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Objective

Magnetic resonance imaging (MRI) is a standard imaging modality in intracranial stereotactic radiosurgery (SRS) for defining target volumes. However, wide disparities in MRI resolution exist, which could directly impact accuracy of target delineation. Here, sequences with various MRI resolution were acquired on phantoms to evaluate the effect on volume definition and dosimetric consequence for cranial SRS.



Materials/Methods

Four T1-weighted MR sequences with increasing 3D resolution were compared, including two Spin Echo (SE) 2D acquisitions with 5mm and 3mm slice thickness (SE5mm, SE3mm) and two gradient echo 3D acquisitions (TFE, BRAVO). The voxel sizes were 0.4×0.4×5.0, 0.5×0.5×3.0, 0.9×0.9×1.25, and 0.4×0.4×0.5 mm3, respectively. Four phantoms with simulated lesions of different shape and volume (range, 0.53–25.0 cm3) were imaged, resulting in 16 total sets of MRIs. Four radiation oncologists provided contours on individual MR image set. All observer contours were compared with ground truth, defined on CT image according to the absolute dimensions of the target structure, using Dice similarity coefficient (DSC), Hausdorff distance (HD), mean distance-to-agreement (MDA), and the ratio between reconstructed and true volume (Ratiovol
). For dosimetric consequence, SRS plans targeting observer volumes were created. The true Paddick conformity index ( ), calculated with true target volume, was correlated with quality of observer volume.



Results

All measures of observer contours improved as increasingly higher MRI resolution was provided from SE5mm to BRAVO. The improvement in DSC, HD and MDA was statistically significant (p<0.01). Dosimetrically,  strongly correlated with DSC of the planning observer volume (Pearson’s r=0.94, p<0.00001).



Conclusions

Significant improvement in target definition and reduced inter-observer variation was observed as the MRI resolution improved, which also improved the quality of SRS plans. Results imply that high resolution 3D MR sequences should be used to minimize potential errors in target definition, and multi-slice 2D sequences should be avoided.
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1 Introduction

Single- and multi-fraction stereotactic radiosurgery (SRS) has long been established as an effective treatment option for metastatic or primary brain tumors (1–8). It has also been applied successfully in treating benign conditions such as trigeminal neuralgia (9) and movement disorders (10). Due to the various indications for SRS, the size of the target volume can vary from millimeters to a few centimeters in diameter. Accurate delineation of the target volume for SRS treatments is crucial. Underrepresentation of the true target volume may lead to decreased tumor control probability. On the other hand, overrepresentation of target volume could unnecessarily increase the normal tissue complication probability due to surrounding organs-at-risk (11, 12).

Because of the superior soft tissue contrast afforded by MRI, T1-weighted contrast-enhanced MRI is the standard imaging modality for delineation of target volumes in SRS. High-resolution MRI scans are often ordered specifically for improving contouring accuracy (13, 14). A recent consensus recommendation for brain metastases imaging specifies post-contrast T1-weighted images using either a 3D pulse sequence with ≤ 1 mm isotropic resolution obtained in a 3T MR scanner, or ≤ 1.5 mm isotropic resolution obtained in a 1.5T scanner (15). Because of the higher spatial resolution, 3D pulse sequences are normally preferred over multi-slice 2D sequences. However, due to logistic or economic constraints, diagnostic MRIs for radiologic assessment are sometimes utilized for treatment planning. The diagnostic MRIs are often acquired using multi-slice 2D sequences and optimized for speed or other considerations, rather than the spatial resolution and geometric accuracy.

Existing literature on the variability of target volume measurement due to MR protocol variations is limited. Studies have shown that thin-slice MR imaging protocols can reveal an increased number of brain metastases (16, 17). Snell et al. simulated the effect with a synthetic digital tumor and concluded that the volume of a compact lesion can be determined with less than 10% error if there were at least 5 slices through the region of interest (18). To our knowledge, there is no published work that directly compares observer volumes based on repeat MRI with different pulse sequences, nor is there any work correlating MRI partial volume effect with dosimetric consequence in SRS plans. In this study, a set of phantoms was imaged with 4 different T1-weighted MRI sequences. The observed volumes were compared with true volume to evaluate inter-observer variation due to spatial resolution of MRI. SRS plans based on the observer volumes were generated and the correlation with the plan quality was evaluated.



2 Materials and methods


2.1 Phantoms

Four commercially available CT/MR phantom inserts were included in this study, all with one or two cavities fillable with MR-compatible solution to simulate tumor volume. Three are part of a STEEV phantom (CIRS, Norfolk, VA, USA) that simulate a 12.5 cm3 organic tumor (P1), a 25.0 cm3 organic tumor (P2), and a 3 cm diameter spherical tumor (P3), respectively. These cavities were filled with water doped with CuSO45H2O. The 4th insert (P4), part of StereoPHAN (Sun Nuclear, Melbourne, FL, USA), has two identical cavities that were filled with mineral oil, each with a volume of 0.53 cm3. 
Table 1
 lists the four inserts. Select axial, coronal, and sagittal views through the inserts from one of the MRI series are included. The tumor volumes are surrounded by signal-free background on the MRI.


Table 1 | 
Phantom inserts and simulated target shapes as shown in BRAVO MRI series.





2.2 Imaging with CT and MR

All inserts were imaged on a Brilliance 64 CT scanner (Philips Medical Systems, Hamburg, Germany) with an axial pixel size of 0.23 × 0.23 mm2 and slice thickness of 0.65 mm. The images were imported in Eclipse (V15.6, Varian Medical Systems, Palo Alto, CA, USA). Target volumes were determined based on image thresholding with the absolute dimensions consistent with vendor specifications. These volumes are the gold standard to which the MR-based observer contours were compared.

The inserts were imaged with four different T1-weighted MR protocols on a Panorama 1.0T (Philips Medical Systems) and a Discovery MR750 3.0T (GE Healthcare, Chicago, IL, USA). 
Table 2
 lists the MRI protocols in order of increasing spatial resolution, and these represent the typical or best resolution in T1-weighted MRI encountered in our clinic. TFE and BRAVO sequences are both gradient echo 3D scan technique and provide high resolution images with near isotropic voxel dimensions. 2D multi-slice Spin Echo (SE) provides sub-millimeter pixel size in a pre-selected orientation but thicker slick thickness than the 3D scan images. To compensate for worse resolution cross-plane, each SE sequence was acquired in both axial and coronal orientations. The pair of images was presented to the observers as a set to aid determination of the target volumes in three dimensions. Four sets of MRs, i.e., SE5mm, SE3mm, TFE, and BRAVO, were acquired for each insert, resulting in 16 sets of MR images.


Table 2 | 
MR protocols listed with increasing image resolution.





2.3 Contouring

Four radiation oncologists experienced with cranial radiosurgery provided the contours in Eclipse (Varian Medical System, Palo Alto, CA). The contours were manually delineated on individual set of MR series without referencing other MRI or CT image sets. As described above, the true volume was determined based on CT. To compare observer contours with true volume, all observer contours were transferred from their respective MR series to the corresponding CT dataset through rigid image registration. The CT and all the true and observer contours were then exported to MIM (V6.8.7, MIM Software Inc. Cleveland, OH, USA) for the final analysis. The following metrics were included for comparison:

a. Dice similarity coefficient (DSC) (19): measures the overlap between observer contour, A, and ground truth, B. The values of DSC range from 0 (no overlap) to 1 (perfect overlap).

	

b. Ratio of observer volume to true volume (RatioVol).

c. Hausdorff distance (HD) (20): the maximum distance between contours A and B, or max(h(A,B), h(B, A)), where h(A, B) =  , and ||a−b|| is the Euclidean distance.

d. Mean distance to agreement (MDA) (21): the average of all distances between points on contour A and contour B and vice versa.

The above parameters measure how close each observer contour is to true volume. The results on the observer contours from one MR sequence were compared with those from another MR sequence to demonstrate the effect of MR sequence resolution. Two-sided signed-rank tests were performed between SE5mm and SE3mm, between SE3mm and TFE, and between TFE and BRAVO. A value of p < 0.05 was pre-determined to indicate a significantly different result.



2.4 Dosimetric impact of observer contour variation

The true and observer volumes were all transferred to the STEEV anthropomorphic phantom CT dataset. Assuming the only organ-at-risk is the normal brain, a HyperArc plans (22) was generated with the planning target volume being one of the observer volumes. A total of 16 HyperArc plans were created based on the 16 observer volumes on insert P1 (P1-plans), and 24 HyperArc plans based on the observer volumes on P4 (P4-plans).

All the plans were generated in 6XFFF mode on an Edge with HD120 MLC (Varian Medical System, Palo Alto, CA), each consisted of four 180° arcs arranged at couch angles of 0, 45°, 270°, and 315°. A typical beam arrangement in a HyperArc plan is shown in 
Figure 1
. The plans were optimized to provide optimal dose gradient and conformity and were normalized such that 100% prescription dose covered 99% planning target volume (V100% = 99%). The prescription was 27 Gy in 3 fractions to P1-plans and 18 Gy in single fraction to P4-plans, due to the target volume being close to 12.5 and 0.53 cm3, respectively.




Figure 1 | 
Typical beam arrangement of a HyperArc plan in this study, consisting of four non-coplanar 180° arcs at couch angles of 0, 45°, 90°, and 315°.



The Paddick conformity index, CIpaddick, is recommended in the International Commission on Radiation Units and Measurements (ICRU) report 91 (23) for reporting SRS treatments. It is defined as  , where PIV is the volume of prescription isodose, TV is the target volume, and TVPIV is the target volume covered by the prescription dose. An ideal value of CIpaddick is 1.0. Either under- or over-coverage of target volume leads to CIpaddick
 being less than 1.0 and a decrease in plan quality.

In each of the HyperArc plans, CIpaddick
 was evaluated using both the planning ( ) and true target volume ( ). To evaluate the dosimetric impact due to the accuracy of planning target volume, the Pearson correlation coefficient, r, was calculated between  and DSC of the planning target volume. The correlation is considered strong if | r | > 0.7 and statistically significant if p < 0.05.




3 Results


3.1 Contouring

From the 4 observers and 4 inserts, 18 sets of contours were collected in each MR sequence. All observer contours were compared with the ground truth. The comparison to true volume as a function of MR sequence is presented in 
Table 3
. All indices improved as the MRI spatial resolution increased from SE5mm, SE3mm, to TFE and BRAVO. The improvement of observer contours in DSC, HD, and MDA was statistically significant (p < 0.01). Thus, a higher MRI spatial resolution resulted in observer contours closer to ground truth.


Table 3 | 
Comparison of observer delineated versus ground truth contours using DSC, HD, MDA, and Ratiovol..





3.2 Planning

The 16 P1-plans were well matched in dose conformity and gradient based on the planning target volume. In particular, the value of  in the 16 P1-plans was 0.92 ± 0.01 (range 0.91 to 0.93) according to the planning target volume. However, calculated with the true target volume,  was 0.88 ± 0.05 (range 0.75 to 0.96). Similarly,  was 0.82 ± 0.02 (range 0.79 to 0.85) in the 24 P4-plans, while  degraded to 0.73 ± 0.13 (range 0.43 to 0.89). Combining the 16 P1-plans and 24 P4-plans, 
Figure 2
 shows a strong correlation between  and DSC of the planning target volume (r = 0.94, p< 0.00001). The positive correlation between  and DSC suggested that, as DSC decreases due to a greater deviation of planning target volume from true volume,  declines. Therefore, the accuracy of observer target volume directly impacted the quality of SRS plans.




Figure 2 | 
True Paddick conformity index ( ) as a function of Dice similarity coefficient (DSC) of the planning target volume (N=40).






4 Discussion

Although MRI offers superior soft tissue contrast, significant inter-observer variations have been noted in target delineation of brain tumors for SRS (24–26). Our study indicated that differences in image resolution in MRI sequences can contribute to inter-observer variation as demonstrated by parameters such as DSC, HD and MDA when comparing observer contours with ground truth. Higher resolution MRI leads to target volumes closer to ground truth and reduced spread in the parameters evaluated. Thus, finer resolution MRI allows more accurate and consistent target delineation among the observers.

Both axial and coronal series were provided to the observers in the SE5mm and SE3mm sequences. The axial series has superior axial planar resolution, but coarse resolution in superior/inferior direction. The coronal series complements the axial series by providing superior resolution in coronal plane but coarse resolution in anterior/posterior direction. Combining information from the two series effectively allows the volume of a target to be defined accurately in three dimensions. Due to the subjectivity in combining information from axial and coronal series however, the superior and inferior portion of the volume could be either over- or under-represented, especially with irregular target volume shapes. In the clinical setting of cranial radiosurgery, the risk of over- or under-treating the superior or inferior portion of the disease increases when multi-slice 2D sequences with thick slices are used for SRS treatment planning. 
Figure 3
 compares true volume with the axial, coronal, and sagittal views of observer contours based on SE5mm sequence on phantom insert P1. The volumes were shown on the SE5mm axial series with full range of window and level. Besides the significant variation in observer contours at superior and inferior portions of the volume, large deviations were also noted where there is substantial change in tumor shape across plane (
Figure 3A
)




Figure 3 | 
Observer contours on SE5mm MR sequence and true volume (red) on Phantom insert P1 in axial (A), coronal (B), and sagittal (C) views. The volumes are shown on SE5mm axial MR series with full range of window and level. Circled area showed significant deviation from true volume.



The other factor that contributes to the inter-observer variation was the difference in user window/level preferences and related impact on visualization of target boundaries. This factor leads to systematic over- or under-estimation of the target volume. 
Figure 4
 compares true volume with observer contours based on BRAVO sequence on phantom insert P1. Comparing to 
Figure 3
, the agreement with true volume is much improved.




Figure 4 | 
Observer contours on BRAVO MR sequence and true volume (red) on Phantom insert P1 in axial (A), coronal (B), and sagittal (C) views. The volumes are shown on BRAVO series with full range of window and level.



To avoid being influenced by other MRI series or CT images, the observers were instructed to delineate directly on the individual MR sequence. The volumes were then transferred on to the CT image set. All the transferred volumes were visually confirmed to be consistent with the original observer volumes on MRI. The CT image, true volume, and transferred observer volumes were then exported and analyzed in MIM. There could be potential differences in volume calculation and rendering between different systems (27, 28). To confirm fidelity of volumes following transfer from Eclipse to MIM, volumes reported by the two systems were compared, and the difference was negligible 0.01 ± 0.01 cc. Because all the analysis was carried out on one system, uncertainty due to variations in the handling of the volumes by different systems is minimized.

In this study, we simulated T1-weighted post-contract images using the MR and CT compatible inserts. The influence of other image series, such as pre-contrast T1-weighted, T2-weighted, fluid-attenuated inversion recovery image, etc, which might be useful for target delineation in SRS planning was not investigated. The simulated target volumes were well-defined and surrounded by signal-free background in the MR images. In a clinical brain MR image, it is likely that inter-observer variation would increase due to MR spatial resolution and other factors including image contrast and signal-to-noise ratio (SNR). The lesions included in this study were small and the MRIs were acquired with targets placed in the magnetic isocenter. For large lesions, or discrete lesions spread out over a large volume, any geometric distortion in the MRI could also lead to systematic deviation in user contours.



5 Conclusion

Significant improvements in target definition and reduced inter-observer variations were observed as the MR image resolution improved. Results imply that the highest resolution 3D MR sequences should be used to minimize potential errors in target definition, and multi-slice 2D sequences should be avoided. Even with high-resolution 3D MR sequences, care should be used with the window and level of the image for consistent target definition.



Data availability statement

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



Author contributions

YH was responsible for the research design, data collection and analysis, and manuscript preparation. EL, ES, MS, SS participated in data collection. All authors contributed to the article and approved the submitted version.




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.



References

1. Akanda, ZZ, Hong, W, Nahavandi, S, Haghighi, N, Phillips, C, and Kok, DL. Post-operative stereotactic radiosurgery following excision of brain metastases: A systematic review and meta-analysis. Radiother Oncol (2020) 142:27–35. doi: 10.1016/j.radonc.2019.08.024

2. Brown, PD, Jaeckle, K, Ballman, KV, Farace, E, Cerhan, JH, Anderson, SK, et al. Effect of radiosurgery alone vs radiosurgery with whole brain radiation therapy on cognitive function in patients with 1 to 3 brain metastases: A randomized clinical trial. JAMA. (2016) 316(4):401–9. doi: 10.1001/jama.2016.9839

3. Churilla, TM, Ballman, KV, Brown, PD, Twohy, EL, Jaeckle, K, Farace, E, et al. Stereotactic radiosurgery with or without whole-brain radiation therapy for limited brain metastases: A secondary analysis of the north central cancer treatment group N0574 (Alliance) randomized controlled trial. Int J Radiat Oncol Biol Phys (2017) 99(5):1173–8. doi: 10.1016/j.ijrobp.2017.07.045

4. Ehrlich, MI, Schiff, E, Knisely, JPS, Chang, J, Qian, X, Goenka, A, et al. Tumor control and survival in patients with ten or more brain metastases treated with stereotactic radiosurgery: A retrospective analysis. J Neurooncol (2019) 143(1):167–74. doi: 10.1007/s11060-019-03153-8

5. Kondziolka, D. Current and novel practice of stereotactic radiosurgery. J Neurosurg (2019) 130(6):1789–98. doi: 10.3171/2019.2.JNS181712

6. Shah, JL, Li, G, Shaffer, JL, Azoulay, MI, Gibbs, IC, Nagpal, S, et al. Stereotactic radiosurgery and hypofractionated radiotherapy for glioblastoma. Neurosurgery. (2018) 82(1):24–34. doi: 10.1093/neuros/nyx115

7. Soike, MH, Hughes, RT, Farris, M, McTyre, ER, Cramer, CK, Bourland, JD, et al. Does stereotactic radiosurgery have a role in the management of patients presenting with 4 or more brain metastases? Neurosurgery (2019) 84(3):558–66. doi: 10.1093/neuros/nyy216

8. Yamamoto, M, Serizawa, T, Shuto, T, Akabane, A, Higuchi, Y, Kawagishi, J, et al. Stereotactic radiosurgery for patients with multiple brain metastases (JLGK0901): a multi-institutional prospective observational study. Lancet Oncol (2014) 15(4):387–95. doi: 10.1016/S1470-2045(14)70061-0

9. Tuleasca, C, Regis, J, Sahgal, A, De Salles, A, Hayashi, M, Ma, L, et al. Stereotactic radiosurgery for trigeminal neuralgia: a systematic review. J Neurosurg (2018) 130(3):733–57. doi: 10.3171/2017.9.JNS17545

10. Niranjan, A, Raju, SS, Kooshkabadi, A, Monaco, E 3rd, Flickinger, JC, and Lunsford, LD. Stereotactic radiosurgery for essential tremor: Retrospective analysis of a 19-year experience. Off J Movement Disord Society (2017) 32(5):769–77. doi: 10.1002/mds.26925

11. Benedict, SH, Yenice, KM, Followill, D, Galvin, JM, Hinson, W, Kavanagh, B, et al. Stereotactic body radiation therapy: the report of AAPM task group 101. Med Physics (2010) 37(8):4078–101. doi: 10.1118/1.3438081

12. Milano, MT, Grimm, J, Niemierko, A, Soltys, SG, Moiseenko, V, Redmond, KJ, et al. Single- and multifraction stereotactic radiosurgery Dose/Volume tolerances of the brain. Int J Radiat Oncol Biol Phys (2020) 110(1):68–86. doi: 10.1016/j.ijrobp.2020.08.013

13. Paulson, ES, Crijns, SP, Keller, BM, Wang, J, Schmidt, MA, Coutts, G, et al. Consensus opinion on MRI simulation for external beam radiation treatment planning. Radiother Oncol (2016) 121(2):187–92. doi: 10.1016/j.radonc.2016.09.018

14. Putz, F, Mengling, V, Perrin, R, Masitho, S, Weissmann, T, Rosch, J, et al. Magnetic resonance imaging for brain stereotactic radiotherapy: A review of requirements and pitfalls. Strahlenther Onkol (2020) 196(5):444–56. doi: 10.1007/s00066-020-01604-0

15. Kaufmann, TJ, Smits, M, Boxerman, J, Huang, R, Barboriak, DP, Weller, M, et al. Consensus recommendations for a standardized brain tumor imaging protocol for clinical trials in brain metastases. Neuro-oncology. (2020) 22(6):757–72. doi: 10.1093/neuonc/noaa030

16. Nagai, A, Shibamoto, Y, Mori, Y, Hashizume, C, Hagiwara, M, and Kobayashi, T. Increases in the number of brain metastases detected at frame-fixed, thin-slice MRI for gamma knife surgery planning. Neuro-oncology (2010) 12(11):1187–92. doi: 10.1093/neuonc/noq084

17. Perks, JR, Liu, T, Hall, WH, and Chen, AY. Clinical impact of magnetic resonance imaging on gamma knife surgery for brain metastases. J Neurosurg (2006) 105 Suppl:69–74. doi: 10.3171/sup.2006.105.7.69

18. Snell, JW, Sheehan, J, Stroila, M, and Steiner, L. Assessment of imaging studies used with radiosurgery: A volumetric algorithm and an estimation of its error. J Neurosurg JNS (2006) 104(1):157. doi: 10.3171/jns.2006.104.1.157

19. Dice, LR. Measures of the amount of ecologic association between species. Ecology. (1945) 26(3):297–302. doi: 10.2307/1932409

20. Jain, AK, and Dubes, RC. Algorithms for clustering data. Englewood Cliffs, New Jersey: Prentice-Hall, Inc, (1988).


21. Chalana, V, and Kim, Y. A methodology for evaluation of boundary detection algorithms on medical images. IEEE Trans Med imaging (1997) 16(5):642–52. doi: 10.1109/42.640755

22. Ohira, S, Ueda, Y, Akino, Y, Hashimoto, M, Masaoka, A, Hirata, T, et al. HyperArc VMAT planning for single and multiple brain metastases stereotactic radiosurgery: a new treatment planning approach. Radiat Oncol (2018) 13(1):13. doi: 10.1186/s13014-017-0948-z

23. Wilke, L, Andratschke, N, Blanck, O, Brunner, TB, Combs, SE, Grosu, AL, et al. ICRU report 91 on prescribing, recording, and reporting of stereotactic treatments with small photon beams : Statement from the DEGRO/DGMP working group stereotactic radiotherapy and radiosurgery. Strahlenther Onkol (2019) 195(3):193–8. doi: 10.1007/s00066-018-1416-x

24. Stanley, J, Dunscombe, P, Lau, H, Burns, P, Lim, G, Liu, HW, et al. The effect of contouring variability on dosimetric parameters for brain metastases treated with stereotactic radiosurgery. Int J Radiat Oncol Biol Phys (2013) 87(5):924–31. doi: 10.1016/j.ijrobp.2013.09.013

25. Sandstrom, H, Jokura, H, Chung, C, and Toma-Dasu, I. Multi-institutional study of the variability in target delineation for six targets commonly treated with radiosurgery. Acta Oncol (2018) 57(11):1515–20. doi: 10.1080/0284186X.2018.1473636

26. Growcott, S, Dembrey, T, Patel, R, Eaton, D, and Cameron, A. Inter-observer variability in target volume delineations of benign and metastatic brain tumours for stereotactic radiosurgery: Results of a national quality assurance programme. Clin Oncol (R Coll Radiol) (2020) 32(1):13–25. doi: 10.1016/j.clon.2019.06.015

27. Eaton, DJ, and Alty, K. Dependence of volume calculation and margin growth accuracy on treatment planning systems for stereotactic radiosurgery. Br J Radiol (2017) 90(1080):20170633. doi: 10.1259/bjr.20170633

28. Ma, L, Sahgal, A, Nie, K, Hwang, A, Karotki, A, Wang, B, et al. Reliability of contour-based volume calculation for radiosurgery. J Neurosurg (2012) 117 Suppl:203–10. doi: 10.3171/2012.7.GKS121016


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 © 2023 Huang, Liang, Schaff, Zhao, Snyder, Chetty, Shah and Siddiqui. 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.



OEBPS/Images/fonc-13-1090582-g002.jpg
n
.
-
r

QO
o ﬁﬂgﬁ
uﬂﬂ_..g’
QHE:E. a0 ©
a5 8
----- o o

vy =1,5857x - 0.606]

R*=05915

0.80 0.55 0.90 0.95
DsC





OEBPS/Images/im2.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Impact of MRI resolution for Linac-based stereotactic radiosurgery

      

        		

          Objective

        



        		

          Materials/Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Phantoms

          



          		

            2.2 Imaging with CT and MR

          



          		

            2.3 Contouring

          



          		

            2.4 Dosimetric impact of observer contour variation

          



        



        



        		

          3 Results

        

          		

            3.1 Contouring

          



          		

            3.2 Planning

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/im14.jpg





OEBPS/Images/im7.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/im10.jpg
s
CH s





OEBPS/Images/table3.jpg
MR Sequence

SE5mm

SE3mm

TFE

BRAVO

DSC
0.86 + 0.09 [0.63-094]
0.91 + 0,05 [0.79-0.96]
0.94 + 0.04 [0.85-0.97]

0.96 + 0.02 [0.92-0.98]

HD (mm
377 +1.96 [1.17-8.04]
272 +1.22 [1.05-5.29]
219 + 1.28 [0.94-4.96]

152 + 1.28 [0.68-4.07]

MDA (mm| Ratioy,
075 + 0.33 [0.27-1.44] 1.23 + 034 (0.87-2.09] ‘
047 + 0.18 [0.24-0.93] 1.08 + 0.19 (0.79-152] \
031 +0.12 [0.13-0.56] 1.06 + 0.13 0.86-135] ‘
0.18 + 0.07 [0.10-0.31] 1.00 + 0.07 (0.91-1.17] ‘





OEBPS/Images/im3.jpg
max min |





OEBPS/Images/fonc-13-1090582-g003.jpg
T ——

My






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/M1.jpg





OEBPS/Images/im13.jpg





OEBPS/Images/im8.jpg
s
CH s





OEBPS/Images/im9.jpg





OEBPS/Images/im4.jpg
Ol =y





OEBPS/Images/fonc.2023.1090582_cover.jpg
& frontiers | Frontiers in Oncology

Impact of MRI resolution for
Linac-based stereotactic
radiosurgery





OEBPS/Images/im5.jpg
s
CH s





OEBPS/Images/table2.jpg
Scanner MR Protocol | plane or plane of acqu
SE5mm (T1-Flair SE axial and coronal)

GE 30T TR = 2100 ms, TE = 8.3 ms, TI = 895 ms 0.4 x 04
SE3mm (T1 SE axial and coronal)

Philips 10T | TR = 643.9 ms, TE = 15 ms 05x 05

Philips 10T | TFE TR = 7.9 ms, TE = 3.9 ms, flip angle = 9° 09 x 09

GE 30T BRAVO TR = 7.5 ms, TE = 3.2 ms, flip angle = 12° 04 x 04






OEBPS/Images/im12.jpg





OEBPS/Images/fonc-13-1090582-g001.jpg





OEBPS/Images/im1.jpg





OEBPS/Images/fonc-13-1090582-g004.jpg





OEBPS/Images/im15.jpg





OEBPS/Images/im6.jpg





OEBPS/Images/table1.jpg





OEBPS/Images/im11.jpg





