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Background: To characterize the difference in aortic dimensions during the cardiac cycle with electrocardiogram (ECG)-gated computed tomography angiography (CTA) and to determine whether other parameters in comparison to diameter could potentially provide a more accurate size reference for stent selection at the aortic arch and the proximal thoracic descending aorta.

Methods: The CTA imaging of 90 patients during the cardiac cycle was reviewed. Three anatomic locations were selected for analysis (level A: 1 cm proximal to the innominate artery; level B: 1 cm distal to the left common carotid artery; and level C: 1 cm distal to the left subclavian artery). We measured the maximum diameter, the minimum diameter, the lumen area, the lumen perimeter, and the diameter derived from the lumen area, and the changes of each parameter at each level during the cardiac cycle were compared.

Results: The mean age was 60.9 ± 12.4 years (range, 16–78 years). There was a significant difference in the aortic dimensions during the cardiac cycle (p < 0.001). The diameter derived from the lumen area at all three levels was changed least over time when compared to the area, perimeter, and the maximum aortic diameter (all p < 0.01).

Conclusion: The aortic dimensional differences during the cardiac cycle are significant. The aortic diameter derived from the lumen area over other parameters may provide a better evaluation for selecting the size of the stent at the aortic arch and the proximal thoracic descending aorta. A prospective study comparing these different measurement parameters regarding the outcomes is still needed to evaluate the clinical implications.
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INTRODUCTION

Aortic dissection is a catastrophic event associated with a variety of clinical manifestations. Thoracic endovascular aortic repair (TEVAR) has been extensively used to treat aortic dissection since it was firstly reported in 1999 (1). Compared to open surgery, TEVAR has less morbidity, decreased hospital stay, and improved outcomes (2–4). However, TEVAR still poses stent-related complications resulting from inadequate oversizing. Choosing too small a stent dimension can cause endoleak and device migration, whereas sizing too much may lead to infolding of the stent or local injury of the aortic wall (5, 6). Thus, appropriate stent size is crucial to avoid these adverse events and receive optimal long-term outcomes.

At present, the maximum aortic diameter in the proximal landing zone based on non-gated computed tomography angiography (CTA) is usually used as a reference for stent selection. There indeed exist some problems with this method. Firstly, static CTA imaging was obtained at random phases during the cardiac cycle, which does not take the dynamic changes of dimension into consideration and hence can result in an inappropriate measurement for stent reference. Some studies have reported statistically significant changes in the aortic dimension between the systolic and diastolic phases though some of the study results are controversial (7–9). Secondly, whether the maximum aortic diameter is the optimal reference for stent selection is still controversial. Belvroy et al. (10) reported that changes in ascending aortic diameter during the cardiac cycle are larger than in the area and it may be more accurate to measure the area when selecting the size of the stent. Meanwhile, Parodi et al. (11) found that the selection of the aortic diameter based on the lumen area over direct measurements of the diameter could provide a better evaluation of the optimal oversizing of the stent in the descending aorta.

Accurate measurement of aortic dimension is of significant importance for selecting the appropriate size of the stent-graft, and size mismatch between the aorta and stent could lead to stent migration, infolding, kinking, endoleaks and aortic wall injury, and subsequent poor prognosis (12, 13). However, the aortic dimension changes during the cardiac cycle due to cardiac pulsatility and aortic wall compliance. Thus, the electrocardiogram (ECG)-gated CTA that could obtain images at different time points during the cardiac cycle was used to study the changes in aortic dimensions (14).

The number of studies using ECG-gated CTA to investigate the dynamic changes in aortic dimensions during the cardiac cycle was limited, the reported aortic segmentations mostly focused on the ascending aorta or descending thoracic aorta, and the selected parameters were varied in current literature. Thus, the purpose of this study was to characterize the difference in the aortic dimensions between systolic and diastolic phases with ECG-gated CTA and to determine whether other parameters, such as area or perimeter in comparison to diameter, could potentially provide a more accurate size reference for stent selection at the aortic arch and the proximal thoracic descending aorta. In the present study, the three measurement levels we choose were the most common proximal landing zones at the aortic arch and proximal descending thoracic aorta, which made them more applicable in clinical practice. In addition, our study included all parameters in current literature and thus our comparison was more comprehensive.



MATERIALS AND METHODS


Study Population

A total of 90 consecutive patients between December 2018 and July 2019 were retrospectively analyzed in this study. The patients underwent ECG-gated CTA with a retrospective gating due to valvular diseases, coronary arterial diseases, and abdominal aortic aneurysm or dissection. Patients with severe calcification of thoracic aorta, thoracic aortic disease, previous thoracic aortic surgery, and left ventricular ejection fraction <40% were excluded. CTA with cardiac or respiratory artifacts preventing clinical assessment of aortic dimensions was also excluded (Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart of inclusion of patients.




Morphometric Parameter Measurements

All CTA scans were performed using a Siemens Somatom Force Dual Source CT Scanner (Siemens Healthcare GmbH, Forchheim, Germany) with ECG gating. Images were acquired during a single breath-hold phase (<20 s) and the entire thoracic aorta was imaged. The imaging protocol was set at 0.6 mm collimation, 0.5-s rotation time, and a pitch of 3.2. Radiation exposure parameters were 100 kVp with different effective milliampere-second values (set automatically by the software), resulting in a CT dose index (CTDIvol) of 3.48 ± 1.16 mGy, dose length product (DLP) of 297 ± 43.8 mGy.cm, and effective dose (ED) of 3.68 ± 0.95 mSv. Intra-vascular non-ionic contrast (0.8 ml/kg) (Iodixanol; Hengrui, China) was intravenously injected with a power injector at 4 ml/s. The images were reconstructed with a slice thickness of 0.75- and 0.5-mm intervals. All images were then transferred to a separate workstation that was equipped with CT post-processing software (Syngo.via, Siemens Healthcare GmbH, Erlangen, Germany). The syngo.CT Vascular Analysis (Syngo.via, Siemens Healthcare GmbH, Erlangen, Germany) is a commercially available software. A protocol for the measurement of different parameters using the centerline method was established (15). This protocol was set to ensure measurements during the systolic and diastolic phases. These phases were defined by assessing the lowest and highest left ventricular volumes, respectively, and were used to make confident measurements during the cardiac cycle. The R-R interval between 30–40% and 70–80% corresponded to systolic and diastolic phases for all the patients, respectively.

Three segmentations within the aortic arch and proximal descending aorta (level A, 1 cm proximal to the innominate artery; level B, 1 cm distal to the left common carotid artery; and level C, 1 cm distal to the left subclavian artery) were selected, as these were the typical proximal sealing zone for stent-grafts of the thoracic aorta and aortic arch (16) (Figure 2). The morphometric parameter measurements included the maximum aortic diameter, the minimum aortic diameter, the lumen area, the lumen perimeter, and the diameter derived from the lumen area. The measurements were made in a multi-planar view perpendicular to the semi-automatically created centerline. The centerline was adjusted manually in cases where it was not created accurately by the software [when adjusting the centerline manually, the identified centerline should be observed on multi-planar views (axial, coronal, and sagittal) and the cardiopulmonary resuscitation (CPR) image to make sure the centerline was centered in the blood vessel]. If the automatically detected contour of the aorta was incorrect, then it will be manually modified. The system could measure the maximum aortic diameter and minimum aortic diameter on the axial image perpendicular to the centerline and calculated the area, perimeter, and diameter derived from the lumen area automatically (Figure 3; Supplementary Figure S1).


[image: Figure 2]
FIGURE 2. Locations of the measurements in the aorta; level A: 1 cm proximal to the innominate artery; level B: 1 cm distal to the left common carotid artery; and level C: 1 cm distal to the left subclavian artery.
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FIGURE 3. Multiplanar views of aortic measurements in sagittal view (A), frontal (B), axial (C), 3-dimensional (D), and the centerline of the aorta ([image: yes]) with the location of level C (1 cm distal to the left subclavian artery). The system calculated the maximum and minimum aortic diameter (D: 22.9/24.4 mm), area (area: 437.5 mm2), perimeter (perim: 74.3 mm), and diameter derived from the lumen area [Deff (area): 23.6 mm] automatically.


One radiologist with 15-year experience made all the measurements, and another radiologist with 18-year experience who was blinded to the results of the first radiologist made measurements of 20 randomly selected patients at level A. The intraclass correlation coefficient (ICC, two-way random model) and Bland-Altman analysis were calculated to evaluate the inter-observer and intra-observer consistency.



Statistical Analysis

The categorical variables are expressed as numbers (percentages) and the continuous variables as means ± standard deviation (SD) for all the normally distributed data. All statistical analyses were performed using SPSS 22.0 software (IBM Corporation, Armonk, NY, USA) and GraphPad Prism 8.0 software (GraphPad Software, San Diego, CA, USA), and a value of p < 0.05 was considered to be statistically significant. The paired t-test or the Wilcoxon signed-rank test was used to compare the difference of each parameter between systolic and diastolic phases. The mean change in percentage in the maximum aortic diameter, lumen area, perimeter, and diameter derived from lumen area at each level was compared respectively using one-way ANOVA. The ICC was used to evaluate the inter-observer and intra-observer consistency and an ICC >0.80 indicates a high consistency. Moreover, Bland-Altman analysis of bias and limits of agreement were used to describe the agreement of the mean differences.




RESULTS

The baseline characteristics of these patients are shown in Table 1. There was a significant difference in the aortic dimensions of each measurement parameter between the systolic and diastolic phases (p < 0.001; Table 2). The changes per level during the cardiac cycle are shown in Table 3. The mean change in percentage was the smallest in the diameter derived from lumen area at all the three levels when compared to the area, perimeter, and the maximum aortic diameter (1.4 vs. 2.6 vs. 1.5% vs. 1.9 at level A, p < 0.01; 1.4 vs. 2.6 vs. 1.7 vs. 1.8% at level B, p < 0.01; 1.6 vs. 3.5 vs. 1.9% vs. 1.7 at level C, p < 0.01; Figure 4). There was no significant difference in the aortic dimensional change rates of each measurement between the systolic and diastolic phases in patients with or without hypertension (Supplementary Table S1). There was also no significant difference in the aortic dimensional change rates of each measurement when they were grouped by sex and valvular disease (Supplementary Tables S2, S3).


Table 1. Baseline characteristics of the patients.
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Table 2. The aortic dimensional measurements during the cardiac cycle at different levels.
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Table 3. Changes in mean aortic area, aortic perimeter, maximum diameter, and diameter deriving from the lumen area at three different locations per cardiac cycle.
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FIGURE 4. Mean changes in the aortic area, aortic perimeter, maximum diameter (Dmax), and diameter deriving from the lumen area (Darea) at 3 different locations per cardiac cycle.


The inter-observer analysis showed a high consistency between the two independent observers and the intra-observer analysis also showed a high consistency (Table 4). These results were also confirmed by the Bland-Altman analysis (Figure 5).


Table 4. The intraclass correlation coefficient analysis results.
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[image: Figure 5]
FIGURE 5. Bland-Altman plots show high consistency of inter-observer (A) and intra-observer (B) for the aortic area, perimeter, diameter, and diameter derived from the lumen area at level A. The upper and lower limits of each measurement difference during the cardiac cycle were included in the 95% CIs.




DISCUSSION

Three measurement locations were selected in this study, as all of them were the common proximal landing zones for stent-graft at the aortic arch and proximal descending thoracic aorta in clinical practice. Five different measurement parameters were selected in this study, which included all measurement parameters in current literature, and all these parameters were automatically obtained on the post-processing software with high repeatability. The measurement of each parameter was made based on a centerline method, which has been verified with higher repeatability than unformatted axial images (15). Meanwhile, one purpose of this study was to study whether other measurements rather than the traditional maximum aortic diameter have a smaller change rate between the systolic and diastolic phases and could be used as a reference for stent selection at the aortic arch and proximal descending thoracic aorta, which has been seldom reported, especially at level B (no relevant reports have been published). Thus, our study could verify the previous results at levels A and C and present the regularity of dimensional changes at level B during the cardiac cycle. Overall, the present study had its novelty and relatively high repeatability.

There was a significant difference in the aortic dimensions of each measurement parameter between the systolic and diastolic phases (p < 0.001), which confirmed the aortic pulsatility. The reported aortic diameter change during the cardiac cycle in published literature has also yielded controversial results. The aortic diameter change in the ascending aorta was ranged from −3.45 to 27.5%, in the aortic arch ranged from −4.5 to 13.3%, and in the thoracic aorta ranged from −6.02 to 22.6% (10, 11, 16, 17). The possible reasons may result from measurement method differences, measurement location differences, and population selection differences (the number of cases; patients with some factors, which could interfere with the measured results). Moreover, a recent report (18) showed that the inter-observer variability of maximum diameter measurement in the thoracic aorta is 0.13 (−1.92, 2.17) mm, which is quite high as compared to the changes during the cardiac cycle, as reported by this study. Notably, the comparison of the two measures is affected by the variability of both, as stressed in the abovementioned paper. Thus, it cannot be excluded as the relative error in measurements, and this may also be a possible reason. In our study, we included a relatively large cohort and excluded patients with severe calcification of thoracic descending aorta, thoracic aortic disease, previous thoracic aortic surgery, and left ventricular ejection fraction <40%, which could alter the normal hemodynamic of the aorta leading to incorrect measurement (19). Thus, more studies with a relatively larger number of cases and a strict study population selection should be performed to draw convincing results. Moreover, more studies to compare the differences in aortic dimensional measurement between registration-based technique (18) and manual assessment are needed. Of note, 61% of patients in the present study were presented with hypertension, which could have a direct impact on the systolic-diastolic changes. However, there was no significant difference in the aortic dimensional change rates of each measurement between the systolic and diastolic phases in patients with or without hypertension. The reason may be attributed to the different grades of hypertension, anti-hypertension drugs, and the time of hypertension history. Thus, more relevant studies are needed to explore the exact effect of hypertension on aortic dimensional change during the systolic and diastolic phases.

Belvroy et al. (10) reported that the changes were the smallest in the aortic area when compared to the diameter and perimeter at the ascending aorta, and thus the authors recommended measuring the area when selecting the stent-graft size at this location. Parodi et al. (11) found that there was a significant difference between measuring the diameter directly and deriving it from the lumen area (p < 0.001) and advocated that the aortic diameter derived from the lumen area should be selected as a reference when choosing desired oversizing for stent-graft in the descending aorta. Thus, other parameters, such as the area in comparison to diameter, may potentially provide a more accurate size reference for stent selection. In the present study, the diameter derived from the lumen area at all three levels was changed least over time when compared to the area, perimeter, and the maximum aortic diameter (1.4 vs. 2.6 vs. 1.5 vs. 1.9% at level A, p < 0.01; 1.4 vs. 2.6 vs. 1.7 vs. 1.8% at level B, p < 0.01; 1.6 vs. 3.5 vs. 1.9 vs. 1.7% at level C, p < 0.01). Therefore, the aortic diameter derived from the lumen area over other measurement parameters may provide a better evaluation for selecting the size of the stent at the aortic arch and the proximal thoracic descending aorta. However, a prospective study comparing these different measurement parameters regarding the clinical outcomes was still needed to evaluate the clinical implications. In addition, the maximum change of diameter derived from the lumen area ranges from 1.7 to 7.7%, thus 10% oversizing might be more reasonably preferred rather than 20%, which is consistent with Guo's study (16).

Our study had some limitations. First, the comparison of the dimension was only performed in partial segments of the aorta. Thus, we plan to analyze other segments in further study. Second, the sample number in this series was small and a larger scale study was needed to make the results more representative. Third, the results need to be verified in clinical practice.



CONCLUSION

The present study demonstrated that the aortic dimensional differences during the cardiac cycle are significant and the aortic diameter derived from the lumen area over other measurement parameters may provide a better evaluation for selecting the size of the stent at the aortic arch and the proximal thoracic descending aorta. In addition, a prospective study comparing these different measurement parameters regarding the outcomes is still needed to evaluate the clinical implications.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Institutional Ethics Review Board of Wuhan Union Hospital. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

BX, WZ, YW, and YC contributed to the design, methodology, investigation, and draft writing. JL, QS, SH, and CY contributed to data collection, data analysis, and draft review. TL and CZ contributed to data collection, data analysis, and editing. BX contributed to conception and design, methodology, data interpretation, and draft revising. All authors contributed to the article and approved the submitted version.



FUNDING

This work was funded by Grants from the National Natural Science Foundation of China (81873917) and the China Health Promotion Foundation (XM_2018_011_0006_01).



ACKNOWLEDGMENTS

The authors would like to express my gratitude to Huimin Zhou at the Wuhan Tongji Hospital who helped me to edit the manuscript. Thanks to all the peer reviewers for their opinions and suggestions.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2022.793722/full#supplementary-material



REFERENCES

 1. Dake MD, Kato N, Mitchell RS, Semba CP, Razavi MK, Shimono T, et al. Endovascular stent-graft placement for the treatment of acute aortic dissection. New Engl J Med. (1999) 340:1546–52. doi: 10.1056/NEJM199905203402004

 2. Stone DH, Brewster DC, Kwolek CJ, LaMuraglia GM, Conrad MF, Chung TK, et al. Stent-graft versus open-surgical repair of the thoracic aorta: mid-term results. J Vasc Surg. (2006) 44:1188–97. doi: 10.1016/j.jvs.2006.08.005

 3. Kaji S. Update on the therapeutic strategy of type B aortic dissection. J Atheroscler Thromb. (2018) 25:203–212. doi: 10.5551/jat.RV17017

 4. Schepens MAAM. Type B aortic dissection: new perspectives. J Visual Surg. (2018) 4:75–75. doi: 10.21037/jovs.2018.03.16

 5. Nienaber CA, Kische S, Ince H. Thoracic aortic stent-graft devices: problems, failure modes, and applicability. Semin Vasc Surg. (2007) 20:81–9. doi: 10.1053/j.semvascsurg.2007.04.005

 6. Zimpfer D, Schoder M, Gottardi R, Lammer J, Wolner E, Grimm M, et al. Treatment of type V endoleaks by endovascular redo stent-graft placement. Ann Thoracic Surg. (2007) 83:664–6. doi: 10.1016/j.athoracsur.2005.06.054

 7. Huang J, Wang Y, Lin L, Li Z, Shan Z, Zheng S. Comparison of dynamic changes in aortic diameter during the cardiac cycle measured by computed tomography angiography and transthoracic echocardiography. J Vasc Surg. (2019) 69:1538–44. doi: 10.1016/j.jvs.2018.07.083

 8. Zubair MM, de Beaufort HW, Belvroy VM, Schwein A, Irshad A, Mohamed A, et al. Impact of cardiac cycle on thoracic aortic geometry—morphometric analysis of ECG gated computed tomography. Ann Vasc Surg. (2020) 65:174–82. doi: 10.1016/j.avsg.2019.10.072

 9. de Heer LM, Budde RPJ, Mali WPTM, de Vos AM, van Herwerden LA, Kluin J. Aortic root dimension changes during systole and diastole: evaluation with ECG-gated multidetector row computed tomography. Int J Cardiovasc Imaging. (2011) 27:1195–204. doi: 10.1007/s10554-011-9838-x

 10. Belvroy VM, Zubair MM, van Herwaarden JA, Trimarchi S, Moll FL, Bismuth J. Important longitudinal and circumferential pulsatile changes in zone 0 of the aorta during the cardiac cycle. Eur J Cardio-Thorac. (2020). 2020:ezaa306. doi: 10.1093/ejcts/ezaa306

 11. Parodi J, Berguer R, Carrascosa P, Khanafer K, Capunay C, Wizauer E. Sources of error in the measurement of aortic diameter in computed tomography scans. J Vasc Surg. (2014) 59:74–9. doi: 10.1016/j.jvs.2013.07.005

 12. Kasirajan K, Dake MD, Lumsden A, Bavaria J, Makaroun MS. Incidence and outcomes after infolding or collapse of thoracic stent grafts. J Vasc Surg. (2012) 55:652–8. doi: 10.1016/j.jvs.2011.09.079

 13. Sternbergh WC, Money SR, Greenberg RK, Chuter TAM. Influence of endograft oversizing on device migration, endoleak, aneurysm shrinkage, and aortic neck dilation: results from the zenith multicenter trial. J Vasc Surg. (2004) 39:20–6. doi: 10.1016/j.jvs.2003.09.022

 14. van Bogerijen GH, van Herwaarden JA, Conti M, Auricchio F, Rampoldi V, Trimarchi S, et al. Importance of dynamic aortic evaluation in planning TEVAR. Ann Cardiothorac Surg. (2014) 3:300–6. doi: 10.3978/j.issn.2225-319X.2014.04.05

 15. Rudarakanchana N, Bicknell CD, Cheshire NJ, Burfitt N, Chapman A, Hamady M, et al. Variation in maximum diameter measurements of descending thoracic aortic aneurysms using unformatted planes versus images corrected to aortic centerline. Eur J Vasc Endovasc. (2014) 47:19–26. doi: 10.1016/j.ejvs.2013.09.026

 16. Guo J, Jia X, Sai Z, Ge Y, Wang S, Guo W. Thoracic aorta dimension changes during systole and diastole: evaluation with ECG-gated computed tomography. Ann Vasc Surg. (2016) 35:168–73. doi: 10.1016/j.avsg.2016.01.050

 17. van Prehn J, Vincken KL, Muhs BE, Barwegen GK, Bartels LW, Prokop M, et al. Toward endografting of the ascending aorta: insight into dynamics using dynamic cine-CTA. J Endovasc Ther. (2007) 14:551–60. doi: 10.1177/152660280701400418

 18. Dux-Santoy L, Rodríguez-Palomares JF, Teixidó-Turà G, Ruiz-Muñoz A, Casas G, Valente F, et al. Registration-based semi-automatic assessment of aortic diameter growth rate from contrast-enhanced computed tomography outperforms manual quantification. Eur Radiol. (2021) 32:1997–2009. doi: 10.1007/s00330-021-08273-2

 19. Lortz J, Tsagakis K, Rammos C, Lind A, Schlosser T, Jakob H, et al. Hemodynamic changes lead to alterations in aortic diameters and may challenge further stent graft sizing in acute aortic syndrome. J Thorac Dis. (2018) 10:3482–9. doi: 10.21037/jtd.2018.05.188

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhu, Wang, Chen, Liu, Zhou, Shi, Huang, Yang, Li and Xiong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-09-793722-g005.gif





OPS/images/fcvm-09-793722-i001.gif





OPS/images/fcvm-09-793722-g003.gif





OPS/images/fcvm-09-793722-g004.gif
Mcan chamges duing e cantie cyele OO

OAsachasss SPeineterchorss  ©OMIKCNONSE

o
P

=





OPS/images/fcvm-09-793722-t003.jpg
Avea change (mm?)

Mean (%) 263 (2.6) 17.8(2.6) 207 35)
Min (%) —102(-1.2) —75(-7) —32.8(-53)
Max (%) 855 8.1) 67.8(7.9) 57.2(8.4)
SD (%) 19.9(1.8) 16.4(2.1) 139 22)

Perimeter change (mm)

Mean (%) 1.7(1.5) 16(1.7) 16(1.9
Min (%) —23(-1.7) ~0.8(-09) —24(-27)
Max (%) 4438 7.48.4) 6.9(6.8)
SD (%) 13(1) 1.3(1.5) 12(1.8)
Dinax change (mm)
Mean (%) 07(1.9) 05(1.8) 05(1.7)
Min (%) -08(-23) —0.4(-13) —13(-43)
Max (%) 62(188) 1.7 (6.4) 15(4.9)
SD (%) 07 @.1) 03(1.2) 0.4(1.4)
Duin change (mm)
Mean (%) 05(1.5) 0.4(1.4) 0.4(15)
Min (%) ~09(-26) —2.6(-8.1) ~1.9(-9.1)
Max (%) 6(162) 3.1(14.6) 15(7.1)
SD (%) 08(23) 0629) 2.1(1.4)
Darea change (mm)
Mean (%) 0.5 (1.4) 0.4 (1.4) 05(1.6)
Min (%) -03(-08) —1.1(-32) —17(-78)
Max (%) 1.8 (4.4) 1.7(0.7) 18(6)
SD (%) 04(1) 15(1.2) 0.4(1.6)

SD, standard deviation; Dimax, the maximum dliameter; D, the minimum diameter;
Darca the diameter deriving from the lumen area; Minus value means the dimension in
the diastolic phase was larger than that in the systolic phase.





OPS/images/fcvm-09-793722-t001.jpg
Variables Patients (N = 90)

Age (years), mean  SD 609 12.4
Male, n (%) 68 (75.6)
Female, n (%) 22(24.4)
Blood pressure (mmHg, mean  SD)

Systole 1208+ 7.7

Diastole 82397

Pulse pressure 47572
Hypertension, n (%) 55 (61.1)
Atherosclerosis, n (%) 27(30.0)
Diabetes melltus, n (%) 16(17.8)
Smoking, n (%) 24(26.7)
Valvular disease, 1 (%) 55(61.1)
CAD, n (%) 28(31.1)
AAAVAAD, 1 (%) 12(133)
Atrial fibrilation, n (%) 889
Hyperipidaemia, n (%) 44.4)
Hyperuricemia, n (%) 5(5.6)
Hyperthyroidism, n (%) 1(1.9)
Hypothyroidism, n (%) 3(3.3)
COPD, n (%) 2(22)

SD, standard deviation; CAD, coronary arterial disease; AAA, abdominal aortic aneurysm;
AAD, abdominal aortic dissection; COPD, chronic obstructive pulmonary disease.





OPS/images/fcvm-09-793722-t002.jpg
Level
Systolic A

B

C
Diastolic A

B

C

Data were presented with mean = standard deviation (SD); Dimax = the maximum diameter; Dmin

Dimax (mm)

369+45
310438
29.0+3.7
362+45"
3056 +£3.8"
28537

Dinin (mm)

342+4.7
283+3.3
26.4 +33
336+4.6"
28.0+35
26.0 £3.4"

difference between systole and diastole was statistically significant (p < 0.001).

Area (mm?)

999.6 2515
700.0 + 160.8
611.0+ 1505
973.3 + 244.8"
682.2 + 160.0*
590.3 + 146.9"

Perimeter (mm)

1120+ 142
941+ 115
87.8+11.3
110.3 + 14.0°
926+ 11.3"
86.2+ 11.1"

Darea (mm)

354+£46
296+£35
27.7+35
34.9+45"
202+35"
272+34"

the minimum diameter; Darsa = the diameter deriving from the lumen area; “the





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Dynamic Changes in the Aorta During the Cardiac Cycle Analyzed by ECG-Gated Computed Tomography



		Introduction



		Materials and Methods



		Study Population



		Morphometric Parameter Measurements



		Statistical Analysis







		Results



		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Dynamic Changes in the Aorta
During the Cardiac Cycle Analyzed
by ECG-Gated Computed
Tomography





OPS/images/fcvm-09-793722-g001.gif
e s EC-puss






OPS/images/fcvm-09-793722-g002.gif





OPS/images/fcvm-09-793722-t004.jpg
Parameter

Inter-observer  Diameter
analysis Area
Perimeter
Darea
Intra-observer  Diameter
analysis Area
Perimeter

Darea

1CC (lower
boundary
of the CI)

0.995
0.997
0.997
0.997
0.995
0.996
0.999
0.996

MD (mm)

0.1
4.0
0.2
0.1
0.1
32
03
0.1

SD (mm)

0.2
120
0.6
0.2
0.1
4.4
05
0.1

Cl, confidence interval: MD, mean difference; SD, standard deviation.

p value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
¥ frontiers | Frontiers in Cardiovascular Medicine





