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Coronary stenosis severity by 64-slice CT angiography (CTA)
is acceptably correlated with intravascular ultrasound. Stress
myocardial perfusion imaging using SPECT is an established
method for assessment of the functional significance of coronary
stenosis. Our aim was to assess a clinical validation of quantita-
tive measurements of coronary stenosis severity by 64-slice CTA
and the relation to the physiologic significance of myocardial per-
fusion. Methods: One hundred four patients with suspected cor-
onary artery disease underwent 64-slice CTA and stress 201Tl
SPECT. The stenosis severities of 105 coronary lesions assessed
by CTA with sufficient image quality were compared with the
results of stress 201Tl SPECT. The body mass index (BMI) of
the patients was 23.8 kg/m2 (range, 21.1–25.6 kg/m2). Results:
Reversible defects began to increase progressively when the
area of stenosis was at least 60%, and the prevalence of these
reversible defects and their severity significantly increased as
the degree of stenosis increased. When stenosis severity by
CTA is , 60%, ischemia is seldom observed; when stenosis se-
verity is $80%, ischemia is common (86%). For intermediate ste-
nosis severity values of 60%–70%, the prevalence of reversible
defects was 9 of 27 vessels (33%), and for stenosis severity
values of 70%–80%, the prevalence was 20 of 37 vessels
(54%). When evaluating the diagnostic accuracy of stenosis se-
verity by CTA to identify patients with ischemia excluding all non-
evaluable vessels, applying stenosis thresholds of .70% results
in 79% sensitivity, 92% specificity, 66% positive predictive
value, and 96% negative predictive value. A lesion minimal lumi-
nal cross-sectional area of , 3.7 mm2 was a good accurate cut-
off value for significant coronary narrowing using stress SPECT,
with a sensitivity of 88% and specificity of 83% by receiver-
operating-characteristic analysis. Conclusion: Despite an ex-

cellent negative predictive value to rule out the presence of
ischemia, 64-slice CTA alone is a poor discriminator of the func-
tional significance of myocardial ischemia in a highly selected
patient population with a low BMI.
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Over the past decade, coronary angiography has been
used as the gold standard for the diagnosis of coronary
narrowing and clinical decision making for coronary in-
terventions. However, coronary angiography has several
limitations, including the substantial interpretation vari-
ability of visual estimates and assessment of lesion severity
for diffuse atherosclerotic lesions and intermediate-severity
lesions (1–3).

Stress myocardial perfusion imaging (MPI) using SPECT
is an established method for assessment of the functional
significance of coronary stenosis and delivers valuable in-
formation for risk stratifications. Patients with stable angina
and normal MPI findings have a low risk for cardiac events;
therefore, no coronary intervention may not be required for
these patients (4–6). Quantitative intravascular ultrasound
(IVUS) indices can be reliably used for identifying signifi-
cant epicardial coronary stenosis (7). Myocardial fractional
flow reserve appears to be a useful index of the functional
stenosis severity in patients with moderate-severity coronary
stenosis (8). However, these modalities are invasive and
relatively expensive procedures that should be avoided in
low- or moderate- risk patients with a good natural prognosis.
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The recent advent of multidetector CTangiography (CTA)
has greatly improved the image quality and, therefore, may
allow more precise evaluation of coronary stenosis (9–11).
Plaque and lumen area measurements derived by 64-slice
CTA have also been reported to show good correlations with
IVUS (12). The aim of the present study was to provide an
early validation of quantitative measurements of coronary
stenosis severity by 64-slice CTA and the relation to phys-
iologic significance of myocardial perfusion, in comparison
with stress 201Tl SPECT.

MATERIALS AND METHODS

Study Population
We studied 104 consecutive patients with suspected coronary

artery disease (CAD) who underwent 64-slice CTA and stress 201Tl
SPECT from June 2005 to December 2005 and fulfilled the follow-
ing criteria: sinus heart rhythm; no previous myocardial infarction,
no previous percutaneous coronary intervention or coronary bypass
surgery, no unstable angina, and stable angina without 3-vessel
disease. The pretest likelihood of CAD was determined according to
the Diamond and Forrester method using percentage cutoffs of
,13.4%, .87.2%, and in-between for low, high, and intermediate
pretest likelihood, respectively (13). Written informed consent was
obtained from all patients and the study protocol was approved by
our institutional review board.

64-Slice CTA Scanning Procedure
Scanning was performed using a 64-slice CT scanner (Aquilion

64; Toshiba Medical Systems Corp.). The Aquilion 64 is a 64 ·
0.5 mm collimation scanner with a gantry rotation speed of 400 ms
per rotation. Scanning was performed at 120 kVand 400 mA�s, and
the table feed was 6.4 mm per gantry rotation with a beam pitch of
0.2. The CT dose index volume and dose�length product of this scan
protocol were 75.2 mGy and 1.10 Gy�cm, respectively. Reconstruc-
tion was routinely performed using a window centered at 75% of the
R–R interval to coincide with left ventricular diastasis. A volume of
60 mL of contrast agent (Iopamidol 370, 370 mgI/mL; Schering AG)
was injected intravenously at a rate of 4 mL/s. As soon as the signal
density level in the ascending aorta reached a predefined threshold
of 100 Hounsfield units (HU), acquisition of CT data and an
electrocardiogram (ECG) trace were automatically started during
a 7- to 9-s breath-hold. The patients were given oral metoprolol
(20–40 mg) at 1 h before the scheduled scan if their heart rate was
.70 beats/min, and all patients were given sublingual nitroglycerin
(0.3 mg) 5 min before the scan.

Reconstruction and Image Analysis of CTA
Analysis of the scans was performed using a ZIOSTATION

workstation (ZIOSOFT Inc.). Images were initially reconstructed at
75% of the cardiac cycle with a slice thickness of 0.5 mm at an
increment of 0.3 mm. Spatial resolution is 0.33 mm. In case of
motion artifacts, additional reconstructions were made in different
time points of the R–R interval. Each scan was analyzed indepen-
dently by 2 experienced readers who were unaware of the results of
the IVUS and stress 201Tl SPECT.

The image display settings for the lumen and plaque quantifica-
tion were determined according to previously published data (12). In
the first step, 32 coronary sites in 8 patients (4 different coronary
sites in each patient) with stable angina pectoris who previously
underwent 64-slice CTA and IVUS were selected. The correspond-

ing coronary lesions were compared between IVUS (20-MHz
Eagle-eye; Volcano Inc.) and CTA. A pullback of the IVUS catheter
(Volcano Track Back II) was performed automatically at 0.5 mm/s,
and the images were stored digitally and assessed offline by a
cardiologist. Next, we determined the values for the window width
and the level of the corresponding site that exactly equaled the IVUS
cross-sectional image in the lumen and vessel sizes. The mean
intensity within the lumen at the corresponding sites of 32 coronary
plaques was 216 6 35 HU (mean 6 SD), the average window level
was 145 6 23 HU and the average window width was 357 6 48 HU.
In the present study, the average optimal window setting for the
lumen and outer vessel boundary was obtained at a level represent-
ing 67% 6 2% of the mean intensity within the lumen and a width
representing 166% 6 12% of the mean intensity. Therefore, the
minimal luminal cross-sectional area (CSA) was measured using a
window setting in which the window width was reduced to 1 HU
with a window level setting of 67% of the mean intensity within the
lumen, whereas the vessel CSA (outer vessel boundary) was
determined by a window width of 166% and a window level setting
of 67% of the mean intensity within the lumen (Fig. 1). An inves-
tigator who had no involvement in any further comparative analyses
performed these measurements derived from CTA.

Comparison of 64-Slice CTA and IVUS
Thirty patients were referred for IVUS at the discretion of the

referring cardiologist during elective percutaneous coronary inter-
vention on the basis of clinical and imaging findings. The remaining
74 patients underwent no invasive coronary angiography because of
normal stress 201Tl or mild reversible defects with mild or interme-
diate stenosis by CTA. IVUS was performed in 32 coronary plaques
of 30 patients using standard techniques after intracoronary injec-
tion of 2 mg of isosorbide dinitrate; the results obtained were

FIGURE 1. Window settings for lumen and outer vessel bound-
ary by CTA are the same as those for IVUS imaging. (A) Curved
multiplanar reconstructed CTA image reveals significant stenosis
in left anterior descending artery (arrow). (B) IVUS cross-section
reveals lumen area of 2.1 mm2 and vessel area of 15.4 mm2.
Cross-sectional CTA images show luminal CSA of 2.1 mm2 (C)
and vessel CSA of 15.4 mm2 (D).
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compared with the 64-slice CTA-derived data for the same plaques.
The lesion lumen and vessel CSAs were determined on cross-
sectional images similar to IVUS. The plaque CSA was defined by
the difference between the vessel CSA and the lumen CSA. The
vessel CSA equaled the external elastic membrane CSA in IVUS,
whereas the lumen CSA equaled the internal elastic membrane CSA
in IVUS. The lesion percentage stenosis was calculated according to
the following formula: plaque CSA/vessel CSA · 100. To ensure
that the same corresponding coronary lesions were always com-
pared between IVUS and 64-slice CTA, we determined a landmark
such as a side branch for the distal starting reference according to the
purpose of the serial IVUS investigation (14).

Stress 201Tl SPECT
201Tl SPECTwas performed at least 3 d after the CTA. b-Blockers,

calcium channel blockers, and nitrates were discontinued for 24–48 h
before the test. Furthermore, 78 of the 104 patients underwent
symptom-limited exercise on a bicycle ergometer in the sitting
position with a 12-lead ECG and blood pressure measurements taken
at the baseline and then every minute during the exercise. The test was
terminated when the patient achieved 100% of the maximal predicted
heart rate, ischemic ST-segment depression of .2 mm, severe cardiac
arrhythmia, severe chest pain, or significant hypotension. At the peak
of the exercise, a 111-MBq dose of 201Tl was injected intravenously.
For 26 patients who were unable to exercise, adenosine was admin-
istered intravenously at 0.14 mg/kg/min for 5 min, and 201Tl was
injected 3 min into the infusion. The ECG and blood pressure were
monitored before and throughout the infusion and again after the in-
fusion. The initial imagewas obtained at 5 min after the 201Tl injection
in the supine position, and a delayed image was obtained 4 h later.

SPECT was performed using a double-detector system (Picker
PRISM 2000XP; Shimadzu Corp.) equipped with a low-energy,
high-resolution collimator. Seventy-two projection data were ob-
tained with a 64 · 64 matrix over 360�. Data were acquired for 25 s
for each projection. The energy window was set at the 67-keV
photopeak of 201Tl with a 15% window. Reconstruction was per-
formed using a Butterworth filter at a cutoff frequency of 0.24 cycle
per pixel and an order of 8. No attenuation or scatter correction was
used. SPECT images were assessed using a 17-segment model, and
data were presented in a polar map format (normalized to 100%)
(15). Perfusion defects were identified on the stress images (seg-
mental tracer activity , 75% of maximum) and divided into
ischemia or scar tissue. We used the percentage of peak counts on
normalized polar maps within each vascular territory on the stress
images as a physiologic measure of quantitative perfusion defects.
Stress and delayed images were analyzed independently by 2 nu-
clear physicians who were unaware of the CTA data. Visual grading
was defined as normal (no perfusion defects) or abnormal (stress
perfusion defects with redistribution).

Statistical Analysis
All data are expressed as the mean 6 SD. Evaluation of statistical

differences between groups was performed using the Kruskal–
Wallis analysis and Mann–Whitney U test. Correlations between
measurements determined by CTA and IVUS were estimated using
Bland–Altman analysis and Pearson correlation analysis. Mean
values were compared using the double-tailed t test. One-way
ANOVA was used for simultaneous comparison of .2 mean values
with a post hoc Turkey–Kramer test. Regression analyses were
performed to detect correlations between perfusion data variables
and CTA variables. Receiver-operating-characteristic (ROC) anal-

ysis was used to determine the optimal cutoff value for detecting
functionally significant coronary artery stenosis using stress
SPECT. The area under the ROC curve (AUC) provides a measure
of the overall accuracy that is independent of the decision criteria, by
plotting true-positive rates against false-positive rates as the cutoff
level of the model varies. The optimal cutoff value was defined as the
point with the highest sum of the sensitivity and specificity. P values
, 0.05 were considered significant.

RESULTS

Patient Characteristics

The baseline clinical characteristics of the 104 patients are
summarized in Table 1. The mean age of the study population
was 66.9 6 11 y, and 76 patients were male (73%). The pre-
test likelihood of CAD according to Diamond and Forrester
(13) was low, intermediate, and high in 6 (6%), 78 (75%), and
20 (19%) patients, respectively. The body mass index (BMI)
of the patients in the present study was low.

Stress 201Tl Imaging

Among the 104 patients, a reversible defect was observed
in 43 patients (41%) (Fig. 2), and normal myocardial perfu-
sion was observed in 61 patients (59%) (Fig. 3). Ten patients
(10%) had reversible defects in 2 coronary artery territories.
On a vascular territory basis, 259 vascular territories (83%)
showed normal myocardial perfusion, and a reversible defect
was observed in 53 (17%) vascular territories.

64-Slice CTA Finding

Image quality was excellent in 31 patients (30%), good in
42 patients (40%), adequate in 22 patients (21%), heavily
calcified in 6 patients (6%), and with motion artifacts in
3 patients (3%). Nine patients (9%) were nonevaluable:
6 patients with heavy calcification and 3 patients with motion

TABLE 1
Characteristics of Patients (n 5 104)

Characteristic Value

Age (y) 66.9 6 11
Male/female 76/28

Hypertension (%) 55 (53%)

Hyperlipidemia (%) 57 (55%)

Diabetes (%) 41 (39%)
Smoking (%) 47 (45%)

BMI (kg/m2), median (IQR) 23.8 (21.1–25.6)

Symptoms
Anginal chest pain 65 (62%)

Atypical chest pain 22 (21%)

Pretest likelihood of CAD

Low 6 (6%)
Intermediate 78 (75%)

High 20 (19%)

Resting ECG

Negative T 7 (7%)
ST depression 14 (13%)

Left ventricular hypertrophy 25 (24%)

BMI 5 body mass index; IQR 5 interquartile range.
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artifacts. On a patient basis, 10 patients (10%) were classified
as having a normal coronary artery. Twenty-one patients
(20%) showed at least 1 significant stenosis of $80%,
whereas nonobstructive CAD with stenosis of ,60% was
observed in 14 patients (13%). Among the remaining 50
patients with intermediate stenosis values of 60%–80%, 16
patients (15%) showed at least 60%–70% stenosis and 34
patients (33%) showed 70%–80% stenosis. On a vessel basis,
180 (63%) of 285 evaluable coronary arteries were normal.
CAD was identified in the remaining 105 (37%) coronary
arteries, with $80% stenosis in 21 (7%), 70%–80% stenosis
in 37 (13%), 60%–70% stenosis in 27 (9%), and ,60%
stenosis in 20 (7%).

Correlations Between CTA Measurements and IVUS
Data

We investigated correlations between the stenosis severity
by CTA in 32 coronary plaques (12 calcified plaques and
20 noncalcified plaques) of 30 patients and the IVUS data for
the same lesions. The mean lesion lumen CSA (3.42 6

1.0 mm2 vs. 3.15 6 1.0 mm2, P , 0.01) and the mean
percentage stenosis (74.1% 6 9.5% vs. 74.3% 6 9.3%, P 5

0.85) were compared between CTA and IVUS, respectively.
The correlation coefficients for these measurements were r 5

0.82 and r 5 0.85, respectively. A Bland–Altman analysis
showed that the lumen CSA measured by CTA was system-
atically overestimated (mean difference, 0.27 6 0.64 mm2),
and the percentage stenosis was slightly underestimated

(mean difference, 20.22% 6 5.5%) (Fig. 4). For 12 calcified
plaques, the correlation coefficients for lumen CSA and
percentage stenosis were r 5 0.55 and r 5 0.73, respectively.
A Bland–Altman analysis showed that the lumen CSA mea-
sured by CTA was overestimated (mean difference, 0.60 6

0.81 mm2), and the percentage stenosis was slightly under-
estimated (mean difference, 20.03% 6 5.9%). For 20
noncalcified plaques, the correlation coefficients for these
measurements were r 5 0.91 and r 5 0.87, respectively. A
Bland–Altman analysis showed that the lumen CSA (mean
difference, 0.28 6 0.44 mm2) and the percentage stenosis
(mean difference, 0.14% 6 5.0%) measured by CTA was
overestimated (Fig. 4).

The interobserver variability for the minimal luminal CSA
measured by CTA was good (r 5 0.87, P , 0.001), and
Bland–Altman analysis showed a mean difference of 0.12 6

0.64 mm2 between 2 observers (P 5 0.09). The interobserver
variability for the percentage stenosis was good (r 5 0.89,
P , 0.001), and Bland–Altman analysis showed a mean
difference of 20.87 6 0.64 mm2 (P 5 0.09).

Relationship Between Stenosis Severity by CTA and
Perfusion Data

Vessel-Based Analysis. In total, 285 evaluable coronary
arteries and related perfusion territories were evaluated.
Figure 5 shows the prevalence of reversible defects evaluated
by SPECT in the study groups defined according to the per-
centage stenosis obtained by CTA. In patients with normal

FIGURE 2. A 65-y-old woman with chest pain. (A) CTA image using maximum-intensity projection reveals presence of significant
stenosis in proximal left anterior descending artery (arrow). (C) Minimal luminal CSA is 2.6 mm2. (D) Vessel CSA is 20.9 mm2. (B)
Corresponding tomograms show reversible perfusion abnormality in anterior, septal, and apical wall (arrows). S.A 5 short axis;
V.L.A 5 vertical long axis; H.L.A 5 horizontal long axis.
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coronary arteries, the prevalence of reversible defects was
0%, whereas in patients with 0%–60% stenosis, it was 1 of 20
vessels (5%). Among patients with .60% stenosis, the prev-
alence of reversible defects significantly increased as the
percentage stenosis increased. Among patients with $80%
stenosis, ischemia was common (86%), whereas for inter-
mediate values of 60%–70% stenosis, the prevalence of re-
versible defects was 9 of 27 vessels (33%), and for 70%–80%
stenosis, the prevalence was 20 of 37 vessels (54%).

Stenosis-Based Analysis. In total, 105 coronary stenoses
and related perfusion territories were evaluated. Quantitative
stress defects obtained from SPECT significantly increased
as the percentage stenosis increased (r 5 20.55, P , 0.0001)
(Fig. 6A). When stenosis was expressed as the minimal
luminal CSA by CTA, quantitative stress defects increased
significantly as the minimal luminal CSA decreased (r 5

0.52, P , 0.0001) (Fig. 6B). Quantitative stress defects were
lower in the proximal stenosis location than those in the more
distal stenosis location (68.9% 6 7.8% vs. 73.5% 6 5.2%,
P 5 0.019).

The SPECT (1) group showed a significantly smaller
minimal luminal CSA (2.8 6 0.6 vs. 4.9 6 1.4 mm2, P ,

0.0001) and more severe percentage area of stenosis
(76.6% 6 7.9% vs. 64.1% 6 10.8%, P , 0.0001) than that
of the SPECT (2) group. However, there were no significant
differences in the lesion vessel CSA (13.5 6 5.8 vs. 14.0 6

4.2 mm2, P 5 0.596) and plaque CSA (10.6 6 5.5 vs. 9.2 6

3.7 mm2, P 5 0.097) between the 2 groups (Table 2).

Diagnostic Accuracy of Functionally Significant
Coronary Artery Stenosis as Determined by CTA
Stenosis Thresholds

Table 3 shows the accuracy of CTA measurement of
stenosis severity to identify patients with a functional signif-
icance of ischemia according toapplication of stenosis thresh-
olds of .60%, .70%, and .80%. When all nonevaluable
vessels were excluded, applying stenosis thresholds of .70%
results in 79% sensitivity, 92% specificity, 66% positive pre-
dictive value (PPV), and 96% negative predictive value
(NPV). When all vessels for analysis with positive non-
evaluable vessels were included, applying stenosis thresh-
olds of .70% results in 81% sensitivity, 84% specificity,
51% PPV, and 96% NPV.

ROC Analysis of Functionally Significant Coronary
Artery Stenosis Determined by CTA

We performed ROC analyses of the lesion’s minimal
luminal CSA and the percentage stenosis derived by CTA
for detecting functionally significant coronary artery stenosis
using stress 201Tl SPECT (Fig. 7). The AUC of the minimal
luminal CSA was 0.927, and the best cutoff value was 3.7
mm2, with a sensitivity of 88% and a specificity of 83%. The
AUC of the percentage stenosis was 0.829, and the best cutoff

FIGURE 3. A 63-y-old man with chest pain. (A) CTA image using maximum-intensity projection shows noncalcified plaque in left
anterior descending artery (arrow). (C) Minimal luminal CSA is 4.2 mm2. (D) Vessel CSA is 12.5 mm2. (B) Corresponding tomograms
show normal perfusion at peak exercise and rest. S.A 5 short axis; V.L.A 5 vertical long axis; H.L.A 5 horizontal long axis.
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value was 71%, with a sensitivity of 75% and a specificity of
76%.

DISCUSSION

The major important findings in the present study are as
follows. First, our study demonstrates a relationship between
coronary stenosis severity assessed by 64-slice CTA and the
severity of defects assessed by stress MPI. Second, despite an
excellent NPV to rule out the presence of ischemia, 64-slice
CTA provides limited accuracy for identifying the physio-

logic significance of inducible perfusion defects in this
highly selected patient group. In the range between 60%
and 80% stenosis, there is a substantial scatter in the corre-
lation of function (201Tl scintigraphy) and morphology.
Therefore, on an individual level, there is a need for an
additional functional procedure such as a perfusion measure-
ment.

Comparison Between CTA and IVUS

The recent introduction of CTA scanners with submilli-
meter slice collimation has increased the spatial and temporal
resolution and improved our ability to measure the dimen-
sions of coronary plaques and vessels (12,16,17). In the
present study, the lumen CSA and the percentage stenosis of
32 de novo coronary lesions measured by CTA were closely
correlated with those obtained by IVUS; however, the lumen
CSA measured by CTA was overestimated and the percent-
age stenosis was slightly underestimated. Although we pre-
sented the correlations with IVUS separately for calcified and
noncalcified plaques, there are some limitations to accurately
quantify the calcified plaques due to the partial-volume
effects. Leber et al. demonstrated that 64-slice CTA-derived
measurements showed good correlations with IVUS for
lumen and plaque area determinations using individually
adapted window settings; however, their ability to quantify
the grade of a luminal obstruction was limited by the sig-
nificant trend toward overestimation of the lumen area and
underestimation of the plaque area (12).

Previous landmark studies by Achenbach and colleagues
reported rather poor correlations between noncalcified
plaques assessed by quantitative 16-slice CTA and IVUS
(17,18). This is also relevant because patients with severe

FIGURE 4. (A) Correlation between lu-
men CSAs measured by 64-slice CTA and
IVUS (n 5 32). Dashed lines correspond to
correlation of calcified plaques (n 5 12,
y 5 0.74x 1 1.34, r 5 0.55, P 5 0.09),
whereas solid lines correspond to corre-
lation of noncalcified plaques (n 5 20, y 5

0.88x 1 0.66, r 5 0.91, P , 0.0001). (B)
Bland–Altman analysis of differences be-
tween the lumen CSAs (mean difference,
0.27 6 0.64 mm2). Dashed lines corre-
spond to mean 6 2 SDs (21.01 to 1.55
mm2). (C) Correlations between percent-
age stenosis measured by 64-slice CTA
and IVUS (n 5 32). Dashed lines corre-
spond to correlation of calcified plaques
(n 5 12, y 5 0.61x 1 30.1, r 5 0.73, P 5

0.0069), whereas solid lines correspond to
correlation of noncalcified plaques (n 5

20, y 5 0.88x 1 8.43, r 5 0.87, P , 0.0001).
(D) Bland–Altman analysis of differences
between percentage stenosis (mean dif-
ference, 20.22% 6 11%). Dashed lines
correspond to mean 6 2 SDs (211.2% to
10.7%). Open circles indicate noncalcified
plaques, whereas solid circles indicate
calcified plaques.

FIGURE 5. Prevalence of reversible defects evaluated by
SPECT in study groups defined according to percentage stenosis
obtained by CTA. Numbers under the bars represent number of
vessels. *P 5 0.018. **P , 0.0001 vs. percentage stenosis of 0%–
60%.
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calcification were excluded from the current study. However,
it is most likely that the improved spatial resolution of the
scanner with thinner detectors (0.5 mm) used in the current
study increased the sensitivity of the detection of non-
calcified lesions. Another factor may be the low BMI in our
study population, as elevated BMI leads to a poor signal-to-
noise ratio, which in turn is a limiting factor in cardiac
scanning. Raff et al. demonstrated that when BMI was
normal (,25 kg/m2), sensitivity, specificity, PPV, and NPV
were all 100% (11). A previous study that used 64-slice CTA
also increased the detection sensitivity for noncalcified
lesions to 83% (19). A BMI of ,25 kg/m2 on average in
the patient group is very uncommon in the United States and
in Europe. The previously proposed cutoff values for cardio-
vascular risk factors cannot be applied to nonwestern popu-
lations because the average BMI and waist circumference for
Asians are smaller (20). Several studies in Asia report that for
the definition of obesity in Asians, the cutoff value for BMI is
23 kg/m2 and for waist circumference it is 90 cm for men and
80 cm for women (21). A 10-y cohort study of national heath
insurance in a Japanese population showed that the excess
medical expenditures by risk clustering of normal weight
categories within the total medical expenditures were higher
than those of overweight categories because more partici-
pants were of normal weight (22). Therefore, in the present
study, there was no potential selection bias that influences the
body habitus.

Relationship Between Stenosis Severity by CTA and
Perfusion Data

To our knowledge, no previous studies have demonstrated
a relationship between the severity of stenosis revealed by
CTA and the severity of defects revealed by stress MPI. We
found that reversible defects began to increase progressively
when the area of stenosis was at least 60%. This observation
is consistent with the findings that basal myocardial blood
flow remains constant regardless of the severity of coronary
artery stenosis, and the maximal flow starts to diminish
progressively when the luminal diameter stenosis is about
40% or more—which is equivalent to 60% if the stenosis is
expressed in terms of the area of stenosis—and does not
differ significantly from the basal flow when the luminal
diameter stenosis diameter is $80% (23). In the present
study, ischemia is common for a stenosis severity of $80%
by CTA and is seldom observed for a value of ,60%. For
intermediate values of 60%–70% stenosis, the prevalence of
reversible defects was 9 of 27 vessels (33%), and for 70%–
80% stenosis the prevalence was 20 of 37 vessels (54%).
Schuijf et al. showed that only 39% of obstructed vessels
($50% luminal narrowing) have abnormal MPI (24), and
lesions with an intermediate severity of stenosis vary in
hemodynamic significance (25). The present study demon-
strated that the NPV of CTA to exclude the presence of
ischemia is excellent, but its PPV or ability to identify

FIGURE 6. (A) Quantitative perfusion
defects in relation to percentage stenosis
by CTA. (B) Quantitative perfusion de-
fects in relation to minimal luminal CSA.
Open circles indicate negative SPECT,
and solid circles indicate positive SPECT.

TABLE 2
Comparison of 64-Slice CTA Measurements According to

Stress 201Tl SPECT Results

Lesion

SPECT

result

Minimal

luminal

CSA (mm2)

Vessel

CSA

(mm2)

Plaque

CSA

(mm2)

Stenosis

(%)

(1) (n 5 48) 2.8 6 0.6* 13.5 6 5.8 10.6 6 5.5 76.6 6 7.9*
(2) (n 5 57) 4.9 6 1.4 14.0 6 4.2 9.2 6 3.7 64.1 6 10.8

*P , 0.0001 vs. SPECT (2).

TABLE 3
Diagnostic Accuracy of Functionally Significant Coronary

Artery Stenosis According to Stenosis Severity by 64-Slice
CTA

Stenosis

criterion (%)

Sensitivity

(%)

Specificity

(%)

PPV

(%)

NPV

(%)

Vessels for analysis only with evaluable vessels

.60 98 84 55 99

.70 79 92 66 96

.80 38 98 86 89

All vessels for analysis with positive nonevaluable vessels

.60 98 77 46 99

.70 81 84 51 96

.80 43 90 48 89
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patients with ischemia is rather poor. This finding is consis-
tent with what has been reported (26).

The present study found that the lesion minimal luminal
CSA (cutoff value of 3.7 mm2) measured by 64-slice CTA
shows good diagnostic values of 88% sensitivity and 83%
specificity for identifying physiologically significant coro-
nary stenosis associated with stress MPI. A previous report
documented a high diagnostic accuracy—for an IVUS lumi-
nal area of 4.0 mm2 at the lesion site—for predicting sig-
nificant coronary narrowing using stress MPI (7). Abizaid
et al. demonstrated a high diagnostic accuracy—for a lesion
minimal luminal area of 4.0 mm2 determined by IVUS—for
predicting an abnormal coronary flow reserve of 2.0 revealed
by intracoronary Doppler flow (27). This finding is consistent
with our results, in which a slightly lower cutoff value of 3.7
mm2 was chosen to optimize the discrimination between
normal and abnormal perfusion in our population. In the
present study, our ROC analysis further supported the use-
fulness of the percentage stenosis of the lesion for identifying
the physiologic significance of perfusion defects, with 75%
sensitivity and 76% specificity. The minimal luminal area of
the lesion derived by CTA is simpler and superior to the
percentage area of stenosis of the lesion for identifying
inducible perfusion defects. However, the use of 64-slice
CTA in a broader clinical application—to the individual body
habitus of the patient (normalization) or the adjacent normal
vessel structures—requires adjustment of the cutoff value for
probably significant stenosis. Theoretically, it can be hy-
pothesized that a small luminal area does not necessarily
cause ischemia in small vessels. Therefore, small vessels
were excluded from the present study, and the luminal area of
the lesion can be validated to detect significant coronary
stenosis in the proximal and middle segments. There were no
differences in the vessel and plaque areas between the
SPECT (1) and SPECT (2) groups. This result could be
explained by the fact that our study population excluded
patients with unstable angina. Previous studies have demon-
strated that lesions in vessels with positive remodeling are
highly associated with high lipid contents and macrophage
counts in patients with unstable angina, whereas negative

remodeling tends to be associated with high-grade luminal
stenosis in patients with stable angina (28,29).

Finally, the advantage of CTA as compared with invasive
functional measurements—such as IVUS, intracoronary
Doppler flow, and transstenotic pressure measurements—is
its noninvasive character. Furthermore, CTA contributes
important morphologic information in addition to evaluat-
ing the functional significance of coronary stenosis with
stress MPI.

Clinical Limitations

First, we used standard 4-h delay images without thal-
lium reinjection, which could result in underestimation of
the extent and severity of myocardial ischemia, especially
in patients with a prior infarction. Furthermore, there were
some technical limitations associated with thallium imag-
ing, such as breast, diaphragmatic, and soft-tissue attenu-
ation. Attenuation artifacts for 99mTc-labeled myocardial
perfusion agents will be somewhat less marked than those
for 201Tl (30). A gated SPECT study with a 99mTc-labeled
perfusion maker with an automated image analysis package
is more appropriate (31,32). Ideally, the minimal luminal
diameter measurements would be correlated with a quan-
titative method such as PET. Further investigations using
these modalities are required to prospectively test the
predictive accuracy of our proposed quantitative cutoff
values for identifying ischemia.

Second, the sample size was small and the study popu-
lation was limited to selected patients chosen for excellent
CTA image quality with the absence of motion artifacts or
severe calcification. Furthermore, the study subjects were
predominantly male, presumably with larger coronary
arteries, and the patient population had very low BMIs as
compared with typical coronary heart disease patients in the
United State or Europe. Patients with serial stenosis or
microvascular disease also were excluded from the patient
population. The proposed threshold value for CSA is valid
in this highly selected patient group. For example, women
would probably have a different threshold value. Thus, we
acknowledge that our patient population was an idealized

FIGURE 7. Diagnostic value of CTA
measurements for assessment of func-
tionally significant coronary artery steno-
sis using stress 201Tl SPECT. ROC curves
of lesion luminal CSA (A) and lesion
percentage stenosis (B).
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dataset, and whether the results can be generalized to
broader populations—including those with smaller vessels,
more calcified vessels, and so forth—awaits further valida-
tion.

CONCLUSION

A comparison of 64-slice CTA measurements and stress
MPI revealed that despite an excellent NPV to rule out the
presence of ischemia, 64-slice CTA alone is a poor discrim-
inator of the functional significance of myocardial ischemia
in a highly selected patient population with a low BMI. It is
clinically relevant that both CTA and stress MPI provide
complementary information—namely, anatomic data and
physiologic data—in evaluating coronary lesions with
intermediate stenosis severity to prevent an unnecessarily
high number of revascularization procedures.
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