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Abstract

Introduction and hypothesis: We tested inter/intra-observer reproducibility of ten different three-D ultrasound (3D-US) pelvic
floor variables and endopelvic vascularization using 3D-power Doppler angiography (3D-PDA) as a reliable method to assess
pelvic floor status during pregnancy and puerperium. We hypothesized that the method would show good reproducibility.
Materials and methods: A prospective study was conducted in two university hospitals, with 162 nulliparous pregnant women
evaluated at weeks 12, 28 and 36, and at 48 hours postpartum and three months post-delivery. At each visit, we performed
transperineal 3D-US and 3D-PDA of the pelvic floor. Images corresponding to 30 cases were electronically sent between the 2
observers to test the reproducibility of the results.

Results: Correlation coefficients > 0.70 for all 10 variables were obtained. Intra-observer reproducibility for each observer
was very good, with intra-class correlation coefficients > 0.86. Inter-observer reproducibility of urethral sphincter volume
and vascularization, 3D-PDA, VI, FI and VFI measured by VOCAL technique with automatic threshold mode showed good
correlation (ICC > 0.80), considered sufficiently high to be clinically applicable.

Conclusions: The present study showed good reproducibility and high inter- and intra-observer correlation coefficients for all
the variables used to assess the pelvic floor during normal pregnancy and puerperium, including vaginal anterior wall anchors
(AWA) as new biometric measures. This makes them reliable parameters for diagnosis and monitoring of pelvic floor disorders
in normal pregnancies. We found that use of the VOCAL technique with automatic threshold mode for measurements was
superior to the manual mode due to its accuracy and shorter time requirement.
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1 Introduction

Pregnancy and childbirth are the main causes of female
pelvic floor dysfunction, and women with at least one de-
livery show pelvic floor disorders more frequently than nul-
liparous women.!""?! Impaired levator ani muscle function
is responsible for most pelvic floor disorders, and the preva-
lence of symptomatic lesions of this muscle after vaginal
delivery ranges from 15% to 35%."! In addition, increased
urogenital hiatus during pregnancy and after delivery is as-
sociated to the distension of the levator ani.!>!

Factors such as multiparity, advanced maternal age, pro-
longed labor and fetal macrosomia are related with lesions
in the elevator ani and the anal sphincter.0=") Use of the
forceps is associated with increased pubo-vesical muscle le-
sions and a higher incidence of anal sphincter tears.[6: 1% All
these factors have been studied using three-dimensional ul-
trasound (3D-US) and by 3D-power Doppler angiography
(3D-PDA) to determine the extent of such lesions and con-
sequences arising during pregnancy as well as subsequent
physiological implications. 3D-US is currently considered
an important diagnostic tool in the assessment of the pelvic
floor.3:%!

The present study is the first part of a larger research
project. Our group has developed a 10-parameter method
using state-of-the-art ultrasound technology to assess pelvic
floor parameters in women with normal pregnancy and puer-
perium. The method is intended for practical application in
clinical practice where such technology is available, but the
first step was to confirm its reproducibility.

Objectives

The objectives were to test inter and intra-observer repro-
ducibility between two observers in different hospitals us-
ing 3D-US to evaluate female pelvic floor parameters in the
three compartments (anterior, middle and posterior), and
3D-PDA to assess periurethral vascularization, throughout
normal pregnancy and puerperium. We wished to analyze
the reproducibility of measurable parameters, including the
maximum height of vaginal anterior wall anchors (AWA).
We hypothesized that the method proposed in the present
study would be reproducible in different hospital settings.

2 Material and methods

A prospective multicenter study was conducted with the par-
ticipation of the department of Obstetrics and Gynecology,
Hospital de Manacor (Mallorca Island) and Hospital Uni-
versitario de Canarias in Tenerife (Canary Islands) between
April 2012 and August 2013. The study design was ap-
proved in its entirety by the ethics committees of both hospi-
tals. Inclusion and exclusion criteria for patients are shown
in Table 1. The exclusion criteria were intended to avoid
the inclusion of women with previous pelvic floor disorders
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that could interfere with the interpretation of data collected
in the present study.

Table 1: Criteria for inclusion and exclusion in the study
Criteria for inclusion:
Caucasian, primiparous or miscarriage before 12 weeks of

pregnancy.
Singleton pregnancy.

Less than 12 weeks pregnancy at first visit: gestational age (GA)
estimated by ultrasound: CRL < 52 mm.

Informed consent to participate in the study.

Criteria for exlusion:

Present or past urinary or fecal incontinence.

History of pelvic surgery: hemorrhoids, anal fistulas, vaginal or
uterine surgery, anexectomy, myomectomy etc.

History of any kind of muscular or neurologic disease that could
cause weakness or paralysis of pelvic floor musculature.

Regular consumption of any medication or drugs that could affect
pelvic floor vascularization or musculature.

Of 174 women initially recruited, 12 were excluded: one
elective abortion for Edwards syndrome, six did not attend
the outpatient clinic after delivery or missed more than one
visit before, and five because of poor quality volume images.
The final study sample comprised 162 women.

Study protocol

Each patient was evaluated on five occasions; three times
during pregnancy and twice after delivery, according to the
following schedule (see Table 2).

Table 2: Evaluation schedule for each patient
1st visit before 12 weeks gestation (first trimester)
2nd visit at 28 weeks

3rd visit at 36 weeks

4th visit at 48 hours postpartum

5th visit at three months postpartum

At each of the five visits, the participants underwent 3D-US
imaging of the pelvic floor and completed an internation-
ally accepted questionnaire adapted for use in the present
study.!'!)

The ultrasound examinations were performed using a Vo-
luson 730 Expert 3D multi-vaginal probe (3-9 MHz), GE
Medical System (Kretztechnik GMBH, Zipf, Austria). Vol-
ume capture was performed by the same two observers (A
and B) in each hospital, both of whom with over 20 years of
professional experience, and with an interval of 24 hours be-
tween the two observers. Patients were scanned in the gyne-
cologic lithotomy position with a bladder volume between
175 ml and 200 ml, calculated by 3D-US. The scans were
performed by transperineal route, inserting the probe in the
introitus. Although the route was transperineal, we used a
transvaginal probe for ease and versatility of use. Every ex-
amination had a time of renderization between 30 and 45
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seconds.

To obtain sagittal plane images, the probe was directed
towards the abdominal wall of the patient at an angle of
30°with respect to the longitudinal axis. After visualiz-
ing the three compartments of the pelvic floor in the same
plane, the first volume was captured at rest (see Figure 1A

and 1B). Then, without moving the probe, with the patient
at rest, we selected the 3D-PDA option and captured the
3D image of the periurethral vasculature, with the following
settings:!'?l Power (PWR): 100% ; Gain: 7.4; Frequency:
medium; Quality: High; Wall Filter: Low 1; Pulse repeti-
tion frequency (PRF): 0.6 KHz.

Figure 1: (A): Reference sagittal plane ultrasound image used in the study of the pelvic floor. P: Pubis; AC: Anal Canal;
U: Urethra; Va: Vagina; R: Rectum. B: Bladder. (B): Three-dimensional ultrasound image of the urogenital hiatus. P:
Pubis; U: Urethra; Va: Vagina; PR: Puborectalis muscle; A: Anus. (C): Measurements of vaginal anterior wall anchors
maximum height: distance between the anchors and the lower edge of the urethra (U) (arrows).

Subsequently, to obtain the volume with the Valsalva ma-
neuver, the image was captured at the point of maximum
effort by the patient, while maintaining the same sagittal
plane. Finally, to selectively study the posterior compart-
ment, the probe was oriented perpendicular to the vaginal
axis.

Four volumes of the pelvic floor were captured; three in the
sagittal plane of reference for the analysis of the anterior and
middle compartment as follows: one at rest, one with the
Valsalva maneuver and a third evaluation of the pelvic floor
(at rest) with 3D-PDA. The fourth volume was obtained in

42

the coronal plane for the study of the posterior compartment.

In all cases we chose to use the VOCAL technique with au-
tomatic threshold VOCAL mode (TVM) to assess urethral
sphincter volume and 3D-PDA vascularization indices (vas-
cularization index [VI], flow index [FI] and vascularization
flow index [VFI]), since this measurement mode is observer-
independent!!'?! and is less time-consuming than the manual
VOCAL mode (MVM) as well as being more accurate. The
variables studied for each patient are shown in Table 3 and
Table 4.
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Table 3: Intra-observer reproducibility

Parameter” Intra-class CC Observer A 95% CI Intra-class CC Intra-class CC Observer B 95% CI intra-class CC
UVA (9 0.963 0.923-0.983 0.949 0.892-0.976
usv MVM 0.956 0.907-0.979 0.923 0.838-0.963
(m)  TVM 0.883 0.754-0.944 0.969 0.936-0.985
Vi MVM 0.989 0.977-0.995 0.985 0.967-0.993
TVM 0.986 0.972-0.994 0.988 0.975-0.994
o MVM 0.956 0.908-0.979 0.905 0.800-0.955
TVM 0.924 0.840-0.964 0.973 0.942-0.987
VEI MVM 0.985 0.968-0.993 0.971 0.939-0.986
TVM 0.983 0.965-0.992 0.993 0.985-0.997
LHA (cm?) 0.885 0.758-0.945 0.900 0.791-0.953
AWA (mm) 0.958 0.912-0.980 0.885 0.759-0.945
ARA () 0.864 0.714-0.935 0.868 0.724-0.937

Note. * UVA: urethrovesical angle; USV: urethral sphincter volume; MVM: Manual VOCAL mode; TVM: Threshold VOCAL mode; VI:
vascularization index; Fl: Flow index; VFI: vascularization flow index; LHA: length of hiatus area; AWA: vaginal anterior wall anchors (maximum

height); ARA: anorectal angle.

Table 4: Inter-observer reproducibility

Parameter” Interclass CC 95% ClI Interclass CC
UVA (9 0.907 0.804-0.956
usv.  MVM 0.914 0.819-0.959
(ml) TVM 0.930 0.852-0.967
Vi MVM 0.780 0.537-0.895
TVM 0.877 0.741-0.941
I MVM 0.704 0.377-0.859
TVM 0.804 0.588-0.907
VEI MVM 0.790 0.559-0.900
TVM 0.861 0.708-0.934
LHA (cm?) 0.818 0.617-0.913
AWA (mm) 0.865 0.715-0.936
ARA (°) 0.811 0.604-0.910

Note. UVA: urethrovesical angle; USV: urethral sphincter volume;
MVM: Manual VOCAL mode; TVM: Threshold VOCAL mode; VI:
vascularization index; FI: Flow index; VFI: vascularization flow index;
LHA: length of hiatus area; AWA: vaginal anterior wall anchors
(maximum height); ARA: anorectal angle.

In addition, each participant completed a questionnaire
based on the “Consultation on Incontinence Questionnaire
(ICIQ-UI-SF)”.13]

The procedure adopted for the study of intra- and inter-
reproducibility for observers A and B was as follows:

From the total sample of 162 women evaluated by observer
B (Mallorca), 30 cases were randomly selected. For each of
these 30 cases, a good-quality 3-D ultrasound image of the
pelvic floor was sent electronically to observer A (Tenerife),
together with a 3D-PDA image reflecting endopelvic vascu-
lature, within 24 hours of acquisition. The images contained
no text that could reveal the identity of the patient and were
coded by the sender.

(1) Each observer measured the 10 parameters twice:
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once for use in the analysis of inter-observer repro-
ducibility, and again for use in the analysis of intra-
observer reproducibility.

Each observer recorded his/her results (also coded to
preserve patient anonymity) on an Excel datasheet
which was sent electronically to an independent col-
laborator (C) enlisted for the purpose.

The collaborator sent the results to a statistician who
performed (a) the analysis of intra-observer repro-
ducibility on the basis of the two sets of measure-
ments made by each observer, and (b) the compara-
tive analysis of inter-observer reproducibility on the
basis of the first measurements made for each case.

(@)

3

The reason for not reversing the dispatch of images (i.e. im-
ages were not sent from observer A to B) was that observer
A was responsible for developing the 10-parameter method
and wished to test its reproducibility in another hospital set-
ting with similar ultrasound technology.

Regarding vaginal AWA as a biometric parameter in our
study, assessment of the anchors was performed in the uro-
genital hiatus, measuring the maximum distance between
the anchors and the lower edge of the urethral sphincter in
the axial plane (see Figure 1C). In our experience, Tomo-
graphic Ultrasound Imaging (TUI) has proved an optimal
method for measurement, allowing a 4x4 format with 15
slices 1.5 mm apart. With respect to the statistical method, a
descriptive analysis of the variables was performed by cal-
culating the mean and 95% confidence intervals, or medians
and quartiles 1 and 3 depending on distribution. For com-
parisons, we used Student’s ¢ test or the Mann-Whitney tests
and ANOVA or Kruskal-Wallis test, depending on compli-
ance with the requirements of each test. Spearman correla-
tion coefficients were used to study the correlation between
variables, and multivariate analysis was also performed us-
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ing multiple regression. All analyzes were carried out with
SPSS 17.0 (SPSS Inc. Chicago, USA).

3 Result

Tables 3 shows intra-observer reproducibility for observer
A and B while Table 4 shows inter-observer reproducibility.
All 10 variables showed correlation coefficients greater than
0.70, values that are considered acceptable.!'¥]

Intra-observer reproducibility for both observers A and
B was very good, with intra-class correlation coefficients
greater than 0.86.

The inter-observer reproducibility in the case of urethral
sphincter volume (USV) and the vascularization indices VI,
FI and VFI, in our study, showed significantly lower intra-
class correlation coefficients when measured by conven-
tional MVM than when measured using automatic TVM,
so it is preferable to use this method of measurement; in
addition, TVM is less time-consuming than MVM. All the
variables studied using TVM showed good inter-observer
reproducibility, with ICC > 0.80, values considered accept-
able for clinical use (see Table 4).

4 Discussion

Although a host of methods have been used to explore
the pelvic floor,!'] the transperineal approach has been de-
scribed by Dietz et al.l'® as the most appropriate because
it involves the least anatomical deformation, besides being
more comfortable for the patient. But the authors used an
abdominal probe which they considered would allow a bet-
ter view of the three compartments. In our study, we used
the transperineal route but with a three-dimensional vaginal
probe. We understand that this offers a wide enough angle
of insonation, which facilitates visualizing the three com-
partments in a single image, and is much more manageable
due to its size. Still, we opted for independent volume cap-
ture of the posterior compartment, to ensure more accurate
measurement of the anorectal angle.

For the assessment of ultrasound variables, most investi-
gators!!”! recommend intermediate bladder filling, avoiding
extreme volumes, and this was followed in our study, al-
though some studies!'”! have shown that ultrasound vari-
ables are not affected by bladder volume.!"8 Finally, fol-
lowing the recommendations of Dietz at,'%! we required
that the rectal ampulla be empty for more accurate diag-
nosis. Regarding the ultrasound variables included in our
study, we found several published studies that matched our
method of measuring the posterior urethrovesical angle, the
hiatal area, and the anorectal angle. However, for the ure-
thral sphincter volume, periurethral vascularization and the
maximum height of the vaginal anterior wall anchors, we
found no published studies that employed the same method
of measurement.!'"!
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With respect to assessment of the urethral sphincter, vari-
ous studies, both in vitro and in vivo, have demonstrated
the accuracy of 3D-US in estimating its volume,?% 2! using
the rotational planes pre-established by the VOCAL tech-
nique.”?!! In addition, the reliability of 3D-US has proven to
be superior to that of two-dimensional ultrasound. Since the
image is automatically obtained, the volume generated is
operator-independent, but certain common patterns among
different observers are required, to work with similar Carte-
sian values to ensure inter and intra-observer reliability and
thus demonstrate the reproducibility of the method and re-
sults.[1?!

Robinson et al.”?! calculated urethral sphincter volume
using 3D ultrasound but conducted the study in the early
1990s, and there have been great advances in 3D ultrasound
technology since that time. Digesu et al.>¥! recently pub-
lished a method for measuring the urethral sphincter using
a vaginal 3D probe with transperineal access and a scan-
ner similar to ours. Sphincter measurements were made in
the axial plane, first manually tracing the area of the outer
edge of the sphincter, and then a second area of the inner
edge, in both cases measuring multiple planes 1 mm apart
for the entire length of the sphincter. From these data, they
calculated the volume automatically. Finally, to obtain the
volume of the “rhabdosphincter”, they subtracted the vol-
ume of the inner area from the total volume. The difference
with our study is that they did not use the VOCAL rota-
tional method, which we believe simplifies and shortens the
process and increases accuracy due to the pre-established
rotational planes.

Regarding periurethral vascularization, the exact relation-
ship of the various 3D indices with actual blood flow is not
fully known and is still being researched. However, these in-
dices have proven reliable to assess vascularization. Various
studies have reported reproducible results in the vasculariza-
tion of complex structures such as the endometrium and the
ovary, with very high intra- and inter-class correlation coef-
ficients.[*4!

Various investigators have studied female periurethral vas-
cularization, but most employed 2D-US,!>! and published
their results on periurethral vascularization using 3D-PDA
color histograms, with three vascular indices (VI, FI and
VFI). However, the big difference with our study is that
they took as the periurethral area a threshold of 5 mm in-
stead of 3 mm which we used in our study. Considering the
anatomical distribution of urethral vascularization shown by
Doppler flow maps, it seems that beyond 3 mm one begins
to include vessels of the vaginal wall, so including tissue
beyond this limit only contaminates the results.

With respect to the vaginal anterior wall anchors, many au-
thors have described images of paravaginal defects of the
urogenital hiatus observed in the axial plane.l??”1 These
studies have focused only on describing the shape of the an-
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chors. Moreover, correlation with the clinical examination
of patients has been questioned due to poor reproducibil-
ity. We present a new numerical parameter, not a subjec-
tive impression of these anchors, measuring the maximum
height they presented before and after delivery. Very precise
measurements were obtained using TUI mode with multiple
slices just 1 mm apart.

In the analysis of the reproducibility of our measure-
ments, to refer to the urethrovesical angle (UVA), we relied
on previously published criteria,!'¥ obtaining good intra-
and inter-class correlation coefficients. Duckett and Laut-
mann?®! have reported the reproducibility of results in pa-
tients before and after undergoing anterior colporrhaphy.
They used the same method of measurement and the same
statistical program, obtaining even slightly higher values
than ours (intra-class CC 0.999 and inter-class CC 0.998).
Digesu and al>¥! also reported good reproducibility of re-
sults in measuring the volume of the urethral sphincter,
with high rates of reproducibility for the rhabdosphincter
(intra-class CC: 0.945; inter-class CC: 0.896), very close but
slightly inferior to ours (intra-class CC: 0.969; inter-class
CC 0.93).

For periurethral vascularization, a good correlation was ob-
tained with CC greater than 0.80 in all vascular indices us-
ing the threshold mode. These results are comparable to
those reported by other authors,>! although they only re-
ported finding small differences between the two repeated
measurements by the same examiner, without specifying the
correlation coefficient values or inter-observer reproducibil-
ity.

Our method of calculating the hiatal area has been described
previously!!®! and its reproducibility has been confirmed.?”!
In this regard, Weinstein et al.l'¥ found excellent intra-
observer reproducibility (ICC: 0.98) on measuring the hiatal
area with the patient at rest. Also, in the work presented by
Santoro et al.,[?! intra-class correlation coefficients for the
same parameter were good, ranging from 0.857 to 0.893 ac-
cording to observers, which are very close to ours (0.885 for
observer A and 0.900 for observer B); similarly, our inter-
observer reproducibility (ICC: 0.818) falls within the range
presented by Santoro et al (ICC: 0.783-0.851).

In the case of the maximum height of vaginal anterior wall
anchors, we found very good intra-observer reproducibil-
ity (ICC: 0.95 and 0.88) and inter-observer reproducibility

(ICC: 0.86). These results imply high reliability for this pa-
rameter, so we believe it should be considered as another
useful parameter for the study of the pelvic floor.

The anorectal angle (ARA) was also reproducible in our
study, although it presented the lowest correlation coeffi-
cients of all parameters (ICC: 0.864 and 0.969 and 0.811 for
intra-observer and inter-observer reproducibility). This may
reflect the difficulty others have also had to clearly identify
the posterior wall of the rectal ampulla. Santoro et al.[*”!
used a different method than ours, as they measured the an-
gle formed by the posterior wall of the rectum and the anal
canal posterior edge. In our case, we took as a reference
the line passing through the axis of the anal canal. Constan-
tinil18! presented a method to measure ARA similar to ours,
showing good intra- and inter-observer reproducibility with
the patient at rest, although they did not report the intra and
inter-class correlation coefficients.

Strengths and limitations of the study

This study showed good reproducibility and high inter- and
intra-observer correlation coefficients for all the variables
used to assess the pelvic floor during normal pregnancy and
puerperium, making them reliable parameters for diagnosis
and monitoring of pelvic floor disorders in normal pregnan-
cies. Moreover, the employment of the techniques described
above requires personnel with recognized expertise in the
field of pelvic floor ultrasound and physiology.

5 Conclusions

All the ultrasound variables that we evaluated proved to be
reproducible, with high correlation coefficients. The eval-
uation of these parameters, as we will discuss in imminent
paper, can help identify patients at risk of pelvic floor dys-
function after changes occurring during normal pregnancy
and medium-term puerperium.

We established a new objective parameter for clinical ap-
plication, namely maximum height of vaginal AWA. This
can be measured with great precision to reflect biometric
changes in normal pregnancy and puerperium, and in the
present study it showed good reproducibility.
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