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Max Planck once said that “A new scientific truth does 
not triumph by convincing its opponents and making them 
see the light, but rather because its opponents eventually 
die, and a new generation grows up that is familiar with it.”  
In its beginnings, coronary computed tomography angiography 
(CCTA) was accused of having too low accuracy for the 
diagnosis of obstructive coronary artery disease (CAD) to be 
used in clinical practice. Over the last decade, major technical 
developments such as larger axial coverage (from 2 cm to 
16 cm) and improved temporal resolution, have enabled CCTA 
to become by far the most accurate non-invasive imaging 
method for diagnosis of obstructive CAD, with sensitivity and 
specificity of approximately 95% and 90%, respectively.1

Then CCTA was burdened with the accusation of exposing 
patients to radiation doses so high, that warranted some 
society guidelines to specifically point this out and limit its use.  
At that time, CCTA exposed patients to doses ranging from 20 
to 25 mSV, while triphasic abdomen CT exposed patients to 
30 to 40 mSv and scintigraphic myocardial perfusion studies 
with Thallium used up to 40 mSv. In 2018, radiation exposure 
from CCTA dropped to well below 5 mSv (most advanced 
clinical centers use much less), a fraction of the dose used 
in myocardial perfusion studies with MIBI tetrophosmin.2 
Then the cost-effectiveness wave came with societies 
rightfully demanding proof that CCTA offered more value at 
an acceptable cost compared to other imaging modalities, 
and CCTA once again proved to be more cost-effective than 
other modalities.3 Although one hardly finds cost-effectiveness 
studies comparing nuclear scans with ECG treadmill tests, 
providing better diagnosis performance is not enough 
anymore. More recently, this strategy has even been put into 
challenge in large randomized clinical trials comparing CCTA 
with the standard of care in the investigation of suspected CAD 
both in the acute and in the outpatient settings.4-9

But then CCTA adoption had to face another hurdle. 
People started demanding that CCTA, a diagnostic study, should 
demonstrate that it would alter clinical outcomes. Let’s stop 
here for a moment: a diagnostic study makes the diagnosis. 
It does not provide the cure, but it could lead to changes in 
therapy which could eventually lead to improved outcomes. 
As such, although a CCTA study is not therapeutic, it could 
guide and inform therapeutic decisions. Measuring  blood 
pressure was never proven to alter clinical outcomes, treatment 
did. The same with cholesterol measurements, ischemia 
testing and resting ECG recordings. And yet, everybody has 
always rightly assumed that diagnosis is a fundamental part 
of sound medical practice and an angular stone of clinical 
management. Cardiovascular disease, predominantly in the 
form of atherosclerosis and hypertension, starts as early as 30 
or 40 years, silently progressing across the years to finally kill 
around one-third of the adult population in the developed 
world. The conventional strategy “to sit and wait” until patients 
present with symptoms certainly misses the golden period of 
the early disease, when treatment is much more efficient and 
less expensive. Early detection and diagnosis of atherosclerosis 
using CCTA, might lead to significant downstream changes 
which could consequently improve outcomes.

Despite those initial criticisms and the sceptical view 
of the use of CCTA in the investigation of suspected CAD, 
the evidence supporting its clinical use has been steadily 
increasing over the years. From the initial studies defining 
the technical feasibility and accuracy of CCTA, followed by 
the development of techniques aimed at reducing radiation 
dose and improving imaging quality, CCTA has evolved to 
be part of the routine armamentarium for the investigation 
of suspected CAD. More recent evidence has led a wide 
variety of interpretations, as CCTA lead to an increase in the 
diagnosis of CAD, accompanied by a 31% reduction in the 
rate of myocardial infarction, while also being associated 
with a modest increase in the use of invasive coronary 
angiography (ICA) and revascularization, according to a recent 
meta‑analysis.6 The potential impact of those findings have 
recently been enhanced by the publication of the 5 years 
follow up data of the SCOT-HEART trial.5

The SCOT-HEART study randomized more than 
4,000  individuals with symptoms suggestive of CAD to 
usual care (UC), which includes the use of stress treadmill 
testing or nuclear perfusion studies, versus UC combined 
with CCTA. In their initial report in 2015,9 the authors 
demonstrated that the use of CCTA led to change in the 
initial clinical diagnosis in more than one in every four 
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patients. It is particularly interesting to note that this was 
driven by an increase in the prevalence and certainty for 
the diagnosis of CAD overall, but also by an increase in 
certainty with a decrease in the prevalence of angina due 
to CAD. Those changes in diagnosis also led to meaningful 
changes in the management of this population.

When compared to the UC arm, the addition of CCTA 
resulted in a changed in the use of additional testing in 15% of 
the population (vs. 1% in the UC), and the use of medications 
in 23% (vs. 5% in the UC, p < 0.001) for both. It is particularly 
important to dissect those changes to appropriately understand 
the impact of CCTA on the initial management of this 
population. The additional information provided by the 
CCTA improved diagnostic certainty both due to the increase 
and decrease in the likelihood of disease after a positive and 
negative CCTA result, respectively. Thus, for the downstream 
use of diagnostic testing in the UC group, upon the 6-week 
return visit, there were overall 6 additional stress imaging tests, 
8 ICAs performed and only one ICA cancelled. On the other 
hand, in the UC + CCTA group there were 121 stress imaging 
tests, 29 ICA cancelled, 5 additional stress imaging tests and 
94 ICA tests performed. Collectively, this suggests that these 
differences in downstream additional testing were the result 
of additional information provided by the CCTA. 

A similar pattern of change was also noted on the use of 
medications in both groups. In the UC there was minimal 
cancellation of preventive and antianginal medication (0.4% 
and 0.3% of patients, respectively), but a significant increase 
in its use (4.1% and 0.5% patients, respectively). On the 
other hand, a much larger shift in the use of medications was 
noted in the UC + CCTA arm, in both directions and both for 
preventive and antianginal medications. Those medications 
were started in 14.1% and 4.0% individuals, respectively, and 
stopped in 3.7% and 5.4% individuals, respectively. It is also 
worth noting that those results might underestimate the true 
changes in management, as the authors did not capture changes 
in medication dose/intensity, nor were any documentation of 
changes in non-pharmacological therapy available. Importantly, 
the changes in revascularization did not reach statistical 
significance, though they were numerically more frequent in 
the UC + coronary CTA arm (11.2 vs. 9.7%, p = 0.06).

It is important to highlight that even this extent of detail in 
medication change during the course of the SCOT-HEART study 
still overly simplifies its potential impact in event reduction.  
The actual change in therapy cannot be fully appreciated 
simple by counting the number of individuals who underwent 
changes in prescription without qualitative information on this 
population. Individuals in whom therapy was reduced were, in 
general, individuals with no or mild coronary atherosclerosis, 
whereas individuals in whom therapy was increased were 
individuals with more extensive and severe CAD. Thus, therapy 
was targeted and individuals more likely to derive benefit.

Despite those changes in management, the initial publication 
of SCOT-HEART left some gaps in the understanding of 
the impact of those findings, as both groups had similar 
improvement in the angina frequency and stability after 
6 weeks, and the changes in hard outcomes did not reach 
formal statistical significance despite the almost 40% reduction 
in events noted in the study. Those results were questioned 

even further as the concurrent U.S. based study PROMISE, 
published simultaneously, showed no difference in outcomes 
in individuals with suspected CAD investigated with coronary 
CTA vs. UC, which in the U.S. was mostly based on imaging 
stress testing. However, several differences between the two 
studies justify differences in the findings, from differences in 
patient population, age, sex, symptoms, as well as pre-test 
probability of disease. Additionally, differences in medication 
changes during the follow up were noted. While care after 
testing was left at the discretion of the attending physician 
in both trials, SCOT-HEART had a structured protocol to 
recommend preventive medical therapy to individuals with 
non-obstructive CAD on the coronary CTA, whereas PROMISE 
did not make any recommendations.10

The trend in outcomes reduction documented in 
SCOT‑HEART was further replicated in a meta-analysis and 
in a large Danish registry.5,11 In both studies an increase 
in revascularization was also noted, and the Danish study 
also demonstrated that a concurrent increase in the use of 
preventive therapy (aspirin and statin) was noted.

Yet, none of those results led to nearly as much repercussion 
on the topic as the recent publication of the 5-year follow 
up of the SCOT-HEART.12 In the longer term follow up of the 
same cohort of patients, several important differences need 
to be highlighted. First, with the larger number of events, 
there is a higher precision on the estimates of benefit, and 
a 40% reduction in the rate of coronary heart disease death 
or myocardial infarction (p < 0.004) was now documented.  
A second important finding of the study is the fact that the 
initial increase in the rate of ICA and revascularizations was 
no longer seen at 5 years. While the rate of ICA was 23.6% 
in the UC + coronary CTA arm, it was 24.2% in the UC arm 
(hazard ratio: 1.00, 95% confidence interval 0.88 – 1.13). 
This fact occurred as the UC arm had higher rates of ICA and 
revascularizations after the initial evaluation. Using a landmark 
analysis with a starting point at 12 months, the UC + CCTA arm 
had a 30% reduction in the rate of ICA through 5 years and a 
40% reduction in late revascularizations when compared to UC.

Another relevant aspect of SCOT-HEART is that 
approximately half of the myocardial infarctions occurred 
in individuals without the obstructive coronary disease. 
Although it is well known that nonobstructive plaques may 
be responsible for a significant proportion of those events, 
no study had provided data on its prevalence in lower risk 
stable individuals until these recent CCTA studies. This finding 
highlights the need to incorporate the investigation of 
nonobstructive CAD, regardless of the presence of ischemia 
(and perhaps symptoms), as those findings can have significant 
clinical impact and should prompt pharmacological and 
non‑pharmacological interventions.

The recent NICE guidelines from the United Kingdom 
delineates CCTA as a first line test for the investigation 
of suspected CAD, regardless of the pretest probability of 
disease.13 The findings from SCOT-HEART, along with the 
results of Danish registry,11 as well as cost‑effectiveness 
analyses14 a l l  support the NICE guidel ines in i ts 
recommendation. Together they provide a consistent and 
sound body of evidence to challenge the current clinical 
practice recommendations. As a medical community, we 
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need to embrace these changes and to challenge ourselves 
whether there is any rationale not to consider CCTA as a 
first line strategy for the investigation of individuals with 
suspected obstructive CAD.
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