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Objectives—The purpose of this study was to assess the reproducibility of a new technique
for 3-dimensional (3D) pelvic floor sonography: OmniView combined with Volume
Contrast Imaging (VCI; GE Healthcare, Kretz Ultrasound, Zipf, Austria) for pelvic
hiatal area measurement. In addition, we aimed to study the intermethod agreement
between the new technique and the standard 3D rendering method.

Methods—We acquired a static 3D sonographic transperineal volume from 124 nulliparous
asymptomatic women and 118 women with symptoms of pelvic floor dysfunction. Each 3D
data set was analyzed by the OmniView-VCI technique to measure the pelvic hiatal area
twice by one operator and once by another to assess intraobserver and interobserver
reproducibility. The first operator later measured the hiatal area using the 3D rendering
method to evaluate intermethod agreement. Reproducibility and intermethod agreement
were studied by the intraclass correlation coefficient and Bland-Altman method.

Results—Hiatal area measurements by the OmniView-VCI technique showed high
intraobserver and interobserver reproducibility in both asymptomatic and symptomatic
women. In addition, high agreement was shown between the new technique and 3D
rendering in both groups. No systematic differences were noted in any of the reliability
studies performed. The new technique took slightly less time to calculate the hiatal area
than the standard rendering method in both asymptomatic and symptomatic women.

Conclusions—OmniView-VClis a reliable method for pelvic hiatal area measurement.
Further studies are needed to assess its reliability under contraction and the Valsalva
maneuver and to evaluate its usefulness and reproducibility for diagnosis of levator ani
lesions.

Key Words—gynecologic ultrasound; levator ani muscle; OmniView; pelvic floor; 3-
dimensional sonography; Volume Contrast Imaging

pelvic organs. Women with obstetric levator ani muscle

avulsion have a risk of developing major pelvic organ pro-
lapse, which is double compared with those with no levator ani mus-
cle injury.* Furthermore, the dimensions of the pelvic hiatus are
strongly associated with female pelvic organ prolapse, and there is
awell-established correlation between the size of the levator hiatus
and the risk pelvic organ descent.?

Although levator ani muscle injury may be detected both by
clinical examination and by sonography, palpatory detection of
major levator ani muscle trauma is less repeatable than sonographic
assessment.* Evaluation of the levator ani muscle and hiatal area
measurements are reliably achieved by 3-dimensional (3D) sonog-

r I 7 helevator ani muscle plays an important role in supporting
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raphy and have shown a good correlation with pelvic floor
dysfunction.>>~” The planes displayed by the 3D technique
are, however, Euclidean and flat, as opposed to the
anatomic shape of the pelvic floor, which is non-Euclidean
(warped).® Applying the simple multiplanar technique for
such an aim can provide insufficient anatomic information
and can lead to an overestimation of the hiatal area.” To
avoid the possibility of a measurement error, the 3D ren-
dering method, which reconstructs various layers of the
pelvic floor, has been suggested.®!%!! Another possibility
to avoid measurement error in this plane is to analyze data
included in various planes by Volume Contrast Imaging
(VCI; GE Healthcare, Milwaukee, WI). The latter tech-
nique improves contrast by eliminating noise and enhanc-
ing anatomic structures included in the whole thickness of
the region analyzed. Nevertheless, it has been noted that
VCI is time-consuming.® By adding a new technology
(OmniView; GE Healthcare, Kretz Ultrasound, Zipf,
Austria), 3D reconstruction using the VCI technique can
be performed easily and rapidly through any selected plane
on 3D volumes by depicting a simple line, thus avoiding the
necessity of volume rotation on the Z-plane. To our knowl-
edge, the effectiveness of the combination of these tech-
niques (OmniView-VCI) for pelvic floor assessment has
never been investigated.

The aim of this study was to assess the reproducibility
of the OmniView-VCI technique for measurement of the
pelvic hiatal area in both nulliparous asymptomatic women
and a group of women with symptoms of pelvic floor dys-
function. In addition, we aimed to study the intermethod
agreement between the new technique and the standard
previously suggested 3D rendering method, which is con-
sidered the reference standard for this assessment. Last, we
aimed to evaluate the time needed for such an evaluation
and to compare it with the rendering technique.

Materials and Methods

The study protocol was approved by the local Ethical
Committee of our university hospital, and a consent form
signed at recruitment was obtained from each eligible
patient. The protocol conformed to the ethical guidelines
of the Declaration of Helsinki.

From January to December 2012, 129 nulliparous
asymptomatic healthy volunteers and 127 women with
symptoms suggestive of pelvic floor dysfunction were
recruited for the study. In the symptomatic group, 61
women (48.0%) were referred for urinary incontinence,
and 19 (15%) had fecal incontinence, whereas 46 (36.2%)
were referred for pelvic organ prolapse, and 15 (11.8%)
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had dyspareunia. All women underwent an interview and
a transperineal sonographic examination.

Sonographic Volume Acquisition

A static 3D volume was acquired from all participants as
previously described!! by 1 of 3 operators with variable
experience in 3D sonography (A.Y., E.M., and T.G.).
A Voluson E8 system (GE Healthcare) with an RAB 8-
4-MHz volume transducer, covered by a sterile glove was
used for all acquisitions. The 3D volume was acquired at
rest in the modified lithotomy position and with an empty
bladder, using high quality and a wide acquisition angle
(70°-85°). The convex volumetric ultrasound transducer
was positioned translabially in the midsagittal plane (Fig-
ure 1). This plane included the entire levator hiatus with
the symphysis pubis, urethra, paravaginal tissues, vagina,
anorectum, and puborectalis loop from the pelvic sidewall
in the area of the arcus tendineus of the levator ani to the
posterior aspect of the anorectal junction.

Volume Analysis

All volumes were saved on the ultrasound machine and
later transferred anonymously to a personal computer
equipped with dedicated software (4D View 9.0; GE
Healthcare) for offline analysis. After the study, the pelvic
hiatal area was measured by the OmniView-VCI technique
(Figure 2) twice by an operator with more than S years of
experience in 3D sonography (operator 1, AY.),and once
by another operator with less than 1 year of experience in
3D sonography (operator 2, EM.) to investigate the
intraobserver and interobserver reproducibility of the new
technique. The pelvic hiatal area was also measured by the
previously described rendering method® once by operator
1 to calculate the intermethod agreement (first measure-
ment by operator 1 versus rendering method). The times
needed for the hiatal area measurement by OmniView-
VCI (first measurement by operator 1) and by 3D render-
ing were recorded. The time count was started when each
volume was successfully loaded and ready to be analyzed.
This time included plane adjustment and hiatal area meas-
urement. To minimize bias, an interval of at least 1 week
between any two analyses of the same volume was estab-
lished. If a volume quality was considered poor, thus hin-
dering hiatal area measurement, by either or both of the
operators, the volume was excluded from the analysis.

OmniView-VCI Technique

The VCI technique superimposes and includes different
layers of tissue in image construction, reducing and eliminat-
ing speckles and noise pixels that are generated at random,
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whereas anatomical structures are enhanced, leading to
improved contrast and a smoother image (Figure 2).
On the other hand, the OmniView technique allows slicing
of a volume in the multiplanar mode along any required
plane by simple depiction of aline along the selected plane.
Accordingly, the combination of the OmniView and VCI
techniques allows the analysis of 3D volumes along any
plane, including a slice with a designated thickness, pro-
ducing high-contrast, smooth images (Figure 2). In our
study, this method was applied to the previously described
plane minimal hiatal dimensions.!~!3 The latter plane runs
from the posterior margin of the symphysis pubis to the
anterior margin of the puborectalis muscle, where it defines
the anorectal angle.® The 3D volume was opened and
checked for proper alignment on the various planes. The

Youssef et al—3D Sonographic Assessment of the Pelvic Floor Muscles

OmniView-VCI application was then activated. The plane
of minimal hiatal dimensions was obtained by drawing a
line on the midsagittal plane running from the posterior
margin of the symphysis pubis to the anterior margin of
the puborectalis muscle at the anorectal angle including a
thickness of 10 to 20 mm, avoiding the need for rotation of
the Z-plane (Video 1 and Figure 2).

Rendering Technique

For all volumes, we measured the hiatal area using the ren-
dering technique as previously described.!!? In brief, the
3D volume was opened and checked for proper alignment
on the various planes. Rotation on plane A was performed
to align the posterior margin of the symphysis pubis and
the anterior margin of the puborectalis muscle, where it

Figure 1. Multiplanar display of a 3D volume acquired translabially in the midsagittal plane. The multiplanar mode shows the 3 perpendicular planes:
midsagittal (A), coronal (B), and axial (C). The main structures identified on the acquisition plane (A) are from left to right: symphysis pubis (SP), ure-
thra (U), vagina (V), rectum (R), and puborectalis muscle (PR) passing behind the rectum.

Figure 2. OmniView-VCl technique. The line from OmniView-VCl is drawn along the plane of least pelvic hiatal dimensions between the posterior
margin of the symphysis pubis and the anterior margin of the puborectalis muscle, where it defines the anorectal angle, including a thickness of 10
to 20 mm (A). The plane of hiatal dimensions is automatically displayed on the right hand side (B). The trace method is then used to measure the
pelvic hiatal area (C).

J Ultrasound Med 2015; 34:65-72 67
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defines the anorectal angle on the same horizontal level.
The 3D rendering application was then activated. Rendered
volumes were set at a thickness of 1.5 to 2.5 cm, with the
plane of minimal dimensions included in the region of
interest, which delineated the rendered volume, with the
rendering direction set from caudal to cranial. Thickness was
adjusted to optimize visualization of insertion of the pub-
orectalis muscle, which depends on a number of factors,
including the patient’s muscle mass, image quality, and
contraction quality. The standard rendering setting was
surface/minimum 80/20, with transparency set at S0.
Figure 3 illustrates the same 3D volume in the same
woman, analyzed by the OmniView-VCI (Figure 3A) and
the 3D rendering (Figure 3B) techniques.

Statistics

Continuous data, including hiatal area values, are given as
mean * standard deviation. An independent-samples
Student ¢ test was performed to analyze differences between
asymptomatic and symptomatic women. Agreement
between the examiners and between the measurements
made by the first examiner, as well as the agreement between
OmniView-VCI and 3D rendering, was expressed as intra-
class correlation coefficients (ICCs) for single measure-
ments and 95% confidence intervals (CIs) for the ICCs.!*
The systematic differences were also computed by a paired
Student  test.

For repeatability, to assess the systematic bias between
intraobserver versus interobserver and OmniView-VCI
versus 3D rendering measurements, differences between
values were plotted against means of the measurements as
described by Bland and Altman,'® and the limits of agree-
ment (LOA) were evaluated together with their 95% Cls.'s
The repeatability coefficients were also computed.'®

The statistical analyses were performed with SPSS
version 13.0 software for Windows (IBM Corporation,
Armonk, NY). Two-tailed P < .05 was considered significant.

Results

Among the volumes acquired, S in the asymptomatic group
and 9 in the symptomatic group were considered of inade-
quate quality for levator ani assessment by both operators.
The final analysis was thus performed on 124 volumes in
the asymptomatic group and 118 in the symptomatic
group. The patients’ characteristics and hiatal areas in
the groups are displayed in Table 1.

The results of the analyses of agreement in asympto-
matic and symptomatic women are shown in Tables 2 and
3, respectively. As shown in the tables, hiatal area meas-
urement by the OmniView-VCI technique had high
intraobserver and interobserver reproducibility in both
groups. In addition, high agreement was shown between
OmniView-VCl and the previously suggested standard 3D

Figure 3. Comparison of images obtained by the OmniView-VCl technique (A) and the 3D rendering technique (B).
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rendering in both asymptomatic and symptomatic women.
Furthermore, no systematic differences were shown in any
of the reliability studies performed in both groups. The indi-
vidual patient data for hiatal areas in both groups are avail-
able online (supplemental Table 4).

Table 1. Patient Characteristics and Hiatal Areas in Nulliparous
Asymptomatic and Symptomatic Women

Nulliparous
Asymptomatic Symptomatic
Women Women
Characteristic (n=124) (n=118)
Age,y 23.4+27 459+12.8
Parity 00+00 15+0.8
Body mass index, kg/m? 21.0+£3.0 259+41
Hiatal area, cm?
OmniView-VCl 1318 +2.30 15.85 + 4.49
Rendering 1312 +£2.35 1577 £4.58

Data are presented as mean + SD.

Youssef et al—3D Sonographic Assessment of the Pelvic Floor Muscles

Bland-Altman plots of the intraobeserver, interobserver,
and intermethod agreement in asymptomatic and sympto-
matic women are shown in Figures 4 and S, respectively.
Moreover, the time needed for hiatal area measurement
by OmniView-VCI was significantly shorter than that for
the standard rendering method in both the asymptomatic
group (41.5 £ 9.0 versus 71.7 + 16.8 seconds; P < .001)
and the symptomatic group (44.5 + 7.2 versus 72.7 + 13.3
seconds; P <.001).

Discussion

In this study, we provided original data on a new simple
technique for pelvic floor muscle evaluation: OmniView-
VCI. Using this technique, we were able to measure the
pelvic hiatal area rapidly and reliably at rest in both healthy
nulliparous women and women with symptoms of pelvic
dysfunction. We demonstrated that OmniView-VCI has

Table 2. Intraobserver and Interobserver Reproducibility and Intermethod Reliability for Pelvic Hiatal Area Measurement in Nulliparous

Asymptomatic Women

Parameter Intraobserver

Mean difference, cm? -0.01(-0.17t0 0.15)

Range of differences, cm? -3.05t02.99
Systematic difference, P2 907
ICC 0.926° (0.896 to 0.947)
95% LOA, cm?
Upper 175 (1.48t02.03)
Lower 177 (-2.05to -1.50)
Repeatability coefficient, cm? +1.76

Intermethod
Interobserver (Rendering vs VCI)
0.03 (-1.47t0 0.76) 0.09 (-2.471t03.76)
-3.61t03.04 —2.47t03.76
.680 .264
0.930° (0.902 to 0.950) 0.917°(0.883 to 0.941)

1.69(1.43t01.95) 194 (1.65t02.23)
-1.63 (-1.89 t0 -1.37) 175 (-2.05 to -1.46)
+1.66 +1.85

Data in parentheses are 95% Cls.
aStudent ttest.
bP< 001 versus 0.

Table 3. Intraobserver and Interobserver Reproducibility and Intermethod Reliability for Pelvic Hiatal Area Measurement in Symptomatic

Women

Parameter Intraobserver

Intermethod

Interobserver (Rendering vs VCI)

Mean difference, cm? 0.14(-0.01t0 0.29)

Range of differences, cm? -1.85t02.04
Systematic difference, P2 .821
ICC 0.965° (0.714 to 0.988)
95% LOA, cm?
Upper 1.76 (1.50t02.02)
Lower -1.47 (-1.73t0-1.22)
Repeatability coefficient, cm? +1.6

-0.60 (-0.95t0-0.24) 0.02 (-1.84t01.88)

—-6.78105.93 —2191t02.43
334 980
0.908° (0.862 to 0.938) 0.903" (0.769 to0 0.979)

3.25(2.63t03.87) 2.04(-1.22t05.31)
—4.45 (-5.07 t0 -3.83) -2.00(-5.26t01.27)
+3.8 +2.0

Data in parentheses are 95% Cls.
aStudent ttest.
bP< 001 versus 0.

J Ultrasound Med 2015; 34:65-72
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Figure 4. Bland-Altman plots of the first hiatal area measurement
obtained in asymptomatic women by operator 1 using the OmniView-
VClI technique versus the second measurement by operator 1
(A, intraobserver; correlation between average values and differences,
r=-0.012; P=.896), the measurement by operator 2 (B; interob-
server; r=0.010; P=.916), and the measurement by the rendering
method (C; r=-0.092; P=.310). Solid lines represent mean differences,

Figure 5. Bland-Altman plots of the first hiatal area measurement
obtained in women with symptoms of pelvic floor dysfunction by
operator 1 using the OmniView-VCl technique versus the second
measurement by operator 1 (A; intraobserver; correlation between
average values and differences, r=0.01; P=.983), the measurement
by operator 2 (B; interobserver; r=0.018; P=.923), and the measure-
ment by the rendering method (C; r=-0.034; P=.951). Solid lines
represent mean differences, and dashed lines represent 95% LOA (ie,

and dashed lines represent 95% LOA (ie, mean difference + 1.96 SD).
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high intraobserver and interobserver reproducibility, in
addition to high agreement with the previously suggested
and studied 3D rendering technique.®!%12 In addition, we
confirmed the relationship between the pelvic hiatal area and
symptoms of pelvic floor dysfunction in our population.

By distending the pelvic hiatus, vaginal childbirth may
lead to levator ani muscle injury in up to 30% of deliveries.!”
This injury may take the form of avulsion (detachment of
the puborectalis muscle from its insertion) or a permanent
overdistension of the pelvic hiatus.!®!° Both levator ani
muscle avulsion and overdistension of the pelvic hiatus are
strongly associated with pelvic organ prolapse.?® Unfortu-
nately, almost all levator ani muscle injuries pass unnoticed
on immediate postpartum evaluations.*?!

An increasingly used method for levator ani muscle
assessment is 3-/4-dimensional translabial sonography,
particularly using rendered volumes, with the region of
interest placed at the level of the minimal hiatal dimensions.!
The use of the VCI technique has been previously sug-
gested but was thought to be time-consuming.® However,
to our knowledge, the use of VCI for pelvic floor assess-
ment has never been adequately investigated previously.
By adding the possibility of reconstructing any 3D plane
by OmniView without the need to adjust the region of
interest (Video 1 and Figure 2), we were able to rapidly
measure the pelvic hiatal area with high intraobserver and
interobserver reproducibility. In addition, our measure-
ments correlated highly with those performed by the
widely used rendering method.!! The main advantage of
using the OmniView-VCI technique is that it permits the
3D reconstruction of a slice thickness on the plane of min-
imal hiatal dimensions without the need to rotate on the
Z-plane. This reconstruction was obtained by simply
depicting a line on the sagittal plane between the symph-
ysis pubis and the anterior margin of the puborectalis mus-
cle, where it defines the anorectal angle (Figure 2). It is
worth noting that, although the second operator had less
than 1 year of experience in 3D sonography, the hiatal area
measurements showed high agreement with those pro-
duced by the experienced operator in both symptomatic
and asymptomatic women. This finding is not surprising,
considering the simple and standardized approach that we
applied.

Our study had some weaknesses. First, we evaluated
the feasibility and reproducibility of OmniView-VCI only at
rest. A key assessment of the pelvic floor is the dynamic one.
Although this assessment was not the aim of this study, we
think that the simplicity and the speed with which the
desired reconstructed axial plane is obtained may be use-
ful in dynamic as well as static evaluations of the levator ani

J Ultrasound Med 2015; 34:65-72
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muscle. The effectiveness of levator ani assessment by
OmniView-VCI under pelvic floor muscle contractions
and the Valsalva maneuver and its accuracy for diagnosis of
levator ani muscle injury need to be assessed before rec-
ommending its routine use. Another limitation was the
heterogeneity of the symptomatic group. However, as
the main aim of our study was not a comparison or evalua-
tion of each single dysfunction but rather the reproducibil-
ity of the new technique in different populations, we do not
think that this factor should be considered a weakness in our
study.

In conclusion, the OmniView-VCI technique is a
rapid and reproducible method for pelvic hiatal area meas-
urement in both nulliparous asymptomatic women and
women with symptoms of pelvic floor dysfunction at rest.
Further studies investigating its usefulness and repro-
ducibility for diagnosis of levator ani lesions, as well as the
reliability of hiatal area assessment under contraction and
the Valsalva maneuver, are warranted.
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