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Abstract Although single-source 64-multislice computed
tomography coronary angiography (SSCTA) needs to
reduce heart rate (HR), dual-source computed tomography
coronary angiography (DSCTA) can acquire images even
in tachycardia. The accuracy of DSCTA during tachycardia
is compared to the accuracy of SSCTA at reduced HR.
Patients who received invasive coronary angiography and
either SSCTA or DSCTA were included. In the SSCTA
group, HR was reduced to <65 beats per minute (bpm)
with B-blocker (n = 27), while in the DSCTA group
patients whose HR was >65 bpm were selected (n = 27).
The diagnostic accuracy for significant coronary stenosis
was calculated by comparing the invasive coronary angi-
ography. Using dual-Doppler echocardiography, isovolu-
mic relaxation time (IRT) and diastasis time (DT) were
evaluated in these patients. In SSCTA, sensitivity was
89 %, specificity 99 %, the positive predictive value (PPV)
94 %, and the negative predictive value (NPV) was 98 %.
In DSCTA, sensitivity was 96 %, the specificity was 99 %,
PPV was 91 %, and NPV was 99 % (all NS compared to
SSCTA). When HR was >75 bpm, DT was markedly
shortened (<83 ms), however IRT was maintained

>85 ms. Thus, the image reconstruction at the phase of
IRT is feasible in DSCTA because of its temporal
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resolution of 83 ms. High temporal resolution of DSCTA
shows equivalent accuracy of coronary stenosis detection
to SSCTA, without reducing heart rate, because of its
image reconstruction at IRT.
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Introduction

Several reports have shown that the single-source
64-multislice computed tomography coronary angiography
(SSCTA) is useful for diagnosing coronary artery disease
when the heart rate (HR) is reduced to < 65 beats per
minute (bpm) [1-3]. Recently, SSCTA is used to charac-
terize plaque morphology before coronary intervention [4,
5]. However, when the HR is >65 bpm, the image quality
becomes deteriorated and the diagnostic accuracy is
markedly reduced, because of the motion artifact [6, 7].
This is attributed to the temporal resolution of >165 ms for
conventional SSCTA, which is determined by the gantry
rotation speed. This temporal resolution is adequate for
image reconstruction during the long diastolic period when
the HR is low; however, once the HR exceeds more than
65 bpm, the diastasis period becomes shortened, and the
image reconstruction at diastasis becomes unsuitable. This
is the reason why B-blocker administration is essential for
conventional SSCTA when the HR is >65 bpm [7-9].
Recently, dual-source computed tomography coronary
angiography (DSCTA) has become available [10-12]. It
has two sets of an X-ray tube and image intensifier, and the
gantry rotation speed is equivalent to SSCTA. Thus, the
temporal resolution becomes half of SSCTA, i.e., 83 ms. It
has been known when the HR increased, diastasis time
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(DT) becomes abbreviated, but the isovolumic relaxation
time (IRT) is maintained even in the high HR. If the IRT is
maintained more than 83 ms when the HR exceeds
65 bpm, theoretically the image reconstruction at IRT is
possible using DSCTA. However, it remained unknown
whether the IRT is more than 83 ms at HR more than
65 bpm in patients of this study. Thus we first checked the
IRT and DT of patients with variable HR. Recently, a
comparative study between conventional SSCTA and
DSCTA was reported [12]. This study showed the
improved evaluability of DSCTA even in the high HR;
however, the mechanism remains to be elucidated. This
prompted us to compare the diagnostic accuracy of
DSCTA at HR >65 bpm without B-blocker treatment to
that of SSCTA at HR <65 bpm with B-blocker treatment if
needed. Furthermore, we analyzed the optimal image
reconstruction timing of DSCTA at higher HR. We eval-
uated the relationship between HR and IRT, or DT using
dual Doppler echocardiography and compared them to the
temporal resolution of DSCTA and SSCTA.

Materials and methods

The protocol of this study was approved by the Ethical
Committee of Yamaguchi University Hospital, and con-
forms to the Declaration of Helsinki. All patients gave
informed consent. Patients who received invasive coronary
angiography (ICA) and either SSCTA or DSCTA were
included (n = 114). Among these patients, 27 undertook
SSCTA at an HR <65 bpm with B-blocker treatment if
needed (metoprolol, 20 mg orally at 1.5 h before the
examination). Patients (n = 27) were imaged with DSCTA
at an HR >65 bpm without metoprolol treatment. Coronary
artery stenoses in ICA were evaluated according to the
American Heart Association (AHA) criteria [13] and the
AHA criteria >75 % is considered a significant stenosis.
The diagnosis on SSCTA and DSCTA were performed by
three radiologists according to the AHA criteria. AHA
criteria >75 % were considered a significant stenosis. The
diagnostic accuracy for significant coronary stenosis by
either SSCTA or DSCTA was evaluated in comparison to
ICA as a reference standard. Sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value
(NPV), and accuracy were calculated for all segments,
except the following conditions: severe arrhythmias, e.g.,
atrial fibrillation and frequent ventricular premature con-
traction, segments with heavy calcification, segments

<1.5 mm in diameter, stent implantation site, and the
chronic total occlusion. To determine the optimal time of
image reconstruction, the axial images were viewed and
the timing when proximal portions of right coronary artery
and left coronary artery were most clearly viewed without
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motion artifact was detected manually at around 75 % RR
interval and at around 30-35 % RR interval, which cor-
responds to DT and IRT. By comparing images at DT and
IRT, the optimal timing was determined whether it is DT or
IRT. To elucidate the relationship between HR and IRT or
DT, we measured IRT and DT in a separate 32 patients
whose characteristics were compatible to the CTA study
group by using dual Doppler echocardiography (Hitachi,
Japan). Dual Doppler echocardiography enables the
simultaneous measurement of aortic and mitral flow [14],
which is suitable for measuring the IRT and DT in the same
beat (Fig. 1a). As shown in Fig. la and b, the IRT was
measured as the duration between the end of the aortic flow
and the beginning of the mitral flow. The DT was defined
as the duration between the end of rapid mitral filling and
the beginning of atrial filling [15].

Fig. 1 Dual Doppler echocardiography. Transmitral flow velocity
(E and A) and left ventricular outflow velocity (AOF) are shown
simultaneously. Representative cases of patients with HR = 62 bpm
(a) and with HR = 79 bpm (b). IRT isovolumic relaxation time, DT
diastasis time



Heart Vessels (2014) 29:443-448

445

Scan protocol

SSCTA was performed with Somatom sensation (Siemens
Medical Solutions, Erlangen, Germany). The tube voltage,
gantry rotation time, number of slices per rotation, and the
individual detector width were 120 kV, 330 ms, 32 x 2,
and 0.6 mm, respectively. The tube current was 770 mA
and the table feed speed was 0.2 mm/rotation. DSCTA was
performed with Somatom Definition (Siemens Medical
Solutions). The tube voltage, gantry rotation time, number
of slices per rotation, and the individual detector width were
same as SSCTA. The tube current was 400 mA and the
table feed speed was 0.2-0.4 mm/rotation. All patients
received one puff of nitroglycerine spray (0.3 mg glyceryl
trinitrate; Toa FEiyo, Tokyo, Japan) 5 min before the
imaging. The iohexol 350 (Omnipaque 350; Schering AG,
Germany) was injected at a rate of 4.0-5.0 ml/s depending
on the body weight. The injection volume was calculated by
the following equation: [(scan time + 3 s) x injection
rate]. All patients received the contrast injection through the
antecubital vein with a 22-G plastic needle. The bolus
tracking technique was applied for SSCTA, while the test

Table 1 Patients’ characteristics of the SSCTA and DSCTA groups

SSCTA (n = 27) DSCTA (n = 27) P value

Age 70 £ 8 68 £ 12 NS
Men/women 21/6 21/6 NS
Body weight (kg) 61 £9 63 + 15 NS
Heart rate (bpm) 57+ 6 74 £ 7 <0.0001
Hypertension 63 % (17/27) 48 % (13/27) NS
Dyslipidemia 52 % (14/27) 48 % (13/27) NS
Diabetes mellitus 38 % (10/26) 33 % (9/27) NS
Smoking 44 % (11/25) 39 % (9/23) NS
B-Blocker usage 26 % (7/27) 0 % (0/27) <0.01
Post-stenting 41 % (11/27) 22 % (6/27) NS
Calcium score

0-400 48 % (13/27) 41 % (11/27) NS

401-1,000 26 % (7/27) 26 % (7/27) NS

>1,000 26 % (7/27) 33 % (9/27) NS

The HR and B-blocker usage are significantly different between the groups

Bold values are statistically significant

injection technique was applied for DSCTA. A 30-ml saline
chaser was administered after the contrast injection. Image
reconstruction and analysis was performed on a dedicated
workstation (Ziostation; AMIN Inc., Tokyo, Japan).

Statistical analysis

The patients’ backgrounds were compared between
SSCTA and DSCTA using the unpaired ¢ test. The sensi-
tivity, specificity, PPV, and NPV for the detection of sig-
nificant coronary stenosis (>75 %) were compared
between SSCTA and DSCTA using the Chi-square test
(StatView 5.0; SAS Institute Inc, Cary, NC, USA). p values
<0.05 were considered statistically significant.

Results

The patients’ characteristics are shown in Table 1. None of
the parameters were statistically different between the
groups, except HR (p < 0.01). Seven patients (26 %)
received B-blocker treatment in the SSCTA group, while
none received B-blocker treatment in the DSCTA group.
Approximately 50 % of the patients in both groups had a
high calcium score >400 (Table 1 [16]). The average
injected contrast volume was 61 & 3.6 for SSCTA and
56.5 = 13.0 ml for DSCTA (NS).

Diagnostic accuracy between SSCTA and DSCTA

In the SSCTA group, 376 out of 459 coronary segments
were evaluable (81.9 %), and 348 out of 459 segments
were evaluable in the DSCTA group (75.8 %, NS). The
per-segment sensitivity was 89.4 % (34 of 38) by SSCTA
and 96.6 % (29 of 30, NS) by DSCTA. The specificity was
99.4 % (336 of 338) for SSCTA and 99.0 % for DSCTA
(315 of 318, NS), the PPV was 94.4 % (34 of 36) for
SSCTA and 90.6 % (29 of 32, NS) for DSCTA, the NPV
was 98.8 % (336 of 340) for SSCTA and 99.6 % (315 of
316, NS) for DSCTA, and accuracy was 98.4 % (370 of
376) for SSCTA and 98.8 % (344 of 348, NS) for DSCTA
(Table 2). None of the parameters were statistically sig-
nificant between SSCTA and DSCTA.

Table 2 Diagnostic accuracy on a per-segment basis between SSCTA and DSCTA groups

Evaluable Sensitivity

Specificity

PPV NPV Accuracy

SSCTA (n = 459)  81.9 % (376/459)  89.4 % (34/38)
DSCTA (n = 459)  75.8 % (348/459)  96.6 % (29/30)
p value NS NS NS

99.4 % (336/338)
99.0 % (315/318)

94.4 % (34/36)  98.8 % (336/340)  98.4 % (370/376)
90.6 % (29/32)  99.6 % (315/316)  98.8 % (344/348)
NS NS NS

None of the parameters are significantly different
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Optimal reconstruction timing

The optimal image reconstruction timing of SSCTA are all
DT. However, as shown in Fig. 2, more than 50 % of
patients in the DSCTA group were reconstructed at IRT.
Especially, when the HR was >80 bpm, 100 % of the
patients were reconstructed at IRT (Fig. 2).

IRT

IRT
4/4

(100%)

12/23
(52%)

65<HR=80 (bpm) HR=80(bpm)

Fig. 2 Image reconstruction phase in DSCTA. When the HR is
between 65 and 80 bpm, in 52 % of patients images were recon-
structed at IRT. When HR is more than 80 bpm, in all patients images
were reconstructed at IRT. IRT isovolumic relaxation time, DT
diastasis time

Fig. 3 IRT and DT changes
according to HR. In the same
patient, the heart rate is variable
from 60 to 75. DT is markedly
shortened according to the
increase in HR, but IRT does
not change. /RT isovolumic
relaxation time, DT diastasis
time

HR=70 bpm
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The relationship between HR and IRT or DT

The relationship between HR and IRT or DT is shown in
Figs. 3 and 4. The patients were divided into four groups
depending on their HR: <60, 60-65, 65-70, and >75. The
average HR of each group was 53.0 £+ 4.4, 63.2 £ 1.6,
71.4 £+ 3.2, and 82.3 &+ 8.8, respectively. IRT was not
significantly different among the four groups, and the
averaged IRT of all patients was 103.2 &+ 23.7 ms. Con-
versely, DT was significantly shortened according to the
increase of the HR. When the HR was >65 bpm, DT
becomes <165 ms. When the HR becomes >75 bpm, DT
was shortened to <83 ms.

Discussion

The diagnostic accuracy of SSCTA has been reported to
be excellent when the HR is <65 bpm [6-9]; however,
when the HR exceeds 65 bpm, the evaluability of SSCTA
is reduced from 93 to 69 % [12]. This is the reason why
B-blocker pre-treatment is essential when the HR is

>65 bpm for SSCTA. Recently, DSCTA is available,
which equipped two imaging systems on a single gantry.
Thus, the temporal resolution of DSCTA is 83 ms, which

g\ i

' " IRT

| IRT
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Fig. 4 Relationship between HR, IRT, and DT. The temporal
resolution of SSCTA is 165 ms, which is longer than IRT at any HR.
The temporal resolution of DSCTA is 83 ms, which is shorter than
IRT at any HR. When the HR becomes >65 bpm, DT becomes
<165 ms. When the HR becomes >75 bpm, DT becomes <83 ms

is half the temporal resolution of SSCTA, 165 ms.
Because of the high temporal resolution, DSCTA has
been reported to show an excellent diagnostic accuracy
even in the high HR [10-12]. However, the detailed
comparison between SSCTA with lower HR and DSCTA
at higher HR had remained to be done. Our study is the
first to demonstrate the equivalent diagnostic accuracy of
the significant coronary stenosis between SSCTA with
lower HR and DSCTA with higher HR. Thus, our results
gave a rationale for DSCTA without B-blocker pre-treat-
ment even in the high HR. Our results coincide with the
data reported by Achenbach et al. [12], but their study did
not assess the relationship between the HR and optimal
reconstruction timing. Our study demonstrates that the
optimal reconstruction timing of DSCTA shifted from the
DT to IRT. Especially, we showed that 100 % of the
patients showed optimal reconstruction timing at IRT
when the HR is >80 bpm. We further clarify the rela-
tionship between HR and IRT or DT. Our data showed
that IRT is constantly >83 ms, even at HR >75 bpm in
the patients with suspected coronary artery disease. This
indicates that the image reconstruction is feasible at IRT
because of the short temporal resolution of 83 ms with
DSCTA. On the other hand, DT was abbreviated
remarkably to <83 ms when the HR becomes >75 bpm
(Fig. 4). This indicates that even with DSCTA, DT is not
long enough for image reconstruction when the HR
becomes more than 75 bpm. The temporal resolution of
SSCTA is 165 ms, which exceeds the IRT at any HR;
thus, image reconstruction at IRT is impossible even in
lower HR with SSCTA. The only optimal reconstruction
phase for SSCTA is at DT when the HR is less than
65 bpm. Physiologically, the heart pauses momentarily
during the isovolumic contraction phase, IRT, and DT

[14, 15]. Among these periods, DT is usually longer than
the other periods when the HR is low. However, DT is
shortened dramatically when the HR increases, as shown
in Fig. 4. When the HR is <65 bpm, DT is >165 ms.
However, when the HR exceeds 65 bpm, DT becomes
less than 165 ms. The isovolumic contraction time is
usually <80 ms, which is less than the temporal resolu-
tion of DSCTA. IRT is always >83 ms, even in high HR
(Fig. 4). Thus, IRT becomes the target period for image
reconstruction [16—-18]. We demonstrate for the first time
that the temporal resolution of DSCTA (83 ms) enables
image reconstruction at IRT and gave a theoretical
background of the avoidance of B-blocker pre-medication.
This study will promote the imaging of emergency cases
and outpatient clinic for screening coronary artery disease
in chest pain patients. However, B-blocker should be
administered carefully to patients with vasospastic angina
pectoris [19], bronchial asthma, chronic obstructive lung
disease, and heart block. We need to consider a pitfall for
DSCTA at high heart rate. The image is reconstructed at
end-systolic phase, muscle squeezing resembles coronary
narrowing [20]. This can be differentially diagnosed by
considering the over-riding of epicardial muscle on the
coronary artery. Finally, coronary calcification is still a
big problem for diagnosing coronary stenosis even using
DSCTA. As shown by a previous study, a higher calcium
score relates more to a coronary stenotic lesion [21]. In
our study, patients with a calcium score >400 exceeds
more than 50 % in both SSCTA and DSCTA groups and
not significantly different. Thus, the high calcium score
does not influence the conclusions made in this study.

Conclusions

DSCTA can diagnose coronary artery disease without -
blocker pre-medication because temporal resolution of
DSCT is less than IRT.
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