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Abstract

The aim of this study was to compare the radiation dose and image quality of two CT protocols using a wide-detector com-
puted tomography (WDCT) scanner with single contrast injection for simultaneous evaluation of the aorta and coronary
artery. We retrospectively included 104 consecutive patients who underwent coronary and aorta CT angiography. CT Pro-
tocols were divided as follows: protocol I, variable helical pitch scan (VHP, n=31); protocol II, volume scan for coronary
artery following helical scan for aorta (VFH, n=73). Vascular attenuation, noise, signal-to-noise (SNR), and contrast-to-
noise ratios (CNR) were compared. Image parameters were measured at coronary artery, thoracic aorta, abdominal aorta,
and iliofemoral arteries. Subjective image quality was assessed by two observers. The patient characteristics between groups
were similar (P>0.384). There were no significant differences in any of the quantitative image parameters between the
two groups except for the thoracic aorta. Vascular attenuation (469.2 +133.6 vs. 605.9+140.2 HU), CNR (24.8 +11.4 vs.
37.3+18.5), and SNR (28.4 +12.0 vs. 40.6 + 19.5 ml) were higher in the VHP protocol (P <0.001 for each) for covering
the thoracic aorta. However, all subjective image scores guaranteed diagnostic image quality. The effective radiation dose of
the VFH protocol was reduced to 27.2% compared with that of the VHP protocol (443.8 +115.8 vs. 706.7 = 163.7 mGy-cm,
P <0.001). WDCT with single contrast injection allows assessment of both the coronary artery and aorta. The VFH protocol
can reduce the radiation dose and preserve the image quality compared with that of the VHP protocol.
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Abbreviations TAVI  Transcatheter aortiv valve implantation

BMI Body mass index VFH Volume following helical

CAD Coronary artery disease VHP Variable helical pitch

CCTA  Coronary CT angiography WDCT Wide detector computed tomography

CNR Contrast-to-noise ratio

ECG Electrocardiogram

HU Hounsfiled unit Introduction

MDCT Multidetector computed tomography

NI Noise index Coronary CT angiography (CCTA) has become a very useful
SNR Signal-to-noise ratio technique for depiction of coronary artery disease (CAD). In

addition to providing dedicated imaging for coronary artery
diseases, ECG gating is required for diagnosis of aortic dis-
ease and for pre-procedural planning and post-intervention
evaluation. Patients with thoracoabdominal aortic aneurysm
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with acute type A aortic dissection to be 6.1% and described
the causes of malperfusion as follows: coronary artery occlu-
sion resulting from compression by the bulging dissected
false lumen, retrograde extension of the dissection into the
coronary arterial wall, detached coronary artery from the
aortic root [5]. In Takayasu arteritis, coronary involvement is
not rare, as it is detected in approximately 44-54% of cases
at CCTA [6, 7]. In pre-procedural planning for transcatheter
aortic valve implantation (TAVI), both aortic root anatomy
and feasibility of valve delivery through the femoral arter-
ies or other access routes must be determined prior to the
implantation procedure [8§—10]. In these patients, simulta-
neous examinations of the aorta and coronary arteries are
helpful in determining the treatment plan.

The development wide-detector CT (WDCT) can
acquire the cardiac volume in a single heartbeat and it
has a number of significant advantages. Firstly, misreg-
istration artefacts are completely avoided, particularly in
patients with irregular heart rates. Secondly, the volume of
the contrast agent can be reduced and thirdly, the scanners
are ideally suited to performing dynamic myocardial per-
fusion studies [11]. Recently, the next-generation WDCT
enables variable helical pitch (VHP) scanning using two
pitch changes and volume following helical (VFH) scan-
ning. These scan techniques have led to simultaneous
image acquisition of the aorta and heart during single
contrast injection. Previous studies have demonstrated
the feasibility of VHP scanning for TAVI [12]. However,
the study used VHP with only one pitch change and did
not introduce VFH scanning. The aim of the current study

was to compare the radiation dose and image quality of
two CT protocols using a WDCT scanner with single con-
trast injection for simultaneous evaluation of the aorta and
coronary artery.

Methods

This retrospective image analysis study was approved by
our institutional review board, and written informed con-
sent was waived.

Subjects

The study was based on the CT data of 468 subsequent
patients who underwent a CT exam for simultaneous
assessment of the heart and aorta using a WDCT between
February 2017 and September 2017. For accurate image
assessment, we excluded patients who could not take
nitroglycerin. From the remaining patients (n=171), we
excluded those who underwent operation or interventional
procedure before CT scan (Fig. 1). Ultimately, 104 patients
were included in our analysis and their major findings of
CT examination were as follows: normal (n=45), minimal
CAD (n=11), mild CAD (n=19), moderate CAD (n=5),
vasculitis of aorta or neck vessels (n=14), annuloaortic
ectasia (n=6), dissection or stenosis of superior mesen-
teric artery (n=4).

Fig. 1 Flow chart of enrollment

468 Subjects underwent WDCT

between February 2017 — September 2017

Identification

Patients who could not take NTG (n = 297)

171 patients taking NTG ]

Patients who underwent operation or intervention ( n = 67)

: coronary stent (n = 5), coronary artery bypass graft (n = 3), valve
replacement or operation (n =9), aorta replacement (n = 45), aorta stent
graft (n =4), or aortic dissection (n=1)

Patients witl
Patients witl

104 Eligible Individuals with WDCT

h symptoms of chest (n = 22), non-coronary heart disease (n = 15)
h suspected of vasculitis (n = 20), moyamoya disease-related vasculopathy

(n =18), Marfan's syndrome (n = 13), aortic disease (n =9), others (n =7)
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CT protocol

All patients underwent electrocardiogram (ECG)-gated and
contrast-enhanced CT using a WDCT system (Aquilion
ONE/Genesis Edition, Canon Medical Systems, Otawara,
Japan). Patients with a pre-scan heart rate of 65 bpm or
higher were given 50—100 mg of oral metoprolol 60 min
prior to the CT examination, unless the subject had a con-
traindication to beta-blockers. After scanning for calcium
scoring, 0.4 mg of sublingual nitroglycerin was administered
to all patients without contraindication.

CT examinations were performed using the follow-
ing parameters: peak tube voltage, 100 kV; tube current,
100-400 mA for thoracoabdominal area and 40-400 mA
for cardiac area; (determined based on a pre-specified BMI
protocol); rotation speed, 0.275 s; and slice collimation,
0.5 % 100 mm; and iterative reconstruction mode (AIDR3D,
standard mode, Canon Medical Systems). This WDCT
equipment allows a seamless change in the scan pitch dur-
ing one continuous acquisition and enables a combination
of gated and non-gated acquisitions within one scan. A pitch
of 0.15—0.17 was chosen for ECG-gated cardiac imaging
depending on the patient’s heart rate, and 0.87 was used for
non-ECG-gated aorta scan.

In VHP scanning (Fig. 2a), non—ECG-gated scanning
of the upper chest was started from approximately 2 cm
above the lung apex to the carina. Then, retrospective
ECG—gated scanning began from the carina to the base

Helical non-gated

Helical non-gated

of the heart. For the abdominal aorta and iliac arteries,
non-ECG-gated scanning was used. The retrospective
ECG-gated helical scan was used with the full radiation
dose window set at 65% to 80% of the R-R interval in
patients with heart rate <70 bpm and at 30% to 50% in
patients with a heart rate > 70 bpm. A reduced dose (20%
of the dose during the acquisition window) was used for
the remainder of the R—R interval to minimize the radia-
tion dose.

In VFH scanning (Fig. 2b), a prospective ECG—trigger-
ing axial scan was used to cover heart, and non—ECG—
gated scanning was then used for the aorta and iliac arter-
ies. The field of view of the maximal 16 cm in the z—axis,
covered by the 320 detector rows of 0.5 mm each, allowed
axial volumetric scanning of the heart without table move-
ment. After ECG-triggering axial scanning of the heart,
the table moved for the aorta scanning from approximately
2 cm above the lung apex to the iliac arteries. The pro-
spective ECG—triggering axial scan was used with the
full radiation dose window set at 65% to 80% of the R-R
interval in patients with heart rate <70 bpm and at 30% to
50% in patients with a heart rate > 70 bpm.

A nonionic contrast medium (Iomeron 400; Bracco
Diagnostics, Milan, Italy) was injected into the antecubital
vein at 4—5 m/s, followed by 30—40 mL of normal saline
at the same flow rate. The CT acquisition delay time was
calculated as the time of peak contrast medium attenua-
tion in a region of interest in the ascending aorta plus 3 s.

Fig.2 a Variable helical pitch scan protocol (VHP) b Volume following helical scan protocol (VFH)
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Quantitative image assessment

Quantitative analysis of the CT images was performed by
two independent, blinded radiologists who analyzed 2.0 mm
thick transverse images for aorta and 0.5 mm thick trans-
verse images for coronary vessel. The aorta and iliofemoral
attenuation values were measured in ROIs as follows: aortic
root, ascending thoracic aorta, descending thoracic aorta (at
the level of the pulmonary artery bifurcation), abdominal
aorta (at each level of renal artery ostium and just above iliac
bifurcation), both common iliac arteries, both external iliac
arteries, and both common femoral arteries (Fig. 3). The
muscle attenuation values were measured within the ROI in
the subscapularis muscle (for thoracic aorta), bilateral par-
aspinal muscle (for the abdominal aorta), and gluteus mus-
cle (for iliofemoral artery). The coronary artery attenuation
values were measured in ROIs in the left main, proximal left
anterior descending, proximal left circumflex, and proximal
right coronary artery. Additional ROI measurements were
performed in the adjacent pericardial fat.

ROIs were scaled as large as possible while excluding
the vascular wall, vascular calcification or non-calcified
plaque, and artifacts. Intravascular attenuation was meas-
ured in Hounsfield unit (HU), and vessel noise was defined
as the standard deviation of all ROI measurements. The
image noise was defined as the standard deviation of the CT
attenuation values of the muscle and pericardial fat. A total
of three ROI measurements was repeated at each location
and averaged to ensure data consistency. The mean attenu-
ation values of the whole aorta, coronary vessels, muscles,

and pericardial fat were calculated by averaging the values
obtained from two observers.

The signal-to-noise ratio (SNR) and contrast-to-noise
ratio (CNR) were calculated using the following formu-
las: for aortic assessment, SNRa =mean aortic attenuation
/ image noise, CNRa = (mean aortic attenuation—mus-
cle attenuation)/ image noise; for coronary assessment,
SNRc =mean coronary attenuation / image noise,
CNRc =(mean coronary attenuation—perivascular fat
attenuation)/ image noise.

Qualitative image assessment

Subjective image quality (IQ) of vascular contrast attenua-
tion and image noise were assessed for the cardiac and the
aortoiliac image series independently by two experienced
observers. In discordant scores, consensus reading was then
performed between two observers who evaluated subjective
1Q.

The IQ values of attenuation for the coronary and the aor-
toiliac vasculatures were assessed with a 5-point Likert scale
as follows: score of 1, insufficient attenuation resulting in a
non-diagnostic examination; 2, poor, suboptimal attenuation
with low diagnostic confidence; 3, fair, acceptable attenu-
ation of relevant cardiac anatomy and vascular access; 4,
good, satisfactory attenuation providing sufficient evaluation
of relevant anatomy; 5, excellent, strong attenuation of even
the smallest arteries [13].

The presence and extent of image artifact were
assessed with a 5-point Likert scale as follows: score of 1,

Fig.3 The aorta and iliofemoral attenuation values were measured using ROISs in the aortic root, ascending thoracic aorta, descending thoracic
aorta, abdominal aorta, both common iliac arteries, both external iliac arteries, and both common femoral arteries
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non-diagnostic, severe artifact; 2, poor, substantial artifact Table 1 Patient characteristics
but sufficient contrast attenuation for assessing cardiovascu- VHP VFH P value
lar anatomy; 3, fair, moderate artifact not interfering with a
comprehensive examination of the heart and vascular sys- 1 31 73
tem; 4, good, with only minor artifact not interfering with Age (years) 48.7+17.2 51.4+15.4 0.429
assessment; 5, excellent, with no artifact or any diagnostic Sex (male, n) 15 39 0.384
limitation [13]. Height (cm) 167.0+9.0 165.9+8.9 0.576
Weight (kg) 672+12.1  66.1+11.1 0.653
Radiation exposure Heart rate (bpm) 65.2+8.9 64.3+14.7 0.165
Body mass index (kg/m?) 24.7+3.76 23.9+3.0 0.398
The effective radiation dose for each component of the CT ~ BSA (m?) 1.8+0.2 1.8+0.2 0.624
examination was calculated as the product of the dose- ~ Contrast volume (ml) 72.9+5.1  61.0£75 <0.001
length product multiplied by a conversion coefficient  Contrast flow (ml/sec) 4.5+0.5 4.7+04 0.012
(k=0.014 mSv/[mGycm]) [14]. Saline volume (ml) 442+9.2 30.7+4.2 <0.001
Saline flow (ml/sec) 4.5+0.5 4.7+0.4 0.012

Statistical analysis

All continuous variables are expressed as mean + standard
deviation, whereas categorical data are expressed as fre-
quency and percentage. The 7 test was used for normally
distributed data, whereas Wilcoxon signed rank test was
used for data that were not normally distributed in continu-
ous variables. Fisher’s exact test was used to evaluate the
significance of differences in categorical variables between
groups. Interobserver agreement for the measurement of
image quality was analyzed with intraclass correlation coef-
ficients (ICCs). ICC values of 0.20 or less were indicative of
poor agreement; 0.21-0.40 was considered fair; 0.41-0.60,
moderate; 0.61-0.80, good; and 0.81 or more, excellent cor-
relation. In all statistical analyses, p values < 0.05 were con-
sidered statistically significant.

Results
Patient characteristics

Patient characteristics are listed in Table 1. There were
no significant differences in age, sex, heart rate, or BMI
between the two groups of patients. Contrast volume
(61.0£7.5 vs. 72.9+5.1 ml) and saline volume (30.7 +4.2
vs. 44.2 +9.2 ml) were significantly lower with VFH than
VHP (P <0.001).

Quantitative image quality

At cardiac, abdominal aorta, and iliofemoral levels, there
were no statistically significant differences in vessel attenu-
ation, vessel noise, image noise, SNR, and CNR between
VFH and VHP protocols (all Ps >0.104). In the assessment
of the thoracic aorta, the vessel attenuation (469.2+133.6

BSA body surface area, VFH volume following helical, VHP variable

helical pitch

Table 2 Overall quantitative image quality measurements

VHP

VFH

P value

Cardiac

Vascular attenuation (HU)

Vessel noise (HU)
Image noise (HU)
SNR
CNR

Aortic (thoracic)

Vascular attenuation (HU)

Vessel noise (HU)
Image noise (HU)
SNR
CNR

Aortic (abdominal)

Vascular attenuation (HU)

Vessel noise (HU)
Image noise (HU)
SNR
CNR

Iliofemoral

Vascular attenuation (HU)

Vessel noise (HU)
Image noise (HU)
SNR
CNR

560.2+123.4 586.1+107.3

27.7+9.1
30.3+8.9
20.1+6.8
243+79

28.1+8.2
324+9.0
20.3+10.8
24.5+132

605.9+140.2 469.2+133.6

18.2+4.9
16.8+6.1
40.6+19.5
37.3+18.5

199+4.4
18.1+6.1
28.4+12.0
248+11.4

498.8+132.0 512.1+144.5

18.9+4.3
20.2+4.4
25.6+8.8
22.6+8.4

20.1+4.6
19.8+3.8
26.6+8.7
23.7+8.6

497.8+117.5 539.6+137.7

21.2+4.5
21.3+4.8
24.4+8.0
22.1+74

21.4+54
21.1+6.6
27.9+11.5
25.3+10.9

0.386
0.938
0.266
0.517
0.439

<0.001
0.104
0.190
<0.001
<0.001

0.662
0.212
0.601
0.586
0.519

0.143
0.955
0.774
0.230
0.233

CNR contrast to noise ratio, HU Hounsfield unit, VFH volume fol-
lowing helical, VHP variable helical pitch, SNR signal to noise ratio
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Fig.4 a A 45-year-old male
patient referred for coronary
aorta CT angiography using the
VFH protocol due to chest dis-
comfort. b A 36-year-old male
patient referred for coronary
aorta CT angiography using

the VHP protocol due to chest
tightness. The CT scan capture
images of these two patients
arranged in clockwise order are
at the ascending and descending
thoracic aorta (at the level of
the pulmonary artery bifurca-
tion), abdominal aorta (at each
level of renal artery ostium),
both common iliac arteries and
coronary arteries (curved planar
reformation images)

vs. 605.9+140.2 HU), CNRa (24.8+11.4 vs. 37.3+18.5),
and SNRa (28.4 +12.0 vs. 40.6 + 19.5 ml) were significantly
lower in VFH compared with VHP (P <0.001, Table 2, and
Fig. 4).

Qualitative image quality

Subjective image quality (IQ) of vascular attenuation and
image artifact was assessed in two protocols (Table 3).

@ Springer

In assessment of the thoracic aorta, IQ scores of artifacts
(4.0+0.5 vs. 4.4+0.6) and attenuation (4.3 +0.6 vs.
4.9 +0.3) were significantly lower in the VFH protocol
compared with VHP (P <0.001, Fig. 5). However, all
scores obtained from the two protocols showed diagnos-
tic image quality (grade 3—5). There were no significant
differences in artifact and attenuation between the two pro-
tocols for the cardiac, abdominal aorta, and iliofemoral
arteries.
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Table 3 Subjective image quality measurements

VHP VFH P value

Cardiac

Artifact 9 + 0.488

Attenuation 4.4+0.7 5+0.6 0.469
Aortic (thoracic)

Artifact 0.6 + <.001

Attenuation 49+0.3 43+ <.001
Aortic (abdominal)

Artifact 5.0+0.0 5.0+ 0.362

Attenuation 4.7+0.5 4.7+0.5 0.856
Tliofemoral

Artifact 5.0+0.0 5.0+0.1 0.528

Attenuation 4.6+0.6 + 0.118

VFH volume following helical scan, VHP variable helical pitch

P value was assessed by Wilcoxon rank sum test

Interobserver agreement for subjective image
quality

Interobserver agreement was good or excellent for the
grading attenuation and artifacts in the assessment
of coronary, aorta, and iliac arteries (0.839 [95% CI:
0.805-0.867] and 0.788 [95% CI: 0.743-0.825]).

Radiation dose

The mean effective radiation dose was
706.7 £ 163.7 mGy-cm (9.9 +2.3 mSv) for VHP and
443.8 +115.8 mGy-cm (6.2 +1.6 mSv) for VFH. The
radiation dose in the VFH was 27.2% lower than that of
the VHP (P <0.001).

Discussion

The main finding of our study is that the image quality of
VFH is comparable to that of VHP except for the thoracic
aorta. The quantitative image quality scores such as ves-
sel attenuation, SNRa, and CNRa at the thoracic aorta were
significantly lower in VFH compared to VHP. However, all
subjective scores obtained from the two protocols showed
diagnostic image quality.

In addition, the radiation dose was significantly lower in
VFH than in VHP. Various protocols have been developed
to take advantage of the utility of the CT protocol for simul-
taneous scanning of the coronary artery and aorta. With the
recent development of next-generation WDCT, VHP scan
using two pitch changes and VFH scan techniques have been
introduced. A previous study demonstrated the feasibility of
VHP scanning for TAVI [12], but the study used VHP with
only one pitch change at the diaphragmatic level and did not
introduce VFH scanning. In the current study, the VHP pro-
tocol was used with two changes in the pitch at the level of
carina and the base of heart. This is the first feasibility study
using WDCT with the two protocols of VHP scan using two
pitch changes and VFH scan.

In our study, vessel attenuation at the thoracic aorta was
significantly lower in VFH (469.2 + 133.6 HU) compared
with VHP (605.9 + 140.2 HU). This result may be due to
the different sequences of scanning with the two proto-
cols. The VHP protocol simultaneously scans the thoracic
aorta and the heart, but the VFH protocol scans the heart
first and then moves the CT table to the upper chest and
scans sequentially. Because the contrast agent may wash
out during the CT table movement from the heart to the
upper chest, the measurement of vessel attenuation at the
thoracic aorta may have been low. Another possibility is
the difference in contrast volume between the VFH and
VHP protocols (61.0+7.5 vs. 72.9+5.1 ml, P<0.001).

Fig.5 The left image is acquired from a 46-year-old man using the
VHP protocol, and the right image is obtained from a 73-year-old
man using the VFH protocol. In the left panel, the 1Q levels of the
vascular attenuation and the image artifact were measured at all 5
points. On the right panel, the vascular attenuation and the image arti-

fact measured were measured at all 4 points. Although, the IQ levels
of vascular attenuation and image artifact measured in VFH protocol
were lower than those in the VHP protocol, all scores obtained from
the two protocols showed diagnostic image quality (grade 4—5)
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However, in the previous study, the vessel attenuation of
the thoracic aorta level was 366.78 +19.55 HU. and Yu Li
et al. demonstrated the feasibility of using a prospective
ECG-gated wide-volume protocol in CT angiography of
the whole aorta and coronary arteries [15]. Considering
the results of the previous study, our results for vessel
attenuation of the thoracic aorta obtained from the VFH
protocol are appropriate for diagnosis.

In addition, the artifact score of the thoracic aorta was
lower in the VFH protocol compared with that in the VHP
protocol. The VHP protocol covers proximal ascending
and distal descending thoracic aorta using ECG-gated
mode, but the VFH scans the thoracic aorta with non-gated
data acquisition. The benefit of ECG-gated synchroniza-
tion was most pronounced in the proximal ascending aorta
and was less so at the aortic arch and proximal descending
aorta [16]. However, subjective image quality (IQ) assess-
ment demonstrated that the scores from the two protocols
showed diagnostic image quality (grade 3—5).

The most important issue in CT scans is to reduce the
radiation dose, which is particularly important for patients
who will undergo repeated CT examinations. In the cur-
rent study, the radiation dose with VFH was 27.2% lower
than that with VHP (p <0.001). Compared with the radia-
tion dose reported in previous CT studies using VHP
with one pitch change (1281.6 +195.7 mGy cm) [12], in
our study, the radiation dose was lower in both protocols
(706.7 £163.7 mGy-cm for VHP, 443.8 + 115.8 mGy for
VFH).

There were several limitations to our study. First, we
used a qualitative scoring system that might have been
influenced by subjective bias. But, the ICC values of
the qualitative scoring revealed good or excellent inter-
observer agreement. Second, the results of CCTA find-
ings were not compared with those of invasive coronary
angiography as the reference standard. Therefore, the diag-
nostic performance of CCTA for the coronary disease was
not assessed. Third, this study does not represent a head
to head comparison, because only two patients underwent
repeated scanning for the evaluation of post-op compli-
cation. The other patients did not require repeated CT
exam during the period of patients’ enrollment. However,
as shown in Table 1, there was no significant difference
between the two groups. Fourth, our study was conducted
as a single institution, and the number of patients enrolled
was relatively small.

In conclusion, WDCT with single contrast injection
allows simultaneous assessment of both coronary and
aorta. The VFH protocol can reduce radiation dose and
preserve image quality compared with the VHP protocol.
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