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Abstract

Objectives: Continuous surveillance of bladder volume (BV) is beneficial during the treatment of various urogenital diseases
because the bladder is always changing its position, size and even shape at different filling phases. For this purpose, we quantified
the motion of the urinary bladder.

Methods: Daily ultrasound measurements and weekly cone-beam computed tomography scans were obtained from 89 patients
in the supine position. BV, bladder centroid positions, and triaxial lengths in the left-right (LR), anterior-posterior (AP), and
superior-inferior (SI) directions were compared across different time points.

Results: BV linearly increased over time, and the mean urinary filling rate (v,,;) was correlated with the patients’ age and water
consumption. The greatest bladder centroid motion occurred longitudinally, with less movement observed laterally. The max-
imum bladder centroid movement was 8.8 + 2.2 mm inferiorly and 1.8 + 0.9 mm posteriorly for every 10% decrease in BV. The
rates of changes in triaxial lengths differed across the 4 filling phases. The rate was the largest at a BV range of 10-80 mL, especially
in the LR direction, with values of 5.9 + 1.0, 3.6 + 1.0, and 3.9 + 1.0 mm per every 10-mL BV increase for LR, AP, and SI,
respectively. With bladder filling (<80 mL), the maximum increase in triaxial length was observed in the Sl direction and the rates
of all changes considerably decreased, especially at BV > 600 mL.

Conclusion: The v,, could be used to evaluate the temporal changes in the bladder. The spatial changes should be assessed
according to different filling phases based on the centroid position and triaxial lengths.
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Introduction
! Department of Radiation Oncology, Chongging University Cancer Hospital &

The pelvic organs are naturally prone to changes in both posi-
tion and volume over time, such as during bladder filling. Dur-
ing surgical procedures, these changes can influence the
motion of other adjacent organs, with a risk of causing long-
term bladder damage.' In external-beam radiotherapy (RT),
these motions can have a major impact on the precise delivery
of the RT dose, often leading to a missed target or large safety
margins around the target volume, and/or severe gastrointest-
inal and genitourinary toxicities.>> In brachytherapy, such
changes can also occur after the implantation of the applicator
and before and during the treatment, thereby affecting the final
plan optimization and dose distribution.*
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A bladder diary is used to record information-rich para-
meters, such as the minimum and total voided volumes. The
association between urogenital symptoms and these parameters
is assessed to help decision-making,” whereas the parameters
are usually related to the urinary filling rate and bladder capac-
ity. Likewise, many clinical applications of modern RT also
concern changes in bladder volume (BV) and bladder shape.®™
Both empty and full bladder protocols are adopted, although a
full bladder is usually preferred because it allows greater spar-
ing of healthy tissues, such as the small bowel and the healthy
part of the bladder. However, studies have demonstrated that
despite strict drinking protocols, patients experience difficul-
ties in maintaining a constant BV.” In addition, the BV has been
shown to decrease during RT, probably owing to reduced blad-
der capacity and radiation cystitis.'°

Recently, we have investigated strategies for maintaining a
consistent BV.'%!1! A “comfortably full bladder” approach was
adopted using measurements with a portable ultrasound (US)
scanner. Consistent BV was mostly achieved after multiple
measurements within 2 h after water intake, and target margins
were reduced in the superior-inferior (SI) direction.'® To
decrease patient discomfort caused by holding on to urine and
to reduce technician labor, a parameterized model for the mean
urinary filling rate was proposed, and the optimal US scanning
number and RT time were determined using this model. The
accuracy of the model was successfully assessed in patients
with good compliance (79.2% of all patients), and the propor-
tion of RT fractions with zero wait time (one US scan)
increased from 6.5% to 41.2%.""

However, these findings of previous studies covered a wide
BV range, and it is unknown whether the variations in bladder
shape and position were similar across the entire range, which
was directly correlated with the RT dose coverage. Hence, the
aims of this study were to further investigate the patterns of
bladder motion, and to characterize the temporal and spatial
changes of the bladder as a function of the BV (10-800 mL).
We believe that such information will be helpful in designing
an adaptive treatment strategy, owing to the correlation
between the clinical target volume (CTV) coverage and bladder
injury and bladder filling.'*'* Moreover, we considered that a
bladder diary that records supplementary information serves as
a noninvasive tool for evaluating bladder sensation.

Methods and Materials

Patients

A total of 89 patients with stage II-IIIB cervical cancer were
included. Ethical approval for this study was obtained from the
Medical Ethics Committee of Chongqing University Cancer
Hospital with the following reference number CZLS2014048-
A. All patients provided written informed consent, and all
methods were performed in accordance with the relevant
guidelines and regulations. The median patient age was 52.5
years (range, 40-75 years). The patients were asked to empty
their bladders and rectum, and underwent controlled water

intake to achieve a comfortably full bladder before the planning
computed tomography (CT) scan. The median water uptake
before the measurements was 300 mL (60-600 mL). The
amount of water intake before each treatment fraction
depended on the patient’s initial BV during the planning CT
scan.'® All patients received a total dose of 50 Gy in 25 daily
fractions of 2 Gy.

Planning CT Scan

On the basis of our previous results, a clinical target volume-to-
planning target volume (PTV) margin of 6.4 mm was generated
in the SI direction for cervical cancer.'® A planning CT scan
was performed with a 5-mm slice thickness on a Brilliance-16
system system (Philips Medical Systems, Inc., Cleveland, OH)
because the CT slice thickness influences the accuracy of mar-
gin growth and the volume of a region of interest.'*'> The
uterus, cervix, vagina, bladder and rectum were contoured by
radiation oncologists specializing in gynecological cancer.

Bladder Scan Protocol

Two radiation therapists measured the BV using a portable 3-
dimensional US bladder scanner (BV19400, Verathon Medical
B.V., Netherlands). The scanning mode was set for scanning a
female patient who had not undergone a hysterectomy. For
each patient before each RT fraction, the first US measurement
was performed 1 h after drinking the required amount of water,
and multiple measurements were performed at regular 10-min
intervals until the BV was consistent with that of the planning
CT BV. On the basis of our previous reports, the recommended
default tolerance of BV is + 15% to maintain a constant BV
throughout each RT fraction. In addition, multiple scans were
also performed for each US measurement in a single moment.
The mean values of BV were chosen, and the standard devia-
tions were considered uncertainties. After the US measure-
ments, cone-beam CT (CBCT) (Varian Medical Systems,
Inc., Palo Alto, CA) was performed weekly before RT. The
patients voided their bladder immediately after the completion
of treatment, and the postvoid residual urine was evaluated
using BVI9400.

Data Analysis

The bladder was contoured on all CBCT scans, and bony
matching to the planning CT was performed. The triaxial
lengths were measured in the axial, coronal, and sagittal planes
using the maximum values. The influences of contouring dif-
ferences among oncologists, and registration differences due to
the region-of-interest selection were investigated. The mean
values of BV, centroid coordinates, and triaxial lengths for
different contourings and registrations were chosen, and the
standard deviations were considered uncertainties (error bars
in the figures). For each patient, the shift of the center of the
bladder and changes in triaxial lengths on CBCT scans as a
function of BV compared with those of planning CT were
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Figure |. The upper-left image: definition of bladder coordinate system. The upper-right image: the schematic of bladder motion, OO': centroid
shift, XX, YY’, and ZZ': the vertex shift of bladder wall. The bottom figure: (A) centroid shift only without triaxial changes; (B) triaxial changes

only without centroid shift.

calculated in the left-right (LR), SI, and anterior-posterior (AP)
directions. Positive values for LR, SI and AP indicated motion
in the right, cranial and posterior directions, respectively. As
shown in Figure 1, the bladder motion (the upper-right image)
was divided into two separate motions (bottom images A and
B, centroid and triaxial-length) to simplify the calculations.

Statistical analyses were performed using the Statistical
Package for the Social Sciences program (IBM SPSS Statistics
version 22, SPSS22), with the threshold for statistical signifi-
cance set at P <0.05. The correlation between the mean urinary
filling rate (v,) and age (P,g.) or water consumption (P,,)
was described using Pearson’s correlation coefficient, and the
relationships among these variables were tested using multi-
variable linear regression. The slopes of the centroid position
and triaxial length with the increasing BV were calculated
using the method of least squares.

Results

Bladder Filling Over Time

The relative BV (AV(t)) was defined as V(t) — V,, where t is
the time of the US scans. V| is the BV of the first US measure-
ment, and V(t) is the measured BV at 10-min intervals. AV(t)

showed a linear behavior over time. The mean urinary filling
rate, v;,,, was defined as AV(t) / t. The v,,, largely varied among
patients, ranging from 0.19 + 0.08 t0 6.19 + 4.32 (mL/min). It
was correlated with age (Pyg., R = —0.28, P = 0.04) and water
consumption (P, R = —0.65, P = 0.00). The relationship
between v,,; and P, and P,,,, can be expressed as follows:

Vior = 3.22(% 0.80) — 0.04(£ 0.01)Pyg

1
+0.01( % 0.00)P,q (P < 0.001) m

Bladder Shape

Owing to CBCT error or poor patient compliance, only 437
planning CT and CBCT scans in this study were performed in
this study (Figure 2). Figure 2 shows the product of the 3-axis
lengths L L.y, as a function of BV together with a linear fit for
all patients. The fitting parameter was 0.47 (prob = 1), and the
difference between this value and 6 / &, the standard coefficient
of the volume formula of an ellipsoid, was only 0.05. The BV
could be calculated as approximately 0.47LL,L, in this study.

Centroid Position With Increasing BV

The relative BV (8V(f)) was defined as (V(f) — V(1)) / V(1),
where f is the RT fraction. V(1) is the BV at the planning CT
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Figure 2. The product of 3-axes lengths as a function of BV together with a linear fit. The error bars indicated the US and CBCT measurement

uncertainties.

scan, and V(f) is the measured BV at the subsequent CBCT
scan. In this study, oV(f) ranged from —0.92 to 1.09. When
dV(f) changed from —0.3 to 0.3, the greatest centroid
motion occurred longitudinally, with less movement
observed laterally, and the bladder centroid shifted toward
the superior and anterior directions with an approximately
constant rate. The maximum bladder centroid movement
was 18.8 + 2.2 mm inferiorly and 1.8 + 0.9 mm poster-
iorly for every 10% decrease in BV. When dV(f) was > 0.3,
the rate decreased by 62.7% in the SI direction, but the
centroid continued to shift toward anterior direction at the
same rate. However, when dV(f) was < —0.3, the movement
became irregular (Figure 3).

Triaxial Lengths With Increasing BV

After multiple-slope (Sp) fitting using the method of least
squares, we observed that the divisions of BV subranges
(i.e., 10-80, 80-320, 320-600, and 600-800 mL) had the high-
est sum of possibilities, compared with the other divisions of
BV subranges (Figure 4A-C). For example, all possibilities of
fitting to the 4 subranges in Figure 4C were 1. For a small BV
(10-80 mL), Ly, Ly, and L, rapidly increased with bladder
filling, especially in the LR direction. The slope in the LR
direction (Spyr) of 0.06 cm ™2 was 1.52-1.66 times as large as
the slopes in the SI and AP directions (Spsi, Spap).- SpLr,
Spap, and Spg; all decreased with increasing BV subranges,
although Spap showed little change in the BV range of
320-800 mL. When BV was > 80 mL, Spgs; became the largest,
followed by Spap and Spyr.

Eccentricity With Increasing BV

Different changing rates of triaxial length will inevitably lead
to constant changes in bladder shape. We used variable eccen-
tricity to describe this change (Figure 4D). In the coronal plane,
the eccentricity increased first and reached the maximum
value, then decreased with increasing BV. In the transverse
plane, the eccentricity always decreased. The length axes of
these ellipsoids were both oriented in the LR direction in the
above two planes. In the sagittal plane, the eccentricity also
decreased when the BV was < 540 mL in this study. When BV
was > 540 mL, the eccentricity began to steadily increase.

Discussion

To design the optimal treatment for urogenital diseases (espe-
cially cancer), detailed information about the bladder is often
recorded in a bladder diary, including 24-h voiding frequency,
minimum and maximum voided volumes, and total voided
volume. These parameters are usually related to the urinary
filling rate and bladder capacity. A previous study reported
large variations in the urinary filling rate among different
patients.’ In this study, the mean urinary filling rate also
largely varied among patients. Fortunately, the approximate
value can be calculated using a water-drinking- and age-
based linear formula, and the result was also consistent with
the previous findings.!' Coincidentally, many age-based for-
mulae for the bladder capacity benchmark are available.'®
These formulae can also be used to evaluate the movement
of the bladder during treatment.
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Figure 3. Changes in centroid position as a function of the relative BV
(8V(f)) together with a linear fit in the LR (A), AP (B), and SI (C)
directions.

Given the movement of the bladder, a comfortably full blad-
der is preferred in the treatment of cervical and related cancers
based on the organ at risk criteria. Not only during the highly
conformal external-beam RT but also during 3-dimensional
magnetic resonance/CT-based brachytherapy, bladder motion
is a contributory factor to the variations in the target and organs
at risk. Early in 2008, Chan et al observed that the uterine
fundus moved 18 mm inferiorly and the cervical os moved 3
mm anteriorly for every 10 mL decrease in BV.'” Pinkawa et al
also demonstrated that bladder filling can cause the maximal

bladder wall displacements of 15 and 21 mm in the anterior and
superior directions, within a BV ranging from —100 to 200 mL
relative to the planning BV (217 mL, i.e. —0.4 <3V(f) <0.9).'8

In this study, we did not use the point-of-interest analysis or
investigated bladder wall movements at 6 isolated borders, as
did previous studies. Instead, we analyzed the entire region of
the bladder and investigated its changes and interactions on the
three axes. We found that the BV changes were similar among
all participants. The bladder centroid maximally moved by
18.8 + 2.2 mm inferiorly and 1.8 + 0.9 mm posteriorly for
every 10% decrease in BV. The centroid motion in the LR
direction was negligible. The maximum rates of changes in
triaxial lengths were observed in the BV range of 10-80 mL,
and the displacements were almost constant for every 10 mL
increase in BV: 5.9 + 1.0, 3.6 + 1.0, and 3.9 + 1.0 mm for
LR, AP, and SI respectively. The dominant source of short-
term bladder motion was bladder filling.

In the study by Chan et al, the mean BV was approximately
90 mL. If calculated according to our findings, the bladder
centroid moved by approximately 18.8 + 2.2 and 1.8 + 0.9
mm, and the triaxial lengths decreased by 1.8 and 0.8 mm in the
SI and AP directions for every 10 mL decrease in BV. The
magnitudes of bladder movements were completely compara-
ble to those reported by Chan et al with respect to movements
of the uterine fundus and cervical os. These data again con-
firmed that uterine motion is predominantly influenced by
bladder filling.'"> Meanwhile, the median BV in Chan et al’s
study was only 28 mL (3.3-652 mL)."” The BV in this study
ranged from 10 to 800 mL, and the average and median values
were 312 and 295 mL respectively. Because these data were
more closer to the bladder filling protocol, our conclusion is
more adaptable in clinical RT practice.

In addition, the bladder was considered to be a semi-
ellipsoid to simplify the calculation. Information on asymme-
try and symmetry in the human pelvic cavity is shown in
Figures 3 and 4. Lateral and posterior movements are strongly
limited by the pelvic bones and sacral bone, respectively,
although the soft tissues and bowel loops in the anterior and
superior directions can be easily shifted. However, the blad-
der is not a perfect symmetric spheroid. The foci of the ellip-
soid in the right and posterior directions are further away from
the centroid. In the SI direction, the inferior focal length is
large for —0.3 < 6V(f) < 0.3; for V() of > 0.3, the superior
focal length becomes larger than the inferior value. This phe-
nomenon can be verified in Figure 3, owing to non-zero
changes in the centroid position when 3V (f) = 0. Conversely,
the bladder seems to be a plate-shaped organ when it is fully
emptied; the lengths were 5.48 + 0.48 and 4.24 + 0.48 cm in
the LR and AP directions, and the bladder wall thickness was
0.77 £+ 0.51 cm when the residual urine was neglected. This is
consistent with the wall thickness obtained using the ellipsoid
and automated methods.?® This value will also help in deli-
neating the inner bladder surfaces via the outer bladder for an
accurate RT dose reconstruction.?’

It is known that bladder motion can lead to a change in the
dose delivered to the bladder itself and adjacent structures.*>



Cancer Control

20 prr T Prob 0.9978 | Prob 0.9524
18 F Kiggo  0.05911+ 0.00993 | ksoazo 0.008289 + 0.0007969

F A g 5479 0.4855 | b 8.278 £ 0.1707

16 — =
14 =
£ E WMMJIWH—:
S, F | =
Ser FRLOR
’ 3

° 3

1

4 1| Prob

C Kiz0600 0.0009373 + 0.0008549 | Kgppeep 0.0007785 + 0.003701

2 [, 10.52£ 0.3711 | Boggno 11.29 +2.433
N T T
200 300 400 500 600 700 800

Bladder volume [ml]

TT 1 Prob 1| Prob 1

Kigge 0.039+0.01066 | Kegszo 0.01762 0.0008408

C biogn 07736 0.5125 | Daoamo 2,036+ 0.1808

L. [cm]

Il\l\lll\lllllll\ll\ll

olb 1| Prob
Kyzg.e00 0.009663 + 0.001101 | Kggos0p 0.008662 + 0,004121

Byas.e00 4.694 + 05023 | byygeng 4.795 + 2.689

L | L
100 200 300 400 500 600 700 800
Bladder volume [ml]

20 prr T Prob 0.9994 | Prob 0.823
18 = Kipso 0.03555+ 0.00993 | Kgpeo 0.00844 +0.0008176

- B Dipgo 4242104855 | Byoo 59852 0.1755

16 — —
14 =
=12 =
5. E i il 14 E
T w7 40 -
8 =

6 F -

4 0.9936 | Prob 1

H Kizo.600 0.005584 + 0.001001 | Kgppege 0.005912 + 0.004033

2 By20.600 6.886 + 0.4196 | by a0 6.49 + 2,642

o oo Lol ol oo bl
0 200 300 400 500 600 700 800

Bladder volume [ml]

1K‘\|‘...|...‘|...I.‘.,‘...l..‘.I....:
09 x — X-Y plane (Corongl plane) =

F — X -Z plane (Transvgrsal plane) 3

0.8 == — Y -Z plane (Sagittal plane) =
0.7 y —
206 — —
92 - 3
§0s | D =
Q — =
(5] - .
w04 — =
03 — =

0.2 Esmall Medium BV Large BV
[ 10-80 80-320 ml 320600 ml

01 ™ =
FYg] =TI B AN BRI B AP B S L g
0 100 200 300 400 500 600 700 800

Bladder volume [ml]

Figure 4. Changes in triaxial lengths as a function of the bladder volume together with a linear fit in the LR (A), AP (B), and SI (C) directions. (D)

The eccentricity changes as a function of the bladder volume.

These variations might result in alterations in clinical out-
comes, such as increased toxicity. A univariate analysis
showed that bladder filling was the only factor related to grade
> 2 acute genitourinary toxicity, and was also the factor with
the greatest influence on acute gastrointestinal toxicity on mul-
tivariate analysis.*®> Although our study did not investigate the
impact of bladder motion on RT dose variations, we evaluated
temporal and spatial changes of the bladder as a function of the
BV using a imaging-guided RT technique. We found that the
position and size of the bladder should be assessed according to
4 filling phases: 10-80, 80-320, 320-600, and 600-800 mL. A
previous analysis also showed patients could easily achieve a
comfortably full bladder in the following range of initial BV:
approximately 300 mL without BVI9400 measurement and
approximately 160-450 mL with BVI9400 measurement.'®
Therefore, a BV of 320-450 mL measured using BVI9400 is
recommended in the future clinical practice because the change
rates of triaxial lengths will dramatically decrease. The triaxial
lengths decreased from 8.3, 8.4, and 17.6 mm to 0.9, 5.6, and
9.6 mm in the LR, AP, and SI directions, respectively, for every
100 mL decrease in BV.

One limitation of this study is that we did not investigate the
impacts of different body positions and gender on bladder

motion. In addition, we did not consider the issues of target
margin generation and variations in target dose, and the possi-
ble relationship to bladder filling variations. This is due to the
limited resolution of CBCT, and it is difficult to contour CTV.
Another unresolved issue with impact on bladder injury is how
bladder filling contributes to the positioning of the bladder
neck, the trigone, and the orifices of the ureters, because these
parts are crucial for acute and late toxicity.>**> Further inves-
tigations are planned to clarify these matters.

Conclusion

The bladder is always changing its position, size and even
shape. In order to design the optimal treatment for urogenital
diseases, we should quantify the motion of the urinary bladder.
The temporal changes in the bladder could be evaluated by the
Vior, and it was correlated with the patients’ age and water
consumption. The spatial changes in the bladder could be
assessed according to different filling phases (i.e., 10-80, 80-
320, 320-600, and 600-800 mL) based on the centroid position
and triaxial lengths; the greatest bladder centroid motion
occurred longitudinally, with less movement observed
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laterally, and the rates of changes in triaxial lengths differed
across the 4 filling phases.
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Authors’ Note

The datasets used and/or analyzed during the current study available
from the corresponding author on reasonable request. Ethics approval
for this study was obtained from the Medical Ethics Committee of
Chonggqing University Cancer Hospital with the following reference
number CZLS2014048-A. All patients gave written informed consent,
and all methods were performed in accordance with the relevant
guidelines and regulations. The abstract of this paper was presented
at the ASTRO as a poster presentation with interim findings. The
poster’s abstract was published in “Poster Abstracts” in Int J Radiat
Oncol Biol Phys. (2019 Volume 105, Issue 1, Supplement, Pages
E742-E743): Hyperlink with DOI https://doi.org/10.1016/
j-1jrobp.2019.06.849.

Author Contributions

Fu Jin and Qiang Liu contributed equally to this work. Fu Jin and
Huanli Luo participated in the design of the study and performed the
statistical analysis. Qiang Liu, Rui Zhu, Yanhong Mou, and Huanli
Luo participated in the data collection. Yongzhong Wu and Ying
Wang conceived of the study, and participated in its design and coor-
dination and helped to draft the manuscript. All authors read and
approved the final manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work is
supported by the National Natural Science Foundation of China under
Grant No. 11575038 and 11805025, and Special Funds for Central
Guiding Local Scientific and Technological Development.

References

1. Jiang ZP, Wang DY, Lai DM, et al. Variations of urinary bladder
and the urogenital fatty fascial compartment with different filling
of the bladder are notable factors relevant to hernia repair-related
bladder injury. Am Surg. 2013;79(2):167-174.

2. Eminowicz G, Rompokos V, Stacey C, Hall L, McCormack M.
Understanding the impact of pelvic organ motion on dose deliv-
ered to target volumes during IMRT for cervical cancer. Radio-
ther Oncol. 2017;122(1):116-121.

3. Jin F, Luo H, Zhou J, et al. Dose—time fractionation schedules of
preoperative radiotherapy and timing to surgery for rectal cancer.
Ther Adv Med Oncol. 2020;12. doi:10.1177/1758835920907537

10.

11.

12.

14.

15.

16.

17.

18.

19.

. Simha V, Patel FD, Sharma SC, Rai B, Oinam AS, Dhanireddy B.

Evaluation of intrafraction motion of the organs at risk in image-
based brachytherapy of cervical cancer. Brachytherapy. 2014;
13(6):562-567.

. Bright E, Cotterill N, Drake M, Abrams P. Developing and vali-

dating the international consultation on incontinence question-
naire bladder diary. Eur Urol. 2014;66(2):294-300.

. Jin F, Luo H, Zhou J, et al. Dynamic changes in bladder morphol-

ogy over time in a population-based female sample. Int J Radiat
Oncol Biol Phys. 2019;105(1):E742-E743.

. Sithamparam S, Ahmad R, Sabarudin A, Othman Z, Ismail M.

Bladder filling variation during conformal radiotherapy for rectal
cancer. J Physics. 2017;851(1):012026.

. Lotz HT, van Herk M, Betgen A, Pos F, Lebesque JV, Remeijer P.

Reproducibility of the bladder shape and bladder shape changes
during filling. Med Phys. 2005;32(8):2590-2597.

. Collen C, Engels B, Duchateau M, et al. Volumetric imaging by

megavoltage computed tomography for assessment of internal
organ motion during radiotherapy for cervical cancer. Int J Radiat
Oncol Biol Phys. 2010;77(5):1590-1595.

Luo H, Jin F, Yang D, et al. Interfractional variation in bladder
volume and its impact on cervical cancer radiotherapy: clinical
significance of portable bladder scanner. Med Phys. 2016;43(7):
4412.

Jin F, Luo HL, Zhou J, et al. A parameterized model for mean
urinary inflow rate and its preliminary application in radiotherapy
for cervical cancer. Sci Rep. 2017;7(1):280.

Tyagi N, Lewis J, Yashar C, et al. Daily online cone beam com-
puted tomography to assess interfractional motion in patients with
intact cervical cancer. Int J Radiat Oncol Biol Phys. 2011;80(1):
273-280.

. Jhingran A, Salehpour M, Sam M, Levy L, Eifel P. Vaginal

motion and bladder and rectal volumes during pelvic intensity-
modulated radiation therapy after hysterectomy. Int J Radiat
Oncol Biol Phys. 2012;82(1):256-262.

Wang Y, Jin F, Zhou J, Luo H. A simple method of evaluating
margin-growing accuracy in image-guided radiation therapy. Br J
Radiol. 2016;89(1062):20140636.

Jin F, Zhou J, Luo HL, Wang Y. In regard to Briere et al. Int J
Radiat Oncol Biol Phys. 2016;96(2):481.

Martinez-Garcia R, Ubeda-Sansano MI, Diez-Domingo J, Pérez-
Hoyos S, Gil-Salom M. It is time to abandon expected bladder
capacity. Systematic review and new models for children’s nor-
mal maximum voided volumes. Neurourol Urodyn. 2014;33(7):
1092-1098.

Chan P, Dinniwell R, Haider MA, et al. Inter- and intrafractional
tumor and organ movement in patients with cervical cancer
undergoing radiotherapy: a cinematic-MRI point-of-interest
study. Int J Radiat Oncol Biol Phys. 2008;70(5):1507-1515.
Pinkawa M, Asadpour B, Siluschek J, et al. Bladder extension
variability during pelvic external beam radiotherapy with a full
or empty bladder. Radiother Oncol. 2007;83(2):163-167.

Taylor A, Powell ME. An assessment of interfractional uterine
and cervical motion: implications for radiotherapy target volume
definition in gynaecological cancer. Radiother Oncol. 2008;
88(2):250-257.



Cancer Control

20.

21.

22.

23.

Fananapazir G, Kitich A, Lamba R, Stewart SL, Corwin MT.
Normal reference values for bladder wall thickness on CT in a
healthy population. Abdom Radiol (NY). 2018;43(9):2442-2445.
Rosewall T, Bayley A, Catton C, et al. Delineating the inner
bladder surface using uniform contractions from the outer surface
under variable bladder filling conditions. Br J Radiol. 2015;
88(1053):20140818.

van de Schoot A, de Boer P, Visser J, Stalpers LJA, Rasch CRN,
Bel A. Dosimetric advantages of a clinical daily adaptive plan
selection strategy compared with a non-adaptive strategy in cer-
vical cancer radiation therapy. Acta Oncol. 2017;56(5):667-674.
Jain S, Loblaw DA, Morton GC, et al. The effect of radiation
technique and bladder filling on the acute toxicity of pelvic

24.

25.

radiotherapy for localized high risk prostate cancer. Radiother
Oncol. 2012;105(2):193-197.

Ghadjar P, Zelefsky MJ, Spratt DE, et al. Impact of dose to
the bladder trigone on long-term urinary function after high-
dose intensity modulated radiation therapy for localized pros-
tate cancer. Int J Radiat Oncol Biol Phys. 2014;88(2):
339-344.

Hathout L, Folkert MR, Kollmeier MA, Yamada Y, Cohen GN,
Zelefsky MJ. Dose to the bladder neck is the most important
predictor for acute and late toxicity after low-dose-rate prostate
brachytherapy: implications for establishing new dose constraints
for treatment planning. /nt J Radiat Oncol Biol Phys. 2014;90(2):
312-319.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


