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ABSTRACT

ARTICLE INFO

Introduction: Urinary incontinence remains a major concern for patients undergoing
radical prostatectomy. Its prevalence can reach 20% in the late postoperative period.
Materials and Methods: This clinical study investigated the differences of a dynamic
evaluation of the urethra and pelvic floor contraction using perineal ultrasound in men
without prostate surgery and in men submitted to radical prostatectomy with and wi-
thout stress urinary incontinence. Ninety two male patients were included, which 70%
of them underwent radical prostatectomy (RP) for more than one year. Thirty one men
with clinically post prostatectomy incontinence were compared by two-dimensional
(2D) perineal ultrasound to 34 patients without post prostatectomy incontinence and
to 27 men without surgery in two centers in Brazil.

Results: Our results showed that the continent group presented the urethral angle at
rest significantly lower than the prostate group (p = 0.0002). We also observed that
the incontinent group showed the displacement of the anterior bladder neck during
contraction significantly lower than the continent group (p = 0.008).

Conclusions: We found that the continent group presented the urethral angle at rest
significantly lower than the prostate group. The incontinent group also showed the
anterior bladder neck displacement during contraction significantly lower than the
continent group. It was more evident when the severe incontinent group and the con-
tinent group were compared.
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INTRODUCTION

Treatment of localized prostate cancer by ra-
dical prostatectomy or radiotherapy can be curative.
The removal of the prostate and surrounding tissues
can lead to urinary incontinence. Even in recent
series, its prevalence varies from 6% to 20% (1-3).
There are few long term complications which are as
inconvenient or annoying as urinary incontinence.
In addition to the adverse impact on the social life of

affected patients, there are also the economic conse-
quences of urinary incontinence for these individuals
and for public and private health care systems (4).
Because of its high prevalence after radical
prostatectomy, understanding the pathophysiology
of urinary incontinence has become the focus and
aim of many studies (5-7). In this pursuit, functional
imaging has emerged as an important instrument
in the search for pre- and post-operative anatomi-
cal and physiological differences, which might help
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reduce treatment failure and suggest which treatment
method is most appropriate for each patient.

Ultrasound has become an important pro-
cedure in the diagnostic evaluation of female uri-
nary incontinence and functional disorders of the
pelvic floor, replacing radiation based procedures.
Hypermobility of the proximal urethra is related
to the functional integrity of structures surroun-
ding the proximal urethra. The demonstration of
the mobility of the proximal urethra is thus one of
the most important considerations in the evalua-
tion of female urinary incontinence (8).

Beyond the physical examination and
functional testing such as urodynamics, perineal
ultrasound is considered an important tool in the
diagnosis of female urinary incontinence, since it
is noninvasive, avoids ionizing radiation, is well
tolerated and provides useful information about
the anatomical structures involved in this condi-
tion as well as surrounding pelvic organs (8).

Perineal ultrasound can also be used as a
visual aid for biofeedback and as treatment control.
However, this imaging method gives incomplete re-
presentation of the entire bladder and a less than
ideal assessment of bladder neck funneling (8).

The standardization of perineal ultrasound
is well established in the assessment of female lo-
wer urinary tract (8, 9). However, only four studies
using perineal ultrasound in men are encountered
in the literature, and just one of them evaluated
urinary incontinence following radical prostatec-
tomy (10-13).

OBJECTIVE

Use perineal ultrasound to compare the
findings of dynamic evaluations of the urethra
and pelvic floor contraction in men without a his-
tory of prostate surgery with men who has un-
dergone radical prostatectomy with and without
stress urinary incontinence.

MATERIALS AND METHODS
Patients

The study received institutional review
committee approval and was carried out in accor-
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dance with the ethical standards of each hospital’s
institutional committee on human experimen-
tation. Patients were enrolled in this study after
approval of local ethics committee. Informed con-
sent was obtained from all participants.

This cross-sectional cohort study initially
involved 126 male patients recruited at two rese-
arch centers, of which 34 were excluded. The 92
subjects included in the analysis had a mean age
of 66.4 years (range from 47 to 75), and 70% of
them has undergone open radical prostatectomy
(RP) at least 12 months earlier. Thirty-one men
with post-prostatectomy incontinence were com-
pared to thirty-four patients without post prosta-
tectomy incontinence and to twenty seven men
with no prior history of prostate surgery.

Age and Body Mass Index (BMI) were re-
corded for all patients. Incontinent patients were
stratified according to the degree of incontinence
as measured using the 24h Pad test: light: 0-100g;
moderate: 100-400g; severe >400g) (16, 17). Uri-
nary tract infections were ruled out by urine cul-
ture in all subjects prior to the ultrasound exami-
nation. Urodynamics testing and the 24h Pad test
were performed in all subjects in the incontinent
group prior to the ultrasound examination.

Exclusion criteria included prior pelvic
radiotherapy, low bladder compliance, urethral
stricture, significant neurological disease or po-
orly controlled diabetes, presence of active infec-
tion, pelvic trauma with urethral injury, previous
surgery for the treatment of sphincter urinary in-
continence, and bladder overactivity unresponsive
to medical management.

Methods

Ultrasonography images were obtained
and assessed by a single examiner at both teaching
hospitals. A SONACE 8000SE Medison, with an
abdominal 2.0 to 5.0 MHz convex transducer was
used at the Pedro Ernesto University Hospital. A
Toshiba Xario with an abdominal 3.0 to 6.0 MHz
convex transducer was used at the University of
Campinas Hospital.

In a supine position, patients were inves-
tigated with their legs bent and slightly rotated
outwards, similar to the lithotomy. Images were



reproduced in a standing position only in cases
where there was a failure to demonstrate funne-
ling of the bladder neck (8, 9).

The transducer was placed on the perineal
area in a sagittal orientation, to obtain images
of the pubic symphysis, bladder, bladder neck
and urethra (13, 16). Ultrasound assessment of
the male bladder is best achieved when the urine
volume is at least 300 mL. If a subject - particu-
larly in the incontinent group - was unable to
maintain this volume, an infusion of 0.9% nor-
mal saline via Foley catheter was performed. The
catheter was promptly removed before measure-
ments were obtained (8, 16).

During the examination, we were able to
evaluate the mobility of the proximal urethra,
urethral angle, funneling of the bladder neck,
and voluntary contraction of the pelvic floor,
following standardized criteria under three con-
ditions: at rest, during contraction and during a
Valsalva maneuver (8, 9, 13, 17).

The extent of dilatation of the proximal
urethra was gauged by measuring the funneling
index during the Valsalva maneuver and at rest.
The funneling index is calculated as the product
of the width in millimeters of the bladder neck
and the depth to the apex of urethral dilation (13,
18) (Figure-1).

The position of the bladder neck was deter-
mined at rest, during the Valsalva maneuver and
during pelvic floor contraction. Measurements
were made using an XY coordinate system, with
the pubis as the reference point. The X axis was
drawn by a line on the upper edge of the pubic
symphysis. The Y axis was drawn perpendicular
to the X axis at the upper edge of the pubic sym-
physis.

For exact positioning of the bladder neck,
we used the most proximal urethral wall, in the
immediacy of the bladder. We calculated the an-
terior and the posterior bladder neck mobility un-
der conditions of rest, pelvic floor contraction and
Valsalva maneuver. The movement of the bladder
neck was calculated by the following formula:
V(x2-x1)2+(y1-y2)2, where x1 and y1 represent the
rest coordinates (8,9,16-19) (Figure 2).

The presence of an intact prostate in con-
trol group subjects made it technically difficult to
evaluate the bladder neck during the ultrasound
examination. To address these challenges we ad-
ded two more measurements: urethral angle and
distance of the pubis. The urethral angle was defi-
ned as the angle formed by the anterior wall of the
penile urethra and the anterior wall of the bulbar
urethra, and was measured at rest, during Valsal-
va, and maximum contraction (Figure-3).

Figure 1 - Funneling index during a Valsalva maneuver and at rest. This index is calculated as the product of the width in
millimeters of the bladder neck and the depth to the apex of urethral dilatation.

W — Width
D — Depth

Pubic
Symphysis

Bladder
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Figure 2 - Position of anterior bladder neck using an XY coordinates system during contraction. The X axis was drawn by a
line on the upper edge of the pubic symphysis. The Y axis was drawn perpendicular to the X axis at the upper edge of the

pubic symphysis.

N

Fubic Symphysis

Bladder

Figure 3 - Urethral angle in a patient with a prostate. The angle formed by the anterior wall of the penile urethra and the
anterior wall of the bulbar urethra measured at rest, during Valsalva, and during contraction.
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The pubis distance was defined as the dis-
tance between the pubis and the anterior wall of the
bulbar urethra through an imaginary line which bi-
sects the pubic symphysis (Figure 4).

Normal contraction was confirmed by cor-
rect cranioventral displacement of pelvic structures.
During the ultrasound examination, all patients were
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asked to perform three voluntary maximal contrac-
tion efforts of the pelvic floor muscles for ten seconds
and then relax. The greatest displacement was used
as the basis for calculating the previously described
measures (20). The data were analyzed using one-
-way ANOVA or Kruskal-Wallis ANOVA with statis-
tical significance defined at the 5% level (p<0.05).



Figure 4 - Pubis distance in a patient with prostate during contraction. The distance between the pubis and the anterior wall
of the bulbar urethra through an imaginary line which bisects the pubic symphysis.
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RESULTS

Table-1 provides the mean, standard devia-
tion (SD) and median baseline values for each va-
riable by group (non-surgery, continent and incon-
tinent) and the corresponding descriptive level (p
value) of the one-way ANOVA (age, BMI, urethral
angle and distance from pubis) or Kruskal-Wallis
ANOVA. Dunnett’s (parametric) multiple compari-
son test was used to identify which group (conti-
nent or incontinent) differed significantly from the
non-surgery group. Employing Dunnett’s test, the

Table 1 - Initial variables by group.

continent group had a urethral angle that was signi-
ficantly smaller than the non-surgery group at rest.
Employing the one-way ANOVA, there was a statis-
tically significant difference in the urethral angle at
rest across groups (p = 0.0002).

With Kruskal-Wallis ANOVA, there was no
significant difference of the urethral angle and dis-
tance of the pubis across the three groups during
contraction or with Valsalva in relation to “at rest”.

Table-2 provides the mean, standard error
(SE) and median variations of anatomical para-
meters in relation to “at rest” according to group

Inicial Non surgery (n = 27) Continent (n = 34) Incontinent (n = 31) p value?
Variables mean  + SD med mean  + SD med mean  + SD med

BMI (Kg/m?) 26.6 + 40 27.2 274 + 43 26.4 26.4 + 36 25.7 0.53
Age (years) 65.5 + 68 67 65.7 + 65 67 68.0 + b6 69 0.25
Urethral 1153 + 96 117 1003 + 1541 102 1073 =+ 147 109 0.0002°
angle at rest

Distance 1.47 + 039 155 1.59 + 040 153 1.66 + 0,51 1.67 0.29
from pubis at

rest

SD = Standard Deviation; 2 ANOVA one-way or Kruskal-Wallis; ® Non surgery group compared to continent group
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Table 2 - Variations of the anatomic position relative to “at rest” for continent and incontinent subjects.

Continent (n = 34)

Incontinent (n = 31)

Parameters p value 2

mean + SE median mean + SE median
Urethral angle

-6.62 + 2.23 -5.5 -10.10  + 2.40 -9 0.13
Contraction variation
Urethral angle

-3.03 * 2.40 -1 -3.45 + 2.89 -2 0.84
Valsalva variation
Funnelling area

0.002 =+ 0.122 0.050 -0.252 +  0.217 0.070 0.90
Contraction variation
Funnelling area

0719 + 0.164 0.590 0.574 + 0.305 0.600 0.74
Valsalva variation
Distance from pubis

0.103 + 0.054 0.130 0.194 + 0.045 0.180 0.34
Contraction variation
Distance from pubis

0259 + 0.064 0.305 0.280 + 0.064 0.25 0.92
Valsalva variation
Anterior bladder neck

0.497 + 0.098 0.247 0.212 + 0.098 0.077 0.008
displacement on Contraction
Anterior bladder neck

0690 =+ 0.174 0.248 0.401 + 0123 0.125 0.099
displacement on Valsalva
Posterior bladder neck

1564 + 0.455 0.608 0.691 * 0.12 0.485 0.23
displacement on Contraction
Posterior bladder neck

1365 + 0.368 0.538 0.679 + 0.12 0.388 0.82

displacement on Valsalva

SE = Standard error; @ Mann-Whitney test. Variation parameter corresponds to the difference in the position of Contraction or Valsalva in relation to rest.

(continent and incontinent) and the corresponding
descriptive level (p value) of Mann-Whitney.

Anterior bladder neck displacement during
contraction was significantly smaller in the incon-
tinent group than the continent group (p=0.008).
There was no significant difference in other varia-
tions between the two groups.

Table-3 provides the mean, standard error
(SE) and median variations of anatomical parame-
ters in relation to “at rest” for three groups (conti-
nent, mild/moderate incontinent and severe incon-
tinent) and the corresponding descriptive level (p
value) of the Kruskal-Wallis ANOVA.
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There was a statistically significant diffe-
rence in anterior bladder neck displacement du-
ring contraction across groups (p = 0.022). Using
Dunnett’s multiple comparison test, only the se-
vere incontinent group showed anterior bladder
neck displacement during contraction that was
significantly smaller than the continent group.

DISCUSSION

Urinary incontinence remains a major
concern for patients undergoing radical prosta-
tectomy. Even in recent series, its prevalence can



Table 3 - Variations of the anatomic position in relation to “at rest” for each group.

Continent (n = 34)

Mild/mod Incont. (n = 18) Severe Incont. (n = 13)

Parameter p value ?
mean + SE  med mean + SE med mean + SE  med
Contraction e oo, 923 55 -1022 + 260 -85 092 + 461 -1 032
variation
Urethral Angle
Valsava g 00 L 940 4 311 o+ 377 25 -392 + 469 -2 091
variation
Contraction o h5n  » 0422 0,050 -0358 + 0303 0030 -0104 = 0312 0080 074
variation
Funnelling Area
Valsalva
SV 0719+ 0164 0590 0684 + 0480 0295 0420 + 0314 0830 092
variation
Contraction 155 . 0054 0130 0157 + 0061 0140 0245 + 0066 0200 045
variation
Distance from pubis
Valsalva
SAVA 0959+ 0064 0305 0281 + 0076 0260 0280 + 0113 0240 097
variation
CO”t.r"‘:t'O” 0497 + 0098 0247 0281 + 0167 009 0118 = 0043 0051 0.022
Anterior bladder neck variation
Displacement
Valsava o o0+ 0474 0248 0512 + 0194 016 0246 + 0117 0417 017
variation
CO”t.r"‘ft'O” 1564 + 0455 0608 0799 + 018 0797 0542 + 016 035 028
Posterior bladder neck variation
Displacement
\\//:r';:gi 1365 + 0368 0538 0686 + 015 0447 0669 = 022 0359 097

vary from 6% to 20% in the late postoperative pe-
riod (1-3). This work was a cross-sectional study and
one possible limitation was that patients in the non-
-surgery group were not similar to those that were
evaluated after radical prostatectomy.

The male sling has emerged as a possible
treatment for patients with urinary sphincter in-
continence after prostate surgery. However, several
studies have shown that patients with severe incon-
tinence did not obtain results as satisfactory as those
patients with mild to moderate incontinence (21-23).
Fischer et al. observed in 62 patients, those who had
a 24h pad test <423g showed a success rate six times
higher than those who had a test >423g (15).

In our study, we observed that the inconti-
nent group had anterior bladder neck displacement

during contraction that was significantly smaller
than the continent group (p=0.008). However,
when we divided the incontinent group into mild/
moderate and severe incontinence subgroups, we
observed that there was a statistically significant
difference between them. Only the severe incon-
tinent subgroup (24h pad test >400g) showed sig-
nificantly less displacement of the anterior bladder
neck than the continent group during contraction
(p=0.022). These ultrasound findings are consistent
with the literature and may explain the surgical re-
sults of the study by Fischer, et al. (15).

We also observed a significant differen-
ce in the urethral angle at rest between the groups
(p=0.0002). We found that the continent group
had a urethral angle at rest that was significantly
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smaller than the urethral angle of the non-surgery
group. Perhaps this difference may be one of the key
factors responsible for the success of the male sling
in the treatment of male urinary incontinence.

There are no published perineal ultra-
sound data which establish parameters are im-
portant for evaluation of urinary incontinence
after radical prostatectomy. Only four studies
using perineal ultrasound in men were found
in the literature, and just one of them evalua-
ted urinary incontinence after radical prostatec-
tomy (10-13).

Stafford et al. measured the contraction
of the pelvic floor muscles, clearly defining the
displacement of the urethrovesical junction, ano-
-rectal junction and distal urethra in healthy
young men (10, 12). Davis et al. measured men
with chronic pelvic pain syndrome and conclu-
ded that men with pain had a smaller ano-rectal
angle compared to men without pain (11). Kirs-
chner-Hermanns et al. performed a study on men
after radical prostatectomy. They observed that
81% of the incontinent men had good or excel-
lent voluntary muscle contraction compared to
only 50% of continent men (13). There are only
limited data comparing anatomical and physio-
logical changes in men before and after radical
prostatectomy. Normal perineal ultrasound pa-
rameters for males are not well established; we
hope the findings presented here will foment fur-
ther studies.

Two-dimensional perineal ultrasound
provides more detail about the pathophysiolo-
gy underlying urinary incontinence after radical
prostatectomy. It can also be used as a visual aid
for biofeedback by teaching correct pelvic floor
muscle contraction in men with stress urinary in-
continence after radical prostatectomy. The diag-
nostic precision it affords could reduce treatment
failure by predicting which treatment method
should be the most suitable for each patient.

This work was a cross-sectional study;
one of its strong points is that the results can
be generalized to other situations and to other
people (external validity). We can infer that our
conclusions can be actually applied in other ge-
ographic locations, since the sample showed he-
terogeneity. Moreover, considering the study de-
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sign, observational studies may be better able to
reflect outcomes obtained in everyday practice.
We acknowledge that future studies should to be
performed in order to obtain ultrasound measure
of bladder function prior to surgery so that they
can be compared with the postoperative findings.

CONCLUSIONS

Perineal ultrasound is a noninvasive pro-
cedure that can be recommended for evaluation
of post-prostatectomy urinary incontinence. We
found that the continent group had a smaller ure-
thral angle at rest than the group with an intact
prostate. We also observed that the incontinent
group demonstrated significantly less anterior
bladder neck displacement during contraction
than the continent group. This was more evident
when the severe incontinent group was compared
with the continent group.
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