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The optimal monoenergetic spectral image level of coronary
computed tomography (CT) angiography on a dual-layer spectral
detector CT with half-dose contrast media
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Background: To investigate the optimal monoenergetic level of spectral reconstructions in coronary
computed tomography angiography (coronary CTA) on a dual-layer spectral detector computed tomography
(SDCT) with half-dose contrast media.

Methods: Two hundred patients with suspected coronary artery disease (CAD) were enrolled
in this prospective coronary CTA study and randomly divided into a routine-dose contrast media
group and a half-dose contrast media group (each n=100). Coronary CTA was performed using
SDCT with prospective electrocardiogram (ECG)-gated mode. A tube voltage of 120 kVp was
used, along with an automated tube current modulation. A dose of iodixanol 270 mgI/mL of
0.8 and 0.4 mL/kg was administered to the routine and half-dose groups, respectively. For the
routine-dose group, 120 kVp polychromatic images with a model-based iterative reconstruction
(IMR) (Group A) were reconstructed. For the half-dose group, three monoenergetic levels
of images were reconstructed (Group B, 45 keV; Group C, 50 keV; and Group D, 55 keV).
Objective indicators [mean CT values; noise; signal-to-noise ratio (SNR); and contrast-to-noise ratio
(CNR)] and subjective indicators (contrast, sharpness, subjective noise, and acceptability) in each group were
compared.

Results: There were no significant differences in demographics or radiation dose (1.83+0.51 vs. 1.80+
0.53 mSyv, P=0.78) between the routine- and half-dose groups. The average iodine loads were 15.33£2.26
and 7.48+1.14 g, respectively. Mean CT values, SNR, CNR, and subjective contrast in Group C were higher
than those in Group A (P<0.05), and there were no significant differences in other indicators between Group
C and Group A (P>0.05). The objective and subjective noise in Group B were worse than those in Group
A (P<0.05). The contrast, sharpness, and acceptability of Group D were all worse than those of Group A
(P<0.05).

Conclusions: Compared to routine polychromatic images, 50 keV monoenergetic images can provide
equivalent or improved coronary image quality in coronary CTA performed on SDCT with half the amount

of contrast media.
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Introduction

Due to its high sensitivity, coronary computed
tomography angiography (coronary CTA) has become
the preferred non-invasive modality for the chest pain
work-up of patients with low to intermediate risk of
coronary artery disease (CAD) (1-4). However, the
increased awareness of the use of contrast media in CT
in general, has raised concerns of contrast media-induced
nephropathy (CIN) (5,6). In recent years, there has been
an intense debate on the cause-and-effect of iodinated
contrast media and nephrotoxicity (7,8). Nevertheless,
data are indicating a potential nephrotoxic effect from
intravenous contrast media (9,10). Nyman ez a/. (11)
found that the incidence of acute renal injury induced by
contrast media was closely related to the volume load and
concentration of iodine. At a contrast media-dose/estimated
glomerular filtration rate (eGFR) ratio <1, the risk of CIN
was 3%, increasing to 25% when the ratio was >1. The
Society of Cardiovascular Computed Tomography (SCCT)
guidelines for the performance and acquisition of coronary
CTA recommend the minimization of contrast media
volume (12). Therefore, it is of great importance that a load
of iodinated contrast media is reduced while simultaneously
maintaining the diagnostic image quality in coronary CTA.
One of the common approaches to contrast media load
reduction is to lower the tube energy (voltage). The use of
low tube voltage (70/80/100 kVp) brings the peak X-ray
energy closer to the k-edge of iodine (33 keV), resulting
in a larger photoelectric effect. This increases the degree
of vascular attenuation, which could enable a reduction
in the volume of contrast media in a range of 12-56% in
comparison with the use of higher tube voltages (13,14).
However, the use of low tube voltage is limited to patients
with small/moderate body habitus or body mass index
(BMI) (e.g., BMI <25 kg/m®) (15). Such an approach is
also accompanied by an increase of image noise, which can
sometimes hamper diagnosis, especially in areas of complex
anatomy and small vessels (16).

Similarly, the use of virtual monoenergetic images
(VMIs) of dual-energy CT (DECT) is another way to
effectively reduce contrast media dose, with several studies
demonstrating the use of low contrast volumes facilitated
by DECT in coronary, pulmonary, aortic, abdominal, and
lower-extremity CTA (17-24). Other DECT investigations
using rapid kVp switching showed that the mean iodine
administered can be reduced to 11.2 g (calculated from
the absolute volume of contrast 35 mL and contrast media
concentration 320 mgl/mL) and 12.5 g at 60 keV in
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coronary CTA (18,19). The reason for not further reducing
contrast load was that the image noise increases significantly
at lower VMIs.

The dual-layer spectral detector CT (SDCT) enables
simultaneous acquisition of low- and high-energy projection
data and generates a variety of spectral reconstructions.
The top layer absorbs low-energy photons, with the
bottom layer absorbing high-energy photons, thereby
simultaneously generating projection data from the two
detector layers corresponding to high and low energy at
the same spatial and angular location. One of the benefits
of the detector-based approach is that the projection data
from the two detector layers are in near-perfect alignment,
thus taking advantage of the anti-correlated nature of the
noise in the photoelectric and Compton scatter images by
canceling them out (25-27). This results in reduced noise
levels even at energy levels <60 keV, thus making it possible
to achieve further contrast enhancement and improvement
of signal and SNR without impairing image quality.

van Hamersvelt et /. (28) found that it was feasible to
reduce iodine concentration by 60% in the circulation
phantom when using SDCT at 40 keV without loss
of objective image quality compared to routine iodine
concentration images at 120 kVp. Yi ez a/. (29) experimented
with 36 mL. 370 mgl/mL) of contrast media volume in 60
patients (30 patients at 120 kVp and 30 patients at 100 kVp).
Their study results showed that 40-50 keV monoenergetic
spectral reconstructions from 120 kVp coronary CTA on
SDCT provide improved coronary image quality compared
to conventional reconstructions obtained from 100 kVp
scans. To the best of our knowledge, there are no in vive
reports with large samples and individualized application
of low dose contrast media that draw a comparison
between the image quality of monoenergetic images and
polychromatic images in coronary CTA. Therefore, in
this study, we discuss the feasibility of reducing contrast
media by 50% and the best low keV monoenergetic spectral
coronary CTA in the application of SDCT by comparing

polychromatic images with the routine contrast media.

Methods
Study population

This single-center, randomized, prospective study was
approved and supervised by the Institutional Committee of
Ethics of Shengjing Hospital of China Medical University.
All patients gave informed consent.

This study included clinically suspected CAD patients
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referred to coronary CTA due to chest pain, angina
pectoris, or pending stress tests between November 2017
and February 2018. Exclusion criteria included: known
allergies to iodinated contrast media, renal insufficiency
(eGFR <60 mL/minute/1.73 m’ or serum creatinine level
>120 mmol/L), pregnancy, severe arrhythmia, cardiac
function less than grade III, and patients with coronary
stents or coronary artery bypass grafts. A total of 200
eligible patients participated in this coronary CTA study.
Each patient was assigned at random to either the routine
iodine load polychromatic coronary CTA group (n=100) or
the half iodine load monoenergetic coronary CTA group
(n=100) by way of a random number method.

Coronary CTA scan protocols

All patients underwent coronary CTA examinations on a
dual-layer SDCT (IQon, Philips Healthcare, Best, The
Netherlands) using prospective electrocardiogram (ECG)-
gated acquisitions (Step & Shoot Cardiac). The automatic
bolus tracker was used with a region of interest (ROI) in the
ascending aorta at the level of the pulmonary artery. The
scans were initiated under full inspiration 6 s after a pre-
determined signal attenuation threshold of 150 HU (routine
iodine load group) and 90 HU (half iodine load group) were
attained. Contrast media (Visipaque lodixanol 270; GE
Healthcare, Ireland) was injected intravenously through the
antecubital vein using an 18-gauge catheter dual-tube high-
pressure syringe (Ulrich REF XD 2051). Contrast media
was used on an individual basis according to body weight. In
the routine iodine load group, the total amount of contrast
media = patient weight x0.8 mL/kg. The half iodine load
group was treated with a mixture of contrast media and
normal saline (NS) (contrast media: NS =1:1), and the
total amount of mixture = patient weight x0.8 mL/kg.
The same injection flow rate was used for both groups.
Contrast injection flow rate (mL/s) = total amount (mL)/
injection time (12 s) (30), followed by injection of 30 mL of
saline at the same injection rate. For patients with a weight
exceeding 90 kg, the highest injection rate was 6 mL/s.
The scan parameters were as follows: tube voltage was
set to 120 kVp; tube current automatic exposure control
[Dose Right Index (DRI) =13] was used; field of view
=250 mm; tube rotation time =0.27 s; detector collimation
=64x0.625 mm; slice thickness =0.9 mm; increment
=0.45 mm; and matrix =512x512. The scan trigger was
centered around a physiologic cardiac phase of ventricular
diastasis corresponding to 78% of the R-R interval with
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a £3% buffer. Before CT examination, patients with a
heart rate (HR) >75 bpm received a B-receptor blocker
25-50 mg (Metoprolol Succinate sustained-release tablets,
AstraZeneca, Sweden) orally to reduce and stabilize HR.

Iinage reconstruction

Images in the routine iodine load group (Group A) were
reconstructed using model-based iterative reconstruction
(IMR Cardiac Routine Level 1, Philips Healthcare). Images
in the half iodine load group were reconstructed using the
vendor-recommended spectral reconstruction level (Spectral
Recon Level 4, Philips Healthcare) with these datasets being
spectral based images (SBI). Three monoenergetic image
series—45 keV (Group B), 50 keV (Group C), and 55 keV
(Group D)—were used in this study. All reconstructions
were targeted to provide a spatial resolution of the cardiac
standard (CB) reconstruction kernel.

Qualitative analysis

Data was transferred to the dedicated CT workstation
(IntelliSpace Portal Version 6.5, Philips Healthcare), with
advanced cardiac application software (Cardiac Viewer and
Comprehensive Cardiac Analysis) used to review the image
data of each group. The optimal coronary artery phase
(minimum motion artifact image) was selected for image
evaluation. Transverse images, multi-planar reformation,
and a volume rendering technique were used for the data
assessment. The subjective image quality of three coronary
arteries [left anterior descending (LAD), left circumflex
(LCX), and right coronary artery (RCA)] was evaluated for
contrast between blood vessels and surrounding tissues,
lumen edge sharpness, subjective noise, and overall image
acceptability in vessels with a diameter >1.5 mm (4). Two
experienced radiologists (with >5 years in cardiovascular
CT and diagnostic experience) independently performed
a 5-point Likert scoring system (1 and 2: poor contrast,
very blurred lumen edge and high noise, impossible to
diagnose; 3: suboptimal contrast, blurred lumen edge
and high noise, sufficient to exclude obstructive disease;
4: good contrast, sharp lumen edge, and low noise,
preserved ability to evaluate the degree of stenosis and
identify mild atherosclerosis; and 5: excellent contrast, very
clear and sharp lumen edge, and very low noise; ability
to simultaneously evaluate the existence of obstructive
disease and mild atherosclerosis) (18,19). The coronary
CTA images were viewed with the initial window width
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Table 1 Patient characteristics

Item ((5;::180? GE:S:)O%;D F P value
Age (year) 55.72+10.17 55.26+10.94 0.049 0.758
Gender (male/ 60/40 56/44 1.234 0.569
female)

Height (cm) 167.62+7.52 168.94+7.27 1.382 0.209
Weight (kg) 70.94+11.09 69.60+11.24 0.114  0.397
BMI (kg/m?’) 25.18+3.02  24.36+3.38  0.018 0.073
Heart rate 59.44+5.11 60.22+4.94 0.280 0.274
Heart rate 3.62+3.23 3.42+2.61 1.002 0.630
variability

Data are presented as the mean + standard deviation or number.
BMI, body mass index.

and window level set to 750 and 90 HU, respectively. The
readers can adjust the precise window width and window
level for the qualitative assessment of image quality. The
readers were blinded to the reconstruction protocol and
scanning conditions. If necessary, the opinion of a third
radiologist was used to reconcile differences to obtain a
consensus.

Quantitative analysis

Objective evaluation indicators include image signal
intensity (CT value), image noise (standard deviation, SD),
signal-to-noise ratio (SNR), and contrast-to-noise ratio
(CNR). The ROI was placed in the aortic root at the origin
of the left main coronary artery, and distal segments of the
LAD, LCX, and RCA, and adjacent perivascular fatty tissue.
All ROIs were selected in the homogeneous areas to avoid
the edges of the vessel or surrounding tissues. The sizes of
ROI were 1.5 cm’ in the aortic root and were adapted to 0.2
to 0.4 cm’ in the coronary arteries. The mean CT values
(HU) in the ROIs were measured, and the SD of the ROI
in the aortic root was taken as the image noise. The SNR
and CNR were calculated as follows: SNR = signal, i,/
noise,,; CNR = (HU ;sies - HUp,)/image noise,, 31). For
each patient, the shape, position, and size of the ROI were
kept consistent for all measurements.

Coronary CTA radiation dose measurement

The effective radiation dose for each patient was determined
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using the CT dose index (CTDI,,) and the dose length
product (DLP). The effective dose (ED) was obtained as the

product of the DLP and a conversion coefficient for chest k
(k=0.014 mSv/mGy/cm) (32).

Statistical analysis

Statistical analyses were performed using the SPSS Statistics
software (version 23.0, IBM). Continuous variables are
expressed as mean = SD. The independent samples 7-test
was used to compare demographic data [age, gender, HR,
heart rate variability (HRV), height, weight, BMI], and
radiation dose (CTDIL,,, DLP, ED). One-way ANOVA
analysis or Welch’s #-test was used to compare objective
evaluation indices (mean CT values, SD, SNR, and
CNR) and the least significant difference (LSD) method
or Dunnett’s T3 test was used for pairwise comparison.
A Kappa test was used for the inter-reader agreement
of subjective evaluation of image quality. Subjective
evaluation indicators (contrast, sharpness, subjective noise,
and acceptability) of image quality between groups were
compared using the Mann-Whitney U test. A value of
P<0.05 was considered statistically significant.

Results

All 200 patients (116 men and 84 women) completed
their coronary CTA exams successfully. The demographic
characteristics did not differ between the groups (P>0.05)
(Table 1).

Comparison of subjective evaluation indexes of image
quality

The subjective ratings of the two radiologists were
very consistent among the groups. The Kappa values
for image contrast, sharpness, subjective noise, and
acceptability were 0.80, 0.86, 0.83, and 0.85, respectively.
There were no significant differences in sharpness,
subjective noise, and acceptability between Group C and
Group A (P=0.368, 0.091, and 0.800, respectively), and
the contrast in Group C was superior to that of Group A
(P<0.001). The contrast in Group B was higher than that
in Group A (P<0.001), but the subjective noise was worse
than that of Group A (P<0.001). The contrast, sharpness,
and acceptability of Group D were all worse than those
of Group A (P<0.001) (7able 2; Figure I). Figure 2 shows

representative cases.
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Table 2 Comparison of subjective observation indices of image quality among all groups

Iltem ( 1%7;3 /2)* ( 1?;;3 /i)* ( 1?2?; /’2 /g)* ( 1%?; /‘Z /2)* P value (Avs.B) P value (Avs.C) P value (Avs.D)
Contrast 0/0/14/30/56  0/0/0/2/98  0/0/0/16/84  0/0/20/56/24 <0.001 <0.001 <0.001
Sharpness 0/0/6/32/62  0/0/8/34/58 0/0/8/36/56  0/0/16/58/26 0.523 0.368 <0.001
Subjective noise 0/0/2/32/66 0/0/20/42/38 0/0/12/36/52 0/0/12/24/64 <0.001 0.091 0.435
Acceptability 0/0/12/30/58 0/0/6/52/42  0/0/8/38/54  0/2/20/60/18 0.116 0.800 <0.001
*, (1/2/3/4/5) represents the scores of each subjective evaluation index.
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Figure 1 Subjective image quality score for routine-dose Group A (120 kVp) and half-dose Group B-D (45/50/55 keV). The monoenergetic

50 keV spectral images of Group C showed similar subjective image quality scores in sharpness, subjective noise, and acceptability to the

conventional 120 kVp polychromatic images of Group A, and had significantly more images that were scored 5 in contrast.

Comparison of objective evaluation indexes of image
quality

Significant differences in objective evaluation indexes
were observed among the groups (all P<0.05). The CT
value, SNR, and CNR in Group C were higher than those
in Group A in all evaluated locations, and there was no
significant difference in SD between Group C and Group
A (P=0.75). In all evaluated locations, the CT value, SNR,
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and CNR in Group B were higher than those in Group A,
but the SD in Group B was also larger than that in Group
A (P<0.05). There was no significant difference between the
objective scores of Group D and Group A in all evaluated
locations (1uble 3; Figure 3).

Contrast media load and radiation dose

There was no significant difference in radiation dose
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Figure 2 A 51-year-old woman with chest pain in Group A (body weight, 55 kg; contrast media dose, 44 mL; effective dose, 1.43 mSv) (Al-

A3) and a 46-year-old woman with chest pain in Group B-D (body weight, 60 kg; contrast media dose, 24 mL; effective dose, 1.57 mSv) (B1-

B3; C1-C3; D1-D3). Transverse images, multi-planar reformation, and volume rendering images of the LAD were obtained in each group.

In the Al, BI, CI1, and D1 panels, the region of interest (in the aortic root at the origin of the left main coronary artery) showed a mean
signal density of 316, 451, 363, and 307 HU, and a mean noise of 19.30, 22.53, 19.18, and 19.29. Image quality Likert scores in Group C

were the best (5/5/5/5) (C1-C3). LAD, left anterior descending.

between the routine iodine load group and the half iodine
load group (DLP and ED): 132.66+38.36 mGy-cm and
1.83+0.51 mSv (routine iodine load), and 128.73+37.81
mGy-cm and 1.80£0.53 mSv (half iodine load) (both
P>0.05). The average iodine loads for the routine iodine
load and the half iodine load groups were 15.33+2.26 vs.
7.48+1.14 g, respectively (P<0.001).

Discussion

We investigated the image quality of coronary CTA spectral
reconstructions obtained from SDCT using reduced
weight-based iodinated contrast and compared them with
polychromatic images obtained using routine contrast

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

protocol. We found that low VMI at 50 keV provided
better image interpretability and improved SNR and CNR
with half iodine load, in comparison with the polychromatic
reconstructions obtained using full iodine load.

VMI at low energies improves contrast enhancement and
thus helps salvage suboptimal vascular studies or enable the
use of a low dose of intravenous contrast (33). For patients
who are clinically indicated for coronary CTA but have
high renal insufficiency, a low-dose iodine regimen may be
a viable option to reduce the incidence of CIN and provide
a direct benefit to patients in terms of renal protection.
Although VMI is widely used in various angiographic
imaging in other DECT (pulmonary, aorta, abdominal, and
lower-extremity CTA) (17,20-24), it has only had limited
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Table 3 Comparison of objective observation indices of image quality among all groups

Iltem Group A (120 kVp) Group B (45 keV) Group C (50 keV) Group D (55 keV) P value (A vs. B) P value (A vs. C)

P value (A vs. D)

CT
Aortic root  317.28+37.79 458.56+71.60 374.86+£57.64
Distal LAD  267.96+43.33 369.51+87.12 307.10+65.58
Distal LCX  272.57+45.87 383.40+79.82 321.46+54.17
Distal RCA  274.89+48.03 390.73+73.05 322.54+55.25
SD
Aortic root 19.31+2.76 21.53+4.70 19.94+4.16
SNR
Aortic root 16.87+3.82 21.93+4.24 19.31+3.70
Distal LAD 14.19+3.23 17.90+5.52 16.01+4.69
Distal LCX 14.42+3.30 18.54+5.14 16.81+4.59
Distal RCA 14.53+3.29 18.92+5.32 16.81+4.32
CNR
Aortic root 21.91+4.61 29.03+5.54 26.14+4.93
Distal LAD 19.24+4.01 25.00+6.69 22.84+5.76
Distal LCX 19.46+3.95 25.64+6.33 23.64+5.83
Distal RCA 19.58+4.00 26.03+6.42 23.64+5.50

310.59+46.80 <0.05 <0.05 0.84
260.03+60.87 <0.05 <0.05 0.40
267.75+49.50 <0.05 <0.05 0.56
268.42+45.74 <0.05 <0.05 0.42
18.93+3.86 <0.05 0.75 0.96
16.85+3.26 <0.05 <0.05 0.97
14.29+4.53 <0.05 <0.05 0.88
14.64+3.74 <0.05 <0.05 0.72
14.78+3.98 <0.05 <0.05 0.69
23.24+4.51 <0.05 <0.05 0.06
20.69+5.72 <0.05 <0.05 0.07
20.03+4.92 <0.05 <0.05 0.39
20.18+5.20 <0.05 <0.05 0.35

Data are presented as the mean + standard deviation or number. CT, computed tomography; SD, standard deviation; SNR, signal-to-noise
ratio; CNR, contrast-to-noise ratio; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery.

application in coronary CTA. Unlike source-based dual-
energy approaches, the detector-based technology used
here with a fast gantry rotation speed of 0.27 s enables
simultaneous acquisition and generation of low- and high-
energy photons that are aligned and registered in both
spatial and temporal domains with little or no time lag,
which is critical for coronary imaging (33). Additionally, the
application of appropriate noise models and the near-perfect
alignment of energy-sensitive projection data results in the
cancellation of the anti-correlated noise which otherwise
could result in higher noise (and thereby reduced SNR and
CNR) and lower VMI levels, thereby offering a potential of
further reductions of contrast volumes.

Results from our study show that 45 and 50 keV VMI
in coronary CTA can increase contrast in the lumen,
and improve CNR in half iodine load compared to
polychromatic images reconstructed from scans performed
with routine iodine load. The photon energy of 45-55 keV
is closer to the k-edge of iodine (33 keV), increasing the
photoelectric effect and leading to considerable or even

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

better contrast and CNR with a half dose contrast media.
Some investigators have reported that the optimal vascular
attenuation in coronary CTA is about 350 HU (34). Higher
attenuation could increase calcium blooming and affect the
lumen and the wall assessment, leading to an overestimation
of stenosis. Consequently, in this study, we have also
determined that 45 keV may not be an optimum choice.
Noise is an important factor in ensuring diagnostic
confidence in the assessment of coronary arteries. Previous
studies have shown that image noise is inversely associated
with the energy level; as monoenergetic keV decreases,
the image noise increases (35,36). In this study, we found
that the image noise in VMI reconstructions at 50-55 keV
is basically the same as that in the polychromatic images.
Compared with DECT studies using the rapid kVp
switching technique, coronary CTA using SDCT has
lower noise, and the noise value (18.9-19.9) in this study
is lower than that of previous studies (27.5+8.9, 26.9+12.5)
(18,19). This can be attributed to the suppression of the
anti-correlated noise using SDCT with the exactly matched
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high- and low-energy datasets generated without the need
for angular and temporal interpolation (29).

In contrast, rapid kVp switching DECT VMI needs
angular interpolation to reconstruct images within the
projection domain. DECT approaches using dual source
and twin beam only allow image reconstruction within the
image space domain. Therefore, VMI from these systems
can result in increased noise compared to conventional
images obtained using comparable radiation doses (37).
Low noise throughout the spectrum using SDCT may help
us to take advantage of the full benefits of VMI, including
improved contrast signal, improved lesion conspicuity
and reduced artifacts (38,39). Low noise can also result in
increased SNR and CNR as shown in our study.

In this study, the increased contrast enhancement in
the coronary lumen and noise reduction was obtained
with a significantly reduced contrast media load in the
half-dose group to 7.48+1.14 g compared to 15.33+2.26 g
in the routine-dose group. At this dose, 50 keV imaging
has shown to achieve better image quality than routine-
dose polychromatic images. Previously, Raju et 4/. and
Carrascosa er al. (18,19) used rapid kVp switching DECT
to obtain the best image quality at 60 keV. The contrast
media load in their study was 11.2 and 12.5 g, which was
significantly higher than that of ours, and the SNR (12.0+3.9
and 11.6+7.1) and CNR (16.8+5.2 and 15.5+9.6) were
lower than that of our study (19.3+3.7 and 26.1+4.9). Since,
spectral image reconstruction method of SDCT can provide
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an increased balance between the image signal and image
noise at lower monoenergetic levels (40-60 keV), further
improvement in signal and SNR are achieved.

The radiation dose in dual-energy coronary CTA has
been a cause of concern, with some approaches imposing a
higher radiation burden compared to a low kVp scanning
technique (40). A comparison of patient radiation dose
on different CT scanner models is highly dependent on
the scan mode used and the numerous scan parameters
selected (41). The radiation dose of SDCT coronary CTA
in our study was 1.80+0.53 mSv, which was not statistically
different from the routine polychromatic CT and was lower
than the other source-based rapid kVp switching DECT
approaches (2.2-3.8 mSv) (18,19). Source-based DECT
approaches that involved dual-source CT that typically
uses the traditional helical retrospective scan protocols at a
higher radiation dose (42). Lower effective radiation dose
can be obtained via prospectively ECG-triggered high-
pitch spiral modes combined with lower polychromatic
tube energies but in the conventional mode with no dual
energy information available (43,44). DECT investigations
for coronary imaging using this mode of scanning are,
therefore, currently lacking. Several studies have shown that
SDCT can obtain dual energy information in a wide range
of clinical indications at 120 kVp tube potential, and the
dose level is similar to or significantly lower than that of the
traditional conventional CT (39,45). Likewise, our findings
suggest that this can be extended to coronary CTA as well,
similar to the work of Yi ez al. (29).

While the SDCT scanner used in this study had a
limited z-coverage, the presence of spatial and temporal
alignment in the projection domain without any sacrifice to
temporal resolution makes it very useful for imaging small
moving structures (such as coronary arteries). Thus it does
not encounter some of the limitations of other source-based
dual-energy scanners (such as limited field-of-view, rotation
time, sacrificing temporal resolution, etc.) while at the same
time offering workflow benefits without the need to select
special dual-energy scan modes ahead of time (33,41,46,47).

This study had some limitations. Firstly, we did not study
the diagnostic accuracy and performance of monoenergetic
images compared to invasive coronary angiography (ICA) or
routine-dose polychromatic images for detecting coronary
stenosis. Our assessment instead focused on quantitative
and qualitative measurements of image quality. Secondly,
only a single spectral reconstruction level (Spectral Level
4) was used. Further research is needed on the use of
different spectral reconstruction levels. Thirdly, we did not

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

test our protocol in high-risk patients, nor did we assess
post-scan serum creatinine levels. Therefore, we cannot
comment on the incidence of CIN in any of our groups,
nor can we comment on the safety or ability to reduce the
incidence of CIN in high-risk populations. Finally, image
quality comparisons with different scanner models were not
involved in our study.

Conclusions

In summary, 50 keV monoenergetic images from
prospectively ECG-gated coronary CTA performed on
a dual-layer SDCT can provide equivalent or improved
coronary image quality with half contrast media load
compared to polychromatic coronary CTA with routine
contrast load.
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