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Introduction: The role of imaging in pelvic organ prolapse (POP)
assessment is unclear. Open magnetic resonance imaging (MRI)
systems have a configuration that allows for imaging women with
POP in different positions. Herein, we use a 0.5 Tesla open MRI
to obtain supine, seated, and standing images. We then compare
these images to evaluate the impact of posture on detection and
staging of POP.

Methods: Women presenting with symptoms of POP at a tertiary
care university hospital were asked to participate in this prospective
cohort study. Symptom scores, POP-Q staging and three-position
MRI imaging of the pelvis data were collected. The pubococcygeal
line (PCL) was used to quantify within-patient changes in pelvic
organ position as defined by: no displacement, <1 c¢cm inferior to
the PCL, mild (1-3 cm), moderate (3.1-6 cm), and severe (>6 cm)
in the axial and sagittal T2-weighted images. Statistical analysis
was completed (T-test; p<0.05 significant).

Results: A total of 42 women, age range 4078 years, participated.
There was a significant difference in the mean values associated
with anterior prolapse in the supine (0.7+1.8), seated (2.4+3.4),
and upright (4.2+1.6) positions (p=0.015). There was a significant
difference in the mean values associated with apical prolapse in
the supine (0.5+1.5), seated (1.5+1.4), and upright (2.1+1.5) posi-
tions (p=0.036).

Conclusions: Our findings suggest that POP is more readily detect-
ed and upstaged with standing MRI images as compared to supine
and seated positions. The developed two-minute standing MRI pro-
tocol may enable clinicians to better assess the extent of POP.

Introduction

The International Continence Society guideline for manage-
ment of pelvic organ prolapse (POP) states that, “Imaging
may assist the clinical assessment of POP or intercurrent
pelvic floor diagnoses,” but also emphasizes that it is entire-
ly optional.” There is recognition that gravity and posture
affect the interplay of the pelvic support structures/organs
and hence influence the detection and staging of POP.2*
Currently, clinicians rely on the POP-Q score for staging and
therapeutic decision-making for POP;® however, physical
examination in the upright position or when the patient per-
forms a Valsalva maneuver during the POP-Q assessment are
known to have inherent limitations.®® Magnetic resonance
imaging (MRI) has been proposed to be a useful method
for diagnosing and staging POP;' however, conventional
scanners require the patient to be in a supine position, thus
limiting visualization of the effects of posture and gravity.
Re-operation rate in POP is “unacceptably high and likely
represents an underestimate of the true rate.”” DeLancey pro-
poses that approximately 30% of the operations performed
are re-operations, and states, “The high prevalence of this
problem indicates the need for treatment improvement,
which will only be possible if research clarifies causative
biomechanical mechanisms and scientifically valid studies
discover why operations fail.”'® Suboptimal staging of POP
with the POP-Q and conventional MRI assessments, due
to the inability to capture the full influence of posture and
gravity, may be a reason for such a high re-operation rate.
Hence, we propose imaging in the upright position, par-
ticularly in those women with symptoms of POP but nega-
tive POP-Q results. Open MRI systems allows patients to be
imaged supine, seated, standing, and fully weight bearing.
In 1996, the concept of MRI imaging in the upright position
was introduced by Fielding et al."" Evaluating five volunteers
with the open MRI, most of the pelvic floor structures were
stable, with the exception of the posterior urethrovesical
angle, which was increased in the sitting position as com-
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pared to the standing position. Apart from a study by Grob
et al,> which investigated the effect of upright scanning on
staging with patients straining, the potential for standing MRI
to add to the evaluation of POP was not explored further
until a study by Friedman et al.” Friedman et al compared
MRI images of 11 women in the supine and standing posi-
tions and found differences in bladder position in patients
with POP between the two positions (p=0.03)."? This was
not observed in controls. As these studies included very few
patients, standing MRI is not part of the imaging recommen-
dations from international bodies."'

While it is assumed that an accurately performed POP-Q
physical exam equates to an accurate diagnosis, we know that
surgical failure rates are a concern. The objective of this study
was to use a 0.5 Tesla open MRI scanner to obtain supine,
seated, and standing images, and compare them to evaluate
the impact of posture on detection and staging of POP in
women. We propose a role for open MRI evaluation in women
with symptoms of POP and a negative POP-Q assessment.

Methods

Study population

Following ethical approval (UBC Ethics H14-03507), we
recruited women aged 18 years and older with symptomatic
POP from female pelvic medicine subspecialty practices of
urologists/urogynecologists at multiple tertiary care, univer-
sity-based medical practices. All subjects were surgically
naive for prolapse surgery. Initial evaluation and staging of
patients included a complete history, incorporating validated
symptom questionnaires of the Urogenital Distress Inventory
(UDI-6),"*5 the Colorectal-Anal Distress Inventory (CRADI
8),'® and the Pelvic Organ Prolapse Distress Inventory
(POPDI-6)."” Physical examination included height, weight,
urinalysis, postvoid residual, and POP-Q staging.

Imaging

All subjects were screened using the MRI safety check-
list. Open MRI of the pelvis was performed using a 0.5
Tesla system (Paramed Medical Systems, Italy) located at
the University of British Columbia Centre for Hip Health.
Subjects emptied their bladder prior to entering the scanner.
To avoid any anatomical distortion, neither contrast agents
nor a surface body coil was used.

The dynamic sequence of imaging acquisition was supine,
followed by seated views, followed by transition to the stand-
ing position. Parameters used to obtain axial and sagittal
views of the full pelvis in the supine and seated positions
were: TR 470 TE 10; echo train length, 32; bandwidth, 32
kHz; excitation, one; matrix size, 256x160; field of view,
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100; section axial T2-weighted images with thickness 5 mm
and slice gap T mm. The protocol used a T2-weighted single-
shot fast spin-echo (SSFSE) sequence (TR: 1300 ms; TE: 60
ms; slice thickness: 6 mm; field of view 32-36 cm; matrix:
256x160; 1 excitation and half-Fourier acquisition).

Subjects were then transitioned to the standing position,
and to assist with balance and stability, a support bar was
provided for patients to hold on to. The upright scan was
limited to a 10 cm field of view centered on the pubis
to limit the time patients had to stand still. The standing
image acquisition time was two minutes, in recognition
that some patients find standing immobile for a long time
difficult or uncomfortable. In addition, to address the pos-
sibility of subjects feeling faint when upright, all patients
wore leg deep venous thrombosis external pneumatic
compression devices.

Pelvic reference lines

To quantify the degree of descent of the pelvic organs and
to compare the differences between standing, seated, and
supine imagines in cm, pelvic reference lines were used.
The pubococcygeal line (PCL) was drawn as a line extending
from the most inferior portion of the symphysis pubis to the
tangent of the last coccygeal joint.' Differences between
the supine, seated, and upright distance of the bladder neck,
cervix, and pouch of Douglas from the PCL were measured
in cm. Pelvic organ position was defined as: no displace-
ment or <1 c¢cm inferior to the PCL, mild (1-3 ¢cm), moderate
(3.1-6 cm), and severe (>6 cm).

Statistical analysis

Demographic and clinical questionnaire data were reported
as mean with standard deviation. Displacement related to
the PCL was compared between supine, seated, and upright
position using IBM® SPSS statistical software for analysis,
with t-test p<0.05 indicating significance.

Patient demographics

Forty-two women with symptoms of POP participated. The
mean age was 65 years (range 40-78). Eight percent had
undergone forceps delivery. Thirteen were premenopausal
and 29 post-menopausal. Parity, smoking history, and val-
idated symptom scores are shown in Table 1 and in the
Appendix (the latter available at cuaj.ca). Mean body mass
index (BMI) was 33.5 kg/m (range 20-38). Mean POP-Q
stage supine was 2.0 (range 0-3.5) and POP-Q stage upright
was 2.5 (range 0-3.5).
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Table 1. Demographics of 42 women with symptomatic
POP who underwent open MRI scanning in the supine,
seated, and upright full weight-bearing positions

Symptomatic subjects POP (N=42)

Parity 0 1 2 3
1 15 20 6
Smoking history Never Current Remote
35 0 7

MRI: magnetic resonance imaging; POP: pelvic organ prolapse.

Supine, seated, and standing images of good diagnostic
quality were obtained in all 42 subjects. A composite image
comparing supine, seated, and standing position in the same
subject is shown in Fig. 1. Specifically, all subjects were
able to complete the two-minute standing sequence with-
out evidence of motion artefact. Results comparing mild,
moderate, and severe prolapse based on the PCL line are
shown in Table 2. There was a significant difference in the
mean values associated with anterior prolapse in the supine
(0.7+1.8), seated (2.4+3.4), and upright (4.2+1.6) positions
(p=0.015). There was a significant difference in the mean val-
ues associated with apical prolapse in the supine (0.5+1.5),
seated (1.5+1.4), and upright (2.1£1.5) positions (p=0.036).

Five of the 42 women had a negative POP-Q assessment
for prolapse in both supine and upright but on the POPDI
6, answered affirmatively to question 2 relating to having a
bulge that they could see or feel. In these five subjects, pro-
lapse was identified when imaged in the standing position
(Fig. 2). In brief, anterior prolapse observed in the upright
scan was not seen in the supine scan.

Discussion

of prolapse in symptomatic women with POP compared to
supine imaging. These results suggest that open MRI should
have a role in evaluating women with symptoms of POP,
especially if they are found to have a negative POP-Q assess-
ment. We also note that our protocol, which includes a short
scan time and central field of view using the 0.5 Tesla MRI
scanner, provides images of high diagnostic quality and can
be applicable in subjects with a broad range of BMIs. The
open MRI scanner has been primarily used in the context of
orthopedic care for the evaluation of weight-bearing effects
and the impact of gravity on joints and ligaments.'®?* This
application of open MRI to better define and stage POP
builds on our initial pilot studies applying the technology
in urology.'**!

In the 42 women studied, no downstaging occurred when
comparing upright to supine images. Importantly, in the five
subjects with symptoms of protrusion but no detectable pro-
lapse on POP-Q exam, prolapse was identified in the stand-
ing open MRI images.

The relevance of what we report relates to several clinical
scenarios. Women who present with a clear history sug-
gestive of prolapse can have negative findings on a clinical
exam. The literature discusses reasons for this, including
supine positioning, patient inability to Valsalva effectively,
and limited ability to distinguish all organ positions during
standing exam;? however, in the context of imaging, none of
the European Society of Urogenital Radiology Pelvic Floor
Working Group or the European Society of Gastrointestinal
and Abdominal Radiology or the International Urogynecology
Assocation recommendations include standing position for
standard MRI imaging in pelvic floor dysfunction."'?

In addition, the choice
of surgical procedure is
primarily based on the
stage of prolapse defined
clinically. The greater
detail of pelvic anatomy
and enhanced definition
of organ relationships pro-
vided by standing imag-
ing may allow for greater
refinement in surgical
correction of POP, as the
clinician is able to chose
a procedure that better
matches the anatomical
defect(s). We propose
that the additional infor-
mation standing images
provide will help reduce
the rate of postoperative
failure. For example, a
patient who presents with
only anterior prolapse on
POP-Q exam but is dis-
covered, upon standing
MRI, to have apical pro-
lapse, may benefit from
repair of both anterior and
apical prolapse in terms of
preventing postoperative
failure.

Although we found
a statistical difference
in stage between seated
and supine images, we
suggest that there is no
clinical benefit to seated
imaging in women who
are able to stand. The
rationale for studying
subjects when seated was

Fig. 1. A composite image of (A) supine,
(B) seated, and (C) upright scans in

a 65-year-old G2P2 post-menopausal
female with prolapse staged using the
pubococcygeal line. The standing image
demonstrates the presence of significant
prolapse upstaging pelvic organ prolapse
(POP) in this subject.
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Table 2. Percentage of subjects based on 42 women with
symptoms of POP who have findings of anterior and apical
prolapse on open MRI images (based on severity of finding)

Mild Moderate Severe
Supine Anterior prolapse 6% 1% 1%
Apical prolapse 22% 1% 1%
Upright Anterior prolapse 36% 42% 12%
Apical prolapse 36% 12% 1%

MRI: magnetic resonance imaging; POP: pelvic organ prolapse.

to aid in the evaluation of women who cannot weight bear,
such as those with neurological conditions. This is illustrated
in Fig. 1, where a prolapse identified in the standing position
is not demonstrated when seated. lacobellis et al also found
differences in organ position between the supine and seated
position.?? In our study, some subjects’ upstaging was evi-
dent when seated, but the full extent was not demonstrated
until standing. A further consideration is that women who
have severe prolapse detected in the supine position may
compress the prolapse when seated, and this can result in
artificial downstaging of the extent of POP.

We suggest that the protocol described for supine and stand-
ing image acquisition can be used clinically; the combination of
using a 0.5 Tesla open magnet and the ability to image patients
when standing upright allowed the full effect of posture and
gravity to be evident and provided diagnostic-quality images.
Also, because the standing image segment of the protocol
involves a short image acquisition time (two minutes), as a
limited central field of view is scanned, it is possible to scan
almost anyone who can stand. Keeping the duration of the
standing sequence short also reduces potential motion artifact.

Importantly, this protocol was designed to be non-inva-
sive, free of radiation, and practical clinically, with short
duration and without coils or contrast. Because this patient
group frequently has lower urinary tract symptoms, the
potential exists for stress or urgency incontinence during
the study. Hence, patients voided prior to being scanned and
none were incontinent. We suggest that aiming to standard-
ize bladder volume for this investigation without catheteriza-
tion is not practical and would convert the protocol into an
invasive study. Furthermore, many women with POP have
incomplete bladder emptying as part of their condition.

Grob et al reported the effect of upright scanning on stag-
ing with patients straining.? They found the distance from
the bladder neck, cervix, and pouch of Douglas to the PCL
increased significantly from the supine straining position
relative to an upright rest and straining position; however,
this study involved a small presurgical cohort of 15 subjects
who had stage 2 or higher POP. The authors state that image
quality obtained was not optimal; their technique required
the use of a coil, a lower Tesla magnet, and inclined rather
than fully vertical imaging. In addition, their protocol was
restricted, as they could not image subjects with U.S. jean
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size 14 or greater, and the National Health and Nutrition
Examination Survey indicates that 66.9% of women in the
U.S. are overweight or obese (defined as BMI 25-29.9 for
overweight and 30 or more for obese).?*

Our ability to quantify upstaging through upright imaging
builds on the discipline of using pelvic reference lines.'*8
A technical point when considering the benefits of standing
images is the current practice of viewing supine images in
a vertical orientation and publishing illustrations of them in
the same manner. We suggest that for clarity, with the avail-
ability of upright images, supine images should be shown
horizontally and standing images vertically.

We recognize the limitations in what we report. In this
study, patients voided prior to starting the MRI and filled spon-
taneously throughout the study. The International Consultation
on Incontinence recommendation is that patients should have
an empty bladder during physical examination to avoid a filled
bladder causing an obstruction on descent during the Valsalva
maneuver, leading to a missed POP diagnosis.?* Patients did
not strain, cough, or Valsalva; this was for practical reasons,
to limit the duration of the protocol, limit motion artifact, and
ensure image quality. Reporting of posterior prolapse was
not included; our protocol was designed to be non-invasive
and hence avoid contrast. Comparison with women without
POP was not made; control data have been published previ-
ously.” Patients were screened for contraindications to safe
conduct of MRI; not all patients with POP will be eligible.
This technique does require access to an open MRI facility.
These are increasing in number and may be a viable option
in the future. All participants were sufficiently able-bodied to
be able to stand; in practice, some patients will be too com-
promised in this regard to be able to complete the standing
segment of the protocol or will be wheelchair-bound. Due
to the cost of each MRI study, we were limited by funding

Fig. 2. A sample image demonstrating the extent to which gravity dependent
pelvic organ prolapse (POP) can be upstaged by comparing standing to
supine images. A 60-year-old G1P1 female who presented with increasing
urinary incontinence and a feeling of vaginal heaviness when ambulant. On
pelvic exam supine and inclined, at rest and with Valsalva, revealed no organ
descent. Evaluation using upright open imaging shows (A) supine and (B)
standing imaging confirming evidence of prolapse with the effects of posture
and gravity. This shows also shows the adequacy of the abbreviated two-
minute scan for diagnostic purposes.
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restraints to recruiting only 42 patients in this study; it may be
of benefit to evaluate more women with symptoms on POP
in future studies using this technology.

Future directions could include:

- The investigation of pre and postoperative patients to
understand the anatomical changes achieved surgi-
cally and how these are affected by upright posture.
This could potentially impact surgical technique for
primary and secondary procedures.

- A randomized clinical trial to compare the surgical
outcomes in those women who have negative POP-Q
assessments who undergo MRI evaluation with a pos-
itive finding and those who do not to determine the
preoperative role of standing MRI in surgical plan-
ning/counselling.

- Exploration of other pelvic reference lines to define the
impact of upright posture on quantification of rectal
prolapse. In complex cases, 3D image reconstruction
from upright images can be applied where the protocol
allows for high-quality images to be obtained.?'

- Biomechanical models of pelvic organ relation-
ships;'° these are currently done using supine images,
and are one area to explore in future research using
standing imaging.

- Exploration of how the POP-Q stage could be compli-
mented by the addition of standing imaging data. The
image quality that can be obtained using this protocol
may have applicability to understanding changes to
the female urethra based on posture and gravity.

Conclusions

the influence of posture and gravity on POP to be identified.
Comparison of standing to supine images indicates statis-
tically significant upstaging in both anterior prolapse and
apical prolapse. The developed two-minute standing MRI
protocol may enable clinicians to better assess the extent of
POP, especially in those with a negative POP-Q assessment.
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