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Background: For patients with suspected simultaneous coronary and cerebrovascular atherosclerosis,
conventional single-site computed tomography angiography (CTA) for both sites can result in nonnegligible
radiation and contrast agent dose. The purpose of this study was to validate the feasibility of one-stop
coronary and carotid-cerebrovascular CTA (C&CC-CTA) with a “double-low” (low radiation and contrast)
dose protocol reconstructed with deep learning image reconstruction with high setting (DLIR-H) algorithm.
Methods: From February 2018 to January 2019, 60 patients referred to C&CC-CTA simultaneously in
West China Hospital were recruited in this prospective cohort study. By random assignment, patients were
divided into two groups: double-low dose group (n=30) used 80 kVp and 24 mgl/kg/s contrast dose with
images reconstructed using DLIR-H; and routine-dose group (n=30) used 100 kVp and 32 mgl/kg/s contrast
dose with images reconstructed using 50% adaptive statistical iterative reconstruction-V (ASIR-V50%).
Radiation and contrast doses, subjective image quality score, CT attenuation values, noise, signal-to-noise
ratio (SNR) and contrast-to-noise ratio (CNR) were measured and compared between the groups.

Results: The DLIR-H group used 30% less contrast dose (35.80+4.85 vs. 51.13+6.91 mL) and 48% less
overall radiation dose (1.00+0.09 vs. 1.91:0.42 mSv) than the ASIR-V50% group (both P<0.001). There was
no statistically significant difference on subjective quality score between the two groups (C-CTA: 4.38+0.67 vs.
4.17+0.81, P=0.337 and CC-CTA: 4.18+0.87 vs. 4.08+0.79, P=0.604). For coronary CTA, lower background
noise (18.93+1.43 vs. 22.86+3.75 HU) was reached in DLIR-H group, and SNR and CNR at all assessed
branches were significantly increased compared to ASIR-V50% group (all P<0.05), except SNR of left anterior
descending (P>0.05). For carotid-cerebrovascular CTA, DLIR-H group was comparable in background noise
(19.25+1.42 vs. 20.23+2.40 HU), SNR and CNR at all assessed branches with ASIR-V50% group (all P>0.05).
Conclusions: The “double-low” dose one-stop C&CC-CTA with DLIR-H obtained higher image quality
compared with the routine-dose protocol with ASIR-V50% while achieving 48% and 30% reduction in

radiation and contrast dose, respectively.
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Introduction

Atherosclerosis has been widely considered as one of
the leading causes of mortality worldwide, involving
multiple sites including coronary, cerebrovascular, and
peripheral arteries. Evidence has been collected to show
that coronary and cerebrovascular atherosclerosis often
happen simultaneously, due to their similar underlying
pathophysiology and shared cardiovascular risk factors (1-5).
Co-existed coronary and cerebrovascular atherosclerosis
have been proved to increase the risk of major vascular
events compared to either coronary or cerebrovascular
atherosclerosis alone. Stroke patients with asymptomatic
coronary artery disease (CAD) have greater risks of future
major vascular events than those without (6,7). Carotid
atherosclerosis can be an independent predicting factor
for major adverse cardiac events in CAD patients(8).
Therefore, choosing appropriate image modality to identify
patients with co-existing coronary and cerebral-carotid
atherosclerosis possesses great clinical significance.

Computed tomography angiography (CTA) is the
recommended tool for screening, diagnosing, and evaluating
atherosclerosis diseases. Besides its non-invasive and time-
saving properties, CTA is capable of precisely describing
the anatomies of arteries and exhibits high sensitivity in
the screening for CAD (9-11). Nevertheless, conventional
CTA scan protocol was designed for separately imaging
coronary or carotid-cerebrovascular arteries, resulting in
an attendant increase in radiation and contrast agent doses.
Repeated examination for different sites will also increase
the treatment expense. Recently, one-stop coronary and
carotid-cerebrovascular CTA (C&CC-CTA) protocol using
iterative reconstruction (IR) algorithm has been introduced
and provides a potential clinically feasible examination for
patients suspected with co-existing atherosclerosis disease
(12-17). However, previously published one-stop C&CC-
CTA protocols still presented with slightly high image
noise, and the radiation and contrast dose are expected to
be further reduced.

The introduction of deep learning image reconstruction
(DLIR) algorithm, incorporating a convolutional neural
network, has brought new hope for decreasing image noise,
and thus optimizing image quality with a more balanced
spatial resolution for CTA (18,19). DLIR provides three
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selectable strength levels (low, medium and high), and
DLIR-high (DLIR-H) has been proved to gain the
highest ability for reducing image noise while maintaining
spatial resolution of images reasonably well (20-22). In
our recent study, compared with an adaptive statistical
iterative reconstruction-V (ASIR-V) based protocol, the
combination of DLIR-H algorithm and low tube voltage
for coronary CTA demonstrated superiority in achieving
higher image quality as well as significantly lower radiation
and contrast dose (23). Furthermore, our preliminary
study revealed that under the same scanning condition,
DLIR-H presented significantly better image quality than
ASIR-V at a strength level of 50% (ASIR-V50%) for one-
stop C&CC-CTA (Table S1). To our knowledge, the
effect of DLIR-H on one-stop C&CC-CTA has not been
investigated elsewhere.

The aim of this study was to validate the feasibility
of one-stop C&CC-CTA using DLIR-H algorithm
with 256-slice CT and explore its capacity in reducing
radiation and contrast agent dose. We present this article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-23-864/rc).

Methods
Study population

This prospective cohort study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the Ethics Committee of West
China Hospital. All participants provided written informed
consents.

From February 2018 to January 2019, adult patients,
with body mass index (BMI) within 18-25 kg/m’, who were
referred to both C&CC-CTA in West China Hospital were
initially recruited for this study. Exclusion criteria were
then applied including patients who (I) had a history of
cardiac, neck or cephalic surgery, (II) suffered superior vena
cava syndrome, or (III) had contraindications to contrast-
enhanced CT examinations (e.g., renal insufficiency, allergic
to contrast medium). The enrolled patients were randomly
divided into the DLIR-H group and the ASIR-V50% group
(Figure 1). Demographic data (age, gender), height, weight,
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Patients scheduled for one-stop C&CC-CTA
(18 kg/m® < BMI <25 kg/m?, n=69)

Excluded patients (n=9)
e With a history of cardiac, neck or cephalic surgery: 6

o Suffering from superior vena cava syndrome: 1
¢ With renal insufficiency: 2

Y

Y

DLIR-H group (n=30)

ASIR-V50% group (n=30)

A

Y

DLIR reconstructed one-stop C&CC-CTA

ASIR-V reconstructed one-stop C&CC-CTA

Y

Compare

Radiation and contrast agent doses, objective and
subjective image quality

Figure 1 Flowchart of the study design. DLIR-H, deep learning image reconstruction-high; ASIR-V50%, 50% adaptive statistical

iterative reconstruction-V; BMI, body mass index; C&CC-CTA, coronary and carotid-cerebrovascular CTA. CTA, computed tomography

angiography.

heart rate, vascular risk factors and reasons for one-stop
CTA were collected once the patient was included in the
Study.

Image acquisition and reconstruction

All participants underwent CTA scanning with a 256-row
CT scanner (Revolution CT, GE HealthCare, Milwaukee,
USA) with their arms raised at the sides of the head.
Patients in both groups underwent the non-contrast CT
first. After the contrast injection, all patients underwent a
coronary CTA with prospective electrocardiogram gating,
followed by carotid-cerebrovascular scanning after a delay
of 1.5 s. Following published articles, the coronary CTA
scanning used 80 kVp and smart mA for noise index (INI)
of 36 for the DLIR-H group, and 100 kVp and smart
mA for NI of 25 for the ASIR-V50% group (23-26). In
both groups, the coronary CTA was acquired within one
heartbeat triggered using the automatic gating technique,
with the best systolic and diastolic phases recommended by
the device and snapshot freeze cardiac motion correction
technique activated: for patients with a heart rate (HR)
<66 bpm, images were collected at the 70-80% of the R-R
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cardiac interval. For patients with a HR between 66 and
85 bpm, images were collected at both 40-55% and 70-
80% of the R-R interval. As for those with a HR >85 bpm,
images were collected at the 40-60% of the R-R interval.
The carotid-cerebrovascular image acquisition parameters
were set to be 80 kVp and 500 mA for the DLIR-H group,
and 100 kVp and 450 mA for the ASIR-V50% group.

The non-ionized contrast agent (Iopamidol, concentration
370 mgl/mL) was intravenously injected through the
antecubital vein using a double-syringe power injector. A
reduced weight-dependent contrast dose rate of 24 mgl/kg/s
was set for the DLIR-H group, while a conventional
weight-dependent contrast dose rate of 32 mgl/kg/s was
set for the ASIR-V50% group. The injection was finished
in 10 s for each participant. Following contrast injection,
30 mL of saline was injected with a same injection rate
for both groups. Bolus-tracking technique was applicated
to control the contrast agent injection timing, with a
monitoring region of interest (ROI) placed in the root of
ascending aorta for triggering at the threshold of 200 HU.
The coronary CTA started with a delay time of 3.1 s after
triggering.

All images were reconstructed with a standard kernel
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at 0.625 mm section thickness. DLIR-H algorithm and
ASIR-V50% algorithm were used for image reconstruction
for the DLIR-H group and ASIR-V50% group, respectively.
The axial images were transferred to an advanced workstation
(AW4.7, GE Healthcare) for the 3D post-processing
reconstruction to generate maximum intensity projection,
curved planar reformat, and volume rendering images for the
subjective evaluation of image quality.

Image quality analysis

The coronary arteries were divided into 18 segments
according to the American Heart Association standard
for analysis (27). Segments with coronary artery diameter
>1.5 mm were evaluated. The carotid and cerebral arteries
were divided into 19 segments according to previous
studies (28). Segments with carotid and cerebral artery
diameter >2 mm were evaluated. Image quality was
analyzed by two independent radiologists (both with
medical degree with 6 and 15 years of imaging experience).
A 5-point grading system was used to grade the vessel
enhancement, image noise and artifact: (I) score 1 for poor
vessel enhancement, inadequate delineation between the
vessel and its surrounding tissue, severe image noise and
artifact; (II) score 2 for suboptimal vessel enhancement
and blurring of vessel margin, substantial image noise
and obvious artifact; (III) score 3 for acceptable vessel
enhancement, moderate blurring of vessel margin, and
moderate image noise and artifact; (IV) score 4 for good
vessel enhancement, slightly blurring of vessel margin and
mild image noise and artifact; (V) score 5 for excellent
vessel enhancement, clear vessel margin, very low image
noise and negligible artifact.

For the objective analysis of coronary artery images,
three ROIs were placed at the origin of right coronary
artery (RCA), left anterior descending artery (LAD) and
left circumflex artery (LCX) to measure the mean CT
value (CT,...) as the attenuation of vessels and standard
deviation (SD, ). Another ROI was placed on the fat of
adjacent chest wall to measure the CT attenuation value
(CT,) and standard deviation (SDy,) of fat. For carotid-
cerebrovascular images, CT ., and SD,.,, were measured
by placing three ROIs at the median thyroid level for
common carotid artery (CCA), internal carotid artery (ICA)
and middle cerebral artery (MCA). Then background ROIs
were drawn at the lateral muscles at the corresponding level
to acquire attenuation (CT,,.) and standard deviation
(SDuse) of muscles. Signal-to-noise ratio (SNR) for vessels

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

was calculated as CT,../SD, ., and contrast-to-noise ratio
(CNR) was deﬁned as (CTVesse] - CTmuscle) / SDmuscle'

Radiation dose and contrast agent

Volume CT dose index (CTDIvol) and dose length
product (DLP) for each patient were recorded. Effective
dose (ED) was calculated according to the following
formula: ED = DLP x k. The k values vary along with
the regions of the scanned body (for coronary imaging,
k=0.014 mSv-mGy '-em™'; for carotid-cerebrovascular
imaging, k=0.0040 mSv-mGy".em™) (29,30). Contrast agent
volume and flow rate were also recorded by the operators.

Statistical analysis

All statistical analyses were performed with the R program (v.
4.1.0, R Foundation for Statistical Computing; https://www.
r-project.org/). The sample size was defined by referring
to a previous study performed at our institution, with
similar research design, methodology and hypotheses (23).
Nevertheless, a dedicated power analysis to determine
the sample size was not performed. Continuous data were
expressed as mean = SD. Data distribution normality was
tested using the Shapiro-Wilk test. The independent two-
tailed 7-test and Mann-Whitney U-test were employed
to compare quantitative variables. Categorical data were
expressed as frequency and the corresponding percentage.
Chi-squared test was employed to make comparison of
categorical data. Kappa statistics were used to compare
interobserver agreement (kappa value over 0.7 was defined
as excellent agreement, 0.4-0.7 as good agreement, and less
than 0.4 as bad agreement) (23). A P value below 0.05 was
considered to indicate statistical significance.

Results
Patient characteristics

During the study period, 69 patients were eligible for
inclusion. Nine patients were excluded for the following
reasons: with a history of cardiac, neck or cephalic surgery
(n=6), suffering from superior vena cava syndrome (n=1),
with renal insufficiency (n=2). The remaining 60 patients
were randomly divided into the DLIR-H group (n=30,
male/female, 23/7) and the ASIR-V50% group (n=30, male/
female, 25/5). A flowchart briefly describing the patient
selection is shown in Figure 1.
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Table 1 Demographic and basic data of patients
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Characteristic DLIR-H group (n=30) ASIR-V50% group (n=30) ¢ P
Age, years 56.77+13.31 54.77£12.41 0.60 0.55
Gender, female/male 7/23 5/25 0.42 0.52
Basic clinical and CT data
BMI, kg/m® 21.96+1.99 22.51+2.01 -1.06 0.29
Heart rate, bpm 72.87+13.46 73.97+12.43 -0.33 0.74
Arrythmia 4(13.33) 3(10.00) 0.16 0.69
Vascular risk factor
Hypertension 19 (63.33) 17 (56.67) 0.28 0.60
Dyslipidemia 13 (43.44) 11 (36.67) 0.28 0.60
Type Il diabetes 9 (30.00) 7 (23.33) 0.34 0.56
Family history of CAD 13 (43.44) 15 (50.00) 0.27 0.61
Smoking 12 (40.00) 15 (50.00) 0.61 0.44
Reasons referred to one-stop CTA
Stroke 15 (50.00) 11 (36.67) 1.09 0.30
TIA 6 (20.00) 7 (23.33) 0.10 0.75
CAD 7 (23.33) 9 (30.00) 0.34 0.56
AAA 2 (6.67) 3(10.00) 0.22 0.64

Parametric continuous data are expressed as means + standard deviation with t value. Category data are expressed as numbers with
percentages in parentheses, with ¥°. DLIR-H, deep learning image reconstruction-high; ASIR-V50%, 50% adaptive statistical iterative
reconstruction-V; BMI, body mass index; bpm, beat per minute; CAD, coronary artery disease; CTA, computed tomography angiography;

TIA, transient ischemic attack; AAA, abdominal aortic aneurysm.

Characteristics of the participants are summarized in
Tuble 1. There were 15 cases of stroke, 6 cases of transient
ischemic attack (TTA), 7 cases of CAD and 2 cases of
abdominal aortic aneurysm (AAA) in the DLIR-H group,
while 11 cases of stroke, 7 cases of TTA, 9 cases of CAD and
3 cases of AAA in the ASIR-V50% group (all P>0.05). No
statistically significant difference was observed in sex, age,
BMI, HR, and vascular risk factors between the two groups.

Radiation dose and contrast agent

The overall CTDIvol and DLP values for the DLIR-H
group were statistically lower than that for the ASIR-V50%
group (5.55+0.39 vs. 10.29+1.75 mGy in CTDlIvol,
P<0.001 and 158.26+10.26 vs. 293.97+34.14 mGy-cm
in DLP, P<0.001). The ED was 1.00£0.09 mSv for the
DLIR-H Group, and 48% lower than the 1.91+0.42 mSv
for the ASIR-V50% Group (P<0.001). Furthermore, when

considering the radiation dose of separate coronary or
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cerebrovascular scanning, the DLP and ED of DLIR-H
group were all significantly lower than those of ASIR-V50%
group (C-CTA: 36.27+6.05 vs. 73.25+29.21 mGy-cm in
DLP, P<0.001 and 0.51+0.08 vs. 1.03+0.41 mSv in ED,
P<0.001; CC-CTA: 121.99+8.03 vs. 220.72£15.21 mGy-cm
in DLP, P<0.001 and 0.49+0.03 vs. 0.88+0.06 mSv in ED,
P<0.001). The contrast agent volume was 35.80+4.85 mL
for the DLIR-H group, 30% lower than the 51.13+6.91 mL
for the ASIR-V50% group (P<0.001). The contrast flow rate
of the DLIR-H group was also significantly lower than that
of the ASIR-V50% group (3.58+0.49 vs. 5.09+0.65 mL/s,
P<0.001). The CTDIvol, DLP, and ED values for C-CTA
and CC-CTA are listed separately in Table 2.

Image quality

Subjective analysis
Coronary artery
The distribution of the subjective quality scores is listed

Quant Imaging Med Surg 2024;14(2):1860-1872 | https://dx.doi.org/10.21037/qims-23-864



Quantitative Imaging in Medicine and Surgery, Vol 14, No 2 February 2024 1865

Table 2 Comparison of radiation dose and contrast agent dose between two groups

Parameter DLIR-H group (n=30) ASIR-V50% group (n=30) t value P

Radiation dose

Coronary CTA
CTDlIvol, mGy 2.49+0.39 4.88+1.75 -7.32 <0.001
DLP, mGy-cm 36.27+6.05 73.25+29.21 -6.79 <0.001
ED, mSv 0.51+0.08 1.03+0.41 -6.77 <0.001

Carotid-cerebrovascular CTA

CTDlIvol, mGy 3.06 5.41 NA NA

DLP, mGy-cm 121.99+8.03 220.72+15.21 -31.43 <0.001

ED, mSv 0.49+0.03 0.88+0.06 -31.44 <0.001
Overall

CTDlvol, mGy 5.55+0.39 10.29+1.75 -14.51 <0.001

DLP, mGy-cm 158.26+10.26 293.97+34.14 -20.85 <0.001

ED, mSv 1.00+0.09 1.91+0.42 -11.61 <0.001

Contrast agent dose
Contrast doses, mL 35.80+4.85 51.13+6.91 -9.94 <0.001
Contrast flow rate, mL/s 3.58+0.49 5.09+0.65 -10.18 <0.001

Parametric continuous data are expressed as means + standard deviation with t value. DLIR-H, deep learning image reconstruction-high;
ASIR-V50%, 50% adaptive statistical iterative reconstruction-V; CTA, computed tomography angiography; CTDIvol, volume CT dose
index; DLP, dose length product; ED, effective dose; NA, not applicable.

Table 3 Subjective image quality (distribution) comparison between two groups

DLIR-H group (n=30) ASIR-V50% group (n=30)
Quality score
Reader 1 Reader2 Reader 1 Reader 2

Coronary CTA

1 0 0 0 0

2 0 0 0 0

3 3 4 8 9

4 12 11 8 8

5 15 15 14 13
Carotid-cerebrovascular CTA

1 0 0 0 0

2 0 0 0 0

3 9 9 8 9

4 6 7 11 10

5 15 14 11 11

DLIR-H, deep learning image reconstruction-high; ASIR-V50%, 50% adaptive statistical iterative reconstruction-V; CTA, computed
tomography angiography.
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Figure 2 Image quality comparison between the two groups. (A1-A7) Case in the double-low dose group. Male, 56 years old, scanned with
the 80-kVp one-stop C&CC-CTA protocol and reconstructed using DLIR-H algorithm. (B1-B7) Case in the routine-dose group. Male,
54 years old, scanned with the 100-kVp one-stop C&CC-CTA protocol with ASIR-V50% algorithm. Both patients showed the image quality
reached a subjective score of 5 with clear border of blood vessel. C&CC-CTA, coronary and carotid-cerebrovascular CTA; DLIR-H, deep learning

image reconstruction-high; ASIR-V50%, 50% adaptive statistical iterative reconstruction-V; CTA, computed tomography angiography.

in 7able 3. All scores for both groups exceeded 3, meeting
the diagnostic requirement. The mean score was slightly
higher in the DLIR-H group compared with that in the
ASIR-V50% group (4.38+0.67 vs. 4.17+0.81); however, the
difference was not statistically significant (P=0.337). The
kappa analysis indicated a good consistency in image quality
evaluation between the two readers with kappa value of 0.656.
Carotid and cerebral artery

The distribution of subjective quality scores for carotid
and cerebral arteries is also listed in 7able 3. Diagnostic
requirement was validated in both groups as all scores
exceeded 3. There was no statistically significant difference
in mean score between the DLIR-H group and ASIR-V50%
group (4.18+0.87 vs. 4.08+0.79, P=0.604). The kappa analysis
indicated a good consistency in image quality evaluation
between the two readers with kappa value of 0.796. Figure 2
reveals an example of the good image quality using the
DLIR-H scan protocol for normal patients. Figure 3 exhibits
the capacity of the DLIR-H scan protocol in detecting
mixed and calcified plaques of coronary and cerebral arteries.

Objective analysis

Coronary artery
At all three branches assessed, there was no statistical
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difference in CT attenuation value between the DLIR-H and
ASIR-V50% group (all P>0.05). Nevertheless, image noise in
the DLIR-H group was significantly reduced compared with
that of ASIR-V50% group (P<0.001), resulted in statistically
higher CNR for all vessels in the DLIR-H group compared
to the ASIR-V50% group (details in Tizble 4). Besides, in the
DLIR-H group, SNR of RCA and LCX were significantly
higher, compared with the ASIR-V50% group (P=0.001,
and P=0.032). And SNR of LAD was slightly higher in the
DLIR-H group, while the difference was not statistically
significant (P=0.301) (7zble 4 and Figure 4).

Carotid and cerebral vascular

The CT attenuation value, SNR and CNR of all arteries
comparable within the two groups (all P>0.05). The
DLIR-H group possessed significantly lower noise for the
CCA level than the ASIR-V50% group (20.49+2.88 vs.
23.06+3.90 HU, P=0.005), while for the ICA level, MCA
level, and the average of the three levels, no statistical
differences were reached between the two groups (all
P>0.05) (Table 5 and Figure 4).

Discussion

Our low-contrast and radiation dose one-stop C&CC-CTA
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Figure 3 Plaque detection by DLIR scan protocol. A 76-year-old male with palpitation for three months was referred to coronary CTA and

cerebral-carotid CTA, 80-kvp one-stop C&CC-CTA using DLIR-H was applied. The patient was suspected with renal insufficiency by his

physician, therefore a further decreased contrast agent volume of 36 mL was injected. (A) The volume rendering technique exhibited good

image quality of cerebral, carotid and coronary arteries. Mixed plaques with mild stenosis (black arrows) were detected in the mid and distal

segment of the RCA (B), proximal segment of the left main branch (C). Calcified plaques and mild stenosis (white arrows) were recognized

at multiple sites for right internal carotid artery (D) and left internal carotid artery (E). DLIR-H, deep learning image reconstruction-high;

C&CC-CTA, coronary and carotid-cerebrovascular CTA; RCA, right coronary artery; CTA, computed tomography angiography.

protocol with DLIR-H achieved at least non-inferior image
quality but significantly reduced contrast and radiation
doses compared to the IR-based routine-dose one-stop
protocol. Image quality improvement was demonstrated
predominantly in coronary arteries, where the vessel
enhancement was significantly improved, and image noise
was reduced by 17.2% to 18.93 HU. As for the carotid and
cerebrovascular section, our protocol exhibited comparable
image quality compared with the routine-dose ASIR-V50%
group. The DLIR-H algorithm again showed stable ability
in reducing image noise and retaining image quality at
low radiation and contrast doses. Clinical application of
DLIR-H algorithm might achieve contrast and radiation
“double” saving CTA protocol. Therefore, further studies
on validating its impact on clinical diagnosis work-up are
warranted.

DLIR has been applied to a wide range of CTA protocols
like chest, abdominal and vascular diseases, exhibiting
13.6-37.6% reduction in image noise (19,31-33). Our study
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utilized DLIR-H algorithm to reconstruct one-stop CTA
images for the first time and demonstrated its superiority
again in preserving image quality under low radiation and
contrast dose settings. By contrast, previously proposed one-
stop CTA protocols were mainly based on IR algorithm and
reported evidently higher image noise of 24.2-29.0 HU at
the aorta root (15-17). We believe the higher noise in these
studies was because under low radiation settings, IR would
result in substantial image noise and affect the display of
subtle imaging features (34,35). Considering all one-stop
CTA protocols designed for simplifying the scanning process,
with the double-low protocol we presented in our study,
stroke patients would benefit from our protocol for more
precise coronary atherosclerosis assessment. CAD patients
could also receive screening for carotid-cerebrovascular
stenosis at the same time as the coronary CTA examination.
However, no guideline has clarified the indication for one-
stop C&CC-CTA. Therefore, further studies are in need to
determine the target population for this test.
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Table 4 Coronary section objective image quality comparison between two groups

Parameter DLIR-H group (n=30) ASIR-V50% group (n=30) P value

Attenuation, HU

RCA 464.47+77.48 438.77+72.39 0.190

LAD 455.87+68.67 444.27+71.49 0.524

LCX 439.53+80.29 419.37+75.19 0.320
SDyesse, HU

RCA 25.40+3.57 28.90+3.48 <0.001

LAD 28.64+4.15 30.18+5.55 0.228

LCX 29.29+5.24~ 31.97+4.85 0.044
SNR

RCA 18.66+4.31* 15.37+2.96 0.001

LAD 16.26+3.44 15.26+3.98 0.301

LCX 15.69+4.95* 13.37+2.91 0.032
CNR

RCA 31.51+4.93* 25.21+8.40 <0.001

LAD 30.49+5.57* 25.43+8.08 0.007

LCX 29.36+6.31* 24.29+6.72 0.004
Noise, HU 18.93+1.43* 22.86+3.75 <0.001

Parametric continuous data are expressed as mean + standard deviation. *, significant difference from AIR-V50% group. DLIR-H, deep
learning image reconstruction-high; ASIR-V50%, 50% adaptive statistical iterative reconstruction-V; RCA, right coronary artery; LAD, left
anterior descending artery; LCX, left circumflex artery; SD,..e, Standard deviation of CT value measured at vessel; SNR, signal-to-noise
ratio; CNR, contrast-to-noise ratio.
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Figure 4 Objective image quality comparison. Boxplot showed the comparison of image noise (A), mean SNR (B), mean CNR (C) between
the two groups at different scanning sites. Error bars represent the standard deviation. ns, P>0.05; **, P<0.01; ***, P<0.001. DLIR-H, deep
learning image reconstruction-high; ASIR-V50%, 50% adaptive statistical iterative reconstruction-V; SNR, signal-to-noise ratio; CNR,

contrast-to-noise ratio.
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Table 5 Objective analysis of carotid-cerebrovascular CTA

Parameter DLIR-H group (n=30) ASIR-V50% group (n=30) P value
Attenuation, HU

CCA 418.20+83.98 415.92+105.24 0.926

ICA 418.48+89.22 420.25+106.16 0.945

MCA 371.25+91.11 386.38+104.80 0.553
SDyesser, HU

CCA 23.38+4.58 24.02+3.50 0.545

ICA 20.93+2.76* 23.93+4.28 0.002

MCA 24.88+4.37 25.98+4.86 0.362
SNR

CCA 18.71+5.75 17.55+4.95 0.403

ICA 20.30+4.89 18.01+5.09 0.082

MCA 15.29+4.44 15.28+4.72 0.995
CNR

CCA 17.31+4.79 15.82+5.34 0.260

ICA 19.53+5.59 19.58+6.31 0.973

MCA 16.06+5.27 17.12+6.45 0.489
Noise, HU

CCA level 20.49+2.88* 23.06+3.90 0.005

ICA level 17.96+1.35 18.56+3.40 0.380

MCA level 19.30+3.04 19.07+3.09 0.769

Average 19.25+1.42 20.23+2.40 0.061

Parametric continuous data are expressed as mean + standard deviation.

*

, significant difference from AIR-V50% group. CTA,

computed tomography angiography; DLIR-H, deep learning image reconstruction-high; ASIR-V50%, 50% adaptive statistical iterative
reconstruction-V; CCA, common carotid artery; ICA, internal carotid artery; MCA, middle cerebral artery; SD, .., Standard deviation of CT
value measured at vessel; SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio.

The other advantage of our protocol was that we
drastically reduced the total effective radiation dose to about
1.00 mSv. As the scanning area of one-stop CTA involves
radiation-sensitive organs like thyroid gland and crystalline
lens, reducing the radiation dose as much as possible is of
essence to avoid the radiation-associated adverse events.
With the application of DLIR algorithm, we performed
CTA using the 80 kVp tube voltage, equal to the minimum
tube voltage reported in the previous one-stop CTA studies
reported by Zhao et al. (14). However, in their study, a
further reduction of ED to 0.32+0.11 mSv was reported.
They utilized the high-pitch scanning of dual-source CT
(DSCT), with rapid gantry rotation and table-moving
speed, to decrease radiation dose while preserving high

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

temporal resolution. However, coronary artery visualization
by DSCT might be impaired with motion artifact when
heart rate exceeds a certain level (36), as in the study by
Zhao et al., only patients with an HR below 70 bpm were
included. In our study, the mean HR was 72.87£13.46 bpm
and 4 arrythmia patients were enrolled in the DLIR-H
group, indicating our protocol can be applied to more
patients and may be more suitable in clinical application.
Another advantage of our protocol was the significantly
improved coronary artery image quality, both in objective
and subjective evaluation. Although validation test in
diagnostic accuracy was not performed in our study, with
evidence from Benz, D. C.’s study indicating a non-inferior/
superior diagnostic accuracy in coronary diseases with
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CTA images using DLIR (37), we believe the diagnostic
accuracy for coronary artery using our C&CC-CTA
protocol should not be inferior to that of using conventional
protocol. Nevertheless, for carotid and cerebrovascular
vessels, we have to admit that the image quality was not
significantly improved using DLIR-H under the lower-
dose conditions. Similarly, all the former one-stop C&CC-
CTA protocols reported comparable or even worse image
quality at the same site (12,14,15). We speculate that it
might be attributed to the order of scanning, as the carotid
and cerebrovascular arteries were always scanned behind
coronary arteries in the one-stop scanning process. Till now,
only a few studies have been done to explore the application
CTA images of DLIR in carotid and cerebrovascular vessel
under lower radiation and contrast dose settings. Also, these
studies could not reach a further decrease in image noise
compared with the standard-dose protocol with ASIR-V
algorithm (20,38). Even if a mean subjective score of 4.18
in our study proved that our carotid and cerebrovascular
images were able to meet the diagnostic criteria, further
studies to validate its impact on diagnostic accuracy are
warranted to confirm its efficacy.

Limitations

Even the results of this study were promising, several
limitations should be noted. First, as a single center study,
all individuals enrolled were routine patients referred to a
simultaneously coronary and carotid artery CTA. The scale
was limited, and multicenter studies are in need to validate
this result. Second, our study evaluated the feasibility of
our CTA protocol with vessel enhancement and image
noise. Even though image quality which is closely related
to diagnosis was rigorously tested in our study, at this stage,
our results should not be expanded to diagnostic accuracy.
Third, our study was limited to a cohort of BMI <25 kg/m’,
restricting its applicability in obese patients. Finally, the
scanning parameters of our protocol were selected based
on previous research and our preliminary experiment
results, and may not be most suitable for DLIR-H. Further
evaluation is needed to assess the optimal settings for

DLIR-H one-stop C&CC CTA.

Conclusions

In conclusion, we evaluated the image quality of a one-stop
C&CC-CTA under reduced radiation dose and contrast
dose using DLIR-H. With this convolutional network-

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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based reconstruction algorithm, we managed to generate
superior image quality for the coronary arteries and similar
image quality for the carotid and cerebral arteries while
achieving 48% and 30% reduction in radiation and contrast
dose, respectively compared with the routine-dose protocol
with ASIR-V50%. We also eliminated the restriction for
heart rate in recent-proposed one-stop CTA protocols.
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