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Summary

Objective: To validate transperineal ultrasound (US) in the assessment of urethrovesical junction hypermobility. Methods: In this
prospective study carried out between 1999 and 2003 at a university medical centre we enrolled 100 women with genuine stress urinary
incontinence (study group) and 50 continent women (control group). All women underwent the diagnostic protocol including urody-
namic measurement and transperineal US scan using an abdominal semicircular 3.5 MHz linear array transducer. The position of the
urethrovesical junction was described in relation to the inferior edge of the symphysis pubis by two parameters: the cephalocaudal and
the ventrodorsal distance. The position and degree of urethrovesical junction descent during stress (3 consecutive coughs) were meas-
ured and the results compared between the groups. Classification performance was evaluated by sensitivity and specificity. Results:
There was no significant difference in the horizontal plane of the urethrovesical junction at rest and in the backward displacement during
stress between the groups. The downward displacement of the urethrovesical junction showed an average descent of 16.10 + 4.01 mm
in the study group vs 7.92 + 2.85 mm in the control group; the difference between the groups was statistically significant (p = 0.001).
Considering the 12 mm cut-off value of the descent, US evaluation had an 88% specificity, and a 92% sensitivity; the PPV and NPV
were 96 % and 79 %, respectively. Conclusions: We found a significantly greater downward displacement of the urethrovesical junc-
tion during stress in women with stress urinary incontinence compared to healthy controls. We may conclude that transperineal US can

accurately visualise a hypermobile urethrovesical junction.
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Introduction

Urinary incontinence is one of the most frequent dis-
eases in the female population. Among various types of
female urinary incontinence, the incidence of stress uri-
nary incontinence is the highest by far [1, 2].

Due to the rational diagnostic approach, diagnostic
ultrasonography [3-5] has become more frequently used
in the morphologic diagnosis of anatomic changes of the
pelvic floor.

Ultrasound (US) examination is inexpensive, harmless
and well tolerated by patients, and reduces the need for
conventional radiography [6].

One of the most frequent causes of female stress uri-
nary incontinence is hypermobility of the bladder neck
and proximal urethra. Hypermobility is the result of a
defect of the anatomic supporting structures of the proxi-
mal urethra [7].

Although tape procedures are currently used all over
the world as primary operations, the suprapubic approach
is the gold standard for surgical treatment of female stress
urinary incontinence. Surgical suspension of the bladder
neck and the proximal urethra represents the indirect fix-
ation of the weakened endopelvic fascia [8].

Numerous modes of diagnostic US examinations have
been used in urogynecology: abdominal, rectal, vaginal,
introital and perinea [19-13]. Since 1986, when the first
reports on the use and advantages of perineal US were
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published, this mode of diagnostic US examination has
become the method of choice in clinical practice [14, 15].

The advantages of perineal US are the following:

* the US probe does not interfere with the mobility of
the anterior vaginal wall and the bladder neck during the
measurement at stress;

 the US probe does not change its position during
cough or the Valsalva manoeuvre;

* the examination provides a good topographic anatom-
ic picture of the bladder base and bladder neck, the ure-
thra and symphysis.

The aim of this study was to evaluate the use of perineal
US in preoperative diagnosis of female stress urinary
incontinence, and to find whether the evaluation of the
changed position of the bladder neck during cough is a
useful and reliable diagnostic method for deciding on the
surgical treatment of female stress urinary incontinence.

Methods

Study Population

The study was performed at the Department of Obstetrics and
Gynecology in Ljubljana between 1999 and 2003, after
approval by the national medical ethics committee. We enrolled
150 patients who had agreed to participate in the study by
signing the informed consent form. The study group consisted
of 100 women with clinically and urodynamically proven stress
urinary incontinence and the control group of 50 continent
women.
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Method

The women in both groups underwent standard urodynamic
measurements used in the diagnosis of stress urinary inconti-
nence and perineal US scan.

To evaluate urethrovesical junction mobility and position
transperineal US was performed using a Toshiba Diagnostic
Ultrasound System SSA 250 and a semi-circular linear 3.75
MHz abdominal probe. The probe was placed on the sagittal
axis of the perineum after the woman was placed in the supine
position with the urinary bladder filled with 300 ml of physio-
logical saline warmed to body temperature. The scan of the
symphysis pubis, bladder, urethrovesical junction and urethra at
rest was followed by the scan during cough. The images were
frozen for evaluation of the bladder neck and bladder base
descent.

The distance from the bladder neck in the horizontal and ver-
tical planes to the reference point, set at the lower edge of the
symphysis, was measured and expressed in mm. The distance
was assessed at rest and during cough, and mean values were
calculated.

Statistical analysis

Data were analysed with SPSS software version 16.0 (SPSS,
Chicago, IL, USA). Numeric variables are presented as the
mean + standard deviation (SD). To assess differences between
continuous variables the Student’s t-test and Mann-Whitney-U
test were used according to the normality of the variable in
question. Chi-square tests were used to compare categorical
data; p < 0.05 was considered statistically significant.

Specificity and sensitivity of the US method were deter-
mined. For the calculation of positive and negative predictive
values the prevalence of stress urinary incontinence in the pop-
ulation was assumed to be 25%. Classification performance was
evaluated by the area under ROC curve.

Results

Data on age, parity, menopausal status and type of work
were obtained from all the women enrolled in the study.

The mean age of women was 46.2 + 8.5 years in the
study group, and 53.8 + 10.9 years in the control group;
the difference was statistically significant (p < 0.001, t-
test).

The mean number of deliveries was 1.98 in the study
group, and 1.64 in the control group; the difference was
not statistically significant (p = 0.053, Mann-Whitney
test).

As for menopausal status, 74 (74%) women in the study
group and 16 (32%) women in the control group were
menopausal; the difference was statistically significant (p
< 0.001, ¢ test).

Heavy work was performed by 66 (66%) women in the
study group and 24 (48%) women in the control group;
the difference was statistically significant (p = 0.034, %*
test).

In the present study the position of the urethrovesical
junction was analysed using transperineal US in 100
women with confirmed stress urinary incontinence com-
pared to 50 healthy controls. We measured the distance
between the urethrovesical junction and the inferior edge
of the symphysis pubis (X distance) and the distance

Table 1.— Mean values of X and Y distances at rest and
during coughing in both groups.

Distance Rest Coughing Displacement
Mean + SD Mean + SD Mean + SD

Study group

X distance (mm) 22.24 £ 6.57 2856 +633 6.32+24

Y distance (mm) 20.55 £5.68 36.39+£6.75 16.10 £4.01

Control group

X distance (mm) 23.60 =498 30.36 +5.74 6.76 +3.07

Y distance (mm) 25.98 +£5.14 3370 £531 792 %285

Table 2. — Mean displacement of X and Y distances -
comparison between the study and the control group.

Distance Study group Control group Stat. significance

Mean + SD Mean + SD P
X distance difference
(mm) 632+24 6.76+3.07 0.37
Y distance difference
(mm) 16.10 £ 4.01 7.92 +2.85 < 0.001

between the urethrovesical junction and the vertical plane
of the front edge of symphysis pubis (Y distance). Mean
values of the distances X and Y are presented in Tables 1
and 2.

Mean distances of the bladder neck at rest in the hori-
zontal plane with regard to the reference point, i.e., the
lower edge of the symphysis, did not differ significantly
between the groups. However, in the vertical plane the
difference of mean distances at rest was statistically sig-
nificant, being 16.10 £ 4.01 mm in the study group and
7.92 + 2.85 mm in the control group (p < 0.01). The com-
parison of mean values of the displacement of the bladder
neck at increased intraabdominal pressure during cough
in the horizontal plane did not reveal significant differ-
ences between the groups.

Sensitivity and specificity

Statistical analysis of the US measurements of bladder
neck mobility during cough in the study group showed
the method to have a sensitivity of 64% and a specificity
of 96%, considering the descent of the bladder neck for
15 mm as physiologic. If this cut-off value was reduced to
12 mm, the sensitivity of the method increased to 88%,
and specificity decreased to 92%.

Sensitivity and specificity according to the cut-off value
are presented in Figure 3.

Figure 4 presents the performance of US measurement
in the diagnosis of stress urinary incontinence by means
of ROC curves. The area under the curve is 0.952 (95%
confidence interval 0.904-0.980).

Predictive values

Predictive value of the method is influenced by the cut-
off value considering the change of the bladder neck posi-
tion during cough as physiologic. Positive and negative
predictive values were calculated at the cut-off value 12
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Figure 3. — Sensitivity and specificity according to the cut-off value.
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Figure 4. — Performance of ultrasound measurement in the diagnosis of stress urinary incontinence by means of ROC curves. The area

under the curve is 0.952 (95% confidence interval 0.904-0.980).

mm. A prevalence of stress urinary incontinence in the
screened population was assumed to be 25%.

The calculated positive predictive value (PPV) was
57% and the calculated negative predictive value (NPV)
was 98%. If the cut-off value was decreased to 10 mm, the
PPV increased to 76%, whereas the NPV was 95%.

Discussion

The suprapubic suspension of the bladder neck has
been increasingly used in the surgical treatment of female
stress urinary incontinence. Therefore, it is evident that
the prevailing theory in clinical practice is that hypermo-
bility of the bladder neck is the main cause for the occur-
rence of stress urinary incontinence. In spite of favourable

outcomes of retropubic surgeries, 10-15% of women still
experience problems with urinary leakage after surgery
[16]. It is not quite evident whether this is the conse-
quence of a failed surgical suspension of the bladder neck
or of an inappropriately chosen mode of treatment, i.e., of
undiagnosed unstable detrusor, or due to newly made
noninhibited detrusor contractions following surgery. In
the diagnosis of stress urinary incontinence, and especial-
ly before deciding on a surgical treatment, it is indispen-
sable to find and prove the changes in the supporting
structures of the bladder neck and of the proximal urethra.
Numerous morphologic examinations and tests aim at
assessing pathoanatomical changes of the pelvic floor.
However, clinical practice requires a simple, repro-
ducible, quick and inexpensive test that would provide a

Fig. 2

Fig. 4
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more reliable diagnosis, and serve as the basis for the
decision on a proper surgical technique with an efficient
outcome. For their invasiveness, radiological methods
have been losing their impact in the diagnosis of stress
urinary incontinence [17, 18]. Using real-time imaging,
diagnostic US has changed the approaches from abdomi-
nal, rectal and vaginal to finally find the most advanta-
geous approach, the perineal approach, which has been
proven to provide the best morphological assessment of
hypermobility of the bladder neck and of the proximal
urethra [19-22].

In this study we analyzed clinical applicability of diag-
nostic perineal US, and determined the specificity and
sensitivity of the method. The assessment involved mean
distances of the bladder neck with regard to the reference
point, i.e., the lower edge of the symphysis at rest women
with clinically and urodynamically proven stress urinary
incontinence in comparison to the distances obtained
from continent women. Then, the displacement of the
bladder neck with regard to the reference point was meas-
ured during cough and again the results were compared
between the two groups. We found that mean distances X
(ventro-dorsal plane) did not differ significantly between
the groups. However, the difference of the distance from
the bladder neck to the lower edge of the symphysis at
rest was statistically significant. We found significantly
lower positions of the bladder neck in control group
women. Demirci and Fine [23] provided a precise deter-
mination of the position of the bladder neck by measuring
the displacement during cough in craniocaudal and ven-
trodorsal directions. The results obtained in this study are
comparable to those by Johnson et al. [24]. They found
the mean value of displacement of the bladder neck in the
craniocaudal direction during cough to be 1.65 cm in
women with stress urinary incontinence, and 0.32 cm in
continent women. Shaer et al. [25] found the same values
of the displacement of the bladder neck during cough, and
considered the measurement in the craniocaudal direction
to be sufficient for a preoperative diagnosis of stress uri-
nary incontinence.

Due to increased intraabdominal pressure during
cough, the descent of the bladder neck scanned in the
craniocaudal direction is greater in incontinent than in
continent women. In our study the descent was signifi-
cantly greater in the study group than in the control group
women in whom the position of the bladder neck was sig-
nificantly lower at rest as well.

To provide the possibility of using perineal diagnostic
sonography in clinical urogynecology, the method
requires standardisation. We should define the maximal
range of displacement of the urinary bladder during
cough, still to be considered physiological. The first to
suggest the critical limit of 10 mm was Bergman and col-
leagues [26], who then calculated the specificity of the
method (89%) and its sensitivity. Caputo and Benson [27]
chose the same limit (10 mm) as Bergman’s group [26].
In our study we decided on the threshold value of 15 mm
when assessing displacement of the bladder neck during
cough. Using this threshold value the calculated sensitiv-

ity of the method reached only 64%. If this value was
decreased to 12 mm, the sensitivity of the method
increased to 88%. At a 15-mm displacement of the blad-
der neck, the specificity was 96%; if the threshold value
was decreased to 12 mm, the specificity of the method
was still 92%.

When we considered the measured values of the dis-
placement of 15 mm and more as pathological, the statis-
tical analysis provided a 100% NPV of this method.
Predictive values show the agreement of the sonographic
measurement with the diagnosis of stress urinary inconti-
nence. The PPV at the threshold value of 15 mm was only
44%. If we considered the 12-mm value, the PPV reached
57%, whereas the NPV of the test remained almost
unchanged, i.e., 98%. Furthermore, lowering the cut-off
to 10 mm, we found the PPV to be 76% and the NPV
95%.

The mean age of women was significantly lower in the
study group than that in the control group (46.1 + 8.5
years vs 53.8 + 10.8 years; p < 0.01)). In the study group
only 26% of women were postmenopausal, and in the
control group 68%. The difference between the groups
was statistically significant. With regard to parity, we
found no statistically significant difference between the
study and control group women. The results of our study
do not prove the influence of delivery on the occurrence
of stress urinary incontinence. In the analysis of the inci-
dence of stress urinary incontinence in nulliparas, Scott
[28] found that 40% of women who have never delivered,
experienced problems with urinary leakage.

However, we found a statistically significant difference
in the type of work in both groups: 66% of women in the
study group, and only 48% in the control group did hard
physical work. A lower position of the bladder neck at
rest in the control group women could be explained by the
variables such as older age and age-related estrogen sta-
tus. These features affect the function of the muscle con-
nective structures of the supporting mechanism.
Hypoestrogenemia results in reduced type III collagen
production [29, 30]. Increased intraurethral pressure has
been proven in women who had undergone estrogen treat-
ment [31-33].

Although it is known that the weakness of the support-
ive structures of the urinary bladder and proximal urethra
are the most evident reasons for the occurrence of stress
urinary incontinence, the actual relationship between
morphological and pathophysiological events remain
unknown.

Enhorning [34] claimed that the proximal urethra is
positioned intraabdominally and that the transmission of
the increased intraabdominal pressure on the urethra is
inappropriate when the urethra is displaced below the
pelvic floor [35, 36]. As the intraurethral pressure is not
increased stress urinary incontinence occurs. According
to this theory, the position of the bladder neck determines
continence. The studies made by Richardson et al. [37]
have elucidated the reasons for continence in women with
urethrocystocele, in whom the bladder neck is positioned
low. Their studies have confirmed the importance of par-
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avaginal fascia for urinary continence [38-40]. The prox-
imal urethra lies on the support consisting of pubocervi-
cal fascia, anterior vaginal wall, arcus tendineus fascie
pelvis and levator ani muscle. The effect of bilateral com-
pression on the urethra depends on the stability of subu-
rethral support and not on the position of the bladder neck
[41]. If the support is firm, the proximal urethra presses
against the support in case of increased intraabdominal
pressure. In case of a weak support, the bilateral compres-
sion of the urethra is not sufficient and the transmission of
intraabdominal pressure on the urethra is weaker; as the
lumen of the urethra remains open, urinary leakage
occurs. The extent of transmission of increased intraab-
dominal pressure does not depend on the high position of
the bladder neck, because the firm support, which is
responsible for continence, may also have a lower posi-
tion [42-44].

Contractions of the detrusor can be quite efficiently
assessed on real-time US scan using a probe that provides
good resolution; the time lapse of the opening of the blad-
der neck and urinary leakage during cough is a warning
for the physician that the diagnosis of stress urinary
incontinence is unreliable. In this case, cystometry is
required, because this is the only procedure to exclude the
increase in the intravesical pressure for more than 15 cm
of water during spontaneous contractions of the detrusor,
which is necessary for the diagnosis of unstable detrusor
and appropriate treatment of urinary incontinence.

Diagnostic US of the lower urinary tract has numerous
advantages over radiological and morphological methods
for the patient and the examiner. The diagnostic perineal
approach combined with modern US equipment with
good imaging resolution provides optimal scans of
pathoanatomical changes of the pelvic floor.

Diagnostic perineal US scan is a simple, non-invasive,
cost-effective, safe and reproducible method providing
morphological assessment of hypermobility of the blad-
der neck and the proximal urethra. The method is well tol-
erated by the patients.

We found the perineal US examination to have the
highest performance when the threshold value, still con-
sidered physiological, of the displacement of the bladder
neck during cough was 12 mm. Taking this cut-off value
into consideration, the method has an 88% sensitivity and
a 92% specificity; the calculated PPV is then 96%, and
the NPV 79%.
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