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Abstract
Background During radiation therapy (RT) for prostate cancer, bladder �lling helps exclude the organ from
irradiation and reduces adverse effects. For RT planning, we performed computed tomography (CT) for 2
consecutive days to evaluate inter-day variations in organs such as the bladder. However, the patient
factors that are associated with large intra-patient variations in bladder �lling volume prior to RT are not
known. Methods This was a retrospective study of 97 prostate cancer patients who underwent CT for 2
consecutive days for RT planning between March 2015 and March 2020 and with con�rmed water intake
volume before the scans. Patients consumed 500 mL of water immediately after urination and underwent
CT 30 min after the start of water intake; CT was performed under similar conditions over 2 consecutive
days. Patient information was collected from the medical records taken before CT. Results The median
bladder �lling volume was 102.8 cm 3 (range: 31.7 to 774.0) and the median intra-patient bladder �lling
volume variation was 23.4 cm 3 (range: 0.4 to 277.7). Univariate analysis revealed that the intra-patient
variation was signi�cantly larger in patients with an eGFR higher than the median ( P =0.003). No other
factor showed correlations with the variation. As the larger bladder �lling volume of the 2 consecutive
days in patients increased (median 121.5 cm 3 , range: 47.8 to 774.0), the intra-patient variation also
increased. Conclusions Patients with a higher eGFR show greater variation in bladder �lling volume, and
caution should be exercised when applying RT in these patients.

Introduction
In radiation therapy (RT) for prostate cancer, the bladder, which is adjacent to the prostate, is often �lled
and excluded from the irradiation �eld as much as possible to reduce adverse events of the bladder (1, 2,
3). Bladder �lling is also useful for excluding the bladder and elevating the small bowel from the
irradiation �eld (4, 5). To �ll the bladder, water intake is often controlled daily before RT (3, 4, 6).

Among RT modalities for prostate cancer, intensity-modulated radiation therapy (IMRT) is the most
commonly used method and has become increasingly more widespread because it decreases the
incidence of adverse events and allows dose escalation (7, 8). Before administering IMRT, we performed
computed tomography (CT) for RT planning with water intake control for 2 consecutive days to check
inter-day variations in various organs including the bladder. In cases in which the location of an organ on
the second day of RT planning CT greatly deviates from that on the �rst day, RT is planned again on the
second day.

In the present study, we measured volume variations after bladder �lling on the 2 days of planning CT
images and investigated the correlations between the variations and patient factors to identify the
characteristics of patients with large intra-patient variations.

Patients And Methods

Patient characteristics
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Of 110 patients with prostate cancer who underwent CT for 2 consecutive days for planning of IMRT
between March 2015 and March 2020, 97 patients with con�rmed water intake volume before the scans
were included in the study. This study was retrospective and informed consent was obtained from all
patients. The study was performed in accordance with the Declaration of Helsinki.

Planning CT
The patients were instructed to drink 500 mL of water immediately after urination and underwent CT
30 min after the start of water intake. The water intake volume and time to CT were controlled based on
the degree of abdominal distension and urgency in the patients. On the second day, CT was performed
under the same conditions regarding water intake and scan timing. The patients were immobilized in the
supine position with a vacuum-lock cushion (MTVLF15; CIVCO Radiotherapy, Iowa, USA), and CT
(Aquilion TSX-201A; Toshiba Medical Systems, Tokyo, Japan) was performed during free breathing at
120 kV with automatic exposure control and 2-mm slice thickness. CT images were transferred to a
treatment planning system (Monaco version 5; Elekta AB, Stockholm, Sweden). To measure the bladder
�lling volume, the bladder was contoured by delineating the outer bladder surface. The intra-patient
bladder �lling volume variation between 2 consecutive days was measured as the difference between the
measured volumes. In addition, the same CT images were fused with magnetic resonance images as
much as possible, and the prostate was also contoured to measure the prostate volume on planning CT
images.

Patient characteristics
Patient information was collected from the medical records taken before the planning CT. Body mass
index (BMI) was calculated from weight and height. The International Prostate Symptom Score (IPSS) (9)
was obtained by administering a questionnaire to patients. The estimated glomerular �ltration rate
(eGFR) was estimated by the following conversion formula for Japanese men: eGFR (mL/min/1.73 m2) = 
194 × serum creatinine (SCr)−1.094 × age− 0.287 (10). For the post-void residual urine volume, the urine
volume in the bladder immediately after urination was three-dimensionally measured with an ultrasonic
diagnostic apparatus (Bladder Scan BVI 3000 or BVI 6100; Sysmex, Kobe, Japan) (11, 12). Patient age
was the age at the time of planning CT.

Statistical analysis
First, linear regression analysis was performed to evaluate quantitative correlations for intra-patient
bladder �lling volume variations between 2 consecutive days. Next, regarding the characteristics of
patients with a large intra-patient variation, univariate analysis was performed by the Mann–Whitney U
test to evaluate age, BMI, IPSS, eGFR, post-void residual urine volume, water intake, and prostate volume
on planning CT images. To evaluate whether similar patient factors were correlated with large variations,
multivariate analysis was performed by simultaneous logistic regression analysis. In addition, univariate
analysis was performed by the Mann–Whitney U test to evaluate whether the intra-patient variations were
larger when the larger bladder �lling volume of the 2 consecutive days was larger. SPSS version 21.0
(IBM, Armonk NY, USA) was used for statistical analysis.
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Results
The characteristics of the 97 patients included in this study are summarized in Table 1. The median age
was 76 years (range: 63 to 88). The median eGFR was 61.6 mL/min/1.73 m2 (range: 4.4 to 98.8). There
were no patients on dialysis. The largest water intake volume was 500 mL in 73 patients, followed by
400 mL in 12 patients. The median bladder �lling volume on all CT images in all patients was 102.8 cm3

(range: 31.7 to 774.0). The median of the larger bladder �lling volume of the 2 consecutive days in
patients was 121.5 cm3 (range: 47.8 to 774.0). The median intra-patient bladder �lling volume variation
was 23.4 cm3 (range: 0.4 to 277.7).
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Table 1
Characteristics of patients with prostate cancer (n = 97)

Characteristics Median (range)

Age (years) at planning CT 76 (63–88)

Body mass index 23.87 (17.69–34.66)

IPSS 7 (0–31)

eGFR (mL/min/1.73 m2) 61.6 (4.4–98.8)

Post void residual urine volume (mL) 21 (0-493)

T stage (no.)  

T1c 33

T2a 26

T2b 6

T2c 9

T3a 15

T3b 8

Water intake (mL) (no.) before planning CT  

200 1

300 8

350 2

400 12

500 73

800 1

Prostate volume at planning CT (cm3) 25.0 (8.2–56.8)

Bladder �lling volume (cm3) at all planning CT

inter patients

102.8 (31.7–774.0)

Larger bladder �lling volume (cm3) between 1st and 2nd day

intra patient

121.5 (47.8–774.0)

Bladder �lling volume variation (cm3) between 1st and 2nd day intra patient 23.4 (0.4-277.7)
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Linear regression analysis revealed a very large variation in data on intra-patient variations (R2 = 0.55)
(Fig. 1). The median intra-patient variation was 16.9 cm3 in patients with an eGFR < 
61.6 mL/min/1.73 m2 (median) and 33.5 cm3 in patients with an eGFR ≥ 61.6 mL/min/1.73 m2.
Univariate analysis revealed that the intra-patient variation was much larger in patients with a higher
eGFR (P = 0.003; Table 2). Multivariate analysis also revealed that a higher eGFR was correlated with a
larger intra-patient variation (P = 0.042; Table 3). No correlation was observed between other patient
factors and the variation.
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Table 2
Results of univariate analyses of associations between patient characteristics and bladder �lling volume

variation between 1st and 2nd day intra-patient
Patient characteristics Bladder �lling volume variation (cm3), median

(range)
P-
value

Age (years) at planning CT    

< 76 28.1 (0.4-277.7) 0.334

≥ 76 20.8 (0.6-208.3)  

Body mass index    

< 23.87 28.9 (2.1-277.7) 0.135

≥ 23.87 20.2 (0.4-161.9)  

IPSS    

< 7 31.6 (1.0-208.3) 0.333

≥ 7 20.6 (0.4-277.7)  

eGFR (mL/min/1.73 m2)    

< 61.6 16.9 (0.4-133.3) 0.003*

≥ 61.6 33.5 (0.6-277.7)  

Post void residual urine volume
(mL)

   

< 21 20.4 (0.4-277.7) 0.379

≥ 21 31.0 (0.6-208.3)  

Water intake (mL)    

< 500 25.7 (2.5-277.7) 1.000

≥ 500 22.2 (0.4-208.3)  

Prostate volume at planning CT
(cm3)

   

< 25.0 20.2 (0.6-277.7) 0.834

≥ 25.0 29.0 (0.4-161.9)  



Page 8/14

Table 3
Multivariate analyses of predictors of bladder �lling large volume variation

between 1st and 2nd day intra-patient
Prognostic factors OR 95% CI P-value

Age at planning CT (years)      

< 76 vs. ≥ 76 0.638 0.253–1.609 0.341

Body mass index      

< 23.86 vs. ≥ 23.86 0.474 0.184–1.218 0.121

IPSS      

< 7 vs. ≥ 7 0.469 0.187–1.177 0.107

eGFR (mL/min/1.73 m2)      

< 61.9 vs. ≥ 61.9 2.529 1.032–6.197 0.042*

Post void residual urine volume (mL)      

< 24 vs. ≥ 24 2.351 0.928–5.955 0.071

Water intake (mL)      

< 500 vs. ≥ 500 0.748 0.272–2.059 0.574

Prostate volume at planning CT (cm3)      

< 25.0 vs. ≥ 25.0 1.505 0.626–3.615 0.361

In addition, as the larger volume of the bladder �lling volume between 2 days of CT in patients increased,
the intra-patient variation also increased. This volume and the intra-patient variation were strongly
correlated (P<0.01; Fig. 2).

Discussion
The bladder �lling volume greatly varies during RT for prostate cancer (6, 13, 14). Some studies also
reported that the bladder �lling volume decreases during RT (4, 14). This variation is also correlated with
the motion of the target prostate (13, 14). For this reason, it is important to keep the bladder �lling volume
as constant as possible, and patients are often instructed to control urination and water intake to ensure
bladder �lling before CT. For planning CT, our patients are required to drink 500 mL of water immediately
after urination and CT is performed 30 min after the start of water intake.

Previous studies have only compared bladder volume on CT images before and during RT. The inter-
patient variation ranged from 70 to 509 cm3 (13); the average volume ranged from 94 to 317 cm3 (4), and
the intra-patient variation showed a mean decrease of 124 cm3 after treatment (14). To the best of our
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knowledge, the present study is the �rst to con�rm that the intra- and inter-patient bladder �lling volume
variations were extremely large even during 2 consecutive days of controlling urination and water intake
in patients with the bladder unaffected by RT. One study reported that the bladder volume measured on
CT images ranged from 41.0 to 1501.3 cm3 in 419 patients without bladder disease in whom neither
urination nor water intake was controlled (15). Although a large inter-patient variation was observed, no
association between the volume and patient factors was investigated. The present study is the �rst to
examine the correlation between the bladder �lling volume variation and patient factors. Our results
revealed that the variation was much larger in patients with a higher eGFR, or with better renal function.

Regarding renal function, SCr levels are dependent on the muscle mass and dietary intake required for
creatinine generation (16). GFR is the most accurate index to evaluate overall renal function and is
estimated based on age, sex, and race, among other factors. GFR more accurately re�ects the renal
function than SCr levels alone and is widely used (17, 18). In the present study, we used the conversion
formula developed from SCr levels and other data in 763 Japanese patients (10). Some previous reports
indicated that the bladder �lling volume greatly varied during RT in patients with the larger bladder �lling
volume at the time of planning CT (4, 6, 19, 20). For example, in one study, there was a signi�cantly larger
bladder �lling volume variation during RT in the 1080 mL water intake arm compared with the 540 mL
arm (19). In cases in which the bladder �lling volume at the time of planning CT was larger, the mean
relative bladder volume (bladder volume on treatment cone beam CT [mL]/bladder volume on planning
CT [mL] × 100%) was smaller (20). In the present study, we observed larger intra-patient variation in
patients in which the larger bladder �lling volume of the 2 consecutive days was larger. This result was
comparable with the results of the previous reports.

Our results show that the bladder �lling volume greatly varies in patients with a higher eGFR. When RT is
planned in such patients, caution should be exercised. When RT planning CT was performed in cervical
cancer patients with an empty bladder after urination, bladder volume variations were small, and
exposure doses to the small bowel were within the acceptable range (21). For patients with a higher
eGFR, the performance of RT planning CT with an empty bladder may also be considered. In the future,
we will conduct additional investigations to evaluate variations in the bladder volume measured by RT
planning CT with an empty bladder.

Abbreviations
RT, radiation therapy; IMRT, intensity-modulated radiation therapy; CT, computed tomography; BMI, body
mass index; IPSS, International Prostate Symptom Score; eGFR, estimated glomerular �ltration rate
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Figure 1

Linear regression analysis of bladder �lling volume variation between 1st and 2nd day CT. Linear
regression analysis revealed very large intra-patient variations (R2=0.55).
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Figure 2

Box and whisker plot of bladder �lling volume variation between 1st and 2nd day CT. X-axis shows larger
bladder �lling volume intra-patient (<median vs. >=median). This volume and the intra-patient variation
were strongly correlated (P<0.01).


