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Clinical significance of prospective ECG-gated dual-source CT 
in centralvenous angiography 

INTRODUCTION 

The central vein comprises the superior vena cava 
and its main branches, including the bilateral                  
brachiocephalic vein, subclavian vein, and internal 
jugular vein (1, 2). It's the main route of blood              
following back to the heart (3, 4). Central venous (CV) 
access is an essential for maintaining hemodialysis 
patients to establish cardiopulmonary bypass (5). 
Long-term indwelling central venous catheters            
contribute to the occurrence of central venous               
stenosis (CVS), which is a prominent reason for              
lossing of dialysis vascular access (6, 7). Clinically, 
>20% of all dialysis patients require central venous 
catheters for dialysis vascular access (8). Therefore, 
the early diagnosis of central venous stenosis and 
interventions for avoiding it are crucial for                    
prolonging the life of the vascular access. 

Doppler ultrasound and angiography are essential 
imaging techniques for diagnosing CV vascular              
dysfunctions (8). However, due to gas interference, 
ultrasound can not accurately detect the central vein 
(8). Angiographyis the gold criteria for diagnosing  
vascular diseases (9), however, digital subtraction          
angiography (DSA) is an invasive test and can just 
demonstrate the vessel lumen with bloodflow and 
cannot show the spatial relationship between                
adjacent tissue structures (10). Presently, CTV of the 
central vein is mainly performed using conventional 
spiral CT scans (11). However, the beating of the heart 

and aorta generates artifacts during the imaging of 
the central vein (12). Prospective ECG-gated                       
technology is being widely used in coronary CTA  
imaging (13, 14), nevertheless, its application in central 
vein CTA is yet to be reported. 

The study first investigated the application             
significance of the prospective ECG-gated method in 
CT imaging of CV (CTV), in order to provide some 
theoretical basis for its clinical application. 

 
 

MATERIALS AND METHODS 
 

Study population 
Eighty patients who took CTV examination by  

Siemens third-generation dual-source ForceCT in 
Beijing Shijitan Hospital from June 2019 to March 
2022 were recruited. Two groups of control group 
and experimental group were constructed. Cases in 
the control group were scanned at the conventional 
helical scanning mode, while cases in the                      
experimental group were scanned at the prospective 
ECG-gated scanning mode. Patients had the below 
conditions were excluded: (1) allergy to an iodinated 
contrast agent; (2) can not cooperate with                   
breath-holding; (3) heart, liver, or renal dysfunction; 
(4) severe arrhythmia. The study was performed  
under the license of the Ethics committee of Beijing  
Shijitan Hospital (approval number: sjtkyll-lx-2019-
7) on 9th April 2019, and all patients endorsed          
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informed consent. 
 

Examination method 
A Siemens third-generation dual-source                

CTscanner (SomatomForce, Siemens Healthineers, 
Forchheim, Germany) was applied for scanning the 
patients from the mandibular angle to the                 
diaphragmatic plane. All patients underwent breath 
hold training prior to the scans. Apart from these, all 
other scanning parameters were different between 
the two groups. The control group patients were 
scanned at a helical pitch of 0.8 and a rotation speed 
of 0.5 s; whereas, the experimental group patients 
were scanned at a rotation speed of 0.25, and the  
system automatically reconstructed the optimal 
phase image. Iodoproamine (370 mgI/mL), a non-
ionic contrast agent, was given via the median cubital 
vein with a dose of 1.5 mL/kg and an injection rate of 
4.0 mL/s. The intravenous scanning was performed 
at 40-50 s after giving contrast agent. 

 
Image quality evaluation 

Thin-layer images (0.75 mm layer thickness and 
0.5 mm layer spacing) were reconstructed for all the 
patients, then Syngo VIA post-processing workstation 
(Siemens Healthineers, Forchheim, Germany) was 
applied for the image analysis. The image quality was 
analyzed by maximum intensity projection (MIP), 
multi-planner reconstruction (MPR) and volume            
reproduction. Two experienced radiologists used a 
double-blind method to evaluate the image sharpness 
of seven segments of the central veins in both groups, 
including the superior vena cava, the left and right 
brachiocephalic veins, the left and right subclavian 
veins, and the left and right jugular veins. In case of 
differences of opinion, the radiologists concluded via 
a discussion.  

Each image was scored from 0 - 5 (15). The scoring 
was as follows: 1, the lumen could not be identified 
and could not be used for diagnosis; 2, blurred               
vascular margins and obvious motion artifacts; 3, 
moderately blurred vascular margins with moderate 
motion artifacts, but it does not affect the diagnosis; 
4, slightly blurred vascular edge with mild motion 
artifacts; and 5, clear blood vessel edges without          
motion artifacts. 

 

Calculation of radiation dose 
The computed tomographic dose index (CTDIvol) 

and dose length product (DLP) were obtained              
voluntarily from CT. According to the formula ED 
(mSv) = DLP × k, the effective dose (ED) was            
calculated, and the conversion factor k was 0.017 
mSv/(mGy cm). 

 

Data analysis 
Data analysis was performed by SPSS 24.0              

software. The χ2 test or an independent sample t-test 
was employed to compare the variable differences. 

676 

P<0.05 was set as the significant standard. 
 
 

RESULTS 
 

Basic clinical data of the study population 
Each group comprised 40 patients (table 1). 28 

males and 12 females made up the control group, 
while the experimental group had 25 males and 15 
females. Data on the age, BMI, heart rate and scan 
length were also compared between the two groups, 
and no significant difference was tested between the 
two group (P>0.05). However, relative to control 
group, cases in the experimental group required a 
longer scanning duration (P<0.05). 

Comparison of the image resolution of the two 
study groups 

The image resolution of the two groups was              
compared (table 2). The non-parametric test results 
indicated that the image quality score of the superior 
vena cava, left and right brachiocephalic veins of the 
patients in the experimental group sharply increased 
relative to those in control group (P<0.05).                   
Additionally, between the two groups, the                     
experimental group showed better image quality 
scores of left and right subclavian veins, left and right 
jugular veins with no remarkable difference (P<0.05). 

Comparison of radiation dose of various study 
groups 

DLP, CTDIvol and ED values were calculated for 
evaluating the radiation dose. Notably, no remarkable 
difference was seen in the results of DLP, CTDIvol, 
and ED values between the control group and the 
experimental group (P>0.05) (table 3). This discovery 
suggested that the application of prospective ECG 
gating did not increase the radiation dose. 
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Items Control group Experimental group P value 
Sex, male/female 28/12 25/15 0.478 

Age, years 57.69 ± 9.93 61.61 ± 11.21 0.102 
BMI, kg/m2 24.56 ± 2.45 23.68 ± 1.79 0.072 
Heart rate, 
beats/min 

75.56 ± 15.47 75.88 ± 11.00 0.915 

Scan length, mm 
241.99 ± 

22.01 
240.37 ± 19.99 0.732 

scanning time, s 3.34 ± 0.33 10.22 ± 0.88 < 0.001 

Table 1. Basic clinical data of the patients. 

Note: BMI, body mass index.  

Items 
Control 
group 

Experimental 
group 

P value 

Superior vena cava 3 (3, 4) 4 (4, 4) 0.002 
Left brachiocephalic vein 4 (3, 4) 4 (4, 5) 0.005 

Right brachiocephalic vein 3 (2, 4) 4 (4, 5) < 0.001 
Left subclavian vein 4 (4, 5) 4 (4, 5) 0.785 

Right subclavian vein 4 (4, 5) 4 (4, 5) 0.090 
Left jugular vein 4 (4, 5) 4 (4, 5) 0.335 

Right jugular vein 4 (4, 5) 4 (4, 5) 0.829 

Table 2. comparison of the image quality scores of the two 
study groups. 
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DISCUSSION 
 

As an important route of blood returning to the 
heart, the patency of the central vein is very                       
important (16). CVS can lead to clinical symptoms, 
such as lateral limb swelling, venous skin ulceration 
and so on (17, 18). CVS occurs due to various reasons, 
such as long-term catheterization and local tumor 
invasion (19, 20). Since most CVS patients have other 
comorbidities and their clinical symptoms are more 
critical, it is important to detect CVS early on.  

Currently, multi-slice spiral CT angiography 
(MSCTA) has emerged as an important imaging              
examination mean for diagnosing central venous  
vascular diseases (21). During routine spiral CT              
scanning, various types of image artifacts are              
encountered (22). The most common artifacts are            
motion artifacts, including respiratory motion and 
heartbeat artifacts (23). The appearance of motion   
artifacts often blurs the image, affects the diagnosis, 
and ultimately leads to disease progression (24).             
Presently, ECG-gated technology, including                    
retrospective ECG-gated technology and prospective 
ECG-gated technology, the most effective method to 
VOID cardiac motion artifacts. These have been  
widely used in examining heart diseases, especially 
coronary artery diseases (25). The prospective                  
ECG-gated technique adopts a step scanning mode 
and synchronizes the scan with the ECG (26).                    
Retrospective ECG-gated scanning collects scanning 
data from multiple complete cardiac cycles, and             
records the patient’s ECG signal simultaneously. Next, 
it reconstructs the original data retrospectively to 
obtain the best image (27). Thus, retrospective                  
ECG-gated scanning can substantially increase the 
radiation dose when the whole process is scanned 
while recording the ECG, whereas, prospective              
ECG-gated scanning (28). In the current study, a                 
Siemensthird-generation dual-source CTscanner was 
used for scanning. We found no significant difference 
between the experimental group and the control 
groups, thus demonstrating that the application of 
prospective ECG gating did not increase the radiation 
dose. 

In addition to high temporal and spatial                   
resolution, the Siemens third-generation dual-source 
CT has extremely high temporal resolution and              
spatial resolution (29). Due to the inclusion of two               
X-ray tubes and two corresponding 96-row detector 

systems, a single scan can cover a width of 1920.6 
mm, ensuring a CTV imaging of the central vein can 
be performed within 5-6 cardiac cycles (30). The               
present results illustrated that the average scanning 
duration of experimental group seemed to be long 
relative to control group. However, compared with 
experimental group, the image quality of control 
group was worse, especially for the superior vena 
cava segment. The main reason for this was the               
cardiac and vascular pulsing artifacts, followed by 
respiratory movement artifacts in the lungs. Thus, 
prospective ECG-gated technology can effectively 
reduce cardiac and vascular pulsing artifacts and  
improve the image quality of brachiocephalic and 
superior vena cava segments. However, the jugular 
vein and subclavian vein image qualities in both 
groups were high, and noremarkable difference was 
tested between them, indicating that the image              
quality of prospective ECG-gated group was not            
affected by the prolonged scanning duration. These 
findings may be because the subclavian vein and             
jugular vein are distint from the lungs and heart             
vessels and are less disturbed by motion artifacts. 

This study has some limitations. First. we only 
evaluated the advantages and disadvantages of the 
conventional scanning method and gated scanning 
method from the perspective of inspection                 
technology, and did not involve the accuracy of the 
diagnosis. Second, the retrospective ECG-gated            
scanning method was not included in the comparison, 
and further studies are required to verify the                 
presented results. 

In conclusion, the clinical application of                
prospective ECG-gated technology significantly             
reduced the interference of cardiovascular pulsing 
artifacts on the central vein, especially on the                   
superior vena cava segment, and it significantly             
improved the image quality without increasing the 
radiation dose. 
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Items Control group Experimental group P value 
DLP, mGy/cm 245.49 ± 27.20 243.29 ± 21.84 0.690 
CTDIvol, mGy 9.33 ± 0.95 9.07 ± 0.89 0.219 

ED, mSv 4.17 ± 0.46 4.14 ± 0.37 0.690 

Table 3. comparison of the radiation dose of the two study 
groups. 

Note: DLP, dose length product; CTDIvol, computed tomographic dose 
index; ED, effective dose. 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
21

.4
.6

75
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
26

-0
7-

12
 ]

 

                               3 / 4

http://dx.doi.org/10.61186/ijrr.21.4.675
http://ijrr.com/article-1-5023-en.html


 REFERENCES 
 
1. Zhu LN, Mou LJ, Ying H, et al. (2018) Failure to place a tunneled 

hemodialysis catheter due to malformation of right internal jugu-
lar vein draining to subclavian vein. J Int Med Res, 46(6): 2481-5. 

2. Jeong S, Kwon H, Chang JW, et al. (2019) Patency rates of arterio-
venous fistulas created before versus after hemodialysis initiation. 
PLoS One, 14(1): e0211296). 

3. Karapantzos I, Zarogoulidis P, Charalampidis C, et al. (2016) A rare 
case of anastomosis between the external and internal jugular 
veins. Int Med Case Rep J, 9: (73-5). 

4. Francisco MD, Chen WF, Pan CT, et al. (2021) Competitive real-
time near infrared (NIR) vein finder imaging device to improve 
peripheral subcutaneous vein selection in venipuncture for clinical 
laboratory testing. Micromachines (Basel), 12(4): 373. 

5. Forneris G, Marciello A, Savio D, Gallieni M (2021) Ultrasound in 
central venous access for hemodialysis. J Vasc Access, 22(1): 97-
105. 

6. Hughes DB, Ullery BW, Spigland N (2006) Formation of a calcified 
"cast" in a long-term indwelling central venous catheter: a case 
report. J Pediatr Surg, 41(11): 1927-9. 

7. Raynaud A (2001) [The radiologist and central venous stenosis]. 
Nephrologie, 22(8): 487-9. 

8. Luo W, Zhang R, He D, et al. (2022) The value of CT angiography 
based on intelligent segmentation algorithm for survival of hemo-
dialysis patients. Comput Math Methods Med, 2022: 6470576). 

9. Foreman PM, Wirtz MM, Fong R, Goren O, et al. (2020) The utility 
of a diagnostic angiogram following mechanical thrombectomy for 
treatment of acute ischemic stroke. Clin Neurol Neurosurg, 194: 
105842). 

10. Hamamoto K, Chiba E, Matsuura K, et al. (2017) Ultra-short echo 
time magnetic resonance imaging for detection of pulmonary 
arteriovenous malformation recanalization after coil embolization: 
a case report and a phantom study. Acta Radiol Open, 6(9): 
2058460117732101. 

11. Gebreyes AT, Pant HN, Williams DM, Kuehl SP (2012) Be aware of 
wires in the veins: a case of superior vena cava syndrome in a 
patient with permanent pacemaker. J Community Hosp Intern Med 
Perspect, 2(3): 19159. 

12. Feng L, Coppo S, Piccini D, et al. (2018) 5D whole-heart sparse MRI. 
Magn Reson Med, 79(2): 826-38. 

13. Bittner DO, Mayrhofer T, Puchner SB, et al. (2018) Coronary com-
puted tomography angiography-specific definitions of high-risk 
plaque features improve detection of acute coronary syndrome. 
Circ Cardiovasc Imaging, 11(8): e007657. 

14. Ferencik M, Lu MT, Mayrhofer T, et al. (2019) Non-invasive frac-
tional flow reserve derived from coronary computed tomography 
angiography in patients with acute chest pain: Subgroup analysis 
of the ROMICAT II trial. J Cardiovasc Comput Tomogr, 13(4): 196-
202. 

15. Hatt M, Majdoub M, Vallieres M, et al. (2015) 18F-FDG PET uptake 
characterization through texture analysis: investigating the com-

plementary nature of heterogeneity and functional tumor volume 
in a multi-cancer site patient cohort. J Nucl Med, 56(1): 38-44. 

16. Ma W, Zhao Z, Fu Q, et al. (2021) Comparison of Management for 
Central Venous Stenosis With or Without Previous Catheter Place-
ment. Front Neurol, 12: 703286. 

17. Cuthbert GA, Lo ZJ, Kwan J, Chandrasekar S, Tan GWL (2018) Out-
comes of Central Venoplasty in Haemodialysis Patients. Ann Vasc 
Dis, 11(3): 292-7. 

18. Navaratnarajah A and Ashby DR (2020) Central venous stenosis in a 
transplant patient due to thyroid pathology: A teachable moment. 
Hemodial Int, 24(4): E55-E7. 

19. Meecham L, Fisher O, Kirby G, et al. (2016) Simultaneous iliac vein 
bovine pericardial patch venoplasty and creation of PTFE lower 
limb arteriovenous fistula graft for rescue vascular access. Ann Vasc 
Surg, 36: 292 e9- e11. 

20. Isfort P, Penzkofer T, Goerg F, Mahnken AH (2011) Stenting of the 
superior vena cava and left brachiocephalic vein with preserving 
the central venous catheter in situ. Korean J Radiol, 12(5): 629-33. 

21. Zhao Y, Yang L, Wang Y, Zhang H, Cui T, Fu P (2021) The diagnostic 
value of multi-detector CT angiography for catheter-related central 
venous stenosis in hemodialysis patients. Phlebology, 36(3): 217-
25. 

22. Ren XC, Liu YE, Li J, Lin Q (2019) Progress in image-guided radio-
therapy for the treatment of non-small cell lung cancer. World J 
Radiol, 11(3): 46-54. 

23. Goo HW (2018) Image quality and radiation dose of high-pitch dual
-source spiral cardiothoracic computed tomography in young chil-
dren with congenital heart disease: Comparison of non-
electrocardiography synchronization and prospective electrocardi-
ography triggering. Korean J Radiol, 19(6):1031-41. 

24. Deng F, Tie C, Zeng Y, et al. (2021) Correcting motion artifacts in 
coronary computed tomography angiography images using a dual-
zone cycle generative adversarial network. J Xray Sci Technol, 29(4): 
577-95. 

25. De Oliveira Nunes M, Witt DR, Casey SA, et al. (2021) Multi-
institution assessment of the use and risk of cardiovascular com-
puted tomography in pediatric patients with congenital heart dis-
ease. J Cardiovasc Comput Tomogr, 15(5): 441-8. 

26. Ji X, Zhao B, Cheng Z, et al. (2014) Low-dose prospectively electro-
cardiogram-gated axial dual-source CT angiography in patients with 
pulsatile bilateral bidirectional Glenn Shunt: an alternative noninva-
sive method for postoperative morphological estimation. PLoS One, 
9(4): e94425. 

27. Ismail TF, Strugnell W, Coletti C, et al. (2022) Cardiac MR: From 
Theory to Practice. Front Cardiovasc Med, 9: 826283. 

28. Tang S, Zhang G, Chen Z, et al. (2021) Application of prospective 
ECG-gated multiphase scanning for coronary CT in children with 
different heart rates. Jpn J Radiol, 39(10): 946-55. 

29. Gong C, Zeng L, Wang C, Ran L (2018) Design and simulation study 
of a CNT-based multisource cubical CT system for dynamic objects. 
Scanning, 2018: 6985698. 

30. Kang EJ (2019) Clinical applications of wide-detector CT scanners 
for cardiothoracic imaging: An update. Korean J Radiol, 20(12): 
1583-96. 

678 Int. J. Radiat. Res., Vol. 21 No. 4, October 2023 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
21

.4
.6

75
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
26

-0
7-

12
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               4 / 4

http://dx.doi.org/10.61186/ijrr.21.4.675
http://ijrr.com/article-1-5023-en.html
http://www.tcpdf.org

