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Abstract
Purpose—To investigate the impact of bladder filling state on dosimetry and determine the best
bladder dosimetric parameter in vaginal-cuff brachytherapy.

Materials and Methods—Twenty women received vaginal cylinder high-dose-rate (HDR)
brachytherapy with each fraction followed by a planning CT scan on a prospective clinical trial.
The bladder was full for fraction 2 and empty for fraction 3. Dose volume histogram (DVH) and
dose surface histogram (DSH) values were generated for the bladder, rectum, and urethra. The
midline maximum bladder point (MBP) and the midline maximum rectal point (MRP) were
recorded. Paired t-tests, Pearson correlations, and regression analyses were performed.

Results—The volume and surface area of bladder irradiated were significantly smaller when the
bladder was empty than when full. Of several DVH and DSH parameters evaluated, the bladder
D2cc, V50, V70 and SA50 significantly predicted the difference in empty versus full filling states.
The V70 and D2cc were significantly correlated with the MBP. Bladder filling did not alter the
volume or surface area of rectum irradiated. However, an empty bladder did result in the nearest
point of bowel being significantly closer to the vaginal cylinder than when the bladder was full.

Conclusions—In order to minimize radiation dose to the bladder, patients receiving vaginal-cuff
HDR brachytherapy should be treated with an empty bladder if feasible. The MBP correlates well
with the volumetric assessments of bladder dose and provides a non-invasive method for reporting
maximum bladder point dose using 3D imaging. The MBP can therefore be used as a surrogate for
complex dosimetry in the clinic.
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Introduction
Vaginal cylinder brachytherapy, either alone or after external-beam radiation therapy
(EBRT), can be used in the treatment of selected gynecologic malignancies.1–3 The most
common use of vaginal-cylinder brachytherapy is in the primary adjuvant treatment of
endometrial cancer.4 Following a total abdominal hysterectomy (TAH) and bilateral
salpingo-oophorectomy (BSO), radiotherapy may be indicated, depending upon the surgical
stage and histology of the resected tumor.5–7 The use of high-dose-rate (HDR) vaginal-
cylinder brachytherapy has been shown to be effective in many previous publications.8–10

The use of vaginal-cuff brachytherapy reduces local recurrence rates but may increase the
risk of normal tissue toxicity.11, 12 Therefore it is important to measure the dose received
by normal tissues in the pelvis during vaginal-cuff brachytherapy. The international standard
of critical structure dose measurement in gynecologic brachytherapy (ICRU 38) has several
limitations:13 the dose points are not representative of the volume and surface area of
normal tissue irradiated;14–16 the dose points may underestimate the dose received by
normal tissues, as other tissue may be closer to the brachytherapy source; and in addition,
calculation of the ICRU bladder dose point requires the placement of a urinary catheter.
Although urinary catheterization was previously common during low-dose-rate (LDR)
vaginal-cylinder brachytherapy, patient discomfort has decreased its routine use during
outpatient HDR treatments.

Most physicians prescribe dose at a uniform distance from the cylinder with no dose
sculpting to avoid normal tissue. Therefore, the conformation of the normal structures must
be changed in order to alter normal tissue doses. The optimal state of bladder filling for
patients undergoing vaginal-cuff brachytherapy has been examined by Hoskin et al., who
used urinary catheterization to ensure consistent states of bladder filling prior to vaginal-cuff
brachytherapy.17 However, alternative less invasive methods of bladder filling and bladder
dose estimation are needed for routine daily practice.

3D image–based contouring of the organs at risk (OAR) with computerized dosimetry is one
non-invasive method of determining the doses received by the normal tissues during
vaginal-cylinder brachytherapy. However, which parameters best represent dose to the
bladder is unknown. This prospective trial assesses normal-tissue doses during vaginal-cuff
brachytherapy and examines the effect of non-invasive bladder filling on normal-tissue
dosimetry using CT imaging.

Materials and Methods
Patients

Between February 2004 and September 2004, 20 women were enrolled in a prospective
clinical trial approved by the relevant Institutional Review Boards. Inclusion criteria
included previous hysterectomy, histologically verified gynecologic carcinoma, ECOG
performance status of ≤2, and age over 18 years. Patients with distant metastases or
inoperable disease were excluded. Each patient gave signed informed consent to participate
in the study.

Radiotherapy
All patients were treated with HDR brachytherapy cylinder insertions to the vaginal cuff.
Each patient received a minimum of 3 HDR treatments. Generally, patients who underwent
EBRT to the pelvis received three cylinder insertions and those who did not received five
cylinder insertions. The cylinder diameter ranged from 2.0 to 3.5 cm. The widest cylinder
that the patient could tolerate was inserted to ensure the optimal coverage of the vaginal
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surface. The standard doses were 18 Gy in 3 fractions following pelvic EBRT or 30 Gy in 5
fractions for brachytherapy alone, all with dose prescribed at the cylinder surface. Variation
from the standard dose was permitted if clinical circumstances indicated. If the patient did
not have risk factors for lower vaginal involvement, the upper half of the vagina (as
measured by CT) was treated. Treatment was administered using an Iridium 192 HDR
afterloader (Nucletron, Veenendaal, The Netherlands).

Bladder filling was varied for each fraction. Fraction one was considered a reference
fraction, with the bladder in a variable state of filling determined by patient choice and
comfort. One hour prior to fraction two, the patient consumed 32 ounces of water18 and did
not empty her bladder before treatment (designated 'full bladder'). Immediately prior to the
third fraction, the patient emptied her bladder ('empty bladder'). The cylinder angle was kept
as close to horizontal as was physiologically comfortable.

Following the first CT scan, an individual treatment plan was calculated. Brachytherapy was
administered once the treatment plan was completed. For subsequent fractions, the patient
underwent cylinder insertion, CT planning scan, and brachytherapy treatment without need
for generation of a new plan; therefore, for fractions 2 and 3 the cylinder was in place for a
shorter time.

The bladder, rectum, and urethra were contoured in 3 dimensions by one physician (A.S.),
and the location of the cylinder was marked (Advantage Sim MD, version 7.0.83, GE
Medical Systems, Waukasha, Wisconsin, USA). The closest distance to the bowel was
measured from the apex of the vaginal cylinder. A sagittal CT image was printed out using
1:1 magnification before each brachytherapy fraction at the midplane of the vaginal cylinder
with the bladder contour visible (see figures 1A and 1B). Following the first CT planning
scan, the images were transferred to Plato planning software (Nucletron), and the
brachytherapy treatment was planned. The isodose curves at the cylinder midplane were
printed out using a 1:1 magnification and superimposed on the sagittal CT image. The MBP
was defined as the point of intersection of the bladder contour and the maximum isodose
line on a midline reconstructed sagittal CT image. The MBP was reported both as an
absolute dose and as a percentage of the prescribed dose (%MBP). The maximum rectal
point (MRP) was defined as the dose 0.5 cm from the posterior surface of the vaginal
cylinder, as per ICRU 38 guidelines.13 The MRP was reported both as an absolute dose and
as a percentage of the prescribed dose (%MRP).

The structure contours were read into a separate software package developed at the Brigham
and Women’s Hospital19, 20 to generate dose volume histograms (DVH) and dose surface-
area histograms (DSH) for the bladder, rectum, and urethra. The accurate transfer of the
contours was confirmed using a deformation registration algorithm.19, 20

V100 was defined as the volume of the bladder receiving at least 100% of the dose, and
SA100 as the surface area of the bladder receiving at least 100% of the dose. The volume
and surface area of bladder receiving at least 100%, 90%, 80%, and 50% and the volume
receiving at least 70% of the dose were measured and defined using the above conventions.
The volume and surface area of rectum receiving at least 100%, 90%, and 80% and the
volume receiving at least 75% and 55% of the dose were measured and defined using the
above conventions. These dose-reporting parameters were chosen because similar
volumetric parameters have been correlated with late side effects in both the bladder and
rectum in prostate cancer,21–23 and assessment of an absolute dose received allows accurate
comparison of the difference between a surface area of tissue irradiated and a volume of
tissue irradiated. The maximum dose received by 2 cc of tissue (D2cc) was recorded for the
bladder and rectum. The D2cc measurement has been determined by the GEC-ESTRO
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group to be representative of a clinically significant determinant of critical-organ dosimetry
in gynecologic cancer15, 16, 24, 25 and has been correlated with late rectal side effects in
cervical cancer.26

Statistical Analysis
The study sample size was determined as follows. A small preliminary data sample of 14
repeated measurements from four individual patients revealed an average change (± SD) in
bladder size between the empty and full states of 2.5-fold. Using a conservative assumption
of the average fold change effect size (± SD) of 2, it was estimated that with 20 study
subjects the power to detect at least 2-fold within-subject mean change in bladder size
between full and empty using a two-sided paired t-test at a 5% significance level was 90%.

All dosimetric parameters outlined above were summed and the mean calculated. A two-
tailed paired t-test was used to compare the difference in bladder and rectal volumes and
surface areas by CT scan between the full and empty bladder, and a Bonferroni correction
was performed to assess statistical significance. Pearson correlation analysis within each
bladder filling state was performed to examine whether there were linear associations
between MBP and bladder DVH, DSH, and D2cc as well as MRP and rectal DVH, DSH,
and D2cc. Multivariate regression modeling was applied to all parameters; however, the
significant correlation between parameters resulted in substantial collinearity and non-
convergence of the model. Another multivariate regression was analyzed to examine if DVH
and DSH were confounded with D2cc to predict the MBP and MRP; however, no
confounding was seen, and therefore the univariate t-test results sufficed.

Results
Twenty patients were enrolled; none had received prior vaginal cuff brachytherapy. Cylinder
sizes were 2.0 cm (1), 2.5 cm (1), 3.0 cm (6), and 3.5 cm (12). The median treatment length
was 7 cm [range (rg), 4–10 cm]. The median dose per fraction was 6 Gy (rg, 5.75–7.5 Gy).
The median number of fractions treated was 3 (rg, 3–5). No patients had a past history of
bladder problems, chronic dysuria, or interstitial cystitis. No patients described discomfort
from bladder filling over the course of insertion and treatment.

The bladder volume and surface area were both significantly smaller in the empty state than
the full state (Table 1). We posited that irradiated volumes under 1.5–2.0 cm3 are clinically
negligible;25 the V100, V90, and V80 (and hence the SA100, SA90, and SA80) were
therefore not useful parameters to measure, as only 2 patients had values over 2.0 cm3 for
V90 and V100 and 5 patients for V80. Therefore, the V70 was taken as the most appropriate
volumetric parameter to analyze the highest dose received by the bladder. The bladder V70,
V50, SA50, and D2cc were significantly lower for the empty bladder than for the full
bladder, with the V50 and SA50 remaining significant after Bonferroni correction (Table 2).
For the rectum, the V100, V90, V80, and V75 were not considered useful parameters to
assess given the low volumes irradiated. The V55 and D2cc measured a clinically significant
volume of rectal tissue; there was no significant difference in these parameters between the
full and empty bladder states.

The MBP and %MBP were significantly lower in the empty bladder than the full bladder
(Table 2). The MRP and %MRP were the same for the full and empty bladder states, as the
rectum was a fixed distance (0.5 cm) from the cylinder. When clinically relevant dosimetric
parameters were assessed, a positive correlation between the bladder V70 and the bladder
D2cc was seen with the MBP in the full and empty bladder states (Table 3). There was no
correlation between the MBP and the bladder V50 or the SA50 in the full bladder, and the
MBP correlated with the bladder V50 only in the empty bladder. The MRP correlated with
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the rectal V55 and rectal D2cc in both bladder states. There was no correlation between
treatment length or cylinder diameter and the bladder V70, V50, SA50, or D2cc for the full
or empty bladder states. The cylinder size showed a positive correlation with the MRP
(correlation coefficient 0.83, p<0.0001), but there was no correlation between treatment
length and MRP.

The median distance to the nearest point of bowel as determined on the midplane sagittal CT
image was 5.75 mm (rg, 2.2–30.7 mm) for an empty bladder and 11.6 mm (rg, 3.3–62.8
mm) for a full bladder (p=0.002). The urethral D1cc received less than 50% of the total dose
in all cases. The median urethral V55 was 0.056 cm3 for the full bladder and was 0.061 cm3

for the empty bladder.

Discussion
To our knowledge, this is the first prospective clinical trial investigating normal-tissue dose
reporting and the effect of bladder volume using CT-based dosimetry in vaginal-cuff HDR
brachytherapy. Overall, the bladder and rectum received low doses of radiation. The volume
and surface area of bladder irradiated were smaller when the bladder was empty than when it
was full, possibly because a full bladder may drop around the posterior aspect of a vaginal
cylinder in a post-hysterectomy patient. Of the various dosimetric parameters assessed, the
bladder V50 and D2cc yielded the greatest difference in empty versus full filling states.
Bladder filling did not alter the volume or surface area of rectum irradiated. However, an
empty bladder did result in the nearest point of bowel being significantly closer to the
vaginal cylinder than when the bladder was full. The MBP provided an efficient and
accurate estimate of the bladder dose following cylinder insertion and prior to brachytherapy
treatment. The MBP correlated well with the volumetric assessments of bladder dose and
can therefore be used as a surrogate for complex dosimetry. This trial validated that the
ICRU 38 rectal point (the MRP) is also a good surrogate for volumetric assessment of rectal
dose in cylinder brachytherapy, as the MRP correlated well with the volumetric assessment
of rectal dose.

The use of vaginal-cuff HDR brachytherapy is increasing in the U.S.9 Simulation, via 2D
fluoroscopic imaging, is performed at many centers to provide documentation of the
cylinder size, bladder and rectum point dose estimates. For HDR administration, standard
recommendations include estimation of the bladder dose using a Foley catheter. The
introduction of 3D imaging for gynecologic brachytherapy planning has obviated placement
of a urinary catheter for bladder dose estimation. The use of CT scanning in vaginal
brachytherapy has been reported,17, 27–29 but the volumetric dosimetry to the OAR in HDR
cylinder brachytherapy is unknown.

Studies of tandem and ovoid brachytherapy in the treatment of cervical cancer have assessed
the conventional ICRU 38 reference points and compared them to CT-based volumetric dose
estimations.15, 24, 30 Schoeppel et al. determined that the CT maximum bladder and rectal
doses might not be the best index doses to correlate with outcome, because the volumes
irradiated are so small, suggesting that volumetric assessments are preferable.15 Pelloski et
al. found that the ICRU 38 rectal point in LDR tandem and ovoid brachytherapy is a
reasonable surrogate for volumetric assessment of rectal dose received (D2cc).24 However,
the ICRU 38 bladder point is not a reasonable surrogate for the bladder D2cc. Our study
confirmed that the rectal ICRU 38 dose point (the MRP) is a good surrogate for the rectal
D2cc in vaginal-cylinder brachytherapy.

Previous studies of the effect of bladder filling on normal-tissue dosimetry in gynecologic
cancer have focused predominantly on patients undergoing brachytherapy with a uterine
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tandem in an intact uterus.31, 32 These studies required placement of a urinary catheter to
facilitate bladder filling and emptying and for ICRU 38 dose point estimation. Sun et al.
found a statistically significant decrease in the V50 as contoured on a planning CT when a
median of 220 cc of water was instilled into the bladder before intracavitary cervix implant.
31 The median bladder-wall dose, analyzed as a volume rather than a surface area, was
significantly decreased when the bladder was full. The bladder D5cc was not affected by
bladder filling. When considering the variation between our results and those of Sun et al., it
is important to consider that patients undergoing intracavitary implants have an intact uterus,
which may displace the bladder away from the implant, and also that intracavitary-implant
patients have vaginal packing to further displace the posterior bladder wall, which is not
possible in vaginal-cylinder brachytherapy. Also, hysterectomy requires removal of
paravaginal and parametrial support tissues, which results in the rectum and bladder moving
closer to the brachytherapy applicators and therefore the high-dose regions move nearer the
sources. This movement was observed to generally be greater in the full bladder than the
empty bladder in this study and may account for the significantly higher MBP in the full
bladder state. Figure 1 demonstrates this effect, showing the full bladder falling posteriorly
over the apex of the cylinder, as was seen consistently among patients. Due to source
anisotropy, the cylinder apex is an area of greater dose inhomogeneity and, depending on the
tissue thickness at the vaginal cuff, this can result in an MBP over 100% of the prescribed
dose despite a prescription point at the cylinder surface.

Hoskin and Vidler examined the effect of bladder filling in patients undergoing vaginal-
cylinder brachytherapy.17, 33 Their initial pilot study of 5 patients showed that the
instillation of 70 ml of water into the bladder decreased the amount of small bowel in the
field but increased the posterior bladder-wall dose.33 However, a subsequent 30-patient
study showed that the instillation of 100 ml of water into the bladder decreased the amount
of small bowel in the field without significantly increasing the mean maximum bladder
dose.17 The study analyzed only the mean maximum bladder dose and did not assess
volumetric parameters. Therefore the possible effect of a larger proportion of bladder
surface area coming into contact with the cylinder in the larger bladder was not assessed.
The higher median bladder volume of 191 cc for the full bladder state in our study may also
account for the differences.

Limitations of this study include the fact that the delineation of normal tissue can be difficult
using CT imaging. The gold standard for normal-tissue contouring in gynecologic
brachytherapy is MRI scanning,16 which is limited by cost and availability. However,
contouring the organs at risk using CT imaging has been shown not to be significantly
different than MRI imaging.30 CT-based contouring can be subject to inter-observer
variability of up to 11%,43 but the variation was minimized in our study by ensuring that one
physician contoured all OAR. Intra-observer variability may occur, with up to 3% variability
found in CT-based prostate-cancer contouring.44 We did not consent patients for oral
contrast and therefore we were not able to differentiate small bowel from large bowel for the
bowel point dose estimation. Future studies will address the issue of small-bowel dosing.

Following EBRT and intracavitary brachytherapy implant for treatment of cervix cancer, a
linear relationship is seen between the total dose to the bladder and rectum and the incidence
of late toxicity.45, 46 The same relationship would be expected following EBRT and vaginal-
cylinder brachytherapy. However, it is important to remember that these studies used the
ICRU 38 reference points for these associations. Koom et al. have shown a positive
correlation between the D2cc dose and the risk of rectal damage seen by sigmoidoscopy in
treatment of cervical cancer.26 The use of volumetric dosimetry has not yet been correlated
with late complications in the bladder. Further work is needed in CT-based volumetric
dosimetry and vaginal-cylinder brachytherapy to determine clinical outcomes related to
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D2cc measurements. Toxicity was not assessed; prospective follow-up will determine
whether the state of bladder filling at the time of cylinder brachytherapy is associated with a
risk of late complications. Bowel toxicity would be an important area to assess in view of
the decrease in the shortest distance to bowel in the empty bladder state.

Conclusion
This study indicates that the HDR brachytherapy dose to the bladder is lower when the
bladder is empty than when it is full. A useful, quick, and easy method of bladder dose
determination, the MBP, was established that correlated well with volumetric dose
determination. Future prospective studies of vaginal-cuff brachytherapy may consider
requiring treatment with an empty bladder in order to minimize dose to the bladder;
however, further early and late toxicity data for this approach are necessary.
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Figure 1.
Figures 1 A and B. Sagittal CT slice through the center of the vaginal cylinder in the same
patient with a full bladder (A) and an empty bladder (B) showing the approximate position
of the MBP.
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Table 1

Bladder volume and surface area in full and empty bladder

Bladder
filling

Mean volume
(cm3)

Range
(cm3)

Mean surface
area (cm3)

Range
(cm3)

Full* 278.3 48.9–784.2 259.9 102.4–529.4

Empty 93.8 26.8–228.0 146.1 84.6–236.7

p 0.003 0.001

*
Patients consumed 32 oz of water 1 h before cylinder insertion.
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Table 2

Significant dosimetric parameters identified on comparison of bladder volume, surface area, and maximal
point measurements with full versus empty bladder

Mean bladder
dosimetric
value

Full bladder*
(range)

Empty bladder
(range) p

V70 (cm3) 3.70 (0.19–11.39) 2.26 (0–14.72) 0.03†

V50 (cm3) 18.47 (3.64–37.89) 10.52 (0.78–28.91) 0.003†‡

SA50 (cm2) 39.27 (9.57–62.99) 27.21 (5.92–72.14) 0.007†‡

Dcc(Gy) 4.56 (3.44–6.30) 4.06 (2.56–8.27) 0.03†

MBP (Gy) 5.49 (4–7) 4.72 (3–8.5) 0.008†

% MBP 90 (67–100) 77 (50–113) 0.005†

MRP (Gy) 4.4 (3.88–5.59) 4.4 (3.88–5.59) >0.05

%MRP 72 (55–76) 72 (55–76) >0.05

Abbreviations: V70 = volume of bladder receiving ≥70% of dose; V50 = volume of bladder receiving ≥50% of dose; SA50 = surface area of

bladder receiving ≥50% of dose; Dcc = maximal dose received by 2 cm3 of tissue; MBP = point of intersection of bladder contour and maximal
isodose line on midline reconstructed sagittal image; MRP = dose 0.5 cm from posterior surface of vaginal cylinder.

*
Patients consumed 32 oz. of water 1 h before cylinder insertion.

†
Statistically significant p value.

‡
Statistically significant after Bonferroni correction.
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Table 3

Correlations of MBP and MRP with clinically relevant bladder and rectum dosimetric parameters with full and
empty bladder

Full bladder* Empty bladder

Mean dosimetric
value

Correlation
coefficient p

Correlation
coefficient p

Bladder V70 (cm3) 0.49 0.03† 0.46 0.04†

Bladder V50 (cm3) 0.29 0.22 0.50 0.02†

Bladder SA50 (cm2) 0.13 0.60 0.45 0.05

Bladder Dcc (Gy) 0.66 0.002† 0.65 0.002†

Rectum V55 (cm3) 0.51 0.02† 0.45 0.05

Rectum Dcc (Gy) 0.80 <0.0001† 0.73 0.0002†

Abbreviations as in Table 2.

*
Patients consumed 32 oz. of water 1 h before cylinder insertion.

†
Statistically significant.
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