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Abstract

Introduction and hypothesis The aim of the study was to
assess the interobserver and intraobserver reliability of
translabial 3D ultrasound imaging of the urethral sphincter
in non-pregnant nulliparous asymptomatic women.
Methods A study using a 3D translabial ultrasound on thirty-
seven women was performed. Urethral sphincter parameters
were measured by the same experienced clinician 2 weeks
apart. Multiple axial cross-sectional areas at 1-mm distances
were used to calculate urethral sphincter volumes. The same
measurements were carried out by a second experienced cli-
nician to assess the interobserver reliability.

Results We found an excellent intraobserver reliability (inter-
class correlation coefficient, ICC >0.8) and good interobserver
reliability (ICC >0.6).

Conclusion The described technique using multiple axial
cross-sectional areas at set distances and a translabial ap-
proach is a reliable and accurate tool in the evaluation of the
urethral sphincter. This should be used instead of mathemat-
ical formulas as the urethral sphincter is not a uniform
geometrical sphere. The technique and values reported may
help clinicians in the assessment of women with lower urinary
tract disorders.
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Introduction

Urinary incontinence (UI) is a highly prevalent symptom
that affects millions of people worldwide of both sexes and
all ages. It has been calculated that 8-13% of men and
women worldwide and 43-77% of those in nursing homes
are incontinent [1]. Ul severely affects patients' quality of
life, causing shame, discomfort, embarrassment or loss of
self-confidence resulting in withdrawal from social life [2].
It affects physical and mental health as well as sexual
relationships [3], thus appearing as one of the most psycho-
logically distressing and socially disruptive problems faced
by people of both sexes and all ages.

Urodynamic stress incontinence represents the common-
est cause of incontinence in women, affecting up to 60% of
those investigated [4]. The underlying pathology has been
postulated to involve urethral hypermobility [5], intrinsic
urethral sphincter deficiency [5] or any disturbance within
the sphincter mechanism [6, 7].

The urethral sphincter is believed to play an important
role in the pathogenesis of lower urinary tract symptoms
(LUTS) [8], hence information on its structure and function
is vital to develop our understanding of urinary inconti-
nence. Currently there are many diagnostic tools available
to make functional assessments of the urethra including
urodynamics, urethral pressure profilometry, leak point
pressures and urethral resistance pressure monitoring. In
addition, structural assessments of the female urethra have
been made with the use of a variety of imaging, implement-
ing 2D, 3D and 4D ultrasound techniques as well as Mag-
netic Resonance Imaging (MRI).

MRI has been shown to be an accurate tool in identifying
urethral anatomy [9], but despite this, the cost and time
involved in this method has to be taken into account when
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compared to ultrasound imaging. Ultrasound imaging may
be performed with 2D, 3D and 4D techniques as well as
using a variety of anatomical approaches such as transa-
nal, translabial and endovaginal. However, each method
has its own limitations and needs to be carefully considered
by the operator.

3D ultrasound imaging has been introduced in the last
decade as a novel method to evaluate urethral sphincter
volumes using an endovaginal or transanal approach [10].
It has been shown to provide a more accurate measurement
of urethral sphincter volumes than conventional 2D ultra-
sound [10], to correlate with cadaver specimens [11], to be a
successful and sensitive tool in pregnant women [12] and in
those with and without urinary incontinence [13], and it has
also been demonstrated to be a promising preoperative tool
in evaluating the outcome of continence surgery [14, 15].

Although the clinical value of accurately and precisely
evaluating the urethral sphincter using a 3D ultrasound is
evident, its reliability has been poorly studied to date.
Hence, the aim of our study was to assess the interobserver
and intraobserver reliability of 3D ultrasound imaging of the
urethral sphincter in non-pregnant, nulliparous women with-
out LUTS using a translabial approach.

Methods

Nulliparous women undergoing ultrasound scan for benign
gynaecological conditions were recruited from a tertiary
referral teaching hospital. All women were given an infor-
mation sheet about the study, and consent was obtained.
Only those who agreed to participate and did not suffer from
any LUTS were included in the study. Menopause, urogen-
ital prolapse, neurological condition, previous continence,
pelvic and/or prolapse surgery were considered as exclusion
criteria. A 3D translabial ultrasound scan of the urethra was
performed with women lying supine with their legs
abducted and with an empty bladder. A GE Voluson-i sys-
tem (GE Healthcare, Austria) with a 5-9 MHz transvaginal
3D/4D ultrasound transducer (RIC 5-9 RS) was used. If the
urethral sphincter was not visualised adequately in its en-
tirety with the surrounding tissue, the scan was repeated.
The field of view angle was set to its maximum of 70° in the
sagittal plane and volume acquisition angle to 85° in the
coronal plane. When a clear image of the urethra and rhab-
dosphincter was obtained in B-mode, a volume box was
placed around the urethra, bladder neck and surrounding
tissues, and 3D images were then taken using a slow scan
time. The volume box used was 8§ cm in order to have
parallel section increments of less than 0.5 mm. The probe
then scanned automatically through an arc of 110° taking
250 images, allowing a simultaneous visualisation of sagit-
tal, transverse and coronal sections. These images were then

@ Springer

computer-regenerated into a 3D picture (Fig. 1). In the
sagittal plane, the measurements recorded included the dis-
tance from the bladder neck to the proximal part of the
rhabdosphincter, the bladder neck to the maximal cross-
sectional area of the rhabdosphincter and the length of the
rhabdosphincter. The cross-sectional area of the total
sphincter was serially traced manually, recording each area
from one end to the other using 1-mm slice gaps to calculate
the area as shown in Figs. 2 and 3. When the entire sphincter
was traced, a volume was computed automatically. The
process was repeated for the inner core of the sphincter as
showed in Fig. 4. Finally the volume of the inner core was
subtracted from the total volume to give a measurement of
the rhabdosphincter volume. All measurements were taken
twice by the same clinician 2 weeks apart to assess the
intraobserver reliability. A second blinded experienced cli-
nician remeasured all measurements in order to assess the
interobserver reliability. The interclass correlation coeffi-
cient (ICC) was calculated to assess limits of agreement.
The scale from Altman was used in classification of the
reliability values [16]. ICC values under 0.20 were consid-
ered poor, 0.21-0.40, fair, 0.41-0.60, moderate, 0.61-0.80,
good and 0.81-1.00, excellent.

Finally, the urethral sphincter volumes were measured
using four different separations between the cross-sectional
areas: 1 mm, 2 mm, 3 mm, 4 mm and 8 mm. The separation
between cross-sectional areas was measured by using dis-
placement along the median sagittal image. The coefficient
of variation was calculated for the urethral sphincter volume
measurement, and this was plotted against the different axial
cross-section separation. All terms and definitions are in
accordance with the latest terminology for female pelvic
floor dysfunction [17].

A version 19.0 SPSS statistical package was used for
statistical analysis (SPSS version 19.0, Chicago, IL). Local
ethical approval was obtained for this study from the London—
Surrey Borders Research Ethics Committee (10/H0806/21).

Results

A study on thirty-seven asymptomatic nulliparous women
(mean age 37 years old, range 24-48) was performed.
Twenty-three women were white and 14 were black. White
women had a mean age = SD 0f 34.8+6.0 vs. 37.5+8.1 for the
black women (p=0.31). Although black women weighed
more than white women on average (mean BMI + SD for
black women was 26.5+3.1 vs. 24.9+3.8 for white women),
this difference was not statistically significant (»=0.16). The
whole scanning time was 4-6 s.

Table 1 shows the urethral sphincter parameters of the
study population, as well as the ICC and limits of agreement
of measurements taken 2 weeks apart by the same clinician.
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Fig.1 Three-dimensional
translabial image of the female
urethra. The volume
measurements of the core
sphincter and total sphincter
were taken in the axial plane
(bottom left). The urethra lumen
is shown clearly in the rendered
volume image (bottom right). B
bladder, /C inner core, U
urethra lumen, RS
rhabdosphincter

) B01315-11-11-03-1

The results showed excellent intraobserver reliability
(ICC >0.8) in the majority of parameters measured by the
same clinician on the two separate occasions. In measuring the
total sphincter volumes, the mean difference was 0.154 cm’

Fig. 2 Three-dimensional
translabial image of the female
urethra showing the cross-
sectional area of one of the
urethral sphincter slices traced
manually

B01315-11-11-03-1

GE Healthcare
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9-RSIGYN
4.2cm f41Hz

Ml 1.1
Tls 0.0

with the ICC value showing excellent agreement at 0.948. The
mean difference when measuring the internal sphincter vol-
ume was 0.0007 cm’, again representing excellent agreement
(ICC=0.993). Measurements of the rhabdosphincter volume,

GE Healthcare
03.11.2011
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D 0.00 cm
A 350 cm®
V 0.00 cm?®
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Fig. 3 Multiple-shaded cross-
sectional areas of the urethral
sphincter measured by tracing
the outline of the urethral
sphincter at 1-mm intervals.
The volume is computed from
the cross-sectional areas multi-
plied by the slice gap of 1 mm

Single

rhabdosphincter length, distance from the bladder neck to
proximal rhabdosphincter and distance from the bladder neck
to maximal cross-sectional area also all presented excellent
ICC agreement (ICC=0.985, 0.930, 0.991 and 0.975,
respectively).

Table 2 shows the ICC and limits of agreement between
the two investigators. The results show good to excellent
interobserver reliability (ICC >0.6) in all parameters mea-
sured by the two different clinicians. In addition, the 95%
confidence interval for the limits of agreement of all the
volume measurements was less than 10% of the mean
volumes. This further confirmed that the measurements
were reliable.

The coefficient of variation for a 1-mm separation of
axial cross-sectional measurement (mean 1.734, £SD
0.781) was similar to the coefficient of variation for a 2-
mm separation measurement (mean 1.608, £SD 0.872). The

Fig. 4 Three-dimensional
translabial image of the female
urethra showing the cross-
sectional area of one of the
inner core slices traced
manually

B01315-11-11-03-1
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coefficient of variation for wider separations of 4 mm and
8 mm were mean 8.538, +SD 5.136 and 13.889, £SD 8.860,
respectively, which show an increased variance. There was
no difference in the coefficient of variance between volumes
measured with the axial cross-sectional separation of 1 mm
and 2 mm (p>0.05).

Discussion

The role of the urethral sphincter in the pathological devel-
opment of urinary incontinence has been clearly postulated
[12—14]. Although the importance of precise structural as-
sessment of the urethral sphincter is paramount, the task of
measuring it accurately has recently been met with conflicting
opinions.

RIC5-9-RSIGYN
4.2cm f41Hz

Ml 1.1
Tls 0.0

GE Healthcare
03.11.2011

D 0.00 cm
A 0.52 cm*
V 0.00 cm?®
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Table 1 Intraobserver reliability of the urethral sphincter parameters

Parameter Mean (£SD) 5th centile 95th centile Mean of difference 95% Limits of agreement ICC
Lower Upper

TSV (cm®) 5.7 (1.4) 3.6 8.8 0.154 0.898 0.973 0.948
ISV (cm?) 0.4 (0.2) 0.2 0.9 0.007 0.987 0.997 0.993
RSV (cm?) 5.3 (1.4) 34 8.5 0.208 0.863 0.972 0.945
UL (cm) 3.8 (4.6) 2.3 6.6 —-0.801 —0.863 0.506 0.641
RSL (cm) 1.7 (0.25) 1.4 2.3 0.040 0.864 0.964 0.930
BN-PS (cm) 0.7 (0.2) 0.4 1.1 0.020 0.982 0.995 0.991
BN-MCSA (cm) 1.7 (0.9) 0.9 2.5 -0.027 0.758 0.936 0.875

TSV total sphincter volume, ISV internal sphincter volume, RSV rhabdosphincter volume, UL urethral length, RSL rhabdosphincter length, BN—PS
distance from the bladder neck to proximal rhabdosphincter, BN-MCS4 distance from the bladder neck to maximal cross-sectional area

Evaluation of the rhabdosphincter has been previously
reported using MRI and ultrasound imaging with the use of
different mathematical formulas to measure its volume.
However, this has been based upon assumptions that the
shape of the urethra is similar to that of an ellipse. This is
incorrect, as the urethral shape is neither elliptical nor spher-
ical, and in view of its atypical geometric shape, we suggest
that equations should not be used, since they cannot give an
accurate calculation of the urethral volume. Accordingly, we
suggest an alternative technique to measure the urethra and
rhabdosphincter more precisely using a 3D ultrasound.
These measurements are not based upon standardised math-
ematical equations but on the calculations from 1-mm cross-
sectional areas at set distances across the urethra, thus re-
ducing the error in measurements unavoidable with the use
of mathematical equations.

Finally, the measurement of the inner core of the urethra
(urethral canal) should also be taken into account and sub-
tracted from the measured total urethral volume when
assessing the rhabdosphincter. This represents another lim-
itation if mathematical equations are used to measure ure-
thral sphincter volume.

Table 2 Interobserver reliability of the urethral sphincter parameters

In our study, we decided to use a translabial approach to
overcome the limitations of endovaginal and transrectal
techniques. Transanal ultrasound approach requires an ex-
pensive and dedicated transducer, and it is a more uncom-
fortable and embarrassing test for the woman. Endovaginal
ultrasound scan may inadvertently compress tissues in order
to visualise the urethra lying just anterior to it, whereas
translabial ultrasound scan provides minimal pressure on
local structures and therefore is least likely to alter surround-
ing anatomy.

In this study, we have shown that there is good interob-
server and intraobserver reliability using a translabial 3D
ultrasound for measuring the female urethra. It provides
both a quick (each scan taking 4—6 seconds) and cheap
method of assessment; therefore, it is a practical tool when
studying this complex anatomy. This is of significant clini-
cal value as until recently, we have relied mainly upon
functional assessments. However, with the progression of
simple structural assessments (undertaken by accurate im-
aging techniques), we may be able to combine this informa-
tion to influence our choice of management and predict
surgical outcomes, as has been previously suggested [14].

Parameter Mean of difference 95% Limits of agreement ICC
Lower Upper

Total sphincter volume (cm?®) 0.220 0.561 0.884 0.976
Internal sphincter volume (cm?) 0.438 0.987 0.997 0.774
Rhabdosphincter volume (cm?) 0.218 0.934 0.983 0.896
Urethral length (cm) —0.052 —-0.105 0.625 0.973
Rhabdosphincter length 0.590 0.315 0.818 0.747
Distance from the bladder neck to proximal rhabdosphincter (cm) —-0.078 —0.667 0.958 0.942
Distance from the bladder neck to maximal cross-sectional area (cm) —0.208 —0.462 0.891 0.887
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However, ours is only a validation study showing normative
values in asymptomatic non-pregnant, nulliparous women,
and further research in women with lower urinary tract
symptoms is needed to assess the clinical role of 3D imag-
ing of the urethral sphincter.

The measurements were performed with an empty blad-
der to avoid overestimating the sphincter volume due to
rhabdosphincter contraction when the bladder is full [15].

In conclusion, the potential for accurate assessment of the
urethral morphology with a 3D ultrasound is evident and
supported by this study's excellent interobserver and intra-
observer reliability. We have shown that 3D ultrasound imag-
ing using multiple axial cross-sectional areas at set distances
and a translabial technique is a reliable and accurate tool in the
evaluation of the female urethral sphincter. The described
technique should be used instead of mathematical formulas
as the sphincter is not a uniform geometrical sphere. 3D
ultrasound imaging is gaining an increasingly prominent role
in urogynaecology and by providing an accurate structural
assessment, in addition to the functional assessment gained
from established urodynamic studies, we may be able to
develop a reliable and comprehensive pre-operative assess-
ment for women with urinary incontinence.
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