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Abstract

Purpose: The purpose of this study was to establish a dosimetric correlation between the bladder volume and its
effects on the dose received by the organs at risk (OARs) (urinary bladder, rectum, and sigmoid) during computed
tomography (CT)-guided high-dose-rate (HDR) brachytherapy in carcinoma cervix, and to determine an optimum
bladder volume to limit the dose to OARs.

Material and methods: Seventy-five intracavitary applications in patients of carcinoma cervix (stage IIB, IIIA,
IIIB, IVA) treated with external beam radiotherapy with concurrent chemotherapy followed by CT-based HDR in-
tracavitary brachytherapy (tandem and ovoid type) at our institute between July 2014 to January 2016 were studied.
The bladder volume at the time of imaging was noted and was correlated with the radiation dose received by bladder,
rectum, and sigmoid colon.

Results: Dose volume histogram (DVH) parameters of the bladder increases by elevating the volume of the blad-
der. Rectum dose does not follow a continuous increasing trend. It increases up to a bladder volume of 110 cc and then
starts decreasing. The highest rectal dose observed was in the bladder volume, range 70-110 cc. The minimum doses
were recorded when the bladder volume was > 170 cc. Sigmoid colon DVH parameters follow a similar trend as that

of the rectum.

Conclusions: A relationship exists between the volume of the OARs and the dose received by them. A bladder
volume of about 70 cm? or less proved better for achieving the prescribed dose limits of bladder, rectum, and sigmoid.
The correlations between the bladder volume and the doses received by the OARs were not significant.
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Purpose

Although, over decades, brachytherapy has improved
the local control and overall survival in cervix carcino-
ma, the radiation-induced morbidity of the organs at
risk (OARs) is unpredictable [1]. The radiation-induced
bladder morbidity includes acute and chronic cystitis,
hematuria, contracted bladder, and vesico-vaginal fistu-
la [2]. The rectal injury includes recto-vaginal fistula and
bleeding per rectum. A treatment can be deemed suc-
cessful, if it provides maximal tumor coverage with min-
imal complications. Since the publication of Internation-
al Commission on Radiation Units and Measurements
(ICRU) report 38 in 1985, multiple studies have shown
that the ICRU point dose may not represent the highest

dose to the OARs, especially the bladder [3]. In 2005 and
2006, GEC-ESTRO (the Groupe Europeen de Curiether-
apie-European Society for Radiotherapy and Oncology)
published recommendations on three-dimensional (3D)
image-guided intracavitary brachytherapy, target defi-
nitions, and dose volume histogram (DVH) parameters,
which has permitted better evaluation than ICRU point
doses [4,5]. This has allowed a better understanding of
the DVH effects on the OARs, and has showed that there
is a linear correlation between the complications and
the D, received by the OARs. These recommendations
emphasized the importance of geometric relationship
between the brachytherapy applicator and the OARs to
reduce the dose to these organs. Many studies have been
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carried out so far, focusing on various methods to limit
the dose to the OARs e.g., organ motion, changes in rectal
and bladder volume, geometry of the applicator, use of
rectal separator, vaginal packing, etc. [3,6,7,8]. Alteration
of volume of the OARs has got an effect on organ dosime-
try. Alteration of bladder volume, its shape and position,
can alter the relative anatomy of uterus, sigmoid colon
intestinal loops, and rectum. Various bladder filling pro-
tocols have been suggested but there is no clear consen-
sus. It varies from empty bladder with indwelling Foley’s
catheter (ICRU 38 recommendations) to a known limited
filling status (e.g., 50 cc) to a full bladder. In the ICRU
89 report, no recommendations have been put forward
about the bladder volume status (full or empty blad-
der) for treatment of pelvic intracavitary brachytherapy
(ICBT) [9]. Different aspects of this concept have been ex-
plored by multiple studies. Researchers have found that
a full bladder might shift the sigmoid colon and intestinal
loops away from the uterus, thereby having a sparing ef-
fect on sigmoid colon, intestinal loop, and on rectum [10].
A full bladder decreases the mean dose to the bladder
itself, as it enlarges and shifts away from the target [7].
A second group of studies propose that, if brachythera-
py is delivered with a full bladder, it increases the dose
to the base of the bladder, as the base comes near to the
target on distension [11]. Few researchers found that the
bladder volume does not have any significant effect on
the bladder dose, though it affects the rectal and sigmoid
dose [12]. It is quite evident from all these studies that
DVH of OARs and clinical target volumes (CTVs), recom-
mended by GEC-ESTRO, are affected by bladder volume
but none of these studies could find an optimum bladder
volume to minimize the dose to the OARs [13]. This study
aims at exploring the correlation between the volume of
bladder and its effect on the bladder dose, during plan-
ning of brachytherapy. It was completed to formulate
an institutional policy to be followed for all patients of 3D
ICRT, which can be reproduced, and an optimum blad-
der volume can be calculated to decrease the dose to the
OARs.

Material and methods
Patients

Seventy-five ICBT applications in patients of carcino-
ma cervix, treated at our institute between July 2014 and
January 2016 were selected. The inclusion criteria were
as follows: 1. Patients of carcinoma cervix of FIGO stage
IIB to IVA (IIB, IIIA, IIIB, IVA); 2. Patients without any
history of previous pelvic irradiation, pelvic surgery, or
recurrent cervical cancer; 3. A candidate of ICBT after ex-
ternal beam radiotherapy (EBRT), i.e. patient not requir-
ing interstitial needle implant for bulky disease.

All patients were treated with external beam radio-
therapy and concurrent chemotherapy. It was followed
by 3D ICBT by HDR brachytherapy remote after-loading
system (%2Ir). All the patients had received HDR bra-
chytherapy with computed tomography/magnetic reso-
nance imaging (CT/MRI) compatible tandem and ovoids
type applicator.

Methods

All patients had received EBRT with concomitant
cisplatin on a 6 MV linear accelerator. One week after
conclusion of the external radiation, the patients were
admitted. They were administered laxative suppository
12 hours prior to the brachytherapy procedure, and the
patients were asked to urinate just before the beginning
of the brachytherapy procedure.

Patients were given spinal anesthesia and were exam-
ined in lithotomy position to document the extent of the
disease. After sterile prepping and draping of the patient,
a Foley’s catheter was inserted with 1 cc dye and 6 cc
normal saline. The uterus was sounded (with ultrasound
guidance as and when required) and serial dilation of the
cervical os was done, which was followed by insertion
of the intrauterine tandem. Depending on the disease ex-
tent and vaginal distensibility, ovoids were placed. All
the patients were treated with tandem and ovoids type
of applicator. Different tandem lengths, i.e. 4 cm, 5 cm,
and 6 cm were used depending upon the length of the
uterine cavity.

Imaging and contouring

All patients underwent CT simulation with 2.5 mm
axial image slices. All patients had Foley’s catheter. The ca-
theter was clamped at the time of CT simulation and the
volume of the bladder was recorded as obtained from the
CT scan. The patients were classified into four groups,
depending on the bladder volume. Group A: up to 70 cc,
group B: 70-110 cc, group C: 110-170 cc, group D: > 170 cc.
The images were obtained with the patient in treatment
position (normal anatomical position). The CT images
were transferred to the treatment planning system. The ex-
ternal contours of the sigmoid, rectum, and bladder were
drawn. The high-risk clinical target volume (HR-CTV)
and the intermediate risk clinical target volume (IR-CTV)
were delineated by a radiation oncologist as per the GEC-
ESTRO GYN working group recommendations and using
the available CT images as guide for delineation (at the
time of diagnosis and also before the brachytherapy).

The prescription for HDR brachytherapy was 7.5 Gy/
fraction to HR-CTV. Equivalent dose (EQD,) was calcu-
lated for HDR treatments using the linear quadratic mod-
el normalized to 2 Gy/fraction, using a/p of 3 for OARs
and 10 for tumor [14].

Treatment planning

The image-guided brachytherapy plan was generat-
ed on the Oncentra treatment planning system (version
4.3), and the plan was optimized using geometrical and
manual optimization. The post-implant dose-volume his-
tograms (DVHs) of the target, rectum, bladder, and sig-
moid (organs at risk) were generated. Dose to HR-CTV
was noted and the D, ., D;., and D, of rectum, blad-
der, and sigmoid were noted from the DVHs.

Statistical analysis

Data analysis was performed using Pearson correla-
tion and one-way ANOVA. A p value of less than 0.05 was
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Table 1. Classification of four patients’ groups
according to the bladder volume

Group No. of Bladder volume Mean bladder
applications in cc volume in cc
(total n = 75)

A 37 0-70 44

B 20 70-110 89

C 09 110-170 152

D 09 > 170 188

considered statistically significant using SPSS (SPSS Sta-
tistics for Windows, version 17.0 Chicago: SPSS Inc. USA).

Results
Classification

The patients were classified into four groups A, B, C,
and D, as described above. The rationale of classifying the
patients into subgroups was to correlate how the bladder
volume influences the dose to the OAR. As it is a retro-
spective study, there is a skew towards patients having
lower bladder volume. The classification of patients into
four groups and the number of patients in each group is
presented in Table 1.

Data analysis

The disease status i.e. HR-CTV volume was consid-
ered to be a confounding factor, and the correlation of
the confounder was done with linear regression model.
The linear regression and correlation analysis of the HR-
CTV with bladder volume was 0.2, which shows the correla-

tion, is weak and HR-CTV does not influence the bladder
volume as a confounder.

Effect of bladder volume on dose to the bladder

The detailed dose patterns of bladder doses D,., Dy,
and D ;. for bladder were noted and tabulated in the re-
spective group (Table 2). The mean, standard deviation,
and variance for each group was calculated. From the
above Table, it was calculated that when bladder volume
increased from 70 cc to 110 cc (group A and B), the per-
centage increase in the mean D, .. was 5.19%. Similarly,
when the bladder volume increased > 170 cc (group A
and D), the mean D, increased by 7%.

When bladder volume increased from <70 cc to > 170 cc,
the D,.. dose increased by 19%. The p values were not
found to be significant. Similar calculations were done for
the rectal dose and the dose received by the sigmoid co-
lon in each group, which is presented in Tables 3 and 4,
respectively. The results obtained are depicted in Figure 1.

Effect of bladder volume on dose to rectum

The dose patterns of rectal doses D,., Dy, and Dy 1.
for rectum were noted and tabulated in the respective
groups (Table 3). The rectum dose increased, as the blad-
der volume increased up to the volume of 110 cc. For
higher bladder volumes, the rectum dose showed a de-
creasing trend. From the Table it is evident that the dose
to the rectum was maximum, when the bladder volume
was about 70-110 cc. In this range, the Dy, D;., and Dy ;.
of the rectum became about 71.4%, 79.6%, and 99% of the
planning aim dose, respectively. All the reported doses
are a mean dose. However, these rectum DVH parame-
ters (Dyeo Dy and Dy q..) were 68%, 77%, and 97%, re-
spectively, when the bladder volume was less than 70 cc.

Table 2. Bladder dose distribution pattern in different groups

Group Mean bladder volume in cc Dyec Dicc Do 1cc
(no of applications) Mean + SD Mean + SD Mean + SD
A 44 (37) 8.28 +2.59 9.30 £3.09 11.91 £ 4.54
B 89 (20) 8.71+2.35 9.56 +2.63 11.91+3.83
C 09 (152) 8.74 +1.42 10.21+2.48 13.55 +4.77
09 (188) 8.96 +1.52 9.91+1.70 12.42 +2.27

p value 0.8167 0.8109 0.7462

D, — the minimum doses to the highest irradiated 2 cc area, D, — the minimum doses to the highest irradiated 1 cc area, D, ;.. — the minimum dose to the highest

irradiated 0.1 cc area

Table 3. Rectum dose distribution pattern in different groups

Group No. of applications Dyec Dicc Do 1cc
Mean + SD Mean + SD Mean + SD
A 37 5.15+1.84 5.83+2.01 731+2.75
B 20 536 +1.48 597 +1.48 7.44 +2.61
C 09 4.95+1.52 5.59+2.10 6.39 + 2.88
09 5.06 +2.32 5.65 +2.78 711+4.03

p value 0.9390 0.9603 0.8256

D, — the minimum doses to the highest irradiated 2 cc area, D, — the minimum doses to the highest irradiated 1 cc area, Dy, ;.. — the minimum dose to the highest

irradiated 0.1 cc area
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Table 4. Sigmoid colon dose distribution pattern in different groups

Group Volume of bladder in cc Dyec Dicc Do 1ce

(n) Mean * SD Mean + SD Mean + SD
A (37) <70 3.53+1.69 3.97+1.98 5.08 +2.58
B (20) 70-110 4.58 +1.86 513+2.00 6.38 +2.42
C (09) 110-170 444 +2.34 4.93 +2.76 6.76 +3.37
D (09) > 170 3.42+0.97 3.87£1.20 4.99 +1.58
p value 0.1152 0.1474 0.1329

D, — the minimum doses to the highest irradiated 2 cc area, D, — the minimum doses to the highest irradiated I cc area, Dy, ;.. — the minimum dose to the highest

irradiated 0.1 cc area
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D, — the minimum doses to the highest irradiated 1 cc area,
Dy 1.c — the minimum dose to the highest irradiated 0.1 cc area

Fig. 1. The variation of bladder dose with bladder volume

These parameters were 67%, 75%, and 94%, respective-
ly, when the bladder volume was > 170 cc. The p values
were not found to be significant. The results obtained are
shown in Figure 2.

Effect of bladder volume on dose of sigmoid

The dose pattern of sigmoid D,., D, and Dy for
sigmoid colon were noted and showed in Table 4.

From Table 4, it is evident that the dose pattern ob-
tained in sigmoid colon was similar to that of the rec-
tum, i.e., the sigmoid dose increased with the increase
in bladder volume up to 110 cc and then it showed
gradual fall. The minimum dose to the sigmoid colon
was obtained when the bladder volume was > 170 cc. In
this range, the D,., D;.. and D, were approximately
45.6%, 51.6%, and 66% of the planning aim dose, respec-
tively. The dose was maximum, when the bladder vol-
ume was in the range of 70-110 cc. It was 61%, 68%, and
85% for D,., Dy, and D of the planning aim dose,
respectively. The D,.. dose was about 15% less, when
the bladder volume was > 170 cc, as compared to when
it was 70-110 cc. The p values were not found to be sig-
nificant. The results obtained are shown graphically in
Figure 3. According to GEC-ESTRO recommendations,
D, correlates with the late toxicity of the bladder, rec-
tum, and sigmoid. D, and Dy ;.. are mentioned for re-
cording and documentation of dose.
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Bladder volume

¢ DZCC = chc DO.lcc

D, — the minimum doses to the highest irradiated 2 cc area,
Dy — the minimum doses to the highest irradiated 1 cc areaq,
Do 1cc — the minimum dose to the highest irradiated 0.1 cc area

Fig. 2. The variation of rectal dose with bladder volume

Sigmoid colon dose
S
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Bladder volume
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<70cc
—— DZCC DO.lcc

D, — the minimum doses to the highest irradiated 2 cc area,

D, — the minimum doses to the highest irradiated I cc area;

Dy 1cc — the minimum dose to the highest irradiated 0.1 cc area

Fig. 3. The variation of sigmoid colon dose with change in
bladder volume

Discussion

The effect of bladder volumes on DVH parameters of
bladder, rectum, and sigmoid colon in HDR intracavitary
brachytherapy of cervical cancer patients was assessed.
The different parameters like bladder filling, rectal filling,
sigmoid motion, variations in vaginal packing have sig-
nificant impact on the dosimetry. Alteration of bladder
filling status, shape, and position of the bladder alters the
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relative anatomy of the other pelvic organs. This study
investigated the dosimetric impact of bladder filling sta-
tus during HDR brachytherapy. Also, the optimum vol-
ume range of the bladder was searched, so that within
that range, the OAR would receive an optimum radiation
dose. This study was carried out with an idea of estab-
lishing an institutional guidance for the bladder filling
during ICBT of carcinoma cervix at our facility. We in-
cluded small volume dose values (0.1 cc, 1 cc, 2 cc) fol-
lowing GEC-ESTRO recommendations, as these volumes
are the key parameters to evaluate late toxicities. During
analysis, emphasis was given on D,_, as this is the most
relevant and frequent parameter, which correlates with
late OAR toxicity.

Image-based HDR brachytherapy in cervical cancer
has evolved a great deal with promising results. For de-
cades, Foley’s catheterization and bladder evacuation
was practiced, and was proven to be beneficial for low-
dose-rate brachytherapy (LDR), where the treatment time
was longer, and patients’ comfort was taken into con-
sideration. There is no common consensus about what
should be done for HDR brachytherapy. Many studies
have shown that doses to the ICRU bladder point do not
correlate well with bladder complications, although this
point is easily reproducible [3,15,16]. We investigated the
bladder distension effect on doses to bladder, rectum, and
the sigmoid colon, in 75 applications of ICBT in patients
of carcinoma cervix. In our study, we found that even in
open Foley’s catheter, there was residual urine volume
of 50-70 cc in the bladder. We wanted to determine an
acceptable bladder volume. There have been multiple
studies showing different results.

Yamashitaetal.studied bladderfillingwith50cc,100cc,
150 cc, and 200 cc with sterile water, and compared the
dosimetry to empty bladder and evaluated the position
of hot spots on the bladder. The mean bladder D, in-
creased significantly by 3.5 Gy from an empty to a full
bladder: 4.2 Gy to 7.7 Gy (84.5%), p = 0.001 [11].

Kim et al. showed that an increase in bladder volume
resulted in a significant reduction in D, of the bowel, at
the expense of a growth in D, bladder volume doses.
They concluded that treatment with full bladder (median
value, 367 cm®) is preferable to protect the bowel at the
expense of the bladder [17].

In contrast to these observations, two other studies
found different results. Sun et al. did an analysis of 20 pa-
tients of carcinoma cervix with empty and full bladder and
found that the association between bladder volume and
median bladder wall absorbed dose was significant [7].
Bladder distension reduced the median bladder absorbed
dose by approximately 48% in this study. The authors
concluded that higher bladder volumes would decrease
acute and late radiation-related complications. However,
there was no clinical outcome data of this study and the
OARs toxicity correlates with D, . rather than the median
absorbed dose.

Cengiz et al. analyzed 10 cervical cancer patients with
full and empty bladder and found no significant differ-
ence in the dose distributions between the empty and the
full bladder group [10]. However, they had concluded

that the bladder fullness significantly reduced the dose to
the rectum, sigmoid colon, and the small intestine, but the
bladder dose maximum and Ds.. bladder was significant-
ly increased despite lower doses to the rest of the bladder
wall. Therefore, they proposed that the distended bladder
pushes the small intestine and rectum away from the ap-
plicators, resulting in a relatively low-dose to these struc-
tures, although the differences were small and the clinical
significance was unknown. Harmon et al. did a study and
found that bladder distension during cervical brachyther-
apy significantly reduced dose in all DVH parameters for
sigmoid and small intestine, with no change in bladder
parameters. It reduces dose to organ at risk, but the cor-
relation to toxicity requires further investigation [18].

Despite the conclusions drawn by Sun et al. and Cen-
giz et al., that a full bladder would decrease the dose to
the rectum, we hypothesized that a fuller bladder would
push the whole implant towards the rectum, closer to the
rectal wall, and thereby increasing the maximum rectal
dose. This contrasting idea is in conflict with the previous
proposition by other studies mentioned, and warrants
a radiological evidence of how the gradually distending
bladder changes the relative anatomy of pelvic organs in
an implanted patient. Our results for the evaluation of
bladder dose variation by increasing the bladder volumes
are in close consistency with previous studies.

In our study, it was observed that when the bladder
volume increased from 70 cc to up to > 170 cc, the D, of
bladder increased by about 19% of the prescribed target
dose. However, the dose to the bladder cannot be extrap-
olated for empty bladder. When bladder is completely
empty, the anterior and posterior walls would oppose,
thus increasing the total volume of bladder being irradi-
ated. This effect could not be elicited in DVH analysis.
Therefore, there is no evidence of treating the patients
with empty bladder at this point of time.

In accordance with the results obtained for the rec-
tum, it can be concluded that the bladder volume does
affect the rectal doses. Increasing the bladder volume up
to 110 cc would push the applicator posterior towards the
rectum, thus increasing the rectal dose. Beyond the blad-
der volume of 110 cc, this effect on rectal dose seems to
be negligible. This statement holds good and is in accor-
dance with various previous studies [8].

The dose to the sigmoid colon can be decreased by
bladder filling up to 70 cc. For higher bladder volumes
(> 110 cc), the effect turns opposite again, as in the case of
the rectum. This can be explained, perhaps by taking into
account the upward shift in the bladder position, when
volume is higher, in turn shifting the sigmoid away from
the implant. Another important point worth discussing
here is the volume of the sigmoid and rectum itself, which
affects the maximum doses received by them. Therefore,
DVH parameters of rectum and sigmoid are an interplay
between the rectal and sigmoid volume along with the
bladder volume.

The sigmoid dose showed a negative correlation with
bladder volume, which may be due to its relatively mo-
bile nature, as compared to the more fixed anatomy of the
bladder and rectum. Furthermore, the probable reason of
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obtaining both positive and negative correlation between
bladder volume and sigmoid dose would be the partially
fixed and incompletely mobile nature of sigmoid.

Considering the true pelvis, which is the site of in-
terest, is a fixed enclosed space. It appears logical that
200-500 cc of extra volume in the form of urine in the blad-
der would decrease the available room in the true pelvis,
and because of the unique, rapidly falling dose nature of
brachytherapy, even a crowding of few mm of the OARs,
may significantly increase their maximum dose.

ICRU 89 does not recommend a full or empty blad-
der for treatment of pelvic ICBT. According to the data
available and findings of our study, it appears thought-
ful to keep the bladder as empty as possible during all
the phases of brachytherapy (implant, planning, and
treatment delivery) to reduce the dose to the bladder
and rectum. The limitations of the study are the length of
the tandem that has not been taken into account, which
can influence the dose received by the OAR. A study
showed that the dose to bladder, rectum, and sigmoid is
higher when longer tandems were used, as compared to
the shorter ones [1]. Also, the volume of the rectum and
the sigmoid have not been taken into consideration.

Conclusions

There is an optimum volume range for the bladder,
rectum, and sigmoid, which affects the received dose
during intracavitary brachytherapy. Though the p val-
ues were not found to be significant in this study, the
important observations and conclusion of this study are
as follows: 1. DVH parameters of the bladder increase by
elevating the volume of the bladder; 2. Rectum dose does
not follow a continuous growing trend. It increases up
to a bladder volume of 110 cc and then again starts de-
creasing. The highest rectal doses were observed in the
bladder volume, range 70-110 cc. The minimum doses
were recorded when the bladder volume was > 170 cc;
3. Sigmoid colon DVH parameters follow a similar trend
as that of the rectum. The highest doses were recorded
when the bladder volume was 70-110 cc, and minimum
when the bladder volume was > 170 cc.

To conclude, in HDR intracavitary brachytherapy in
carcinoma cervix, a relationship exists between the vol-
ume of the OARs and the dose received by them. A blad-
der volume of about 70 cm?® or less proved better for
achieving the prescribed dose limits of bladder, rectum,
and sigmoid.
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