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Abstract

Background: Prostate brachytherapy has become an increasingly popular treatment for localized prostate cancer. A
steep dose gradient between the prostate and organs at risk (rectum and bladder) is ideal in this treatment modality,
so prostate displacement and deformation due to bladder filling and rectal distension play an important role in criti-
cal organs post-implant dose. The purpose of this study was to evaluate the interrelationship between normal rectal
distension, bladder filling, and their movements. The study also aimed to quantify total prostate displacement and
deformation due to physiologic organ filling measured by using magnetic resonance imaging (MRI) based shifts and
estimate the precision with which the shifts were made in supine and left decubitus positions.

Patients and Methods: 3 patients who were referred for transrectal prostatic biopsy (Shahid Faghihi hospital, Shiraz,
Iran) with different prostate sizes were selected for this study. A 1.5-Tesla MRI system (Avanto, Siemens, Germany) and
an ultrasound system (Logiq 500, GE medical systems, USA) were used to collect images of the patients’ prostates at
different stages of bladder and rectum fullness.

Results: The mean displacement of the prostate after bladder filling in the supine and left decubitus positions along
the anterior-posterior (AP) axis was posterior by 3.5 mm (range = 0.7 mm to 6.3 mm) and along the superior-inferior
(SI) axis was inferior by 3.4 mm (range =1.4 mm to 5 mm). Prostate displacement in the left-right (LR) axis was negli-
gible. The mean prostate displacement after rectal distension was anterior by 7.1 mm in the supine position, 5.1 mm
anterior in the left decubitus position, and along the SI axis was inferior by 2.9 mm in the supine and left decubitus
positions. The maximum prostate deformation due to rectal distension and bladder filling in the supine position was
aslarge as 3.2 mm, 1.9 mm, and 1.2 mm in the AP, S, and LR directions, respectively. While in the left decubitus position,
maximum prostate deformation was 2.6 mm, 1.2 mm, and 1.3 mm in the AP, LR, and SI directions, respectively.

Conclusions: It is probably important to evaluate the influence of the changes in the shape and location of the prostate
due to bladder filling, rectal distension, and patient position in post-implant brachytherapy dosimetry. Using images
of patients in the left decubitus position with a full bladder and distended rectum is suggested in planning for treat-
ment.
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Introduction Today prostate brachytherapy has become an increas-
ingly popular treatment for localized prostate cancer
(2). In prostate brachytherapy, a steep dose gradient
between prostate and organs at risk (rectum and blad-
der) is ideal, so prostate displacement and deformation
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yahoo.com ) )
Received:10 October 2010 Accepted: 20January 2011 cal movements of the surrounding pelvic organs such as

In developed countries, prostate cancer is the second-
most frequently diagnosed type of cancer and the third-
most common cause of death from cancer in men (1).
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the rectum and bladder. A consequence of this motion
in brachytherapy may be an increased radiation dose to
surrounding normal tissues. Previous authors have dem-
onstrated that movements of the prostate relative to the
bony pelvis were associated with differential filling of
the bladder and bowel (6). Using Computed Tomogra-
phy (CT) imaging, Deurloo et al. found that the prostate
behaved as a rigid body (7), whereas using cine magnetic
resonance imaging (cine-MRI), Ghilezan et al. found that
it deformed in the anteroposterior (AP) direction (8).
Most studies assessing prostate movement have imaged
the prostate gland by repeated CT scans over the course
of radiotherapy (9, 10). Although these assessments have
been repeated serially, all of these studies have evaluat-
ed prostate position in a very limited time frame. Other
direct imaging techniques such as seed implants and
ultrasound imaging, (11-13) kilovoltage (kV), cone beam
computed tomography (CBCT), (14, 15) and CT on rails
(16) have been used to study prostate displacement.
Seed implants method is an invasive method. Addition-
ally, the Fiducial Markers (FMs) might migrate within the
gland. Shirato et al. observed a significant in-migration
of prostatic FMs for patients treated without hormones,
and some authors have observed no significant in-mi-
gration of prostatic FMs (17-19). However, other authors
did not describe a time dependence of intermarker dis-
tances (20, 21). Ultrasonography (US) is simple, quick,
noninvasive, painless, and repeatable. Its accuracy has
been proven but is less accurate than other methods and
completely depends on the radiologist’s skill. Also, pres-
sure from the US probe causes organs to move. When
images of the prostate are obtained with an endorectal
ultrasound probe or magnetic resonance imaging (MRI)
coil, it is apparent that the prostate can deform. The CT
method has low contrast in delineating soft tissue with
slack of radiation protection. Modern imaging systems
such as Megavoltage (MV) portal imaging devices inher-
ently have lower contrast than kV images because of a
greater percentage of Compton interaction (22). This
may blur prostatic borders, especially at the bladder in-
terface. MRI is a good method to assess the prostate and
its neighboring organs. MRI enables direct visualization

Table 1. Patient characteristics

Characteristic Mean (range)
Age,y 54 (26-67)
interval between biopsy and MRI 2, w 4(35)

maximal AP ® dimensions of the patients
at the level of the prostate, mm

44.6 (23.3-55.9)

Maximal lateral dimensions of the pa- 47.2(24.4-59.1)
tients at the level of the prostate, mm

prostate-specific antigen level, ng/mL 10 (9.8-10.2)
Prostate size, mL 54.6 (32-71)
Gleason biopsy score 5(4-6)

4 MRI: magnetic resonance imaging
b Ap: Anterbor-posterior

of soft-tissue targets and organs at risk at the expense of
time and cost, as opposed to US and CT. This study had
two objectives. The first was to evaluate the interrelation-
ship between normal rectal distension and bladder fill-
ing and their movements. The second was to quantify to-
tal prostate displacement and deformation due to physi-
ologic organs filling measured by MRI-based shifts and
estimate the precision with which the shifts were made
in the supine and left decubitus positions. It is our as-
sumption that breathing doesn’t cause obvious prostate
displacement (23). We also used US imaging in addition
to MRI. To the best of our knowledge, this the first study
of prostate displacement and deformation due to rectal
distension and bladder filling simultaneously in two dif-
ferent positions (supine and left decubitus). Knowledge
of these displacements is clinically relevant because
planning a brachytherapy is limited to the supine and
lithotomy positions and neglects the stages of organ fill-
ing and other patient-related daily positions (such as de-
cubitus) encountered during the postimplant prostate
irradiation period.

Patients and Methods

The study protocol was approved by the Medical Im-
aging Research Center at the Shiraz University of Medi-
cal Sciences. Patients were eligible if they had prostatic
problems and gave written, informed consent to the
study and underwent diagnostic pelvic MRI and transab-
dominal US imaging for staging purposes. Table1 shows
the patients’ characteristics.

MR Imaging

A 1.5-Tesla MRI system (Avanto, Siemens, Germany)
was used to collect sequential axial and sagittal images
of patients’ prostates with different sizes. Routine Ti-
and T2-weighted sequences with a pelvic coil were used
for the MRI. A contrast agent was not administered. For
each patient, four sets of images in three stages were ob-
tained. In an axial T1- weighted (T1-w) turbo factor (spin
echo) sequence, the field of view (FOV) was 36 cm, the
matrix was 512 x 512, time repetition (24)/time echo (TE)
was 718/10 ms, and slice thickness (ST) was 3 mm. In the
T2-weighted (T2-w) turbo factor (spin echo) sequence,
the FOV was 36 cm, the matrix was 512 x 512, TR/TE was
3200/73 ms, and ST was 3 mm. In a sagittal Tl-weighted
(T1-w) turbo factor spin echo sequence, the FOV was 25

Table 2. Imaging study stages

Study stages Rectum Bladder
I D* FP
II E€ E
III E B
*D=Distended
PF=Full
‘E= Empty
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Table 3. Bladder volume and surface area in full and empty bladder

Surface area P, cm?

Stage? Volume, cm? Supine Left decubitus
P1°¢ Fd 383 2289 239.9

E€ 160 68.8 76.8
P2 F 256.8 108.8 150.7

E 94.8 411 59.4
P3 F 180 105.1 152

E 26 161 19.8
Mean = SD F 266.6 11025 147.6+70.4 168.6  64.2

E 93.6 % 67 421264 52+29.2

4 patients were instructed to drink 1 liter of water before Stage I1I.

b Surface areais the product of maximum bidimensional diameter at the level of the prostate.

€ P1refers to the first patient.
d: Empty
€F:Full

cm, TR/TE was 350(12 ms, and ST was 4 mm with 0 mm
gap. A sagittal T2 spin echo sequence was acquired to ac-
curately position the prostate apex on the cranio-caudal
axis (24, 25). For the imaging stages, first scans were done
of the patients’ full bladders and rectums 8 hours after
their fibrous meal and were instructed not to empty
their bladders or rectums before planning the first MRI.
Then, patients were imaged in the supine and left decu-
bitus positions on a flat tabletop and set up using a set of
triangulation lasers. Next, they were instructed to empty
their bowels and bladder as much as possible and were
imaged as described above. Antiperistaltic medications
were not employed because purge medications affect
normal physiological movements of the rectum. Fur-
thermore, they were instructed to drink 1 L of fluid 1 h
before planning the third MRI. This bladder and bowel
regimen was intended to ensure that they were comfort-
ably full or empty at the time of imaging. Table 2 shows
the imaging study stages. The images from all sequenc-
es were used to evaluate the interrelationship between
rectal distension and bladder filling and rectal, bladder

Table 4. Rectal surface area in distended and empty rectum

Stage Surface area, mm?
Supine Left decubitus

P1 D? 44812 3404.8

ED 1466.9 1467.0
P2 D 2730.0 2857.8

E 450.5 491.6
P3 D 513.8 716.0

E 2627 2785
Mean+SD D 2575.0 £1988.2 2326.2+1421.0

E 726.7+647.9 745.7+633.7

aD: Distended
bE. Empty

movement, and the effect of their movement on prostate
gland shape and position. The MR images were initially
acquired using a separate program and then imported
into Advantage Workstation version 4.3 (GE medical sys-
tems) software for organ position measurements. An ex-
pert radiologist in prostate MRI interpretation reviewed
allimaging sets. He contoured the prostate and its neigh-
boring organs for each patient (Figure 1). For each image,
the rectum, bladder, and prostate gland were outlined
on the second stage images (baseline), and organ move-
ments in the first and third stage were measured relative
to the baseline (second stage). The images were analyzed
for the magnitude of rectal distension and bladder fill-
ing, prostate deformation, displacement, and rotation
relative to the baseline prostate outline.

Prostate and bladder volumes

The volumes were calculated by manually determining
the prostate outline on every axial T-weighted MRI slices.
The reader drew a freehand contour around the prostate

Table 5. Bladder motion in the superior inferior direction

Stage SI? diameter, mm
Supine Left decubitus |
P1 Fb 182.4 1901
E€ 293 341
P2 F 69.6 80.9
E 6.1 103
P3 E 35.4 79.7
E 6.0 10.2
Mean+SD F 95.8+76.9 16.9+63.4
E 13.8+134 182+13.8
3 SI: Superior inferior
bE: Fyll
CE:Empty
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Table 6. Rectal motion in the anterior posterior direction

Stage AP 2 diameter, mm
Supine Left decubitus |
P1 Fb 448 475
E€ 127 16.1
P2 F 349 40.2
E 1.7 16.0
P3 F 103 263
E 9.8 10.2
Meant*SD F 30£17.8 38.0£10.7
E 1.4+15 14.1+3.4
@ AP: Anterior posterior
bE Fyll
CE:Empty

on each imaging slice on the Advantage Workstation. For
each slice, the number of pixels within the contour was
automatically established, and the prostate and bladder
volumes were calculated with the known in-plane resolu-
tion and slice thickness.

Rectal distension and bladder filling

Rectal distension and bladder filling were measured by
the product of the maximum bidimensional axial and
sagittal diameters at the level of the prostate. The maxi-
mum bidimensional diameter product was calculated
as the product of the longest and widest diameter of the
rectum and bladder taken perpendicularly (Figure 2).

Organ motion

Organ motion was assessed by the maximum motion
measurement in all three directions (AP, LR, SI) in the axi-
al and sagittal images relative to baseline (second stage).
For example, bladder motion in the lateral direction was
obtained from the maximum membrane displacement
in the LR axis and in the axial image relative to fix bony
pelvic.

Prostate deformation

We assessed the changes of the prostate size in three di-
rections relative to the Stage Il images. The largest medi-
al AP and LR diameters were measured in the axial plane,
and the largest SI diameter was assessed in the sagittal
plane (Figure 3).

Prostate displacement

Prostate displacements from the baseline position in
the AP, LR, and SI directions occurring as a result of rec-
tal distension and bladder filling were measured relative
to the pelvic bony structure in the sagittal and axial im-
ages. (Figures 4 and 5) show extreme examples of motion
from an axial and sagittal scan of initial patient anatomy
in both positions. Three different frames were shown for
each plane. The initial frames show the first image and
one later image in the series. The third frame shows the
differences in the images by superimposing the first two.

Intraobserver error was estimated by performing the
same measurements on a patient two times by single
observer. The same plane was found each time from the
pixel coordinates. The position of the edge of the pros-
tate along the plane defined by a particular x or y pixel
value was assessed two times for the same image.

US Imaging

US imaging was conducted before each MRI stage. This
made us confident of organ fullness. Suprapubic images
were acquired with an ultrasound system (Logiq 500, GE
medical systems, USA) with patients in the MRI position
by an expert radiologist. The US device was equipped
with a digital display screen and a handheld transab-
dominal scanning head. Ultrasound localization of the
prostate and neighboring organs was performed imme-
diately before MRI to decrease the effect of organ filling
on the measurement’s accuracy.

Prostate and bladder volumes

Prostate and bladder volumes were measured by an
expert radiologist. The scanning head was positioned at
the midline above the pubic symphysis, and the volume
was calculated manually by the radiologist. Longitudi-

Table 7. Prostate displacement after bladder filling

Supine, mm Left decubitus, mm
AP? ) IR€ | | Apa SIb LR €
P1 -534 -4.0 1.6 -6.3 -5.0 4.7
P2 -2.4 -3.6 0.4 -4.0 -41 41
P3 -0.7 -2.0 0.4 -2.0 -1.4 0.8
Mean +SD -2.8+23 -32+11 0.840.7 -41422 -3.5+1.9 32421

4 AP: Anterior posterior
by Superior inferior
CLR: Left right

It is our assumption that anterior, superior, left motion is positive, so negative values refer to prostate movement to the posterior, inferior, and righ.

Iran Red Crescent Med J. 2011; 13(8):566-75



LotfiMetal.

Table 8. Prostate displacement and deformation after bladder filling and rectal distension

Supine, mm

Left decubitus, mm

AP?2 sIb IR¢ | | Apa sIb LR€
P1 6.5 -4.4 1.1 7.3 -2.9 1.7
P2 6.5 -3.5 1.0 4.1 -2.6 1.4
P3 83 11 0.9 3.9 2.0 11
Mean = SD 71£1.0 -3.0x17 1.0£0.1 51%19 -2.5+0.5 1.4+03

4 AP: Anterior posterior
bgp Superior inferior
CLR: Left right

nal and transverse scans that give the greatest diameter
were obtained with the transducer positioned above the
symphysis pubis. The width (W), length (L), and cranio-
caudal diameter (height [H]) in the sagittal plane were
recorded (Figure 6). We used the formula described by the
radiologist to calculate the bladder and prostate volume.

V=H(WxL)x0.52

Trained US and MRI measurements were performed
two times for each organ. For the statistical analysis, the
mean of measurements were denoted as Vbl-US, Vpr-US,
and VbI-MRI,Vpr-MRI. To evaluate the relationships be-
tween Vbl-US, Vpr-US, and VbI-MRI,Vpr-MR], a Wilcoxon
test was performed. Data were analyzed using SPSS soft-
ware version 16.0. P < 0.05 was considered statistically
significant.

Results
Prostate and bladder volumes

Tables 3 and 4 illustrate bladder and rectal volumes and
surface areas in the supine and left decubitus positions.

Rectal distension and bladder filling

Figure 1. Organs contouring in the stage
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As discussed above, Figures 4 and 5 show an example
of organ motion due to changes in filling of the bladder
and rectum. The maximum bidimensional area of the
distended rectum was 68 x 65.9 mm, whereas it was 43.4
x 33.8 mm for the empty rectum.

Organ motion

Bladder filling as well as rectal distension resulted in
prostate displacements in all directions. Filling of the
bladder resulted in bladder displacement, especially in
the anterior and cranial directions. Emptying the rectum
but maintaining a full bladder resulted in an overall pos-
terior movement of the bladder. The ranges for bladder
motion in each of the directions were large, indicating
a considerable variation in organ motion in each of the
patients. Comparing MR images in Stages I and II, disten-
sion of the rectum resulted in rectal motion in the AP di-
rection. In the left decubitus position, bladder tended to
move in the LR direction more than rectum.

Prostate deformation

The maximum prostate deformation in the supine posi-
tion was as large as 3.2 mm, 1.9 mm, and 1.2 mm in the AP,
SI, and LR directions, respectively. Maximum deforma-
tion in the left decubitus position was 2.6 mm, 1.2 mm,
and 1.3 mm in the AP, S, and LR directions, respectively.

Prostate displacement

The maximum and mean displacement of the prostate
gland after bladder filling in the supine and left decubi-
tus positions along the AP axis was posterior by 6.3 mm
and 3.5 mm, respectively (range = posterior displace-
ment of 0.7 mm to 6.3 mm) and along the SI axis was in-
ferior by 5 mm and 3.4 mm, respectively (range = inferior
displacement 1.4 mm to 5 mm). In the supine position
prostate displacement in the LR axis was negligible. The
maximum and mean prostate displacements and defor-
mations after rectal distension were anterior by 8.3 mm
and 7.1 mm, respectively (range = anterior displacement
of 6.5 mm to 8.3 mm) in the supine position, 7.3 mm and
5.1 mm anterior in the left decubitus position, and along
the SI axis was inferior by up to 4.4 mm and 2.9 mm in

Iran Red Crescent Med J. 2011; 13(8):566-75
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Figure 2. Maximum bidimensional diameters of the organs in Stages Ill and I, (A) bladder sagittal, (B) rectum axial
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the supine and left decubitus positions (range = inferior
displacement 1.1 mm to 4.4 mm). Prostate displacement
due to bladder filling in the LR direction was negligible.
Large rectal movements were more likely to result in
more than 7.6 mm of prostatic displacement and 3.2 mm
of its deformation.

Large systematic rotations of the prostate about the LR
axis have been observed (SD =1") Maximum and median
rotations of the prostate were 5° and 4.6° after distension
of the rectum (range=4"to5°) in the supine position and
4°and3.6" (range=3"to 4°) in the left decubitus position.
Bladder filling causes negligible prostate rotation.

In the statistical analysis, based on a total of 18 US mea-
surements, a strong relationship between Vy,ys, Vprus,

(B)

%
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i 5 .y
\-a/ yommieD)
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and Vi, ygrpVprvr Was found (P=0.260), indicating a high
accuracy of the US measures.

Discussion

In prostate brachytherapy, treatment plans were per-
formed in the supine and lithotomy positions. We ob-
served that moving to the left decubitus position caused
significant changes in the shape and location of the pel-
vic organs. This may increase the hazard of the radiation
to the normal surrounding organs in this treatment mo-
dality. Also in brachytherapy, US is used for the seed im-
plant, butits accuracy is completely dependent on the ra-
diologist’s skill, and its FOV is restricted. Compared to CT

Figure 3. Prostate deformation in the supine position, Stage I (A), relative to baseline, Stage II (B).
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Figure 4. Axial image fusion of the patient’s anatomy in the supine position, Stage I (A), Stage Il (B) and fused image (C)

(C)

and US imaging, MRI can provide more reproducible de-
lineations of the prostate. Tl-weighted images have been
shown to have excellent properties for soft-tissue imag-
ing of the prostate and its neighboring organs (bladder
and rectum). MRI also provides good delineation of the
organs contact area. In our study, the organ volumes
obtained on the MR image sets were highly reproduc-
ible. The most detailed previous study on prostate and
seminal vesicle deformation was by Deurloo et al.(7) who
quantified the shape variations of the prostate and semi-

nal vesicles using repeated CT scans. It could be argued
that the prostate deformation observed in this study
was due to rectal distension; however, countering error
could trace it. The maximum error of the contouring was
less than 1 mm, which was assessed by a recontouring
process. Previous authors have demonstrated that move-
ments of the prostate relative to the bony pelvis were re-
lated to differential filling of the bladder and bowel (6).
In addition, prostate deformation under the influence
of changes in physiologic rectal filling was observed in

Iran Red Crescent Med J. 2011; 13(8):566-75
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Figure 5. Sagittal image fusion of the patient’s anatomy in the supine position, Stage I(A), Stage Il (B) and fused image (C)

(A)

(B)

a study using cine-MRI (8). Our results showed that pros-
tate deformation was significantly related to physiologic
rectal filling. There were significant differences in the
magnitude of the prostate displacement due to bladder
filling or rectal distension. For larger displacements, the
base of the prostate has a larger amplitude of motion
than the apex, presumably because the levator muscles
anchor the prostate at the apex. These results were con-
sistent with the observations of previous studies (26)
(27) However, most of the prostate displacements were
in the superior and anterior directions. There was a sta-
tistically significant difference between the motions that

(C)

occurred with the empty rectum compared to the full
rectum. For larger rectal motions, the prostate appeared
to be both compressed in the AP direction and forced in
the superior direction. Our results were generally con-
sistent with the results of Padhani et al.(27) who found a
correlation between the degree of rectal distension and
prostate displacement. Because we had different sized
patient populations at the level of the pelvis, our results
provide general data about prostate displacement, de-
formation, and rotation. In addition, there were signifi-
cant differences between the motions we measured in
the AP and SI directions on both axial and sagittal scans

Iran Red Crescent Med J. 2011; 13(8):566-75



LotfiMet al.

Figure 6. Bladder volume calculation from the longitudinal and transverse
scans

and the measurements found by Padhani et al. The rea-
sons for these differences may be due to differences in
organ sizes, patient diet, and time since last meal before
imaging. Another possible reason for the differences
may have to do with our approaches to measure motion.
Padhani et al. measured the center of mass, and we mea-
sured the border of the prostate. Nevertheless, the mea-
surement methods probably only accounted for a small
part of the differences. We noted that there were no sig-
nificant displacements of bony landmarks (<1 mm) dur-
ing the stages of scans. We did not correct for these small
motions because, during brachytherapy, it is the motion
of the prostate relative to the neighboring organs and
not the bony anatomy that affects the dose received by
the organs (28). After rectal distension, there were no dif-
ferences in the magnitude of mean prostate movement
when we compared patients with early prostate tumors
to those with no tumors. Bladder filling, rectal disten-
sion, and patient position cause significant changes in
the shape and location of the pelvis organs. It is impor-
tant to evaluate the influence of the changes in the shape
and location of the prostate due to bladder filling, rectal
distension, and patient posture in postimplant brachy-
therapy dosimetry. Using images of the patient in the left
decubitus position with a full bladder and distended rec-
tum are suggested in planning for treatment.
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