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ccuracy of Multislice Computed
omography in the Preoperative Assessment of
oronary Disease in Patients With Aortic Valve Stenosis
artine Gilard, MD,* Jean-Christophe Cornily, MD,* Pierre-Yves Pennec, MD,* Cedric Joret,*
régoire Le Gal, MD,† Jacques Mansourati, MD,* Jean-Jacques Blanc, MD,* Jacques Boschat, MD*
rest, France

OBJECTIVES To evaluate multislice computed tomography (MSCT) as an alternative to coronary
angiography, we prospectively studied its diagnostic accuracy for the detection of significant
coronary artery lesions in patients with significant aortic valve stenosis undergoing valve
surgery.

BACKGROUND In patients with aortic valve stenosis, coronary angiography is still recommended before surgery.
Multislice computed tomography is a promising noninvasive technique for the detection of
significant coronary artery lesions.

METHODS Fifty-five consecutive patients scheduled for coronary angiography in the preoperative assessment
of aortic valve stenosis underwent 16-slice MSCT 24 h before coronary angiography. We analyzed
coronary lesions, image quality, and arterial calcium score.

RESULTS The sensitivity of the MSCT-based strategy in detecting significant stenosis was 100%, and
its specificity 80%. The positive and negative predictive values were respectively 55% and
100%. For calcium scores �1,000 (77% of patients), MSCT detected all patients without
coronary artery disease, enabling conventional coronary angiography to be avoided in 35 of 55
cases (80%). For calcium scores �1,000, MSCT enabled conventional coronary angiography
to be avoided in only 6% of cases, either because significant stenosis was found with a possible
indication of revascularization, or because the examination was not interpretable.

CONCLUSIONS The results of this initial experience in relatively few patients suggest that MSCT-based
coronary angiography may serve as an alternative to invasive coronary angiography to rule out
significant coronary artery disease in patients scheduled for elective aortic valve replacement.
Larger studies are necessary to fully explore the potential of coronary MSCT to improve
preoperative risk stratification. (J Am Coll Cardiol 2006;xx:xxx) © 2006 by the American

ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.11.085
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ultislice computed tomography (MSCT) is a promising
oninvasive technique for the detection of obstructive epi-
ardial coronary artery disease (CAD) (1–5). In all forms of
alvular heart disease, significant associated CAD worsens
he peri-operative prognosis. Although no large-scale clin-
cal trial has assessed the contribution of coronary angiog-
aphy, this invasive investigation is recommended in the
reoperative assessment of patients with valvular heart
isease (class I American College of Cardiology/American
eart Association guidelines) (6). To evaluate MSCT as an

lternative to coronary angiography, we prospectively stud-
ed its diagnostic accuracy for the detection of significant
oronary artery lesions in patients with significant aortic
alve stenosis undergoing valve surgery.

ETHODS

tudy population. A total of 63 consecutive patients re-
erred for conventional coronary angiography in the preop-
rative assessment of aortic valve stenosis were considered
or inclusion (Fig. 1). Eight patients were excluded because
f the presence of one of the following exclusion criteria:

From the *Department of Cardiology and †EA 3878 and the Department of
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c
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rregular heart rate (n � 4), contrast agent contraindications
n � 1), or renal insufficiency (n � 3). Patients with a heart
ate �70 beats/min received additional intravenous beta-
locker therapy (5 mg atenolol). Thus, our final sample was
omposed of 55 patients with severe aortic valve stenosis
mean transvalvular pressure gradient, 57 � 16 mm Hg;
ortic valve area, 0.35 � 0.06 cm2/m2), who were addition-
lly studied using MSCT 24 h before angiography. The
haracteristics of the study group are listed in Table 1.
urgical aortic valve replacement was performed in 47
atients (85%). All patients signed an informed consent
orm.

SCT protocol and image reconstruction. The MSCT
ata sets were acquired using a 16-slice MSCT (Philips
x8000 IDT 16, Eindhoven, the Netherlands). Briefly, a

ative scan without contrast medium was performed to
etermine total coronary and aortic valve calcium. Then, a
olume data set was acquired (16 � 0.75-mm cross-section;
antry rotation time, 420 ms; table feed, 2.8 mm per
otation) covering the distance from the carina to the
iaphragmatic side of the heart. Tube current was 400 mA,
ith a tube voltage of 120 kv. The entire heart was scanned
uring a single breath-hold; 120 ml of contrast agent
Xenetix 350, Guerbet, Aulnay sous Bois, France) was
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ontinuously injected at a rate of 4 ml/s. Automated
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etection of peak enhancement in the aortic root was used
o time the scan.

Cross-sectional images were reconstructed with a slice
hickness of 0.8 mm at 0.4-mm intervals with retrospective
ating, to obtain an image acquisition window of 100 ms.
xial images at 0%, 20%, 30%, 40%, 50%, 65%, 75%, and
5% of the RR interval were reconstructed for each patient
nd analyzed for motion artifacts.

A scoring method analogous to the Agatston score (7)
as used to quantify coronary calcium. A calcified lesion
as defined as an area of �3 connected pixels �130
ounsfield units, and expressed as Agatston score equiva-

ent (ASE).
All data sets were independently analyzed by two blinded

hysicians experienced in MSCT, using multiplanar refor-
ations and three-dimensional reconstructions by the vol-

me rendering technique. They were then asked to give a
onsensus regarding the presence of significant CAD per
essel and per patient. Image quality was classified as good
no or only minor motion artifacts), moderate (substantial

Abbreviations and Acronyms
ASE � Agatston score equivalent
CAD � coronary artery disease
MSCT � multislice spiral computed tomography
ROC � receiver-operating characteristic
igure 1. Different grades of aortic valve calcification. (A) Grade 1 � normal va
� heavy calcification. (D) Heavily calcified bicuspid aortic valve.
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otion artifacts), or bad (significant motion artifacts and/or
ow signal-to-noise ratio, and no luminal assessment of
ignificant stenosis possible in at least one vessel). In
ddition, the observers were asked to state what would have
een their recommendations for patient management (cor-
nary angiography indicated or not).
uantitative coronary angiography. Invasive coronary

ngiograms were obtained one day after MSCT, after
ntracoronary injection of 0.5 mg isosorbide dinitrate. An-
iograms were evaluated by a blinded independent observer
sing quantitative coronary angiography (Numeric System,

able 1. Patient Characteristics

otal number of patients 55
ale (%) 38
eight (kg) 71 � 17

reatinine clearance (ml/mn) 73.8 � 25.4
ge (yrs) 70 � 10
mokers (%) 31
yslipidemia (%) 54.5
iabetes mellitus (%) 16.4
ypertension (%) 58.2

amily history (%) 16.4
ymptoms of angina (%) 40
yncope (%) 15
YHA functional class 1 (%) 7
YHA functional class 2 (%) 69
YHA functional class 3 (%) 10
YHA functional class 4 (%) 0

YHA � New York Heart Association.
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lve without calcification. (B) Grade 2 � moderate calcification. (C) Grade
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X-DLX, General Electric Medical Systems, Buc, France)
s stenosis detection gold standard. Lesions with �50%
iameter reduction counted as significant stenosis.
tatistics. General characteristics of the study sample were
ssessed by means and standard deviations for continuous
ariables, and by percentages for categorical variables. We
stimated the sensitivity, specificity, and their 95% confi-
ence intervals, and positive and negative predictive values
or an MSCT-based strategy with coronary angiography
erformed in case of abnormal or inconclusive MSCT.
A receiver-operating characteristic (ROC) curve analysis

as performed to assess the ability of ASE to detect patients
n whom conventional coronary angiography would be
equired under the above strategy. All analyses used SPSS
nalysis software (release 12.0, SPSS Inc., Chicago, Illi-
ois).

ESULTS

ll patients underwent MSCT without any complications.
ean scan duration was 23.7 � 4.7 s. Mean heart rate was

6 � 6 beats/min. Intravenous beta-blocking was per-
ormed in eight patients (14%). Image quality was good in

Figure 2. (A) Calcified, nonassessable right coronary artery. White ar
Figure 3. Angiogram (A) and multislice spiral computed tomogr
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1 patients (75%), moderate in 10 patients (18%), and poor
n 4 patients (7%).

oronary artery analysis. The prevalence of significant
AD (at least one �50% stenosis) was 20% (11 of 55
atients), on the basis of conventional coronary angiography
one-vessel disease in 4 patients, two-vessel disease in 5
atients, and three-vessel disease in 2 patients). In 14 of the
5 patients (25%), lumen assessment by MSCT was pre-
ented in at least one vessel by heavy calcification (n � 11)
Fig. 2) and/or motion artifact (n � 5) and/or low signal-
o-noise ratio (n � 5); 5 of these patients had CAD on
onventional coronary angiography. The MSCT did not
how significant CAD in 35 patients (64%), none of whom
ad CAD on conventional coronary angiography. Finally,
SCT showed evidence of CAD in six patients, all of

hom had CAD on conventional coronary angiography
Fig. 3). No patients with significant CAD were considered
ormal on MSCT.
All 11 patients with CAD had either evidence of CAD

n MSCT or calcification and/or motion artifact that
recluded interpretation of the MSCT. The sensitivity of a
trategy based on MSCT with coronary angiography in case

heavily calcified areas. (B) Normal, assessable right coronary artery.
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aphy (MSCT) (B) of a subocclusive left circumflex artery.
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f abnormal or inconclusive MSCT was 100% (95% confi-
ence interval [CI] 75 to 100), and the specificity was 80%
95% CI 66 to 89). The positive and negative predictive
alues were respectively 55% and 100%.
alcium scoring. Calcification was successfully assessed in

ll patients. The mean calcium score, expressed as ASE, was
09 � 860. The ability of the calcium score to detect
atients in whom conventional coronary angiography was
ndicated was plotted as an ROC curve; the area under the
OC curve was 0.84 (Fig. 4). A cut-off of 1,000 was chosen

s the best compromise between as low as possible a
roportion of noninterpretable MSCTs and as high as
ossible a proportion of patients in whom the MSCT alone
ould rule out CAD.

ISCUSSION

n our study population of 55 patients with significant aortic
alve stenosis, we found moderate positive predictive value
55%) and specificity (80%) but high negative predictive
alue (100%) and sensitivity (100%) for 16-slice MSCT in
he detection of significant coronary stenosis.

The 20% prevalence of CAD in our study might seem
urprising when compared with some series from North
merica (8). However, this prevalence is in accordance with

he actual pattern in our geographic area. For example,
AD prevalence was 16% in the report by Logeais et al. (9)
n 4,129 patients who underwent valvular replacement for
alcified aortic stenosis in western France. Most practi-
ioners feel compelled to assess coronary anatomy ahead of
alve surgery and to treat significant stenosis during surgery
y percutaneous intervention or bypass graft in the hope of
voiding subsequent reoperation. All patients with chest
ain or noninvasive evidence of CAD should undergo

igure 4. Receiver-operating characteristic (ROC) curve. Angiography is
ecessary according to calcium score. Area under the curve � 0.84.
oronary angiography (class I American College of Cardi- B
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logy/American Heart Association guidelines) (6). It still
eems advisable to perform coronary angiography in patients
ho are at increased risk of CAD because of age or other

isk factors (6). An MSCT with 16 to 64 rows has been
hown to be accurate in detecting CAD (1–5). In many
tudies, sensitivity (72% to 95%) and specificity (86% to
8%) (1–5,10) were calculated on the interpretable artery
egments, whereas 0 to 20% of segments were not analyz-
ble because of artifacts or calcification. We chose to
valuate coronary arteries on a per-vessel instead of a
er-segment basis because a single distal segment stenosis
number 4, 8, 15, or 16 of the classification of the American

eart Association [11]) will not have any impact on the
anagement of such patients. Calcifications obscure the

umen because of beam hardening artifacts and therefore
ay impair assessment of luminal obstruction (5,12). Cor-

nary calcifications are very frequent in patients with aortic
alve stenosis—as in the present study, with a mean calcium
core of 609 to 860. Kuettner et al. (13) showed calcification
o be an important factor in analyzing coronary artery scans:
hen the ASE score falls below 1,000, stenosis detection

ensitivity increases from 0.72% to 0.98%. In the present
tudy, for an ASE �1,000 (77% of patients), MSCT
etected all patients without CAD, enabling us to avoid
onventional coronary angiography in 35 of these 41 pa-
ients (85%). For an ASE �1,000, MSCT enabled us to
void conventional coronary angiography in only 6% of
ases, either because significant stenosis was found with a
ossible indication of revascularization or because the ex-
mination could not be interpreted (Fig. 4). In those
atients with an AS �1,000, we do not recommend a
ontrast-enhanced scan, which would be of virtually no
enefit. Nevertheless, the positive predictive value for sig-
ificant stenosis of a calcium score of �1,000 was no more
han 45%.
tudy limitations. The limitations of MSCT are radiation
xposure (1.5 to 2 mSv for calcium scoring and 4 to 12 mSv
or a contrast-enhanced scan) (5,11,14), the need for iodin-
ted contrast agents, and the necessity of a relatively low
eart rate. Our study may also be potentially limited by the

ow prevalence of CAD; CAD is, however, much less
revalent in Southern Europe than in Northern Europe or
orth America.
onclusions. The results of this initial experience in rela-

ively few patients suggest that MDCT-based coronary
ngiography may serve as an alternative to invasive coronary
ngiography to rule out significant CAD in patients sched-
led for elective aortic valve replacement. Larger studies are
ecessary to fully explore the potential of coronary MDCT
o improve preoperative risk stratification.
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Fifty-five consecutive patients scheduled for coronary angiography in the preoperative
assessment of aortic valve stenosis underwent 16-slice multislice computed tomography
(MSCT) 24 h before coronary angiography. We analyzed coronary lesions, image
quality, and arterial calcium score. The MSCT seems to be an effective alternative to
conventional coronary angiography. The following criteria may be proposed: in case of a
calcium score �1,000, conventional coronary angiography is mandatory because of the
poor performance of MSCT in such cases; in case of a calcium score �1,000, a contrast-
enhanced MSCT may, when normal (80% of cases), replace conventional coronary
angiography.
Accuracy of Multislice Computed Tomography in the Preoperative Assessment
of Coronary Disease in Patients With Aortic Valve Stenosis
Martine Gilard, Jean-Christophe Cornily, Pierre-Yves Pennec, Cedric Joret, Grégoire Le Gal,
Jacques Mansourati, Jean-Jacques Blanc, Jacques Boschat
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