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Abstract

Objective To prospectively investigate the longitudinal effect
of ejaculatory abstinence on MRI-measured seminal vesicle
(SV) volume and whole-prostate ADC over consecutive days.
Methods 15 healthy male volunteers (mean 35.9 years, range
27-53) underwent 3-T MRI at baseline and 1, 2 and 3 days
post-ejaculation. Prostate and SV volumes were derived by
volume segmentation and whole-gland apparent diffusion co-
efficient (ADC) values calculated. A mixed-effects linear re-
gression compared ADC values and prostate/seminal vesicle
volumes in each volunteer between studies in a pairwise
manner.

Results All subjects completed the four MRIs. Mean prostate
volume was 22.45 cm’ (range 13.04-31.21 cm?®), with no
change between the four studies (p =0.89-0.99). 13/15 sub-
jects showed SV volume reduction from baseline to day 1,
with group-mean decreasing from 6.45 to 4.80 cm’
(—=25.6%, p < 0.001), and a significant reduction from baseline
to day 2 (—18.1%, p =0.002). There was a significant volume
increase from both day 1 (+21.3%, p=0.006) and day 2
(+10.2%, p=0.022) to day 3 post-ejaculation. There was a
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significant reduction in ADC from 1.105 at baseline to

1.056 x 10> mm?/s at day 1 (mean —4.3%, p = 0.009).

Conclusion The longitudinal effect of ejaculation on SV vol-

ume was demonstrated. Significant reductions in SV volume

and whole-gland ADC were observed post-ejaculation,

supporting a 3-day period of abstinence before prostate MRI.

Key Points

» Seminal vesicle volume significantly reduced 24 h post-
ejaculation remaining reduced at day 2

» Seminal vesicle fluid volume significantly increased from
day 1 to day 3 post-ejaculation

* There was a significant reduction in whole-gland prostate
ADC values day 1 post-ejaculation

* 3-day abstinence from ejaculation is required to ensure max-
imal seminal vesicle distension

Keywords Prostate - MRI - Seminal vesicles - Preparation -
Ejaculation

Introduction

Multiparametric MRI is increasingly being used for detection,
localisation and staging of prostate cancer [1]. Determining
whether tumour extends into the seminal vesicles (T3b dis-
ease) is a key component for prostate cancer staging, with
implications for risk stratification, management and longer-
term prognosis. Curative treatment is more likely if the disease
is organ-confined, with no evidence of extracapsular exten-
sion, seminal vesicle invasion or distant disease, and optimal
assessment of T3b disease is thought to require maximal dis-
tension of the seminal vesicles [2]. Seminal vesicle (SV) dis-
tension may also be important for radiation therapy planning:
target volumes for radical radiotherapy treatment incorporate
the proximal 2 cm of SV in low- to intermediate-risk patients
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or the entire seminal vesicles in patients with high-risk disease
or suspected T3b involvement [3]. The target volume will
therefore be defined by the degree of SV distension and may
subsequently change between radiotherapy sessions if prior
ejaculatory status has an effect.

In order to maintain maximum distention of the seminal
vesicles, some centres recommend that patients refrain from
ejaculation for 3 days prior to the MRI study to achieve max-
imum distension [4, 5]. However, there is no consensus rec-
ommendation, with preparation times varying between centres
[6, 7]. The recently updated Prostate Imaging Reporting and
Data System (PI-RADS) guidelines note that some centres
recommend refraining from ejaculation for 3 days prior to
the MRI, but highlight a lack of objective evidence for such
areas of patient preparation [8].

Only one prospective MRI study has documented volume
change in this context, demonstrating a 41% mean reduction
in SV volume immediately post-ejaculation [9]. Scanning at
this time point is not representative of a clinical MRI study
and it is in fact possible that seminal vesicle fluid replacement
may occur relatively quickly. This study also showed a signif-
icant 14% reduction in peripheral zone apparent diffusion co-
efficient (ADC) values, which may be important for lesion
detection and therefore warrants further investigation.
Another retrospective study compared two discrete groups
of patients where the last ejaculation was either more than or
less than 3 days prior to the MRI [10]. SV volume was mea-
sured by planimetry and was found to be significantly higher
in those refraining from ejaculation for greater than 3 days.
The two groups were age-matched; however, this may not
fully account for the known considerable interpatient variabil-
ity in seminal vesicle volume [11]. Additionally, the time be-
tween ejaculation and imaging in the longer abstinence group
was uncontrolled. There is currently no published longitudinal
MRI data on the volume of seminal vesicles in relation to
ejaculation. The purpose of this study was therefore to pro-
spectively investigate the longitudinal effect of ejaculatory
abstinence on MRI-measured seminal vesicle volume and
whole-prostate ADC over consecutive days, in normal
volunteers.

Methods

Fifteen healthy male volunteers (mean age 35.9 years, median
34, range 27-53) were included in this prospective, institu-
tional review board-approved study (Reference: CUH 15/
YH/0570). Participants were recruited through posters on
campus between March and June 2016, with written informed
consent obtained in all cases. MR imaging was performed on
four consecutive days. The subjects were instructed to abstain
from ejaculation for at least 3 days prior to the first MRI, to
perform ejaculation after scan 1 and prior to scan 2, then
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refrain from ejaculation until the completion of the study.
Scans 2, 3 and 4 were therefore performed 1-24 h, approxi-
mately 48 h and 72 h post-ejaculation, respectively.

Magnetic resonance imaging

MR imaging was performed on a 3-T MR750 magnet
(General Electric Healthcare, Waukesha, USA) using a 32-
channel phased array body coil. Sequences included high res-
olution axial T2-weighted fast recovery fast spin echo
(FRFSE) imaging, TR/TE of 3663/102 ms field of view
(FOV) 22 x22 cm, 3 mm slice thickness with no gap, in-
plane resolution 0.85 x 0.57 mm, and 3 signal averages; sag-
ittal T2 cube sequence, 1 mm slice thickness with no gap, in-
plane resolution 1.0 X 0.8 mm. Axial diffusion-weighted im-
aging (DWI) was matched to the T2 axial sequence, using a
dual spin-echo planar pulse sequence with TR/TE of
3775/70 ms, FOV 28 x 28 c¢m, resolution 2.2 X 2.2 mm, 6
signal averages and b values of 150, 750, 1000 and 1400 from
which automated ADC maps were generated (Table 1).

MR segmentation

Seminal vesicle (SV) and prostate volumes were calculated
using whole volume segmentation on T2-weighted images
using in-house software programmed in Matlab (Supplemental
data 1). Whole-gland ADC measurements were acquired after
outlining the prostate using the relevant T2-weighted axial se-
quence as an anatomical reference. ADC values were recorded
from each voxel with the regions of interest (ROIs) and, after
summation of values from all slices, a whole-gland ADC mean
value was derived. Whole-gland T2 signal intensity was record-
ed from prostate outlines normalised to muscle signal intensity
as an internal reference. Three ROIs were drawn within the left
obturator internus muscle (>0.5 cm®) on consecutive slices, with
a ratio of median whole-prostate to muscle T2 signal intensity
recorded for each study. All outlining was performed by a single
uro-radiologist (T.B.) with 7 years’ experience reporting prostate
MRI. Outlines were drawn in a random order and blinded to the
clinical information of study number and time pre- or post-
ejaculation.

Organ volumes (in cubic millimetres) were calculated from
a sum of the drawn ROIs (in square millimetres) multiplied by
the spacing between acquired slices (in millimetres). An alter-
native method was also employed incorporating quadratic in-
terpolation in the form of Simpson’s rule applied in the slice
direction when summing ROI areas on adjacent slices. The
two methods were compared for approximate equality of re-
sults as a quality control check. The subsequent analysis was
then performed on the interpolated volume measurements. For
SV volume, a separate calculation was made of fluid volume
by excluding the wall volume which is expected to remain
constant, but contributes proportionately more to the overall
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Table 1 Sequences in MRI

protocol Parameter Axial T2 2D FSE Sagittal T2 3D FSE EPI-2D DWI
TR/TE (ms) 3663/102 3000/117 3775/70
Flip angle (°) 111 160 90
ETL length 16 90 1
Averages 3 2 6
b value N/A N/A 150, 750, 1000, 1400
Section thickness (mm) 3 1 3
Section gap (mm) 0 0 0
FOV (mm) 220 220 280
Resolution (mm) 0.85%0.57 1.0x0.8 22x%x22
Acquisition time (min) 6:07 3:13 02:42

FSE fast spin echo, EPI echo planar imaging, DWI diffusion-weighted imaging, FOV field of view, ETL echo train

length

volume when the seminal vesicles are collapsed or
underfilled. As the seminal vesicles contain fluid and organ
wall in a convoluted pattern which is difficult to outline man-
ually, a thresholding method was applied to yield a non-
connected subset of areas which excluded the wall volume.
The threshold on image intensity was set to a fraction (f) of
the maximum pixel intensity (Sp.x) calculated as the 95%
percentile in the SV ROI intensity histogram. Thus, for any
given organ, the maximum signal in the central outlined slice
was found and the threshold for inclusion of pixels set to
S > (Smax X f). The fraction f'was varied manually at limits of
0.7 or 0.8 (depending on the presence of motion-induced
‘blurring’) to achieve optimal segmentation as evaluated
through visual inspection by a radiologist (T.B.) blinded to
the clinical information (Fig. 1). Fluid volume was then cal-
culated in the same way as described above, multiplying the
thresholded total of ROI subareas by the spacing between
slices.

Statistics

A linear mixed-effects model was fitted to the seminal vesicle
fluid volume and whole-prostate ADC observations. Each
model included fixed effects for the time of the observation
(baseline, day 1, day 2 or day 3) and random effects for each
individual to account for correlation within individuals. A log
transform was applied to the data to ensure homoscedastic
error variance. A paired two-tailed # test was used to compare
the ratio of T2 signal intensity to muscle between studies in a
stepwise manner. Spearman’s correlation was performed to
assess the relationship between age and both prostate and
seminal vesicle volume and between time post-ejaculation
and change in SV volume from baseline to day 1. Statistical
analyses were performed using Stata®14 (StataCorp LP,
Texas, USA). p values of less than 0.05 were considered to
be statistically significant.

Results

All 15 volunteers completed each of the four scans at the
appropriate time. Study 2 (within 24 h of ejaculation) was
performed at a mean of 11.13 h post reported ejaculation (me-
dian 11, range 2-21, interquartile range 8—15 h). For one sub-
ject, there was a technical failure of diffusion-weighted imag-
ing on the day 1 scan and the results were excluded from the
ADC analysis.

Volume measurements

The mean prostate volume measured on day 3 was 22.45 cm®
(median 23.28 ¢m?, range 13.04-31.21 cm?). No correlation
was demonstrated between prostate volume and age;
Spearman’s rank Rho —0.035. There was no change in
whole-gland prostate volume between the four studies: base-
line, 22.46 cm3; day 1,22.47 cm3; day 2,22.53 cm’ and day 3,
22.45 cm® (p =0.89-0.99); Table 2.

The average total seminal vesicle volume including wall
and fluid volume was 12.47 cm® (median 11.82 cm®, range
5.44-28.81 cm3) as measured on day 3, i.e. following a uni-
form ejaculatory preparation time. There was no significant
difference in overall average volume of the right (6.35 cm?)
and left (6.13 cm®) seminal vesicles, with the difference rang-
ing from 0.21 t0 2.17 cm*; p = 0.50. As expected, there was no
change in SV wall volume between the studies: baseline,
6.31 cm®; day 1, 6.61 cm’; day 2, 6.59 cm® and day 3,
6.65 cm’; p=0.38-0.49.

The average seminal vesicle fluid volume on day 3 with a
standardised preparation time was 5.82 cm® (median
5.25 cm3, range 2.1-14.52 cm3). There was no significant
correlation between age and seminal vesicle fluid volume,
Rho 0.171. There was a reduction in seminal vesicle fluid
volume in 13 of 15 subjects from baseline to day 1, with a
general trend for increasing volumes on subsequent days
(Fig. 2). The two patients without SV volume reduction
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Fig. 1 Calculating seminal
vesicle fluid volume. Manual
regions of interest (vellow) were
drawn outlining the seminal
vesicles on all slices for
segmentation (a, ¢). To remove
the SV wall component, the
maximum signal in the central
outlined area was identified and a
threshold applied for inclusion of
pixels > (Syax % f). The fraction
(f) was set at either 0.8 (b) or 0.7
(d) for cases where motion
blurring was present

showed volume increases of 1.05 cm® (8.4%) and 0.02 cm®
(0.9%), respectively. There was no significant correlation
between reported ejaculation time and subsequent change in
SV fluid volume at day 1, Rho —0.147. SV fluid volume
significantly reduced from 6.45 cm® at baseline to 4.80 cm®
at day 1 (25.6% reduction, p < 0.001) and to 5.28 cm® at day 2
(18.1% reduction, p = 0.002); Fig. 3. There was subsequently
a significant increase in volume to 5.82 cm3 at day 3
post-ejaculation from 4.80 cm® at day 1 (35.1% increase,
p=0.006) and from 5.28 cm® at day 2 (10.2% increase,
p=0.022); Table 3.

Whole-gland T2 signal intensity measurements

The mean whole-gland T2 signal intensity normalised to mus-
cle measured 2.45 (ratio; unitless) at baseline and 2.49 on day
1, 2.48 on day 2 and 2.46 on day 3. There was no significant
difference using ¢ test comparisons between any combination
of days (p =0.74-0.92).

Quantitative whole-gland ADC measurements

The mean whole-prostate ADC value on day 3 was
1.074 cm® x 107° mm?/s (median 1.071, range 0.947—

1.229 x 10> mm?/s). There was a reduction ADC value in
10 of 14 subjects from baseline to day 1 (Supplemental
Table 1), with a significant mean reduction from 1.105 x
107 mm?/s at baseline to 1.056 x 10> mm?/s at day 2
(4.3% reduction, p = 0.009); Fig. 4. There was a general trend
for ADC values to subsequently increase from day 2 to 3, but
this was not significant (Table 4).

Discussion

This study demonstrates the longitudinal MR measurements
of seminal vesicle fluid volume following ejaculatory absti-
nence. The overall results suggest that a period of abstinence
from ejaculation is warranted prior to prostate MRI. We show
a significant reduction in seminal vesicle fluid volume within
1 day of ejaculation, maintained at day 2. This is confirmed by
an overall increase in volume on successive days post-ejacu-
lation, with significantly higher volumes observed at day 3
compared to both the day 1 and 2 MRIs, thus suggesting that
aminimum 3-day period of abstinence is required for maximal
SV distension. A similar effect was seen for ADC values in
diffusion-weighted imaging, with a significant reduction in
values at day 1 post-ejaculation.

Table 2 Mean volume changes
Anatomical Region

Baseline

Day 1 Day 2 Day 3

over time
Seminal vesicle total 12.77 (5.53) 11.41 (5.81) 11.89 (6.48) 12.47 (5.98)
Seminal vesicle wall 6.31(2.38) 6.61 (2.97) 6.59 (2.61) 6.65 (3.05)
Seminal vesicle fluid 6.45 (3.48) 4.8 (3.29) 528 (4.2) 5.82 (3.23)
Prostate 22.46 (6.29) 22.47 (5.66) 22.53 (5.84) 22.45 (6.00)

Volumes expressed in cm® , standard deviation in parentheses
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Baseline

Subject 5

Subject 14 Subject 11

Fig. 2 Examples of seminal vesicle volume change over time. Axial T2-
weighted MR imaging performed at baseline (minimum 3 days post-
ejaculation), and post ejaculation on days 1, 2 and 3. Top row subject 5
(aged 27) shows significant reduction in volume from a baseline of
9.7 cm’® to 3.6 cm® on day 1 and subsequently to 4.7 cm® and 6.9 cm®
on days 2 and 3, respectively. Middle row subject 11 (age 53) shows

Although many centres recommend that patients refrain
from ejaculation prior to prostate MR imaging, there is a lack
of evidence to support this practice or to inform on the neces-
sary period of abstinence. The rationale may be based on
historical practice for investigation of male fertility, where
the World Health Organisation recommends abstinence of
2-7 days for sperm analysis [12]. This is supported by work
suggesting that both the semen volume (24%) and sperm den-
sity are reduced in men with abstinence of only 1 day com-
pared to more than 4 days [13, 14]. It should be noted that

similar reductions from 7.0 cm® at baseline to 3.3 ¢m’, 4.2 cm® and
5.3 cm® on days 2, 3 and 4, respectively. Note apparent increase in wall
thickening on day 2, due to relative underdistension. Botfom row subject
14 (age 36) shows little difference in SV volume over the four scans:
10.6 cm?, 10.0 cm3, 10.5 ¢cm® and 10.9 cm®, respectively

although seminal vesicle fluid makes up 40-85% of the ejac-
ulate [15], there is also a contribution from the prostate gland
(15-30%), testis (<5%) and bulbourethral glands (1-5%);
thus, ejaculate volume alone may not provide an accurate
indication of changes in seminal vesicle volume. Early work
using vesiculography [16] and ultrasound [17, 18] and subse-
quently confirmed by a more recent MRI study [9] showed
30-40% reductions in seminal vesicle volume immediately
post-ejaculation. However, these studies are not representative
of an outpatient MR patient population. A more recent study

Fig. 3 Box and whisker plots of 18 I p=021 I
seminal vesicle fluid volumes - 0.09
between each of the four scans. 16 T p=> 0
Top and bottom of boxes p <0.01*
represent 25th and 75th | — °©
percentiles of data, X in boxes 14 °
represents mean, with /ine
representing median value and 12
bars representing data within 1.5 o °
times interquartile range. Circles 10 °
denote outliers. p values are
shown for inter-group 8
comparisons, *p <0.05
P P = I |
6 | x
x
4 i
2 1 | |
0 -
Baseline Day1 Day 2 Day3
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Table 3 Comparison of mean

seminal vesicle fluid volumes Comparison Absolute Percentage Mean difference Confidence p value

between studies change (cm®) change (%) (log scale) interval
Baseline vs day 1 —1.65 (1.85) —25.1(19.9) —0.326 (-0.494,-0.158)  <0.001*
Baseline vs day 2 —1.18 (2.5) —19.5(29.3) —0.280 (—0.448,-0.112) 0.002*
Baseline vs day 3 —0.63 (1.86) -9.77 (38.0)  —0.076 (—0.244, 0.092) 0.38
Day 1 vs day 2 0.48 (1.81) 10.0 (30.2) 0.046 (-0.122,0.214) 0.59
Day 1 vs day 3 1.02 (1.33) 21.3 (43.3) 0.250 (0.082, 0.418) <0.006*
Day 2 vs day 3 0.55 (1.41) 10.2 (34.0) 0.204 (0.036, 0.372) 0.022*

Standard deviation in parentheses

*p < 0.05, denoting significance

demonstrated lower seminal vesicle volumes in patients im-
aged less than 3 days post last ejaculation, compared to more
than 3 days [10]. This study only looked at the binary cut-off
of 3 days and was additionally limited by planimetry measure-
ments rather than image-segmentation volumetry of the sem-
inal vesicles. Furthermore, the same patients were not directly
compared, and inter-patient variation, in which SV length may
vary up to 11-fold [11], may therefore have affected their
results.

We have demonstrated a significant reduction in whole-
prostate ADC measurements within 24 h of ejaculation, and
anon-significant increase in ADC between days 2 and 3. This
is consistent with earlier work in the immediate post-
ejaculatory phase [9]. ADC reduces with increasing Gleason
grade [19, 20], which partly relates to loss of fluid in the
glandular lumen [21]; higher grade tumours have also been
shown to have a reduced luminal space [22]. The prostate
gland contributes a small amount of fluid to the ejaculate
[15] and although we did not demonstrate any appreciable

change in prostate volume between studies, this fluid loss
may be sufficient to have a dehydrating effect on the gland,
and thus reduce the ADC value. We did not differentiate be-
tween peripheral (PZ) and transition zone (TZ) given the rel-
ative small volume of TZ and relative difficultly in zonal dif-
ferentiation in this young cohort (Supplemental Fig. 1).
Functional MRI imaging and in particular diffusion-
weighted imaging form a key component of clinical prostate
imaging and these results provide a further rationale for absti-
nence prior to imaging. Standardisation of patient preparation
prior to prostate MRI may help to reduce inter-patient varia-
tions in ADC measurements and improve quantitative analy-
sis, as well as addressing intra-patient variation in the context
of follow-up of patients on active surveillance programs.
Morgan et al. [23] showed that a greater than 10% reduction
in whole-gland ADC value in patients on active surveillance
predicted progression to radical treatment; if such cut-offs are
to be used, this needs to be considered in light of the 5%
reduction in whole-gland ADC we demonstrated at day 1.

Fig. 4 Box and whisker plots of 1500 - 0.06
whole-gland prostate ADC values I p=" |
between each of the four scans. 1400 p=0.13
Top and bottom of boxes represent I ]
25th and 75th percentiles of data, p =0.03*
X in boxes represents mean, with 1300
line representing median value
and bars representing data within I
1.5 times interquartile range. 1200 -1
Circles denote outliers. p values
are shown for inter-group o«
comparisons, *p < 0.05 1100 x o
X
1000 1
900
(]
800
700 n
Baseline Day1 Day 2 Day 3
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Table 4 Comparison of mean

whole-prostate ADC values Comparison Absolute change ~ Percentage Mean difference ~ Confidence interval ~ p value

between scans (107 mm?/s) change (%) (log-scale)
Baseline vs day 1~ —0.049 (0.078) —4.29(6.97)  —0.047 (-0.080, —0.013) 0.009*
Baseline vs day 2 —0.023 (0.054) —2.06 (4.68)  —0.022 (=0.055, 0.011) 0.20
Baseline vs day 3~ —0.031 (0.054) —2.66 (4.77)  —0.028 (=0.061, 0.005) 0.10
Day 1 vs day 2 0.026 (0.059) 2.67 (6.44) 0.025 (-0.009, 0.058) 0.15
Day 1 vs day 3 0.019 (0.082) 2.19 (8.84) 0.018 (-0.015, 0.052) 0.28
Day 2 vs day 3 —0.007 (0.058) —0.77 (5.69)  —0.006 (=0.039, 0.027) 0.71
Standard deviation in parentheses
*p < 0.05, denoting significance

Although we did not look at the question of dynamic contrast- Acknowledgements The authors acknowledge grant support from the

enhanced MR, it is possible that this may also be affected by
post-ejaculatory status, with a previous ultrasound study
showing that ejaculation affected the clinical assessment of
prostatitis by increasing prostatic blood flow for at least 24 h
[24].

There were several limitations to our study. The study
population was a small cohort of healthy volunteers who
were of a younger age than typical patients with prostate
cancer. It has been demonstrated that seminal vesicle vol-
ume in healthy patients decreases after the age of 60 years
[25]; however, this may be partially offset by an increase in
volume in patients with benign prostate hypertrophy [26].
Although these results should hold regardless of baseline
volume, it is unclear whether they would be affected by an
underlying disease process, or indeed whether diagnostic
interpretation would be hindered. It has been suggested that
the replenishment of seminal fluid in younger patients is
more rapid and therefore the effects of abstinence may be
less apparent [10]; while there is no direct evidence for this,
it would suggest that the results demonstrated here in young
volunteers would be more marked if repeated in an older age
group, and further strengthens the argument for a period of
abstinence prior to scanning. We did not assess dynamic
contrast-enhanced MRI, which forms part of routine clinical
prostate mpMRI, because the risks of repeat gadolinium
deposition could not be justified in a volunteer population.
Larger studies in patients with prostate cancer, ideally in-
corporating age-appropriate healthy controls, would serve
to overcome these limitations and would also help address
whether the observed variation in ADC values affects lesion
conspicuity and detection.

In conclusion, we have demonstrated the longitudinal ef-
fect of ejaculation on seminal vesicle volume as measured by
MR imaging. Seminal vesicle volume is significantly reduced
atday 1 and 2 post-ejaculation and continues to increase at day
3. Whole-gland prostate ADC values were also found to be
significantly lower post-ejaculation. The results support the
rationale of a minimum 3-day period of abstinence from ejac-
ulation prior to diagnostic prostate MRI.
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