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Abstract

Current polynomial methods used in the modelling of the dose distributions in HDR brachytherapy have been
reformulated to improve accuracy. An example is provided to show the effects of the transit dose on the output.
The transit dose, which is neglected by current computer software for calculating doses, can result in significant
dosimetric errors. These additional unrecognised doses imply over-dosing and distortions in the dose
distributions within the irradiated volume. Assessment of dose to critical and radiosensitive organs is therefore
inaccurate. These could increase late tissue complications as predicted by the Linear Quadratic Model. Our
model works very well for straight catheters and is highly recommended for the evaluation of the transit dose
around such catheters.

1. Introduction

Every HDR application results in source dwell and transit doses. Dose calculation formalisms
that incorporate the transit dose have been suggested for dose calculations in HDR
brachytherapy by Houdek et al. [1], Bastin et al. [2] and later improved by Cho and Muller-
Runkel [3]. Houdek's [1] report on the determination of the transit dose was an
oversimplification as it assumed that none other than the inverse square law attenuation was
involved. Bastin et al. [2] made direct measurements with TLD chips as well as writing an
algorithm to represent the transit dose distributions in HDR brachytherapy but observed a
startling difference of 18.2 % (on the average) between their measured values and their own
algorithm. This is not surprising, as they assumed isotropic dose distributions, coupled with
errors introduced by the finite sizes of the TLD chips. Cho and Muller-Runkel [3]
incorporated anisotropy but assumed anisotropy does not depend on radial distance. This
could lead to very serious errors as there is, on the average uncertainties of ±10 %, from
distances within a short range of 1 -10 cm from the centre of the source.

In this investigation, current recommended parameters [4,5,6,7] have been used. The
anisotropy and the radial dose distribution functions have been hybridised and a model for the
calculation of the transit doses, based on the hybridised function, is developed.

2. Method

Radiation
Source

FIG. 1. The geometrical definition of r and 6 for a filtered radiation source
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The dose rate at a point P above is defined as follows [7,8,9].

D(r,0) = SkKo ^
r
r'

d
e
)
)F{r,9)g{r) (l)

From point - source approximation G(r,0)=l/r2 [10] where r2 = y2+a2. Now G(ro,Qo) and .
are constants and the product g(r)F(r, 0) is a function of the linear displacement^ as shown
in fig. 1 and so

{function of y) :. d[D(r,0)] = Sk —. T

y + a

Generally G(roM) = 1- From the relationship between y and F(y), we make use of a linear-
linear polynomial expressed to the minimum possible degree to represent F(y) hence F(y) = A
+ By + Cy2 where A, B & C are constants. The source attains a finite velocity V when in
motion, resulting in transit dose of magnitude D(r, 6) deposited at a point P and satisfies

(2)V . : d t [(,)] k ^ Y

dt V " y2 +a2 V

When the source moves from position>v to position^ with an average velocity V,

V
Cy + — arctan — } + —\n(y2 + a2)

a a 2
where D = A - C a2.

Assuming none other than the inverse square law attenuation,

(3)

D(r,d) = ̂ r - | arctan | ^

When a = 0 eqn. (3) and eqn. (4) become

V
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(4)

(5)

and
- 1

y
(6) respectively.

2.1. Calculations and results

Figure 2 below simulates a linear implant with (thirteen) 13-dwell positions and an inter-dwell
spacing of 0.25 cm. A,B>C & D are calculation points.

670



IAEA-CN-85-6

2 -

a (cm) j —

*B

* A * c

0 _ 1 . . . T . . . T . . . T * D

1 2 3 4

y(cm)

FIG. 2. Illustration of example: •, dwell point; *, calculation point

The value of Sk is 11.3056 cGy cm2 s1 [11] and Ao = 1.111 [12] for a 370 GBq 192Ir source
(Mallinckroft Medical B. V.). V was obtained from the table provided by Houdek et al [1].
The inter-dwell transit doses and the exit doses within the same region, Dj were calculated
from eqns. (3) & (5). If the volume of the tissue preceding the proximal dwell site is
negligibly small, the entry and exit transit doses DE, resulting from the travel between the
HDR unit and the proximal dwell site could be evaluated from eqns. (4) & (6). The total
transit dose is hence DET = DE + DT. Anisotropy and radial dose profile data generated by
Russell et al [12] has been used in our dose calculations. The Computer Programme
MATTLAB was used to evaluate the constants A, B & C in the expression F(y) = A + By +
Cy2 for 0 < 9 < 7t/2 and n/2 < 9 < n respectively, within the range 0 <y <20 cm. Within this
range the data was split into two depending on the point at which we observed a discontinuity
in the dependence of F(y) ony. For the special angles 0=0, n/2 & nthe desired accuracy was
achieved by using one single equation to parametrize F(y).

TABLE I: Calculated transit doses DT, DE & DET at selected points:

DT(cGy)
DE(cGy)

DET(cGy)

A
1.918
0.291
2.209

B
0.630
0.228
0.858

C
1.616
0.186
1.802

D
0.489
0.121
0.610

3. Discussion and conclusion

The best results, for example those compatible with the objectives of HDR conformal
brachytherapy are obtained by using small inter-dwell distances, that in turn permit fine
variation of dwell times. Transit doses are however higher for such distances as the speeds are
relatively low. To reduce the risk of late tissue complications, an increased fractionation
schedule is applied in HDR relative to LDR brachytherapy. Since source movement is
inherent during each HDR treatment cycle, the total transit dose is linearly increased with the
number of fractions. Higher transit doses are therefore experienced in order to achieve the best
results in HDR brachytherapy. The transit dose is directly proportional to the source strength
and smaller catheter diameters will also increase the transit surface doses to proximal tissues.
All together, the transit dose has no definite relationship with the static dose but varies widely
among patients and different treatment schedules. This leads to over-dosing and more
seriously, a distortion of the dose distributions within the irradiated volume.
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Consider for example the case of "base of tongue" cancer being treated with interstitial
brachytherapy. A common fractionation schedule is to give 3 Gy /fraction / twice / day. If 3
Gy is given at a distance of 1 cm from a straight catheter we observed that the transit dose
contributed, on the average up to 0.7 % of the total dose. For three of such catheters parallel to
each other separated by 1.0 cm the total transit dose at the prescription point "A" (with respect
to the central catheter) works out to be 5.3 cGy. Extending this to two of such planes parallel
to each other such that one is exactly above the other and separated by just 0.5 cm, the transit
dose is seen to contribute up to 3.4 % of the total dose at point "A". So, as the complexity of
the implant increases the contribution by the transit dose becomes more significant and can go
above 10 %, in addition to the distortions that may result. From the magnitude of the
contributions by the transit dose only, we may be operating outside acceptable limits if the
transit dose is neglected and this will go a long way to affect the outcome of treatment.

Our model reproduced the data used [12] within an accuracy of 0.05 %, which is a marked
improvement over the work done by earlier investigators [1,2,3]. On the whole, the physical
sizes and shapes of patients as well as heterogeneity effects have not been taken into account.
The calculations were based on data from an infinite homogenous phantom [12]. We have
started some work on applicators of complex geometry, using Monte Carlo Simulations.
Heterogeneity effects from tissues, internal shields and air will be addressed. Scatter
integration algorithms will also be written to correct for finite patient sizes and shapes.

Brachytherapy using high dose rate afterloading is increasingly used worldwide for treating
interstitial, intracavitary, intraluminal and percutaneous malignancies, owing to its inherent
advantages over standard LDR brachytherapy. Current computer software for calculating
doses in HDR brachytherapy neglects the transit dose. The contribution of the transit dose to
the total dose is however very significant in some cases, especially if we aim at true conformal
therapy, in line with the principles of HDR brachytherapy. A failure to account for the transit
dose therefore means unreliable output in dosimetry. We strongly advocate for the transit dose
to be incorporated into all high dose rate treatment planning systems. This will ensure
accuracy in prescription and the assessment of potential risks to patients. Our model works
very well for straight catheters and we recommend this very highly for the calculation of doses
around such catheters. Apart from the example discussed, our model would work perfectly
well, when the transit path preceding the proximal dwell site goes through an appreciable
thickness of tissue e.g. in the case of endobronchial brachytherapy. With further development,
the methods of calculation could be simplified, whilst not compromising accuracy.
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