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Abstract To study the role of 320-detector coronary com-
puted tomography angiography (CTA) in assessing native
coronary arteries in patients treated with coronary stents. 123
patients with coronary stenting received both CTA and con-
ventional coronary angiography (CCA) within 1 day. The
clinical parameters, coronary calcium scoring, CTA and CCA
were analyzed to determine the prevalence of significant
stenosis of native coronary arteries (SSNCA), the predictive
value of CTA and the factors correlating with SSNCA and
newly developed SSNCA after stenting (NDSSNCAS), with
CCA as the standard of reference, using both vessel-based
analysis (VBA) and patient-based analysis (PBA). Both the
source and the reconstructed images were analyzed by CTA.
All native coronary arteries were interpretable independent of
cardiac motion. CTA showed a sensitivity/specificity of
93.5 %/97.3 % and 92.5 %/92.5 % in diagnosing SSNCA in
VBA and PBA, respectively. The significant factors related to
SSNCA were higher calcium scores (P = 0.003), a higher
serum glucose level (P = 0.048), a greater number of vessels
without previous stent placement (P = 0.003) and fewer
stents implanted within the vessels (P = 0.003). The risk

Y.-H. Juan - Y.-C. Huang - W.-H. Chan - Y.-L. Wan (IX)
Department of Medical Imaging and Intervention, Chang Gung
Memorial Hospital at Linkou, College of Medicine,

Institute for Radiological Research, Chang Gung University,
Taoyuan 333, Taiwan

e-mail: ylw0518 @cgmh.org.tw; ylw0518 @adm.cgmh.org.tw

Z. Sun
Discipline of Medical Imaging, Department of Imaging and
Applied Physics, Curtin University, Perth, WA 6845, Australia

I.-C. Hsieh - C.-C. Chen - K.-C. Hung - M.-S. Wen
Department of Cardiology, Chang Gung Memorial Hospital at
Linkou, College of Medicine, Chang Gung University,
Taoyuan 333, Taiwan

factors showed no significant correlation from PBA on
SSNCA or from NDSSNCAS on either VBA or PBA. CTA
demonstrates excellent correlation with CCA. The prevalence
of SSNCA is significantly correlated with the presence of
higher calcium scores in the arteries, a higher serum glucose
level, a greater number of vessels without previous stent
placement and fewer stents implanted within the vessels;
PBA on SSNCA and NDSSNCAS on both VBA and PBA
showed no significance.

Keywords Coronary artery stenosis - Coronary computed
tomography angiography - Calcium score - Coronary
stents - Native coronary artery

Introduction

Stenting of coronary arteries is the most common revas-
cularization procedure for treating patients with coronary
artery disease (CAD) and is becoming increasingly popular
[1]. Recurrent CAD may occur in any native coronary
artery [2]. The prevalence of significant stenosis of native
coronary arteries (SSNCA) in patients after stent implan-
tation has been reported to be similar to that of in-stent
restenosis with more than 1 year after stent placement [3—
7]. Conventional coronary angiography (CCA) is the gold
standard for diagnosing recurrent CAD [8], but it poses the
potential risk of complications and patient discomfort [8,
9]. Therefore, there is a need to search for less invasive
methods to detect SSNCA after stent placement.
Multidetector computed tomographic coronary angiog-
raphy (CTA) is increasingly used for non-invasive imaging
in the identification or exclusion of significant CAD using
64-detector computed tomography (CT) [10—12]. The tech-
nological development of coronary CTA is evidenced by the
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320-detector CTA with a longitudinal coverage of 16 cm,
which enables the completion of an entire cardiac scan within
a single heartbeat [under controlled heart rate (HR)], thereby
providing a comparable diagnosis with a reduction in radi-
ation dosage and the number of un-interpretable segments
due to HR variability [8, 12—14]. To our knowledge, previous
studies have focused primarily on patients with coronary
arterial bypass grafting or variability in HR and arrhythmia
[8, 13]; very few have used 320-detector CT to assess
SSNCA [13]. This is the first report to describe the role of
320-detector CT in assessing native coronary arteries and
analyzing the correlating factors of SSNCA and newly
developed SSNCA after stenting (NDSSNCAS).

Materials and methods
Patient selection

Between September 2010 and January 2012, this prospec-
tive research study included a total of 123 patients (aged
from 36 to 79 years, with a mean age of 56.99; 106 patients
were male) who were asymptomatic but had previous cor-
onary arterial stenting performed at a single medical center.
Patients were excluded from this study if they refused to
participate, or if they had any known contraindications to
the contrast medium, any allergy to contrast medium and
beta-blockers, or a history of renal insufficiency or hemo-
dynamic instability. The institutional review board
approved this study, and informed consent was obtained
from all patients. Patient characteristics and clinical infor-
mation (smoking, diabetes mellitus, hyperlipidemia) and
the other coronary risk factors—including time elapsed
since stent placement, laboratory data (baseline glucose and
cholesterol levels)—are also reviewed and collected. Dia-
betes mellitus is recorded if there is documentation of its
existence or two episodes of fasting glucose >125 mg/dl in
the chart. Hyperlipidemia is recorded if there is documented
hyperlipidemia or hypercholesterolemia.

Coronary calcium scoring and CTA

All patients underwent Agatston coronary calcium scoring
(CS) and subsequent CTA wusing a 320-detector CT
(Aquilion ONE, Toshiba Medical Systems, Otawara,
Japan) with 320 detector rows, each 0.5 mm wide, and a
gantry rotation time of 0.35 s with craniocaudal or z-axial
coverage of up to 160 mm. Tube voltages (kVp) and cur-
rents (mAs) were selected according to the manufacturer’s
suggestions and were primarily based on patients’ body
mass index (BMI). Kernel setting FC12 was used for CS
and FC0O3 and FCO5 were used for CTA. All patients
received subsequent CCA within 1 day of CTA.
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Patient preparation

Patients’ blood glucose levels and cholesterol profiles were
recorded. Vital signs and clinical information were recor-
ded on the day of CTA, including age, gender, body height,
body weight, BMI, chest circumference, waist circumfer-
ence and baseline blood pressure. Patients were given one
to four tablets of B-blocker Inderal (10 mg propranolol in
each tablet, AstraZeneca UK Limited, Cheshire, United
Kingdom) half an hour to 1 hour before the scan if their
HR was >65 beats per minute (bpm). Alternatively, in
cases of persistent HR over 65 bpm, esmolol (esmolol
HCL Injection, 10 mg/mL, 0.05 mL/Kg, JenYa Biotech
Incor. Limited, Hsing Chu, Taiwan) was administered
intravenously at a dosage of 0.5 mg/Kg, under electrocar-
diography (ECG) monitoring. A tablet of Nitrostat (each
tablet containing 0.6 mg of nitroglycerin, Pfizer Pharma-
ceuticals LLC, Puerto Rico, USA) was administered sub-
lingually three minutes prior to scanning to improve
coronary artery imaging.

Scanning parameters

CS was routinely performed and scores were assessed and
recorded by workstation software (Vitrea FX, Vital Images,
Minnetonka, MN, USA). The scan was also used as a
reference to tailor scan length. Slice thickness was set as
3 mm, with the coverage area extending from the pul-
monary trunk down to the diaphragm. All CTA procedures
were performed under prospective ECG-gated scans. If a
patient’s HR was <65 bpm, a one-heartbeat acquisition
and half-scan reconstruction was used at mid-diastolic
phase (65-85 %). Patients with HRs from 66 to 79 and
>80 bpm were scanned with either two- or three-heartbeat
acquisitions, respectively, with alternative adjustment to a
wider phase window (35-85 %) as necessary.

For vascular enhancement, a bolus of contrast medium
(Iohexol; Omnipaque 350, Amersham Health, Co, Cork or
Ireland, GE Healthcare) was administered intravenously,
with a volume of 60 mL for patients with BMI <28 and
70 mL for those with BMI >28 at a rate of 5 mL/s through
the antecubital vein using a power injector (Mallinckrodt
LF OptiVantage DH V8402, USA); this was followed by
40 mL of saline chasing at a rate of 5 mL/s. CT scanning
was started manually when contrast medium reached the
peak in the left ventricle.

Image quality analysis

CS and CTA images were analyzed retrospectively in
consensus by two radiologists (with 7 and 31 years of
experience, respectively) who were blinded to the CCA
results.
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The total calcium score was measured (using worksta-
tion software) as a total amount from the four major native
coronary vessels with the side branches considered part of
their corresponding main vessel. Calcium scores in each
major coronary artery were also recorded for analysis. Due
to the difficulty in differentiating the stent from calcium
plaques, those coronary segments with calcium covered by
the stent were excluded from measurement.

With regard to CTA, the source images as well as the
reconstructed images were analyzed, including an axial
view, two oblique views, spider views, global views with
maximum intensity projections, curved multiplanar recon-
struction, a tree view, and 3-D volume rendering. Since a
large number (85.5 %) of stents had been deployed in the
proximal and middle segments of the coronary artery, and
it was difficult to accurately quantify the extent of stent
coverage with several stents covering more than one seg-
ment, the study performed both patient-based and vessel-
based analysis (VBA) for both CS and CTA analysis.
Segment-based analysis was not performed. The VBA
included examination of the coronary arteries in the context
of the four major arteries: left main coronary (LM), left
anterior descending coronary (LAD), left circumflex cor-
onary (LCX) and right coronary (RCA); while all side-
branches were considered part of their corresponding main
coronary arteries. As previously mentioned, the coronary
segments with calcium covered by the stent were excluded
from measurement. SSNCA was defined as luminal diam-
eter reduction of the native artery by >50 %.

Both vessel-based and patient-based analyses were
performed to evaluate the diagnostic accuracy per patient
for detecting SSNCA. The patient was identified as having
SSNCA if there was a presence of at least one vessel with
SSNCA. The effective radiation dose in mSv was estimated
by multiplying the dose-length product (DLP) with a
conversion factor of 0.014 mSv/mGy cm [8, 15] for both
men and women.

CCA protocol

Aspirin (300 mg) and clopidogrel (300 mg) were given
orally before angiography. The femoral or radial artery was
punctured using the standard Seldinger technique after
adequate local anesthesia. Six French Judkins left and
Judkins right (Cordis Corporation, Miami, FA, USA)
catheters were used for left and RCA angiography, sepa-
rately. Heparin 3000 U was administered if the coronary
angiography was performed from radial access. Coronary
angiography was performed in true left anterior oblique
(LAO); right anterior oblique (RAO); RAO caudal, in

Patient enrollment
* Patients with history of prior stents

I-
!

Not Eligible if:

Clinical data and laboratory data obtained on

4

CTA performed:
* Coronary calcium score of each artery and

obtained

CCA performed within 1 day after CTA
* Pe

Comparison of data from CCA with:
ostic accuracy of CTA

Fig. 1 Flow-chart showing the process in patient inclusion, exclu-
sion, images data collection and image analysis. CTA computed
tomographic angiography, SSNCA significant stenosis of native
coronary artery, CCA conventional coronary angiography, NDSSNCA
newly developed SSNCA after stenting
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which the LAO cranial view was performed for both LCX
and LAD; and RAO view for RCA. All the images were
recorded at 15 frames/s by a monoplane X-ray angiogram
(AXIOM-Artis, Siemens, Forchheim, Germany) at a reso-
lution of 512 x 512 pixels. Quantitative coronary angio-
graphic data for coronary stenosis was analyzed using a
quantitative analysis software package (Scientific QCA
Analysis, Siemens). The CCAs were performed and ana-
lyzed by two experienced cardiologists (C.C.C. and I.C.H.)
blinded by the CTA data.

Two CCA datasets were analyzed in each patient with
the same manner, including the current CCA after the CTA
and a retrospective search for the previous CCA performed
during the time of stent implantation. The presence of
NDSSNCAS was defined as SSNCA, which was not
present during the prior CCA performed at the time of stent
placement, but was newly developed at the CCA performed
after the CTA. The factors correlating with the develop-
ment of NDSSNCAS were also analyzed. Significant ste-
nosis was defined as a luminal diameter reduction of
>50 %. Both vessel-based and patient-based analyses were
performed to evaluate the correlating factors of SSNCA
and NDSSNCAS. The patient was identified as having
SSNCA if there was the presence of at least one vessel with
SSNCA. The important workflow in the process of patient
selection, exclusion, image acquisition and analysis was
denoted in Fig. 1.

Statistical analysis

Continuous variables were expressed as mean + SD. Cat-
egorical data were compared using Chi square testing or
Fisher’s exact test when appropriate; the Mann—Whitney U
test was used to compare differences in continuous vari-
ables between groups. A two-sided P value less than 0.05
was considered statistically significant. The diagnostic
accuracy of 320-detector CTA to detect SSNCA was
compared to ICA as the reference standard and expressed
as accuracy, sensitivity, specificity, positive predictive
value and negative predictive value. Statistical analysis
was performed using SPSS software (version 17; SPSS
Inc., Chicago, IL, USA).

Results

General information

All 123 patients successfully completed the CTA and CCA
without complications. Patients’ demographic data were
summarized in Table 1. The average time of examination

after stenting was 4-81 (12.66 £ 13.53) months. Although
stents were placed in all four major coronary arteries, the
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Table 1 Summary of demographic data from 123 patients

Category Values (mean + SD)
Chest circumference (cm) 96.47 + 8.68

Waist circumference (cm) 93.59 + 11.19

Body mass index (kg/mz) 26.57 £ 3.77

Blood pressure (mmHg)

Systolic 137.56 £ 20.50
Diastolic 78.09 £ 10.33
Risk factors for coronary artery disease

Diabetes mellitus 37 (30.1 %)
Hypertension 65 (52.8 %)
Smoking 14 (11.4 %)
Obesity 52 (42.3 %)
Hyperlipidemia 26 (21.1 %)

majority were deployed in the LAD (52.4 %, 109/211).
The HR during scanning was 58.4 + 10.59 bpm, while
Beta-blocker was administered whenever necessary. Under
this HR, no native coronary arteries were considered un-
interpretable due to motion artifact. Only six patients
(4.9 %) required a two-heartbeat scan; all other patients
were scanned with a one-heartbeat scan. The DLP for CTA
was 447.16 £+ 273.78 mGy cm with an effective radiation
dose of 6.26 + 3.83 mSv. The DLP for CS acquired during
the scanning was 146.89 + 27.79 mGy cm with a calcu-
lated effective radiation dose of 2.06 £ 0.39 mSv.

Prevalence of SSNCA and diagnostic value of CTA

The prevalence of significant stenosis in CTA and CCA,
and the predictive value of CTA compared with CCA using
VBA, are summarized in Table 2. There was a significant
correlation between CTA and CCA with a high sensitivity
and specificity in differentiating SSNCA from non-signif-
icant stenosis of native coronary arteries (NSSNCA)
(Fig. 2). The highest prevalence of SSNCA was found in
LCX, with the same figure of 26.8 % in both CTA and
CCA. The lowest prevalence of CAD (16.3 %) was found
in LAD. The best correlation and predictive value was
observed for RCA.

With regard to patient-based analysis (PBA), a total of
56 patients (45.5 %) were diagnosed as having SSNCA by
CCA, while 67 patients (54.5 %) were considered to have
NSSNCA. In contrast to VBA, CTA showed similar
prevalence of SSNCA (46.3 %, 57/123 patients) as com-
pared with CCA. Among those with SSNCA, 38 (30.9 %)
had single-vessel SSNCA, 15 (12.2 %) had two-vessel
SSNCA and 3 had three-vessel SSNCA (2.4 %).

The causes of false positives and false negatives are
summarized in Table 3, with blooming artifacts being the
major cause of false positives. It is notable that all
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Table 2 Prevalence of significant stenosis of native coronary artery (SSNCA) and diagnostic value of computed tomographic angiography
(CTA) versus CCA on VBA

RCA (n = 123) LAD (n = 123) LCX (n = 123) Total (n = 492)

Number and percentage of vessels with SSNCA in CTA 24 (19.5 %) 25 (20.3 %) 33 (26.8 %) 83 (16.9 %)
Number and percentage of vessels with SSNCA in CCA 24 (19.5 %) 20 (16.3 %) 33 (26.8 %) 77 (15.7 %)
Accuracy (%) 98.4 94.3 95.1 96.7
Sensitivity (%) 95.8 95 90.9 93.5
Specificity (%) 99 94.2 96.7 97.3
Positive predictive value (%) 95.8 76 90.9 86.7
Negative predictive value (%) 99 99 96.7 98.8

The correlations between CTA and CCA could not be computed and compared in the left main artery as no SSNCA was found by CCA. RCA
right coronary artery, LAD left anterior descending coronary artery, LCX left circumflex artery

Fig. 2 A 70-year-old male underwent coronary CT angiography with contrast enhanced axial CT (b) and curved multiplanar reformation
a total calcium score of 350. a Non-contrast enhanced axial CT (c) showed no significant stenosis caused by the calcified plaques
revealed two calcified plaques in proximal RCA artery (arrow). Post- (arrows). d CCA confirmed no significant stenosis (arrows)
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Table 3 Summary of the causes of disagreements between computed
tomographic angiography (CTA) and CCA

Disagreements Percentage (number of cases)

False positives
66.67 % (6/9): all in LAD or
its diagonal branch

33.33 % (3/9): 2in LCX, 1 in
RCA

Heavy blooming artifacts causing
overestimate of stenosis severity

Mixed plaques with overestimated
stenosis severity

False negatives

Narrowing over orifice or proximal
segment of branch artery, not
detected by CTA

Total stenosis in distal branch of
artery with collaterals adjacent
vessel, not detected in CTA

60 % (3/5): 1 in each of D1,
OMI1 and LCX

20 % (1/5): distal PDA with
collateral from distal LAD

Soft plaque with underestimated 20 % (1/5): middle LCX

stenosis severity by CTA

RCA right coronary artery, LAD left anterior descending artery, LCX
left circumflex artery, DI first diagonal branch of LAD, OM1 first
obtuse marginal branch of LCX, PDA posterior descending coronary
artery

blooming artifacts resulting in false positive results for
SSNCA were found in LAD (Fig. 3). The false negative
results included a case of unrecognized total occlusion of
the distal posterior descending artery (PDA) with good
collaterals from the distal LAD (Fig. 4). No significant
stenosis of the left main artery (LM) was found in CCA. As
for PBA, a similar significant correlation was also estab-
lished between CTA and CCA (P = 0.000, n = 123). CTA
had an overall sensitivity of 92.9 % and a specificity of
92.5 % in differentiating SSNCA from NSSNCA.

Factors significantly correlated with SSNCA

Table 4 summarized the factors significantly correlating
with SSNCA, while Table 5 included those without sig-
nificant correlation. There was a significantly higher
prevalence of SSNCA in vessels without previous stent
placement or with fewer stents implanted within the ves-
sels. The calcium scores from each artery, as well as serum
glucose level, also differed significantly between vessels
with and without SSNCA.

Prevalence of NDSSNCAS

The prevalence of NDSSNCAS was 8.3 % (41/492) on
VBA. The highest prevalence of NDSSNCAS was found in
LCX (13.0 %, 16/123), followed by LAD (10.6 %, 13/123)
and RCA (9.8 %, 12/123). No NDSSNCAS was found in
the LM.
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Fig. 3 A 70-year-old male had three stent placements 12 months ago
in the proximal to middle thirds of the left anterior descending artery
(LAD). He underwent coronary CT angiography (CTA) with a total
calcium score of 1,720. a Non-contrast enhanced axial CT revealed
heavy calcified plaque in the proximal LAD with stents in the
proximal to middle thirds of the LAD. (arrow) b Post-contrast
enhanced CT with curved multiplanar reformation revealed heavy
calcified plaque in the proximal LAD with high-grade occlusion of
the arterial lumen (arrow). ¢ CCA from a RAO cranial view
demonstrated no significant stenosis (arrow), suggesting a false
positive result of the CTA due to blooming artifact
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Fig. 4 A 45-year-old female received stent placement in the middle
third of the left anterior descending coronary artery (LAD) 8 months
ago and underwent coronary CT angiography (CTA). a CTA with 3D-
volume rendering reformation revealed shortening of the posterior
descending coronary artery (PDA, arrow) and excessively long distal
LAD extending to the posterior interventricular sulcus (arrowhead),
suggesting total occlusion of the PDA with non-visualized collateral
from the LAD. b CCA from a RAO cranial view confirms an
excessively long LAD extending to the posterior interventricular
sulcus (arrowheads) with collateral supply to the PDA (arrows)

Factors significantly correlated with NDSSNCAS

Table 6 summarizes those factors with and without sig-
nificant correlations with NDSSNCAS. No risk factors are
found to be significantly correlated with the presence of
NDSSNCAS.

Table 4 Comparison of correlating and non-correlating factors of
significant stenosis of native coronary artery (SSNCA) with CCA
between vessel-based and patient-based analyses

Factors Vessel-based Patient-based

Presence of stent P = 0.003* Not compared because
placement all patients had stent
(n = 492) placement
SSNCA with stent  14/160 (8.8 %)

SSNCA without 63/332 (19.0 %)
stent

Number of stents P = 0.003* P =0.298
versus SSNCA
(n = 492)

With SSNCA n="177, n =56, 1.57 £ 0.931
0.22 £+ 0.50

Without SSNCA  n = 415; n==67179 £ 1.112
0.46 £ 0.72

Calcium scores P <0.001* P =0.108

(n = 492)
Vessels with n=77, n=>56,
SSNCA 141.25 +£257.26  321.82 £ 479.88
Vessels without n = 415, n=67,198.0 &+ 314.96
SSNCA 48.96 £+ 107.18

Baseline serum P = 0.048* P =0.224

glucose level (mg/

dL)

With SSNCA n="177, n = 56, 114.32 + 42.56
117.39 £ 45.947

Without SSNCA  n = 415, n =67, 106.46 + 34.84

108.68 + 36.82

* Denotes data with statistical significance

Discussion
Calcium score

The CS is related to myocardial ischemia and prognosis in
patients without prior stent placement [16, 17], provides
important information for risk management, and may help
to improve lifestyle modification and medication [17, 18].
Although much emphasis has been placed on the applica-
tion of CS in atherosclerotic vessels, little is known about
its association with SSNCA in post-stent placement. The
stented segments have been excluded during the calcula-
tion of the CS in our study. Although this may result in an
underestimation of the overall atherosclerotic burden, CS
measurements were eliminated in the stented segments for
several reasons: First, the focus of this study is on the
assessment of SSNCA and NSSNCA, which do not occur
in stented segments; thus the measurement of CS in these
segments may not reflect the atherosclerotic burden of the
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Table 5 Non-correlating
factors of the significant
stenosis of native coronary
artery (SSNCA) with CCA in
both vessel-based and patient-
based analyses

@ Springer

Factors Vessel-based Patient-based

Gender P =0.555, n =492 P=0.151,n =123
Male 68/424 (16.0 %) 51/106 (48.1 %)
Female 9/68 (13.2 %) 5/17 (29.0 %)

Time after stent placement
Time <1 year
Time 1-5 years
Time >5 years
Smoking
Smoking
Non-smoking
Body mass index (kg/m?)
With SSNCA
Without SSNCA
Obesity (body mass index >30)
Obesity
Non-Obesity
Diabetes Mellitus
DM
Non-DM
Hypertension
Hypertension
Non-hypertension
Blood pressure (BP)(mmHg)
Systolic BP (n = 492)
With SSNCA
Without SSNCA
Diastolic (BP) (n = 492)
With SSNCA
Without SSNCA
Hyperlipidemia
Hyperlipidemia
Non-hyperlipidemia
Cholesterol levels (mg/dL)
Total cholesterol:
With SSNCA
Without SSNCA
Low density lipoprotein
With SSNCA
Without SSNCA
High density lipoprotein
With SSNCA
Without SSNCA

Low density/high density lipoprotein

With SSNCA

Without SSNCA
Triglyceride

With SSNCA

Without SSNCA

P = 0.265, n = 205
37/174 (21.3 %)

3/21 (14.3 %)

4/10 (40 %)

P =0.629, n = 492
10/56 (17.9 %)
67/436 (15.4 %)
P=0831,n=49
n=77,2638 + 3.76
n =415, 26.61 £ 3.76
P =0387, n =492
36/208 (17.3 %)
41/284 (14.4 %)

P =0299, n =492
27/148 (18.2 %)
50/344 (14.5 %)

P = 0.566, n = 492
431260 (16.5 %)
34/232 (14.7 %)

P = 0.668
n =77, 138.78 + 20.43
n = 415, 137.33 + 20.46
P =0.193

n=77,7682 + 10.38

n =415, 78.33 £ 10.28
P =0933, n =492
16/104 (15.4 %)

61/388 (15.7 %)

P = 0.860
n="77,148.94 £ 51.56
n =415, 144.26 £ 37.62
P =0.229
n="77,8599 £ 48.45

n =415, 78.38 £ 34.14
P =0.583

n="77,3871 £ 881

n =415,39.29 £9.73

P =0.310
n="77233+154

n = 415,236 £5.18

P =0.139

n =177, 134.68 £ 141.06
n =415, 141.89 £+ 121.80

P=0972,n=123
45/99 (45.5 %)

8/18 (44.4 %)

3/6 (50 %)
P=0.134,n=123
9/14 (64.3 %)

47/109 (43.1 %)

P =0953,n=123

n = 56, 26.50 & 3.951
n = 67,2664 £+ 3.63
P=0627,n=123
25/52 (48.1 %)

31/71 (43.7 %)

P =0395n=123
19/37 (51.4 %)

37/86 (43.0 %)

P =0610,n=123
31/65 (47.7 %)

25/58 (43.1 %)

P =0.698
n = 56, 138.55 & 20.37
n =67, 136.73 &+ 20.73
P =03815

n =56, 77.84 + 10.78
n =67, 78.30 + 10.02
P =0.710, n = 123
11/26 (42.3 %)

45/97 (46.4 %)

P =0.933

n = 56, 147.88 + 48.12
n = 67, 142.58 £ 32.36
P =0.338

n = 56, 84.59 £ 45.55
n = 67,7537 £ 27.38
P =0.374

n = 56, 38.27 + 8.69

n = 67,39.99 £+ 10.33
P =0311

n = 56,232 + 1.51
n=67,2.00 %+ 092

P =0.284

n = 56, 144.16 £ 162.04
n =67, 137.93 £ 84.30
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Table 6 Factors without significant correlation to newly developed significant stenosis of the native coronary artery after stent placement
(NDSSNCAS), using both vessel-based and patient-based analyses

Factors Vessel-based Patient-based

Gender P = 1.000, n = 492 P=0.778,n =123
Male 35/424 (8.3 %) 30/106 (28.3 %)
Female 6/68 (8.8 %) 4/17 (23.5 %)

Time after stent placement
Time <1 year
Time 1-5 years
Time >5 years
Presence of stent placement (n = 492)
NDSSNCAS with stent
NDSSNCAS without stent

Number of stented vessels versus
NDSSNCAS (n = 492)

With NDSSNCAAS
Without NDSSNCAS
Smoking
Smoking
Non-smoking
Body mass index (kg/mz)
With NDSSNCAS
Without NDSSNCAS
Obesity (body mass index > 30)
Obesity
Non-obesity
Diabetes Mellitus (DM)
DM
Non-DM
Calcium scores (n = 492)
Vessels with NDSSNCAS
Vessels without NDSSNCAS
Baseline serum glucose level
With NDSSNCAS
Without NDSSNCAS
Hypertension
Hypertension
Non-hypertension
Blood pressure (BP)(mmHg)
Systolic BP (n = 492)
With NDSSNCAS
Without NDSSNCAS
Diastolic BP (n = 492)
With NDSSNCAS
Without NDSSNCAS
Hyperlipidemia
Hyperlipidemia
Non-hyperlipidemia
Cholesterol levels
Total cholesterol:
With NDSSNCAS

P = 0.570, n = 205
20/154 (11.5 %)
2121 (9.5 %)

2/10 (20.0 %)

P =0224

17/160 (10.6 %)
24/332 (7.2 %)

P =0217,n=492

n =41, 054 + 0.75

n =451, 0.41 £ 0.69

P = 0207, n = 492
2/56 (3.6 %)

39/436 (8.9 %)

P =0.677, n = 492

n = 41,2645 + 4.16

n =451, 26.58 + 3.72
P = 1.000, n = 492
17/208 (8.2 %)

24/284 (8.5 %)

P = 0479, n = 492
10/148 (6.8 %)

31/344 (9.0 %)

P = 0.061

n =41, 142.00 + 217.91
n = 451, 56.26 + 134.69
P = 0341

n =41, 112.34 + 49.75
n =451, 109.83 + 37.34
P = 0.626, n = 492
201260 (7.7 %)

21/232 9.1 %)

P =0.898

n =41, 138.88 £ 22.74
n =451, 137.44 £ 20.24
P =0.283

n =41,79.83 £ 892

n =451, 77.93 £ 10.41
P = 0.558, n = 492
7/104 (6.7 %)

34/388 (8.8 %)

P =0.693
n =41, 153.07 £ 64.28

P=0234,n=123
30/99 (30.3 %)
2/18 (11.1 %)

2/6 (33.3 %)

Not compared because all
patients had stent placement

P =0.209,n=123

n =34, 1.82 £ 1.00

n =89, 1.63 £ 1.05

P =0346, n = 123
2/14 (14.3 %)

32/109 (29.4 %)
P=0819,n=123

n = 34, 58.26 + 10.07
n =89, 5651 +9.28
P=0879, n =123
14/52 (26.9 %)

20/71 (28.2 %)
P=0327,n=123
8/37 (21.6 %)

26/86 (30.2 %)

P =0.147

n = 34, 384.29 + 506.28
n = 89, 204.72 + 344.25
P =0.248

n = 34, 108.29 % 43.25
n =89, 110.71 % 36.89
P =0990, n = 123
18/65 (27.7 %)

16/58 (27.6 %)

P =0.336

n = 34, 141.09 £ 22.25
n = 89, 136.21 £+ 19.76
P =0.078

n = 34, 80.74 £+ 9.41

n =389, 77.08 £ 10.54
P =0.280,n =123
5/26 (19.2 %)

29/97 (29.9 %)

P =0.368
n = 34, 147.59 £ 55.95
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Table 6 continued

Factors

Vessel-based

Patient-based

Without NDSSNCAS
Low density lipoprotein
With NDSSNCAS
Without NDSSNCAS
High density lipoprotein
With NDSSNCAS
Without NDSSNCAS
Low density/high density lipoprotein
With NDSSNCAS
Without NDSSNCAS
Triglyceride
With NDSSNCAS
Without NDSSNCAS

n =451, 144.26 £ 37.15
P =0.876

n =41, 87.10 & 58.42

n =451, 78.88 £ 34.18
P =0.872

n =41, 38.61 £ 6.80

n =451, 39.26 £ 9.81

P =0.771
n=41,235+1.72

n =451, 236 £ 498

P =0.174

n =41, 12529 £ 92.68
n =451, 142.17 £ 127.39

n =89, 144.00 + 32.63
P =0.730

n = 34, 81.24 £ 48.35
n =389, 78.93 £ 31.79
P =0.790

n = 34, 38.74 £ 7.01

n =89, 39.38 £+ 10.47
P = 0.890

n=734,218 £ 1.44
n=2_89,213 + 1.14

P = 0.068

n = 34, 124.24 + 98.97
n =89, 147.08 £ 133.92

native vessels. Second, differentiation between calcium
and the stents is very difficult and cannot be performed
objectively using the workstation software. Lastly, these
segments are rather protected by the deployed stents from
further atherosclerotic narrowing. In this study, the CS
showed significant correlation with the development of
SSNCA. The radiation dosage associated with CS was
similar to that of previous studies [17]. We believe the
above-mentioned benefits might justify the additional
radiation dose administered for the measurement of cal-
cium score in post-stent patients. Further study is required
to clarify the clinical applications of CS in predicting
SSNCA.

CTA

The CS has previously been proposed as a risk-prediction
tool [16, 17]; however, it is not suggested to be used as a
sole indicator for patients with known coronary disease,
previous myocardial infarction, revascularization or clini-
cal symptoms [17]. CTA offers incremental information for
cardiac coronary CS, cardiac magnetic resonance imaging
and echocardiography, including information on coronary
anatomy, plaque characteristics and the severity of stenosis
[10, 17]. The role of 64-detector CTA in diagnosing CAD
was demonstrated through two large studies, including
ACCURACY [19] and core-64 [12]. The corresponding
figures for sensitivity and specificity were 95/85 and
83/90 %, respectively. In VBA focusing on HR variability,
320-detector CT had an accuracy of 90 %, a sensitivity of
77 %, a specificity of 94 %, a PPV of 76 % and an NPV of
94 %, respectively, in detecting CAD. No significant dif-
ference in diagnostic accuracy was found when comparing
patients with normal sinus rhythm and those with high HR
or arrhythmia [13].

@ Springer

Although this study did not measure inter-observer
agreements, a previous study using 64-detector CTA
demonstrated excellent inter-observer agreement in the
interpretation of CTA (Cohen’s kappa = 0.93 and 0.84 per
subject and per segment analysis, respectively) [20, 21]. In
this study, CTA had an overall higher diagnostic value or
accuracy of 96.7 % in detecting SSNCA than that of pre-
vious studies [12, 13, 19]. Similar studies analyzing
patients with post coronary artery bypass grafting using
320-detector CT revealed a similar diagnostic accuracy in
assessing graft, recipient vessels and non-grafted vessel
occlusion (96, 92 and 100 %, respectively) [8].

Hsiao et al. [14] in 2010 compared the 320-detector CT
scanner with 64-detector CT scanners. The advantages of
the 320-detector CT include elimination of stair-step and
misalignment artifacts, reduction of radiation dose expo-
sure, and reduction of the amount of contrast media
administered. A major benefit of 320-detector CT is its
wide z-axial coverage of 16 cm [14], which generates
significantly reduced motion artifacts and allows the
imaging of the heart within one cardiac cycle if HR is
properly controlled. An initial study consisting of 40
patients using 320-detector CT by Rybicki et al. [22] found
that 89 and 99 % of all coronary segments were of excel-
lent and diagnostic quality, respectively. A study of
patients with post coronary artery bypass graftings using
320-detector CT found that only 2 % of the segments were
considered uninterpretable [8]. To our knowledge, this is
the first study to evaluate native coronary arteries in post-
stented patients, and no native coronary arteries were found
to be uninterpretable. The clinical use of CTA with
320-detector CT could be encouraged due to the signifi-
cantly improved ability to assess coronary arteries.

Cutlip et al. [21] reported that the prevalence of SSNCA
in patients after stents placement is 18.3 % in the first year,
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1.7 % during the second to fifth year, and 53.6 % after the
fifth year. However, our study found no significant differ-
ence when comparing the event rates of these years
(Table 5). This could be due to the small number of cases
in our cohort. Further studies in this field could provide
greater insight into the true relevance of this correlation.

As mentioned above, the highest prevalence of SSNCA
and NDSSNCAS were found in LCX, while the lowest
prevalence of CAD was found in the LAD. This finding
could be partly explained by the fact that more than half of
the stents were deployed in the LAD. Blooming artifact, as
shown in this study and others [14], was the major cause of
false positive findings. Underestimation of the severity of
stenosis near coronary orifices was the major cause of false
negative results, a finding that may prompt the develop-
ment of new reconstruction methods to assist with better
visualization of the orifice. The use of spider or global
views enabled us to better delineate the coronary arterial
origins and proximal coronary arteries, and their clinical
implications should be further elaborated and studied.
Another cause of false negative results is non-visualization
of short segmental total occlusion in distal coronary
arteries with good collaterals [23].

Risk factors for SSNCA and NDSSNCAS

It is proposed that several conventional risk factors are
related to coronary artery stenosis, including age, CS, male
gender, diabetes mellitus, serum baseline glucose, LDL and
triglyceride levels [2, 21, 24]. This study revealed that four
factors were correlated with the development of SSNCA:
higher calcium scores in each coronary artery, higher
serum glucose level, fewer vessels with stent placement,
and a smaller number of deployed stents in the vessels.
These findings could be attributed to the fact that higher
calcium scores may imply a greater probability of calcified
plaques and increased number of SSNCA. As mentioned
earlier, a large proportion of stents have been implanted in
the proximal and middle parts of the coronary arteries. The
correlation of SSNCA with the absence of, or smaller
number of, previously stented vessels implies that fewer
numbers or segments of native vessels are protected by the
stented segments, and thus more vessels are vulnerable to
progression of atherosclerosis. Higher serum glucose levels
may imply progression of atherosclerosis due to poor dia-
betic control; this corresponds with the findings of previous
studies that emphasized baseline serum glucose as the
strongest significant cardiovascular risk factor for disease
progression [2, 24]. Although the other non-significant
conventional risk factors in this study have been shown to
correlate to the formation of SSNCA [2], other studies have
demonstrated some of these risk factors to be non-signifi-
cant during follow-up evaluation with angiography, or

when compared with the presence of myocardial ischemia
[16, 25]. We would encourage further studies to investigate
the risk factors of SSNCA to clarify the discrepancies
between reported findings.

Limitations

There are several limitations to this study. First, this study
focused mainly on the diagnostic accuracy of 320-detector
CT on SSNCA in patients after coronary stents placement,
as well as the investigation into correlating factors for
SSNCA. Second, as the title of this work implies, the
evaluation of in-stent restenosis is beyond the scope of
vision in this study. Third, CTA was not performed prior to
CCA when stents were deployed; thus, this study was also
limited by its lack of comparison of the accuracy of CTA in
detecting the progression of significant arterial stenosis,
particularly in the case of patients who had CCAs and stent
deployment several times in different time periods. Fourth,
drug and related treatments can also affect the prevalence
of SSNCA; however, a wide variety of medications may be
used for these patients, depending on their conditions and
other comorbidities. Such factors are too complicated to
analyze in this study, and we believe that this topic can be
discussed in further studies pertaining to individual drug
effects and SSNCA.

In conclusion, four factors have been correlated with
higher prevalence of SSNCA, including higher calcium
scores in each coronary artery, higher serum glucose levels,
fewer vessels with stent placement, and a smaller number
of deployed stents in the vessels. CTA shows excellent
correlation with CCA in diagnosing SSNCA. Further
studies based on a large cohort are needed to verify our
preliminary findings.
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