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Abstract: Invasive coronary angiography (ICA) is the recommended

assessment for coronary artery disease in patients undergoing elective

aortic valve replacement (AVR). Noncontrast computed tomography

(CT) is useful for evaluating lung lesions and calcifications at the

cannulation site of the ascending aorta. The purpose of this study

was to evaluate the role of noncontrast CT in the visual assessment

of coronary artery calcification (CAC) in patients undergoing AVR.

We retrospectively identified patients with significant aortic stenosis

(AS) who were referred for AVR between January 2006 and December

2013. Among these, we included 386 patients (53.6% males, 69.2� 8.4

years) who underwent both noncontrast CT and ICA. Significant coronary

artery stenosis (CAS) in the ICA was defined as luminal stenosis�70%.

The 4 main coronary arteries were visually assessed on noncontrast CT

and were scored based on the Weston score as follows: 0, no visually

detected calcium; 1, a single high-density pixel detected; 3, calcium was

dense enough to create a blooming artifact; and 2, calcium in between 1

and 3. Four groups were reclassified by the sum of the Weston scores from

each vessel, as follows: noncalcification (0); mild calcification (1–4);

moderate calcification (5–8); and severe calcification (9–12). Receiver-

operating characteristic (ROC) analysis was generated to identify the

cutoff Weston score values for predicting significant CAS. Diagnostic

estimates were calculated based on these cutoffs.

In the ICA analysis, 62 of the 386 patients (16.1%) had significant

CAS. All patients were divided into 4 groups. The noncalcification group
g-Ji Park, MD, Ph Cho, MD, PhD,
MD, PhD, and Seung Woo Park, MD, PhD

significant CAS in the noncalcification, mild, moderate, and severe

groups was 1% (1/97), 5% (5/100), 24% (27/114), and 39% (29/75),

respectively. The group with CAS had significantly more CAC than the

group without CAS (8.37� 2.93 vs 4.01� 3.75, P< 0.001). The cutoff

value (by Weston score) for predicting significant CAS is�5 (sensitivity

90.3%, specificity 59.0%, positive predictive value 29.6%, and negative

predictive value 97%).

The degree of CAC detected on noncontrast CT can help to predict

significant CAS in AS patients who are referred for AVR. For the

clinicians, the visual assessment of CAC on noncontrast CT was easy

and useful for estimating CAS. Therefore, ICA should be recommended

to selective patients based on patients’ CAC and Weston scores during

the preoperative evaluation for elective AVR.

(Medicine 95(9):e2906)

Abbreviations: AS = aortic stenosis, AVR = aortic valve

replacement, CABG = coronary artery bypass grafting, CAC =

coronary artery calcification, CAD = coronary artery disease, CAS

= coronary artery stenosis, CSCT = calcium-scoring CT, CT =

computed tomography, ECG = electrocardiogram, ICA = invasive

coronary angiography, LDCT = low-dose CT, ROC = receiver

operating characteristic.

INTRODUCTION

P reoperative assessment of coronary artery disease (CAD) is
essential in patients with significant aortic valve stenosis

(AS) who are referred for aortic valve replacement (AVR). This
assessment helps to determine the need for additional coronary
artery bypass grafting (CABG) in patients with severe athero-
sclerosis, such as men older than 40 years and postmenopausal
women.1,2 Aortic stenosis and atherosclerosis share several risk
factors with CAD.3–6 Valvular heart disease was once over-
whelmingly caused by rheumatic factors; however, its etiology
has shifted toward degenerative factors like CAD.7,8

Invasive coronary angiography (ICA) is the criterion stan-
dard for diagnosing significant coronary artery stenosis (CAS).
The current guidelines include a class IC recommendation to
perform ICA before AVR in patients with symptoms of angina,
objective evidence of ischemia, decreased LV systolic function,
history of CAD, or coronary risk factors including men older
than 40 years and postmenopausal women.1,2 However, ICA
carries a small but non-negligible risk of both major and minor
complications including subclinical systemic emboli, stroke,
a, coronary artery dissection, myocardial
ons to contrast media (0.3%).9 The
the ICA is also exposed to radiation.10
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Noncontrast CT is a necessary and practical method for
evaluating calcification at the cannulation site of the ascending
aorta before AVR. Generally, the degree of coronary artery
calcification (CAC) can be accurately estimated based on
electrocardiogram (ECG)-gated calcium-scoring computed
tomography (CSCT) images. Previous studies suggested that
the CAC score (in the detection of CAD) obtained from ungated
low-dose CT (LDCT) was comparable with that measured with
ECG-gated CSCT. These studies revealed a good correlation
between the CAC scores obtained using 2 CT scan proto-
cols.11,12 CAC is a well-known marker for significant CAS,
which is also evaluated by noncontrast CT.13–15

In clinical practice, both noncontrast CT and ICA are
performed in AS patients before AVR. If the CAC detected
on noncontrast CT predicts significant CAS, ICA should only be
performed in select patients before AVR. We conducted a
retrospective study to evaluate the role of visual CAC assess-
ments of noncontrast CT for predicting significant CAS in AS
patients undergoing AVR.

METHODS

Study Population
Patients were screened for inclusion in this study if they

had been diagnosed with moderate-to-severe AS and were
scheduled to undergo elective AVR (with or without CABG)
between January 2006 and December 2013. Severe AS was
defined as aortic valve area <1 cm2 based on the recommen-
dations of the American Society of Echocardiography.16 A total
of 386 severe AS patients who underwent both ICA and
noncontrast CT were enrolled.

We retrospectively reviewed the medical records of the
enrolled patients. Additional information was collected includ-
ing baseline demographic characteristics, underlying medical
history, laboratory findings, EuroSCORE,17,18 echocardio-
graphic data, ICA findings, and surgical treatment. We also
determined whether the enrolled patients had undergone AVR
with, or without, simultaneous CABG. This study was approved
by the institutional review board at our institution. Informed
consent was waived.

The CT Protocol and Image Analysis
All patients underwent cardiac CT using a dual-source

CT system (SOMATOM Definition Flash, Siemens Medical
Solution, Forchheim, Germany) with a 2� 64� 0.6 mm detec-
tor collimation. The CT was collected using the z-axis
flying focal spot technique, resulting in 2� 128 sections. A
noncontrast CT scan was acquired according to the following
parameters: 280 msec gantry rotation time, 100-kV tube poten-
tial, and real-time tube current modulation with 250 reference
mAs, according to the precise shape of the patient’s body
(Automatic tube current modulation in the x, y, z direction;
CARE DOSE 4D, Siemens Medical Systems). CT images were
reconstructed using 2.0-mm section thickness and a 2.0-mm
reconstruction increment using a soft kernel (B31f). Because we
used previously obtained data, we compare the ICA with
noncontrast and non-ECG-gated CT and used the Weston score
based on the reference,13 not the Agatston score.

The noncontrast CT examinations were analyzed visually
using mediastinum soft tissue window settings. The Weston
score was estimated for each major coronary vessel (the left

Hwang et al
main trunk, the left anterior descending artery, the left circum-
flex artery, and the right coronary artery). It was scored as
follows: 0, no visually detected calcium; 1, a single high-density
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pixel is detected; 3,calcium is dense enough to create a bloom-
ing artifact; and 2, calcium between 1 and 3 (Figure 1). The
Weston score was calculated by the sum of the calcium scores
for each vessel (range 0–12).13 A single cardiac imaging
radiologist (SMK) with 11 years of experience in cardiothoracic
CT interpretation evaluated all of the cases.

ICA
ICAwas performed using standard techniques based on the

operator’s discretion. All baseline coronary angiograms were
reviewed and analyzed at the angiographic core laboratory
(Heart Center, Samsung Medical Center, Seoul, Korea) with
an automated edge-detection system (Centricity CA 1000, GE,
Waukesha, WI) using standard definitions.19 CAS was con-
sidered to be significant if �70% of the luminal diameter was
constricted (compared with the reference) by visual estimation
on at least 2 orthogonal views.20 Any suspected, significant
CAS was confirmed by ICA.

Statistical Analysis
Quantitative variables are reported as the means and

standard deviations. In the univariate analysis, student t tests
were used to compare continuous variables and x2 tests were
used for categorical variables. Multiple logistic regression
analysis was used to identify independent factors that are
associated with significant CAS. The Bonferroni correction
was applied to compare the degree of CAC with the ICA
findings. To ensure an overall type I error rate of 5%, an
adjusted P value of 0.05/6ı̈¼ı̈0.008 was considered signifi-
cant. In addition, receiver-operating characteristic analysis was
generated to identify cutoff values of the Weston score (defined
as those with the greatest sum of sensitivity and specificity).

All analyses were conducted using SPSS (version 20.0,
SPSS Inc, Chicago, IL), and Medcalc (version 9.6). P values
<0.05 were considered statistically significant.

RESULTS

Baseline Characteristics
A total of 386 patients who underwent both ICA and

noncontrast CT were referred for elective AVR, and their
baseline clinical characteristics and TTE findings are shown
in Table 1.

Sixty-two patients were diagnosed with significant CAS
(stenosis up to 70% in any major vessel). The significant CAS
group (CAS [þ] group), therefore, had 62 patients (71.40� 7.33
years). The nonsignificant CAS group (CAS [�] group) had 324
patients (68.76� 8.51 years). There was a higher EuroSCORE
in the CAS (þ) group (4.68� 3.20 vs 3.89� 2.85, P¼ 0.051)
than in the CAS (�) group. The CAS (þ) group had a higher
prevalence of underlying diabetes mellitus (DM) (P¼ 0.008)
and hypertension (P¼ 0.012) than the CAS (�) group. The CAS
(þ) group used more anti-platelet agents than the CAS (�)
group (P¼ 0.003).

The Weston Score as a Visual Assessment of
Coronary Artery Calcification

All patients were divided into 4 groups. There were 97
patients in the noncalcification group (Weston score 0), 100 in
the mild calcification group (2.6� 1.0), 114 in the moderate
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calcification group (6.6� 1.1), and 75 in the severe calcification
group (10.7� 1.1). ICA analysis revealed 62 patients (16.1%)
with significant CAS. The prevalence of significant CAS in

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. Coronary artery calcification with a Weston score 1–3 on an axial standard image on noncontrast CT. (A) A punctate fossae of
increased attenuation at the left anterior descending (LAD) coronary artery graded as a Weston score of 1. (B) A scattered (nonblooming)

ton
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each group was as follows: 1% (1/97), 5% (5/100), 24% (27/
114), and 39% (29/75). The degree of CAC was significantly
higher in the CAS (þ) group than in the CAS (�) group
(8.37� 2.93 vs 4.01� 3.75, P< 0.001) (Table 2). In addition,
the frequency of significant CAS was significantly different
between the 4 groups. The patients with higher grades of
calcification (moderate and severe) were most prevalent in
the CAS (þ) group. The Bonferroni correction revealed stat-
istical significance between the mild and moderate degrees of
calcification (P< 0.001). The cutoff Weston score for predict-
ing significant CAS is�5 (sensitivity 90.3%, specificity 59.0%,
positive predictive value 29.6%, and negative predictive value
97%). After adjusting for multiple variables, multiple logistic
regression analysis revealed that the CAC grade was the only
independent factor for assessing significant CAS (Table 3).

CABG
The 1-vessel disease was defined as luminal stenosis

�70%. Of 55 patients, 27 patients were diagnosed with 1-vessel
disease, 14 patients were diagnosed with 2-vessel disease, 13
patients were diagnosed with 3-vessel disease, and just 1 patient
had left main and 3-vessel disease.

The need of CABG was decided by the charge physician

calcified plaque involving the LAD coronary artery graded as a Wes
coronary artery graded as a Weston score of 3.
based on the results of the ICA and the patient’s current
condition. Among the CAS (�) group (n¼ 324), CABG was
performed in only 9 patients (2.8%) (Table 1). Most patients in

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
the CAS (þ) group underwent CABG (Figure 2). Only 3 of 197
patients (2 from the noncalcification group and 1 from mild
calcification group) underwent CABG.

DISCUSSION
The major findings of the present study are the following:

visual assessment by CAC on noncontrast CT was sufficient to
detect significant CAS in 27 patients with moderate calcifica-
tion (43.5% among the 62 patients with significant CAS) and 29
patients with severe calcification (46.8%); and higher degrees
of CAC on noncontrast CT allowed for better assessments of
significant CAS in the pre-evaluation for elective AVR.

Severe AS and CAD
Patients with severe AS have a relatively high incidence of

CAD, ranging between 20% and 50%.1,5,7,21 The extent of CAS
involvement in patients with significant AS is predictive of the
morbidity and mortality associated with AVR, as well as long-
term prognosis.3,5,22–24 It is critical to evaluate patients for
significant CAD before AVR. Noninvasive imaging studies
such as low-dose exercise stress echocardiography or single-
photon emission computerized tomography (SPECT) or cardiac

score of 2. (C) A dense calcified plaque with blooming at the LAD
magnetic resonance imaging were studied for estimating the
CAD in severe AS.25–27 The current guidelines suggest that
ICA is indicated before valve intervention in patients with
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TABLE 1. Baseline Clinical Characteristics

Significant
CAS Absent

(CAS [�], n¼ 324)

Significant
CAS Present

(CAS [þ], n¼ 62)
Odds
Ratio

95%
Confidence

Interval P

Age, Y 68.76� 8.51 71.40� 7.33 0.023
Sex (male) 169 (52.2%) 38 (61.3%) 0.69 0.40–1.20 0.21
Height, cm 158.79� 8.96 159.62� 10.57 0.52
Weight, kg 61.26� 10.33 63.52� 13.40 0.21
Body surface area 1.62� 0.17 1.65� 0.21 0.33
Body mass index, kg/m2 24.23� 3.20 24.73� 3.24 0.26
Euroscore 3.89� 2.85 4.68� 3.20 0.051
Underlying disease

Diabetes mellitus 79 (24.4%) 26 (41.9%) 2.24 1.27–3.94 0.008
Hypertension 166 (51.2%) 43 (69.4%) 2.15 1.20–3.86 0.012
Cerebrovascular event 23 (7.1%) 4 (6.5%) 0.90 0.30–2.71 1.00
Smoking 1.00

Ex-smoker 70 (21.6%) 19 (30.6%)
Current smoker 30 (9.3%) 3 (4.8%)

Chronic kidney disease 6 (1.9%) 4 (6.5%) 3.66 1.00–13.36 0.06
Medication

Diuretics 78 (24.1%) 15 (24.2%) 1.01 0.53–1.90 1.00
Hypoglycemic agent or insulin 73 (22.5%) 22 (35.5%) 1.89 1.06–3.38 0.036
Anti-hypertensive agent 194 (59.9%) 46 (74.2%) 1.93 1.05–3.55 0.045
Anti-platelet agent 116 (35.8%) 35 (56.5%) 2.32 1.34–4.03 0.003

NYHA class 0.93
I 143 (44.1%) 25 (40.3%)
II 136 (42.0%) 27 (43.5%)
III 38 (11.7%) 9 (14.5%)
IV 7 (2.2%) 1 (1.6%)

Aorta calcification 60 (18.5%) 18 (29.0%) 1.80 0.97–3.33 0.08
Operation

Aorta operation 96 (29.6%) 11 (17.7%) 0.51 0.26–1.03 0.06
Coronary artery bypass grafting 9 (2.8%) 46 (74.2%) 100.63 42.02–240.97 < 0.001

Echocardiography results
Mean pressure gradient of aortic valve (mmHg) 61.05� 19.64 54.18� 16.73 0.011
Max velocity of aortic valve, m/s 4.98� 0.72 4.76� 0.73 0.029
Aortic valve area, cm2 0.73� 0.21 0.72� 0.19 0.70
Left ventricular ejection fraction (%) 60.07� 11.05 59.82� 10.60 0.87
Left atrium volume index, mL/m2 48.82� 18.81 47.91� 18.76 0.73
Regional wall motion abnormality 44 (13.6%) 16 (25.8%) 2.21 1.15–4.25 0.021
Left ventricle end-diastolic dimension, mm 51.86� 6.79 50.87� 5.93 0.28
Left ventricle end-systolic dimension, mm 32.60� 7.79 31.73� 6.31 0.36

Laboratory findings
Hemoglobin, g/dL 12.91� 1.61 12.72� 1.77 0.41
Bilirubin, mg/dL 0.59� 0.34 0.58� 0.24 0.83
AST, U/L 24.17� 10.82 24.81� 11.04 0.67
ALT, U/L 21.43� 18.11 24.98� 18.41 0.16
BUN, mg/dL 19.87� 8.32 21.12� 7.54 0.27
Creatinine, mg/dL 1.01� 0.80 1.22� 1.22 0.19
Cholesterol, mg/dL 172.06� 36.55 171.76� 45.43 0.95
Triglyceride, mg/dL 121.09� 76.26 121.59� 82.87 0.97
HDL, mg/dL 49.73� 15.27 46.54� 14.66 0.15
LDL, mg/dL 104.78� 33.80 106.55� 34.56 0.72
Blood glucose, mg/dL 132.63� 50.46 131.79� 60.20 0.91
C-reactive protein, mg/dL 0.29� 0.56 0.58� 1.39 0.11
NT-proBNP, pg/mL 2258.12� 4892.21 2656.64� 5276.75 0.57

ALT¼ alanine transaminase, AST¼ aspartate aminotransferase, BUN¼ blood urea nitrogen, HDL¼ high-density lipoprotein, LDL¼ low-density
lipoprotein, NT-proBNP¼N-terminal pro-brain natriuretic peptide. The P value denotes statistical significance comparing CAS (þ) group and
CAS (�) group.

P<0.05 by student t test (continuous variable), x2 test (categorical variables).

Hwang et al Medicine � Volume 95, Number 9, March 2016
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TABLE 2. Visual Assessment of the Aortic Valve and CACs in
the Aorta on Noncontrast Computed Tomography

Significant
CAS Absent
(CAS [�],
n¼ 324)

Significant
CAS Present

(CAS [þ],
n¼ 62) P

Weston score 4.01� 3.75 8.37� 2.93 <0.001
Grade of coronary

artery
calcification

<0.001

Noncalcification 96 (29.6%) 1 (1.6%)
Mild degree
(Weston score
1–4)

95 (29.3%) 5 (8.1%)

Moderate degree
(Weston score
5–8)

87 (26.9%) 27 (43.5%)

Severe degree
(Weston score
9–12)

46 (14.2%) 29 (46.8%)

CAC¼ coronary artery calcifications.�
P< 0.05 by student t test (continuous variable), x2 test (categorical

Medicine � Volume 95, Number 9, March 2016
symptoms of angina, objective evidence of ischemia, decreased
LV systolic function, CAD history, or coronary risk factors
(including men older than 40 years and postmenopausal
women) (Class I, Level of evidence C). Coronary CT angio-
graphy can be used to exclude significant CAD in select patients
with a low/intermediate pretest probability of CAD (Class IIa,
Level of evidence B).28–31 ICA is the criterion standard for
evaluating significant CAS. However, ICA in patients referred
for elective AVR is not only difficult (owing to aortic root
dilatation) but also can be of relatively high risk. ICA may result

variables).
in fragmentation of a calcified aortic plaque and subsequent
subclinical cerebral embolism or disabling stroke.32–34 How-
ever, ICA should still be carried out in all patients before AVR,

TABLE 3. Univariate and Multiple Analyses of the Clinical Factor
Patients

Variables Crude OR (95% CI)

Age 1.04 (1.01–1.08)
Sex (male) 0.69 (0.40–1.20)
Diabetes mellitus 2.24 (1.27–3.94)
Hypertension 2.15 (1.20–3.86)
Euroscore 1.09 (0.99–1.19)
Anti-platelet agent 2.32 (1.34–4.03)
Bicuspid aortic valve 0.44 (0.24–0.81)
Grade of coronary artery calcification

Non-calcification
Mild degree (Weston score 1–4) 5.05 (0.58–44.06)
Moderate degree (Weston score 5–8) 29.79 (3.96–223.90)
Severe degree (Weston score 9–12) 60.52 (8.00–458.16)

CI¼ confidence interval, OR¼ odds ratio.�
Estimated by multiple linear regression analysis of the variables indica

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
regardless of the pretest probability of CAD. This is because the
presence of angina pectoris has a poor predictive value, and
noninvasive tests in general lack accuracy. Our group pre-
viously reported that the overall incidence of angiographically
significant CAS in severe AS undergoing AVR was 10.6%.35 In
this study, the incidence of significant CAS was as low as
16.1%. Therefore, ICA before AVR should be considered in
patients with multiple risk factors for cardiovascular disease.35

With regard to evaluating contrast CT, the Agatston score
has been found to be in accord with the results obtained using
nonenhanced CSCT.13,36,37 The CAC scoring on contrast cor-
onary CT angiography is closely associated with the severity of
coronary atherosclerosis and clinical outcomes.37 Previous
studies have shown that multislice CT with a high negative
predictive value as a first method means of ruling out CAD in
preoperative assessment is recommended, such as the accurate
Agatston score.20,38,39 Multislice CT is more useful in the
diagnostic work-up of patients at low-to-intermediate risk for
CAD.40–43 Furthermore, the visual CAC assessment on non-
contrast CT provides clinical information, such as the risk of
cardiovascular death.14,44,45 Noncontrast, cardiac CT is a prom-
ising technique for imaging beyond calcification of the coronary
tree.45 It provides information about intrathoracic anatomy
(such as the aortic arch dimension, aortic arch calcification,
arterial course, and lung disease). These data points are useful
for the cardiac surgeon with regard to cannulation, and cross-
clamping sites. In addition, using a more extensive scan pro-
tocol with retrospective electrocardiogram-gating for functional
and aortic valve analysis, the aortic valve, myocardium, and
coronary arteries were simultaneously evaluated.20,46,47 There-
fore, in this retrospective study, we tried to estimate that
noncontrast CT might be a useful method for the visual assess-
ment of CAS, although a noncontrast CT scan was performed to
evaluate calcifications at cannulation sites and concomitant
lung disease. In other studies of non-contrast CT, ECG-gated
coronary CT angiography was used as the reference standard for
CAD.12–15 However, we used the ICA as the reference standard
of CAD by ICA.

Not all patients with >50% stenosis in coronary artery

Coronary Artery Calcification on Noncontrast CT in AS
should undergo bypass surgery. It was difficult to decide to
perform bypass surgery in patients with CAS of >50% and
<70%. In addition, it was also difficult to discriminate symptoms

s Associated With Significant Coronary Artery Stenosis in All

P Adjusted OR (95% CI)
�

P

0.024 0.96 (0.92–1.01) 0.12
0.19 0.91 (0.48–1.69) 0.76
0.005 0.93 (0.49–1.80) 0.84
0.01 0.98 (0.48–2.02) 0.96
0.07 1.06 (0.96–1.18) 0.26
0.003 1.71 (0.87–3.36) 0.12
0.008 0.69 (0.33–1.44) 0.32

<0.001 <0.001
0.14 5.45 (0.62–47.93) 0.13
0.001 30.00 (3.81–236.18) 0.001

<0.001 68.38 (8.37–558.91) <0.001

ted in the table.

www.md-journal.com | 5



FIGURE 2. Reclassification of the 4 grades of coronary artery calcification based on the visual assessment of the Weston score in 2 groups
with and without coronary artery stenosis (CAS). The number of patients undergoing coronary artery bypass grafting (CABG) in each

orre
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of AS from CAD for patients with significant AS. We therefore
referred to the work of Larsen et al,20 who defined significant
CAS as over 70% in a study population similar to ours.

As the major etiology of valvular heart disease has shifted,7

the treatment strategy for severe AS has also changed. Older
patients with severe AS and CAD can be included in the high
perioperative risk group. The standard treatment for patients
with severe AS and CAD is surgical AVR with simultaneous
CABG. However, interventions that combine AVR and CABG
are associated with higher postoperative mortality than AVR
alone.48 In the largest study to date, Goel et al49 found that PCI
did not increase the risk of short-term mortality or procedural
complications in patients with severe AS compared with those
without AS. Therefore, ICA should be reconsidered with regard
to the preoperative evaluation when assessing CAD.50,51

Using noncontrast CT as the first preoperative assessment
actually reduced the effective radiation dose and cost compared
with patients who underwent ICA alone before AVR. In
addition, the initial evaluation of noncontrast CT can reduce
the contrast compared with the combination of coronary CT
angiography and ICA. For instance, despite using coronary CT
angiography, ICA should also be performed in some patients
with significant calcium because of the blooming artifact. This
allows for the accurate assessment of CAS. Because these cases
require a double dose of contrast, coronary CT angiography was
not performed routinely. This result may be particularly
applicable in patients with existing azotemia or contrast allergy.
Our results suggest that after evaluating noncontrast CT, ICA
should be performed in patients with high Weston scores.

Visual assessment of CAC by the Weston score may be a
helpful, initial preoperative evaluation for predicting significant
CAS. In this study, 43 of the 56 patients with moderate and severe
CAC underwent CABG. The Weston score may be useful for the
visual assessment of CAC, and may be appropriate in noncontrast
CT. Visual assessment of CAC by the Weston score is an easy and
simple method that clinicians can use.

group and grade.
�
The P value was estimated using Bonferroni c
LIMITATIONS
This study has several limitations. For one, it was a

nonrandomized, retrospective, and observational in design.

6 | www.md-journal.com
These data, which compared ICA with a visual assessment
of CAC on noncontrast CT, were based on a single center, so
there was a selection bias. In addition, the sample size was
relatively small. These factors may have significantly affected
the results secondary to confounding. We could not evaluate the
Agatston score in ECG-gated CT because we just retrospec-
tively estimated calcification from the previously
collected data.

Therefore, the study did not have sufficient power to reveal
the significance or superiority of noncontrast CT. This study
may have also been affected by inclusion bias, as it only
enrolled patients who were scheduled for elective valve surgery.
In the future, large-scale, prospective randomized controlled
trials are needed to clarify the role of non-contrast CT compared
with ICA in patients undergoing elective AVR.

The coronary arteries may still be obstructed, even if there
is no CAC. Similarly, a positive CAC score is not a direct
indicator of significant CAS. Preoperative assessment of the
coronary arteries cannot be limited to calcification evaluation.
Moreover, noncalcified plaques (more specifically low-attenu-
ation plaques) were more prone to produce hemodynamically
significant coronary stenosis (as defined with the use of frac-
tional flow reserve).52 The isolated evaluation of coronary
calcification is and will remain too limited to be accepted for
the purpose of pre-operative evaluation. Furthermore, the
degree of CAC is not sufficient to exclude CAD in symptomatic
patients and is often followed by CT angiography or ICA.
Additional studies are needed to determine the optimal indica-
tion for performing ICA, as associated with the degree of CAC.

CONCLUSION
In patients with AS who are referred for AVR, the degree

of CAC detected on noncontrast CT may be useful for evaluat-
ing CAS. The visual assessment of CAC on noncontrast CT was
an easy and useful method for clinicians evaluating CAS.
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