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Abstract

Introduction: More than a quarter of tumors are missed by mag-
netic resonance imaging/ultrasound (MRI/US) fusion-guided biop-
sy, the majority due to software-based misregistration. Transrectal
approaches to biopsy are typically performed in the lateral decu-
bitus position; conversely, diagnostic MRI is performed with the
patient lying supine. Any position-related difference in prostate
location or gland deformation could potentially exacerbate mis-
registration at subsequent biopsy.

Methods: Fifteen healthy male volunteers (mean age 35.9 years,
range 27-53) were included in this prospective, institutional review
board-approved study. Each volunteer had an MRI performed in the
supine position, followed by the second in the lateral decubitus
position (mimicking a typical biopsy position). MRl images were
co-registered and analyzed in order to assess prostate transloca-
tion and distortion.

Results: Whole prostate translocation of =5 mm was observed in
20% of patients and of =3 mm in 60% of patients. When dividing
the prostate into prostatic sectors, the prostatic base demonstrated
the largest positional difference. When plotting the translocation
directions with relative volume difference, there was a moder-
ate negative correlation trend in the latero-lateral direction. Only
minimal distortion was observed, with similar distortion among
all prostatic sectors.

Conclusions: Positional change affects the prostate translocation,
however, the effect on prostate distortion appears to be negligible.
Prostate translocation in latero-lateral direction can be minimized

with larger bladder volumes. Prostate translocation needs to be
considered alongside software misregistration error; however, posi-
tional change should not affect software registration of MRI/US
fusion-guided prostate biopsy.

Introduction
Prostate cancer (PCa) is the most common male non-cuta-
neous cancer worldwide, with its incidence continuing
to increase due to an ageing population.'? The traditional
diagnostic workup with systematic transrectal ultrasound
(TRUS)-guided biopsy of the gland is limited, missing up to
50% of tumors and undergrading approximately a third.>*
Magnetic resonance imaging (MRI) has high sensitivity for
prostate cancer, but poor specificity and, therefore, needs
to be supplemented by biopsy.* As a result, recent level 1
evidence supports the use of initial multiparametric (mp)
MRI in order to target subsequent biopsy as the optimal rule
in testing for clinically significant PCa.*®

Targeted biopsy can be performed as an in-gantry MRI-
guided procedure, which requires MRI-compatible equip-
ment and scanner availability, cognitive, which is typically
operator- and experience-dependent, or using fused MRI/US
techniques. The second approach combines the advantages
of MRI for lesion identification and US for real-time biopsy
acquisition in the outpatient setting and has consistently
shown superior cancer detection rates compared to system-
atic 12-core TRUS biopsy.*'°

Target biopsy alone is appealing in order to reduce mor-
bidity, and can help reduce the detection of clinically insig-
nificant cancer.”'"'2 However, several studies have shown
systematic background biopsy detects additional tumors
missed with targeted cores alone.” Increasing the number
of cores surrounding the target either by a “focal saturation”
approach or adding “ipsilateral-only” systematic biopsies to
targeted cores has been shown to increase the detection of
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clinically significant cancer.8'*'> These results imply a target-
ing error either due to the fusion software or the operator.
Furthermore, a recent study showed that among the 27% of
tumors missed by MRI/US fusion-guided biopsy, the majority
were due to software misregistration.’ Transrectal approaches
to biopsy are typically performed in the lateral decubitus
position;'® conversely, diagnostic MRI is performed with the
patient lying supine. Any position-related difference in pros-
tate location or gland deformation could potentially exac-
erbate misregistration at subsequent biopsy, particularly if
a rigid rather than elastic fusion platform is used.'” To our
knowledge, such differences have never been assessed. The
aim of our study was to quantify any changes in prostate
location or shape in relation to patient

1 mm slice thickness with no inter-slice gap, in-plane pixel
size 1.0x0.8 mm?).

Image analysis

Fig. 1 schematizes the overall workflow. Fig. Ta depicts the
first phase of our procedure for quantitatively evaluating
prostate translocation and distortion. For each study, the co-
registration of the two MRI data sets was manually performed
by a board-certified radiologist using ITK-SNAP in the sagittal
plane by exploiting bony landmarks (i.e., lumbar spine and
pelvic bones)."™ ITK-SNAP is a medical image processing
tool that exploits the C++ Insight Toolkit (ITK) library. The
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Fig. 1. Overall scheme of the computerized image analysis. (a) 3D affine co-registration of the lateral
decubitus scan (‘moving’ volume) against the sagittal supine scan (‘fixed’ volume). Subsequent manual
delineation of the prostate on the two scans by using the axial reformatting. 3D rigid-body (translation alone t)
volume alignment between the centers-of-mass of the two prostate glands under investigation. (b) For each
slice, the volume sections are aligned so that their centroids are coincident (information stored in the ‘tree’
of slice centroid translations T). (¢) Calculation of the root mean square (RMS) of the resultant translocation
vector tres. (d) Calculation of the resultant distortion vector d
axial plane into four quadrants.

by considering also the subdivision of the

res’
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affine transformation matrix (including rigid-body transfor-
mations, as well as scaling to take into account different field
of views) was then applied by means of advanced normaliza-
tion tools (ANTSs).2%2" More precisely, the lateral decubitus
scan (‘moving’ volume) was co-registered against the cor-
responding supine scan (‘fixed’” volume). Each co-registered
image was then reformatted in the axial plane to allow for
a more accurate and clinically relevant prostate delinea-
tion. Using a custom software tool, the outlines were drawn
around the prostatic tissue from the most inferior to the most
superior point where the prostatic tissue could be clearly
identified, excluding seminal vesicles, with reference to the
separately acquired high-resolution T2w FRFSE axial images.
The outlining procedure was performed in consensus with a
board-certified uro-radiologist with eight years’ experience
in reporting prostate MRI.

In our analysis, a prostate subdivision into prostatic sec-
tors (i.e., apex, mid-gland, and base) was also considered
by dividing prostate into thirds. Moreover, for better appre-
ciating the distortion directions in the axial section, a sub-
division of the prostate into four quadrants was performed.

A more detailed explanation of the computerized analysis
is provided in the Appendix (available at cuaj.ca). Briefly,
relying on a computational method previously devised and
validated for prostate deformation assessment,? the two
prostate glands under investigation are translated aligned to
their centers-of-mass, then the slice delineations of the ‘mov-
ing” volume were translated onto the ‘fixed’ image space
(Fig. 1b). According to Fig. 1c, we computed the ‘resultant
translocation” t _ to characterize the global translocation
of the prostate. The root mean square (RMS) value of the
magnitude of the resultant translocation vector by averaging
over all the slices was then calculated. Lastly, the ‘resultant
distortion” d _ assessed the combined effects of translational
and local distortions (Fig. 1d). Aiming at a graphical and
intuitive representation, two examples of distortion maps,
along with the corresponding fixed and moving volumes,
are depicted in Fig. 2.

Bladder volume and rectum distention assessment

Bladder and rectal volumes are potential confounders that
may alter prostate position. Bladder volumes were calcu-
lated via whole volume segmentation on sagittal T2w cube
sequence using an in-house software developed in MatLab
(MathWorks, Natick, MA, U.S.).?® Rectal distention was
derived by using the maximum sagittal and axial dimen-
sions (i.e., anal canal to peritoneal reflection), and subjec-
tively using a five-point Likert scale following a previously
described Likert scale.?*

Effect of positional change on prostate translocation

Group design

The quality of the lateral decubitus studies was subjectively
evaluated, and in five cases, image quality was insufficient
to make accurate co-registration or prostate outlines; these
cases were excluded from further analysis.

Intra-observer reliability

Single observer prostate outlining was performed in all cases.
After the primary prostate outlining was performed, in a subset
of five studies, prostate outlining was performed again by the
same observer in order to assess the intra-observer repeatability.

Statistics

Continuous variables were expressed as mean + standard
deviation (SD). Pearson correlation coefficient (r) was cal-
culated to evaluate correlation. Significance was set at p<
0.05. Statistical analysis was performed with SPSS v.17.0
(SPSS Inc., Chicago, IL, U.S.).

Results

Prostate franslocation

Supine post-void bladder volume was 85.1+51.1 ml (range
41.1-202.5), and lateral decubitus post-void bladder volume
was 125.8+60.4 ml (range 65.1-217.0). The absolute differ-
ence in bladder volume change was 40.6+30.0 ml (range
13.2-116.9). Prostate volume was 32.2+10.4 ml (range
21.8-50.1). The median value for rectal distension was 3
(range 1-5). The average absolute difference in rectal change
was 20.5+13.6 ml (range 4.2-48.2).

Whole prostate translocation of =5 mm was observed in
2/10 patients and of =3 mm in 6/10 patients. When dividing
the prostate into base, mid-gland, and apex, the prostatic
base showed the largest positional difference (Fig. 3). Base
translocation of =5 mm was observed in 3/10 patients and of
=3 mm in 7/10 patients. The prostatic translocation directions
are shown in Fig. 3. When plotting the translocation direc-
tions with relative volume difference, there was a moderate
negative correlation trend in the latero-lateral (LL) direction
(r=-0.59, p=0.07); a significant moderate positive correlation
was observed in the antero-posterior (AP) direction (r=0.74,
p=0.01); with a weak and insignificant correlation observed
in the supero-inferior (Sl) direction (r=30, p=0.40) (Fig. 4).

Prostate distortion

Only minimal distortion was observed (Table 1). Similar dis-
tortion was observed among all prostatic sectors. Furthermore,
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Fig. 2. Example distortion maps of two patients. (a,h) An example of negative distortion in the lateral part of the apex and mid-gland,
(c.d) little apparent distortion. The fixed and moving volumes are depicted in the first and second columns, respectively. In order to
show the slice section difference, as well as the local translation, the ‘tree’ of slice centroid translations T and the distortion surface
map (along with the corresponding color map expressed in mm) are shown in the third and fourth (fifth) columns, respectively.

no differences were observed when subdividing the prostate
into anterior, posterior, left, and right (Table 1).

Intra-observer reliability

Good reproducibility was observed, with only minimal dif-
ferences. The reliability measurements for the translocation
direction were 0.01+0.09 mm (range 0.01-0.27) in the LL
direction; 0.09+£0.09 mm (range 0.03-0.19) in the AP direc-
tion; and 0.03+0.02 mm (range 0.00-0.05) in the SI direc-
tion. The intra-observer reproducibility measurements for
prostatic sectors are depicted in Table 2.

Discussion

The results of our study suggest that positional change can
affect the prostate translocation in latero-lateral direction,
however, the effect on prostate distortion appears to be
negligible. Furthermore, it appears that prostate transloca-
tion with positional change may be minimized with larger
bladder volumes.

To the best of our knowledge, the effect of positional
change on prostate translocation has not been previously
described. Studies to date that relate to patient positioning
during biopsy have typically focused on patient satisfaction
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Effect of positional change on prostate translocation
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Fig. 3. Boxplot charts depicting (a)translocation of prostate and prostatic segments; and (b) direction of prostate translocation. The black solid line and the grey star

marker denote the median and mean values, respectively.

rather than biopsy accuracy, with the lateral decubitus posi-
tion proving to be most tolerable.?> However, Halpern et al
investigated the effect of patient position using Doppler US
and demonstrated an increased blood flow in the depended
side of the prostate when changing position from supine to
the lateral decubitus position.?® The effect of position was
studied in only three patients, but in combination with our
study, it shows that patient positioning may be an important
consideration in prostate imaging.?” The amplitude of pros-
tate translocation in our study was similar to that of previous
studies evaluating the effect of bladder filling and rectal load-
ing on prostate position.?”?® Nevertheless, there are notable
differences in the direction of prostate translocation, which
was mainly in the AP direction in these studies, with LL trans-
location being negligible.?*? In our study, a different pattern
was observed with prominent translocation being seen in

Table 1. Prostate distortion expressed as mean and
distortion values of the 90th percentile

Mean = SD (mm) 90th percentile = SD (mm)

the LL direction. The translocation was gravity-dependent,
a similar effect to the Halpern et al study.?® LL translocation
may have an important impact in everyday clinical prac-
tice, as transrectal prostatic biopsy is typically performed in
the left lateral decubitus position, whereas diagnostic MR
images are acquired with the patient lying supine. This may
especially be the case when MRI/US fusion-guided biopsy
is performed and could add to misregistration error due to
translocation or deformation of the targeted tissue.’

A prostate tumor is considered to be clinically significant
if it has a volume of at least 0.5 ml.2° Karnik et al claim
that RMS of 2.5 mm yields a probability of 95.4% that the
registered targets will lie inside the clinically significant
5 mm radius.?® This calculation is only valid if there are
no additional sources of error in the clinical application.*'
According to previous studies, the observed RMS of pros-
tate translocation of nearly 4 mm in our study would corre-
spond to a 82% probability of hitting a target.>! This is of low
importance in MRI/US fusion-guided biopsies since prostate

Table 2. Intra-observer reproducibility measurements for
prostatic sectors

Whole gland 1.78+0.39 3.20+0.64
Apex 1.63+0.43 2.78+0.71
Mid-gland 1.83+0.38 3.20+0.64
Base 1.87+0.52 3.44+0.96
Prostate, anterior 1.68+0.38 3.02+0.65
Prostate, posterior 1.73+0.43 3.02+0.75
Prostate, left side 1.85+0.44 3.36+0.76
Prostate, right side 1.86+0.36 3.36+0.59

Translocation Distortion

(mean = SD) (mean = SD)
Whole gland 0.64+0.18 mm 0.792£0.12 mm
Apex 0.57+0.18 mm 0.66+0.12 mm
Mid-gland 0.60+0.18 mm 0.74+0.12 mm
Base 0.74+0.25 mm 0.92+0.17 mm

SD: standard deviation.

SD: standard deviation.
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Fig. 4. Scatter plots of the translocation directions with relative volume difference. (a) Significantly moderate
positive correlation in antero-posterior direction. (b) Moderate negative trend in latero-lateral direction.

translocation can be compensated for with fusion software
(the outline being offset, but the prostate shape maintained),
but is an important finding that needs to be acknowledged
by an operator performing cognitive biopsies. To perform
an accurate cognitive biopsy, the operator needs to have a
good understanding of the lesion position in the prostate,
and the background knowledge of the prostate translocation
with positional change may aid in planning the biopsy.*?
Prostate distortion cannot be compensated with fusion soft-
ware and it may impact cognitive guidance. Multiple MRI/
US software platforms are available allowing either a rigid
or elastic image registration.*> In our study, rigid transfor-
mation was used with only minimal distortion of prostatic
tissue observed for whole gland, as well as between base,
mid-gland, and apex, and no differences were observed when
the prostate was divided into anterior, posterior, right, and

positions.?” In our study, MRI was
performed post-void, thus patients
had relatively empty bladders to
minimize this as a confounding
factor. However, some degree of bladder filling was observed
between the two MRI scans. When plotting relative volume
difference against the direction of translation, two interesting
observations were made. Firstly, the observed positive correla-
tion in AP direction; this is expected, due to the previously
established association of bladder filling and AP transloca-
tion.?”2® Secondly, with larger bladder volume differences,
there was a moderate negative trend towards lower trans-
location observed in the LL direction; thus, the greater the
bladder volume, the more fixed the prostate appears to be.
This may be explained by the direct contact of the bladder
to the prostatic base, i.e., with bladder filling there would be
less potential space for prostate translocation.

Consistent with other studies, the base of the prostate
was shown to have a larger amplitude of translocation than
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the apex, presumably due to the apex being relatively fixed
by the pelvic musculature.?”> Of note, Iremashvili et al
described a decreased biopsy accuracy in the lateral mid-
and basal cores.* This fact may be interpreted in the context
of different PCa spatial frequencies, with previous studies
having shown an increased incidence of PCa in the apex and
a correspondingly low incidence in the base:* however, the
relative mobility of the prostatic base may be an important
factor to be considered, especially with smaller-sized targets.

Limitations

Our study has some limitations. First, the recruited subjects
were young, healthy individuals and may not be represen-
tative of the patient population seen in everyday clinical
practice. However, it is possible that the amplitudes of the
LL prostate translocation may be even more pronounced in
clinical practice. Second, the sample size is rather small,
but this is due to the very specific research question. Future
studies with a higher number of patients are needed in order
to fully understand the mechanism of prostate translocation
due to patient positioning.

Conclusions

Positional change affects the prostate translocation, however,
the effect on prostate distortion appears to be negligible.
Prostate translocation in the LL direction can be minimized
with larger bladder volumes. Prostate translocation needs
to be considered alongside software misregistration error,
however, positional change should not affect software reg-
istration of MRI/US fusion-guided prostate biopsy.
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