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Coronary Angiography and Stress Myocardial Computed Tomography

Perfusion: a Clinical Reality

Coronariografia y perfusion miocardica de estrés mediante tomografia computarizada: una

realidad clinica
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The reference standard for diagnosing coronary artery
disease is conventional coronary angiography. This is
an invasive and not free of complications technique,
which is still performed for purely diagnostic purposes
in a large number of patients who do not really require
it. (1) This has led to the search for diagnostic alterna-
tives that help in clinical management and that allow
better selection of subjects requiring this procedure.

We present the case of a 70-year-old patient with
hypercholesterolemia as the only cardiovascular risk
factor without medical treatment, who had an active
life, varied diet and occasional alcohol consumption.
His brother had died of a heart attack at 55 years of
age and his sister was diabetic.

He came to the clinic for cardiological evalua-
tion due to episodes of chest tightness for the past
3 months. The tightness appeared during exertion,
when walking quickly or climbing a hill, and subsided
with rest. In the last week symptoms had been more
serious, with greater chest tightness and dyspnea
when walking.

Physical examination revealed a blood pressure of
150/85 mmHg. Cardiac and pulmonary auscultation
was normal with no signs of heart failure. The ECG
showed sinus rhythm of 67 beats per minute, horizon-
tal axis, normal PR interval and narrow QRS complex.
Lab test showed total cholesterol of 234 mg/dL, with
an LDL cholesterol of 166 mg/dL. The chest x-ray was
normal.

A coronary computed tomography angiography
(CCTA) was requested to study the symptoms report-
ed by the patient (Figure 1). The right and circum-
flex coronary arteries were diffusely ill, with calcified
and non-calcified plaques that caused <50% stenosis.
A large calcified and non-calcified plaque of about 23
mm length was observed located in the mid left ante-
rior descending coronary artery, at the ostium of the

diagonal branches, that caused lumen stenosis of 70-
99%. Given these findings, it was decided to complete
the exploration using stress CT-perfusion with a vaso-
dilator drug (regadenoson) (Figure 2). The test was
positive for myocardial ischemia in the territory cor-
responding to the left anterior descending coronary
artery. The study was classified as CAD-RADS 4A/P3/
I+ (corresponding to severe stenosis with a large size
plaque and demonstration of ischemia). With this re-
sult, the patient was referred to the Hemodynamics
service, where a catheterization, that confirmed the
serious lesions described in the CCTA (Figure 2), was
performed. The first stenosis was treated with stent
implantation. The most distal lesion could not be
treated percutaneously because the vessel was sub-oc-
cluded. Finally, it was treated by aortocoronary bypass
surgery with a graft from the left internal mammary
artery to the mid left anterior descending coronary
artery and from the saphenous vein to the diagonal
branch.

CCTA has become the reference standard to evalu-
ate the coronary tree in a non-invasive, reliable and
accurate way. Specifically, given its ability to rule out
coronary artery disease, this technique plays a very im-
portant role in the management of patients with chest
pain, as demonstrated in the SCOT-HEART (Scot-
tish Computed Tomography of the Heart), PROMISE
(Prospective Multicenter Imaging Study for Evalua-
tion of Chest Pain) and DISCHARGE (Diagnostic Im-
aging Strategies for Patients with Stable Chest Pain
and Intermediate Risk of Coronary Artery Disease)
studies. Thus, the most current international guide-
lines and recommendations consider CCTA as the im-
aging technique of choice for the clinical management
of patients with chest pain, especially when they have
a low or intermediate pretest probability of suffering
from coronary heart disease. (2,3) The great limita-
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Fig. 1. Coronary CT angiography. A, B: Multiplanar reconstructions of the left anterior descending coronary artery. C, D: Recon-
structions perpendicular to the long axis of the vessel. E. Curved planar reconstruction. F. Kinematic volumetric reconstruction.
The study demonstrated 70-99% stenosis in the mid third of the left anterior descending coronary artery, which involves its origin
(arrowhead) and second diagonal branch (hollow arrow).

Fig. 2. Coronary CT angiography, stress CT-perfusion study and conventional coronary angiography. A. Kinematic reconstruc-
tion of the coronary tree. B, C, D. Short axis (B), three-chamber (C), and four-chamber (D) stress CT-perfusion reconstructions.
E. Conventional coronary angiography. CCTA demonstrated two points of 70-99% stenosis in the mid third of the left anterior
descending artery (hollow arrows in A). The study was completed with stress CT-perfusion to assess its functional significance,
demonstrating inducible ischemia in septal segments (arrowheads). Based on these findings, the test was classified as CAD-RADS

4A/P3/1+. Conventional coronary angiography confirmed the CCTA findings (hollow arrows in E).

tion of the technique is its relative low specificity, for
example, in patients with extensive coronary calcifica-
tion or stent. In these cases, it is not uncommon to
have to resort to functional techniques to complete
the study and demonstrate the presence of ischemia:
stress echocardiogram, stress magnetic resonance im-
aging, single photon emission computed tomography
(SPECT) and positron emission tomography (PET).
Therefore, the most recent advances in CT have
allowed for this technique, in addition to providing
detailed information of the arterial coronary system,
to understand the functional meaning of a coronary

stenosis, either by applying artificial intelligence algo-
rithms and principles of computational fluid dynamics
to CCTA images (known as FFR-CT) or by performing
a myocardial perfusion study using the CT equipment
itself (CT-perfusion) under stress induced by a vaso-
dilator drug.

In general, compared with the rest of the ischemia
detection tests, CT-perfusion provides anatomical and
functional information integrated in a single exami-
nation. The acquisition is fast, has submillimeter spa-
tial resolution and allows perfusion to be quantified
with precision given the linear relationship between
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the amount of iodinated contrast and the attenuation
of the myocardial tissue. The limitations of perfusion-
CT include the use of ionizing radiation, possible arti-
facts, both due to movement as hardening of the X-ray
beam, and the need to use specific software to inter-
pret the study.

In the present clinical case, the incremental diag-
nostic value of CT-perfusion compared with CCTA is
demonstrated and it can be seen that adding CT-per-
fusion to CCTA allows increasing the specificity of the
test. In this sense, there are several works that advo-
cate completing CCTA with a CT-perfusion study. For
example, the CRESCENT-II (Comprehensive Cardiac
CT Versus Exercise Testing in Suspected Coronary
Artery Disease 2) study concludes that, in patients
with stable chest pain, the combination of CCTA and
CT-perfusion in subjects with =50% stenosis is an ef-
fective alternative to conventional traditional meth-
ods of detecting ischemia, with which a significantly
higher proportion of catheterizations with an indica-
tion for coronary revascularization (88% vs. 50%; p=
0.017) (4) is achieved.

The results of the work carried out on CT-perfu-
sion are incorporated into the most recent cardiac CT
guidelines, which indicate that it may be appropriate
to perform CT-perfusion to evaluate the functional im-
portance of intermediate stenosis detected on CCTA
(stenosis of 30-90% diameter), particularly in the con-
text of multivessel disease, to help select patients who
require conventional coronary angiography, and to
plan revascularization treatment. (5) Additionally, the
updated recommendations of the standardized CCTA
report (Coronary Artery Disease Reporting and Data
System, CAD-RADS 2.0) includes CT-perfusion as-
sessment of ischemia as a new modifier (modifier I of
ischemia), pointing out that this technique allows the
exclusion of myocardial ischemia in moderate coro-
nary stenosis (50 to 69%) or in suspected severe cor-
onary stenosis (=70%) with dense calcified or mixed
plaques, avoiding additional later tests. (6)

In conclusion, CCTA allows us to exclude coronary
heart disease with great reliability, but has low diag-
nostic specificity. Taking into account that the clini-
cal benefit of revascularization is limited to lesions
causing ischemia and not only to quantify the degree
of coronary stenosis, CT-perfusion plays an impor-
tant role and has great added value in patients with

proven coronary stenosis demonstrated by CCTA, not
only from a diagnostic point of view (by increasing
the precision and predictive value of the test) but also
in risk stratification, prognostic assessment and for
therapeutic decisions.
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