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Abstract

Coronary computed tomography angiography (CTA) allows increasingly reliable visualization of the
coronary arteries. Over the past two years, several relevant scientific studies on the clinical utility and
prognostic value of CT angiography have been published, and this review will provide a summary of

the currently available data.

Introduction and context

Coronary computed tomography (CT) angiography is
increasingly being used as a tool to visualize the coronary
artery lumen and to identify coronary artery stenosis.
A recent scientific statement from the American Heart
Association [1] and a number of expert consensus
documents suggest CT angiography could rule out the
need for invasive coronary angiography and may help
identify patients in whom invasive coronary angiography
can be safely avoided, especially in clinical settings where
the likelihood of coronary artery stenosis is intermediate
and when testing for ischemia is equivocal [2,3]. In
addition, it has been shown that contrast-enhanced
coronary CT angiography, provided that the image
quality is adequate, allows the identification and, to a
certain degree, the characterization of not only calcified
but also non-calcified coronary atherosclerotic plaque.
The predictive power of coronary calcium, with regard to
both future cardiovascular events and overall mortality,
has been demonstrated in several trials and is undis-
puted [4], however, the lack of prognostic data has been
considered a substantial shortcoming for coronary CT
angiography. Recently, important data bearing on the
prognostic value of coronary CT angiography have
become available. It is important to distinguish three
clinical scenarios, which are outlined below.

Recent advances

Does a CT angiogram negative for stenosis allow

the safe avoidance of invasive angiography

in symptomatic patients?

Gilard et al. [5] studied 200 patients who were scheduled
for invasive angiography either because of chest pain and
a non-contributory stress test or because of a positive
stress test in the absence of symptoms by 16-slice CT. In
18 patients, calcifications were too pronounced to allow
the assessment of the coronary arteries for stenosis, and
in 41 patients CT did not allow stenoses to be ruled out.
In 141 individuals however, CT ruled out significant
coronary stenoses and invasive angiography was not
performed. Over a mean period of 15 months' follow-up
of the initial study, no patients died and only one patient
experienced a coronary event (myocardial infarction 19
months after CT imaging). The event rate of 0.7% per
year is similar to that after a normal invasive coronary
angiogram in the same clinical setting (0.6%) [6], the
authors therefore conclude that it is safe to avoid invasive
angiography in patients with a negative coronary CT
angiogram. Similar results on a smaller scale and with
somewhat less well-defined patient inclusion criteria
have been reported by Lesser et al. [7] and Gaemperli
et al. [8].
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In another noteworthy study, Danciu et al. [9] analyzed
the outcome of 426 patients who were symptomatic and
had a positive (intermediate-risk) single photon emis-
sion CT (SPECT) scan. In all patients, a 64-slice coronary
computed tomography angiography (CTA) was incorpo-
rated as the next step of clinical management; this
allowed coronary artery stenoses to be ruled out or
demonstrated coronary occlusion not requiring revascu-
larization in a total of 343 patients, who subsequently
underwent medical management instead of invasive
angiography. Over a mean follow-up period of 15
months, only six invasive angiograms were performed
in the 343 patients initially referred for medical
treatment based on a ‘negative’ CT scan, and only one
of these six angiograms resulted in revascularization. No
patients died. Again, the authors conclude that a negative
coronary CT angiogram identifies patients in whom
invasive angiography can be safely avoided.

Finally, in a very recent study that included data from
more than 6.5 million patients, Min et al. [10] demon-
strated that the downstream costs of patients undergoing
coronary CT angiography as a test to assess previously
unknown coronary artery disease was 26% lower than
that of similar patients who underwent nuclear myocar-
dial perfusion scans.

The use of CT angiography also seems attractive in the
setting of acute chest pain. Many patients with acute
chest pain with initial suspicion of an acute coronary
syndrome turn out not to have any coronary artery
disease. Therefore CT angiography might be a very
attractive rapid imaging test to identify individuals who
do not have coronary artery lesions in the setting of chest
pain, with the assumption that such individuals may
then be rapidly discharged. While several trials have
investigated the accuracy of CT angiography in identify-
ing coronary stenoses in the setting of acute chest pain
[11,12], only one small trial has followed patients with
chest pain who were discharged without any further
testing after CT angiography had been used to rule out
coronary artery stenoses [13]. Out of 58 patients, CT
angiography ruled out significant coronary stenosis in
35 patients, and over a 15-month follow-up period, only
one late revascularization and no cardiac death or
myocardial infarction occurred. Of course, much larger
studies are needed to validate the prognostic value of
coronary CTA in this important clinical setting.

Is the presence of coronary plaque, and not only

stenosis, predictive of future cardiovascular events

in symptomatic patients?

Since many acute cardiovascular events are caused by
the erosion or rupture of non-obstructive coronary
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atherosclerotic lesions, and CT angiography has the
potential to identify such lesions, it is an interesting and
important question whether the presence of plaque -
and not only of significant luminal stenosis - is
predictive for future cardiovascular events. Recently,
Min et al. [14] published a single-centre cohort study of
1127 patients, >45 years old with chest symptoms, who
were studied by contrast-enhanced 64-slice coronary CT
angiography and followed for all-cause mortality over a
mean period of 15 months. The authors demonstrate
that the following were significantly predictive of all-
cause mortality: the presence of any stenosis with a
diameter reduction >70%, the presence of stenoses in the
left main coronary artery, and also the presence of plaque
in at least five coronary artery segments, whether obstruc-
tive or non-obstructive. These initial studies indicate that
plaque detected by CT may be of prognostic relevance.
However, it is important to note that very small amounts
of plaque were not predictive of mortality in this study
(which had a relatively short follow-up period).

Is the presence of coronary plaque predictive of future
cardiovascular events in asymptomatic individuals?
Because of the lower overall event rates, predicting acute
coronary syndromes in asymptomatic individuals is
more difficult than in symptomatic patients. Coronary
calcium is predictive for future events even in unselected
population samples [15], but this has not yet been
shown for coronary CT angiography. In fact, a recent trial
of 1000 middle-aged asymptomatic Korean individuals
(with a mean age of 50 years) was not able to identify
any prognostic value of coronary CT angiography over a
17-month follow-up period [16]. Of the study partici-
pants, 22% had detectable coronary atherosclerotic
plaque, but only 15 events occurred. One patient
required hospitalization for unstable angina and 14
individuals underwent revascularization (all but one as a
result of and within 90 days of the CT examination). No
deaths occurred. Therefore, this study in low-risk
individuals was not able to demonstrate a prognostic
benefit of coronary CT angiography.

Implications for clinical practice

The ability to detect not only coronary stenoses but also
non-obstructive coronary atherosclerotic plaque in a
non-invasive fashion makes CT imaging a potentially
interesting tool for risk stratification. The rapid techno-
logical evolution of CT makes it difficult to obtain long-
term data, but several trials concerning the prognostic
value of CT angiography have become available and
provide some guidance. There is evidence that even in
symptomatic patients and in the setting of intermediate-
risk stress tests, a CI' angiogram that allows coronary
arterial stenosis to be ruled out is associated with a very
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good prognosis and permits invasive angiograms to be
safely avoided. All the same, in symptomatic patients not
selected for pre-test likelihood of coronary artery disease,
substantial amounts of non-obstructive plaque may be
associated with increased mortality. Asymptomatic
individuals, however, do not seem to benefit from CT
angiography as a test to assess their prognosis. “Screen-
ing' applications should, therefore, not be encouraged.

Abbreviations

CT, computed tomography; CTA, computed tomography
angiography; SPECT scan, single photon emission CT
scan.
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