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Objectives This study sought to determine the diagnostic accuracy of 64-slice computed tomographic coronary angiography
(CTCA) to detect or rule out significant coronary artery disease (CAD).

Background CTCA is emerging as a noninvasive technique to detect coronary atherosclerosis.

Methods We conducted a prospective, multicenter, multivendor study involving 360 symptomatic patients with acute and
stable anginal syndromes who were between 50 and 70 years of age and were referred for diagnostic conven-
tional coronary angiography (CCA) from September 2004 through June 2006. All patients underwent a nonen-
hanced calcium scan and a CTCA, which was compared with CCA. No patients or segments were excluded be-
cause of impaired image quality attributable to either coronary motion or calcifications. Patient-, vessel-, and
segment-based sensitivities and specificities were calculated to detect or rule out significant CAD, defined as
�50% lumen diameter reduction.

Results The prevalence among patients of having at least 1 significant stenosis was 68%. In a patient-based analysis,
the sensitivity for detecting patients with significant CAD was 99% (95% confidence interval [CI]: 98% to 100%),
specificity was 64% (95% CI: 55% to 73%), positive predictive value was 86% (95% CI: 82% to 90%), and nega-
tive predictive value was 97% (95% CI: 94% to 100%). In a segment-based analysis, the sensitivity was 88%
(95% CI: 85% to 91%), specificity was 90% (95% CI: 89% to 92%), positive predictive value was 47% (95% CI:
44% to 51%), and negative predictive value was 99% (95% CI: 98% to 99%).

Conclusions Among patients in whom a decision had already been made to obtain CCA, 64-slice CTCA was reliable for ruling out
significant CAD in patients with stable and unstable anginal syndromes. A positive 64-slice CTCA scan often overesti-
mates the severity of atherosclerotic obstructions and requires further testing to guide patient management. (J Am
Coll Cardiol 2008;52:2135–44) © 2008 by the American College of Cardiology Foundation

ublished by Elsevier Inc. doi:10.1016/j.jacc.2008.08.058
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oninvasive coronary angiography using computed tomogra-
hy (CT) is a recent development, and multiple small single-
enter studies have been published with different generation
canners, but only 1 multicenter study using a 16-slice scanner
as been published (1). Computed tomographic coronary
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64-slice CT technology featuring
increasedspatial andtemporal reso-
lution has improved the clinical
reliability and permits evaluation
of all clinically relevant branches of
the coronary tree (4–16).

We conducted a prospective,
multicenter, multivendor study to
investigate the diagnostic accuracy
of 64-slice CT scanners to detect
or rule out significant coronary ar-
tery disease (CAD) including all
coronary segments in a consecutive
series of symptomatic patients
with acute and stable anginal syn-
dromes who were scheduled for
invasive conventional coronary an-
giography (CCA).

ethods

tudy design. The study was designed to prospectively
nclude symptomatic patients who presented with stable
nginal syndromes and unstable anginal syndromes who
ere referred for clinically indicated CCA. Patients were

equested to undergo an additional CTCA for research
urposes in addition to their CCA. The study protocol was
pproved by the institutional review board of the Erasmus
niversity Medical Center.
tudy group. From October 2004 until June 2006, 433
ymptomatic patients with stable or unstable anginal syn-
romes who were between the ages of 50 and 70 years were
nrolled in 3 university hospitals. To avoid radiation expo-
ure in young patients, who have a higher lifetime attribut-
ble risk than older individuals receiving the same dose,
atients enrolled in the study were age 50 years or older
17). A maximum age limit was set to minimize the
resence of severe coronary calcifications, which especially
ccur in the elderly and are known to hamper precise
oronary stenosis evaluation. Sixty-two patients denied
written) informed consent, and 11 patients were excluded
ecause of CT-related criteria (5 scanner malfunction, 3
oor intravenous access, 2 contrast extravasation, and 1
econd-degree atrioventricular block because of beta-
lockers). Thus, the remaining study population comprised
60 patients (Fig. 1).
Patients with stable chest pain were categorized as having

ypical or atypical angina pectoris. Typical angina was
efined when the following 3 characteristics were present:
) substernal discomfort; 2) precipitated by physical exertion
r emotion; and 3) relieved with rest or nitroglycerine
ithin 10 min. Atypical angina pectoris was defined
hen only 1 or 2 of these 3 symptom characteristics were
et. Patients presenting with an acute coronary syn-

Abbreviations
and Acronyms

CAD � coronary artery
disease

CCA � conventional
coronary
angiogram/angiography

CT � computed
tomographic/tomography

CTCA � computed
tomographic coronary
angiogram/angiography

NPV � negative predictive
value

PPV � positive predictive
value

QCA � quantitative
coronary angiogram/
angiography
rome were categorized as having unstable angina pec- v
oris (in the absence of a troponin increase as measured at
separate time intervals) or as non–ST-segment eleva-

ion myocardial infarction whenever troponin levels were
levated. Only patients with an acute coronary syndrome
hat did not require an urgent invasive strategy were
ncluded.

Patients with a previous history of percutaneous coronary
tent placement, coronary artery bypass surgery, impaired
enal function (serum creatinine �120 �mol/l), persistent
rrhythmias, inability to perform a breath hold of 15 s, or
nown allergy to iodinated contrast material, were excluded.
can protocol. Each center used a 64-slice CT scanner

rom a different vendor (Sensation 64, Siemens, Forchheim,
ermany; Brilliance 64, Philips Medical Systems, Best, the
etherlands; Toshiba Multi-Slice Aquilion 64 system,
oshiba Medical Systems, Tokyo, Japan). Patients with a
eart rate exceeding 65 beats/min received either additional
ral or intravenous beta-blockers.
A nonenhanced scan to calculate the total calcium score

as performed before the CTCA. The scan parameters of
he scanners are shown in Table 1. A bolus-tracking
echnique was used to synchronize the start of image
cquisition with the arrival of contrast agent in the coronary
rteries.

The effective dose of the nonenhanced scan and the CTCA
as estimated from the product of the dose-length product and
conversion coefficient (k � 0.017 mSv/[mGy � cm]) for the

hest as the investigated anatomical region (18).
mage reconstruction. To acquire optimal motion-free
mages, datasets were reconstructed with retrospective elec-
rocardiographic gating using an absolute reverse or per-
entage technique. Datasets were reconstructed immediately
fter the scan following a stepwise approach. Initially, a
ingle dataset was reconstructed during the mid-to-end
iastolic phase (350 ms before the next R-wave or at 65% to
0% of the R-R interval). In case of insufficient image
uality of 1 or more coronary segments, additional datasets
ere reconstructed in the diastolic phase (between 250 ms

nd 450 ms before the next R-wave or between 60% and
0% of the R-R interval). In case of persistent artifacts related
o coronary motion, an alternative approach using an absolute
orward or percentage technique (between 250 and 400 ms
fter the previous R-wave or between 20% and 40% of the R-R
nterval) was used to obtain datasets during the end-systolic
hase. If necessary, multiple datasets of a single patient were
sed separately to obtain optimal image quality for all coronary
egments. These best selected datasets were stored on CD or
VD and used for CTCA analysis.
uantitative coronary angiography (QCA). All were car-

ied out within 2 weeks before or after CCA. Three
xperienced cardiologists (C.A.M., K.N., J.M.W.) unaware
f the results of CTCA received the CCAs on a CD and
dentified and analyzed all coronary segments using a

odified 17-segment American Heart Association classifi-
ation (19) on a separate workstation. Segments were

isually classified as normal (smooth parallel or tapering
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orders, visually �20% narrowing) or as having nonsignif-
cant or significant coronary obstruction (visually �20%
arrowing). The stenoses in segments visually scored as
aving �20% narrowing were quantified by a validated
CA algorithm (CAAS, Pie Medical, Maastricht, the
etherlands) (20).
Stenoses were evaluated in the worst angiographic view

nd classified as significant if the lumen diameter reduction
xceeded �50%.
T image evaluation. The total calcium scores of all pa-

ients were calculated using dedicated software. The CTCA
cans of a certain study center were always graded by a team
rom another study center. Two observers graded each CTCA
can, and in case of disagreement consensus was obtained by a
hird reader. Experienced observers (W.B.M., M.F.M., J.D.S.,
.R.M., A.M.V., J.W.J.) unaware of the results of the CCA

valuated the CTCA datasets on an offline workstation (Leo-
ardo, Siemens, Forchheim, Germany).
Image quality was evaluated on a per-segment basis and

Figure 1 Flow Diagram of Patient Recruitment According to th

Flow of patients through the study. CTCA � computed tomography coronary angiog
lassified as good (defined as absence of any image- m
egrading artifacts related to motion, calcification, or noise),
oderate (presence of image-degrading artifacts, but eval-

ations possible with moderate confidence), or poor (pres-
nce of image-degrading artifacts and evaluation possible
ith low confidence). The influence of calcium on a
er-segment basis was evaluated and graded as none (not
alcified), moderate (calcium present and covering �50% of
umen), and high (calcium covering �50% of lumen in all
lanes including in cross section).
The axial source images, as well as multiplanar or curved

eformatted reconstructions and maximum intensity projec-
ions, were used to evaluate the CT dataset for the presence
f significant segmental stenosis. Segments were scored as
aving significant CAD if there was �50% diameter reduc-
ion of the lumen by visual assessment. Segments distal to a
hronic total occlusion were excluded. An intention-to-
iagnose design was used; thus, all scanned patients includ-
ng all vessels and segments were analyzed even if the image
uality was poor because of extensive calcification, coronary

ndards for Reporting of Diagnostic Accuracy Statement

QCA � quantitative coronary angiography.
e Sta

raphy;
otion, or breathing artifacts.
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ower calculation. We assumed a 70% prevalence of signif-
cant CAD in this study population. Sample size calculations
howed that 320 patients were necessary to estimate the
ensitivity and specificity of CTCA versus CCA as reference
tandard with a 95% confidence interval of 6% (i.e., a standard
rror of approximately 3%) above and below the expected
TCA sensitivity and specificity of 90%. To allow for possible

ncomplete data, we included 40 extra patients.
tatistical analysis. Descriptive statistics were performed for
atients, coronary vessels, and segments. All 360 patients and
ll coronary segments were included in the analysis. Categor-
cal patients’ demographics and characteristics, expressed as
umbers and percentages, were compared using chi-square
ests. Continuous variables were expressed as mean (standard
eviation) and compared with an unpaired 2-sided Student t
est when normally distributed. Normality was determined
sing the software program SPSS (version 12.1., SPSS Inc.,
hicago, Illinois), which uses the Shapiro-Wilk test for sample

izes from 3 to 2,000. Furthermore, graphical methods were

can Parameters of the Different Scanners

Table 1 Scan Parameters of the Different Scanners

Sensation 64, Siemens

CTCA

Gantry rotation time, ms 330

Slices per rotation 32 � 2

Individual detector width, mm 0.6

Table feed, mm/rotation 3.8

Tube voltage, kV 120

Tube current, mAs 850–960

Retrospective gating Yes

ECG X-ray tube modulation Off

Contrast material Iomeron 400

Volume, ml 95

Iodine flux, g/s 2.0

Estimated effective dose, mSv 15.5 � 2.2

Calcium score

Tube current, mAs 150

ECG synchronization Retrospective gating

ECG X-ray tube modulation On

Estimated radiation exposure, mSv 1.7 � 0.8

TCA � computed tomography coronary angiography; ECG � electrocardiograph.

efinitions of Descriptive Parameters Used in the Different Diagnos

Table 2 Definitions of Descriptive Parameters Used in the Diffe

True-Positive True-Negative

Patient analysis At least 1 significant stenosis in
a patient detected by CTCA
and CCA regardless of
location of stenosis

No significant stenosis in
detected either by CTC

Vessel analysis At least 1 significant stenosis in
a vessel detected by CTCA
and CCA regardless of
location of stenosis

No significant stenosis in
detected either by CTC

Segment
analysis

Significant stenosis in a
segment detected by
CTCA and CCA

No significant stenosis in
detected either by CTC

n CTCA, significant stenosis is defined as a 50% lumen diameter reduction of the lumen by visual a

uantitative coronary angiography.
CCA � conventional coronary angiography; CTCA � computed tomography coronary angiography.
sed, such as frequency distribution histograms to visualize a
ormal distribution. When not normally distributed, continu-
us variables were expressed as medians (25th to 75th percen-
ile range) and compared using the nonparametric Mann-

hitney U test. For the evaluation of patient demographics
nd characteristics, values of p � 0.01 were considered statis-
ically significant. Diagnostic performance of CTCA for the
iagnosis of significant CAD compared with the standard of
eference QCA on CCA was determined with sensitivity,
pecificity, positive predictive value (PPV), and negative pre-
ictive value (NPV), and their corresponding 95% confidence

ntervals (CIs). Definitions of descriptive parameters used in
he different diagnostic analyses are shown in Table 2.

The data were clustered, implying that potential correla-
ion existed between the multiple (17) segments analyzed
er patient (21–23). To adjust for the clustered nature of the
ata, we used a bootstrap approach for the analyses with the
atient as cluster, sampling with replacement, performing
,000 replications, and analyzing the bias-corrected 95%

Brilliance 64, Philips Aquilion 64, Toshiba

420 400

64 � 1 64 � 1

0.625 0.5

8 5.76

120 120

900 670–710

Yes Yes

Off Off

Ultravist 300–370 Iomeron 400

100–140 80–110

1.6–2.0 2.0

18.4 � 3.2 16.0 � 2.3

150 150

Retrospective gating Prospective triggering

On —

1.8 � 0.9 1.2 � 0.5

nalyses

Diagnostic Analyses

False-Positive False-Negative

ent
CA

Significant stenosis detected by
CTCA and no significant
stenosis detected by CCA

No significant stenosis detected by
CTCA and at least 1 significant
stenosis detected by CCA

el
CA

Significant stenosis detected by
CTCA and no significant
stenosis detected by CCA

No significant stenosis detected by
CTCA and at least 1 significant
stenosis detected by CCA

ment
CA

Significant stenosis detected by
CTCA and no significant
stenosis detected by CCA

No significant stenosis detected by
CTCA and a significant stenosis
detected by CCA

ent. In CCA, significant stenosis is defined as a 50% lumen diameter reduction as quantified with
tic A

rent

a pati
A or C

a vess
A or C

a seg
A or C

ssessm
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Is in both the vessel and segment analyses and their
ubanalyses (23,24).

Three pairs of observers for different centers conducted
he analysis, resulting in 3 intervariabilities, presented as
ange of intervariability. The data of the 3 intervariabilities
ere averaged and presented as mean interobserver variabil-

ty. Intraobserver agreement of 1 observer in a set of 50
atients is presented using kappa statistics. The statistical

atient Demographics (N � 360)

Table 3 Patient Demographics (N � 360)

Variable
Included Patients

(n � 360)
Ex

Clinical presentation

Typical angina pectoris 151 (42%)

Atypical angina pectoris 82 (23%)

Unstable angina pectoris 77 (21%)

Non–ST-segment elevation myocardial infarction 50 (14%)

Men 245 (68%)

Age, yrs* 60 � 6

Body mass index, kg/m2* 27.3 � 3.8

Heart rate, beats/min* 59 � 9

Risk factors

Hypertension† 219 (61%)

Hypercholesterolemia‡ 228 (63%)

Diabetes mellitus§ 63 (18%)

Smoker 137 (38%)

Family history of coronary artery disease 183 (51%)

Body mass index �30 kg/m2 85 (24%)

Previous myocardial infarction 53 (15%)

Calcium score (Agatston score)� 213 (42–553)

Conventional coronary angiography

Prevalence of obstructive coronary artery disease 246 (68%)

Absence of significant coronary artery disease 114 (32%)

1-vessel disease 141 (39%)

2-vessel disease 78 (22%)

3-vessel disease 21 (6%)

Left main coronary artery disease 6 (2%)

alues are n (%) unless otherwise indicated. Categorical patients’ demographics and characteristic
test. If not normally distributed, continuous variables were compared with the Mann-Whitney U te
r treatment for hypertension. ‡Total cholesterol �180 mg/dl or treatment for hypercholesterole

iagnostic Performance of 64-Slice CTCA for the Detection of >50

Table 4 Diagnostic Performance of 64-Slice CTCA for the Dete

Prevalence of
Disease, % n TP TN

Patient-based analysis 68 360 244 73

Stable angina pectoris 63 233 145 56

Non–ST-segment elevation acute
coronary syndrome

79 127 99 17

Men 76 245 185 38

Women 51 115 59 35

Typical angina pectoris 70 151 104 31

Atypical angina pectoris 50 82 41 25

Unstable angina pectoris 75 77 57 13

Non–ST-segment elevated
myocardial infarction

84 50 42 4
I � confidence interval; CTCA � computed tomography coronary angiography; FN � false-negative; FP � f
P � true-positive; QCA � quantitative coronary angiography.
nalyses were performed using SPSS (version 12.1, SPSS
nc.) and STATA (SE version 8.2, College Station, Texas).

esults

atient characteristics of those included and excluded from
he study are shown in Table 3. There were no significant
ifferences between the 2 groups. The prevalence of having

d Patients
73) p Value

Stable Anginal
Syndromes
(n � 233)

Unstable Anginal
Syndromes
(n � 127) p Value

(47%) 151 (65%) — —

(18%) 82 (35%) — —

(21%) NS — 77 (61%) —

(15%) — 50 (39%) —

(76%) NS 156 (67%) 89 (70%) NS

� 6 NS 60 � 6 60 � 6 NS

� 4.2 NS 27.6 � 3.9 26.8 � 3.5 NS

— — 59 � 10 59 � 8 NS

(60%) NS 149 (64%) 70 (55%) NS

(63%) NS 151 (65%) 77 (61%) NS

(21%) NS 47 (20%) 16 (13%) NS

(37%) NS 74 (32%) 63 (50%) �0.001

(55%) NS 113 (48%) 70 (55%) NS

(25%) NS 59 (25%) 26 (20%) NS

(19%) NS 36 (15%) 17 (13%) NS

— — 211 (31–639) 216 (44–478) NS

(79%) NS 146 (63%) 100 (79%) �0.01

(21%) 87 (37%) 27 (21%)

(36%) 88 (38%) 53 (42%)

(27%) NS 46 (20%) 32 (25%) �0.01

(14%) 10 (4%) 11 (9%)

(3%) 2 (1%) 4 (3%)

compared using chi-square tests. Continuous variables were tested with unpaired 2-sided Student
es of p � 0.05 are significant. *Mean and standard deviation. †Blood pressure �140/90 mm Hg
reatment with oral antidiabetic medication or insulin. �Median and quartiles.

enosis on QCA in the Per-Patient Analysis (95% CI)

of >50% Stenosis on QCA in the Per-Patient Analysis (95% CI)

FN Sensitivity, % Specificity, % PPV, % NPV, %

2 99 (98–100) 64 (55–73) 86 (82–90) 97 (94–100)

1 99 (98–100) 64 (53–74) 82 (76–88) 98 (95–100)

1 99 (97–100) 63 (45–81) 91 (85–96) 94 (84–100)

2 99 (97–100) 66 (53–78) 90 (86–94) 95 (88–100)

0 100 (100–100) 63 (50–75) 74 (64–83) 100 (100–100)

1 99 (97–100) 67 (54–81) 87 (81–93) 97 (91–100)

0 100 (100–100) 61 (46–76) 72 (60–84) 100 (100–100)

1 98 (95–100) 68 (48–89) 90 (83–98) 93 (79–100)

0 100 (100–100) 50 (15–85) 91 (83–99) 100 (100–100)
clude
(n �

34

13

15

11

54

60

27.2

44

45

15

27

40

18

14

58

15

26

20

10

2

s were
% St

ction

FP

41

31

10

20

21

15

16

6

4

alse-positive; NPV � negative predictive value; PPV � positive predictive value; TN � true-negative;
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t least 1 significant coronary stenosis was 68%. Patient
emographics of patients presenting with stable or unstable
ymptoms were comparable, except for a higher prevalence
f smokers (p � 0.001) and a higher prevalence and extent
f significant CAD (p � 0.01) in patients presenting with
nstable anginal syndromes (chi-square test).
Additional beta-blockers before CTCA scanning were

dministered in 56% (200 of 360) of patients, decreasing the
ean heart rate to 59 � 9 beats/min. The mean scan time
as 10.7 � 1.6 s. One patient needed a short period of
bservation on the coronary care unit because of a second-
egree AV block after beta-blocker administration but

Figure 2 CTCA Image of the RCA With Significant Coronary Art

A thick maximum-intensity projected CTCA image (A) shows the anatomy of the rig
icant coronary stenosis (arrow) in the mid right coronary artery and distally an inte
tional coronary angiography (C). Abbreviation as in Figure 1.

Figure 3 CTCA Exclusion of Significant Coronary Artery Diseas

Three curved multiplanar reconstructed images show the right coronary artery (A),
artery (C). In the left main coronary artery, proximal- and mid-LAD nonobstructive c
the absence of significant coronary artery disease (D,E,F). Abbreviation as in Figur
ecovered completely. In 2 patients, contrast extravasation
ccurred that resolved without further complications, and 3
atients had mild contrast allergy that was successfully
reated with antihistamines.

iagnostic performance of 64-slice CTCA: patient-
ased analysis. The diagnostic performance of CTCA for
etecting significant stenoses on a patient level is detailed in
able 4. Almost all patients with significant CAD on CCA
ere identified by CTCA (99%, 244 of 246) (Figs. 2 and 3).
wo patients with 1-vessel disease were missed. In all patients
ith left main or 3-vessel disease (100%, 27 of 27), CTCA
etected at least 1 significant coronary stenosis, which means

isease

onary artery (RCA). A curved multiplanar reformatted image (B) discloses a signif-
ate coronary stenosis (arrowhead), which were both corroborated by conven-

ft anterior descending coronary artery (LAD) (B), and the circumflex coronary
d plaques can be seen (arrows). The conventional coronary angiography confirms
ery D

ht cor
rmedi
e

the le
alcifie
e 1.
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hat in a per-patient analysis all of these patients were correctly
dentified. Forty-one patients with angiographically nonsignif-
cant disease were incorrectly classified as having significant
AD by CTCA: 49% (20 of 41) of patients were scored as
aving single-vessel disease, 27% (11 of 41) of patients as
aving 2-vessel disease, 17% (7 of 41) of patients as having
-vessel disease, and 7% (3 of 41) as having significant left
ain CAD (Fig. 4). Sensitivity and specificity between pa-

ients who presented with stable versus unstable symptoms
ere similar.
iagnostic performance of 64-slice CTCA: vessel-based

nalysis. The diagnostic performance of CTCA for the
etection of significant lesions on vessel-based analysis is
etailed in Table 5. Significant lesions in the right coronary
rtery and circumflex coronary artery were more often
ndetected than lesions in the left anterior descending
oronary artery and left main coronary artery. The severity
f a lesion was overestimated in 245 nonobstructive vessels
false positives).

iagnostic performance of 64-slice CTCA to predict the
xtent of significant vessel disease. In 53% (192 of 360) of
he patients, CTCA correctly predicted the absence of
ignificant vessel disease and the presence of 1-, 2-, and
-vessel disease. In 3% (11 of 360), CTCA underrated the
xtent of disease, and in 44% (157 of 360), it overestimated

Figure 4 CTCA Overestimated Stenosis Severity of the RCA

A volume-rendered CTCA image (A) reveals the anatomy of the RCA. A maximum-in
depict a noncalcified obstructive coronary stenosis in the mid-RCA (arrow). Howev
tative coronary angiography showed a 40% diameter reduction of the coronary lum
he extent of disease. The weighted kappa score to predict
he extent of vessel disease was moderate (0.47).

The prevalence of 3-vessel disease was 6%. The sensitivity
or predicting the presence of significant 3-vessel disease was
0% (95% CI: 68% to 98%), specificity was 77% (95% CI: 72%
o 81%), positive predictive value was 19% (95% CI: 12% to
9%), and negative predictive value was 99% (95% CI: 97% to
00%) (Table 6).
iagnostic performance of 64-slice CTCA: segment-

ased analysis. The diagnostic performance of CTCA for
he detection of significant lesions on a segment-based
nalysis is detailed in Table 7. Overall 5,297 of 6,120
otentially available segments were included for comparison
ith CCA. Unavailable segments included 628 anatomi-

ally absent segments on CCA and 195 segments distal to
n occluded coronary segment. All coronary segments were
valuated, also including segments with severe calcifications
r poor image quality. Sensitivity decreased with vessel
iameter and increased with the presence of calcifications.
pecificity decreased with poor image quality and in the
resence of severe calcifications.
The severity of 59 significant coronary stenoses was

nderestimated or missed and classified as nonsignificant by
TCA, and the severity of 471 nonsignificant lesions was
verestimated by CTCA. The highest percentage of over-

y projected image (B) and 2 curved multiplanar reconstructed images (C,D)
ventional coronary angiography only shows a nonsignificant stenosis (E). Quanti-
breviations as in Figures 1 and 2.
tensit
er, con
en. Ab
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stimated and underestimated coronary stenoses was clus-
ered around the cutoff value of 50% diameter reduction
Fig. 5). The kappa values for the mean interobserver
ariability and the intraobserver variability were 0.66 (range
5 to 67) and 0.69, respectively.

iscussion

his prospective, multicenter, multivendor study showed
hat 64-slice CTCA in intermediate- to high-risk symp-
omatic patients accurately detects significant CAD and is
eliable for ruling out significant CAD. The sensitivity to
etect CAD was 99%, and the negative predictive value was
7%. Because of overestimation of the severity of a stenosis,
he specificity was moderate (64%) with a positive predictive
alue of 86%. All patients with 3-vessel disease or left main
AD were detected. The study was performed in 3 inde-
endent centers, with different types of 64-slice CT scan-
ers and using different dedicated scan protocols.
The high sensitivity of CTCA for CAD shown in our

tudy is in keeping with the sensitivity of 64-slice CTCA
tudies performed in single-center studies. The specificity of
4% is, however, lower than results published previously,
hich ranged from 79% to 100% (4,5,7–15). The main

eason for the lower specificity was the rather high rate of
alse-positive outcomes, which was related to the difficulties
n grading the severity of stenosis and the inclusion in the
nalysis of all available coronary segments regardless of
mage quality. We included in our analysis segments with
oor image quality caused by blurring because of cardiac
otion or step artifacts caused by breathing or an irregular

eart rate. The precise grading of the severity of a coronary
tenosis is hampered in calcified obstructions because of the

iagnostic Performance of 64-Slice CTCA for the Detection of >50

Table 5 Diagnostic Performance of 64-Slice CTCA for the Dete

Prevalence of
Disease, % N TP T

Vessel-based analysis 26 1,440 354 82

Right coronary artery 39 360 132 17

Left main coronary artery 2 360 5 33

Left anterior descending coronary artery 37 360 133 12

Circumflex coronary artery 26 360 84 18

ias-corrected 95% CIs from a bootstrap analysis are reported for the vessel analyses and the ind
Abbreviations as in Table 4.

erformance of CTCA toredict the Extent of CAD as Seen on CCA

Table 6 Performance of CTCA to
Predict the Extent of CAD as Seen on CCA

Extent of CAD as
Seen on CTCA

Extent of CAD as Seen on CCA

0 1 2 3

0 74 2 0 0

1 21 59 7 1

2 11 46 40 1

3 8 37 34 19

he weighted kappa � 0.47 and the strength of agreement is considered to be moderate. The left
c
ain coronary artery was left out of the analysis.
CAD � coronary artery disease; other abbreviations as in Table 2.
looming effect, which overestimates the severity of steno-
is. In case of extensive focal calcifications, the visualization
f the underlying coronary lumen is obscured. However, we
id not exclude these segments from the analysis but tended
o grade these lesions as having a significant obstruction.

Our coronary stenosis grading policy, and inclusion of all
oronary segments in an intention-to-diagnose approach, is
ased on the premise that patients with either positive CTA
esults or nonevaluable segments will undergo CCA. Be-
ause the clinical implication is the same, we graded
onevaluable segments as positive, which means that the
alculated sensitivity and specificity reflect clinically decision
aking. Our approach is different from many single-center

eports about the diagnostic performance of 64-slice
TCA, in which approximately 6% of all segments were

xcluded from further analysis because they were considered
onevaluable (4,5,7–15).
The inclusion or exclusion of nonevaluable coronary

egments from further analysis on the diagnostic perfor-
ance of CTCA can have significant effects, as shown in

he multicenter CT study reported by Garcia et al. (1). They
tudied 187 symptomatic patients using 16-slice CT scan-
ers. After exclusion of nonevaluable segments (29% of all
vailable segments), the sensitivity was 75% and the speci-
city was 77%. Scoring all nonevaluable segments as a
ositive test result, sensitivity increased to 98% but at the
xpense of specificity, which decreased to 54%.

The outcome of a negative CTCA scan is important. A
ecent study showed that conservative management of a
atient with a negative CT scan is safe and is associated
ith an excellent 1-year outcome (25). The presence and

xtent of both nonobstructive and obstructive CAD as seen
n CTCA was shown to predict adverse cardiovascular
vents in particular in patients with left main and 3-vessel
isease (26). In our study we showed that CTCA reliably
etected patients with left main or 3-vessel disease, al-
hough CTCA overestimated the extent of disease com-
ared with CCA. For clinical decision making, the high
umber of false-positive CTCA outcomes necessitates fur-
her testing with either functional tests or CCA. Alterna-
ively, a functional test could be performed before or in
ddition to CTCA.

It is time for clinical trials testing the effectiveness and

enosis on QCA in the Per-Vessel Analysis (95% CI)

of >50% Stenosis on QCA in the Per-Vessel Analysis (95% CI)

FP FN Sensitivity, % Specificity, % PPV, % NPV, %

245 20 95 (92–97) 77 (74–80) 59 (55–63) 98 (96–99)

50 8 94 (90–98) 77 (71–82) 73 (66–79) 96 (92–98)

16 1 83 (50–100) 95 (93–97) 24 (8–44) 100 (99–100)

100 1 99 (97–100) 56 (49–63) 57 (51–63) 99 (97–100)

79 10 89 (83–95) 70 (65–76) 52 (45–60) 95 (92–98)

vessel analyses.
% St

ction

N

1

0

8

6

7

ost-effectiveness of various workup algorithms in a ran-
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omized fashion to see which yield the best outcomes and
owest costs.
tudy limitations. Our study was performed in pre-
elected middle-aged patients referred for CCA who pre-
ented with atypical and typical stable angina and unstable
ngina, which have been shown to fall into categories of
atients with intermediate to high pre-test probabilities of
aving CAD (27). Thus, our study population is neither
epresentative of patients with a low to intermediate prob-
bility, for which CTCA is currently recommended (28),

Figure 5 Diagnostic Performance of CTCA Per Segmental Analy

In the graph, the diagnostic performance of CTCA is shown according to various di
ber of segments per stenosis category is shown in the table. The highest frequenc
tered around the cutoff value of 50% diameter reduction (significant coronary sten
other abbreviations as in Figure 1.

nalysis of the Influence of Coronary Diameter, Image Quality, anderformance of 64-Slice CTCA for the Detection of >50% Stenosis

Table 7 Analysis of the Influence of Coronary Diameter, Image
Performance of 64-Slice CTCA for the Detection of >5

Prevalence of
Disease, % N TP TN

Segment-based analysis 9 5,297 422 4,345

Diameter, mm

�2 10 4,531 407 3,655

1.5–2 3 449 10 396

�1.5 3 317 5 294

Image quality

Good 9 3,710 282 3,188

Moderate 11 851 78 641

Poor 10 736 62 516

Calcium

None 5 3,640 128 3,367

Moderate 17 1,235 192 829

High 25 422 102 149

ias-corrected 95% computed tomography scans from a bootstrap analysis are reported for the s
Abbreviations as in Table 4.
or of unstable patients with ongoing ischemia or with
emodynamic or electrical instability, who require an im-
ediate intervention. A study comparing CTCA with
CA in patients at low to intermediate risk would be
ifficult to perform because CCA is not always indicated.
owever, the negative predictive value for low-to-

ntermediate-;risk patients can be estimated using Bayesian
evision adjusting the prior probability and is very high.
espite the high sensitivity and lower specificity, our study

id not suffer from referral bias. A referral bias occurs when

ategorized by Diameter Stenoses on QCA

r stenoses as measured by QCA in a per-segment analysis. The absolute num-
verestimated (FP) and underestimated (FN) coronary stenoses by CTCA was clus-
FN � false-negative; FP � false-positive; TN � true-negative; TP � true-positive;

nary Calcium of the DiagnosticCA in the Per-Segment Analysis (95% CI)

ity, and Coronary Calcium of the Diagnostic
tenosis on QCA in the Per-Segment Analysis (95% CI)

FN Sensitivity, % Specificity, % PPV, % NPV, %

59 88 (85–91) 90 (89–92) 47 (44–51) 99 (98–99)

50 89 (86–92) 90 (88–91) 49 (45–53) 99 (98–99)

3 77 (54–100) 91 (88–94) 20 (10–32) 99 (98–100)

6 45 (10–75) 96 (94–98) 29 (7–58) 98 (96–99)

34 89 (85–93) 94 (93–95) 58 (53–62) 99 (98–99)

15 84 (76–91) 85 (82–88) 40 (33–47) 98 (96–99)

10 86 (78–94) 78 (74–82) 30 (24–36) 98 (97–99)

37 78 (71–84) 97 (96–98) 54 (48–60) 99 (99–99)

17 92 (88–95) 81 (78–84) 49 (44–55) 98 (97–99)

5 95 (91–99) 47 (41–54) 38 (32–44) 97 (94–99)

t analyses and their subanalyses.
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atients are selected for referral to the reference test based
n the results of the index test. In our study all patients
nderwent the reference test, CCA, irrespective of the
esults of the index test, CTCA. Ideally, a consecutive series
f patients who are referred for CTCA, and not CCA,
eeds to be considered in which all patients should undergo
CA regardless of CTCA results.
The high radiation exposure, with an estimated effective

ose of 15 to 18 mSv, is of concern. In this study we did not
se prospective electrocardiogram-triggered X-ray tube
odulation to reduce the radiation dose because the first-

eneration 64-slice multidetector CT systems were
quipped with nonflexible tube current modulation ability.

e were concerned that the use of this mode would
ncrease the number of coronary segments with poor image
uality because the technique limits the ability to recon-
truct images in all coronary phases and may cause motion
rtifacts.

onclusions

mong patients in whom a decision had already been made to
btain CCA, we found that 64-slice CTCA was reliable for
uling out significant CAD in patients with stable and unstable
nginal syndromes. A positive 64-slice CTCA scan often
verestimates the severity of atherosclerotic obstructions and
equires further testing to guide patient management.
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rasmus Medical Center, Department of Cardiology and Radiol-
gy, Room Hs 227, Gravendijkwal 230, P.O. Box 2040, 3015 GD
otterdam, the Netherlands. E-mail: p.j.defeyter@erasmusmc.nl.

EFERENCES

1. Garcia MJ, Lessick J, Hoffmann MH. Accuracy of 16-row multide-
tector computed tomography for the assessment of coronary artery
stenosis. JAMA 2006;296:403–11.

2. Achenbach S, Giesler T, Ropers D, et al. Detection of coronary artery
stenoses by contrast-enhanced, retrospectively electrocardiographically-gated,
multislice spiral computed tomography. Circulation 2001;103:2535–8.

3. Nieman K, Oudkerk M, Rensing BJ, et al. Coronary angiography with
multi-slice computed tomography. Lancet 2001;357:599–603.

4. Ehara M, Surmely JF, Kawai M, et al. Diagnostic accuracy of 64-slice
computed tomography for detecting angiographically significant coronary
artery stenosis in an unselected consecutive patient population: compari-
son with conventional invasive angiography. Circ J 2006;70:564–71.

5. Fine JJ, Hopkins CB, Ruff N, Newton FC. Comparison of accuracy of
64-slice cardiovascular computed tomography with coronary angiog-
raphy in patients with suspected coronary artery disease. Am J Cardiol
2006;97:173–4.

6. Hamon M, Biondi-Zoccai GG, Malagutti P, et al. Diagnostic
performance of multislice spiral computed tomography of coronary
arteries as compared with conventional invasive coronary angiography:
a meta-analysis. J Am Coll Cardiol 2006;48:1896–910.

7. Herzog C, Zwerner PL, Doll JR, et al. Significant coronary artery
stenosis: comparison on per-patient and per-vessel or per-segment
basis at 64-section CT angiography. Radiology 2007;244:112–20.

8. Leber AW, Knez A, von Ziegler F, et al. Quantification of obstructive
and nonobstructive coronary lesions by 64-slice computed tomogra-
phy: a comparative study with quantitative coronary angiography and

intravascular ultrasound. J Am Coll Cardiol 2005;46:147–54. c
9. Leschka S, Alkadhi H, Plass A, et al. Accuracy of MSCT coronary
angiography with 64-slice technology: first experience. Eur Heart J
2005;26:1482–7.

0. Mollet NR, Cademartiri F, van Mieghem CA, et al. High-resolution
spiral computed tomography coronary angiography in patients referred
for diagnostic conventional coronary angiography. Circulation 2005;
112:2318–23.

1. Nikolaou K, Knez A, Rist C, et al. Accuracy of 64-MDCT in the
diagnosis of ischemic heart disease. AJR Am J Roentgenol 2006;187:
111–7.

2. Pugliese F, Mollet NR, Runza G, et al. Diagnostic accuracy of
non-invasive 64-slice CT coronary angiography in patients with stable
angina pectoris. Eur Radiol 2006;16:575–82.

3. Raff GL, Gallagher MJ, O’Neill WW, Goldstein JA. Diagnostic
accuracy of noninvasive coronary angiography using 64-slice spiral
computed tomography. J Am Coll Cardiol 2005;46:552–7.

4. Ropers D, Rixe J, Anders K, et al. Usefulness of multidetector row
spiral computed tomography with 64- � 0.6-mm collimation and
330-ms rotation for the noninvasive detection of significant coronary
artery stenoses. Am J Cardiol 2006;97:343–8.

5. Schuijf JD, Pundziute G, Jukema JW, et al. Diagnostic accuracy of
64-slice multislice computed tomography in the noninvasive evaluation of
significant coronary artery disease. Am J Cardiol 2006;98:145–8.

6. Vanhoenacker PK, Heijenbrok-Kal MH, Van Heste R, et al. Diag-
nostic performance of multidetector CT angiography for assessment of
coronary artery disease: meta-analysis. Radiology 2007;244:419–28.

7. Einstein AJ, Henzlova MJ, Rajagopalan S. Estimating risk of cancer
associated with radiation exposure from 64-slice computed tomogra-
phy coronary angiography. JAMA 2007;298:317–23.

8. Menzel H, Schibila H, Teunen D, European Guidelines on Quality
Criteria for Computed Tomography. Luxembourg: European Com-
mission Publication, 2000. No. EUR 16262 EN.

9. Austen WG, Edwards JE, Frye RL, et al. A reporting system on patients
evaluated for coronary artery disease. Report of the Ad Hoc Committee
for Grading of Coronary Artery Disease, Council on Cardiovascular
Surgery, American Heart Association. Circulation 1975;51:5–40.

0. Reiber JH, Serruys PW, Kooijman CJ, et al. Assessment of short-,
medium-, and long-term variations in arterial dimensions from
computer-assisted quantitation of coronary cineangiograms. Circula-
tion 1985;71:280–8.

1. Fleiss JL, Levin B, Cho Paik M. Statistical Methods for Rates and
Proportions. 3rd edition. New York, NY: John Wiley & Sons, 2003.

2. Scanlon PJ, Faxon DP, Audet AM, et al. ACC/AHA guidelines for
coronary angiography. A report of the American College of Cardiol-
ogy/American Heart Association Task Force on practice guidelines
(Committee on Coronary Angiography). Developed in collaboration
with the Society for Cardiac Angiography and Interventions. J Am
Coll Cardiol 1999;33:1756–824.

3. Zhou XH, Obuchowski NA, McClish DK. Statistical Methods in
Diagnostic Medicine. New York, NY: Wiley & Sons-Interscience, 2002.

4. Efron B, Tibshirani RJ. An Introduction to the Bootstrap. New York,
NY: Chapman & Hall, 1993.

5. Gilard M, Le Gal G, Cornily JC, et al. Midterm prognosis of patients
with suspected coronary artery disease and normal multislice computed
tomographic findings: a prospective management outcome study. Arch
Intern Med 2007;167:1686–9.

6. Min JK, Shaw LJ, Devereux RB, et al. Prognostic value of multide-
tector coronary computed tomographic angiography for prediction of
all-cause mortality. J Am Coll Cardiol 2007;50:1161–70.

7. Hendel RC, Patel MR, Kramer CM, et al. ACCF/ACR/SCCT/
SCMR/ASNC/NASCI/SCAI/SIR 2006 appropriateness criteria for
cardiac computed tomography and cardiac magnetic resonance imag-
ing. J Am Coll Cardiol 2006;48:1475–97.

8. Budoff MJ, Achenbach S, Blumenthal RS, et al. Assessment of coronary
artery disease by cardiac computed tomography: a scientific statement
from the American Heart Association Committee on Cardiovascular
Imaging and Intervention, Council on Cardiovascular Radiology and
Intervention, and Committee on Cardiac Imaging, Council on Clinical
Cardiology. Circulation 2006;114:1761–91.

ey Words: coronary artery disease y computed tomography y

oronary angiography y prospective y multicenter.

mailto:p.j.defeyter@erasmusmc.nl

	Diagnostic Accuracy of 64-Slice Computed Tomography Coronary Angiography
	Methods
	Study design
	Study group
	Scan protocol
	Image reconstruction
	Quantitative coronary angiography (QCA)
	CT image evaluation
	Power calculation
	Statistical analysis

	Results
	Diagnostic performance of 64-slice CTCA: patient-based analysis
	Diagnostic performance of 64-slice CTCA: vessel-based analysis
	Diagnostic performance of 64-slice CTCA to predict the extent of significant vessel disease
	Diagnostic performance of 64-slice CTCA: segment-based analysis

	Discussion
	Study limitations

	Conclusions
	REFERENCES


