ABSTRACT: Coronary computed
tomographic angiography utilizing
multidetector technology allows for
the noninvasive detection and quan-
titation of coronary artery disease at
a significantly higher level of safety
and at a lower cost than catheter
coronary angiography. In addition,
this imaging modality provides infor-
mation about cardiac structure and
function. Appropriate patient selec-
tion is crucial to the optimal use of
this technology.
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Certain patients may benefit from a noninvasive imaging tech-
nique that detects coronary artery disease and provides informa-
tion about cardiac structure and function.

oronary computed tomogra-

phic angiography (CCTA) is

performed by injecting an
intravenous contrast agent and then
imaging the heart during a single
breath hold utilizing multidetector
(MDCT) technology. This new clini-
cal tool allows for the noninvasive
detection and quantitation of coronary
artery disease (CAD) at a significantly
higher level of safety and at a lower
cost than conventional invasive coro-
nary angiography. In addition, CCTA
provides information related to cardiac
structure and function.

Case report
A 62-year-old dyslipidemic man with
no previously documented coronary
artery disease presented with a 2-year
history of atypical chest pain that had
increased in frequency and severity for
the preceding 3 months. Echocardiog-
raphy as well as an exercise myocardial
perfusion study (MIBI stress test) were
reported as normal, with an exercise
time of 8 minutes using the Bruce pro-
tocol. The patient was taking ASA and
trazodone at the time of presentation.
Further clinical examination revealed
no other pertinent information.
CCTA (X)) revealed the

proximal right coronary artery to be
occluded, with distal reconstitution of
the vessel. The left-sided circulation
demonstrated moderate atherosclerotic
plaque burden but no flow-limiting
stenoses. There was inferior wall hypo-
kinesis; however, the left ventricular
ejection fraction and left ventricular
mass were normal (GENEE]). The
ejection fraction and hypokinesis
were assessed on the basis of a loop-
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ing video image of the heart at multi-
ple phases of the cardiac cycle, which
allowed for assessment of wall motion.

Drug therapy, consisting of a beta-
blocker, angiotensin converting en-
zyme inhibitor, and a statin, was intro-
duced. The patient was then referred for
catheter coronary angiography
(EEMEE)). This confirmed the pres-
ence of an occluded right coronary
artery, which was successfully treated
with angioplasty and stenting. The
patient’s chest pain subsequently
resolved.

Technique

CCTA can be performed on units with
16 or more detector rows. However,
recent studies have demonstrated sig-
nificantly improved sensitivity and
specificity for lesion detection when
64-detector technology (64-CT) is uti-
lized."™ Close to 100% of coronary
arteries greater than 1.5 to 2.0 mm in
diameter are reportedly assessable with
64-CT, whereas studies with 16-CT
report only 70% of similar vessels are
assessable.’

The rapid acquisition time required
to successfully image the small, tor-
tuous coronary arteries without
motion artifact relates to the speed at

Figure 3. Invasive coronary angiography
image of the same patient demonstrating
occlusion of the proximal right coronary
artery with distal reconstitution.
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Figure 1. CCTA image of 62-year-old patient demonstrating occlusion of the proximal right
coronary artery with distal reconstitution.
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Figure 2. CCTA functional analysis of the same patient revealing a left ventricular ejection
fraction of 62% with inferior wall hypokinesis.
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which the bank of detectors (gantry)
rotate around the patient. Gantry rota-
tion time for 64-CT scanners is typi-
cally 330 to 400 ms, compared with
400 to 500 ms for 16-CT. The greater
number of detectors with 64-slice tech-
nology results in improved spatial res-
olution, equaling 0.4-mm slice thick-
ness.

CCTA typically involves intra-
venous injection of 90 mL of an iodi-
nated contrast agent followed immedi-
ately by a saline flush. This volume is
similar to that required for diagnostic
coronary angiography. Imaging is per-
formed during a single breath hold,
with a study acquisition time of ap-
proximately 10 seconds for 64-CT and
approximately 30 seconds for 16-CT.

Because image quality improves
with lower heart rates, beta-blockers
are often utilized in individuals with
heart rates above 65 beats per minute.
Sublingual nitroglycerin is given im -

mediately before the exam because of
its coronary vasodilatory effect.

The acquired images are viewed
directly and also reconstructed in mul-
tiplanar two- and three-dimensional
formats for coronary artery assessment
(). Unlike catheter angiogra-
phy, which is basically a “lumino-
gram,” CT angiography potentially
allows for the characterization of
plaque composition, including positive
remodeling and necrotic lipid core, two
factors associated with plaque instabil-
ity. While CCTA is not able to reli-
ably and consistently diagnose plaque
as “vulnerable” or unstable, it does
permit additional analysis that can
evaluate ventricular function and deter-
mine left ventricular mass. The visu-
alized noncardiac anatomy can be eval-
uated for pathology, with common
findings including pulmonary nod-
ules, hiatal hernias, and focal liver
lesions. Of note, approximately 16%

Figure 4. Three-dimensional multiplanar reconstruction of normal coronary artery anatomy

(LAD = left anterior descending; D1 = first diagonal branch of the LAD; RCA = right coronary
artery; OM 1 = first obtuse marginal branch of the circumflex).
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of individuals are found to have sig-
nificant noncardiac findings.°

The utility of CCTA in an emer-
gent setting is currently being evalu-
ated in the hope that it can be used to
rule out an acute coronary syndrome,
aortic dissection, or pulmonary em-
bolism in individuals with atypical
presentations. Recently, a number of
hospitals in the Lower Mainland and
Victoria have started performing
CCTA with 64-CT scanners. Cana-
da Diagnostic Centres in Vancouver is
the only private facility in British
Columbia currently performing 64-
CT. More than 250 patients have had
CCTA performed at the centres so far.

Technical limitations

and risks

CCTA is technically limited in pa-
tients who have a fast or irregular heart
rate (owing to motion artifact). It is
also limitedin patients with extensive
coronary calcification, which limits
visualization of the lumen, andin very
obese subjects, whose obesity de-
grades image quality.

CCTA requires a radiation dose in
the range of 8 to 15 milliSieverts.’
Other frames of reference include co-
ronary artery calcification scoring (1.3
mSv), routine abdominopelvic CT
imaging (10 mSv), myocardial perfu-
sion imaging (8 mSv for technecium-
99m and 18 mSv for thallium-201),
invasive coronary artery angiography
(6 mSv),” and average annual back-
ground radiation (2 mSv in Vancou-
ver).

The use of an intravenous contrast
agent is associated with a small risk of
anaphylactoid reaction and nephropa-
thy. Discomfort or bruising at the vein
injection site (usually the forearm or
hand) may also occur.



Coronary computed tomographic angiography in British Columbia: A review

Indications

The most common indications for

CCTA are:

* Atypical chest pain.

* Equivocal or inconclusive noninva-
sive cardiac testing.

e Interval assessment of documented
coronary artery disease.

* Assessment of coronary artery stents
and bypass grafts.

* Unexplained left ventricular systolic
dysfunction.

* Preoperative assessment of valvular
heart disease.

* Multiple strong risk factors but no
previously documented coronary
artery disease.

The contraindications for CCTA
are:

» Extensive coronary artery calcifica-
tion (e.g., Agatston score > 1500).

* Chronic renal disease of sufficient
severity to prohibit use of intra-
venous contrast agents (calculated
GFR < 30).

e Irregular or rapid heart rates (e.g.,

atrial fibrillation or frequent ventric-

ular or supraventricular ectopy).

Allergy to intravenous contrast

agents.

Inability to hold breath or remain

motionless for 10 seconds.

* High likelihood of requiring percu-
taneous coronary intervention.

Correlation with invasive
coronary angiography

Raff and colleagues studied 70 consec-
utive patients who underwent both 64-
CCTA and invasive coronary angio -
graphy.' In 935 of 1065 segments
(88%), high correlation was observed,
with a Spearman correlation coeffi-
cient of 0.76 (P<.0001). The CCTA
results were assessed for sensitivity
(sn), specificity (sp), positive predic-
tive value (ppv), and negative predic-
tive value (npv). By artery (N =279),
there was sn of 91%, sp of 92%, ppv
of 80%, and npv of 97%. By patient

(N =70), there was sn of 95%, sp of
90%, ppv of 93%, and npv of 93%. A
greater than 50% narrowing was de-
fined as a significant stenosis in this

study.

32 vessels. They reported sensitivities
for detection of coronary artery
stenoses less than 50%, greater than
50%, and greater than 75% were 79%,
73%, and 80%, respectively, with a

CCTA is an emerging noninvasive imaging

modality for the non-invasive identification and

characterization of coronary artery

Mollet and colleagues performed
CCTA on 52 patients scheduled for
invasive coronary angiography be-
cause of atypical chest pain, stable or
unstable angina, or non-ST-elevation
myocardial infarction.” The values for
sn, sp, ppv, and npv for stenoses
greater than 50% were 99%, 95%,
76%, and 99%, respectively.

Gaspar and colleagues observed
CCTA using a 40 MDCT unit to
examine 65 patients with 111 stents
referred for repeat invasive coronary
angiography.® They reported sn of
72.2%, sp of 92.5%, ppv of 65.0%,
andnpv of 94.5% in the assessment of
in-stent restenosis of greater than 50%.
The clinical utility of CCTA for the
detection of in-stent restenosis was
noted to be probably best suited to
patients with a low clinical suspicion.

Correlation with
intravascular ultrasound
Leber and colleagues studied the diag-
nostic accuracy of 64-CCTA in 59 pa-
tients undergoing invasive coronary
angiography for angina.” Intravascular
ultrasound (IVUS) was performed in

atherosclerosis.

specificity of 97%. An excellent cor-
relation existed between the two tech-
niques in the measurement of plaque
cross-sectional area.

Van Mieghem and colleagues stud-
ied the correlation between IVUS and
CCTA in 67 patients, defining a sig-
nificant stenosis as greater than 50%
of the luminal diameter.” Compared
with IVUS, CCTA had sn of 86%, sp
of 69%, ppv of 90%, and npv of 61%.

Correlation with cardiac
magnetic resonance
imaging
Mahnken and colleagues compared 16-
detector row contrast CT with contrast-
enhanced cardiac magnetic resonance
(CCMR) imaging in 28 patients with-
in 2 weeks of an acute myocardial
infarction.” The authors concluded
that late-enhancement contrast CT
seems to be as reliable as delayed
CCMR for assessing infarct size and
myocardial viability following acute
myocardial infarction.

Several studies have compared left
ventricular (LV) ejection fraction mea-
surements using CCTA and MRI, and
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Risk factors?

Symptoms or test results?

* Smoking * Obesity * Atypical chest pain | * Refusal of
* Hypertension * Physical inactivity * Shortness of conventional
* Dyslipidemi e Stress breath angiography
¢ Diabetes * Family history ¢ Inconclusive * Bypass grafts and
studies stent evaluation
e Interval evaluation | ¢ Impaired left
of known CAD ventricular function
YES
A4
Noninvasive studies
* Exercise stress test
* MIBI stress test
v : v
Negative Inconclusive or Strongly
possible false positive
positive or
NO YES negative
y y y y A 4
Lifestyle CU{QHGFVSAYSFV Coronary CT angiography Consider
management caicium ( ) (CCTA) intervention
scoring
y A 4
Screening Diagnostic
Use the CAC scoring to detect calcified Use CCTA to effectively rule in or rule out
plaque in the coronary arteries coronary atherosclerosis as well as
noncardiac causes of chest pain

Figure 5. Algorithm for determining whether coronary artery calcium scoring or CCTA are

appropriate.

have reported an excellent correlation
(r =0.83 to 0.89) between the two
modalities."'"® LV end-diastolic and
end-systolic volumes have also corre-
lated well (r = 0.80 to 0.93, and r =
0.89 to 0.94, respectively).

MRI is still limited in its ability
to visualize coronary anatomy owing
to technical difficulties in dealing with
motion artifact. However, MRI has
the advantage of no ionizing radiation
exposure for the assessment of viabil-
ity and visualization of noncoronary
anatomy.'"'®
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Correlation with trans -
thoracic echocardiography
Feuchtner and colleagues evaluated the
diagnostic accuracy of 16-detector
CCTA in patients with aortic steno-
sis."” When compared with transtho-
racic echocardiography (TTE), the sen-
sitivity of CCTA for the identification
of aortic stenosis was 100%, with a
specificity of 93.7%. Quantification
of aortic valve area with CCTA
showed a good correlation with TTE (r
=0.89, P <.001). The role of CCTA
in valvular assessment is still being
clarified.

The role of coronary artery
calcium scoring

Coronary artery calcium (CAC) scor-
ing, which is done routinely at the
time of CCTA, was discussed in a
recent review by Forster and
Isserow.' Whether a patient should
undergo CAC screening instead of
CCTA can be determined by consider-
ing risk factors and symptoms
(Figure 5B

Elevated Agatston scores (>400)
add independent prognostic informa-
tion to the traditional risk factors in
individuals with an intermediate Fra-
mingham risk score. A recent study of
1983 lower-risk patients (with a mean
10-year Framingham risk score of
4.6% for men and 1.4% for women)
demonstrated that screening for the
presence of coronary artery calcifica-
tion has cost-effective, independent
prognostic value in predicting incident
coronary heart diseaserisk that is incre-
mental to conventional coronary risk
factors."”

A very low Agatston score (<10) in
individuals at low risk of having coro-
nary atherosclerosis may be used to
justify not proceeding with CCTA and
exposing the patient to the contrast
agent and excess radiation, although
this strategy has not been validated
clinically. A limitation of this
approach is that a small percentage of
individuals may have significant
stenoses related to noncalcified athero-
sclerotic plaque despite a low CAC
score. This situation is most often seen
in young male smokers. Conversely, a
very high Agatston score (>1500) is
usually associated with extensive and
significant coronary artery disease, and
proceeding with CCTA in these
patients usually does not change clini-
cal management, as these patients
require aggressive secondary preven-
tion therapy as well as invasive coro-
nary angiography, assuming they are
candidates for revascularization.



Coronary computed tomographic angiography in British Columbia: A review

Summary

CCTA is an emerging noninvasive
imaging modality for the noninvasive
identification and characterization of
coronary artery atherosclerosis. In ad -
dition, the examination provides in-
formation regarding cardiac structure
and function, and permits visualiza-
tion of noncardiac anatomy. Signifi-
cant noncardiac findings are some-
times demonstrated.

Preliminary studies are evaluating
the utility of CCTA in the assessment
of patients presenting to the emer-
gency room with chest pain. With the
increasing availability of CCTA, it is
likely that this technology will be far
more widely used in the near future.
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