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Abs t rac t : When using LiF thermoluminescence dosimeters in brachytherapy, we
have to take into account the properties of a high dose rate Ir192 source (energy
spectrum ranging from 9 to 885 keV, steep dose gradient in the vicinity of the
source) and those of the dosimeters themselves (supralinearity, reproducibility, size).
All these characteristics combine into a set of correction factors which have been
determined during in phantom measurements.
These results have then been used to measure the dose delivered to organs at risk
(e.g. rectum, bladder, etc.) during high dose rate brachytherapy with a 370 GBq
Ir192 source for patients with gynaecological tumours.

1. Introduction.

Optimal radiotherapeutic management of carcinoma of the cervix or of the endometrium
represents a major challenge. Intracavitary brachytherapy in combination with external beam
radiation plays an important role in achieving local control. However when brachytherapy is
applied care must be taken to avoid significant complications involving the genitourinary tract,
parts of the intestine, or both. While doses to bladder and rectum from external beam radiation
therapy can easily be determined, the assessment of the dose contribution from brachytherapy
to these organs is not easy without a CT-assisted planning system. In order to determine the
dose delivered to organs at risk during HDR brachytherapy we measured the dose using
thermoluminescence dosimeters. These results are compared with the dose calculated with the
orthogonal film pair method.

2. Materials and methods.

2.1 I r m High dose rate.1'3'4'6-14

The Ir192 source has a nominal activity of 370 GBq (10 Ci). The active source has a length of
3.5 mm and a diameter of 0.6 mm. Its encapsulation is made out of a 0.34 mm thick stainless
steel sheath. The source is housed in a GAMMAMED 121 Remote Afterloading System
(Isotopen - Technik Dr. Sauerwein Gmbh). The reference air kerma rate of the source (the air
kerma rate at a distance of 1 m of the source) was measured using a 0.6 cm3 graphite wall
Farmer ionisationchamber (type 2571), with buildup cap, in combination with a Farmer
electrometer, type 2570/1. The Ir192 kerma calibration factor for our chamber was determined
by the "Standaard Dosimetrie Laboratorium" of the University of Ghent, Belgium.

2.2. LiF Thermoluminescence dosimeters,

Measurements of the dose delivered to bladder, urinary tract and rectum during intracavitary
brachytherapy were performed using Harshaw LiF TLD 100 rods, 1 x 1 x 6 mm3. Before each
experiment, the TLDs were annealed at 400°C for 1 h and then kept at 100°C during a period
of 2 h. After irradiation the TLDs were heated to 100°C for 10 min prior to the readout
procedure. The responses of the TLD rods were read out with a Harshaw 3500 Manual TLD
Reader.
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2.2.1. Chip factor.
If we would have an ideal batch of TLDs, all rods would give the same response when exposed
to the same amount of radiation. However due to differences in properties such as mass; size,
etc. the responses can be different from one another. We therefore compared the response of
each individual rod with the average response of the entire batch. The relative responses were
determined by irradiating the rods with a 4 MV photonbeam (10 x 10 cm) from a Siemens
Mevatron linear accelerator. The rods were placed in holes made into a slab of
polymethylmetacrylate (PMMA) and at least 10 cm of backscatter material was provided. The
chip factors were measured three times and rods which showed more than 3.5% variation were
discarded.

2.2.2. Supralinearity.*9'19'75'*
At relatively low absorbed dose values (depending on what type of TL material is used) the dose
response of the TLD is linear. Above a threshold dose, the response becomes supralinear,
before reaching a saturation value and then falling off. The occurrence of non linearity in the
dose region used in brachytherapy requires the application of a correction factor, FUn. It is
defined as the ratio of the measured TLD response to the predicted value for the same absorbed
dose by linear extrapolation of the values corresponding to the doses between 50-100 cGy. The
values of F,m are shown in Figure 1.
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2.2.3. Volume correction.
The TLD results have been corrected for the finite size of the dosimeter. Due to inverse square
effects, dose varies over the volume of the TLD such that the dose at the centre of this volume
as measured by a point dosimeter may be different from the average dose received by that
volume. Thomason et al.31 have calculated a geometrical correction factor to compensate for
this effect when the longitudinal axis of the dosimeter is perpendicular to the source axis. This
factor is listed in table 1, in which r is the distance between the centre of the source and the
central axis of the dosimeter.

Table 1 Volume correction factor
r (cm) Correction

1 1.028
2 1.008
3 1.003
4 1.002
5 1.001
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2.2.4. Energy correction.1-7-*'19'20-*1

LiF shows a higher response to lower photon energies. The energy spectrum of Ir192 ranges
from 9 to 885 keV. However the photon spectrum shifts significantly toward lower energies
with increasing depth in the phantom and hence a depth-dependent correction of the response
could be required. To determine the energy correction when using LiF TLDs in brachytherapy,
we placed the rods in a PMMA phantom. It has been shown that PMMA is equivalent to water
under full scattering conditions22 for the dosimetry of Ir192 sources. The rods were placed in
holes milled in a slab of PMMA at known distances from the centre of the source. The
longitudinal axis of the rods were perpendicular to the axis of the source. We measured the
response of the TLDs at distances of 1, 2.5, 5 and 10 cm from the source and under different
angles (0°, 30°, 60° and 90° with respect to the longitudinal axis of the source).
The results are shown in figure 2. It depicts the response of the TLDs in function of the dose
for a 4 MV photonbeam and the TLD response along the transversal axis of the Ir192 source.
Figure 3 shows the ratio of the response for an Ir192 source to the response in a 4 MV
photonbeam in function of the distance from the source. The results in Fig.3 are normalized
to the energy correction at 1 cm from the source. We can clearly see from this that within the
accuracy of the measurements no depth-dependent correction is required.

1.1 T

• 4MV
photons

M lr-192

1 +

0.95

1000
0.9

0 5 10
Distance to the source (cm)

2.3. In vivo dosimetrv.

In the HDR treatments a urethral catheter with Foley balloon is inserted into the bladder of the
patient. The balloon is filled with contrast medium and then retracted in order to determine the
position of the bladder neck. Once the catheter is in place we insert a smaller tube filled with
TLDs and a metallic marker into the urethral catheter.
The rectal tube contains a piece of lead wire to visualize the bowel. After it is inserted into the
rectum a similar tube filled with TLDs is also placed inside the rectal catheter. The rectal tube
is then attached to the applicator, which is held in place by a table fixation device. To simulate
the source positions during the making of the pair of orthogonal films dummy sources are
introduced into the applicator. Vaginal gauze packing is performed in an attempt to displace the
anterior rectal wall and the base of the bladder and thus reducing the administered dose.
The bladder dose was calculated at the bladder neck (as visualized by the Foley balloon) and
along the tube containing the TLDs. The doses to the anterior rectal wall were evaluated by
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calculating different points along the lead wire inside the rectal tube and by the TLDs placed
in the tube itself.

3. Results.

During our first measurements, we did not attach the rectal tube to the applicator. The tube was
partially retracted when placing the patient back in her bed after taking the pair of orthogonal
films. This was shown in the measurements with the TLDs : the measured doses were
approximately 28% lower than the calculated doses along the rectal tube. Since then the rectal
tube has always been immobilized. The dose delivered to the bladder neck was also measured
on that occasion and corresponded with the calculated dose within the accuracy of the TLDs
(3.5%).
The effect of vaginal gauze packing became obvious when performing measurements in two
consecutive fractions with and without it. In both fractions a dose of 7 Gy was requested at 2
cm from the stopping positions of the source. The measured maximum bladder dose was
reduced from 6.06 Gy to 4.32 Gy. The maximum dose received by the anterior wall of the
rectum was 2.44 Gy during fraction 1 and was reduced to 1.64 Gy during fraction 2. The
deviation between measured and calculated dose for this patient is stated in table 2.
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We performed our most recent measurements on a patient with a cervical carcinoma. The
bladder neck is situated in the middle of the two ovoids of the col post at on the AP radiograph.
On the lateral radiograph we see that the closest point of the bladder neck is only 2 cm away
from the stopping position of the source. It is therefor imperative that the external spreading
of the colpostat is correct and that the vaginal gauze packing is correctly applied. Due to the
fact that this patient has just started with brachytherapy, we have only been able to check the
dose delivered to the bladder for the first two fractions. Until now the placement of the
applicator has been correct : the maximum measured bladder dose was 4.29 Gy in accordance
with the treatment planning. The internal opening of the colpostat seems not to be hampered by
the tensing of lower abdominal muscles.

4. Conclusions.

Until now the in vivo measurements have not shown any grave discrepancies between measured
and calculated dose. If there would be any differences, then the cause (bad placement of the
applicator, movement of the patient and subsequent movement of the applicator, localization
errors, etc.) should be found and corrected. Although the actual doses received by portions of
the bladder and rectum may differ from the calculated dose due to bladder distension and bowel
mobility during treatment, these variations have been minimized with rectal fixation techniques
and catheter drainage of the bladder.
It is still too early to make any further comments or to draw any more conclusions as it is the
aim of this study to perform further measurements on patients treated in our department with
HDR brachytherapy.
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