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Introduction: The traditional injection method of contrast media (CM) has limitations in terms of volume and imaging quality. 
Choosing the optimal CM injection method is crucial for ensuring high-quality images and accurate diagnosis in triple-rule-out 
computed tomography angiography (TRO-CTA). This study aims to investigate the application value of combining region of interest 
(ROI) with CM injection method alterations in TRO-CTA.
Methods: A total of 596 patients with chest pain, chest tightness, and dyspnea as the primary clinical symptoms, underwent TRO- 
CTA examinations based on their clinical symptoms and test indicators. These patients were randomly assigned to one of three groups: 
the traditional group, the modified group, and the high-pitch helical scan (FLASH) group. Key parameters, including computed 
tomography (CT) values, vascular filling contrast numbers, image noise, signal-to-noise ratio, contrast noise ratio, image scores, CM 
volume, CM injection rate, radiation dose of the aorta, pulmonary artery, and coronary artery, were systematically compared across the 
three groups.
Results: The CM volume and radiation doses were significantly higher in the traditional group compared to the other groups (P < 0.05). CT 
values for the aorta and coronary artery in the traditional group were higher than those in the modified and FLASH group, while CT values for 
the pulmonary artery were lower in the traditional group compared to the modified and FLASH groups (ALL P-value for traditional group 
versus FLASH group, P-value for modified group versus traditional group < 0.05, P-value for modified group versus FLASH group > 0.05).
Conclusion: The combination of the modified CM injection method and FLASH scanning mode reduces the required CM volume by 
nearly 30 mL and significantly decreases radiation dose exposure during the examination. This approach shows valuable potential for 
improving both the safety and effectiveness of TRO-CTA, with significant implications for clinical practice.
Keywords: triple-rule-out computed tomography angiography, chest pain, contrast injection methods

Introduction
With the continuous improvement of living standards, increased oil intake, and mounting life pressures, the age of 
patients with chest pain induced by smoking, drinking, staying up late, and sedentary habits has significantly decreased.1 

Acute chest pain is one of the most common emergency symptoms, accounting for 5–20%2 of total emergency patient 
cases. It is characterized by sudden onset and high risk, necessitating early diagnosis and treatment to reduce mortality. 
Clinically, pulmonary embolism (PE), characterized by chest pain, chest tightness, and dyspnea, is often accompanied by 
aortic dissection (AD) and acute coronary syndrome (ACS), collectively referred to as triple-rule-out (TRO).3–5
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Numerous studies on TRO-computed tomography angiography (CTA) examinations, such as advancements in 
computed tomography (CT) scanning parameters and image post-processing techniques, have substantially improved 
TRO diagnosis rates.6 Dual-source CT, with its advantages of a large scanning range, rapid scanning speed, high 
temporal and spatial resolution, and low radiation doses, making it highly suitable for emergency chest pain patients 
undergoing triple-rule-out computed tomography angiography (TRO-CTA) examinations.7 However, r, despite its 
benefits, traditional contrast media (CM) injection methods, such as bolus injection, suffer from drawbacks, including 
high volumes and suboptimal image quality, which can impact diagnostic performance.8

The selection of an appropriate CM injection method is pivotal in ensuring optimal image quality and diagnostic 
accuracy in CTA.9 Various CM injection methods are available, such as bolus injection and continuous infusion, each 
offering distinct advantages and limitations.10,11 Bolus injections, for example, are commonly used for dynamic imaging 
and rapid contrast enhancement, but can result in uneven enhancement or artifacts if not timed precisely. Continuous 
infusion, on the other hand, allows for more consistent contrast levels but may not be ideal for all clinical scenarios.

Given the evolving landscape of medical imaging technology, it is essential to evaluate and compare various injection 
techniques to identify the most effective approach for enhancing image acquisition and interpretation. The method of injection 
has a direct impact on factors such as contrast enhancement, spatial resolution, and the ability to visualize dynamic vascular 
perfusion, all of which are crucial for accurate diagnosis. Additionally, the choice of scanning mode—whether single-phase or 
multiphase—can influence the visualization of vascular structures, further affecting diagnostic outcomes.12,13

Therefore, this study aims to provide valuable insights into the most effective CM strategies for TRO-CTA, ultimately 
enhancing patient outcomes in emergency clinical settings. This study compares two different CM injection methods and 
two distinct scanning modes in the context of TRO-CTA. By analyzing data differences in these examinations, the study 
explores the clinical feasibility of a modified CM injection approach. Unlike existing literature, this study specifically 
focuses on directly comparing these two CM injection methods for TRO-CTA, particularly in patients presenting with 
acute chest pain.

Methods
Study Date
Data were collected from the Chest Pain Center of Lianyungang First People’s Hospital between December 2020 and 
December 2022. A total of 648 patients with chest pain, chest tightness, and dyspnea as their primary clinical 
manifestations and corresponding lab test indicators highly suggestive of TRO chest pain underwent TRO-CTA 
examination. Inclusion criteria were: (1) acute chest pain patients with high clinical suspicion of ACS, PE, and/or AD, 
who could undergo TRO-CTA examination in a relatively stationary state, characterized by minimal movement or 
shifting in relation to the examination table as a frame of reference; (2) patients aged 18 years and older. Exclusion 
criteria included: (1) patients with severe internal diseases, such as poor heart, liver, and kidney function (serum 
creatinine > 177 μmol/L) or malignant tumors; (2) patients with a history of iodine allergy; (3) patients with severe 
coronary artery calcification (calcium score > 400) or metal stent or cardiac pacemaker implantation; (4) body mass index 
(BMI) < 17 kg/m2 or BMI > 24 kg/m2; (5) inability to undergo X-ray exposure (eg, pregnancy or preparation for 
pregnancy); (6) vascular variation or hemodynamic changes due to disease detected during the examination; (7) presence 
of arrhythmia or inability to cooperate with breathing training. According to the inclusion criteria, eight patients with 
severe coronary artery calcification or coronary stent implantation, two patients with cardiac pacemaker implantation, 20 
patients unable to cooperate with breathing due to chest pain, 10 patients with arrhythmia or premature beat, and 12 
patients with a vascular variation or hemodynamic changes due to disease were excluded. Finally, 596 patients were 
enrolled, including 380 males (64%) and 216 females (36%), ranging in age from 30 to 94 years. Patients were divided 
into traditional, modified, and high-pitch helical scan (FLASH) groups based on different CM injection methods and 
scanning methods. The traditional and modified groups used retrospective electrocardiogram (ECG) gated scanning 
mode, with the traditional and modified CM injection protocols employed in the traditional and modified groups, 
respectively. The modified CM injection protocol was applied in both the modified and FLASH groups, but retrospective 
electrocardiogram-gated spiral scan and FLASH scan modes were utilized, respectively. The traditional group comprised 
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200 patients, the modified group 192 patients, and the FLASH group 204 patients. The flowchart of the enrollment 
process in this study is shown in Figure 1. All patients in the three groups were examined by the same radiographer and 
provided informed consent before the examination. This study received approval from the Ethics Committee of 
Lianyungang First People’s Hospital.

Pre-Scan Preparation
All three groups underwent TRO-CTA examination using a SOMATOM Definition Flash second-generation dual-source 
CT scanner manufactured by Siemens. Patients were positioned supine on the examination table with their feet towards 
the CT scanner and their arms raised to the sides of their head. If the patient’s heart rate was below 85 beats/min, no 
medication was required; if the heart rate was between 85 and 100 beats/min, metoprolol tartrate tablets (25 mg) were 
administered; if the heart rate exceeded 100 beats/min, the dose was increased to 50 mg. TRO-CTA examination could 
not be performed until the heart rate was below 85 beats/min. One nitroglycerin tablet (0.5 mg) or two sprays of 
nitroglycerin spray (0.4 mg/spray) will be administered sublingually one minute before scanning. The heart rate was 
monitored using a Siemens electrocardiogram, and a 20G Y-type venous catheter was inserted into the median cubital 
vein by a nurse to establish venous access. CM injection was performed using a high-pressure syringe from Irich Medical 
and iopamidol injection (Euvexin, iodine concentration of 370 mgI/mL, 100 mL/bottle) produced by Bayer Schering 
Pharma AG of Germany. The CM injection scheme is presented in Table 1.

Setting of Scanning Parameters
The scanning range extended from 2 centimeter (cm) below the bronchial bifurcation prominences to 2 cm below the 
diaphragm for the coronary arteries, encompassing both sides of the heart border shadow.14 The pulmonary arteries and 
aorta spanned from 1 cm above the aortic arch to approximately 2 cm below the diaphragm. The scanning conditions 
included a tube voltage of 120 kV, tube current automatically modulated (600–1200 mA), and an X-ray tube rotation speed 
of 0.28 s/rotation. Monitoring points were set in the ascending aorta, the main pulmonary artery, and the main pulmonary 
artery for the traditional, modified, and FLASH groups, respectively, using automatic monitoring-triggered enhanced 
scanning. CT values at the monitoring points were assessed every second, starting 6 seconds after CM injection. When CT 
values at the monitoring points reached 100 hU, delay scanning times of 6 seconds, 8 seconds, and 9 seconds were set for the 
traditional, modified, and FLASH groups, respectively. Patients were instructed to hold their breath before scanning 

A total of 648 patients who underwent triple-rule-out CT angiography for chest pain were randomly selected from 
2020.12-2022.12

52 patients were excluded:
1. patients with severe coronary artery calcification or coronary stent placement (n=8)
2. Patients with cardiac pacemaker implantation (n=2)
3. Patients unable to cooperate with breathing due to chest pain (N=20)
4. Patients of arrhythmia or premature beats (n=10)
5. Patients presented vascular variations or hemodynamic changes (n=12)

200 patients in the 
traditional group

192 patients in the 
modified group

204 patients in the 
FLASH group

596 patients were 
randomly assigned

Figure 1 The flowchart of the enrollment process in this study.
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commenced. The CM dosages for the three groups were calculated separately. The scanning direction was set from head to 
foot. In the retrospective ECG-triggered spiral CT scanning mode, the tube rotation speed was 0.27 seconds, the pitch was 
0.2–0.35, the reconstructed slice thickness was 0.625 mm, and the scanning interval was 0.625 mm.15 In the FLASH 
scanning mode, spiral scanning was performed with a large pitch of 3.4, a reconstructed slice thickness of 0.75 mm, and 
a layer spacing of 0.5 mm. In the reconstructed field of view (FOV), the typical FOV size for the pulmonary artery and aorta 
was 400–450 mm, and for the cardiac coronary artery, 250–300 mm. The FOV size was adjusted according to the patient’s 
chest and heart dimensions, and the region of interest was placed at the center of the reconstruction with a smaller FOV, 
ensuring maximized image spatial resolution improvement in the 512×512 matrix image.

Image Quality Analysis
All scan data were uploaded to the Picture Archiving and Communication System (PACS) and the Siemens dual-source 
workstation using the maximum intensity projection (MIP), multiple planar reconstruction (MPR), curved planar 
reconstruction (CPR), and volume rendering (VR) for reconstructing coronary arteries, pulmonary arteries, and the aorta.

Image quality analysis and blind assessment were conducted by three associate chief physicians specialized in chest 
imaging diagnosis using a 5-point scale. The coronary arteries were divided into 10 segments for observation according 
to the “American Heart Association Coronary Artery Improvement Segmental Method”.16 The aorta was divided into the 
ascending aorta, aortic arch, and descending aorta for observation, following the DeBakey classification of aortic 
dissection.17 The pulmonary artery was divided into 27 segments, considering the central and peripheral pulmonary 
arteries. The maximum region of interest (ROI) was selected to measure and calculate the CT values, image noise, signal- 
to-noise ratio (SNR), and contrast noise ratio (CNR) for the aortic root, main pulmonary artery, left pulmonary trunk, 
right pulmonary artery trunk, right coronary artery, left coronary artery trunk, anterior descending branch, and circumflex 
branch in patients from the three groups, while avoiding vascular wall calcification and image artifacts.

The standard deviation (SD) of CT measurements for target blood vessels at the detection level was interpreted as 
representing image noise, while concurrently measuring both the CT values and SD of back muscles at the same 
detection level. The corresponding SNR and CNR were calculated according to SNR = CT value/SD and CNR = 
(vascular CT value - muscle CT value)/muscle CT value. In cases of inconsistent results, the three associate chief 
physicians resolved the discrepancies through discussion and reached a unified diagnostic standard.

Three associate chief physicians specializing in thoracic imaging conducted image quality assessment using a 5-point 
scale.18 Image quality criteria were as follows: 5 points: Images displayed continuous main vessel lumens of the 
pulmonary artery, aorta, and coronary artery, with clear vessel walls and good contrast with surrounding tissues, free 
of motion artifacts. 4 points: Images displayed continuous main vessel lumens of the pulmonary artery, aorta, and 
coronary artery, with slightly blurred vessel wall boundaries but better contrast with surrounding tissues, accompanied by 
minor motion artifacts not affecting image reconstruction. 3 points: Images displayed continuous main vessel lumens of 
the pulmonary artery, aorta, and coronary artery, with segmental fuzzy vessel wall boundaries, obvious motion artifacts, 
and poor contrast with surrounding tissues. However, careful identification did not affect image diagnosis. 2 points: 
Images displayed discontinuous lumens in some vessels of the pulmonary artery, aorta, and coronary artery, with blurred 

Table 1 Contrast Injection Scheme

Traditional Group FLASH Group Modified Group

CM injection location Median cubital vein Median cubital vein Median cubital vein

Threshold monitoring location Ascending aorta Main pulmonary artery Main pulmonary artery

Enhancement threshold 100HU 100HU 100HU

CM injection for the first stage 0.9% NaCl 21 mL, rate 4.0~4.5 mL/s. 0.9% NaCl 21 mL, rate 5.0~5.5 mL/s. 0.9% NaCl 21 mL, rate 5.0~5.5 mL/s.

CM injection for the second 
stage

iopromide iopromide iopromide

1.5 mL/kg (85~100 mL), rate 
4.0~4.5 mL/s.

0.8 mL/kg (60~70 mL), rate 
5.0~5.5 mL/s.

0.8 mL/kg (60~70 mL), rate 
5.0~5.5 mL/s.

CM injection for the third 
stage

0.9% NaCl 30 mL, Rate 4.0~4.5 mL/s. 0.9% NaCl 50 mL, Rate 5.0~5.5 mL/s. 0.9% NaCl 50 mL, Rate 5.0~5.5 mL/s.
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vessel walls, poor contrast with surrounding tissues, obvious motion artifacts, step artifacts, and difficult diagnosis. 1 
point: Images displayed dislocated and discontinuous main vessel lumens of the pulmonary artery, aorta, and coronary 
artery, with unclear vascular walls and indistinguishable from surrounding tissues, exhibiting severe motion artifacts that 
could not be identified and diagnosed. An image score of ≥ 3 was considered to meet image diagnostic criteria.19

The effective dose (ED) was calculated using the formula: ED = k* dose length product (DLP) (mSv/(mGy·cm)), 
where k = 0.014 is the chest conversion factor,20 and DLP is the Dose Length Product, which can be read directly from 
the machine’s scanning sequence.

Statistical Analysis
Data from the modified, traditional, and FLASH groups were analyzed using SPSS 23.0 software. Measurement data 
with normal distribution were expressed as mean ± SD, while non-normally distributed data were presented as 
nonparametric variables, using median and interquartile range. Counting data were described as frequencies or percen
tages. The chi-square test was used for pairwise comparisons between groups, while Fisher’s exact probability method 
was employed in cases where the sample sizes were small or when expected cell frequencies were low. A P-value < 0.05 
was considered statistically significant.

Result
Comparative Analysis of Clinical Data and Examination Parameters
No significant statistical differences were observed among the three groups in terms of age, BMI, heart rate, and other 
clinical basic data (all P > 0.05). However, there were statistical differences among the groups regarding examination 
parameters such as contrast dosage, flow rate, and radiation dose (all P < 0.05), as shown in Figure 2A–G.

Objective Evaluation of Patient Images
Statistically significant differences were found in the CT values of the aorta, main pulmonary artery, right pulmonary 
artery, left pulmonary artery, right coronary artery, anterior descending branch, and circumflex branch (P < 0.05). The CT 
values of ascending thoracic aorta (AA), right pulmonary artery (RCA), left main coronary artery (LM), left anterior 
descending (LAD), and left circumflex artery (LCX) in the traditional group were higher than those in the modified group 
and FLASH group. The CT values of AA, RCA, LM, LAD, and LCX in the FLASH group were significantly higher than 
those in the modified group, with a statistically significant difference (P-value for modified group versus traditional group 
(P_mo-tr) < 0.05, P-value for modified group versus FLASH group (P_mo-F) < 0.05, P-value for traditional group versus 
FLASH group (P_tr-F) < 0.05). The CT values of left pulmonary artery (LPA), right pulmonary artery (RPA) and 
pulmonary artery root in the modified group and FLASH group were significantly higher than those in the traditional 
group, with a statistically significant difference (P_mo-tr = P_tr-F = 0.000 < 0.05). The CT values of the pulmonary 
trunk, RPA, and LPA between the modified group and FLASH group were statistically significant (P_mo-F < 0.05, 
P_mo-tr < 0.05), as shown in Figure 3A–H. No statistical significance was observed in image noise, CNR, and SNR 
among the three groups (P > 0.05), as shown in Figures 4A–H, 5A–H and 6A–H.

Subjective Evaluation of Patient Images
The theoretical number of coronary segments in the traditional, modified, and FLASH groups was 2000, 1920, and 2040, 
respectively, while the actual number of visible coronary segments was 1894, 1650, and 1876, respectively. The 
theoretical number of pulmonary artery segments in the three groups was 5400, 5184, and 5508, respectively, while 
the actual number of visible artery segments was 4918, 4136, and 4244, respectively. The theoretical number of aortic 
artery segments in the three groups was 600, 576, and 612, respectively, while the actual number of visible artery 
segments was 576, 504, and 588, as shown in Figure 7A–I.

The images of the three groups were evaluated using the five-point method. The scores of AA, RCA, LM, LAD, and 
LCX in the traditional group were higher than those in the modified group and FLASH group, with a statistically 
significant difference (all P < 0.05). However, no significant difference was found in AA, RCA, LM, LAD, and LCX 
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scores between the modified and FLASH groups (all P > 0.05). The scores of the pulmonary trunk, RPA, and LPA in the 
modified and FLASH groups were higher than those in the traditional group, with a statistically significant difference (all 
P < 0.05). No significant difference was observed in pulmonary trunk, RPA, and LPA scores between the modified group 
and FLASH group (all P > 0.05).

The total scores for the traditional, modified, and FLASH groups were 4.31 ± 0.22, 4.68 ± 1.77, and 4.68 ± 1.76, 
respectively. The total score of the traditional group was significantly higher than that of the modified group and the 
FLASH group (P_mo-tr = 0.000 < 0.05 < 0.01). However, there was no statistical significance in the total score between 
the modified group and the FLASH group (P_mo-F = 0.876 > 0.05), as shown in Figure 8A–H.

Although the CT values of the aorta in the modified group and FLASH group were lower than those in the traditional 
group, both groups could accurately identify the disease and met the imaging diagnostic criteria. The CT values of the 
pulmonary artery in the modified group and FLASH group were significantly higher than those in the traditional group. 
While the results of the two groups met the imaging diagnostic criteria, the modified group could significantly improve 

Figure 2 Patient clinical data and CM injection information. (A–G) Shows the comparison of age, body mass index (BMI), contrast media (CM) volume, CM flow rate, heart 
rate, dose length product (DLP), effective dose (ED) and other parameters of patients across the three groups, respectively.
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the diagnosis rate of Grade 3–4 pulmonary artery minor branch embolism. The residual amount of contrast in the superior 
vena cava in the FLASH group was significantly lower than that in the traditional group and the modified group, which 
greatly reduced the X-ray hardening artifacts caused by the residual CM in the superior vena cava and improved the 
image quality (as shown in Figure 9A–I).

The stenosis rate of the LAD in the traditional group was as high as 90% (at the red solid arrow), while the stenosis 
rate of the LAD in the FLASH group was 40% (at the red hollow arrow) with calcification of the vascular wall near the 
LAD. Although the coronary CT values of the modified group and the FLASH group were lower than those of the 
traditional group, the images of the three patients all met the diagnostic criteria. The number of coronary artery segments 
visible and image quality evaluation were essentially the same (as shown in Figure 9B, C, E, F, H and I).

Figure 3 Comparison of CT values in the three groups. (A–H) Shows the comparison CT values of aorta ascendens, right pulmonary artery (RCA), left main coronary 
artery (LM), left anterior descending (LAD), left circumflex artery (LCX), left pulmonary artery (LPA), right pulmonary artery (RPA) and pulmonary artery root across the 
three groups.
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Discussion
In this study, we comprehensively compared the individualized application effects of various injection methods of CM, 
ROI monitoring sites, distinct scanning modes, and varying flow rates and volumes of CM in TRO-CTA imaging among 
the traditional, modified, and FLASH groups. It is evident from the examination results that the reconstructed images 
satisfy clinical diagnostic requirements, given that the examination machine, scanning parameters, CM type, and post- 
recombination processing software are constant.

The scanning method involved monitoring the CT value at the root of the ascending aorta; when it reached 100 hU, the 
scan was automatically triggered with a 6-second delay. However, this method exhibited limitations, such as insufficient CM 
filling in the vessel and a low CT value of 250 to 300 hU. The injection time of CM in the modified and FLASH groups was 
12–14 seconds, while the injection time of normal saline was 10 seconds. The scanning method involved monitoring the CT 
value in the pulmonary artery root. Upon reaching a CT value of 100 hU at the monitoring points the scanning time for the 

Figure 4 Comparison of image noise in the three groups. (A–H) Shows the comparison of image noise levels in aorta ascendens, main pulmonary artery, right pulmonary 
artery (RPA), left pulmonary artery (LPA), right pulmonary artery (RCA), left main coronary artery (LM), left anterior descending (LAD) and left circumflex artery (LCX) 
across the three groups.
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modified and FLASH groups was 6–8 seconds earlier than that of the traditional group. This led to a superior filling effect of 
CM in the distal branch of the pulmonary artery compared to the traditional method, effectively displaying the grade 3–4 small 
branches of the pulmonary artery and enabling diagnosticians to detect small pulmonary embolisms easily. The CT value of 
the pulmonary artery ranged from approximately 350 hU to 480 hU. By increasing the injection rate of CM, the time difference 
between the peak CT values of CM in the pulmonary artery and the aorta was shortened. Despite the aorta and coronary artery 
being in the early arterial phase, CT values of approximately 300–400 hU still met the imaging diagnostic criteria. In 
the second stage, the CM volume was 0.8 mL/kg for both the modified and FLASH groups and 1.1 mL/kg for the traditional 
group. In the third stage, the 0.9% NaCl volume was 50 mL for both the modified and FLASH groups and 30 mL for the 
traditional group. Consequently, the total amount of fluid administered to the patients was similar across groups. However, the 
volume of CM in the modified group and FLASH group was 60 ~ 70 mL, which was nearly 30 mL less than that of the 
traditional method using 85 ~ 100 mL.

Figure 5 Comparison of CNR in the three groups. (A–H) Shows the comparison of contrast noise ratio (CNR) in aorta ascendens, right pulmonary artery (RCA), left main 
coronary artery (LM), left anterior descending (LAD) and left circumflex artery (LCX), left pulmonary artery (LPA), right pulmonary artery (RPA) and pulmonary artery root 
across the three groups.
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The results demonstrated that the volume of CM in the traditional group was larger than that in the modified and 
FLASH groups, and its flow rate was slightly slower. CT values of the coronary artery, aorta, and its branches in the 
traditional group were significantly higher than those in the modified and FLASH groups, while CT values of the 
pulmonary artery and its branches were significantly lower. Notably, the CT values of all three component images met 
the diagnostic criteria (aortic and coronary CT values ≥ 300 hU, pulmonary artery CT values ≥ 250 HU).21–24 

Additionally, the volume of CM in the modified and FLASH groups was reduced by nearly 30 mL compared to the 
traditional group. The radiation dose generated by the FLASH scanning mode in the FLASH group was significantly 
lower than that produced by the retrospective electrocardiogram-gated spiral scanning mode in the traditional and 
modified groups. There were no significant differences in the number of vascular development segments, image noise, 
SNR, and CNR among the three groups in TRO-CTA imaging. The total scores of the traditional, modified, and FLASH 
groups were 4.31 ± 0.22, 4.68 ± 1.77, and 4.68 ± 1.76, respectively, satisfying the basic requirements for image diagnosis 

Figure 6 Comparison of SNR in the three groups. (A–H) Shows the comparison of signal-to-noise ratio (SNR) in aorta ascendens, right pulmonary artery (RCA), left main 
coronary artery (LM), left anterior descending (LAD) and left circumflex artery (LCX), left pulmonary artery (LPA), right pulmonary artery (RPA) and pulmonary artery root 
across the three groups.
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(score ≥ 3).19 In conclusion, combining the CM injection method with the ROI monitoring point location can 
significantly reduce the CM volume while lowering the risk of toxic and side effects, all while ensuring that image 
quality meets diagnostic standards. The retrospective electrocardiogram-gated spiral scanning mode, which employs 
image data from 4 to 6 cardiac cycles, has a longer examination time and higher radiation dose, which can result in 
staggered artifacts due to patients’ inability to hold their breath and make vascular reconstruction impossible. In contrast, 
the second-generation dual-source CT’s FLASH scanning mode utilizes a 3.4 large-pitch scanning approach, shortening 
the examination time to 0.28 seconds.25 While the FLASH scanning mode with the modified CM injection method only 
collects image data from patients within a relatively fixed cardiac cycle and cannot be retrospectively reconstructed, it 
greatly improves the success rate of data acquisition for 4 to 6 cardiac cycles when compared to the retrospective 
electrocardiogram-gated spiral scan mode. This improvement, along with the further reduction of CM volume and 
radiation dose, plays a pivotal role in the development of TRO-CTA “double low scan”.26

Figure 7 Comparison of the number of target vessel development segments in the three groups. (A–I) Shows presents the comparison of the number of target vessel 
development segments in the total coronary artery count, as well as in the right pulmonary artery (RCA), left main coronary artery (LM), left anterior descending artery 
(LAD), left circumflex artery (LCX), left pulmonary artery (LPA), right pulmonary artery (RPA), total pulmonary artery count, and aorta ascendens across the three groups.
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More and more studies explored methods to improve the quality of chest CT scan images. Pritpal Singh et al 
published two papers proposing advanced methods for the early detection and segmentation of COVID-19 using chest 
CT scan images. One presented the FFQOAK method, which combined K-means clustering (KMC) and a fast forward 
quantum optimization algorithm (FFQOA) for accurate segmentation. It achieved high performance in detecting infected 
regions, outperforming existing methods in terms of mean squared error, peak signal-to-noise ratio, Jaccard similarity, 
and correlation coefficient.27 The other paper introduced the ADMFCA algorithm, based on ambiguous set theory, to 
improve clustering of noisy and low-resolution CT images. By categorizing pixel values as true, false, or ambiguous, it 
enhanced clustering accuracy. Tested on 40 CT scan images, ADMFCA outperformed five other clustering methods, 
demonstrating its effectiveness for early COVID-19 detection. Both studies emphasized the role of innovative algorithms 
in enhancing the precision of medical image analysis for COVID-19 diagnosis.28

Different rates of CM injection were employed in the traditional, modified, and FLASH groups, which also influenced 
the pain at the injection site and the probability of CM extravasation. In this study, CM was injected at 4.0–4.5 mL/s and 
5.0–5.5 mL/s, respectively. No significant differences were observed in patients’ perceptions of pressure and pain at the 
injection site, and no CM extravasation occurred in any of the three groups after CM injection, suggesting that the 

Figure 8 Comparison of image scores in the three groups. (A–H) Shows the comparison of image scores in aorta ascendens, right pulmonary artery (RCA), left main 
coronary artery (LM), left anterior descending (LAD) and left circumflex artery (LCX), left pulmonary artery (LPA), right pulmonary artery (RPA) and main pulmonary 
artery across the three groups.
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modified CM injection rate did not significantly affect the patients’ sensory experience or the imaging process. After 
injecting a high concentration of CM, the patient’s blood viscosity inevitably increases, and the blood flow velocity slows 
down, which is conducive to improving image clarity.29

According to literature reports, injecting normal saline following the administration of CM can push the remaining 
CM in the duct and peripheral vein into the great vessels, thereby reducing the radial artifact caused by the remaining 
large amount of CM in the superior vena cava and more effectively utilizing the CM for great vessel imaging.30 

Consequently, the third phase of saline injection is crucial. Moreover, Cademartiri31 conducted two experimental groups: 
the first group injected 140 mL of CM at a rate of 4 mL/s, and the second group injected 140 mL of CM at a rate of 4 mL/ 
s, followed by 40 mL of normal saline at the same rate. Both groups used the same CM, injection rate, and total fluid 
injection volume. Ultimately, the pulmonary artery, coronary artery, and aorta met the diagnostic requirements in both 
groups; however, the first group exhibited radial artifacts due to the large amount of remaining CM in the superior vena 
cava, which severely interfered with coronary artery imaging. Furthermore, no significant difference was observed in the 

Figure 9 A 48-year-old man in the traditional group presenting with an aortic aneurysm combined with an aortic dissection (solid red arrow), as depicted in panels (A, 
D and G). A 54-year-old male in the modified group exhibiting aortic dissection (solid white arrow), as illustrated in panels (B, E and H). A 49-year-old male in the FLASH 
group displaying multiple calcifications of the aortic wall (red hollow arrow), as shown in panels (C, F and I).
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CM content in the coronary arteries and aorta between the two groups. In the second group, the injection of normal saline 
effectively extended the CM in the tube, thereby reducing the volume of CM, minimizing the risk of renal dysfunction 
and other reactions induced by CM, and alleviating some financial burden for patients. Thus, the Phase III injection 
regimen in this study holds substantial clinical value.

In the modified and FLASH groups, residual CM was fully injected into the vein using 0.9% NaCl 50 mL in the third 
stage, effectively reducing hardening artifacts caused by residual excess CM in the superior vena cava while achieving 
optimal filling of the pulmonary artery. Additionally, kidney toxicity and other allergic reactions associated with CM 
were significantly reduced. The toxic and side effects of CM have been linked to allergic predispositions, serious 
cardiovascular diseases, liver and kidney diseases, respiratory diseases, long-term use of beta-blockers, calcium antago
nists, metformin, and iodine allergies, among other factors.

A small amount of CM was employed to clearly display the coronary artery, pulmonary artery, and aorta, ensuring the 
results met diagnostic imaging requirements. This facilitated the detection of significant lesions in the coronary arteries, 
aorta, and pulmonary arteries of patients with acute chest pain, substantially reducing patient mortality.32 The positive 
rates of coronary artery, aorta, and pulmonary artery lesions were 52%, 48%, and 46% in the traditional, modified, and 
FLASH groups, respectively. Nearly half of the chest pain cases are caused by acute pneumonia, acute pleurisy, 
pneumothorax, pleural effusion, costochondritis, digestive tract ulcers, acute pancreatitis, reflux esophagitis, acute 
pulmonary edema, diffuse pulmonary hemorrhage, acute infectious bronchitis, allergic bronchiolitis, and acute pericar
ditis. The positive rate of patients in the three groups was nearly identical, and the CT values and scores of target vessels 
after recombination aligned with imaging diagnostic criteria, not affecting disease diagnosis. No significant adverse 
reactions to CM were observed in any of the three groups in this study. The aforementioned research results demonstrate 
that in TRO-CTA imaging, there are no significant differences in imaging effects and CM safety between the traditional, 
modified, and FLASH groups. The FLASH group utilizes the original FLASH prospective gated large-pitch spiral 
scanning mode of the second-generation dual-source CT, completing the entire scan in less than one second.33 This 
“freezing technology” substantially shortens scanning time, significantly reduces CM volume and radiation dose, and 
lays the foundation for the realization of the “double low scanning” technology in TRO-CTA.

Numerous studies in the literature have investigated CM injection methods in TRO-CTA examinations, with all of them 
placing the monitoring point in the aorta and automatically delaying scanning by 5–6 seconds once the CT value of the 
monitoring point reaches 100HU. Otherwise, the pulmonary artery’s imaging quality cannot be guaranteed. In this study, by 
increasing the CM injection rate and rapidly injecting it into the aorta and coronary artery while the pulmonary artery is well- 
filled, early arterial images are captured. This approach allows for the use of a smaller CM amount in a shorter time, resulting 
in excellent pulmonary artery visualization while still meeting the diagnostic requirements for the aorta and coronary artery.

Limitations of this study include the small sample size of TRO-CTA examinations in the three groups, necessitating 
further verification with a larger sample size. Patients’ image quality may vary due to differences in age, gender, 
cardiovascular circulation function, respiration, heart rate, and other factors. The study focuses on the Siemens dual- 
source second-generation spiral CT, and the CM injection method may not be suitable for all CT models. Patients with 
arrhythmia and those unable to cooperate with breathing training were not included in the study, limiting patient selection. 
Additionally, it’s worth further exploring how to match these different contrast injection and imaging methods to chest pain 
patients with various clinical scenarios. However, due to the retrospective nature of this study and the lack of comprehen
sive data on these specific conditions in the available medical records, we were unable to conduct this match. Future studies 
should focus on developing tailored approaches for more precise diagnosis and treatment of chest pain.

Conclusions
The study found no significant differences in image noise, SNR, CNR, the number of developing segments, or image 
score among the traditional, modified, and FLASH groups. However, the modified CM injection method improved 
diagnostic image quality by reconstructing pulmonary artery, aorta, and coronary artery images that met diagnostic 
criteria, with key factors including ROI monitoring site selection and injection methods. Compared to the traditional 
group, the modified approach reduced CM volume by approximately 30 mL, leading to lower renal toxicity, fewer side 
effects, and decreased patient mortality. Additionally, the FLASH group’s scanning mode maintained image quality while 
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reducing CM volume and radiation dose. Ultimately, the modified CM injection method enhanced pulmonary imaging 
and is recommended for clinical use. This approach not only improves image quality but also has significant implications 
for patient safety, reducing both the required CM volume and the associated risks during TRO-CTA examinations.

In conclusion, adopting the modified CM injection method combined with the FLASH scanning mode provides 
a promising strategy to improve the diagnostic effectiveness and safety of TRO-CTA, offering substantial benefits to 
clinical practice.
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