Al =l (4-Dimensional Imaging and Planning)
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Table 1. Definitions of 4D radiotherapy, in general, and the components of 4D imaging, 4D planning, and 4D delivery for the
specific problem of accounting for respiratory motion.

4D radiotherapy The explicit inclusion of the temporal changes in anatomy during the imaging, planning and
delivery of radiotherapy
4D CT imaging Acquisition of a sequence of CT image sets over consecutive segments of a breathing cycle
4D treatment planning Designing treatment plans on CT image sets obtained for each segment of the breathing cycle
4D treatment delively Continuous delivery of the designed 4D treatment plan throughout the entire breathing cycle
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Fig. 1. A diagram showing a 4D CT acquisition process. Fig. 2. A flow chart of the 4D-planning process. The boxes
Images are acquired and then sorted by the patient’s respira- with the thick outline correspond with automated processes.
tory phase at the time the image was acquired to create 3D Note that the workflow from a user interaction point of view is
CT images at discrete phases of the respiratory cycle. similar for 3D and 4D.

Fig. 3. The contoured tumor shown on the sagittal 4D-CT at the respiratory phase of (a) inhale and (b) exhale. The lower (red) one
is a contour delineated from the inhale 4D-CT corresponding to the inhale state and the other upper (blue) one is the contour for
the exhale phase generated automatically from the lower one using deformable image registration technique.
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Fig. 4. Isodose lines from the 5-field treatment plan at (A) exhale and (B) inhale. The isodose lines shown are 20, 60, 66, and 70

Gy. The PTV is shown as a colorwash. Note that the plan created on the exhale image set was created automatically based on

the parameters used for the inhale image set plan.
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Fig. 5. PTV, cord, heart, and lung dose-volume histograms at inhale (solid lines) and exhale (dashed lines).
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