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ABSTRACT

Existing Gamma Knife Radiosurgery(GKRS) for large lesions is often conducted in stages with volume or dose
partitions. Often in case of volume division the target used to be divided into sub-volumes which are irradiated
under the determined prescription dose in multi-sessions separated by a day or two, 3~6 months. For the entire
course of treatment, treatment informations of the previous stages needs to be reflected to subsequent sessions on
the newly mounted stereotactic frame through coordinate transformation between sessions. However, it is
practically difficult to implement the previous dose distributions with existing Gamma Knife system except in the
same stereotactic space. The treatment area is expanding because it is possible to perform the multistage treatment
using the latest Gamma Knife Platform(GKP). The purpose of this study is to introduce the image-coregistration
based on the stereotactic spaces and the strategy of multistage GKRS such as the determination of prescription
dose at each stage using new GKP. Usually in image-coregistration either surgically-embedded fiducials or
internal anatomical landmarks are used to determine the transformation relationship. Author compared the
accuracy of coordinate transformation between multi-sessions using four or six anatomical landmarks as an
example using internal anatomical landmarks. Transformation matrix between two stereotactic spaces was
determined using Pseudolnverse or Singular Value Decomposition to minimize the discrepancy between measured
and calculated coordinates. To evaluate the transformation accuracy, the difference between measured and
transformed coordinates, i.e., Ar, was calculated using 10 landmarks. Four or six points among 10 landmarks
were used to determine the coordinate transformation, and the rest were used to evaluate the approaching method.
Each of the values of Ar in two approaching methods ranged from 0.6 mm to 2.4 mm, from 0.17 mm to 0.57
mm. In addition, a method of determining the prescription dose to give the same effect as the treatment of the
total lesion once in case of lesion splitting was suggested. The strategy of multistage treatment in the same
stereotactic space is to design the treatment for the whole lesion first, and the whole treatment design shots are
divided into shots of each stage treatment to construct shots of each stage and determine the appropriate
prescription dose at each stage. In conclusion, author confirmed the accuracy of prescribing dose determination as
a multistage treatment strategy and found that using as many internal landmarks as possible than using small
landmarks to determine coordinate transformation between multi-sessions yielded better results. In the future, the
proposed multistage treatment strategy will be a great contributor to the frameless fractionated treatment of several
Gamma Knife Centers.

Keyword: Multistage Gamma Knife Radiosurgery, Leksell GammaPlan(LGP), Anatomical Landmarks, Pseudolnverse, Singular
Value Decomposition(SVD)
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Fig. 3. Stage2 plan for Subtarget 2.

Table 3. Accuracy of the cumulative dose at three points

A, B and C.
A B C
Total target( V) 2.5 Gy 1.4 Gy 9.1 Gy
Subtarget 1( 1)) 1.2 Gy 0.9 Gy 1.9 Gy
Subtarget 2( 15) 1.3 Gy 0.5 Gy 7.2 Gy

Fig. 2. Stage 1 plan for Subtarget 1.

Table 4. Summary showing the accuracy of coordinate transformation in calculating the coordinates of various test

points in serial stereotactic spaces.

Test points(Set A) Calcul(a;e/d c,oor,d)inates: Mea?ure’d cgordi’riates: B ,Dif,feQrenc§(mn’12: —
Y52, X Y 3% Ar=(z, =, +(y, =y, +(E =2,

1 (104.13, 72.86, 77.99) (104, 73.4, 78,4) 0.6859

2 (62.59, 94.28, 79.45) (61.7, 94.5, 78.6) 1.2536

3 (99.42, 143.78, 67.63) (994, 141.6, 66.5) 2.4509

4 (56.02, 97.93, 70.52) (54.9, 98.5, 69.6) 1.5565

5 (92.22, 110.82, 95.81) (92.3, 110.5, 95) 0.8800

6 (83.52, 96.19, 103.29) (82.8, 96.5, 102.5) 1.1151

Average(mm) £ SD

1.32371+0.6287

Test points(Set B) Calculate/d c,oor,dlnates:

Measure/d cqordi/nates: Difference(mm):

x5y, %, A TR Ar= e~V +, —y, P+ =2, )
1 (104.22, 73.50, 78.41) (104, 73.4, 78,4) 0.2402
2 (61.64, 94.84, 78.69) (61.7, 94.5, 78.6) 0.3557
5 (91.78, 110.29, 95.06) (92.3, 110.5, 95) 0.5703
6 (82.82, 96.40, 102.64) (82.8, 96.5, 102.5) 0.1723

Average(mm) £ SD

0.33461+0.1743
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II, RESULT
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