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Objectives: To evaluate whether applying image filters (smooth 3D+ and edge-2) improves image quality in coronary CT angiography (CCTA).

Methods: Ninety patients (routine group) with suspected coronary artery diseases based on 16-cm wide coverage detector CT findings were retrospectively enrolled at a chest pain center from December 2019 to September 2021. Two image filters, smooth 3D+ and edge-2 available on the Advantage Workstation (AW) were subsequently applied to the images to generate the research group (SE group). Quantitative parameters, including CT value, signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR), image sharpness and image quality score, and diagnostic accuracy were compared between the two groups.

Results: A total of 900 segments from 270 coronary arteries in 90 patients were analyzed. SNR, CNR, and image sharpness for vessels and image quality scores in the SE group were significantly better than those in the routine group (all p < 0.001). The SE group showed a slightly higher negative predictive value (NPV) on the left anterior descending artery and right coronary artery (RCA) stenosis evaluations, as well as total NPV. The SE group also showed slightly higher sensitivity and accuracy than the routine group on RCA stenosis evaluation.

Conclusion: The use of an image filter combining smooth 3D+ and edge-2 on an AW could improve the image quality of CCTA and increase radiologists' diagnostic confidence.
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Introduction

Coronary computed tomography angiography (CCTA) has been widely used for detecting coronary artery stenosis in patients with suspicious coronary artery disease (CAD) (1–3). However, motion artifacts and image noise decrease CCTA image quality (4–7), and thus affect the diagnosis, management, and treatment of CAD (8). Notably, 16-cm-wide coverage-detector CT with motion-corrected reconstruction algorithm Snapshot Freeze (SSF) has been shown to reduce respiratory movement and motion artifacts (9–16). However, the image noise due to insufficient photon quantity in low-dose CCTA still needs to be overcome (17). Common ways to reduce image noise without increasing radiation dose include the use of iterative reconstruction algorithms (IRs), deep learning-based image reconstruction algorithms, and low-pass reconstruction kernels (RKs) in CCTA (18).

On the other hand, image filters (19) operated in the image domain also provide several options that could be applied through the post-processing procedure to reduce image noises and enhance edges (edge sharpening). Image sharpness as a quantitative index is important to evaluate the image quality (20–23). However, the use of image filters has not been focused on and whether this application of image filters could improve image quality and diagnostic accuracy remains unknown and was not reported before. Therefore, we hypothesized the improved diagnostic image quality through image filters, and the purpose of this study was to compare quantitative measurements, qualitative image score, diagnostic accuracy through CAD-RADS report guideline (24), and image sharpness between CCTA images with the combination of image smoothing and edge-enhancement filters and those without.



Materials and methods


Patients

This single-center, retrospective study was approved by the ethics committee of our hospital, and the requirement for written informed consent was waived owing to the retrospective nature of the study. Patients with suspected coronary heart disease due to chest pain who underwent CCTA at our center between December 2019 and September 2021 were consecutively selected from the hospital radiology information system. Inclusion criteria included CCTA imaging performed using the SSF technique with CT (GE Healthcare). Exclusion criteria included the image that does not meet the diagnostic requirements due to motion artifacts. A total of 90 patients (23 women; mean age: 67.1 ± 11.7 [range 38–90] years) were enrolled for image quality evaluation and 35 of the 90 patients who undergone digital subtraction angiography (DSA) were also used for diagnostic accuracy evaluation (Figure 1). Of these 35 patients, 28 patients' main lesion caused significant coronary stenosis is mixed plaque and 7 patients' is non-calcified plaque.


[image: Figure 1]
FIGURE 1
 The flow chart of the patients' enrollment.




Image acquisition and reconstruction

All patients underwent wide-coverage-detector CT (Revolution CT, GE Healthcare) with the following parameters: tube voltage, 100–120 kV; automatic tube current modulation, 300–800 mA; data acquisition window (R–R interval), 30–80%; and detector coverage, 100 mm, 120 mm, 140 mm, or 160 mm dependent on patient heart sizes. The gantry rotation speed was 0.28 s/rotation.

CCTA images with a slice thickness of 0.625 mm and increment of 0.625 mm were reconstructed using the 80% adaptive statistical iterative reconstruction-V [ASIR-V80%, GE Healthcare] with the STND kernel at the optimal reconstruction phase automatically selected by the SmartPhase technique (GE Healthcare), and the cardiac motion correction technique (snapshot freeze, SSF) was also applied (12, 15, 17). The generated images were assigned as the routine group. Subsequently, all the CCTA images of the routine group were sent to an Advantage Workstation (AW4.7, GE Healthcare) to undergo further image filtering. After our preliminary exploration and comparison with different combinations of smooth and edge enhancement filters that are readily available on the AW4.7, the filter combination was narrowed down to the combination of smooth 3D+ and edge-2. On the workstation, the volume rendering software was selected, and the Smooth 3D+ image filter option was selected for noise reduction. The resulting images were subsequently saved as a new group named Smooth 3D+. In a second pass, volume rendering software was once again selected, and the Edge-2 image filter option was chosen for edge sharpening of the Smooth 3D+ group. The resulting images were saved as a new group named the smooth 3D+ and edge-2 group (SE group). The signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), and image quality scores were then compared between the original routine group and the SE group (Figure 2).


[image: Figure 2]
FIGURE 2
 Procedure for generating the SE group. Step 1: Click the “No Filter” option in red frame 1 and select smooth 3D+; step 2: Click the button in red frame 2 to generate the smoothed 3D+ group. Then, quit the software program and start again, repeat step 1 but choose the edge-2 filter, and repeat step 2 and generate the SE group. Finally, the original series 402 and the SE group 404 were showed in two red frame 3.




Quantitative analysis

Quantitative measurements were performed including CT values and standard deviation (SD) of the lumen of the aortic root (AO), proximal left anterior descending artery (LAD-P), middle left anterior descending artery (LAD-M), distal left anterior descending artery (LAD-D), proximal left circumflex artery (LCX-P), middle left circumflex artery (LCX-M), distal left circumflex artery (LCX-D), proximal right coronary artery (RCA-P), middle right coronary artery (RCA-M), distal-proximal right coronary artery (RCA-D), and perivascular adipose tissue (PVAT). The region of interest (ROI) in the AO was set to 90 mm2, and those in others were set to 1 mm2. Image noise was classified as the SD of the attenuation within the ROI in the AO. Each ROI was measured three times by an independent reader, and the average of the three measurements was used for further analysis. The SNR was defined as CT value (vessel)/image noise, and the CNR was defined as [CT value (vessel) - CT value (PVAT)]/SD(PVAT).



Qualitative analysis

Double-blinded image quality scoring was performed by two radiologists, one with 8 years of experience and the other with more than 15 years of experience in cardiovascular diagnosis, using the 18-segment model of the Society of Cardiovascular Computed Tomography guidelines (25). Evaluations were conducted over 1 month to eliminate the observers' recall effects between routine and SE groups of the same patient. A 4-point scoring system was used for overall image quality analysis (26, 27) [(1) excellent, no artifacts; (2) good, minor artifacts; (3) moderate, artifacts, but diagnosis still possible; and 4: poor, non-diagnostic]. Each patient's CCTA was evaluated through the following 10 segments for the severity of stenosis: left main artery, LAD-P, LAD-M, LAD-D, LCX-P, LCX-D, RCA-P, RCA-M, RCA-D, and posterior descending artery. The stenosis degree was assessed using Coronary Artery Disease - Reporting and Data System (CAD-RADS) with a 7-grade scoring system (0–2: non-significant stenosis [luminal irregularities or lumen diameter narrowing <50%]; 3–5: significant stenosis [lumen diameter narrowing ≥50%]; 6: non-diagnostic situation) (Table 1). In cases of disagreement on the image quality score or stenosis assessment between the two radiologists, a third experienced observer (more than 15 years of experience) would mediate to reach a final agreement. Individual adjustments of the window center and window width were allowed.


TABLE 1 Diagnostic criteria for coronary stenosis by CCTA and DSA.

[image: Table 1]

The results of digital subtraction angiography (DSA) were used as the reference standard to determine the significant stenosis independent of the CCTA results. Patients underwent DSA for diagnostic accuracy by two cardiologists (with more than 10 years of experience). The stenosis degree of each segment of coronary vessels (range: 0–100%) was quantitatively evaluated. Similar to CCTA, all segments were classified as being non-significant stenosis, significant stenosis, or non-diagnostic situation.



Image sharpness analysis

An image quality testing software (Imatest, V5.2.21, USA) was used to evaluate the spatial frequency response reflecting the image sharpness through modulation transfer function (MTF) in the 2D image domain (28). One radiologist chose the same Digital Imaging and Communications in Medicine (DICOM) slices of the beginning of the coronary sinus of every patient in each group (one from the routine group and one from the SE group) and then exported this image as a 2D image (Portable Network Graphic, PNG) for further image sharpness evaluation. Using the Imatest software, the same ROI was set on the same position of two 2D images, including the heart, and the MTF50, MTF50P, and MTF30 were then calculated automatically by the software (Figure 3).


[image: Figure 3]
FIGURE 3
 The flow chart shows how to calculate the image sharpness. (A1,A2) are the same Digital Imaging and Communications in Medicine (DICOM) slices of the beginning of the coronary sinus of one patient [(A1) from the routine group and (A2) from the SE group], which are exported to be a PNG format (Portable Network Graphic). Red frames in (B1,B2) are the setting of ROI (region of interest) (C1,C2). Then, the software calculates the image sharpness through the ROI based on the MTF50, MTF50P, and MTF 30 [red underlines in (D1,D2)].




Radiation dose

The radiation dose of CCTA imaging, including the dose-length product (DLP) and the volume CT dose index was recorded through the dose reports provided by the CT scanner. The effective dose was estimated by multiplying the DLP by a conversion factor of 0.014 mSv/(mGy·cm) (29).



Statistical analysis

SPSS Statistics V22.0 (IBM, Chicago, IL, USA) was used for statistical analysis. Quantitative indices are presented as mean ± SD and medians (range: maximum to minimum). Data with non-normal distribution are expressed as medians (interquartile ranges). Quantitative data were analyzed using the independent samples t-test or the Wilcoxon signed rank-sum test. Counts were assessed using Pearson's chi-squared test, and Fisher's exact test was employed to examine the probability when the expected value was <5. A kappa value was calculated and defined as follows: < 0.20, almost inconsistent; 0.21–0.40, slightly consistent; 0.41–0.60, medium consistency; 0.61–0.80, good consistency; and 0.81–1.00, perfect consistency (27). The false-positive rate, false-negative rate, positive predictive value, negative predictive value (NPV), sensitivity, specificity, and accuracy were calculated for CCTA vs. DSA for each reconstruction on per-vessel and total levels and analyzed by the χ2 test, and differences were analyzed with ANOVA between three groups. The significance level was set at p < 0.05.




Results

In total, we analyzed 90 patients, 900 vessel segments, and 270 images of coronary arteries with scoreable quality. The mean DLP was 345.18 ± 94.74 mGy·cm, and the mean effective dose was 4.83 ± 1.33 mSv. Patients' characteristics are presented in Table 2.


TABLE 2 Patients' information and radiation dose.

[image: Table 2]


Quantitative analysis, image quality scores, and image sharpness

The CT value of the AO ROI and the image noise in the routine group were higher than those in the SE group (P < 0.001). Moreover, the SNR and CNR were significantly higher in the SE group than in the routine group (all Ps < 0.05). The SE group had significantly higher MTF50 and MTF50P values than the routine group, while the MTF30 values were similar in these two groups (Table 3).


TABLE 3 Comparison of sharpness of image between the routine and SE groups.

[image: Table 3]

Due to individual differences in coronary artery anomalies, the image quality score was calculated based on three main coronary arteries (i.e., LAD, LCX, and RCA). The consistency of the two readers was good or perfect for each vessel (LAD, LCX, and RCA) and total vessels (kappa: 0.71–0.84), and the image quality scores in the SE group were significantly lower (i.e., better) than those in the routine group in each vessel and total vessels (all Ps < 0.001). Image quality scores of three main coronary arteries (LAD, LCX, and RCA) and total segments improved to different degrees after removing image quality score 1 of those segments (percent: 49–70%) (Table 4).


TABLE 4 Comparison of image quality scores between the routine and SE groups.

[image: Table 4]



Diagnostic accuracy

Among the 90 patients, 35 underwent DSA for stenosis evaluations after CCTA imaging. Based on the results of DSA, the accuracy of the findings related to stenosis in these 35 patients was compared among the three groups (routine group, SE group, and DSA group). The results showed no statistically significant difference in the accuracy of the stenosis evaluations between the SE and routine groups at the per-vessel and total levels (all Ps > 0.05). However, the SE group showed a slightly higher NPV on the LAD and RCA stenosis evaluations, as well as total NPV. The SE group also showed slightly higher sensitivity and accuracy than the routine group on the RCA stenosis evaluation. Moreover, eight segments were evaluated with CAD-RADS 6 (non-diagnostic situation) in the routine group, while two segments of RCA from these eight segments were improved to the diagnostic situation (Table 5).


TABLE 5 Comparison of diagnostic accuracy among the routine group, SE group, and the DSA group for coronary artery stenosis on per-segment and total levels.

[image: Table 5]




Discussion

Our study found that the application of a combination of image filters (smooth 3D+ and edge-2) on CCTA images significantly improved SNR and CNR values, due to ~36% image noise reduction with the use of the smooth 3D+ image filter. Importantly, we showed that image sharpness was significantly better in the SE group than in the routine group in terms of MTF50 and MTF50P. Notably, image sharpness is usually considered a desirable image quality for evaluating vessel lesions on CCTA (23, 30, 31) (Figure 4). Moreover, previous studies have also reported additional edge rise distance as a quantitative measure for image sharpness evaluation (7, 31). However, in our study, similar MTF30 between the groups indicated that the image sharpening ability of the SE group was limited.


[image: Figure 4]
FIGURE 4
 Comparison among the routine group, SE group, and digital subtraction angiography (DSA) group. (A) stenosis of the DSA group (red arrows point to the left anterior descending artery); (B,B-1), stenosis of the routine group; and (C,C-1), stenosis of the SE group.


Image quality scores were significantly lower in the SE group than in the routine group, indicating better image quality in the SE group. Consistent with the image quality scores assigned by the observers for the three main coronary arteries, the better quantitative image quality and image sharpness enhanced the diagnostic confidence of observers. In the group-wise comparison of diagnostic accuracy against the DSA results, no significant differences were observed between these two groups. However, in the routine group, 8 out of 105 coronary arteries had a CAD-RADS of 6, indicating poor image quality. Moreover, obstructive CAD could not be excluded, and 2 of the 8 arteries changed from undiagnosable to diagnosable, consistent with the DSA stenosis degree (<50%), indicating that the diagnostic accuracy in the SE group was improved compared to that in the routine group.

A major strength of our study is that our intervention could be implemented using readily available post-processing software on the workstation or console and will thus be easy to replicate because this technique is based on image domain processing instead of the raw data domain reconstruction. The image filter function on the AW4.7 workstation is convenient to use by any radiological worker whenever necessary. Moreover, this method improves image quality and increases radiologists' diagnostic confidence without increasing the cost or radiation dose to the patients. CCTA is a very mature imaging method in the evaluation of coronary stenosis and has relatively high diagnostic accuracy. Thus, improving the post-processing algorithms would not expect to dramatically improve the diagnostic accuracy, unless the original images do not meet the diagnostic requirements. In our study, the original CCTA images were from routine examinations and already had relatively high diagnostic accuracy. Even though the use of image filters provided improvement in some of the diagnostic parameters, such as NPV, the main effect of this image filter combination was the improvement of image quality and readers' diagnostic confidence. Nevertheless, our concept and results could be helpful for future CCTA applications. For example, the ability to reduce image noise with the combined filters could be used to further reduce the required radiation dose for patients. The improved diagnostic confidence may be beneficial in speeding up the workflow and relieving the pressure on radiologists who need to read a lot of images every day.

Our study has several limitations. First, the study participants were retrospectively recruited from a single institution, and the sample size was small. And only one-third of the patients had undergone DSA due to the fact that if CCTA showed negative results, patients were less likely to undergo DSA. However, this intra-individual study with such a sample size clearly showed significant improvements in quantitative measurements, including image noise and sharpness and qualitative image evaluation. Second, we only used the combination of smooth 3D+ and edge-2 in the research group but did not compare this combination and other combinations. Smooth 3D+ was chosen as the highest level of reducing image noise and edge-2 was only the second highest level of edge sharpening because the highest level (edge-3) showed excessive sharpening with a severe “dark ring” around the edge (32, 33) (Figure 5). Therefore, the combination of image filters (smooth 3D+ and edge-2) was investigated in our study, and our results demonstrated that this combination balanced the image noise and spatial resolution and remarkably improved image quality. Third, the effect of the image filter was evaluated on CCTA images obtained by only GE CT. It remains unknown whether similar results will be observed if CT scanners from other vendors are used. However, conceptually our results clearly supported our hypothesis.


[image: Figure 5]
FIGURE 5
 Images without using a combination of image filters in the routine group and images after using a combination of image filters in the SE (smooth 3D+ and edge-2) and Edge-3 (smooth 3D+ and edge-3) groups.


In conclusion, this study showed that the use of an additional image filter combining smooth 3D+ and edge-2 in the image domain on an AW could improve the image quality of CCTA and increase radiologists' diagnostic confidence.



Summary

Smoothing and edge-enhancement filters may be combined to improve the image quality and diagnostic confidence in CCTA. Image domain filters such as smooth 3D+ and edge-2 are readily available on an AW and are easy to be applied.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

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



Author contributions

LJ and ML: conception, design, and study supervision. LJ and PG: development of methodology. LJ, PG, KW, and ML: acquisition of data (provided animals, acquired and managed patients, and provided facilities, etc.). LJ, JL, and ML: analysis and interpretation of data (e.g., statistical analysis and computational analysis). LJ, PG, and ML: writing, review, and/or revision of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Youth Medical Talents—Medical Imaging Practitioner Program [Grant number, AB83030002019004], the Health Commission of Shanghai [Grant number, 2018ZHYL0103], the National Natural Science Foundation of China [Grant number, 61976238], and Fudan University.



Conflict of interest

Author JL was employed by GE Healthcare China.

The remaining 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.



Abbreviations

AO, aortic root; CAD, coronary artery disease; CAD-RADS, Coronary Artery Disease - Reporting and Data System; CCTA, Coronary computed tomography angiography; CNR, contrast-to-noise ratio; DICOM, Digital Imaging and Communications in Medicine; DLP, dose-length product; DSA, digital subtraction angiography; IRs, iterative reconstruction algorithms; LAD-D, distal left anterior descending artery; LAD-M, middle left anterior descending artery; LAD-P, proximal left anterior descending artery; LCX-D, distal left circumflex artery; LCX-M, middle left circumflex artery; LCX-P, proximal left circumflex artery; MTF, modulation transfer function; NPV, negative predictive value; PVAT, perivascular adipose tissue; RCA-D, distal-proximal right coronary artery; RCA-M, middle right coronary artery; RCA-P, proximal right coronary artery; SNR, signal-to-noise ratio; SSF, Snapshot Freeze; SD, standard deviation; RKs, reconstruction kernels; ROI, region of interest; WC/WW, window center-window width.



References

 1. Stocker TJ, Deseive S, Leipsic J, Hadamitzky M, Chen MY, Rubinshtein R, et al. Reduction in radiation exposure in cardiovascular computed tomography imaging: results from the PROspective multicenter registry on radiaTion dose Estimates of cardiac CT angIOgraphy iN daily practice in 2017 (PROTECTION VI). Eur Heart J. (2018) 39:3715–23. doi: 10.1093/eurheartj/ehy546

 2. Stocker TJ, Leipsic J, Hadamitzky M, Chen MY, Rubinshtein R, Deseive S, et al. Application of low tube potentials in CCTA: results from the PROTECTION VI Study. JACC Cardiovasc Imaging. (2020) 13:425–34. doi: 10.1016/j.jcmg.2019.03.030

 3. Shen YW, Wu YJ, Hung YC, Hsiao CC, Chan SH, Mar GY, et al. Natural course of coronary artery calcium progression in Asian population with an initial score of zero. BMC Cardiovasc Disord. (2020) 20:212. doi: 10.1186/s12872-020-01498-x

 4. Ghekiere O, Salgado R, Buls N, Leiner T, Mancini I, Vanhoenacker P, et al. Image quality in coronary CT angiography: challenges and technical solutions. Br J Radiol. (2017) 90:20160567. doi: 10.1259/bjr.20160567

 5. Kalisz K, Buethe J, Saboo SS, Abbara S, Halliburton S, Rajiah P. Artifacts at cardiac CT: physics and solutions. Radiographics. (2016) 36:2064–83. doi: 10.1148/rg.2016160079

 6. Kim S, Chang Y, Ra JB. Cardiac motion correction for helical CT scan with an ordinary pitch. IEEE Trans Med Imaging. (2018) 37:1587–96. doi: 10.1109/TMI.2018.2817594

 7. Hong JH, Park EA, Lee W, Ahn C, Kim JH. Incremental image noise reduction in coronary CT angiography using a deep learning-based technique with iterative reconstruction. Korean J Radiol. (2020) 21:1165–77. doi: 10.3348/kjr.2020.0020

 8. Abdelrahman KM, Chen MY, Dey AK, Virmani R, Finn AV, Khamis RY, et al. Coronary computed tomography angiography from clinical uses to emerging technologies: JACC state-of-the-art review. J Am Coll Cardiol. (2020) 76:1226–43. doi: 10.1016/j.jacc.2020.06.076

 9. Andreini D, Pontone G, Mushtaq S, Conte E, Perchinunno M, Guglielmo M, et al. Atrial fibrillation: diagnostic accuracy of coronary CT angiography performed with a whole-heart 230-microm spatial resolution CT scanner. Radiology. (2017) 284:676–84. doi: 10.1148/radiol.2017161779

 10. Li Q, Li P, Su Z, Yao X, Wang Y, Wang C, et al. Effect of a novel motion correction algorithm (SSF) on the image quality of coronary CTA with intermediate heart rates: segment-based and vessel-based analyses. Eur J Radiol. (2014) 83:2024–32. doi: 10.1016/j.ejrad.2014.08.002

 11. Liang J, Wang H, Xu L, Dong L, Fan Z, Wang R, et al. Impact of SSF on diagnostic performance of coronary computed tomography angiography within 1 heart beat in patients with high heart rate using a 256-row detector computed tomography. J Comput Assist Tomogr. (2018) 42:54–61. doi: 10.1097/RCT.0000000000000641

 12. Liang J, Wang H, Xu L, Yang L, Dong L, Fan Z, et al. Diagnostic performance of 256-row detector coronary CT angiography in patients with high heart rates within a single cardiac cycle: a preliminary study. Clin Radiol. (2017) 72:694 e7–694 e14. doi: 10.1016/j.crad.2017.03.004

 13. Sheta HM, Egstrup K, Husic M, Heinsen LJ, Lambrechtsen J. Impact of a motion correction algorithm on quality and diagnostic utility in unselected patients undergoing coronary CT angiography. Clin Imaging. (2016) 40:217–21. doi: 10.1016/j.clinimag.2015.10.007

 14. Sheta HM, Egstrup K, Husic M, Heinsen LJ, Nieman K, Lambrechtsen J. Impact of a motion correction algorithm on image quality in patients undergoing CT angiography: a randomized controlled trial. Clin Imaging. (2017) 42:1–6. doi: 10.1016/j.clinimag.2016.11.002

 15. Shuai T, Deng L, Pan Y, Li W, Liao K, Li J, et al. Free-breathing coronary CT angiography using 16-cm wide-detector for challenging patients: comparison with invasive coronary angiography. Clin Radiol. (2018) 73:986 e1–986 e6. doi: 10.1016/j.crad.2018.06.023

 16. Suh YJ, Kim YJ, Kim JY, Chang S, Im DJ, Hong YJ, et al. A whole-heart motion-correction algorithm: Effects on CT image quality and diagnostic accuracy of mechanical valve prosthesis abnormalities. J Cardiovasc Comput Tomogr. (2017) 11:474–81. doi: 10.1016/j.jcct.2017.09.011

 17. Jin L, Gao Y, Shan Y, Sun Y, Li M, Wang Z. Qualitative and quantitative image analysis of 16 cm wide-coverage computed tomography compared to new-generation dual-source CT. J Xray Sci Technol. (2020) 28:527–39. doi: 10.3233/XST-190624

 18. Wu YJ, Mar GY, Wu MT, Wu FZ. A LASSO-Derived Risk Model for Subclinical CAC Progression in Asian Population With an Initial Score of Zero. Front Cardiovasc Med. (2020) 7:619798. doi: 10.3389/fcvm.2020.619798

 19. Wang ZY, Zhang JY. Classification Smoothing Filtering Algorithm Based on Edge Information. In: 2016 IEEE Information Technology, Networking, Electronic and Automation Control Conference(ITNEC 2016). Xi'an (2016).

 20. Park C, Choo KS, Jung Y, Jeong HS, Hwang JY, Yun MS. CT iterative vs deep learning reconstruction: comparison of noise and sharpness. Eur Radiol. (2021) 31:3156–64. doi: 10.1007/s00330-020-07358-8

 21. Lee KB, Goo HW. Comparison of quantitative image quality of cardiac computed tomography between raw-data-based and model-based iterative reconstruction algorithms with an emphasis on image sharpness. Pediatr Radiol. (2020) 50:1570–8. doi: 10.1007/s00247-020-04741-x

 22. Euler A, Martini K, Baessler B, Eberhard M, Schoeck F, Alkadhi H, et al. 1024-pixel image matrix for chest CT - Impact on image quality of bronchial structures in phantoms and patients. PLoS ONE. (2020) 15:e0234644. doi: 10.1371/journal.pone.0234644

 23. Araoz PA, Kirsch J, Primak AN, Braun NN, Saba O, Williamson EE, et al. Optimal image reconstruction phase at low and high heart rates in dual-source CT coronary angiography. Int J Cardiovasc Imaging. (2009) 25:837–45. doi: 10.1007/s10554-009-9489-3

 24. Cury RC, Abbara S, Achenbach S, Agatston A, Berman DS, Budoff MJ, et al. CAD-RADS(TM) Coronary Artery Disease - Reporting and Data System. An expert consensus document of the Society of Cardiovascular Computed Tomography (SCCT), the American College of Radiology (ACR) and the North American Society for Cardiovascular Imaging (NASCI) Endorsed by the American College of Cardiology J Cardiovasc Comput Tomogr. (2016) 10:269–81. doi: 10.1016/j.jcct.2016.04.005

 25. Leipsic J, Abbara S, Achenbach S, Cury R, Earls JP, Mancini GJ, et al. SCCT guidelines for the interpretation and reporting of coronary CT angiography: a report of the Society of Cardiovascular Computed Tomography Guidelines Committee. J Cardiovasc Comput Tomogr. (2014) 8:342–58. doi: 10.1016/j.jcct.2014.07.003

 26. Achenbach S, Marwan M, Ropers D, Schepis T, Pflederer T, Anders K, et al. Coronary computed tomography angiography with a consistent dose below 1 mSv using prospectively electrocardiogram-triggered high-pitch spiral acquisition. Eur Heart J. (2010) 31:340–6. doi: 10.1093/eurheartj/ehp470

 27. Yin WH, Lu B, Li N, Han L, Hou ZH, Wu RZ, et al. Iterative reconstruction to preserve image quality and diagnostic accuracy at reduced radiation dose in coronary CT angiography: an intraindividual comparison. JACC Cardiovasc Imaging. (2013) 6:1239–49. doi: 10.1016/j.jcmg.2013.08.008

 28. Bayrakceken K, Hondur AM, Atalay HT, Aribas YK. Real-life comparison of the viewing angle and the image quality of two commonly used viewing systems for vitreoretinal surgery. Turk J Med Sci. (2020) 50:689–96. doi: 10.3906/sag-1910-11

 29. Jia CF, Zhong J, Meng XY, Sun XX, Yang ZQ, Zou YJ, et al. Image quality and diagnostic value of ultra low-voltage, ultra low-contrast coronary CT angiography. Eur Radiol. (2019) 29:3678–85. doi: 10.1007/s00330-019-06111-0

 30. Oda S, Weissman G, Vembar M, Weigold WG. Iterative model reconstruction: improved image quality of low-tube-voltage prospective ECG-gated coronary CT angiography images at 256-slice CT. Eur J Radiol. (2014) 83:1408–15. doi: 10.1016/j.ejrad.2014.04.027

 31. Gordic S, Desbiolles L, Sedlmair M, Manka R, Plass A, Schmidt B, et al. Optimizing radiation dose by using advanced modelled iterative reconstruction in high-pitch coronary CT angiography. Eur Radiol. (2016) 26:459–68. doi: 10.1007/s00330-015-3862-5

 32. Abou Zeid N, Pirko I, Erickson B, Weigand SD, Thomsen KM, Scheithauer B, et al. Diffusion-weighted imaging characteristics of biopsy-proven demyelinating brain lesions. Neurology. (2012) 78:1655–62. doi: 10.1212/WNL.0b013e3182574f66

 33. Moreno R, Smedby O. Gradient-based enhancement of tubular structures in medical images. Med Image Anal. (2015) 26:19–29. doi: 10.1016/j.media.2015.07.001





OPS/images/fcvm-09-840735-g005.gif
7= iy Vo4
N

),
\ M/ \\'av/ \‘\\

>
[






OPS/images/fcvm-09-840735-t001.jpg
CAD-RADS 0
CAD-RADS 1

CAD-RADS 2
CAD-RADS 3
CAD-RADS 4
CAD-RADS 5
CAD-RADS 6

CAD-RADS, Coronary Artery

Degree of maximal
coronary stenosis

0% (No plaque or stenosis)
1-249% - Minimal stenosis or
plaque

25-49% - Mild stenosis
50-69% stenosis

70-99% stenosis

100% (total occlusion)

Non-diagnostie study

- Reporting and Data S

Interpretation

Documented absence of CAD

Minimal non-obstructive CAD

Mild non-obstructive CAD
Moderate stenosis

Severe stenosis

Total coronary occlusion
Obstructive CAD cannot be
excluded

m; CCTA, Coronary

computed tomography angiography; DSA, digital subtraction angiography.





OPS/images/fcvm-09-840735-g003.gif





OPS/images/fcvm-09-840735-g004.gif





OPS/images/fcvm-09-840735-t004.jpg
LAD
R1 R2

Score (Median (25%75%)  Routinegroup  3(2,3)  3(2.3)

SE group 2,3 2(1,3)
» <0001 <0.001
Improved Vessels (Number, %) 48(57) 59 (60)

SE, smooth 3D+ combined with ed;

ka.

081
078

<0.001

R1

36,4
2(23)
<0.001
51(49)

LCX
R2

3(,4)
32.3)
<0.001
60 (56)

left circumflex artery; ka., Kappa;

083
080
<0.001

. radiologis

R1

32,3
2(1,3)
<0.001
40(69)

RCA

R2
329
20,2

<0.001
57(69)

-~

ka. R1

084 32,4

071 2(1,3)
<0.001
139(70)

Jht coronary artery.

Total
R2 ka.
32,4 083
AL3) 077
<0001
176(69)





OPS/images/fcvm-09-840735-t002.jpg
Age 67.1%11.7

Sex (F/M) 23/67
BMI (kg/m?) 274+£49
Smoker 56 (62%)
Hypertension 70 (78%)
Diabetes 61(68)
Hyperlipemia 39 (43%)
DL, (mGy) 344.69 % 103.07
ED, (mSv) 48+ 14

F/M, Female/Male; BMI, Body Mass Index; DLP, Dose-length Product; ED, Effective
ion dose.






OPS/images/fcvm-09-840735-t003.jpg
CT values  Routine group SE group p-value

(n=90) (n=90)

AO (HU) 409.55 £ 77.48 407.42 £77.86 <0.001
Image noise 2573£7.12 16314612 <0.001
SNR

A0 16994516 283441225 <0.001
LAD-P 2643 % 15.06 46.51 £37.70 <0.001
LAD-M 9384574 1248 £12.36 0.005
LAD-D 6494520 7.80£6.19 0.009
LCX-P 2643 % 15.06 46.51 £ 37.70 <0.001
LCX-M 13.19£7.43 18.04 £ 1248 <0.001
LCX-D 7.5244.95 974655 <0.001
RCA-P 264241530 322943099 <0.001
RCA-M 17.68 4 1192 257542363 <0.001
RCA-D 1343+ 943 1828 £ 1275 <0.001
CNR

A0 4048 4 3274 80.65 4 51.39 <0.001
LAD-P 42013130 7630 4 48.96 <0.001
LAD-M 29.57 2341 52.60 = 39. <0.001
LAD-D 23.96 % 18.87 48.83 £ 33.68 <0.001
LCX-P 42013130 7630 4 48.96 <0.001
LCX-M 3259 4 2749 64.91 £ 43.19 <0.001
LCX-D 25592275 519243344 <0.001
RCA-P 427142989 76.80 4 50.84 <0.001
RCA-M 3279+ 27.09 68.40 £ 45.64 <0.001
RCA-D 34.06 2297 60.73 £ 3933 <0.001
SHARPNESS

MTF50 0.0091 (0.0046,0.0137)  0.0093 (0.0051, 0.0164) 0.036
MTF50P 0.0088 (0.0046,0.0128)  0.0090 (0.0059, 0.0136) 0.049
MTF30 00134 (0.0072,0.0217)  0.0211 (0.0146, 0.0258) 0.122

(0.231,0.001)

woth 3D+ combined with edge- computed tomography; SNR, signal-to-
noise ratio; CNR, contrast-to-noise ratio; HU, household; AO, lumen of the aortic root;
LAD-B, M, D, left anterior descending artery, proximal, middle, and distal; LCX-B, M, D,
left circumflex artery, proximal, middle, and distal; RCA-P, M, D, right coronary artery,
proximal, middle, and distal; MTF, Modulation Transfer Function. Significance level,
P < 0.05.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Intraindividual evaluation of effects of image filter function on image quality in coronary computed tomography angiography



		Introduction



		Materials and methods



		Patients



		Image acquisition and reconstruction



		Quantitative analysis



		Qualitative analysis



		Image sharpness analysis



		Radiation dose



		Statistical analysis







		Results



		Quantitative analysis, image quality scores, and image sharpness



		Diagnostic accuracy







		Discussion



		Summary



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Abbreviations



		References

















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

Intraindividual evaluation of
effects of image filter function
on image quality in coronary
computed tomography
angiography





OPS/images/fcvm-09-840735-g001.gif
et

Paticats with suspected CAD and had underwent CCTA with a 16-cm
Wilioncrage T b Decenber 2019 snd Sepiber 2

Atoslof 152 it were snolled

EETEET

5|

N

oy oty s T

T i
e e e iy

i i o

e ——

Rovin goup s rop

1

ot s

FRS——

ooy e

LI—

e






OPS/images/fcvm-09-840735-g002.gif
S [oNE] \Aa,\LO/'

o s o






OPS/images/fcvm-09-840735-t005.jpg
LAD LCX RCA total

Routine SE Routine SE Routine SE Routine SE
EPR,% 036 039 043 043 041 041 0.39 040
FNR, % 004 003 0.02 002 001 000 0.02 0.02
PPV, % 085 084 0.84 084 091 089 087 087
NPV, % 088 090 092 092 094 1.00 090 093
Se,% 096 097 0.98 098 099 100 098 098
p% 0.64 061 057 057 059 059 061 0.60
Accuracy, % 086 036 0.86 036 091 092 088 088
p (routine vs. SE) 0839 1.000 0418 0776
Non-diagnostic segment 1 1 1 1 6 4 s 6

PR, False Positive Rate; ENR,
left circumflex artery; RCA,

SE, smooth 3D+ combined with edge-
LAD, left anterior descending artery:

se Negative Rate; PPV, Positive Predictive Value; NPV, Negative Predictive Value; Se, Sensitivity; Sp, Specificity;

, digital subtraction angiography.

;ht coronary artery; DS:









OPS/images/crossmark.jpg
(®) Check for updates





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





