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Prolapse assessment supine and standing: do we need different
cutoffs for Bsignificant prolapse^?
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Abstract
Introduction and hypothesis Translabial ultrasound (TLUS)
has shown good correlations between clinical examination
and imaging findings in the supine position, and limits of
normality have been described. This is not the case for imag-
ing in the standing position. This study was designed to test
the hypothesis that different cutoff values are required for
imaging in the standing position.
Methods This was a retrospective study carried out in a tertia-
ry urogynecological unit in women presenting with symptoms
of lower urinary tract and pelvic floor dysfunction between
August 2013 and December 2015. All women underwent a
standardized interview, 4D TLUS and a POP-Q assessment.
Organ descent on ultrasound was measured relative to the
postero-inferior margin of the symphysis pubis (SP) on max-
imal Valsalva in the supine and standing positions. Receiver
operator characteristic (ROC) statistics were used to determine
optimal cutoffs for Bnormal^ pelvic organ support.
Results We assessed 243 data sets. Mean patient age was 57
years. Prolapse symptoms were reported by 59.2%, and POP
of stage ≥ 2 was found in 82.3%. On analysing imaging data
sets obtained in the standing position, we obtained similar
cutoff values to those established previously for supine imag-
ing, using ROC statistics. The levator hiatus distended signif-
icantly more on Valsalva in the standing position compared

with supine, and on ROC analysis we identified a new optimal
cutoff of 29 cm2.
Conclusions Established cutoffs for supine imaging of organ
descent are suitable for imaging in the standing position.
Hiatal distensibility may require a higher cutoff of 29 cm2.

Keywords Cystocele . Female pelvic organ prolapse . Hiatal
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Introduction

The clinical assessment of female pelvic organ prolapse (POP)
involves observation of organ descent during a Valsalva
manouvre according to a standardised method, the Pelvic
Organ Prolapse Quantification (POP-Q) [1]. For practical rea-
sons the patient is assessed in the supine position, even though
it is generally accepted that organ support is more adequately
tested in the standing position [2]. Some authors have claimed
that poor associations between symptoms of prolapse and
clinical findings may be because the latter are obtained supine
rather than standing [3].

Translabial ultrasound (TLUS) is an alternative method to
the clinical assessment of prolapse. Pelvic organ descent eval-
uated on ultrasound has shown good correlations with symp-
toms of prolapse and standardised prolapse quantification
(POP-Q) [4–6], with ultrasound organ descent quantified
against the inferior symphyseal margin [7]. For technical rea-
sons, assessment in the standing position is easier than on
clinical examination, and this is sometimes necessary when
patients are unable to perform a proper Valsalva manouvre [8].

To help to define whether a certain degree of POP is clin-
ically relevant, cutoffs for significant pelvic organ descent on
the basis of prolapse symptoms have been defined. Descent of
the bladder to ≥ 10 mm, the rectum to ≥ 15 mm below the
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symphysis pubis (SP) and the cervix descending to ≥ 15 mm
above the SP have been proposed as cutoffs for the diagnosis
of significant prolapse on the basis of ROC statistics [4, 9].
The levator hiatus on Valsalva is deemed to be normal if
<25 cm2 on Valsalva, both on the basis of data in young
nulliparous women and on the basis of ROC statistics in
symptomatic women [8].

However, it is likely that established cutoffs for Bnormal
pelvic organ support^ on imaging may have to be modified
for imaging in the standing position. In other words, a given
degree of organ descent measured on imaging may be
Babnormal^ in the supine, but Bnormal^ in the standing position.

The relationship between organ descent and symptoms of
prolapsemay depend on the position in which the examination
is carried out. Several studies have been published regarding
the influence of the patient’s posture on pelvic floor ultrasound
parameters [10–13], but such studies have been limited to
bladder descent, without attempting to define Bnormality ,̂
that is, the optimal cutoff for the identification of the degree
of organ descent that is likely to lead to symptoms of prolapse.
The aim of this study was to determine whether established
cutoff values for supine imaging of organ descent are equally
valid for imaging performed in the standing position.

Materials and methods

We retrospectively analysed the data of 243 women seen in a
tertiary urogynecological unit for symptoms of lower urinary
tract and/or pelvic floor dysfunction during two separate time
periods, from August 2013 to February 2014 and between
October and December 2015. All patients underwent a
standardised interview, which included questions regarding
urinary incontinence, prolapse, voiding dysfunction, frequen-
cy, nocturia, obstructed defecation, anal incontinence, recur-
rent urinary tract infections and pad use. Lifestyle impact was
quantified with the help of a visual analogue scale (VAS) used
for the main symptoms. A clinical examination was then per-
formed using the International Continence Society Pelvic
Organ Prolapse Quantification (ICS POP-Q) [1] system, in
addition to a 3D/4D TLUS in supine and standing positions
using a GE Kretz Voluson 730 Expert system (GE Medical
Systems, Zipf, Austria) as previously described [14]. The pa-
tient was standing upright, with the operator kneeling to the
side of the patient and holding the transducer to her perineum.
The order of assessment (supine or standing first) was
changed every 50 patients. The person performing ultrasound
data acquisition was blinded to the patient’s history, but not to
clinical findings. The person performing post-processing anal-
ysis of stored ultrasound volume data sets obtained in the
standing position was blinded against history and all clinical
findings. A test–retest series for all ultrasound parameters was
conducted before analysis and showed good interobserver

agreement. The main outcome measure was Bsymptoms of
prolapse^, which was ascertained using standardised ques-
tions and defined as a Bsensation of a lump or bulge^ and/or
a Bdragging sensation in the vagina^.

Offline analysis of stored ultrasound volumes obtained in
the standing position was performed at a later date and blinded
against all other data, on a desktop personal computer using
the proprietary software 4D View v 10 (GE Kretz Ultrasound,
Zipf, Austria). Ultrasound measurements of pelvic organ de-
scent (cystocele, uterine descent, descent of the rectal ampul-
la) were performed against a horizontal line placed through
the inferior symphyseal margin, giving the maximal caudal
position on Valsalva, without any reference to position at rest.
On ultrasound, prolapse below the SP is given a negative
reading, while the ICS POP-Q returns positive measurements.
Hence, bladder descent to 5 cm below the SP (−5 cm) is
equivalent to approximately Ba = +3 [7]. Hiatal area on
Valsalva was measured in rendered volumes, as previously
described [15]. All measurements were performed on volume
data sets obtained on maximal Valsalva in the supine and
standing positions. Levator avulsion was diagnosed on multi-
slice or tomographic imaging as previously described [16].

Two-sample t test was used to test the association between
pelvic organ descent on TLUS and symptoms of POP;
p < 0.05 was considered significant. Using symptoms of pro-
lapse (i.e., the sensation of a vaginal lump or bulge or a drag-
ging sensation) as the outcome parameter to be predicted,
cutoffs for Babnormal^ pelvic organ descent were determined
using ROC statistics, aiming for optimal sensitivity and spec-
ificity. Our null hypothesis was: BTranslabial ultrasound im-
aging in the standing position does not require different cut-
offs for the definition of ‘normal pelvic organ descent (that is,
descent unlikely to lead to symptoms of prolapse) compared
to imaging in the supine position^. Statistical analysis was
undertaken using SPSS v.20 (SPSS, Inc., Chicago, IL,
USA). This study was approved by the institutional Human
Research Ethics Committee (Reference No: 14–022).

Results

Two hundred and forty-three women were assessed during the
study period; 5 were excluded because of missing TLUS vol-
ume data sets, leaving 238 patients for analysis. Mean patient
age was 57 years (range 17–89, SD 13.8), mean parity was 3
(range 0–8, SD 1.5), and in 21.9% (n = 39) there was a history
of forceps delivery. Seventy-nine patients (33%) reported a
previous hysterectomy by any route. Mean BMI was 29 kg/
m2 (range 16–53, SD 6.3) and 58.4% (n = 139) were meno-
pausal. Among 238 patients, 70.2% (n = 125) complained of
stress urinary incontinence, and 66.8% (n = 119) of urge uri-
nary incontinence. Prolapse symptoms were reported by
59.2% (n = 141).
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On examination, clinically significant prolapse (i.e. POP-Q
stage ≥2 in the anterior and posterior compartments or POP-Q
stage ≥1 in the central compartment) [5] was found in 82.3%
(n = 196). Levator avulsion was diagnosed by tomographic
ultrasound in 36.1% (n = 86). On TLUS, offline analysis of
volumes obtained on maximal Valsalva in the standing posi-
tion, the bladder neck descended on average to 11.5 mm be-
low the SP, that is, to −11.5 mm (range + 5.6 to −28); mean
uterine descent was to 9.7 mm above the SP, that is, to
+9.7 mm (range + 25.5 to −6.1) and mean rectal ampulla
descent to −15.8 mm (range − 1.7 to −29.8). Mean levator
hiatal area was 32.3 (range 24.6 to 40) cm2. Volume data
obtained in the supine position were not evaluated for this
study.

Table 1 shows the association between symptoms of pro-
lapse and POP measurements on Valsalva in the standing po-
sition. Uterine descent measurements were obtained in the 159
women who had not previously undergone a hysterectomy.
Symptoms of prolapse were significantly associated with
cystocele (−11.5 mm vs 0.5 mm; p < 0.001), uterine descent
(9.7 mm vs 15.3 mm; p = 0.005), rectal ampulla descent
(−15.8 mm vs −10.9 mm; p = 0.009), and levator hiatal area
(32.3 mm vs 26.8 mm; p < 0.001).

Using ROC statistics (see Fig. 1) we established optimal
cutoffs of −10 mm (i.e. 10 mm below the SP) for bladder
descent, +15 mm (i.e. 15mm above the SP) for uterus descent,
−15 mm (i.e. 15 mm below the SP) for rectal ampulla descent
and 29 cm2 for levator hiatal area. The area under the curve
(AUC) obtained was 0.698, 0.593, 0.635 and 0.706 for
cystocele, uterine descent, rectal ampulla descent and levator
hiatal area respectively. Similar results were obtained when

ROC statistics were repeated after excluding women who re-
ported previous incontinence and/or prolapse surgery.

Hence, our null hypothesis for organ descent could not be
disproven. Measurements obtained in the standing position
can be assessed using established definitions of normality.
However, this is not the case for hiatal distension. A hiatal
area on Valsalva of 29 cm2 was found to be the optimal cutoff
when imaging is performed in the standing position.

Discussion

In this study, we attempted to determine whether cutoffs for
Bnormal pelvic organ support^ previously defined for the su-
pine position [4, 9] need to be modified if imaging is per-
formed with the patient standing. This does not seem to be
the case. Although all organs descend slightly further, that is,
to a lower position, in the standing patient, this effect is too
small to alter ROC statistics for the definition of optimal cut-
offs. Hence, established cutoffs for organ descent can be used
on imaging data obtained in the standing position. This is not
the case for hiatal dimensions for which a higher cutoff of
29 cm2 may be more appropriate.

Imaging and clinical assessment for POP are almost uni-
versally performed with the patient supine for reasons of prac-
ticality and expediency, although it has been postulated that
the standing position may offer a more accurate assessment of
pelvic organ support because prolapse symptoms are general-
ly only perceived when the patient is standing [17].

There are limited data on the assessment of pelvic organ
support in the standing position, as this posture can be quite

Table 1 The association between
measurements on standing
Valsalva and symptoms of female
pelvic organ prolapse

TLUS measurements
on standing Valsalva

Symptoms of prolapse

Mean (SD) cm OR (95% CI) p value AUC

Yes No

Cystocele (mm) −11.5 (17.1) 0.5 (13.27) 0.95

(0.93–0.97)

<0.001

0.70

Uterine descent (mm)a 9.7 (15.86) 15.3 (13.82) 0.97

(0.958–0.99)

0.005

0.59

Rectal ampulla (mm) −15.8 (14.08) −10.9 (13.43) 0.97

(0.95–0.99)

0.009

0.64

Hiatal Area (cm2) 32.3 (7.72) 26.8 (6.79) 1.11

(1.06–1.16)

<0.001

0.71

Analysed using univariate binary logistic regression test and ROC curve. Results and data expressed as mean
(SD), odds ratio (95% CI) and area under the curve (AUC)
aAnalysis performed on 159 women who had not undergone hysterectomy
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awkward for both the patient and the physician, and it needs
special skills to obtain precise measurements. Some authors
have reported significantly greater organ descent in the stand-
ing position [17–19], whereas others have found the opposite
[20]. Some of the differences between those studies may be
due to power issues and definitions, as it is highly likely that
organs would descend further once gravity adds to the loads
placed on supportive tissues. More importantly, it appears that
neither author attempted to define Bnormal^ organ support,
that is, organ support that is unlikely to lead to symptoms of
prolapse.

This is an issue that some of the authors of this current
study have been interested in for many years. In the past, we
have defined optimal cutoffs, that is, values that can be utilised
as a definition of the limits of Bnormal pelvic organ support^,
both on imaging [4, 21] and on clinical examination [22].
These were defined on POP-Q as Ba and Bp at −0.5, C at
−5 on, and bladder at 10 mm below the SP, uterus at 15 mm
above the SP and rectal ampulla at 15 mm below the SP on
ultrasound imaging. However, it is understood that all those
values apply to assessment in the supine position, which is
why we carried out this study.

In our study population, it appears that established cutoffs
for supine imaging of the descent of the bladder and rectal
ampulla are suitable when performing imaging in the standing
position. A supine Valsalva seems highly effective in that the
additional load generated by imaging in the standing position
does not seem to greatly increase organ descent. This is not the
case for hiatal distensibility, for which we propose a higher
cutoff when determined in the standing position. We hypoth-
esize that this may be because muscle biomechanical proper-
ties can be confounded by cortical activity, resulting in more
optimal distension when loaded in the standing position.

There are several strengths of this study that should be
considered. It was conducted using a 4D ultrasound system
based on a highly reproducible ultrasound methodology in a

large data set and with a standardised technique. Real-time
ultrasound assessment of prolapse allows the observation
and exclusion of a number of confounders such as bladder
filling [22] and levator co-activation. The storing of cine loops
of volume data sets allows an evaluation that is fully blinded
against symptoms and clinical characteristics. On the other
hand, there are some weaknesses that should be acknowl-
edged. This is a retrospective study based on symptomatic
patients referred to a tertiary urogynecological unit, and most
of them were of Caucasian origin. Hence, our results may not
be representative of other jurisdictions and/or the general pop-
ulation. It might also be argued that the use of validated ques-
tionnaires may have been preferable to a physician-directed
interview. In addition, previously defined cutoffs for
Bsignificant prolapse^ were established in a different popula-
tion, although performed in the same clinic and in women
with similar demographic characteristics.

In conclusion, it appears that established cutoffs for supine
imaging of organ descent are suitable for the analysis of im-
aging performed in the standing patient. Assessment in the
standing person does not yield substantially altered diagnostic
performance. Hence, we agree with Swift et al. [20] in that an
optimal supine Valsalva effort should be sufficient to result in
maximal or near-maximal organ descent. In our view, assess-
ment in the standing position can be limited to those patients
in whom a supine examination is clearly sub-optimal because
of poor effort or levator co-activation, or in whom there is a
substantial discrepancy between symptoms and clinical
findings.
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Fig. 1 Receiver operating characteristic (ROC) curves showing the association between symptoms of prolapse and organ descent (a bladder, b uterus, c
rectal ampulla. AUC area under the curve
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