TLD Dosimetry in HDR Intracavitary Brachytherapy
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One consideration of radiation delivery in cervical cancer is the complication of critical organs,
e.g., bladder and rectum. The absorbed dose of bladder and rectum in HDR intracavitary
brachytherapy is measured indirectly with TLD dosimetry. A method for the complication
reduction of bladder and rectum is suggested. For two-hundred cervical cancer patients,
follow-up MRI images were reviewed and distances from cervical central axis to bladder and
rectum and vaginal wall thickness were measured. The sealed TLDs were placed upon the
gauze packing of the ovoids and the distances to the TLDs from the ovoid center were
measured in the simulation film and actual doses of bladder and rectum were calculated.
From published data, maximal tolerance doses of bladder and rectum were derived and based
on the permissible doses per fraction in HDR brachytherapy the packing thicknesses were
determined in both directions. The required minimal packing thicknesses for bladder and
rectum were 0.43 and 092 cm, respectively. The results were compared with computer
calculation using the Meisberger polynomial approach. It is our hope this study can be used

for a guideline for users in clinic in estimating critical organ dose in bladder and rectum in
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HDR brachytherapy in vivo dosimetry.
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INTRODUCTION

In combination with external beam irradiation,
high-dose-rate (HDR) intracavitary brachytherapy
(ICBT) has become an acceptable treatment for
carcinoma of the cervix. In the treatment of
cervix carcinoma, the neighboring organs, e.g.,

bladder and rectum, may receive an unexpected
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high dose from ICBT

complications. The most frequent complications of

resulting in severe
cervical cancer treatment (hematuria, ulceration,
high dose
delivered to the portion of the bladder closest to

fistula formation) result from a
the intracavitary system.H) In contrast, patients
who receive a high dose to the entire bladder
(e.g., for treatment of bladder carcinoma) tend to
have problems with chronic spasm and contraction
resulting in reduced bladder capacity. As with the
bladder, rectal complications that follow treatment
of the cervical carcinoma (hematochezia, fistula)
usually reflect sequelae of a high dose treated to
a relatively small volume of rectum closest to the
intracavitary system.!™?* %%

To reduce the complications, minimal
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doses have to delivered to both organs and the
doses delivered have to be measured. Direct dose
measurement in bladder and rectum, however, is
appeared very difficult to realizee The main
problem is to be sure that the probe is not
positioned at the area of the bladder base and

of rectum where late radiation

9,10}

anterior wall
reactions occur most frequently.

In this study, the absorbed dose of blader
and rectum in HDR ICBT is calculated with TLD
dosimetry. TLD calibration and dose estimation
were also explained. A method for reduction of
bladder and rectum complications was estimated
in terms of the determination of the packing
thickness in the vagina for both directions of
bladder and rectum.

MATERIALS AND METHODS

From July 1998 to September 1998, 15 patients
with cervical carcinoma treated by combination of
HDR
brachytherapy were selected for the study. All

external irradiation and Intracavitary

Bladder

TT
VB .| CB

VR]ICR

Rectum

Fig. 1 Definition of distance and thickness. CB and
CR=Central
distance, respectively. VB and VR= vaginal wall thickness

axis of the cervix-to-bladder and rectum

in bladder and rectum direction
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patients were treated with external beam radiation
therapy (EBRT) followed by HDR brachytherapy.
For EBRT, 10 MV X-rays were applied using
four field box technique in daily fractions of 1.8
Gy, 5 times a week for 6 weeks. Total dose was
54 Gy. No midline blocking was used in the
therapy. Brachytherapy was
the Ir-192 HDR
afterloading  system. HDR
brachytherapy was performed with the Manchester
type
colpostats only three times a week. According to

external radiation

carried out using

remote—controlled
colpostats plus intrauterine tandem or
International Commission on Radiation Units and
Measurements (ICRU) recommendations, the dose
at point A was 3.3, 35, and 3.7 Gy/fraction, and
the total dose at point A was prescribed as 21,
222, or 28 Gy/6 or 8 fractions depending on the
Federation of Gynecology and Obstetrics (FIGO)

U2 The dose calculation

staging of each patient.1
optimization was performed in terms of line A
concept saying prescribed fractional dose on the
surface enclosed by a volume with 2 cm distance
from the sources.

Almost all patients had the insertion done
as an outpatient basis. After the applicator was
inserted, wet gauze was used for vaginal packing
to push bladder and rectum away from the
sources. Anterior-posterior and lateral cross table
taken for calculation by

radiographs were

computer planning to determine the dose to
bladder and rectum. At each insertion a Foley
catheter was inserted with 7 cm® of contrast
medium injected into the balloon to identify the
bladder base.

visualized

The posterior vaginal wall was

using rectal barium, radio-opague

medium, and the rectal reference points were on
the AP lines 5 mm posterior from the vaginal

wall.

1. Distance Measurement

From two-hundred cervical cancer patients,
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TLD Chips

Fig. 2 Location of sealed TLD chips in the case of
ovoids plus tandem (upper) and ovoids only (lower)
treatment. The TLD chips are placed on the surface of
the sterilized gauze packing in bfadder and rectum
directions. A space is found between the surface of
the colpostat and the TLD chips, which is defined as

packing thickness for bladder and rectum.

follow-up MRI

radiation

images were reviewed after

therapy were done. Distances from
cervical axis to inner wall of bladder and rectum
were measured. Vaginal wall thickness from inner
vaginal wall to rectum and bladder were also
measured. Fig. 1 shows the cervix anatomy in
MRI

parameters, VB (vaginal wall thickness in bladder

sagittal image. Here four measurement
direction), VR (vaginal wall thickness in rectum
direction), CB axis of the cervix to
bladder distance) and CR (central axis of the

cervix to rectum distance), were shown.

(central

2. Dose Measurement

The in vivo TLD measurements were obtained
with lithium-fluoride thermoluminescence crystals
of similar sensitivity (£3%) (TLD-100 ribbons
(318 x 318 x 039 mm’}; Harshaw Chemical.

elstza| M1 H2%, 20004 99
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Solon, Ohio, USA). The preirradiation annealing
procedure consisted of 1 hour of heating at 400 °C
followed by 2 hours of heating at 100 °C. Using
an acrylic block phantom, calibration of the TLD
ribbons was performed with a dose of 35 Gy in a
The TLD crystals were
measured within 24 hours by using an automatic
TLD system 4000,
Chemical).

The sealed TLD
plastic bag was places upon the gauze packing of

4 MV x-ray beams.

(reader model Harshaw

chips in a sterilized
the ovoids. The gauze packing was visualized by
means of radio-opaque medium. Distance from the
TLDs to the center of ovoids were measured in
posterior-anterial and lateral images in simulation
Fig. 2 :
simulation film and the TLD packing can be

films. is the typical image in lateral
marginally visualized. Only the cases of well
visualized packing gauze and TLD chips were
included in the study. For some cases, the
location of the bladder were out of the tungsten
shielding sector. In the case of large deviation,
dose estimation from the TLD dose using the
vaginal wall thickness was not guaranteed. Only
cases satisfying the criteria mentioned were used
for further analysis, 14 for bladder and 19 cases
for rectum.

Measured dose in medium using TLD can

: .13,14)
be expressed as following:™

Dret = Drup- (%) 7LD ™ )

S

Here is (-p—) " the ratio of mass collision
L

stopping power for materials medium and TLD at
the point of measurement. And the Drp radiation

dose absorbed in the TLD, can be expressed as

TLD

Dpp= [ ( *Dego = Drup, thga| * fiin* Sear

)

p cav
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and background reading of the TLD, D7ipbkgd,
was extracted from the actual TLD reading to get
TLD the tissue. Here

net response  in

(_S) TLD
o)ew '

mass collision stopping power for TLD and air

Deow, fin, and Sa are the ratio of

cavity, dose measurement using an ionization
chamber, the ratio of the sensitivity at the level
of TL readout to that for the calibration condition,
the TLD sensitivity at the calibration dose, 3.5

Gy, respectively. The factors, fin, and Scu, were

assumed unity because the calibration was
performed with the same beam quality. Even
though the treatment dose was in the

supralinearity region of the TLD response, the
dose effect, slight difference in dose between the
calibration and measurement, 3.3 and 3.7 Gy, could
be ignored and S was assumed to unity.lS) To
estimate the actual organ doses of the bladder and
rectum from the TLD doses, the values of mean
vaginal wall thicknesses in both directions and
inverse-square behavior were employed.

This result was compared with the dose
calculation from the computer planning used for
clinical patient treatment. The dose rate at the
point of interest was calculated according to the

following formula:

. AT
D(r)=—2"n(r)'f(r,e,f1)

¥

Where A and I’ are the activity of the source
and gamma constant for Iridium, respectively. The
Meisberger polynomial is defined as m(r)= ap + a1
r+a ¥ +as;r and the coefficients, ap - as, for
Ir-192 have following values, @~=1.0128 a;=
0.005019, @az=-0.001178,  a3=-0.00002008. = The
anisotropy factor, fir,e,A) is defined the relative
dose rate to the value under the angle between
the source axis and the direction of point of
The and

measurement=90". measured bladder

ojstgal M1 H2%, 2000 9H
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Table 1 Absorbed dose Measurement at the location of
the sealed TLD. To calculate the actual bladder and

rectum dose the inverse square law has to be applied.

Distance Bladder TLD { Distance Rectum TLD
(cm)  Dose (cGy) (cm)  Dose (cGy)
0.86 667 £ 75.7 1.25 769 £ 67.7
0.87 793 = 31.1 131 620 £ 151.0
1.00 853 + 497 1.38 614 * 149
1.06 666 £ 50.9 1.44 463 = 269
125 864 £ 1330 147 405 £ 1742
1.27 688 = 56.6 1.50 514 = 421
138 755 £ 103.0 1.53 547 + 422
1.47 405 £ 87.2 1.63 510 £ 269
1.60 629 £ 475 1.67 437 = 60.1
1.67 406 £ 545 1.71 392 £ 53.2
1.72 323 + 97 1.73 433 *+ 96.0
1.73 418 £ 1020 1.75 237 £ 29.2
1.80 548 £ 6.3 1.79 279 = 740
1.81 676 £ 80.8 1.80 377 £ 372

1.81 542 + 53.0
1.93 385 + 274
20 271 £ 233
2.07 261 £ 287
2.5 174 = 140

rectal doses were compared with the results from
the
thickness in both directions.

dose calculation to determine the packing

3. Determination of Packing Thickness

Data on the tolerable doses of bladder and rectum
was obtained from previous clinical investigation
data.'” The tolerable doses for two critical organs
were expressed in terms of TDss and were 70 Gy
and 65 Gy for bladder and rectum, respectively.
As the radiation treatment included external
therapy and HDR brachytherapy, the fractional
doses  from fraction in the HDR
brachytherapy to meet the tolerable bladder and
rectum doses were estimated. The corresponding
thicknesses in both directions were

each

packing
calculated.
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Fig. 3 Estimated Bladder Dose. Bladder TLD dose and
mean vaginal wall thickness, 0.62 cm, are used to

derive the actual bladder dose. Notice the trend line.
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Fig. 4 Estimated Rectum Dose. The mean vaginal wall
thickness in rectum direction, 0.63 cm, is used in the
calculation. The trend line is shown on the top of the
dose data.

RESULTS
1. Distance Measurement

two-hundred

distances from cervical axis to

MRI

inner wall of

From follow-up Images,

bladder and rectum were measured. Mean distance

oigtgel Mg M2z, 20004 9¥
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from the central axis of the cervix to inner wall
of bladder (CB) and rectum (CR) were measured
127 *027 and 1.07 = 029 cm,
inner wall to
0.12

respectively.
Vaginal wall thicknesses from
bladder (VB) and rectum (VR) were 063 *
and 0.62 * 0.13 cm, respectively.

2. Dose Measurement

For 12 cases, measured TLD doses at the location
of the thermolumescence chips are shown in the
Table 1. The difference in distance accounts for
the different patients and/or different trial for the
same patient. There were variation in_ TLD

responses among chips used for given

measurement conditions. Even though for several
points TLD doses do not follow the
square law, the change in measured TLD doses

inverse

can be explained by the inverse square behavior.
For bladder, the distance was ranged from 0.86 to
1.81 cm and that for the rectum was 1.25-2.5 cm.

When the vaginal wall thicknesses in the
bladder "and rectum direction were considered,
bladder and rectal doses could be estimated. The
resultant doses given to the bladder base for one
fraction of the HDR intracavitary brachytherapy
treatment were ranged 322-864 cGy for 1.8-0.86
cm distance. For the anterior rectal wall, as the
range of the distance from the central axis of the
25-1.25 cm, the
corresponding dose range was 25-311 cGy. These

cervix to the rectum was
results were plotted in the Figs. 3 & 4. Here the
actual (estimated) doses in the bladder base and
the anterior rectal wall were plotted against the
distance from the central axis of the cervix. Even
in the

estimated bladder and rectum doses, the doses for

though there were a large fluctuation

two critical organs followed the inverse square

behavior.

3. Determination of Packing Thickness
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Table 2 Required Packing Thicknesses for Bladder
and Rectum to Satisfy the TDss For the comparison,

packing thicknesses from the computer calculation

are given.
Required Packing Thickness (cm)
TLD Measurement  Calculation
Bladder 0.43 0.31
Rectum 0.92 0.92

The tolerable doses for two critical organs were
expressed in terms of TDss and were 70 Gy and
65 Gy for bladder and rectum, respectively. As
the whole series included EBRT and ICBT, after
the EBRT of total 54 Gy in bladder and rectum
was completed, the fractional dose for tolerable

doses in HDR brachytherapy was calculated. as

267 and 183 Gy for bladder and rectum,
respectively. Based on the Figs. 3 & 4, the
calculated packing thicknesses to meet this

requirements were 0.43 and 092 cm for bladder
and rectum, respectively (Table 2). A difference in
packing thickness in bladder direction was found
from the computer calculation and the result were
0.31 cm.

DISCUSSION

In this study the concept of point dose and not
the whole organ dose is used in the maximal
If the doses

considered are whole organ doses, the fractional

doses for bladder and rectum.
doses for bladder and rectum have to be changed
and in turn the minimal packing thicknesses. The
whole organ doses, however, are less meaningful
in this approach because the dose gradient in the
whole organs are significant and the dose in top
of the bladder is far
complications. This

calculation. One possible approach is the midline

from the significant

is true in the rectal dose

dose concept saying that the dose of the bladder

at the level of the center, which is in between the

o|stge| M11A 2%, 20004 9
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dose level of the bottom and the top of the
bladder. This is, however, not practical for the
dose calculation in the critical organs. Even
though the dose in the level of the center is far
below the maximal permissible dose, any bladder

complication will be occurred as the dose at the

bottom of the bladder is far beyond the
permissible dose.
Based on this study, the treatment

procedure in the HDR intracavitary brachytherapy
is recommended to be changed to satisfy the
bladder and rectum dose limitation through both
external radiation therapy and intracavitary
brachytherapy. Excessive dosage to the organ at
risk, is possible to be reduced within permissible
range simply by increasing the distance between
the organs and the applicator by means of
rearrangement or additional vaginal packing in the
same arrangement. Care has to be used for the
packing as the minor change of the packing
thickness results in wide variation in bladder and
before the

radiographs have to be taken to verify whether

rectal dose. Therefore radiation,

the proper packing thickness is obtained.

For the HDR intracavitary brachytherapy,
six fractions are scheduled for most of patients.
The interfraction variation of the vaginal packing
thicknesses in bladder and rectum directions have
to be examined.” The variation has its potential
and possible changes in

treatment impact

measured dose of critical organs and it is
necessary to do a time-course study for the same
patient over the HDR brachytherapy treatment.
Further study to handle this possibility is planned

and on the way.

CONCLUSION

Based on our study, required minimum distance
from the ovoid center to anterior wall of rectum
and base of bladder are 278 and 231 cm,
respectively, to satisfy the TDss. Corresponding
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packing thicknesses are 043 and 092 cm for
bladder and rectum, respectively. For the routine
patient treatment using HDR brachytherapy, a
lateral simulation film should be obtained with the
applicator positioned and the packing thickness be
determined to keep separation of the bladder and
rectum from the center of the applicator. It is
necessary to rearrange the vaginal gauze in order
to increase the distance between the base of
bladder and the anterior wall of the rectum and
the applicator. This study is hoped to be used for
a guideline for users in clinic in estimating critical
organ dose in bladder and rectum in vivo HDR
brachytherapy.
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