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A high-speed, multi-slice coronary computed tomography (CT) imaging has emerged as a
promising or clinically available multifunctional technique for the assessment of myocardial
ischemia, viability, ischemia-induced cardiac dysfunction, and coronary atherosclerotic alter-
ations in patients with suspected or known coronary artery disease. Despite several technical
issues remain to be resolved, cardiac CT imaging will have a reality as a multifunctional
modality for guiding physicians in better decision-making for favorable clinical outcomes in
patients with suspected coronary artery disease, provided that this imaging technology can
contribute to characterization and localization of high-risk coronary atherosclerosis in com-
bination with the quantitative evaluation of functional myocardial ischemia.
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Several non-invasive modalities have emerged as

promising or clinically available multifunctional tech-

niques for the assessment of myocardial ischemia,

ischemic burden size, ischemia-induced left ventricular

dysfunction, myocardial viability, and high-risk coro-

nary plaque, all of which are definitively related to

unfavorable clinical outcomes in patients with suspected

or known coronary artery disease. Among them, recent

remarkable advances in high-speed, multi-slice com-

puted tomography (CT) in cardiac imaging enable to

evaluate not only coronary arteriosclerosis, including

luminal narrowing, vulnerable plaque, and atheroscle-

rotic remodeling, but also functional ischemia by the

measurement of coronary flow reserve with or without a

vasodilator agent. A wide-spread use and easy access to

coronary CT at cardiology practice contributes to

identifying cryptogenic coronary arteriosclerosis and

vulnerable coronary plaque. On the other hand,

anatomical approach to coronary artery disease tends to

overestimate coronary luminal narrowing, which is not

necessarily the hallmark of significant coronary artery

disease or future cardiac event risks,1-3 and sometimes

results in unnecessary or ineffective selection of inva-

sive diagnostic or therapeutic strategy.4-10 In this

context, cardiac CT technology as a multifunctional

modality is still challenging and in progress. In this issue

of J Nucl Cardiol, van Rosendael et al11 investigated the

association between atherosclerotic coronary morphol-

ogy and functional ischemia both of which were

estimated on the same day using a sequential CT

imaging protocol together with an adenosine stress

approach in 84 of 115 consecutive patients with new

onset chest pain referred from the outpatient clinic.

Authors demonstrated a limited but positive correlation

between CT angiographic stenosis and adenosine-in-

duced CT perfusion abnormality. Besides the small,

single-center study and the limited number of ischemic

lesions, there are several issues to be recognized in this

study before these results can be put into clinical

perspective.
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Firstly, the presented study showed that coronary

stenosis percentage quantitatively assessed was moder-

ately related to myocardial ischemia but lumen area

stenosis and lesion length were independently associated

with ischemia when adjusted for coronary plaque vol-

ume, mean plaque burden, maximal lesion thickness,

and dense calcium volume. Although authors tried to

correlate the atherosclerotic changes of coronary artery

morphology, other than luminal narrowing, with CT

perfusion abnormality, the clinical implications are

unclear in this study. Coronary CT angiography has high

negative predictive but limited positive predictive values

(that is, high false positive values) in the detection of

significant coronary artery stenosis.1,2,12,13 In addition,

the coarse classification of luminal stenosis into four

groups (B40%, 41-60%, 61-80%, and 81%-) directly

indicates technical limitations of coronary CT angiog-

raphy and the results also showed the limited association

of 61-80% and[81% stenoses with inducible ischemia

(34% and 59%, respectively) defined as a summed dif-

ference score of C1 on stress CT perfusion imaging.

These findings, however, are not uncommon because

many studies have shown discrepancy between the

severity of coronary CT-defined stenosis and inducible

myocardial ischemia or ischemia-producing coronary

stenosis identified by non-invasive and invasive meth-

ods. Nevertheless, the presented findings strongly

suggest that pathophysiological roles of coronary

atherosclerotic alterations are modified by multiple

morphological features in a complicated manner but not

simply determined by the severity of coronary liminal

narrowing as previously believed for decades.

Secondly, a lack of a gold standard of functional

myocardial ischemia such as fractional flow reserve

assessed by an invasive technique or coronary flow

reserve quantified by positron CT imaging attenu-

ates the clinical values of the presented correlations

between morphological CT findings and myocardial CT

perfusion abnormality. George RT et al14 recently

demonstrated the overall better sensitivity of adenosine

stress myocardial CT perfusion imaging when directly

compared to scintigraphic stress myocardial perfusion

imaging in the diagnosis of anatomical coronary stenosis

defined as C50% by invasive quantitative coronary

angiography. The data, however, showed that stress CT

perfusion imaging has lower positive predictive values

and lower specificities at each coronary territory due to

false positive results. As stated, because of limitations of

coronary morphology by coronary CT angiography for

ischemia detection, integration of coronary CT angiog-

raphy with the assessment of myocardial ischemia in

one session is reasonable and, therefore, coronary and

perfusion CT information should be complementarily

utilized in a clinical setting. The clinical implications of

the presented findings, however, basically depend on the

diagnostic accuracy of adenosine-stress CT perfusion

imaging in the detection of functional myocardial

ischemia and patient selection based on clinically

acceptable criteria. There is robust evidence that

myocardial burden size of functional myocardial ische-

mia and ischemia-related left ventricular dysfunction

both of which are assessed simultaneously by stress

electrocardiogram-gated myocardial single-photon emis-

sion computed tomography have mid- to long-term

cardiac events.15-18 Together with the issue previously

mentioned, two types of non-negligible false positive

features in the assessment of anatomical narrowing by

coronary CT angiography and functional ischemia by

stress myocardial CT perfusion imaging have to be

furthermore overcome for the improvement in the clin-

ical values of the presented findings so that their

complementary assessment using a contrast medium and

a stress agent could be more effective in the clinical

setting.

Thirdly, anatomical CT results were not blinded to

physicians who subsequently evaluated stress perfusion

CT data, indicating the possibility of diagnostic bias

to more correlate abnormal CT morphologies with

myocardial CT perfusion results. The presented findings

show that plaque assessment itself is unlikely to be

related to coronary luminal narrowing but may con-

tribute to the improvement in the detection of functional

ischemia by adenosine-stress CT perfusion imaging.

Besides the diagnostic efficacy in the ischemia detec-

tion, there is a multiplicity of clinical implications of

cardiac CT characterizations of atherosclerotic plaque,

inflammatory reactions, and composition of coronary

artery wall, possibly contributing to the improvement in

the prediction of short-term to long-term cardiovascular

risk assessment in patients presenting with acute chest

pain or suspected coronary artery disease.19-21 Acute

coronary syndromes definitively result from vulnerable

plaque rupture followed by sudden thrombus obstruction

of coronary artery, relating to distinct morphological

alterations of coronary artery such as low-density, lipid-

rich necrotic core covered with a thin fibrous cap and

spotty or micro-calcification.22,23 These findings, which

may be able to be depicted more clearly by positron

emission tomography with fluorine 18-fluorodeoxyglu-

cose or cardiac magnetic resonance imaging compared

to coronary CT imaging,21-24 are likely to be a more

immediate or short-term risk indicator of adverse out-

comes. On the other hand, Cho et al25 recently showed

incremental prognostic values of the assessment of

atherosclerotic plaque burden and lumen narrowing by

coronary CT angiography in asymptomatic patients with

moderate coronary calcification defined as calcium score

ranging from 101 to 400 during a 24-month period. The
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prognostic efficacy, however, is likely to be attenuated

ironically in patients with lower or higher coronary

calcification probably due to false positive or negative

results in the presence of severe calcification and/or

motion artifacts. Thus, it may be more valuable to sep-

arately correlate various morphological alterations of

coronary artery, such as luminal stenosis, coronary

plaque characteristics (the number, volume, length, and

location of plaque), the degrees of covered fibrous cap,

and calcium deposition and coronary remodeling with

inducible myocardial ischemia from not only patho-

physiological or diagnostic but also prognostic points of

view.

Finally, 31 (27%) patients were excluded from the

analysis, because of insufficient image quality, previous

coronary interventional treatment, anomalous coronary

arteries, and the presence of a fixed CT perfusion defect.

These limitations in routine clinical application of car-

diac CT imaging are likely to be originated in imaging

techniques such as insufficient heart rate control, motion

artifacts, limited spatial and contrast resolutions, and

anatomical approach per se. In addition to advanced

impairment of kidney function, high-risks for contrast-

induced nephropathy or allergic reactions to contrast

medium, these clinical situations to which the cardiac

CT imaging is less applicable are not uncommon at daily

practice and in an urgent situation and, therefore, have to

be considered more sufficiently for patient safety and

better cost-effectiveness of this procedure.

Thus, despite several issues remain to be

resolved, this article provides clinically important

suggestions with an emphasis on characterizations of

coronary atherosclerosis in association with functional

impairment of coronary flow reserve. Myocardial

ischemia assessed by adenosine stress CT perfusion

imaging is likely to depend not only on luminal

stenosis but also on the quantity of coronary plaque

and calcium deposition. The pathological implications

of these complicated features, however, may vary in

each coronary territory in each patient. Beyond a

diagnostic triage tool, cardiac CT imaging will have a

reality as a multifunctional modality for guiding

physicians in an appropriate selection of preventive or

therapeutic strategy for better clinical outcomes in

patients with new onset chest pain or suspected

coronary artery disease, provided that this imaging

technology can contribute to characterization and

localization of high-risk coronary atherosclerosis in

combination with the quantitative evaluation of

functional myocardial ischemia.
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