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A B S T R A C T   

Background: Cervicocerebral CT angiography (CTA) using the bolus tracking technique has been 
widely used for the assessment of cerebrovascular diseases. Regions of interest (ROI) can be 
placed in the descending aorta, ascending aorta, and the aortic arch. However, no study has 
compared the arteries and veins display when when the region of interest (ROI) is placed at 
different sites. In this study, we showed the impact of ROI positions on the image quality of 
cervicocerebral CTA. 
Methods: Two hundred and seventy patients who underwent cervicocerebral CTA with bolus 
tracking technique were randomly divided into three groups based on the position of the ROI 
placement: ascending aorta (Group 1, n = 90), aortic arch (Group 2, n = 90), and descending 
aorta (Group 3, n = 90). The scanning parameters and contrast agent injection protocols were 
consistent across all groups. Three observers independently assessed the objective image quality, 
while two observers jointly assessed the subjective image quality using a grade scale: poor (grade 
1), average (grade 2), good (grade 3), and excellent (grade 4). The differences in intravascular CT 
values, signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), AVCR (arterial venous contrast 
ratio), and subjective image quality scores were compared among the three groups. 
Results: The CT values of the intracranial veins (superior sagittal sinus, ethmoid sinus and great 
cerebral vein) in group 1 were significantly lower than those in group 3 (p < 0.001). However, no 
significant differences were observed in CT values, SNR and CNR in the internal carotid artery 
and middle cerebral artery among the three groups. The proportion of images with grade 4 was 
significantly higher in group 1 than group 2 and 3 (41.1% vs 15.6% and 13.3%, p < 0.001). The 
proportion of images with grade 1 was significantly lower in group 1 than group 2 and 3 (1.1% vs 
6.6% and 17.8%, p < 0.001). 
Conclusion: The ROI positions for cervicocerebral CTA did not affect the arterial image quality, but 
venous structures imaging was affected when the ROI was placed in the ascending aorta.   
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1. Introduction 

Computed tomography angiography (CTA) has been widely used for cardiovascular and cerebrovascular diseases. In CT angiog
raphy, scan timing is crucial to achieve the good image quality. Currently, bolus tracking is the most frequently utilized angiographic 
technique in clinical practice [1]. There is an additional delay time after the regions of interest (ROI) reaching the trigger threshold 
within the monitoring level, depending on the hardware configuration of the various devices and the time of the scanning bed 
movement [2–4]. A prolonged delay time may lead to missing the peak enhancement or obvious venous noise. 

Cervicocerebral CTA is one of the most important imaging examination for detecting vascular lesions in the head and neck [5–7]. 
Excellent CTA imaging of the head and neck requires sufficient artery enhancement and minimal venous overlay [8–11]. The precise 
scanning time is critical. The delayed scans after the threshold triggering make the ROI positions a significant factor for bolus tracking 
technique. The main ROI sites that were commonly used in clinical practice are the aortic arch and the descending aorta [12–14]. 
According to the pathway of blood flow, the ascending aorta may have priority over the other two sites for enhancement. Theoretically, 
when a uniform trigger threshold is set, the ascending aorta has a certain probability of triggering the scan earlier than the other two 
sites, which corresponds to a shorter additional delay time. Consequently, the venous structures may not be adequately opacified on 
CTA images. However, few studies have focused on placing ROI in the ascending aorta for cervicocerebral CTA. The recent American 
College of Radiology (ACR) guideline for cervicocerebral CTA indicated that visible and adequately opacified veins should be com
mented on when appropriate [15]. However, no study has compared the display of arteries and veins when the ROIs are placed at the 
ascending aorta, the aortic arch, and the descending aorta. In this study, we showed the image quality in the head and neck CTA with 
the bolus tracking technique with the ROI placed at ascending aorta, the aortic arch, and the descending aorta, respectively. 

2. Materials and methods 

2.1. Study participants 

The Institutional Review Board of the Affiliated Hospital of Nanjing University of Chinese Medicine (2021NL-157-01, Oct 2021) 
approved this prospective study and written informed consent was obtained from all participants. During the study Declaration of 
Helsinki was followed. Four hundred and twelve patients who were suspected for cerebrovascular diseases during February–June 2022 
were recruited. The exclusion criteria were as follows: weight >100 kg; known previous allergy to iodine contrast agent; severe renal 
impairment; pregnancy or lactation; moyamoya disease, arteriovenous malformation, intracranial vascular occlusion; pacemaker 
fitted; left upper limb buried indwelling needle; injection flow rate <5 mL/s due to patient’s vasculature; contrast reflux into the 
internal jugular vein. One hundred and forty two were excluded. Finally, two hundred and seventy subjects were randomly divided 
into three groups. They underwent cervicocerebral CTA using the bolus tracking technique. The ROIs were placed at the ascending 

Fig. 1. Flowchart of study. 270 subjects suspected for cervicocerebral artery diseases were randomly divided into three groups.  
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aorta, aortic arch, and descending aorta, respectively. There were 90 subjects in each groups, with 45 undergoing CTA in the single- 
energy mode and 45 in the dual-energy mode. The flowchart is shown in Fig. 1. 

2.2. Bolus tracking technique 

The ROI was placed at the tracheal bifurcation in the ascending aorta (Fig. 2A), aortic arch (Fig. 2B) and descending aorta (Fig. 2C). 
The ascending aorta and the descending aorta are monitored at the level of the tracheal bifurcation and the aortic arch is monitored at 
the level the upper and lower aortic arch wall edges (Fig. 2D). The ROI was placed in the center of the vessel and the its area was 
accounted for approximately 1/3 to 1/2 of the lumen. The trigger threshold was set at 100 Hounsfield unit (HU) for single-energy mode 
and dual-energy mode. Automated scanning software (SmartPrep; GE Healthcare) was used in our study. 

2.3. CT scanning protocol 

All examinations were conducted using a 256-row Revolution CT (GE Healthcare). The scan parameters were the same for the 
subjects who underwent scans using the same modality. Single energy mode: tube voltage 120 kV, smart tube current 300–450 mA, 
Noise Index, 11. Dual energy mode: tube voltage 80/140 kV; tube current 365 mA; GSI Image Type, Monochromatic 70 keV [16]. The 
rest of the scanning and reconstruction parameters were the same for both modes. Primary settings: Rotation Time, 0.50 s; Detector 
Coverage, 80 mm; Pitch, 0.992:1. Reconstruction settings: Thickness and Interval, 0.625 mm; reconstruction type, standard; Recon
struction mode, Helical Plus; Image Reconstruction, 70% ASiR; window/level, 700/50. The scanning parameters are listed in Table 1. 
The contrast agent injection protocol was the same in all three groups. Briefly, a 20 G indwelling needle was placed in the right upper 
limb. 30 mL of 0.9% saline was injected using a high-pressure syringe (Missouri-XD-2061-TOUCH; Ulrich). After the start of the ex
amination, 35 mL of non-ionic iodine contrast agent (Omnipaque, 350 mg I/mL, GE Healthcare) was injected at a flow rate of 5 mL/s, 
followed by 40 mL of saline. Diagnostic CT scanning was initiated with an additional delay of 2.2 s after the bolus-tracking technique 
program detected the attenuation trigger. 

2.4. Objective image quality 

Images were sent to Advantage Workstation 4.7 (GE Healthcare) and evaluated by three observers who were unaware of the scan 
protocols (ZMD with 7 years experience in neurovascular imaging; CC and WYJ with 5 years experience in neurovascular imaging). 
The CT attenuation was measured in the following vessels: the aortic arch, internal carotid artery (ICA) (bifurcation level), middle 
cerebral artery (MCA) (M1 segment), superior sagittal sinus (SSS) (cranial parietal level), vein of Galen, and sigmoid sinus (healthy 
side). The ROI was placed within the target vessel, while avoiding vessel walls, the calcifications, and thrombi. The CT and SD values of 
the sternocleidomastoid muscle at the ICA bifurcation were also measured to calculate the signal-to-noise ratio (SNR) and contrast-to- 
noise ratio (CNR) of ICA. Similarly, SNR and CNR of MCA were also calculated. The formula was as follows: SNR = HUvessel/SDmuscle; 
CNR ICA = (HUvessel - HUmuscle)/SDmuscle; CNR MCA = (HUvessel - HUcentrum semiovale)/SDmuscle. 

2.5. Subjective image quality 

Subjective image quality was assessed by two observers who were blinded to the grouping and imaging procedures (WHM with 12 
years experience in cardiovascular imaging; WJH with 15 years in cardiovascular diagnostic). The quality of intracranial vein images 
was evaluated using axial thin-slab maximum intensity projection (MIP) with a thickness of 20 mm. Images were categorized into four 
grades: poor (grade 1), adequate arterial imaging with obvious venous structure and it was difficult to distinguish between arteries and 
veins (Fig. 3A); average (grade 2), adequate arterial imaging with moderate venous enhancement but it was easy to distinguish be
tween arteries and veins (Fig. 3B); good (grade 3), adequate arterial imaging with mild venous enhancement (Fig. 3C); and excellent 
(grade 4), adequate arterial imaging and no significant venous structure imaging (Fig. 3D). Prior to analyzing the images, both 

Fig. 2. Schematic diagram of the monitoring levels. (A) region of interest (ROI) was placed in the ascending aorta (red circle); (B) ROI was placed in 
the aortic arch (red circle); (C) ROI was placed in the descending aorta (red circle); (D) The ascending aorta and the descending aorta are monitored 
at the level of the tracheal bifurcation (yellow dashed line) and the aortic arch is monitored at the level the upper and lower aortic arch wall edges 
(red solid line). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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observers received training sessions to become familiar with the grading system. Disagreements among the observers were resolved 
thorough the joint reading procedure to determine the final grading. 

2.6. Statistical analysis 

SPSS (version 26) was used for data management and statistical analysis. The Shapiro-Wilk test was used to assess the normal 
distribution of continuous data. Quantitative data with normal or near-normal distribution were presented as mean ± standard 

Table 1 
Scanning parameters for single-energy and dual-energy.    

Single-Energy Dual-Energy 

Tube voltage (kVp) 120 80/140 
Tube current (mA) 300–450 365 
Rotation time (sec) 0.5 0.5 
Detector coverage (mm) 80 80 
Pitch 0.992:1 0.992:1 
Noise index (HU) 11 None 
Thickness/interval (mm) 0.625/0.625 0.625/0.625 
Recon type Standard Standard 
Image reconstruction ASiR-V 70% ASiR-V 70% 
GSI image type None Monochromatic 70 keV 
Trigger threshold (HU) 100 100 

Note.-ASiR = adaptive statistical iterative reconstruction. 

Fig. 3. The illustration of subjective image quality. (a) poor (Grade 1), poor with severe venous contamination and venous enhancement similar to 
that of the artery; (b) average (Grade 2), poor with moderate venous enhancement and less venous enhancement than the artery, easy to distinguish 
between arteries and veins; (c) good (Grade 3), good with mild venous enhancement and much less venous enhancement than the artery; and (d) 
excellent (Grade 4), excellent with significant arterial enhancement and no significant venous contamination. 

Table 2 
Study participant demographics and radiation dose estimates.   

Single-Energy Dual-Energy 

Variables Ascending 
aorta 

Aortic 
arch 

Descending 
aorta 

P 
Value 

Ascending 
aorta 

Aortic 
arch 

Descending 
aorta 

P 
Value 

No. of participants 45 45 45  45 45 45  
Age (y)a 64 ± 12 65 ± 10 66 ± 10 >0.05 63 ± 10 65 ± 11 62 ± 14 >0.05 
Sex 
Male 20 (44) 19 (42) 15 (33) >0.05 23 (51) 25 (56) 17 (38) >0.05 
Female 25 (56) 26 (58) 30 (67)  22 (49) 20 (44) 28 (62)  
Weight (kg)a 66.6 ± 9.7 64.5 ± 10 66 ± 10.2 >0.05 64.6 ± 10.7 65.9 ± 11 61.3 ± 10 >0.05 
Height (cm)a 163 ± 8 162 ± 7 163 ± 8 >0.05 162 ± 8 163 ± 7 160 ± 7 >0.05 
Body mass index (kg/cm2)a 25 ± 3 25 ± 3 25 ± 3 >0.05 25 ± 3 25 ± 3 24 ± 3 >0.05 
Radiation dose 
Volume CT dose index 

(mGy)a 
10.7 ± 1.5 11.1 ±

0.8 
11.2 ± 0.7 >0.05 9.2 ± 1.6 9 ± 5.3 9 ± 0.5 >0.05 

Dose-length product (mGy- 
cm)a 

444 ± 120 456 ± 58 484 ± 46 >0.05 371 ± 75 375 ± 20 380 ± 19 >0.05 

Note.-Data in parentheses are percentages. 
a Data are mean ± standard deviation. 
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deviation and were analyzed using One-Way ANOVA. Continuous variables with severely skewed distribution were shown as median 
(interquartile range) and the data were compared using the Wilcoxon rank sum test. Qualitative variables were described using fre
quency (percentage) and compared by chi-square test. Reader agreement for the assessment of subjective image quality was evaluated 
by Kappa test. P < 0.05 was considered statistically significant. 

3. Results 

3.1. Study participants 

The basic profile of the three groups is shown in Table 2. There was no statistical difference in age, height, weight, body mass index, 
gender distribution among the three groups both in single energy mode and dual energy mode (all p > 0.05). 

3.2. Objective image quality 

Table 3 summarizes the CT values for the superior sagittal sinus, great cerebral vein, sigmoid sinus, aortic arch, ICA, MCA, SNR and 
CNR for ICA, and MCA for the three sets of images acquired using single-energy or dual-energy mode scans. The CT values of the 
superior sagittal sinus, great cerebral vein, and sigmoid sinus in ascending aorta group were all significantly lower than those in 
descending aorta group (in single energy mode: 223 HU vs 152 HU, 179 HU vs 123 HU, 142 HU vs 96 HU, respectively, all p < 0.001; in 
dual energy mode: 199 HU vs 146 HU, 166 HU vs 113 HU, 129 HU vs 94 HU, respectively, all p < 0.001). No significant differences for 
venous CT values were found between the ascending aorta group and aortic arch group. In addition, no significant differences were 
found in the CT values, SNR and CNR of ICA and MCA among the three groups (p > 0.05). Fig. 4 shows CTA images in the descending 
aorta group (Fig. 4A), aortic arch group (Fig. 4B), and ascending aorta group (Fig. 4C), respectively. 

3.3. Subjective image quality 

Reader agreement for the assessment of subjective image quality was high (kappa = 0.91). Significant differences were observed in 
subjective image quality among the three groups (Fig. 5). The number of images with grade 4 was 37 in the ascending aorta group 
which was significant higher than those in aortic arch group and descending aorta group (p < 0.001). In addition, the number of 
images with grade 1 in descending aorta group was significantly larger than that in ascending aorta group (17.7% vs 1.1%, p < 0.01) 
(Fig. 5). 

3.4. Retrospective analysis for monitoring images 

We retrospectively measured the CT values of the monitoring images in ascending aorta group and descending aorta group. The 
trigger threshold was firstly reached in ascending aorta in 64 cases in the ascending aorta group and in 66 cases in descending aorta 
group. The rest cases reached the trigger threshold at the same time. A case that firstly reached the trigger threshold in ascending aorta 
is shown in Fig. 6 (A-E). 

4. Discussion 

The bolus tracking technique has been widely used in CTA. For cervicocerebral CTA, ROI has been placed in the ascending aorta, 
the aortic arch, and the descending aorta. In this study, we compared the imaging quality of cervicocerebral CTA when the ROI was 
placed in various positions. Our data showed that the arterial CT values were greater than 250 HU regardless of ROI positions which 

Table 3 
Objective image quality.   

Single-Energy Dual-Energy 

Variables Ascending aorta Aortic arch Descending aorta P Ascending aorta Aortic arch Descending aorta P 

Superior sagittal sinusa 152 ± 48 165 ± 46 223 ± 56 <0.001 146 ± 40 159 ± 39 199 ± 51 <0.001 
Great cerebral veina 123 ± 39 133 ± 35 179 ± 45 <0.001 113 ± 37 127 ± 34 166 ± 47 <0.001 
Ethmoid sinusa 96 ± 29 109 ± 31 142 ± 44 <0.001 94 ± 22 106 ± 29 129 ± 36 <0.001 
Aortic archa 347 ± 49 366 ± 50 359 ± 67 >0.05 346 ± 47 357 ± 60 379 ± 59 >0.05 
ICA 
CT valuea 343 ± 54 366 ± 60 357 ± 78 >0.05 346 ± 49 337 ± 64 381 ± 58 >0.05 
SNRa 61 ± 22 64 ± 17 60 ± 21 >0.05 60 ± 21 57 ± 19 57 ± 14 >0.05 
CNRa 50 ± 20 53 ± 16 49 ± 21 >0.05 49 ± 18 56 ± 13 48 ± 12 >0.05 
MCA 
CT valuea 309 ± 52 309 ± 50 311 ± 63 >0.05 317 ± 47 292 ± 56 330 ± 52 >0.05 
SNRa 38 ± 9 35 ± 7 39 ± 11 >0.05 35 ± 7 36 ± 6 35 ± 7 >0.05 
CNRa 34 ± 9 31 ± 7 35 ± 11 >0.05 32 ± 7 32 ± 5 32 ± 7 >0.05  

a Data are mean ± standard deviation. 
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satisfied the diagnostic requirements [17,18]. No significant differences were observed in SNR and CNR among the three groups. 
However, placing ROIs in the ascending aorta significantly affected the display of venous structure. 

It is widely known that bolus tracking technology required an additional delay after the ROI has reached the trigger threshold 
before the scan can begin [1–4]. The additional lag time depends on the device’s parameter settings and the speed at which the 
scanning bed is moved. Previous studies have reported an additional delay ranging from 2 to 8 s [19–22]. This is a crucial factor for 
venous structure imaging [23,24]. It is still a challenge to obtain an optimal scan timing. 

When the bolus tracking technique was used for cervicocerebral CTA in clinical practice, we observed variations in ROI placement 
[12–14]. ROI sites placed in the ascending aorta, the aortic arch and the descending aorta are all used. The ACR guideline also rec
ommended monitoring aorta as the vessel of interest [15]. From an anatomical and blood circulation perspective, the ascending aorta 
is enhanced before the other two monitoring levels. When a uniform trigger threshold is set, the ascending aorta may initiate the scan 
earlier than the other two monitoring levels, potentially leading to a shorter additional delay time. This has the potential to reduce 
likelihood of venous structure imaging. The significance of interpreting venous structure on CTA has not been clarified. However, the 
recent ACR guideline shows that evaluation of images for venous pathology is also necessary, even although venous structures are 
adequately opacified on CTA images [15]. Our data suggested that the ROI should be placed in the descending aorta, taking into 
consideration to both arterial and venous structures. If the arteries have priority, the ROI should be placed in the ascending aorta. 
Monitoring the descending aorta is also robust because it is situated away from the superior vena cava and experience minimal 
movement caused by the heart beat. The risk of sclerotic bundle artifacts from the superior vena cava and arterial displacement due to 
cardiac pulsation is very low. Our study showed that those artifacts only slightly increased the CT values of the ascending aorta. 

Fig. 4. Computed tomography agiography images in descending aorta group (A), aortic arch group (B) and ascending aorta group (C), respectively. 
A: A 67-year-old woman, maximum intensity projection (MIP), volume rendering (VR) and sagittal VR both showed venous noise. B: A 46-year-old 
woman, MIP, VR and sagittal VR showed moderate venous noise. C: A 69-year-old man, no obvious venous noise was observed. 
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Although the CT value has increased, it has still not reached the threshold. Our data showed that there were no false triggers in the 
ascending aorta group. The risk of false trigger was very low even though the ROI was placed in the ascending aorta. Huang et al. [25] 
showed that the placement of in the descending aorta reduces the chance of suboptimal intracranial CTA. However, no significant 
differences were found in our analysis. Scanning was triggered without delay when the CT attenuation measurement of the ROIs 
reached 60 Hounsfield Unit (HU) above baseline measurement in Huang’s study. Our study selected a higher threshold and 2.2 s delay 
time. Another reason is for the venous streak or beam hardening artifacts which will caused false trigger. False trigger would cause 
poor image quality. 

Monitoring images from both the ascending and descending aorta groups were retrospectively analyzed in our study. The ascending 
aorta firstly reached the trigger threshold was observed in 73% cases in the descending aorta group. For those cases the scan time may 

Fig. 5. Subjective evaluation of images quality. The images were divided into four grades.  

Fig. 6. Retrospective analysis of monitoring images in a 74-year-old women underwent single energy scan. (A) The monitoring of tracheal 
bifurcation levels at the 8 s after the contrast injection. The ascending aortic region of interest (ROI) had a background computed tomography (CT) 
value of 34.8 hounsfield unit (HU) and the descending aortic ROI had a background CT value of 34.9 HU; (B–C) The contrast agent circulated from 
the superior vena cava to the pulmonary artery; (D) The CT values in ascending aortic ROI was 195.1 HU, which firstly reached the trigger threshold 
(CT value > 100), while the CT values in descending aortic ROI was 91.5 HU, which did not reached the trigger threshold. (E) The CT values 
ascending aortic ROI was 272.2 HU and was 188.1 HU in the descending aortic ROI after a 2 s blood circulation (monitoring sequence with a 1 s 
exposure time and 1 s interval every 2 s). If monitoring ROI was placed in the ascending aorta, the scan could been triggered 2 s earlier. 
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be delayed, which could result in additional venous structure imaging. The image with grade 1–2 was mainly observed in such cases in 
the descending aorta group. The venous structure imaging in those cases would have been affected if ascending aorta monitoring had 
been chosen because the scan timing was 2 s earlier (monitoring sequence of scans every 2 s with 1 s exposure time and 1 s interval). In 
addition, the ascending aorta firstly reached the trigger threshold in 71% of the cases in the ascending aorta group, and the majority of 
cases had image with grade 3–4, demonstrating the loss of venous structure imaging in monitoring the ascending aorta. 

Many researchers employ low-tube voltage scanning protocols, which cause variable ROI trigger thresholds ranging from 80 to 175 
HU [18–20,26]. Lowering the tube voltage and keV energy level significantly improves the CT value of enhanced vessels [27–29], and 
the threshold can directly affect the triggering timing. Our study established an ROI trigger threshold of 100 HU for the single-energy 
mode with tube voltage of 120 kVp and an ROI trigger threshold of 100HU for the dual-energy mode [30–32]. 

The 256-row Revolution CT was used in our study, which offered two scanning mode: single energy mode and dual energy mode. 
The dual energy mode has some special role, such as virtual monoenergetic imaging (VMI) and VMI plus [33,34]. These technique are 
helpful for artifact reduction, displaying of calcified plaques (32), and salvaging examinations with poor contrast attenuation [35]. 
Dual energy mode was also used for some patients with dentures because metal artifact reduction can be performed in this mode. 
However, we did not extensively compare the intracranial image quality between single energy mode and dual energy mode because 
our study focused on the effects of ROI positions on image quality. Our results indicated that the venous structure imaging was poor, 
while the arterial vessels imaging was similar when ROI was placed in ascending aorta compared to when ROI was placed in the 
descending aorta both in single energy mode and dual energy mode. 

The limitations of our study must be acknowledged. Firstly, the diagnostic performance of the three approaches was not evaluated, 
and the CT values are not always representative of diagnostic performance. Second, we used a high-end CT with a detector width of 16 
cm. Whether our approaches can be applied to other CT scanners needs to be confirmed. Third, the ASiR-V iterative reconstruction 
software chose a grade of 70% and no other grades were attempted, which may affect image quality, as well as SNR and CNR values. 
Fourth, only subjects weighing less than 100 kg were included in this study, and the contrast injection protocol should be adjusted for 
subjects >100 kg. 

In conclusion, the positioning of ROI for cervicocerebral CTA did not affect the arterial image quality. However, venous structures 
imaging was affected when the ROI was placed in the ascending aorta using bolus tracking technology. Monitoring the ascending aorta 
during cervicocerebral CTA reduces imaging ability of intracranial venous structure. 
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