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Lung tumor motion tracking method and clinical evaluation based on dual energy X ray fluoroscopy
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Abstract Objective: To provide a breathing motion tracking method for lung tumors without metal markers by registration of soft tissue
subtraction images with the high and low energy motion image sequences in the respiratory cycle using dual—energy X -ray fluoroscopy
imaging. Methods: Taking the high and low energy X—ray images of lung cancer patients, soft tissue images were obtained by an automatic
dual energy subtraction algorithm. Combining adaptive reference image selection and normalized mutual information matching, a tumor
motion tracking algorithm was proposed to calculate the breathing motion curve and motion amplitude of lung tumor. The clinical data of 19
patients with lung cancer were collected and analyzed. The accuracy of tumor motion tracking algorithm was evaluated using the manual
measurement results as reference benchmark. Results: For all 19 patients, the results of breathing motion curve and motion amplitude
calculated by tumor motion tracking algorithm were in good agreement with the results obtained by manual measurement. In most cases, the
motion range in superior/inferior direction was greater than that in left/right and anterior/posterior directions, and the motion range of tumors
in the lower half of the lung was larger than that in the middle and upper lung. Conclusion: Using dual—energy subtraction soft tissue images,
a tumor motion tracking algorithm without metal markers can directly register tumors, and track the respiratory movement of lung tumors
accurately.

Key words dual energy subtraction; image registration; normalized mutual information; tumor motion tracking
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Fig 2 Visual comparison of tumor visibility
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Fig 3 Soft tissue subtraction images and tracking results of breathing phase 1.2.5.and 8 in 0° projection direction
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Fig 4 Subtracted soft tissue images and tracking results of breathing phase 1,2,5 and 8 in 90° projection direction

O°BE5E T 1111 45 s A e P (57 % 235 S5 LA KL Ry 345
2E o XY 7 1) 6 6 1) Al 22 1) ~F- Y (i A 225 1E
435 59(0.07£0.25) mm . (0.04+0.33) mm. X}5 2
s AT 2200 3 2400 A5 2 IR Az sh i , infEl
5 FiR IR AE R 4 i — B0k

R2 0CRBHEMEERIRER

IR BIAE 90° 52 J5 Il A 45 L, an sk 3 Al 6
FiR o XY J7 i A% 04 0 22 1 P SAE AR 22 (8 53
#°4(0.04+0.29) mm (-0.35+0.35) mm., [RIEE, Bifh 5

SEIR MG A B iy — Bk .

R3 90°RH T B PEBIEHNRERLE R

Tab 3 Tumor displacement at different phases in 90° projection
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