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Objective: To examine whether we could predict myocardial ischemia when coronary artery
calcification is detected by non-gated multidetector CT in patients with suspected ischemic heart
disease. Methods: Eighty-three patients suspected of having ischemic heart disease (55 men, 28
women; age range 36–83 years; mean age 68 years) underwent multidetector CT and Tl-201 single
photon emission computed tomography. Prediction of myocardial ischemia by coronary arterial
calcification detected on CT was evaluated by comparing the coronary artery territories that showed
calcification with the area of myocardial ischemia determined by SPECT. The sensitivity,
specificity, positive predictive value, and negative predictive value of multidetector CT for
predicting myocardial ischemia were calculated. Coronary angiography was also examined and
compared with multidetector CT. Risk factors, including hypertension, smoking, hyperlipidemia,
diabetes, and family history, were compared for evidence of coronary artery calcification detected
by multidetector CT and myocardial ischemia detected by thallium nuclear scans. Results: For
analysis by patients, the sensitivity, specificity, positive predictive value, and negative predictive
value of coronary artery calcification for myocardial ischemia detection were 65, 63, 56, and 71%,
respectively. Similarly, for analysis by coronary arterial territories, those values were 56, 77, 41 and
86%, respectively. Coronary stenosis on CAG was also related to the ischemia determined by
SPECT and calcification on multidetector CT. Ischemia was better influenced by risk factors than
was coronary arterial calcification. Conclusions: For analysis by coronary arterial territories, the
specificity and negative predictive value of coronary arterial calcification seen by multidetector CT
are relatively high.
Key words: calcification, coronary vessels, ischemic heart disease radionuclide studies, MDCT,
risk factors for ischemic heart disease

INTRODUCTION
CORONARY ARTERIAL CALCIFICATION is a well-accepted
marker of coronary atherosclerosis since it is not found in
its absence.1,2 Imaging techniques for the detection of
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coronary calcification include fluoroscopy, sonography,
conventional computed tomography (CT) and electron
beam computed tomography (EBCT). The standard
method for the quantification of coronary artery calcium
is EBCT. EBCT combines the high-contrast resolution of
CT and eliminates blurring of the image due to cardiac
motion by using electrocardiographic triggering and a
100-msec scan time.3 The reliability and validity of the
method is well established.4–6 The quantity of coronary
artery calcium detected by EBCT is a predictor of the
incidence of coronary artery events.7–12 On the other
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MATERIALS AND METHODS

Table 1 Patient characteristics
Symptom
Chest pain
Chest oppression
ECG abnormality
Palpitation
Dyspnea on effort
Other

28
25
9
7
7
7

Final diagnosis
Angina pectoris
36
Arrhythmia
20
Pulmonary disease
5
Cardiomyopathy
2
Mitral regurgitation
1
Aortic stenosis
1
Esophageal hiatal hernia 1

(34%)
(30%)
(11%)
(8%)
(8%)
(8%)
Vasospastic angina
Hypertension
Heart failure
Thoracic dissecting
aneurysm
Aortic regurgitation
Tricuspid regurgitation

6
7
3
2
1
1

Abnormality on CAG (n = 43)
1-vessel disease
7 (16%)
2-vessel disease
12 (23%)
3-vessel disease
13 (30%)
Risk factors for ischemic heart disease
Hypertension
52 (63%)
Smoking history
51 (61%)
Hyperlipidemia
48 (58%)
Diabetes
22 (27%)
Family history
13 (16%)

hand, double helix CT, which is an older generation
technique of multidetector computed tomography
(MDCT), is a useful alternative method of EBCT for the
detection and quantification of coronary artery calcification.13
Recently, many institutions have acquired MDCT devices. An MDCT allows for faster examinations and
higher spatial resolution compared with conventional
helical CT. In daily practice, incidental detection of coronary artery calcification by non-gated MDCT is encountered as frequently as that by conventional CT, but the
detectability must be improved by the new technique.
However, the clinical significance of the calcification has
not been investigated compared with conventional CT.
Therefore, we evaluated the estimation of myocardial
ischemia by coronary arterial calcification. Although most
studies have investigated the relationship between coronary artery calcification and coronary artery stenosis, only
two adopted myocardial perfusion SPECT as an endpoint
of coronary artery calcification.10,14 We believe that myocardial ischemia is a better endpoint for coronary arterial
disease than is coronary arterial stenosis, because thallium exercise stress testing shows the microcirculation
and perfusion of the myocardium itself. The present study
investigated the relationship between coronary artery
calcification by non-gated MDCT and myocardial ischemia determined by thallium exercise stress testing.
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Study population
Between October 1999 and May 2005, 7,378 patients who
were clinically suspected of having lung disease and
cardiovascular disease underwent non-gated MDCT at
our hospital. Among them l56 were clinically suspected
of having ischemic heart disease and underwent thallium
exercise stresss testing within 90 days of MDCT. We
included patients with symptoms such as chest pain at rest
or effort, chest oppression, palpitation, and/or with ECG
abnormalities such as ST depression by master double
ECG. Among the 156 patients, 30 were treated by coronary artery bypass grafting (CABG) and 43 by percutaneous coronary intervention (PCI). These 73 patients were
excluded because their ischemic disease had been treated
before the thallium exercise stress testing. The present
analysis included the remaining 83 patients: 55 men and
28 women with a mean age of 68 (range; 36–83 years).
The median interval time between the thallium scans
and MDCT was 26 days (range; 0–90 days). Forty-three
patients underwent coronary angiography (CAG) to
confirm their diagnosis. The patient characteristics are
shown in Table 1.
Data acquisition
MDCT
CT scans were obtained using a multi-detector CT scanner (Aquilion; TOSHIBA, Japan) without cardiac gating.
Scanning was extended from the lung apices to below the
costophrenic angles, and no intravenous contrast was
administered. The CT scanning parameters were as follows: 120 kVp, 250 mA, 4 × 3 mm collimation, rotation
time of 0.5 seconds, pitch of 5.5, reconstruction of 7 mm,
four detector rows.
Thallium exercise stress testing
The Bruce treadmill protocol was used to administer the
thallium exercise stress tests.15 For each study, 74 MBq of
201Tl chloride was intravenously injected. The injection
was performed at the time of peak exercise achieved using
the treadmill, as defined by symptom-limited end points,
target heart rate-limited end points, leg fatigue, shortness
of breath and ECG abnormality end points.
Exercise was continued for an additional 60 seconds to
allow for adequate circulation of the tracer. Five minutes
after injection, stress SPECT images were acquired using
a three-head gamma camera (IRIX; Picker, USA) with a
360° arc. The projections were acquired over 360° using
a 64 × 64 matrix and a zoom of 1.42. The slice thicknesses
for the SPECT were 6.6 mm and the voxel dimensions
were 6.6 mm × 6.6 mm × 6.6 mm. Three hours after the
stress study, resting imaging was initiated using the same
acquisition protocol. Since a strict caffeine restraint was
not maintained, thallium drug stress testing was excluded.

Annals of Nuclear Medicine

c

a

b

Determination of myocardial ischemia
Myocardial ischemia was determined by stress-rest myocardial perfusion SPECT. An abnormal area in early
images with complete or partial redistribution in delayed
images was considered to be an indicator of myocardial
ischemia. Perfusion defects that remained unchanged in
the delayed images were also considered to be a myocardial ischemia indicator. Abnormalities by SPECT were
independently interpreted by two radiologists who did not
know the results of calcification by MDCT (Fig. 1).
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Fig. 1 A 74-year-old man with chest pain (true positive case).
a) MDCT scan of the patient showed calcification of the LAD
coronary artery (black arrow). b) 201Tl myocardial perfusion
SPECT during stress showed hypoperfusion of the anterior wall
(black arrow). c) 201Tl myocardial perfusion SPECT during rest
showed fill-in of the anterior wall (black arrow) indicating
ischemia of the LAD territory. CAG of this patient also showed
60% stenosis of the LAD.

Definition of coronary calcification
The presence of calcium was evaluated for the three main
coronary vessels: the left anterior descending artery (LAD),
left circumflex artery (LCX), and right coronary artery
(RCA). Major coronary arteries were identified by their
anatomic location. Coronary artery calcification was
defined as the presence of a visible calcific lesion of area
more than 1 mm2 with a maximal CT number of greater
than 130 HU. This criterion for coronary artery calcification could be used to discriminate a single pixel with a CT
number of 130 HU that might result from noise.16 All
MDCT scans were interpreted by a radiologist who did
not know the results of the thallium nuclear scans (Fig. 2).
Risk factors
Risk factors such as hypertension, smoking, hyperlipidemia, diabetes, and family history were compared for
evidence of coronary artery calcification detected by
multidetector CT and myocardial ischemia detected by
thallium nuclear scans.
Statistical method
Using the chi-square test with Yate’s correction, groups
with and without calcification by MDCT were compared
for evidence of ischemia upon thallium exercise stress
testing by patients and by major coronary arterial branches.
A p-value of <0.05 was considered to be statistically
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Table 2 The relationship between calcification of the coronary
arteries found by MDCT and ischemic changes found by thallium exercise stress testing
Thallium exercise stress testing

Calcification on MDCT
(n = 41)
No calcification (n = 42)

Ischemia
(n = 35)

No ischemia
(n = 48)

23 (66%)
12 (34%)

18 (38%)
30 (62%)

Chi-square test: p < 0.02
(Yate’s correction: 5.367)
Note: Coronary artery calcification was defined as the presence of a visible calcific lesion area of more than 1 mm with
maximal CT number greater than 130 HU. An abnormal area
in the early image with complete or partial redistribution in the
delayed images was considered to be an indicator of ischemia.
P-values were derived using the chi-square test. MDCT =
multidetector computed tomography.

a

Table 3 The relationship between calcification of the coronary
arteries found by MDCT and ischemic changes found by thallium exercise stress testing for coronary arterial territories
Thallium exercise stress testing

Calcification on MDCT
(n = 74)
No calcification (n = 175)

Ischemia
(n = 54)

No ischemia
(n = 195)

30 (56%)
24 (44%)

44 (23%)
151 (77%)

Chi-square test: p < 0.001
(Yate’s correction: 20.486)
Note: Coronary artery calcification was defined as the presence of a visible calcific lesion area of more than 1 mm with
maximal CT number greater than 130 HU. An abnormal area
in the early image with complete or partial redistribution in the
delayed images was considered to be an indicator of ischemia.
P-values were derived using the chi-square test. MDCT =
multidetector computed tomography.
b
Fig. 2 A 54-year-old man with dyspnea during effort. a)
Transvers CT scanning showed coarse calcification of the RCA
(black arrow). b) Transvers CT scanning showed coarse
calcification of the LAD coronary artery (black arrow) and the
LCX coronary artery (white arrow). CAG of this patient also
showed 75% stenosis of the LAD and 50% stenosis of the LCX.

significant. The sensitivity, specificity, and positive (PPV)
and negative predictive value (NPV) of MDCT for detecting myocardial ischemia upon thallium exercise stress
testing were calculated.
Similarly, the detectability of ischemia by CAG was
examined. Significant stenosis of the coronary artery was
defined as more than 70% stenosis of the coronary artery
on coronary angiography. The relationship between CAG
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and calcification was also calculated by the same methods.
The patients were stratified by the number of risk
factors, and the probability of calcification and ischemia
was calculated for each group. The relationship between
the number of risk factors and coronary artery calcification or ischemia was examined using the Mann-Whitney
U test.
RESULTS
In total, 249 coronary areas of the 83 patients were
analyzed by MDCT and thallium exercise stress testing
(Tables 2, 3). Myocardial ischemia was found in 54
coronary areas (22%) of 35 patients (42%) by thallium
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Table 4 The relationship between calcification of coronary
arteries found by MDCT and stenosis by CAG for coronary
arterial territories

Table 6 The relationship between calcification of coronary
arteries found by MDCT, ischemic changes found by thallium
exercise stress testing and risk factors for ischemic heart disease
Calcification

CAG
Significant No significant
stenosis
stenosis
(n = 68)
(n = 61)
Calcification on MDCT (n = 52)
No calcification (n = 77)

38 (56%)
30 (45%)

14 (23%)
47 (77%)

Chi-square test: p < 0.001
(Yate’s correction: 13.157)
Note: Coronary artery calcification was defined as the presence of a visible calcific lesion area of more than 1 mm with
maximal CT number greater than 130 HU. Significant stenosis
of the coronary was defined for >70% coronary angiography.
P-values were derived using the chi-square test. MDCT =
multidetector computed tomography. CAG = coronary angiography.

Table 5 The relationship between ischemia changes found by
thallium exercise stress testing and stenosis by CAG for coronary arterial territories

Significant stenosis (n = 68)
No significant stenosis (n = 61)

Ischemia
(n = 51)

No ischemia
(n = 78)

42 (82%)
9 (18%)

26 (33%)
52 (67%)

Chi-square test: p < 0.001
(Yate’s correction: 27.793)
Note: Coronary artery calcification was defined as the presence of a visible calcific lesion area of more than 1 mm with
maximal CT number greater than 130 HU. Significant stenosis
of the coronary was defined for >70% coronary angiography.
P-values were derived using the chi-square test. MDCT =
multidetector computed tomography. CAG = coronary angiography.

nuclear scans, while the remaining 195 coronary areas
(78%) and 48 patients (58%) were normal.
Of the 83 patients, coronary artery calcification was
detected by MDCT in 74 major coronary branches (30%)
of 41 patients (49%). Except for one patient with calcification of the RCA, 40 patients had calcification of the
LAD. Eighteen of the patients had calcification of the
RCA and LAD, and 4 patients had calcification on the
LCX and LAD. Eleven patients had calcification of all
three major coronary branches.
The frequency of coronary artery calcification with/
without myocardial ischema is summarized by patient
group in Table 2 and by coronary artery territories in
Table 3. By patients, the sensitivity, specificity, PPV and
NPV of coronary artery calcification seen using MDCT
for detection of myocardial ischemia were 65, 63, 56, and
71%, respectively.
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Ischemia

+
−
+
−
(n = 41) (n = 42) (n = 35) (n = 48)
Hypertension (n = 52)
Smoking (n = 51)
Hyperlipidemia (n = 48)
Diabetes (n = 22)
Family history (n = 13)

27
28
24
12
6

25
23
24
10
7

24
25
21
14
8

28
26
27
8
5

Table 7 The relationship between calcification of coronary
arteries found by MDCT, ischemic changes found by thallium
exercise stress testing and risk factors for ischemic heart disease
Number of risk factor (*1)
0 (n = 2)
1 (n = 18)
2 (n = 30)
3 (n = 20)
4 (n = 12)
5 (n = 1)

Calcification (*2) Ischemia (*3)
2
4
16
12
6
1

(100%)
(22%)
(53%)
(60%)
(50%)
(100%)

1
3
12
9
9
1

(50%)
(17%)
(40%)
(45%)
(75%)
(100%)

Correlation between *1 and *2: p = 0.405
Correlation between *1 and *3: p = 0.038 (Mann-Whitney
U test)

When calcification was evaluated by coronary artery
territories, the sensitivity, specificity, PPV and NPV were
55, 77, 41, and 86%, respectively.
Similarly, the frequency of coronary artery stenosis in
arterial territories with/without myocardial ischemia and
calcification are shown in Tables 4 and 5, respectively.
The numbers of patients with risk factors are shown
with or without calcification and ischemia in Table 6.
Individual risk factors did not show strong relationships
with calcification or ischemia. However, the number of
risk factors showed a greater correlation with ischemia
than with calcification in Table 7.
DISCUSSION
Since the examination time for MDCT is decreasing, the
number of screening studies of chest CT on patients with
suspected chest disease is increasing. Coronary artery
calcification is often incidentally noted in these patients.
In the present study, the clinical significance of such
incidental discovery of coronary artery calcification by
non-gated MDCT was evaluated in relation to myocardial
ischemia found by thallium exercise stress testing. The
sensitivity, specificity, PPV and NPV reported by an
AHA report that compared the calcium detected by EBCT
and angiographic stenosis were 100–85, 76–41, 84–55,
and 70–100%, respectively. 2,17–22
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Although the sensitivity and PPV of coronary arterial
calcification by non-gated MDCT were low, specificity
by patients, and specificity and NPV by coronary arterial
territories were relatively high in comparison with those
other reports adopted by the American Heart Association
(AHA) consensus report.
Temporal resolution of EBCT should be better than that
of MDCT without the ECG-gated image reconstruction
technique, and minute calcification might be overlooked
by MDCT. Although an ECG-gated technique would
improve the visibility of arterial calcification, we focused
on routine CT in the present study because standard CT is
widely applicable and performed. If ischemia could be
predicted by routine CT, it would have greater clinical
impact than that predicted by high-performance and timeconsuming examination.
The endpoint was also different between the present
study and the AHA consensus report.2 In the AHA consensus report, significant stenosis of the coronary artery
was defined as more than 70% stenosis of the coronary
artery on coronary angiography, while in the present
study thallium exercise stress testing was used as an
indicator of myocardial ischemia. Myocardial ischemia
occurs when the requirement for oxygen by either ventricle exceeds its supply.23 Thallium nuclear testing is
more suitable for screeing for ischemic heart disease
because it shows the microcirculation and perfusion of the
myocardium itself.
In the present study, the mean patient age was 68 years,
which was higher than that of the AHA consensus report.2 The difference may be attributed to the late onset of
atherosclerosis in Japanese people compared to the North
American population.9
According to a statement for health professionals from
the AHA, the absence of calcified deposits found by
EBCT implies the absence of significant angiographic
coronary narrowing. However, it does not imply the
absence of atherosclerosis, including unstable plaques
because they do not calcify. Therefore the presence of
atherosclerotic plaques including unstable plaques can
not be ruled out if no coronary arterial calcification is
noted by EBCT, but it implies a very low likelihood of
significant luminal obstruction.2
The probability of myocardial ischemia was low for the
coronary arterial territories without coronary arterial
calcification examined by non-gated MDCT, and the
predictive values were comparable to those by CAG. We
did not perform CAG on all of the patients in this study,
because it was not clinically practical to perform CAG
when ischemic diseases were not suspected. Although we
could not directly compare the detectability of ischemia
between calcification and CAG, the relationship between
CAG and ischemia was shown in the analysis by coronary
arterial territories applying the non-ischemic territories as
true negative.
On the other hand, among patients with coronary arte-
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rial calcification observed by non-gated MIDCT, 66%
had ischemic heart disease. Therefore, for patients with an
incidental finding of coronary arterial calcifcation by nongated MDCT, further cardiac study including thallium
nuclear testing is recommended.
In conclusion, the risk for myocardial ischemia of the
coronary arterial territories is relatively low for patients
with suspected ischemic heart disease without calcification
of the coronary arterial territories observed by non-gated
MDCT. If coronary artery calcification is detected by a
non-gated multidetector CT, the patients should be asked
whether they have any symptoms of ischemic heart disease. In addition thallium exercise stress testing should be
recommended, if the patient reports any such symptoms.
REFERENCES
1. Blankenhorn DH. Coronary arterial calcification: a review.
Am J Med Sci 1961; 242: 1–9.
2. Wexler L, Brundage B, Crouse J, Detrano R, Fuster V,
Maddahi J, et al. Coronary artery calcification: pathophysiology, epidemiology, imaging methods, and clinical implications; a statement for health professionals from the American Heart Association. Circulation 1996; 94: 1175–1192.
3. Tanenbaum SR, Kondos GT, Veselik KE, Predergast MR,
Brundage BH, Chomka EV. Detection of calcific deposits
in coronary arteries by ultrafast computed tomography and
correlation with angiography. Am J Cardiol 1989; 63: 870–
871.
4. Shields JP, Mielke CH Jr, Watson P. Inter-rater reliability of
electron beam computed tomography to detect coronary
artery calcification. Am J Card Imaging 1996; 10: 91–96.
5. Shields JP, Mielke CH Jr, Rockwood TH, Short RA, Viren
FK. Reliability of electron beam computed tomography to
detect coronary artery calcification. Am J Card Imaging
1995; 9: 62–66.
6. Mautner GC, Mautner SL, Froehlich J, Feuerstain IM,
Proschan MA, Roberts WC, et al. Coronary artery
calcification: assessment with electron beam CT and
histomorphometric correlation. Radiology 1994; 192: 619–
623.
7. Agaston AS, Janowitz WR, Kaplan G, Gasso J, Hildner F,
Viamonate M Jr. Ultrafast computed tomography-detected
coronary calcium reflects the angiographic extent of coronary arterial atherosclerosis. Am J Cardiol 1994; 74: 1272–
1274.
8. Detrano R, Hsiai T, Wang S, Fallavollita GP, Shields P,
Stanford W, et al. Prognostic value of coronary calcification
and angiographic stenosis in patients undergoing coronary
angiography. J Am Coll Cardiol 1996; 27: 285–290.
9. Fallavollita JA, Brody AS, Bunnel IL, Kumar K, Canty JM
Jr. Fast computed tomography detection of coronary
calcification in the diagnosis of coronary artery disease:
comparison with angiography in patients <50 years old.
Circulation 1994; 89: 285–290.
10. Kajinami K, Seki H, Takekoshi N, Mabtchi H. Noninvasive
prediction of coronary atherosclerosis by quantification of
coronary artery calcification using electron beam computed
tomography: comparison with electrocardiographic and

Annals of Nuclear Medicine

11.

12.

13.

14.

15.

16.

17.

thallium exercise stress test results. J Am Coll Cardiol 1995;
26: 1209–1221.
Secci A, Wong N, Tang W, Wang S, Doherty T, Detrano R.
Electron beam computed tomographic coronary calcium as
a predictor of coronary events: comparison of two protocols. Circulation 1997; 96: 1122–1129.
Arad Y, Spadaro LA, Goodman K, Lledo-Perez A. Sherman
S, Lerner G, et al. Predictive value of electron beam computed tomography of the coronary arteries. Circulation
1996; 93: 1951–1953.
Shemesh J, Apter S, Rozenman J, Lusky A, Rath S, Itzchak
Y, et al. Calcification of coronary arteries: detection and
quantification with double-helix CT. Radiology 1995; 197:
779–783.
Yao Z, Liu XJ, Shi RF, Dai R, Zhang S, Liu YZ, et al. A
comparison of 99mTc-MIBI myocardial SPECT and electron beam computed tomography in two different age
groups. Nucl Med Commun 2000; 21: 43–48.
Bruce RA, Blackmon JR, Jones JW, Strait G. Exercise
testing in adult normal subjects and cardiac patients. Pediatrics 1963; 32: 742–755.
Agaston AS, Janowitz WR, Hildner FJ, Zusmer NR,
Viamonte M, Detrano R. Quantification of coronary artery
calcium using ultrafast computed tomography. Am Coll
Cardiol 1990; 15: 827–832.
Breen JB, Sheedy PF II, Schwartz RS, Stanson AW,
Kaufmann RB, Moll PP, et al. Coronary artery calcification

Vol. 19, No. 8, 2005

18.

19.

20.

21.

22.

23.

detected with ultrafast CT as an indication of coronary
artery disease. Radiology 1992; 185: 435–439.
Mautner SL, Mautner GC, Froehlich J, Feuerstein IM,
Proschan MA, Roberts WC, et al. Coronary artery disease:
prediction with in vitro electron beam CT. Radiology 1994;
192: 625–630.
Bielak LF, Kaufmann RB, Moll PP, McCollough CH,
Schwartz RS, Sheedy PF II. Small lesions in the heart
identified at electron beam CT: calcification or noise?
Radiology 1994; 192: 631–636.
Devries S, Wolfkiel C, Fusman B, Bakdash H, Ahmed A,
Levy P, et al. Influence of age and gender on the presence of
coronary calcium detected by ultrafast computed tomography. J Am Coll Cardiol 1995; 25: 76–82.
Rumberger JA, Sheedy PF III, Breen JF, Schwartz RS.
Coronary calcium, as determined by electron beam computed tomography, and coronary disease on arteriogram:
effect of patients’ sex on diagnosis. Circulation 1995; 91:
1363–1367.
Budoff MJ, Georgiou D, Brody A, Agatston AS, Kennedy
J, Wolfkiel C, et al. Ultrafast computed tomography as a
diagnostic modality in the detection of coronary artery
disease: a multicenter study. Circulation 1996; 93: 898–
904.
Wyngaarden JB, Smith LH, Bennett JC. Cecil Textbook of
Medicine, 19th ed. Philadelphia; W.B. Saunders Company,
1992: 298.

Original Article 653

