapy in non-obstructive CAD detected by CCT. 
A gradual increase of risk for all causes mortality was 
found in the general population by stratification of CCS 
after adjustment for covariates. Specifically, the gradual 
relationship between increasing CCS and increased 
mortality was preserved in patients not receiving statins 
at baseline. Patients not assuming statins showed higher 
risks of all-cause mortality according to CCS stratification; 
however, the higher risk was not found in patients with 
CCS =300. Another relevant finding was that the risk of 
MACE was lower in patients already on statin therapy 
compared to the general population. Focusing on CAD, 
a gradual rise of all-cause mortality was observed in the 
general population with increasing stratification of SIS 
after adjustment of covariates. The risk was attenuated by 
statin use at baseline. Furthermore, a stepwise increase of 
the risk of MACE was reported in the overall population 
by increasing stratification of SIS. The results of this study 
were of great clinical relevance because the risk of all-
cause mortality in patients with increasing atherosclerotic 
burden at CCT even in the absence of obstructive CAD 
was modified by the presence or absence of baseline statin 
therapy (23).

Starting from the CONFIRM insights, a clinical 
risk assessment score was also created, the so-called 
CONFIRM score; the CONFIRM score combines 
clinical risk parameters together with the most predictive 
CCT parameters (composition, location and luminal 
narrowing). Hadamitzky et al. (24) demonstrated that 

the best CCT mortality predictors were the number 
of proximal coronary artery segments with mixed 
or calcif ied plaques,  and the number of proximal 
segments with stenosis  >50%. Importantly,  some 
plaque features, studied by CCT, were among the 
largest incremental predictors of coronary risk (24).  
During a 5-year follow-up, Deseive et al. (25) demonstrated 
that CONFIRM score allows a better prediction of 
mortality compared to traditional clinical risk scores (25).

In the setting of patients with diabetes, Rana et al. (26) 
showed a higher frequency of obstructive CAD (37% vs. 
27%, P<0.0001) and a lower probability to have normal 
coronary arteries compared to patients without diabetes 
mellitus (28% vs. 36%, P<0.0001). Another relevant finding 
in diabetics was the presence of a more extensive and severe 
CAD. In particular, diabetic patients with obstructive CAD 
had a ten times higher risk of mortality than non-diabetic 
patients (26).

In a nutshell, obstructive CAD resulted to be associated 
with a significantly increased rate of all-cause mortality 
and MACE. CONFIRM registry highlights that, in 
asymptomatic patients, CCT findings did not add any 
diagnostic benefit if added to a model consisting of both 
CCS and conventional risk factors. In symptomatic patients, 
instead, CCS didn’t add incremental prognostic information 
to CCT and the survival probability worsens with the 
number of coronary arteries involved by obstructive CAD. 
Importantly, patients with normal coronary arteries at 
CCT have no MACE occurrence and present an excellent 
prognosis. Moreover, the CONFIRM registry points up the 
clinical relevance of statin assumption for the reduction of 
all-cause mortality.

Furthermore, the CONFIRM score is a tool of clinical 
utility deriving from the CONFIRM study.

Novel prognostic endpoints with longer follow-up are 
then expected by the estimated completion date of the study 
in January 2026.

Associated features with acute coronary syndrome: the 
ICONIC study

The ICONIC (Incident COroNary Syndromes Identified 
by Computed Tomography) study is a nested case control 
study in patients without known CAD and already enrolled 
in the CONFIRM registry.

The aim of the study was to identify coronary plaque 
features associated with precursors of acute coronary 
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syndrome (ACS). Authors included 25,251 patients with 
no history of CAD (i.e., no revascularization or myocardial 
infarction) undergoing CCT with a mean follow-up of 
3.4±2.1 years. Patients with ACS were matched 1:1 to 
controls with no ACS. Patients with ACS didn’t show 
significant differences from controls for total, calcified 
or fibrous plaque volumes, however they showed more 
fibro-fatty and necrotic core volumes. The maximal cross-
sectional plaque burden was also significantly higher in 
cases than in the controls (66.1%±25.8% vs. 56.5%±28.7%, 
P<0.001), with no significant differences in the mean plaque 
burden. Per-lesion results showed the role of plaque burden 
together with some plaque features. The precursors of the 
culprit lesions showed greater plaque volume and length, 
as well as greater diameter stenosis %, cross-sectional 
plaque burden, composition-specific plaque volumes, and 
prevalence of high-risk plaques (positive remodelling, low 
attenuation plaque, spotty calcification) (Figure 1). Only a 
minority of culprit lesions determined significant narrowing 
of coronary lumen. Patients who experienced an ACS 
showed more prominent atherosclerotic plaque softness; 
however, patients with ACS did not present differences from 
controls for atherosclerotic plaques at sites of bifurcation 
or tortuosity (27). Concerning gender differences, the 
ICONIC study didn’t show any significant differences in 
culprit lesion precursors detected by CCT (28). 

In conclusion, the ICONIC study focuses on the 
characteristics of coronary plaque studied with CCT 
beyond the degree of stenosis, underlying the clinical 
relevance of coronary plaques features. The ICONIC 
study demonstrates the enormous advantage of CCT in 
identifying risk features of coronary plaques in addition to 
the degree of luminal narrowing.

The role of anatomic testing: PROMISE study and SCOT-
HEART trial

PROMISE (Prospective Multicenter Imaging Study for 
Evaluation of Chest Pain) is the first study designed to 
investigate the relevance at an entry level of non-invasive 
anatomical or functional tests in patients with suspected 
CAD. PROMISE study finds out if a test may also influence 
patient’s final outcome. Patients with chest pain at low- 
to intermediate-risk were included and randomized to 
evaluation with an anatomical versus a functional strategy. 
The anatomical test chosen was the CCT, while the 
functional tests were different, with a clear prevalence of 

myocardial perfusion imaging (67%), followed by stress 
echocardiography (22%) and finally by exercise ECG 
stress test (10%). Physical exercise was the type of stressor 
prevalent with respect to the pharmacological one. The 
primary hypothesis of the study was that cardiac events (a 
combination of death from any cause, myocardial infarction, 
hospitalization for unstable angina and major periprocedural 
complications) at 2 years of median follow-up would have 
been significantly lower in the CCT group compared 
to patients assigned to conventional functional strategy. 
However, the study didn’t show significant difference for 
the predetermined outcomes, fully acknowledging the 
functional tests in the initial work-up of symptomatic 
patients for suspected CAD (29). The economic costs of 
CCT were associated with a small, but non-significant 
increase with respect to functional testing (30). 

Secondary end points included a combination of the 
primary end point or invasive catheterization with no 
obstructive CAD, and radiation exposure; exposure to 
ionizing radiation was considered in the 90 days after 
randomization including the exposure due to all procedures 
with ionizing radiation.

The functional strategy compared to the anatomical one 
was associated with a lower incidence of invasive coronary 
angiograms (ICA), even if the functional testing group 
underwent more ICA with no obstructive CAD. More 
patients of the CCT group underwent revascularization 
compared to the other group.

Furthermore, the mean and the overall exposure were 
higher in the CCT group than in the functional-testing 
one, although the median exposure resulted higher in the 
functional testing group (31).

In the same trial authors concluded to support the 
prognostic value of CAD-RADS (Coronary Artery Disease 
Reporting and Data System) as a standard reporting system 
for CCT (32). The role of CCT was not particularly 
emphasized in the PROMISE study; the results are 
somewhat in contrast to other large trials.

PROMISE demonstrates that the non-invasive strategy 
determines a reduction of invasive coronary angiography 
together with a lower overall dose.

The biological costs associated with invasive procedures, 
such as coronary angiography, together with the overall 
dose are important factors to be considered in choosing the 
diagnostic and therapeutic work-up.

The SCOT-HEART (Scottish COmputed Tomography 
of the HEART) trial is a multi-centre randomized 
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controlled trial on the use of CCT in patients with chest 
pain and suspected CAD (33).

In this study 4,146 patients with suspected angina 
pectoris were randomized to standard of care alone or 
standard of care plus CCT; patients were followed-up for 
symptoms, management, and outcomes (33,34). 1,778 
subjects underwent CCT (34). The first outcome of the 
study was the number of patients with a diagnosis of 
angina caused by CAD at 6 weeks. Long-term outcomes 
included death, myocardial infarction, revascularizations, 
and hospitalization for chest pain, cerebrovascular and 
peripheral vascular diseases. Results at 6 weeks reported 
that CCT improved the certainty (RR 2.56, 95% CI: 2.33–
2.79; P<0.0001) and frequency (1.09; 1.02–1.17; P=0.0172) 
of the diagnosis of CAD in the CCT group, if compared 
to the group of standard of care alone; furthermore, an 
increase of certainty (1.79; 1.62–1.96; P<0.0001), in absence 
of effects on the frequency (0.93; 0.85–1.02; P=0.1289), 
of the diagnosis of angina due to CAD was also described. 
The results translated into a variation in planning of 
investigations and treatments. In particular, at 6 weeks the 
diagnosis of CAD had a change in 27% of patients in the 
CCT group (vs. 1% of patients assigned to standard of care 
alone). CCT determined the withdrawal of 121 functional 
stress tests and 29 invasive coronary angiograms (ICA). 
However, CCT determined 94 further ICA. Indeed, CCT 
was not associated with an increase of the proportion of 
coronary revascularizations (34). Moreover, the results of 
SCOT-HEART trial at 5 years were of greater clinical 
relevance than those shown at 6 months. At 5 years’ follow-
up the authors analysed deaths from CAD and the incidence 
of non-fatal myocardial infarctions in 20,254 patients. The 
rate of ICA became similar at 5 years’ follow-up in the two 
groups. Surprisingly, the use of CCT in addition to the 
standard of care in patients with stable chest pain resulted 
in a significant reduction in CAD mortality and number of 
non-fatal myocardial infarctions at 5 years when compared 
to the standard of care alone (35).

Moreover, in considering these data, it must be 
highlighted that CCT group patients received more 
preventive therapies than the other group (35).

Another important finding is that only the 25% of 
patients who underwent CCT showed obstructive CAD with 
the 37% of patients showing normal coronary arteries (34);  
the low number of patients with obstructive coronary 
disease has to be taken into account in considering the 
number of cardiovascular events (35).

The SCOT-HEART Study also addressed the issue 
of non-occlusive atherosclerotic plaque or potentially 
unstable one. Many clinical papers have been published 
in the last decade on the description of the pathological 
characteristics of unstable plaques, but CCT is the only 
non-invasive tool able to display plaque features of coronary 
arteries. One of the main strengths of CCT is its capacity 
to identify atherosclerotic plaque characteristics, beyond 
the ability to identify indirect signs of ischemia. Some 
plaque characteristics have been identified as markers of 
vulnerability: positive remodelling, a large necrotic core, 
spotty calcifications, and a thin fibrous cap have been 
associated with plaque rupture (36,37). Authors of the 
SCOT-HEART demonstrated that the abovementioned 
plaque characteristics were associated with a tripled risk 
of coronary heart death or nonfatal myocardial infarction. 
CCT is able to identify the positive remodelling of 
the coronary arteries, low attenuation plaques, spotty 
calcifications, and the so called “napkin ring” sign (38).

The “napkin ring” sign is a ring finger pattern of 
attenuation in coronary plaques associated with high-risk 
plaque (39-45). Furthermore, adverse plaque characteristics 
were associated with a higher cardiovascular risk score and 
higher CCS. Patients with a CCS ≥1,000 Agatston Units 
showed an increase in coronary events, compared to patients 
without coronary artery calcifications. SCOT-HEART 
trial has proven that deaths due to CAD and nonfatal 
myocardial infarction were tripled in patients with adverse 
plaque features compared to patients without. Concerning 
coronary artery stenosis, patients with obstructive CAD 
had a doubled expectation to suffer from coronary death or 
nonfatal myocardial infarction. Obstructive CAD, together 
with adverse plaques CT features, is responsible of the 
highest event probability of cardiac events (38). ICA has 
the advantage of being an interventional technique, but it 
is unable to visualize plaque features (i.e., unstable plaque 
features of not-occlusive CAD). 

These data are linked to the fact that myocardial infarction 
is a complex and multifactorial disease, where vessel stenosis 
together with plaque features are to be considered.

SCOT-HEART trial points up the unique role of CCT 
in the prediction of cardiovascular events with plaque 
imaging beyond coronary artery stenosis analysis. It also 
demonstrated that the use of CCT in addition to the 
standard of care, in patients with stable chest pain, provided 
a significant reduction in mortality and in the number of 
non-fatal myocardial infarctions at 5 years.
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Effects of statins on plaques: the PARADIGM registry

The Paradigm registry (Progression of AtheRosclerotic 
PlAque DetermIned by Computed TomoGraphic 
Angiography Imaging) is a prospective and multinational 
study. The authors investigated the impact of statins 
on coronary atherosclerotic plaques detected at CCT. 
Pleiotropic effects of statins are well known; they include 
action on endothelial dysfunction, antioxidant and anti-
inflammatory properties, and stabilization of atherosclerotic 
plaques (46). This was a registry of patients who underwent 
serial CCT without history of CAD, with an interscan 
interval of 3.8±1.6 years. Compared to controls, patients 
in therapy with statin showed a lower rate of advancement 
of the atheroma volume, but a more rapid progression 
of calcified volume. Furthermore, patients under statins 
showed a lower rate of progression of non-calcified plaque 
volume and a lower incidence of high-risk plaques. Statin 
treatment doesn’t affect stenosis percentage, but causes 
plaque changes. In particular, statins may cause plaque 
stabilization with calcifications onset and a reduction of 
instability findings (47).

Impact of fractional flow reserve by CCT: the PLATFORM 
study

The PLATFORM (Prospective Longitudinal Trial of FFR: 
Outcome and Resource Impacts) is a prospective cohort 
study that evaluated the impact of fractional flow reserve by 
CCT (FFRCT) in a population of 584 patients with new 
onset chest pain who underwent usual care testing (287 
patients) or FFRCT (297 patients).

Optimal medical therapy (OMT) was encouraged in all 
subjects.

The primary endpoint was the rate of ICA within 90 
days showing non-obstructive CAD in patients with already 
planned invasive testing in both groups.

Secondary endpoints included MACE at 90 days and 
unplanned hospitalization for chest pain followed by urgent 
revascularization.

One of the main results of the PLATFORM trial was 
that, following FFRCT results, ICA was annulled in 61%. 

ICA resulting in non-obstructive CAD was superior in 
usual care arm group compared to FFRCT one and no 
differences were found in the rate of revascularization in the 
two groups (48).

One-year outcome didn’t show differences in term 

of clinical outcome in the two groups, even if costs and 
resource utilization were lower in the FFRCT group (49).

Therefore, FFRCT is still used in a few centres but its 
use could be justified by the reduction of costs and resources 
used.

Breakthrough of CCT in the clinical scenario

Ischemic heart disease is a complex process in which 
atherosclerosis is only one player of a complex disease in 
which ischemic process can take place even without vessel 
stenosis (50).

Starting from this assumption, the dualism between the 
ischemia detection by functional testing and the visualization 
of the coronary stenosis with anatomic CCT are subject of 
an interesting debate. In this context, the recent ISCHEMIA 
(International Study of Comparative Health Effectiveness 
With Medical and Invasive Approaches) trial provided 
further supportive evidence to the use of CCT. The 
ISCHEMIA is a multicenter and randomized controlled trial 
with 5,179 participants with moderate or severe ischemia 
detected on stress testing. Stress tests included myocardial 
perfusion imaging, echocardiography, exercise ECG test and 
cardiac magnetic resonance. Authors aimed to investigate 
what is the prognosis of coronary revascularization (through 
bypass surgery or percutaneous intervention) compared to 
OMT. A blinded CCT was performed in order to identify 
and exclude participants with significant unprotected left 
main disease (≥50% stenosis) or those without obstructive 
CAD (<50% stenosis in all major coronary arteries). 
Patients with stable ischemic heart disease and moderate 
to severe ischemia were randomly assigned to routine 
invasive treatment or to optimal medical therapy, with 
invasive treatment only when OMT failed. The main goal 
of the study was to determine if an initial strategy with 
ICA and appropriate revascularization may reduce cardiac 
events compared to an initial strategy of OMT alone and 
catheterization only in patients with OMT failure (mean 
follow-up 3.3 years). Several endpoints were further included 
in the study such as to determine whether an initial invasive 
strategy can reduce cardiovascular events and symptoms, 
stroke, and all-cause mortality (15). The ISCHEMIA trial 
demonstrated that an initial invasive strategy did not reduce 
the risk of cardiovascular deaths (51). 318 events were 
registered in the ICA group vs. 352 events in the OMT 
group. The event rates were 5.3% vs. 3.4% (ICA vs. OMT 
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groups) at 6 months, and 16.4% vs. 18.2% at 5 years with 
no benefit in term of reduction of mortality or myocardial 
infarction in the ICA group (52,53). However, the OMT 
group was not fully conservative because 23% of patients 
underwent ICA with revascularization. The invasive strategy 
led to a significant reduction in spontaneous myocardial 
infarction and to a better life quality. One of the main results 
that emerge from this study is that the functional testing was 
not always able to identify anatomically stenosis confidently. 
Despite the study was not mainly designed on CCT, the 
ISCHEMIA trial provides further evidences about the use of 
CCT as a first-line test for the assessment of CAD (54). The 
revascularization strategy must be carefully considered also 
with reference to the medical therapy and overall patient’s 
health status (55,56).

The release of the updated National Institute for 
Health and Care Excellence (NICE) guidelines in 2016 has 
revealed in advance this scenario of optimized cost-efficacy. 
The NICE guidelines for the first time recommended the 
use of CCT as the first-line investigation for suspected 
symptomatic CAD (57,58). The high negative predictive 
value of CCT and its low invasiveness represented the 
greatest contributors in CCT expansion. In the past, ICA 
has been considered as the gold standard test to define 
CAD; nonetheless, its economic costs and procedural risks 
represented a brake on its take-off in the daily clinical 
practise, giving even more space to CCT. In the last decade, 
CCT has significantly improved its diagnostic accuracy 
through an enhanced spatial and temporal resolution, as 
well as a substantial reduction of radiation dose exposure. 
The NICE guidelines introduced the use of CCT as a first-
line investigation in all patients with symptoms (atypical 
or typical angina) or with electrocardiographic anomalies 
suggestive of ischemia. The NICE analysed the cost-
effectiveness of different diagnostic tests of CAD (including 
cardiac magnetic resonance, ICA, single-photon emission 
computed tomography, CCT, echocardiography) and 
demonstrated that a first-line testing strategy using CCT 
has the lowest economic cost. Beyond economic issues, 
the ideal diagnostic test should be able to reduce MACE, 
stratifying the risk of patients into different strategies of 
treatment (58). NICE guidelines have several practical 
consequences: first, the need to deliver the required number 
of CCT examinations and therefore the need for adequate 
investments in this field; second, the need to train cardiac 
radiologists in reporting CCT; third, the increase of 
research investments to further reduce the dose of ionizing 

radiations (58).
Another fundamental step forward in the construction 

of the diagnostic pyramid of stable CAD has been achieved 
with the novel 2019 European Society of Cardiology (ESC) 
guidelines (59). 

Non-invasive functional imaging for myocardial 
ischaemia or CCT is recommended as the initial test in 
symptomatic patients in whom obstructive CAD cannot 
be excluded from the clinical evaluation alone (Class Ib). 
CCT is preferred in patients with a lower probability of 
CAD, in absence of previous diagnosis in which there 
is a high probability of obtaining diagnostic images. 
Functional testing for the identification of myocardial 
ischemia is recommended if the CCT has shown results of 
uncertain functional significance or if the examination has 
not been diagnostic (Class Ib). On the other hand, ICA is 
recommended as an alternative test in patients with high 
clinical suspicion, severe symptomatology not responsive 
to medical therapy, or with typical angina triggered by a 
low level of exercise together with a clinical examination 
indicating a high risk of events (59).

Large cl inical  tr ials  over CCT provided novel 
understandings and insights (Table 3), which are fundamental 
for a breakthrough in the work-up of stable CAD (Figure 2).

The direction in which we are going to is that of targeted 
therapy, including pharmacological one, based on the type 
of atherosclerotic disease and patients’ clinical conditions.

The CCT, with its ability to characterize the plaque, 
is able to guide revascularization but also to provide 
indications for the choice of “tailored” pharmacological 
therapy.

The use of the FFRCT, although it requires further 
scientific confirmation, could play an important role in this 
regard, together with technological advances; in this context 
new large trials are required.

Conclusions

The role of CCT has shifted from a technique capable 
of detecting coronary artery stenosis such as ICA to a 
technique capable of plaque characterization. It has been 
demonstrated that the coronary risk is not only linked to 
the percentage of stenosis but also to certain vulnerability 
parameters of plaques. In the last decade, the large trials 
redefined the role of CCT and functional testing.

Further updated documents and guidelines are expected 
over CCT.



1988 Toia et al. Updated diagnostic & prognostic paradigm for CAD

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2020;10(6):1979-1991 | http://dx.doi.org/10.21037/cdt-20-526

CCT: cardiac computed tomography 
CAD: coronary artery diseasc

Anginal chest pain

CCT PROMISESCOT-HEART

Nonobstructive 
CAD <50%

Mild CAD
>50%/<70%

Obstructive 
CAD >70%

Non diagnosticNo CADCONFIRM

Discharge High-risk plaques ICONIC

PARADIGM

Functional 
assessment

ISCHEMIA 
TRIAL

PLATFORM
Prevention 

medical therapy

Revascularization

Figure 2 Breakthrough in the work-up of stable CAD with reference to large clinical trials.

Table 3 Summary of the results of clinical trials over CCT

Trial Target Main results

SCOT-HEART Impact of CCT on current 
standards of care

• Incremental value of CCT on top of standard of care

• Improved diagnosis, treatment and outcome of symptomatic patients with 
suspected CAD using CCT

PROMISE Impact of CCT on current 
standards of care

• Diagnostic and prognostic equivalence of anatomical strategy with CCT versus the 
standard of care with functional testing

• Increase of cardiac catheterizations in the CCT group, despite the decrease of 
catheterizations showing not obstructive CAD

CONFIRM Prognostic value of CCT in 
several patients group

• No MACE in patients with normal coronary arteries at CCT

• Increase of MACE with the severity of CAD (i.e., nonobstructive and obstructive) 
detected at CCT

ICONIC Value of plaque features at CCT 
in acute coronary syndrome

• Association of specific plaque features (i.e., fibro-fatty and necrotic core volumes, 
positive remodeling, low attenuation plaque, spotty calcification) with acute 
coronary syndrome, beyond the degree of stenosis

• No association of total, calcified or fibrous plaque volumes with acute coronary 
syndrome

PARADIGM Progression of CAD at CCT and 
impact of treatment with statins 
on plaques

• Ability of CCT to depict plaque features of instability

• Coronary plaque stabilization detected at CCT in patients treated with statins

PLATFORM Impact of fractional flow reserve 
by CCT (FFRCT) in patients with 
new onset chest pain

• Reduction of invasive coronary angiography following FFRCT

• Reduction of costs and resource utilization after FFRCT

ISCHEMIA Outcome of invasive strategy in 
stable patients with ischemia on 
stress testing

• Similar outcomes of invasive and conservative approaches in stable patients

• Reliability of anatomic testing with CCT for the evaluation of symptomatic patients 
suspected of having CAD

CCT, cardiac computed tomography; CAD, coronary artery disease; MACE, major adverse cardiovascular events; FFRCT, fractional flow 
reserve derived from CT.
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