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Objective: To compare the diagnostic performance of electrocardiogram (ECG)-gated thoracic computed tomography
angiography (TCTA) without heart rate (HR) control in ischemic stroke patients with coronary CTA (CCTA) in non-stroke
patients for detection of significant coronary artery stenosis.

Materials and Methods: From September 2009 through August 2014, we retrospectively enrolled 138 consecutive patients
diagnosed with acute ischemic stroke who had undergone ECG-gated TCTA and conventional coronary angiography (CCA). Over
the same period, we selected 167 non-stroke patients with suspected or known coronary artery disease who had undergone CCTA
and CCA. With CCA as the reference standard, the diagnostic performance of TCTA and CCTA for identification of significant
coronary stenosis (diameter reduction > 50%) was calculated.

Results: There was no significant difference in baseline characteristics between TCTA (n = 132) and CCTA (n = 164), except
for the higher prevalence of atrial fibrillation in the stroke group. There was significant difference (p < 0.001) between TCTA
and CCTA in average HR (68 + 12 vs. 61 + 10 beats per minute) and image quality score (1.3 + 0.6 vs. 1.2 + 0.6). Significant
coronary stenosis was identified in 101 (77%) patients, 179 (45%) vessels, and 293 (15%) segments of stroke patients, and in
136 (83%) patients, 259 (53%) vessels, and 404 (16%) segments of non-stroke patients. Diagnostic performance on a per-
vessel and per-patient basis was similar in both TCTA and CCTA groups. There was only significant difference in area under
receiver-operating characteristic curve between TCTA and CCTA groups (0.79 vs. 0.87, p < 0.001) on per-segment basis.
Conclusion: Electrocardiogram-gated TCTA without HR control facilitates the identification of significant coronary stenosis
in patients with ischemic stroke.
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Stroke is one of the leading causes of death and disability
worldwide (1). Ischemic strokes constitute an estimated
70-80% of all strokes (2). Embolism of cardiac origin
accounts for around 15-30% of ischemic stroke. It results
from primary intracardiac embolic sources, intracardiac
shunts, and pulmonary arteriovenous malformations serving
as conduits for paradoxical embolism, and atherosclerotic
plaques of the ascending thoracic aorta and aortic arch (3-
6). For the last decade, coronary computed tomography
angiography (CCTA) has been as effective as transesophageal

905


http://crossmark.crossref.org/dialog/?doi=10.3348/kjr.2018.19.5.905&domain=pdf&date_stamp=2018-08-06

Korean Journal of Radiology

echocardiography (TEE) in detecting cardioembolic sources
in patients with ischemic stroke (7, 8).

Ischemic stroke and coronary artery disease (CAD)
frequently coexist. They share common risk factors.
Prevalence of significant coronary stenosis (luminal
diameter reduction of > 50%) is 18-38% in patients with
ischemic stroke or transient ischemic attack (9-11). In
addition, CAD is the major cause of death during follow-
up of patients with ischemic stroke (12, 13). Therefore,
detection and treatment of concomitant CAD is important
for improved long-term prognosis and survival in ischemic
stroke patients (14).

Coronary computed tomography angiography has
been widely used for the accurate diagnosis of CAD (15-
17). However, CCTA only provides anatomic information
of the heart and the proximal portion of the ascending
thoracic aorta in patients with ischemic stroke (7, 8).
Electrocardiogram (ECG)-gated thoracic CTA (TCTA) may be
useful for the assessment of cardiothoracic diseases with
high-resolution images of the heart, aorta, and lungs and
facilitates the evaluation and diagnosis of cardioembolic
sources of embolism in patients with ischemic stroke (18).

Until now, no study has addressed the potential added
value of TCTA for detection of CAD concurrently in ischemic
stroke patients. If the diagnostic accuracy of the TCTA without
heart rate (HR) control for detection of concomitant CAD is
comparable to CCTA, then TCTA could potentially facilitate a
comprehensive assessment of the cardioembolic source and
CAD in ischemic stroke patients in a single CT scan. Such an
approach reduces unnecessary diagnostic procedures, overall
exposure to radiation, and length of hospitalization. The aim
of this study was to compare the diagnostic performance of
dedicated TCTA without HR control in ischemic stroke patients
with that of dedicated CCTA in non-stroke patients to detect
significant coronary artery stenosis.

MATERIALS AND METHODS

Patients

This study was approved by the hospital Institutional
Review Board (Konkuk university medical center, Seoul,
Korea) with informed consent waived. Patients with acute
ischemic stroke who were admitted to the Neurology
Department of Konkuk university medical center between
September 2009 and August 2014 were retrospectively
enrolled. One hundred thirty-eight patients met the
following inclusion criteria: evaluation with brain CT

906

Song et al.

and/or brain magnetic resonance imaging to confirm
acute ischemic stroke, evaluation with ECG-gated TCTA
for cardiogenic or aortogenic sources of embolism, and
evaluation with conventional coronary angiography (CCA)
within one month after TCTA.

Over the same period, 470 non-stroke patients with
suspected or known CAD underwent CCTA and CCA within
one month. A total of 167 matched controls (age, sex,
and coronary risk factors) were selected to compare
the diagnostic performance of TCTA versus CCTA in the
evaluation of significant coronary stenosis.

Among the 138 stroke patients, 6 (4.3%) were excluded
because of poor image quality related to severe cardiac
motion artifact (n = 4) and respiratory motion artifact (n =
2). Among 167 non-stroke patients with suspected or known
CAD, 3 (1.8%) were excluded because of non-diagnostic
image quality related to severe cardiac motion artifact (n =
2) and respiratory motion artifact (n = 1). Overall, the study
population consisted of 132 stroke patients and 164 non-
stroke patients.

CT Protocols and Acquisition

All CT examinations were performed using a first-
generation dual-source CT system (Somatom Definition;
Siemens Medical Solutions, Forchheim, Germany) with the
following scan parameters: collimation, 64 x 0.6 mm; slice
acquisition, 64 x 0.6 mm, using the z-flying focal spot
technique; gantry rotation time, 330 ms; pitch 0.20-0.43
adapted to the HR; tube voltage, 100 kV; and various mAs
per rotation tube current-time product according to study
protocol (90-120 mAs for early-phase TCTA, 240-340
mAs for late-phase TCTA, and 100-280 mAs for CCTA). For
coronary calcium scoring, we performed the non-enhanced,
prospective ECG gating coronary CT with 75% R-R interval.
A retrospective ECG-gating, helical CT was used for CCTA.
To reduce the radiation dose, we used the different CT
acquisition protocol depending on the patients’ HR and
variability. The ECG-based, tube current dose modulation
was used in patients with HR < 90 bpm. In particular, the
full tube current of 65-75% of R-R interval was used in
patients with stable HR < 65 bpm and the full tube current
of 20-70% of R-R interval was used in patients with a
stable HR between 65-89 bpm. ECG-based tube current
modulation was switched off in patients with a HR > 90
bpm or with an irreqular cardiac rhythm.

Topromide (Ultravist 370"; Bayer Healthcare, Berlin,
Germany) was used for the injection of intravenous contrast

Korean J Radiol 19(5), Sep/Oct 2018 kjronline.org



Diagnostic Accuracy of TCTA for Detection of CAD in Stroke Patient

using a dual-head power injector (Stellant D; Medrad,
Indianola, PA, USA). Contrast agent application was
controlled by a bolus tracking technique. For TCTA studies,
contrast material was administered at a rate of 4.0 mL/s and
a two-phase injection protocol. First, 85-100 mL iopromide
was administered followed by 40 mL of saline. For CCTA
studies, a three-phase bolus was used at a rate of 4.5 mL/s.
First, 65-80 mL of undiluted contrast media was administered
followed by 45 mL of a mixture of 70% contrast and 30%
saline with a saline chaser.

All patients received 0.6 mg nitroglycerin sublingually
immediately prior to the non-enhanced ECG-gated CT scan,
prospectively triggered at 75% of the R-R interval for the
measurement of the coronary calcium score. TCTA was
performed retrospectively with ECG-gated scan without HR
control using a beta-blocker, and with a wide field of view
from the aortic arch to the inferior border of the heart.
Three minutes after the end of the early-phase acquisition,
a late-phase scan was conducted to differentiate between
slow flow or spontaneous echo contrast and thrombus
in left atrial appendage (LAA) using the prospective ECG
triggering technique (75% of the R-R interval) and CARE
DOSE 4D (Siemens Medical Solutions) encompassing the
left atrium to the middle of the left ventricle to reduce
radiation exposure (Fig. 1). For the CCTA, patients with
a pre-scan HR > 65 bpm were administered 50-100 mg
metoprolol orally 1 hour prior to CCTA. Retrospective ECG-
gated CCTA was performed from 1 cm below the level of the
tracheal bifurcation to the inferior border of the heart in a
craniocaudal direction.

Image Processing
Early-phase TCTA and CCTA images were previewed
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automatically. The optimal mid-diastolic and end-
systolic phases were selected to obtain appropriate
reconstruction time points using reconstruction software
(BestDiast/BestSyst"; Siemens Medical Solutions). CT
images were reconstructed with a slice thickness of 0.75
mm, reconstruction increment of 0.4 mm, and a medium
soft tissue convolution kernel (B26f). Depending on the
individual anatomy, the reconstructed field-of-view was
adjusted to precisely encompass the heart (image matrix
512 x 512 pixels). CT data sets were transferred to an
external workstation (Vitrea 2; Vital Images, Plymouth, MN,
USA) and reviewed via multiplanar reformations.

CT Image Analysis

Thoracic computed tomography angiography and CCTA
images were assessed by two independent radiologists with
14 years and 5 years of experience, respectively, associated
with the presence and degree of stenosis in each coronary
segment and vessel. Both radiologists were blinded to
the clinical data and the results of CCA imaging tests.
Disagreements between readers were resolved by consensus.
For qualitative assessment, a single radiologist also rated
the overall image quality of CT on a scale of 1-4, with 1
being excellent, 2 being good, 3 being adequate, and 4
being poor/non-diagnostic (19).

The coronary arteries were evaluated according to a
3-vessel and 16-segment coronary artery model modified
from the American Heart Association classification (20).
Each segment was classified as either non-significant (<
50% reduction in lumen diameter) or significant (> 50%
reduction in lumen diameter) stenosis. Non-diagnostic
segments were not evaluated because of cardiac or
respiratory motion artifacts, severe calcification or stenting.

TCTA protocol

ECG-triggering

>
Patient Scout .
preparation image Coronary calcium Contrast-enhanced thoracic aorta scan with Rest for Late-phase scan
scan with . . B 3 min with prospectively
rospectivel retrospectively ECG-gating and without use of ECG-triggering
prosp y beta-blockers for heart rate control

Fig. 1. Protocol for TCTA. After coronary calcium scan, TCTA was acquired from aortic arch to inferior border of heart to detect significant
coronary stenosis and high-risk sources of cardiogenic embolism, and to evaluate aortic plaques. Three minutes after TCTA, late-phase CT was
acquired from left atrium to middle of left ventricle to distinguish between slow flow and thrombus in LAA without additional use of iodinated
contrast medium. ECG = electrocardiogram, LAA = left atrial appendage, TCTA = thoracic computed tomography angiography
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We considered a non-diagnostic coronary segment as
significant stenosis to avoid the risk of missing stenoses
potentially present in non-diagnostic segments.

The findings in LAA from two-phase TCTA were classified
into three categories: no filling defect in both the early-
and late-phase images; an early filling defect, which was
seen in LAA in only the early-phase images, and was absent
in the late-phase images; and a persistent filling defect
apparent in both early- and late-phase images. In TCTA, an
early filling defect was considered an early filling artefact
or spontaneous echo contrast whereas a persistent filling
defect was considered a thrombus (21). Patent foramen
ovale was defined as a channel-like communication of the
interatrial septum with the presence of a contrast material
jet from the left atrium to the right atrium perpendicular
to the septum. Interatrial septal aneurysm was diagnosed
by the enlargement of the interatrial septal membrane more
than 10-15 mm into either the left or the right atrium.
Hypokinetic segmental myocardial wall was defined as
reduced movement or wall thickening of a segment of the
heart muscle. Presence or absence of atherosclerotic plaque
was assessed in the ascending aorta and aortic arch (18).

Analysis of Conventional Coronary Angiography
Quantitative assessment of stenosis severity on CCA

was performed using commercially available software

in accordance with societal recommendations (CAAS;

Pie Medical, Maastricht, The Netherlands). CCAs were

interpreted by an experienced interventional cardiologist

with 30 years of experience. Similar to CCTA, a vessel

was diagnosed with significant stenosis if maximal vessel

diameter reduction by CCA was > 50% in any coronary

segment in any angiographic view.

Radiation Dose

An effective radiation dose was calculated for all patients.
The dose-length product (DLP, measured in milligray-
centimeters) was defined as the volume CT dose index
multiplied by scan length. DLP was an indicator of the
integrated radiation dose of the entire CT examination. It
was displayed on the dose report from the CT scanner and
was recorded. A reasonable approximation of the effective
(T radiation dose was calculated by multiplying DLP with a
conversion coefficient for the chest (k = 0.014 mSv-mGy™-
cm™) (22).
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Statistical Analyses

The categorical data are presented as frequencies and
percentages. The data were compared using the X*-test. The
normally distributed continuous data are presented as means
+ standard deviations. They were compared using the two-
tailed t test for independent samples. Sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) were calculated from 2 x 2 contingency tables
and their respective 95% confidence intervals (CIs) were
determined using the binomial proportion. The area under
the receiver operating characteristic curve (AUC) analysis
was performed to evaluate the discriminatory ability of TCTA
and CCTA for the diagnosis of significant coronary stenosis,
as defined by CCA. Kappa (k) statistical values were used
to determine inter-observer agreement. A p value < 0.05
was considered to indicate significance for all analyses. All
statistical analyses were performed using the SAS software,
ver. 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Patient Demographics

The study population consisted of 132 stroke patients and
164 non-stroke patients. The prevalence of atrial fibrillation
was significantly higher in the TCTA group than in the
CCTA group (10% vs. 2%, p = 0.003). Among 132 stroke
patients, 25 carried a known CAD and 7 were diagnosed
with peripheral artery occlusive disease. The other baseline
clinical characteristics were not significantly different
between the two groups (Table 1). Significant coronary
stenoses on CCA and previous myocardial infarction (MI)
on CT were found in 101 (76%) and 22 (17%) patients,
respectively, in the TCTA group compared with 136 (83%)
and 34 (21%) patients, respectively, in the CCTA group
without significant differences between the two groups.
There were also no significant differences in the proportion
of single- and multi-vessel disease by CCA in both groups.
The proportion of vessels with each lesion showed a
similar distribution in both groups (Table 1). Among 28
(17%) non-stroke patients without significant coronary
stenoses on CCA, 16 showed significant coronary stenoses
on CCTA (false-positive results). However, 12 patients who
showed insignificant coronary stenoses on CCTA underwent
CCA because of patient complaints of typical angina and
physicians were keen to avoid false-negative results.
Among 31 (24%) stroke patients who showed no significant
coronary stenoses on CCA, 17 manifested significant
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coronary stenoses on TCTA (false-positive results). However,
14 patients who showed insignificant coronary stenoses on
TCTA underwent CCA because physicians were keen to avoid
significant CAD (false-negative results).

CT Characteristics

Thoracic computed tomography angiography revealed
the absence of intracardiac thrombus in all stroke patients,
spontaneous echo contrast in LAA in 10 patients, akinetic

Table 1. Patient Characteristics
TCTA (n = 132)

CCTA (n=164) P

Age, years 67 + 10 (42-84) 66 + 8 (42-83) 0.3
Male (%) 94 (71) 128 (78)  0.27
BMI (kg/m?) 24.0+2.8 24.7 + 2.7 0.08
Coronary calcium score 247 + 247 387 +573  0.01
Risk factors and comorbidities (%)
Hypertension 87 (66) 111 (68) 0.87
Diabetes mellitus 53 (40) 70 (43) 0.74
Dyslipidemia 39 (30) 53 (32) 0.21
Smoking 72 (55) 74 (45) 0.19
Atrial fibrillation 13 (10) 3 (2) 0.003
VHD 18 (14) 20(12)  0.71
Findings on CCA (%)
No stenosis < 50% 31 (24) 28 (17) 0.17
1-vessel disease 46 (35) 51 (31) 0.43
2-vessel disease 32 (24) 47 (29)
3-vessel disease 23 (17) 38 (23)
Previous MI on CT (%) 22 (17) 34 (21) 0.48
Previous PCI (%) 5 (4) 9 (5) 0.49

BMI = body mass index, CCA = conventional coronary angiography,
CCTA = coronary computed tomography angiography, MI =
myocardial infarction, PCI = percutaneous coronary intervention,
TCTA = thoracic computed tomography angiography, VHD = valvular
heart disease

Table 3. Different CT Acquisition Protocol and Radiation Dose according to HR between ECG-Gated TCTA and CCTA Group
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or hypokinetic segmental myocardial wall in 24 patients
(22 patients with old MI and 2 patients with dilated
cardiomyopathy), interatrial septal aneurysm in 2 patients,
patent foramen ovale in 1 patient, and atherosclerotic
changes involving ascending thoracic aorta and aortic arch
in 104 patients.

There were significant differences in average HR, image
quality score of all coronary segments, image quality per
coronary segment, mean radiation exposure to patients,
and volume of administered contrast media between TCTA
and CCTA (Table 2). We used the different acquisition
protocol based on the patient’s HR before CT scan. However,
the patient’s HR changed during CT scan. Therefore, the
(T protocol based on HR was inappropriate in 31 (10%)
patients (Table 3). ECG-based tube current modulation was
used in 112 (85%) stroke patients and 159 (97%) non-
stroke patients. Effective radiation dose between two

Table 2. Specifics of CT Examination Protocols

TCTA CCTA P
6.8+ 1.5 5.7+1.7
Radiation dose (mSv) * * < 0.001
(4.1-11.7)  (2.8-9.7)
. 68 + 12 61+ 10
HR during scan 0.0002
(47-100)  (37-96)
Image quality score of
1.3+ 0.6 1.2+0.6 0.002
all coronary segments
Image quality per segment < 0.001
Excellent (score 1) 1620 (81) 2264 (88)
Good (score 2) 272 (13) 203 (8)
Adequate (score 3) 59 (3) 18 (1)
Nondiagnostic (score 4) 57 (3) 83 (3)
96.4+6.3 87.3x7.3
Contrast volume (mL - - 0.001
volume (mL) (85-110)  (76-105)

Values are numbers or means + standard deviations. HR = heart rate

Type TCTA (n = 132) CCTA (n = 164) P
Full-dose radiation for 65-75% of R-R interval
. 59 Pts with HR < 65 bpm 96 Pts with HR < 65 bpm
Patient number . .
7 Pts with HR between 65-89 bpm 13 Pts with HR between 65-89 bpm
Radiation dose (mSv) 5.6 + 0.5 (4.1-6.8) 4.8 +0.7 (2.8-5.9) < 0.0001
Full-dose radiation for 20-70% of R-R interval
. 4 Pts with HR < 65 bpm 7 Pts with HR < 65 bpm
Patient number . .
42 Pts with HR between 65-89 bpm 43 Pts with HR between 65-89 bpm
Radiation dose (mSv) 7.4 +0.6 (6.1-8.6) 7.3 £0.9 (5.5-8.7) 0.33
No ECG-based tube current modulation
Patient number 7 Pts with HR > 90 bpm 2 Pts with HR > 90 bpm
13 Pts with AF 3 Pts with AF
Radiation dose (mSv) 9.8 + 0.8 (8.8-11.7) 9.1+ 0.4 (8.6-9.7) 0.09

Values are numbers or means + standard deviations. AF = atrial fibrillation, bpm = beats per minute, ECG = electrocardiography, Pts = patients
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Fig. 2. Images in 70-year-old man with acute ischemic stroke. Patient manifested hypertension, diabetes mellitus and atrial fibrillation.
A. ECG obtained during TCTA examination showed atrial fibrillation and ventricular premature contraction. ECG-based tube current modulation
was switched off in this patient. B. Curved multi-planar reformatted image shows approximately insignificant stenosis (arrowhead) via mixed
calcified and non-calcified plaques and poor contrast enhancement (arrow) in PL. C. Curved multi-planar reformatted image shows poor contrast
enhancement in middle segment of LAD (arrows), corresponding to non-evaluable segment. D. Curved multi-planar reformatted image shows
poor contrast enhancement or diffuse obstruction in OM1 (arrows). Patient was diagnosed with 3-vessel disease by TCTA findings. E. Early-phase
TCTA demonstrates triangular-shape filling defects within LAA (arrows). F. Delayed imaging reveals complete in-filling of appendage confirming
that defect was secondary to circulatory stasis rather than thrombus. G. Oblique sagittal reconstruction image of aortic arch shows 3.5-mm-
thick atheroma (arrow) of proximal aortic arch with hypoattenuating component. H-J. Conventional coronary angiography images showed no
significant stenoses in early-branching PL (arrow, H) and middle LAD (arrow, I) whereas subtotal occlusion without collateral flow in OM1 (arrow,
J). LAD = left anterior descending coronary artery, OM1 = first obtuse marginal artery, PL = posterolateral branch
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groups varied significantly only at full-dose radiation for
65-75% of the R-R interval (TCTA group [5.6 + 0.5 mSv] vs.
CCTA group [4.8 + 0.7 mSv], p < 0.0001).

Agatston coronary calcium score of the TCTA group was
significantly lower than in the CCTA group (247 + 247 vs.
387 + 573, p = 0.01). One hundred fourteen (5.4%) coronary
segments in stroke patients and 56 (2.1%) segments in
non-stroke patients were excluded from the analysis. The
reasons for exclusion were true absence of a vessel segment
(n =135) and small vessel size (n = 35). Of the remaining
1998 segments, 57 (2.9%) were considered non-evaluable
on TCTA due to cardiac motion artifact (n = 27), severe
calcification (n = 17), respiratory motion artifacts (n = 8),
low vascular contrast (n = 4), and a stent (n = 1) (Fig. 2).
There were 83 (3.2%) non-evaluable coronary segments on
CCTA due to severe calcification (n = 64), cardiac motion
artifacts (n = 12), respiratory motion artifacts (n = 5), and
stents (n = 2). Non-evaluable coronary segments were not
different between the two groups (p = 0.46). The k values
for inter-observer agreement of TCTA and CCTA for coronary
segments were 0.82 (95% CI: 0.79-0.85) and 0.88 (95% CI:
0.86-0.91), respectively.

Diagnostic Performance of ECG-Gated TCTA and CCTA
Compared with CCA

Significant stenosis was identified in 101 (76.5%)
patients, 179 (45.2%) vessels, and 293 (14.7%) segments
on CCA in the TCTA group. Significant stenosis was identified
in 136 (82.9%) patients, 259 (52.6%) vessels, and 404
(15.7%) segments on CCA in the CCTA group. Sensitivity,
specificity, PPV, NPV, and AUC for TCTA were 67%, 92%,
59%, 94%, and 0.79, respectively, on a per-segment
basis; 86%, 77%, 76%, 87%, and 0.82, respectively, on
a per-vessel basis; and 94%, 45%, 85%, 70%, and 0.69,
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respectively, on a per-patient basis (Table 4). Of the 57
segments not evaluated by TCTA, 10 segments with cardiac
motion artifacts and 8 segments with severe calcification
were significantly stenotic in CCA. Furthermore, 97
segments were identified as false-negative and associated
with cardiac motion artifacts (n = 40), calcified plaques (n
= 22), poor contrast enhancement (n = 17), measurement
error (n = 11), and detection error (n = 7). On the other
hand, 137 false-positive segments were identified, which
were associated with cardiac motion artifacts (n = 65),
calcified plaques (n = 28), poor contrast enhancement (n =
26), and measurement error (n = 18) (Fig. 2).

Sensitivity, specificity, PPV, NPV, and AUC for CCTA
were 81%, 93%, 70%, 96%, and 0.87, respectively, on
a per-segment basis; 93%, 77%, 82%, 91%, and 0.85,
respectively, on a per-vessel basis; and 100%, 43%, 90%,
100%, and 0.71, respectively, on a per-patient basis (Table
4). Of the 83 segments non-evaluable by CCTA, 41 with
severe calcification and 2 with cardiac motion artifacts were
significantly stenotic in CCA. Furthermore, 75 segments
were false-negative and associated with calcified plaques
(n = 36), cardiac motion artifacts (n = 21), poor contrast
enhancement (n = 9), measurement error (n = 6), and
detection error (n = 3). On the other hand, 143 false-
positive segments were associated with calcified plaques
(n = 81), cardiac motion artifacts (n = 29), measurement
error (n = 26), and poor contrast enhancement (n = 7). A
significant difference existed in AUCs between TCTA and
CCTA groups on per-segment basis (AUC of 0.79 vs. 0.87; p
<0.001).

DISCUSSION

There have been no studies to date assessing the

Table 4. Per-Segment, Per-Vessel Territory, and Per-Patient Diagnostic Accuracy of TCTA and CCTA Compared with CCA (Significant

Stenosis > 50%)

Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Accuracy (%) AUC
TCTA
Per-segment (n = 1998) 67 (65-69) 92 (91-93) 59 (57-61) 94 (93-95) 88 (87-90)  0.79 (0.78-0.81)
Per-vessel (n = 396) 86 (82-89) 77 (73-81) 76 (71-80) 87 (83-90) 81(77-85)  0.82 (0.77-0.85)
Per-patient (n = 132) 94 (89-97) 45 (37-54) 85 (78-90) 70 (62-77) 83 (75-88)  0.69 (0.61-0.77)
CCTA
Per-segment (n = 2568) 81 (80-83) 93 (92-94) 70 (68-72) 96 (96-97) 92 (90-93)  0.87 (0.86-0.89)
Per-vessel (n = 492) 93 (90-95) 77 (73-81) 82 (78-85) 91 (88-93) 85 (82-88)  0.85 (0.82-0.88)
Per-patient (n = 164) 100 (98-100) 43 (36-51) 90 (84-93) 100 (98-100) 90 (85-94)  0.71 (0.65-0.78)

Values for sensitivity, specificity, PPV, NPV, accuracy, kappa statistic, and AUC presented with 95% confidence intervals. AUC = area under
curve, NPV = negative predictive value, PPV = positive predictive value
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diagnostic performance of ECG-gated TCTA to identify
significant CAD in patients with ischemic stroke. In this
study, ECG-gated TCTA without HR control facilitated
identification of significant coronary stenosis in patients
with acute ischemic stroke. TCTA was comparable to CCTA in
the diagnosis of significant CAD even though inter-observer
agreement and per-segment diagnostic performance of TCTA
were lower than those of CCTA. Our experience indicates
that ECG-gated TCTA evaluation can be performed with
acceptable image quality at appropriate doses of radiation.
Coronary artery disease is considered a significant cause
of morbidity and mortality in patients with ischemic stroke
(23). The prevalence of asymptomatic but significant CAD
is substantial in patients with ischemic stroke or transient
ischemic attack (9-11). Yoo et al. (11) showed that a
substantial proportion (33.1%) of stroke patients who
were not previously diagnosed with CAD had significant
stenosis of at least one coronary artery on CCTA. Therefore,
accurate noninvasive imaging can be used to detect high-
risk cardiac sources of embolism and aortic atheroma.
However, significant coronary stenoses are very important
for prognostic evaluation and treatment planning in
stroke patients. TEE is a semi-invasive imaging method
for accurate and comprehensive evaluation of thrombi
in the left atrium and its appendages as well as aortic
atheroma (24-26). Aortic atheroma evaluated with TEE has
been correlated with a higher prevalence of CAD and the
presence of significant angiographic coronary stenoses (27).
For the last decade, a two-phase ECG-gated CCTA has been
implicated as an accurate non-invasive imaging modality
to discriminate thrombus from echo contrast within the
LAA, in a manner that is comparable to TEE (21, 28). In
this study, two-phase ECG-gated TCTA identified potential
cardiac and aortogenic sources of emboli in patients with
ischemic stroke. Accordingly, CCTA is a useful non-invasive
imaging technique for the detection of cardiogenic emboli
and significant CAD in stroke patients, particularly with the
level of disability. However, CCTA only provides anatomic
information of heart and proximal ascending thoracic aorta.
Triple rule-out CT is a useful imaging technique to identify
life-threatening etiologies of chest pain, such as coronary
stenoses, aortic dissection, and pulmonary embolism (29,
30). In groups matched for age, sex, body mass index, and
HR, there were no significant differences between triple
rule-out CT and dedicated CCTA using 64-slice multidetector
CT in terms of overall image quality, presence of motion and
streak artifacts, and contrast-to-noise ratio in the coronary
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lumen (31). Simultaneous evaluation of thoracic aorta and
heart is also feasible with ECG-gated TCTA, such as triple
rule-out CT with wide field of view from the aortic arch to
the inferior border of the heart. ECG-gated TCTA increases
the radiation exposure, and the amount and timing of
contrast administration and image acquisition vary for CCTA.
Evaluating patients with ischemic stroke in an acute setting
is very challenging because they are likely to be old and
exhibit fast or irregular HR and have trouble holding their
breath during CT examination. In our hospital, beta-blockers
are usually avoided in patients with acute ischemic stroke
and first-generation 64-slice dual-source CT with contrast-
enhancement, retrospectively. ECG-gated TCTA scan without
HR control is performed to evaluate cardiac or aortic
causes of stroke except in patients with poor breathing
control. This approach may be not indicated for coronary
evaluation in patients with ischemic stroke. However, with
optimized cardiac phases, narrow field of view, and three-
dimensional reconstruction of the heart from TCTA images,
adequate images of the coronary arteries are obtained. In
100 patients not pretreated with beta-blockers, the first-
generation dual-source CT demonstrated that 95% coronary
vessels were evaluable in patients with a HR > 65 bpm (mean
76 + 9 bpm) but no significant decrease in diagnostic
accuracy for detection of significant CAD between patients
with low (< 65 bpm) and high HR (32). Therefore, we
assumed that ECG-gated TCTA without HR control might
be associated with satisfactory diagnostic performance
in ischemic stroke patients similar to CCTA for detection
of significant CAD in non-stroke patients with known or
suspected CAD. Without use of beta-blockers for HR control,
cardiac motion artifacts related to high HR or irreqular
cardiac rhythm deteriorate the image quality of a CT data
set. Of the 25 non-evaluable segments with cardiac motion
by TCTA, 10 (40%) were significantly stenotic at CCA. The
ECG-gated TCTA protocol showed adequate image quality
despite the lack of beta-blocker. Therefore, TCTA showed a
similar diagnostic performance for detection of significant
CAD at per-vessel and per-patient levels in ischemic stroke
patients compared with CCTA in non-ischemic patients with
known or suspected CAD. However, there was significant
difference in AUCs between TCTA and CCTA groups on a per-
segment basis. In addition, the inter-observer agreement on
a per-segment basis for TCTA was lower than that of CCTA.
In this study, the tube voltage of 100 kV, a pitch
automatically adapted to the HR and automatic tube
current modulation, were used in all patients. Automatic
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ECG-pulsing with the Mindose protocol was used in patients
with a mean HR < 90 bpm in regular heartbeat for radiation
dose reduction. The radiation dose of TCTA protocol (6.8
mSv) was significantly higher than that of CCTA protocol
(5.7 mSv). However, considering the wide scan range of
combined arterial and delayed phases in the TCTA protocol
compared with standard CCTA protocol, the radiation dose of
TCTA protocol was not as high as expected. Radiation dose
reduction in arterial phase of ECG-gated TCTA was related
to higher HR (68 bpm) and lower tube current (90-120
mAs) compared with ECG-gated CCTA (61 bpm and 100-280
mAs, respectively). Among the three different CT protocols,
the effective radiation dose between TCTA and CCTA groups
was not significantly different at full-dose radiation for
20-70% of the R-R interval and no ECG-based tube current
modulation was observed in patients with higher HR or
irreqular cardiac rhythm. Dual-source CT allows higher

pitch values with increased HR, resulting in a decrease in
radiation dose for the patient at increased pitch (33). In
addition, radiation dose in our TCTA protocol was lower
than in the previous study because of the use of ECG-based
tube current modulation with the Mindose protocol, smaller
scan range, and effective dose conversion coefficient for
the chest (34).

There are no specific recommendations for coronary
evaluation in ischemic stroke patients, with the exception
of those individuals diagnosed with carotid artery disease
or those at high risk based on Framingham risk score.
These individuals warrant further CAD evaluation during
their initial evaluation (23). Furthermore, few diagnostic
imaging modalities can be effectively used for detection of
CAD in stroke patients with physical disability. Accordingly,
the ECG-gated TCTA protocol may be appropriate to detect
CAD and high risk factors in cardiogenic embolism, and to
evaluate the complex aortic plaques during hospitalization
in ischemic stroke patients. A wide-detector CT or second-
and third-generation dual-source CT offers greater potential
to simultaneously assess the thoracic aorta and heart, as
well as to optimize image quality compared with 64-slice CT
or first-generation dual-source CT (35). These approaches
may obviate the need for unnecessary further studies.

This study had several limitations. First, this is a
single-institution retrospective study with a relatively
small number of highly selected patients. Second, severe
coronary calcification was the main cause of non-evaluable
coronary segments and represented an important concern
affecting the diagnostic performance of CCTA and TCTA for
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identification of significant CAD. Third, different study
populations (stroke and non-stroke patients) were used to
compare the two different CT protocols. The comparison
group should be as similar to the study group as possible
for comparative diagnostic accuracy between TCTA and CCTA
for significant CAD. Fourth, the study results using a first-
generation dual-source CT may not be applicable to other
CT scanners with low temporal resolution. Fifth, the mean
radiation exposure value for ECG-gated TCTA protocol was
6.8 + 1.5 mSv. The radiation dose of ECG-gated TCTA may be
decreased by reducing the tube current and tube voltage,
and iterative reconstruction using cutting-edge CT scanners
without compromising with the image quality. Finally, ECG-
gated TCTA may have an inherent limitation for evaluation
of coronary artery stenosis in patients with acute ischemic
stroke because of differences in scanning protocol including
contrast media injection, scan range, radiation dose, and
HR control compared with ECG-gated CCTA.

In conclusion, ECG-gated TCTA reveals significant coronary
stenosis in patients with acute ischemic stroke despite the
absence of beta-blocker. Additional prospective studies
with appropriate and larger patient cohorts are needed to
assess the diagnostic accuracy of ECG-gated TCTA to identify
significant CAD.
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