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A New Technique for Whole Craniospinal Irradiation (WCSI)

Hyesook Chang, M.D.

Department of Therapeutic Rediology, Asan Medical Center, College of Medicine
University of Ulsan, Seoul, Korea

To irradiate the entire neuroaxis, bilateral parallel opposed brain fields and direct posterior
spinal field have been utilized and radiation dose at the junction between abutting fields has been
extensilvely studied. And several workable methods were reported to achieve uniform dose at a
desired depth at the juction between abutting fields whose central axis are coplanar. But the dose
distribhution at the juction of orthogonal fields has been a persistent problem in radiation
oncology. Author describes a new method to solve the junction problem between abutting fields
whose central axis are orthogonal. Author utilized spiit beam/comilimator rotation or collimator/
couch rotation to avoid hot or cold spots that may arise from beam divergence. Author achieved
accurate and homogeneous dose distribution by mathching the 50% isodose line at the junction

between orthogonal central axis beam fields.

Key Words: WCSI, Junction, Technique

INTRODUCTION

Radiotherapy to the entire craniospinal axis has
been employed in the treatment of medulioblas-
toma, germinoma, CNS lymphoma, meningeal leu-
kemia and other miignant brain tumors with a
positive CSF cytology with or without gross spinal
subarachnoid implants. Current recommendation
for WCSlI is to irradiate whole brain and spinal canal
simultaneously on megavoltage equipment, using
bilateral paralle! opposed brain fields and direct
posterior spinal fields with proper skin gaps. There
have been intensive investigation by several
authors to achieve a uniform dose at the junction
between abutting fields and they report interesting
workable methods to achieve a uniform dose at a
desired depth at the junction by calculating the skin
gap between coplanar fields or by adjusting field
direction to arrive at a uniform dose at a desired
depth in the region of the junction (1~4). Those
suggested methods are only applicable for the
beams whose central axis lie in the same plane.

Here author presents radiotherapy procedure
for WCSI at Asn Medical Center and describes a
new method to slove the juction problem between
abutting fields whose central axis are orthgonal.

MATERIALS AND METHODS

All 13 patients including 6 medullobalstoma, 5
germinoma, 1 CNS lymphoma and 1 endodermal

sinus tumor were treated for WCSI at Asan Medical
Center between Sptember 1989 and March 1991. All
the patients were positioned prone in the custom-
made half shell body cast during simulation proce-
dure and daily treatment. They were treated on
4MV-6MV linear accelerator. There was a three
level of moving juction and each juction was moved
1.5 cm distance superiorly or inferiorly at 900-1080
cGy increments (Fig. 1). The brain and cervical
spine to C5-C7 was treated with bilateral fields at
100.cm SAD and the spine to S2 was treated with
one or two direct posterior fields at 100 cm SSD,
depending upon the size of the patients. If the spine
was treated with two fields, appropriate skin gap
was left so that the 50% isodose lines match at the
mid-depth of the cord. .

Author developed the following technique and
treatment procedure for WCS| to ensure dose
homogeneity at orthgonal three-beam junction.

1. The patient was positioned prone in the cast
and leveled at the both tragus with the side laser
lights and sagittal laser light.

2. The spine field was set-up at first and the
angle of light beam divergence was calculated by
trigonometric function,

f=tan™ (field size/2/SSD)
field size=Y-axis of spinal field.

If the spine is treated with two fields, the supe-
rior one was set-up first and angle 6 was calculated
by the above formula.

3. Second step was to set-up the lateral fields
and for lateral field set-up, author utilized two
differnt methods depending on the size of lateral
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moving juction gap

Y
Fig. 1. Arrangement of treatment fields for WCSI; A "
Junction moved 1.5¢cm distance from A to

"B, C superiorly and inferiorly.

X~axis of split beam

Fig. 2. Split beam technique (Method A); Split beam used for lateral field,
rotated by angle ¢ to match the divergence of spine field.

field to include whole brain and cervical spinal cord
upto the level of C5-7, avoiding shoulder.

If Y-axis of lateral field was less than 20 cm, split
beam technique (method A) was applied. X-axis of
split beam of lateral field was abutted upon the light
edge of the spine field and axis of lateral beam was
rotated by anige 4 by rotating the collimatior. The
three-beam junction by two lateral fields and poste-
rior field matched precisely by the edge of light
beams (Fig. 2).

If Y-axis of lateral field was 20 cm or larger than
20 cm, couch rotation technique (method B) was
applied.

The axis of lateral beam was roated by angle 4
by rotating the collimator and the edge of light
beam of lateral field was abutted upon the edge of
light beam of posterior field on the skin of the
sagittal plane. And the angle of divergence of beam

for lateral field was calcuated by angle
a=tan™! (field size/2/SAD)
field size=Y-axis of lateral field.

Then couch was rotated by « angle so that edge
of the lateral light beams matched precisely on the
edge of diverged light beam of posterior field (Fig.
3).

4. The lateral bony canthus was marked with
radiopaque material on the both eyes and lens,
facial structure and anterior of neck were protected
by 10cm alloy biock from entering and exiting
beams.

RESULT
Radiation dose at the edge light beam was

calibrated at 50% of isodose line and periodic
measurements with water-phantom system
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Fig. 3. Couch rotation technique (Method B); Axis of lateral field rotated the collimator angle
6 and couch angle a to match the divergence of lateral beam and spinal posterior

beam precisely at the light beam edge.
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Fig. 4. Composite dose distribution when the axis of beams rotate to match the
diverged edge of beams, on 4MV, field size 30 cm long, 20 cm long. Shade
area shows the junction area at the depth 3~5 cm. Computed by Theraplan.

(Multidata, U.S.A.) and film dosimetry ensured that
the 50% of isodose line of the photon beam coin-
cided with the geometric edge of the beam and
edge of the light beam. The accuracy of the Thera-
plan at the edge of the large field was confirmed by
measurement up to 30% isodose line and 50% line
coincided precisely with the gemoetric edge of the
beam.

Fig. 4 and 5 show the composite dose distribu-
tion at the juction when the axis of beams rotate to
match the diverged edge of beams on 4MV and

6MV, respectively. Figure 6 and 7 show the
compopsite dose distribution at the junction when
axis of split beam rotates to match the divergence
of abutting field on 4MV and 6MV, respectively.

In all 13 patients, the depth of cord at three-
beam junction varied 3 cm~5 cm depending on the
size and contour of patient which was measured by
CT scan and/or simulator film.

The variation in dose at the depth of 3cm~5c¢m
is within 5% at the junction of Fig. 4~7.

So far author did not observe any marginal
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Fig. 6. Composite dose distribution when the axis of beams rotate to match the

diverged edge of beams, on 6MV.

Fig. 6. Composite dose distribution when the axis of split beam was rotated to match
the diverged edge of the field A on 4MV.

recurrence of untoward late complication and all
patients of medulloblastoma, germinoma and CNS
flymphoma are alive without disease with excellent
performance status.

DISCUSSION

Several techniques for WCSI were explored to
improve the accuracy and homogeneity of dose
distribution at the juction of orthogonal beams®~®,
Most authors report dose variation upto 60~70%
at various depth of the three-beam junction and
most of them utilized skin gap or beam spoiler at

the homogeneity of dose distribution. If the three-
beam juction was matched at the skin on sagittal
plane without couch rotation, the variation of
isodose distribution at 5 cm depth ranged 15% to
20%7. Clinical significance from isodose in-
homogeneity ranged 15% to 20% can be further
minimized by moving the match junctions and the
risk for spinal cord damage is very low.

The technique and treatment procedure or
WCSI at Asan Medical Center offers significant
advantage for homogenous dose distribution at the
three-beam junction (range of 5%) and avoids any
hot or cold spots that may arise from beam diver-
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Fig. 7. Composite dose distribution when the axis of split beam was rotated to match
the diverged edge of the field A on 6MV.
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Fig. 8. Simulation film for the lateral field, showing Fig. 9. Port film for the lateral field; arrow points the
tight margin at the retroorbital and cribriform problem area
plate.
gence, worsens due to rotation of couch. . .
But the disadvantages of author’s technique are 3. Facial block of brain field used to avoid exit
as follows; peam to contralateral lens, may have blocked the
1. Skull anatomy of oblique plane is difficult to retroorbital structure and cribriform pllate. .
interpret. 4. Entire set-up for daily treatment is technically

2. Exit beam problem for contralateral eye demanding.
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The follow-up has been too short and number of 4
patients are too small to assess the value of this
demanding, elaborate technique, however author
hopes that this technique may impove the outcome
of medulloblastoma and germinoma.
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