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Abstract Objective: To evaluate the application value of diffusion tensor imaging (DTI) in guiding the postoperative radiothera-
py plan of the gliomas adjacent to the corticospinal tract (CST). Methods: Thirty patients with gliomas adjacent to the CST underwent
routine magnetic resonance imaging (MRI) contrast-enhanced scanning and DTI after radiotherapy. Tractography data sets were ac-
quired and were fused with the images of corresponding anatomical MRI and computed tomography. The acquired data sets of radio-
therapy planning system were imported to assist with the delineation of the target volume, organs at risk, and CST. Two sets of radio-
therapy plan, which considered or did not consider the dose protective effect of the CST, were formulated and compared using the treat-
ment technique of intensity modulated radiotherapy. Results: The protective radiotherapy and unprotected plans both achieved the thera-
peutic dose to the target volume and the protection of the routine organs at risk. In the protective dose (with an optimization program
that considered the dose reduction of CST), the maximum and mean radiation doses suffered by the patients' ipsilateral and contra-later-
al CSTs were lower compared with the unprotected plan (P<0.05). Conclusion: DTI can identify the location and shape of CSTs, and
their relationship with the postoperative radiotherapy target of gliomas. These findings contribute to the formulation of a protective ra-
diotherapeutic regimen to keep the CST from the maximum and the mean radiation doses to the largest extent, thereby decreasing the
possibility of nerve damage after radiotherapy.
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» A, B, and C are the reconstructive CSTs based on
sagittal, coronal, and axial reference images; D, E, and
F are the color-coded map, the color FA map, and T1
anatomy, including CST delineation (purple outline re-
gion)
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Figure 1 = Localization of CST by DTI
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A and B are fused with CT and MRI T1 anatomy introduced into the radio-
therapy planning system. The region inside the dark blue line represents
CTV. The region inside the light blue line represents PTV. The regions in-
side the light green line and the dark green line represent the CST of the
affected and unaffected sides, respectively

K2 MREURS CTHYR &

Figure 2 Fusion of MRI and CT image

A and B were the axial isodose distribution of IMRT_noCST plan and

IMRT_CST plan, respectively, for patients with right frontal lobe glioma
(WHO grade II). A: The affected side of CST was partly within the 50 Gy
to 60 Gy isodose curve section. The unaffected side of CST was located
within the 12 Gy to 20 Gy isodose interval. B: The affected side of CST in-
cluded in the optimization process should avoid the high—dose area (over
50 Gy), and the unaffected side of CST should be less than 12 Gy
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Figure 3 Isodose distribution map
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Table 1  Comparison of the planning target volume (PTV) radiation dose,

target conformity, and homogeneity

Item IMRT_noCST ~ IMRT_CST [ P

Dmax (Gy) 64.88+0.66 65.04+0.69 -0.806 0.430
Dmean(Gy) 62.36+0.53 62.41+0.56  —0.287 0.777
DI5(Gy) 60.45+0.36 60.37+0.28 1.536 0.141
CI 1.053+0.049  1.039+0.047 1.643 0.117
HI 0.082+0.016  0.089+0.016 -1.646 0.116

22 LG M ARE R EXT

IMRT_CST 3% 5 IMRT_noCST R4 Fb , % #
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Table 2 Comparison of radiation dose—associated parameters for conven-

tional organs at risk

IMRT_noCST  IMRT_CST

ltem ! P
(Gy) (Gy)

Affected side lens Dmax 2.67+£1.67  281x1.73 -2.057 0.054

Affected side lens Dmean 1.98+1.45 2.03+1.50 -1.294 0.211

Unaffected side lens Dmax 2.38+1.97 243+1.95 -1.063 0.126

Unaffected side lens Dmean 1.84+1.69 1.89+1.72 -0.940 0.359

12.32+13.38  12.44+13.91 -0.599 0.556

Affected side optic nerve Dmax

Affected side optic nerve Dmean 8.57£9.40  8.78+10.08 -1.126 0.274
Unaffected side optic nerve Dmax 7.02+7.68 7.07£7.71 -0.353 0.728
Unaffected side optic nerve Dmean ~ 4.59+4.76 4.66£4.95 -0.729 0.475

13.26£14.77 12.99+14.48 1488 0.153
8.78+10.24  8.70x10.21 0.573 0.573
14.54+13.03  14.06+12.60 1.260 0.223
6.52+¢7.00  6.46x7.05  0.790 0.439

Optic chiasm Dmax
Optic chiasm Dmean
Brainstem Dmax

Brainstem Dmean

2.3 CSTHIEXFIL
IMRT_CSTit%15 IMRT_noCST %1 Fués , i)
] ) CST A Dmax & Dmean 24 BH 5 B (P<0.05) o
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Table 3  Comparison of CST radiation doses

IMRT_noCST IMRT_CST

(Gy) (Gy)
56.26+13.47 48.07+17.42 4.872 <0.001
38.61+14.77 33.32+16.13 7.351 <0.001
39.76+13.61 26.02+15.53 6.902 <0.001
13.09+6.61 5.534 <0.001

Item

Affected side CST Dmax
Affected side CST Dmean
Unaffected side CST Dmax
Unaffected side CST Dmean  18.90+7.45
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