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In brachytherapy of uterine cervical cancer using the high dose rate remote afterloading
system, it is of prime importance to determine the position of the radiation sources and to
estimate the irradiation time. However, calculation with manual method is so time consuming
and laborious, that authors designed a software as an aid to intracavitary radiotherapy planning
using the personal computer to obtain the precision of treatment without being too complicated

for routine use.

Optimal source arrangement in combination with dose rate at each specific points and
irradiation time can be easily determined using this software in several minutes.
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INTRODUCTION

In recent years, the use of personal computers
in radiation therapy has been increased in the
primary application in the business related
aspects?. Personal computers also can be used to
assist in dose calculation of radiation therapy. A
computer system for planning and reconstruction
of high dose rate intracavitary treatment of uterine
cervical cancer was devised using the 8-bit per-
sonal computer to obtain the precision of treat-
ment without being too complicated for routine
use. The purpose of this work is to describe a
method for treatment planning in brachytherapy of
uterine cervical cancer with high dose rate remote
afterloading system. Optimal source arrange-
ments in combination with dose rate at each
points and exposure times can be easily deter-
mined by using this software within a short time.

MATERIALS AND METHODS

Treatment equipment and hardware: Remote
control afterloading radiotherapy unit (Ralstron¥®,
Shimadzu) consists of high activity automatic
over-riding ¢°Co point sources (total 15 Ci). The
software program was designed for the 8-bit

personal computer (Apple ) with minimum of 48
KB word memory, one floppy disk drive, 9” CRT
monitor, and printer.

SOFTWARE STRUCTURE

Flow chart of the program is as the Fig. 1.
Software was designed in order to be applicable
to any magnification factor. Exposure or absorbed
dose at any specific point for each source is
proportional to weight of source exposure, prod-
uct of source activity and exposure time. Authors
use the Ci-min as a unit of activity-time because
the activity of ®Co source of Ralstron is indicated
as Ci and exposure time as minutes.

In this system, point A*~® is considered to be 2
cm above along the uterine tandem from the
external os and laterally 2 cm at right angle to the
midline of applicator. Point B is 5 cm lateral from
the center of the uterine canal and on a piane 2 cm
above the external o0s. in case that uterus is deviat-
ed, then point A is carried to displaced uterus and
is at a point 2¢cm from the uterine canal in the
perpendicular direction, whereas point B remains
in its original position.

Specific point dose at each point and total
doses are calculated and displayed on CRT moni-
tor (Fig. 2). When the user wants to change dose



184

AT

Input date, magnification factors,
coordinates and activities {Ci. min)
of sources, and coordinates of
specific points.

Calculate dose rate {rad/min) at 1 cm
distance from Co-60 sources,

I

Qotate coordinates of both A points 7 >
, Yes
/ Select numbers of two sources, /

No

Calculate the rotated coordinates of

both A points and os.

Calculate the distance from sources
to dose points.

Calculate and display dose for given
Ci. min of each source and total dose
at each point and display the doses.

I Yes
{Change Ci. min of sources ?
No

/ Input daily dose at point A. /
I
Calculate and display dose for given
Ci. min of each source and total dose
ateach point and display the doses,

Change activity, I

Calcutate and display exposure time
in second for each source point.

End

Fig. 1. Flow chart of the program.

distribution, operator can rearrange source activ-
ity of Ci-min for the most optimal dose distribu-
tion.

1. Dose calculation of point source

The dose contribution of an active ®°Co pellet to

a point P is calculated by D,,:A‘P'—-(r_j'zs(d)—'f rad/

min. A is the effective activity in Ci, I" is the
exposure rate in air, given by a point source of 1 Ci
of the radioactive substance; T is the time factor
during which the active pellet remains in the ap-
plicator; S(d) is the correction factor for the
absorption and scattering of the radiation in tissue

along path d, the distance between the active
pellet and point P; f is the roentgen to rad conver-
sion factor. For %Co [ is 13.07 Rxcm?/mCi-hr®
and f=0.95 rad/R. Correction for the source
decay can be calculated by the formula® D,=D,x
0.5¥-27x365.28) [ | jg the dose rate measured at day
zero;t is the elapsed days of radioactive source.
Correction factor for tissue absorption and scatter
(S(d)) followed the Meisberger relation®, S(d)=
A+Bd+Cd?+Dd? based on a compilation of
published measurements, where A=9.9423x10"!,
B=-5.318x10"3, C=-2.61x10"%, and D=1.327x10™*.
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Fig. 2. Computer screen display of point dose distribution of the
point A, B, os, bladder, and rectum,

2. Localization of point source

Authors use the reconstruction method from
orthogonal radiographs® for the localization of
point source. After orthogonal radiographs are
taken at right angle with isocentric method (SAD
80 cm), determine the coordinate of source (xi, v,
z;). Using the coordinates {(xs, vz, z,) o7 Manches-
ter A, B points, rectum, and bladder, the distance
from specific point is given by:

d=V(X-Xo) 2+ (Y,-Y2) +(Z1-22)°.

3. Determination of irradiation time

Calculation of treatment time at each point can

be calculated by the following equation:
D=85(d)-Dt-f/d?
where D is the absorbed dose rate (rad/min) at
the distance d, and Dt is the measured exposure
rate (R/min) at 1 cm. Then actual treatment time
can be calculated by the following eguation:T=
DD

2Di. Wi(Dall)
where Di is absorbed dose rate from the i-th point
source, Wi is the weight of i-th source, Dall is total
dose rate from all of the point sources, T is the
time per unit weight for giving DD dose, DD is the
dose to be given.

The software program also provides an option
to change the weight or Ci-min at each point
source for ideal dose distribution at specific point.
It take about several minutes to reconstruct com-
pletely dose calculation and irradiation time for
intracavitary irradiation after localization of sour-
ce, and specific point.

DISCUSSION

In recent years, the use of personal computers
in radiation therapy department has been in-
creased considerably, with primary applications in
the business related aspects. Personal computers
also should be useful in dose calculation and
planning. Computerization of these. calculation
and planning would reduce the probability of
computational error.

There are three methods available for recon-
struction of applicator:reconstruction from orth-
ogonal radiographs®, the stereo-shift method?,
and the isocentric method®. Reconstruction from
orthogonal radiographs is probably the most
common reconstruction method, and the only
method which can calculate the specific points in
the patient structures®.

The most commonly used correction factor for
tissue absorption and scatter is the Meisberger
relation®, S(d)=A+Bd-+Cd?*+Dd? authors use
this equation. Recently the more simple relation
S{(d)=(1+bd?)/(1+bd?) has been proposed by
Van Kleffens et al®. Small effect of dose reduction
due to the applicator wall can partly be eliminated
by incorporating the air attenuation in the air layer
between pellet and applicator wall. Dose contribu-
tion from the override mechanism of radioactive
source within the applicator can be corrected, but
the dose is negligible, 1-1.3 rads by calculation,
and we do not correct this factor in software.

There are some limitations to our system. The
drawing of isodose curve is under way of develop-
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ment. The position of radioactive sources, and
specific point may be entered by the digitizing
tablet instead of the coordinates input by key-
board.

Although the accuracy of these calculation
using the personal computer is not as great as
those results using more sophisticated algorithms,
however, the accuracy is certainly comparable to
that obtfained via manual calculations, and far
more easily obtained.
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