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Abstract

Aims: FemiCushion (FC) is a supportive device for pelvic organ prolapse (POP), but its effectiveness has not
been evaluated with imaging studies. This study utilized magnetic resonance imaging (MRI) to evaluate the
anatomic changes induced by FC use in patients with severe POP.

Methods: This prospective study examined patients with stage 3 or 4 POP who underwent treatment with
FC and received a diagnostic MRI. Measurements were made in the midsagittal plane at rest and during
straining with and without FC. The vertical distances from the lowest points of the anterior and posterior
vaginal wall (A; P), uterine cervix or vaginal stump (C), and perineal body (PB) to the Pelvic Inclination Cor-
rection System line were measured, along with the lengths of the urogenital (UGH) and levator hiatus (LH).
Results: Twelve patients were included in the study. The median age was 72 (range, 56-84) years. All refer-
ence points were positioned significantly higher with the FC than without the FC (median AA: 11 mm,
p = 0.005; AC: 14 mm, p = 0.011; AP: 6 mm, p = 0.008; APB: 7 mm, p = 0.002). Median UGH and LH lengths
during straining were significantly shorter with the FC than without the FC (UGH: 44 mm vs. 53 mm,
p = 0.002; LH: 60 vs. 65 mm, p = 0.021).

Conclusions: This is the first report on the use of MRI to measure the performance of FC. Our study demon-
strates that FC effectively repositioned the organs involved in POP.

Key words: conservative treatment, magnetic resonance imaging, pelvic organ prolapse, pessaries, quality

of life.

Introduction

Pelvic organ prolapse (POP) is one of the most com-
mon diseases in postmenopausal women and occurs
in 41% and 38% of patients with and without a
uterus, respectively.! Pessaries, which are inserted
into the vagina to support the uterus or vaginal wall,
are the primary conservative treatment for POP?
however, a 5-year prospective study demonstrated
that 12% of pessary users experienced complications,

such as pain or discomfort, vaginal erosion or bleed-
ing, and constipation® Up to 285% and 4% of
patients elected for surgery or no further treatment,
respectively, after the cessation of pessary use.’
FemiCushion (FC, Woman’s Medical Research Inc.,
Tokyo, Japan) is a supportive device (supportive
underwear) that treats all types of POP. It repositions
prolapsed organs into the vaginal cavity with a hemi-
spherical silicone cushion and is secured with special
underwear (Figure 1). In recent years, FC has been
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FIGURE 1 The three compo-
nents of the FemiCushion
device. (a) The cushions,
which are available in three
different sizes; (b) the cush-
ion holder; and (c) the
cushion supporter

widely and clinically recognized as a conservative
treatment for POP. FC causes less damage to pro-
lapsed organs and vaginal mucosa. It can be used by
women who do not tolerate pessaries because of pain,
erosion, or repeated pessary escape. It may also be
used as an alternative to a pessary during the waiting
period before surgery.

While some reports have demonstrated the clinical
usefulness of FC,*” the ability of FC to reposition pro-
lapsed organs has not been objectively evaluated with
imaging. Imaging is an important complementary tool
in the assessment of pelvic floor disorders. Magnetic
resonance imaging (MRI) can simultaneously evaluate
all compartments of the pelvic floor and provide
information about specific muscles and ligaments.
Dynamic MRI as an auxiliary diagnostic imaging tool
for POP has been reported.®” Dynamic MRI of the
pelvis during straining reproduces the prolapsed state
under normal abdominal pressure and provides more
accurate evaluations. Dynamic MRI can also be used
to evaluate the effectiveness of repair by comparing
preoperative and postoperative images.*

This study utilized MRI findings to evaluate the
anatomical changes induced by FC among patients
with severe POP. We also assessed changes in the
patient’s prolapse quality of life (P-QOL) scores to
determine whether FC use alleviated patient symp-
toms. We hypothesized that FC effectively elevated
the most prolapsed points of the involved organs and
improved patients” P-QOL scores.

Methods

This prospective study included patients with POP
quantification (POP-Q) stage 3 or 4 who used FC for
at least 1 month and underwent diagnostic MRI for
the routine examination of POP at our institution
between July 2020 and June 2021.

The FC supporters provided by us and used in this
study had no metal components, which allowed the
FC to be worn during MRI. Patients were allowed to
wear their supportive underwear purchased at their
own cost except when undergoing MRI. Patients were
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started on a small cushion size, and the size was
increased to medium or large depending on the fit.

Patients underwent MRI with FC applied approxi-
mately 1 month after the FC fitting. The conditions for
MRI with FC applied were similar to those for diagnos-
tic MRI performed before FC application. The examiner
confirmed the absence of symptoms, such as skin color
changes and pain at the site, before and after the MRL
The FC was applied by the examiner prior to the MRI,
and the patient confirmed that it was well-positioned in
both the standing and supine positions. Patients were
asked to refrain from voiding their bladders 1 h before
the MRI, and gel or contrast agent was not inserted into
the vagina or rectum to avoid slippage of the FC. All
patients underwent imaging in the supine position with
a 1.5 T MR scanner (Optima MR450w; GE Healthcare,
Chicago, IL, USA). An anatomic reference was acquired
with 3D-T2-weighted static MRI sequences in the axial,
sagittal, and coronal planes. The acquisition parameters
of the 3D-T2 scan were as follows: echo time (TE),
90 ms; repetition time (TR), 2000 ms; field of view
(FOV), 25 cm; matrix, 256 x 256 mm?; slice thickness,
1.4 mm; total scan time, 9.5 min. Dynamic MR images
were constructed from the midsagittal MRI using fast
imaging employing steady state acquisition (FIESTA).
The acquisition parameters of the FIESTA dynamic
MRI were as follows: TE, 1.7 ms, minimum; TR,
5.2 ms; FOV, 35 cm; matrix, 256 x 256 mm?; interval,
2 s; slice thickness, 10 mm; total scan time, 2 min.
Images were obtained between rest and maximal
straining, and the patients were instructed by the
radiological technologists. All MR images were ana-
lyzed by a single researcher.

The lowest points of the anterior (A) and posterior
(P) vaginal walls, uterine cervix or vaginal stump (C),
and front edge of the perineal body (PB) were identi-
fied in the midsagittal plane (Figure 2). The Pelvic
Inclination Correction System (PICS) line on the
dynamic MRI midsagittal plane was used to evaluate
the locations of the lowest points of these reference
points.'® The PICS line was obtained by rotating the
sacrococcygeal inferior pubic point line 34° clockwise.
The PICS line (x-axis) was oriented perpendicularly to
the body axis (y-axis), which provided the same coor-
dinate system and allowed imaging data to be com-
pared among pa’cien’cs.10 In the present study, the
location of each point was defined as the vertical dis-
tance between the reference point and the PICS line.
Positive and negative values denoted positions above
(cephalad) and below (caudal) the PICS line, respec-
tively (Figure 2).

MRI evaluation of FemiCushion

Bladder

PICS line

FIGURE 2 Measurements made in the midsagittal
plane during magnetic resonance imaging (MRI). A,
lowest point of the anterior vaginal wall; C, lowest
point of the uterine cervix or vaginal stump, P, lowest
point of the posterior vaginal wall, PB, front edge of
the perineal body, SCIPP line, sacrococcygeal inferior
pubic point line; PICS line, pelvic inclination correc-
tion line; LH, levator hiatus; UGH, urogenital hiatus

TABLE 1 Baseline patient characteristics

Characteristics n=12
Age (years)® 72 (56-84)
Race®

Japanese 12 (100)
Parity® 2 (1-3)
BMI (kg/m?)? 24.0 (18.7-31.8)
Menopausalb 12 (100)
Hormone replacement therapy 0 (0)

usage
Prior hysterectomy” 2(17)
Prior POP surgery® 0(0)
Prior continence surgery” 0(0)
Hypertension® 6 (50)
Diabetes® 0 (0)
Chronic coughb 1(8)
Srnokingb 0 (0)
Baseline POP-Q stage®

I 9 (75)

v 3 (25)
Predominant compartment of

prolapse

Complete eversion® 2 (22)

Apical® 1(11)

Anterior® 6 (50)

Anterior and apical® 2 (22)

Apical and posterior® 1(11)

Abbreviations: BMI, body mass index; POP-Q, pelvic organ
prolapse quantification.; “Data expressed as median (range).
and "Data expressed as 11 (%).
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We also measured the lengths of the urogenital
(UGH) and levator hiatus (LH) in the dynamic MRI
midsagittal plane, as described by Sammarco et al.
(Figure 2)."" UGH was defined as the shortest dis-
tance from the pubic bone to the ventral aspect of the
perineal body. LH was defined as the shortest dis-
tance from the inferior pubic point to the ventral sur-
face of the levator ani. The LH corresponded to the
line of action of the puborectal muscle.'?

MRI was performed with and without the FC, and
all measurements were compared between the two
examinations. The difference between the measure-
ments with and without the FC was calculated by
subtracting the measurement without the FC from the
one with the FC. The values were reported as AA,
AC, AP, and APB.

The POP-Q system was used to quantify the vagi-
nal compartments and stage POP before and approxi-
mately 1 month after FC use.'

The P-QOL questionnaire was completed to assess
the effect of POP symptoms on patient’s quality of life
before and approximately 1 month after FC use.'*

Primary outcome measures were the changes in
MRI measurements between images taken with and
without FC. Secondary outcome measures included
the changes in POP-Q and P-QOL before and after FC
usage, as well as complications.

Statistical analysis was performed using JMP Pro
version 15 (SAS Imstitute Inc., Cary, NC, USA).
Wilcoxon signed-rank tests were utilized to determine
the differences between measurements with and with-
out the FC in position. Spearman’s correlation coeffi-
cients were utilized to compare the symptom score
and the measured values on MRI. Statistical signifi-
cance was set at a p value <0.05.

This study was approved by the Institutional Ethics
Committee (registration number, 20-H013) and com-
plied with the requirements under the Declaration of
Helsinki. Written informed consent was obtained for
participation in the study.

Results

Twelve patients were included in this study. The
median age was 72 (range, 56-84) years, and the
median body mass index was 24 (range, 18.7-31.8)
kg/m”. Two patients had a previous total hysterectomy.
Six cases of anterior vaginal wall prolapse were noted,
as well as one case each of apical and anterior and pos-
terior vaginal wall prolapse and two cases each of

FIGURE 3 Examples of MRI measurements. The images
depict (a) cystocele, (b) uterine prolapse, (c) enterocele
and rectocele, and (d) complete eversion. The cushion
was identified as a low-intensity hemisphere below
the perineum (yellow-dashed lines)

apical and anterior vaginal wall prolapse and complete
eversion. Nine and three patients had stage 3 and 4 dis-
ease, respectively (Table 1).
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FIGURE 4 Organ displacements with and without the FemiCushion. The lines depict the changes in the positions of the
lowest point of each organ relative to the PICS line with and without the FemiCushion in position. FC (—), without
FemiCushion; FC (+), with FemiCushion

One patient with complete eversion discontinued any discomfort or adverse effects associated with
the FC while waiting for definitive surgery because of the FC.
the discomfort caused by cushion contact with the Four patients received definitive surgical treatment,

prolapsed organ. The other 11 patients did not note which had been planned prior to their participation in
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FIGURE 5 Comparison of the lengths of the levator hiatus (LH) and urogenital hiatus (UGH) with and without the
FemiCushion in position. NS, not significant
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TABLE 2 The POP-Q measurements before and 1 month after daily FC use

Before use After use p-Value
POP-Q point Number of patients Median (range) Median (range)
Aa 12 3 (~1to +3) 2 (=2 to +3) 0.008
Ba 12 4 (42 to +6) 2 (=2 to +6) 0.039
C 12 (=3 to +9) —1.5 (~4 to +6) 0.031
Gh 12 (+2 to +6) 4 (+2 to +5) 0.066
Pb 12 (+2.5 to +4) 3.5 (+3 to +4) 0.402
Tvl 12 8 (+7 to +9) 7 (+6 to +10) 0.156
Ap 12 ~1(=2to +3) —0.5 (=3 to +3) 0.617
Bp 12 0 (=2 to +3) 0 (-3 to +6) 0.617
D 10 —3.5 (—6 to +6) —3.5(—6 to +6) 0.188
p=0.234 On TZ—WeighFed MRL the FC was clearly i.dentifiefd
as a low-intensity hemisphere below the perineum in
[ | all patients (Figure 3). The lowest positions of all pro-
4 lapsed organs were significantly higher with the FC in
position than without the FC (median AA, 11 mm,
e p = 0.005; AC, 14 mm, p = 0.011; AP, 6 mm, p = 0.008;
8 APB, 7 mm, p = 0.002) (Figure 4).
0 37 The median UGH lengths at rest and upon
£ straining with the FC were significantly shorter than
o those without the FC (at rest: 39 [range, 31-49] mm
Qo vs. 46 [range, 33-58] mm, p = 0.03; upon straining:
g 2 44 [range, 27-66] mm vs. 53 [range, 38-65] mm,
w p = 0.002) (Figure 5).
The median LH length upon straining was signifi-
cantly shorter with the FC than without the FC
1 (60 [range, 44-78] mm vs. 65 [range, 52-79] mm,
p = 0.021). There was no significant difference in
the mean LH length at rest with or without FC
- (Figure 5).
The POP-Q stages before and 1 month after daily
0 FC use were compared (Table 2). The measurements
Before After demonstrated improvements at the anterior vaginal
FCuse FCuse

FIGURE 6 Comparison of the symptom score for the
question “Pain or discomfort due to the POP,” in the
prolapse quality of life (P-QOL) questionnaire before
and after FemiCushion use. The meaning of each score;
1 = Never, 2 = Sometimes, 3 = Often, 4 = All the time

this study, after using the FC for 1-5 months. Two
patients underwent laparoscopic sacrocolpopexy,
whereas one patient each received transvaginal mesh
surgery and colpocleisis. One patient elected to dis-
continue the FC at 4 months and switched to a pes-
sary. The remaining seven patients were satisfied
with the FC because it allowed them to avoid surgery
and pessary use. These seven patients continued to
use the FC.

wall (points Aa and Ba) and the apex (point C) after
using the FC than before using the FC. No significant
differences were observed in the other defined land-
marks (Ap, Bp, D, Gh, Pb, and Tvl).

There was no significant improvement in the overall
evaluation of P-QOL before and after the use of FC
(data not shown). In the question “pain or discomfort
due to POP,” the mean score decreased after FC use
compared to before FC use (2.50 &+ 1.19, 2.17 £ 0.90,
respectively), although it was not significant
(p = 0.234) (Figure 6). After using FC, the symptom
scores were improved in five patients, remained
unchanged in five patients, and worsened in two
patients. No significant correlation was found between
the degree of improvement in the score and AA, AC,
AP, or APB.
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Discussion

Pessaries are a conservative treatment option for
patients with POP, but they may injure the vaginal
walls. In contrast, FC is not inserted into the vagina,
which allows patients to avoid the side effects often
associated with pessary use, such as bleeding, vaginal
wall erosion, and pain. Several reports have demon-
strated the clinical usefulness of FC. Souto et al. reported
improved vaginal symptoms and quality of life after
3 months of FC use in five women with POP.* Kato
et al. reported improvements in terms of the descending
sensation associated with prolapse, voiding difficulty,
and urinary frequency, which occurred in 80%, 40%,
and 15% of the women, respectively.” However, the
ability of the FC to elevate prolapsed organs as reported
has not been objectively evaluated. To our knowledge,
this is the first study to utilize dynamic MRI to describe
the anatomical changes induced by the FC.

In contrast, several reports have examined the
anatomical changes associated with pessary use in
patients with POP. Handa et al. conducted a retrospec-
tive study that demonstrated significant improvements
in the POP-Q stage of 18 patients who used a pessary
for 1 year. The therapeutic effect of supportive pessaries
has been attributed to preventing skeletal muscle
strength loss from prolonged passive stretching.'® Jones
et al. demonstrated a significant decrease in the genital
hiatus size of 42 patients with POP after 3 months of
pessary use. They further suggested that continued pes-
sary use may result in some degree of recovery in the
levator ani.'® Based on transperineal ultrasound images
of the levator hiatal area, Manzini et al. reported that
3 months of pessary use was associated with changes in
the puborectalis muscle (PRM) function of women with
POP. They further proposed that vaginal pessaries
might reduce the need for continuous contraction to
support POP, which would allow the PRM to relax. It
was unclear whether the observed changes could really
be interpreted as a regain of PRM function.'” These
reports suggest that continuous conservative treatment
of POP may prevent progression of pelvic organ
descent.

We hypothesized that FC usage can achieve the same
results as a pessary without the risks associated with
pessary use, such as vaginal erosion and bleeding. In
this study, we noted significant elevation of three sites,
namely the apex of the vagina and anterior and poste-
rior vaginal walls, during straining with the FC, which
suggested that the FC might be effective for any type of
POP. However, while the FC provided an additional

height of 2.5-3.5 cm, the median difference in elevation
at each point was only approximately 1 cm. We theo-
rized that the small difference in elevation was because
of the severity of POP in our patients and because mea-
surements were only taken in the midsagittal plane.

FC may be difficult to apply in some patients with
severe POP. In these patients, the prolapsed organs
should be digitally repositioned into the vagina prior to
FC application; however, the FC may not completely
sustain the repositioning in some cases. The involved
organs may prolapse around the FC during straining.

All patients reported that the FC was well-positioned
and secure immediately before and after the MRI was
performed with the patients in the supine position; how-
ever, our MRI data demonstrated that the FC was
located outside the vagina and/or more inferiorly from
the introitus than expected. We hypothesized that the
effectiveness of the FC may be due to a combination of
factors, such as the elevation of the prolapsed organs, as
well as perineal support and reinforcement of the dam-
aged pelvic floor. As such, we identified the locations of
PB and measured the lengths of the UGH and
LH. Elevation of the PB was considered to reflect peri-
neal support, whereas longer UGH and LH lengths may
indicate damage to the pubococcygeal and puborectal
muscles, respectively.'' During straining, the PB of
patients with FC was higher than that of patients with-
out FC, which suggested that the PB was supported and
elevated by the FC. The UGH length was significantly
shortened at rest and during straining when the FC was
positioned. This may indicate that FC provided forward
support for the lower vagina. Furthermore, LH lengths
were significantly shorter during straining with the FC
than without the FC.

Nandikanti et al. measured UGH and LH lengths to
compare the volumes of the levator ani bowl at rest and
during straining in women with and without POP."®
They demonstrated that the average UGH and LH
lengths during straining were 59 and 70 mm, respec-
tively, in women with POP. These values were signifi-
cantly longer than those of the controls (39 and 54 mm,
respectively).

In this study, the median UGH and LH lengths
during straining with the FC in position were 44 and
60 mm, respectively. These values were significantly
shorter than those in the patients without the FC in
position. FC use may shorten the UGH and LH to
measurements similar to those observed in women
without POP. Our results suggest that the FC not only
directly elevates prolapsed organs but also supports
the PB in an upward direction and closes the hiatuses.
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In the POP-Q, points Aa, Ba, and C were significantly
improved after FC use, even though the FC was
removed to take those measurements. This result was
similar to that of a previous report, which showed
improvement in POP-Q score after pessary use.'” It was
considered that the levator ani might be contracted due
to the elevation and the return of the prolapsed organ
into the vagina. Additionally, FC use for as little as a
month might lead to improvement of POP. Significant
shortening in LH and UGH during straining on MRI
might support this conjecture about the therapeutic effect
of FC use; however, it will be necessary to evaluate a
larger number of cases with longer-term FC use.

Improvements in the “pain or discomfort” symp-
tom score in P-QOL were noted in only 5 out of
12 patients. This result was considered to be due to
the short period of use and was not related to the
degree of change measured by MRI. The period of FC
use in this study might be too short to obtain
improvement in physical symptoms and quality of
life. However, the primary outcome measures of this
study were the MRI assessments with and without
FC application, not the subjective improvements that
would require additional research on changes after
long-term use.

In this study, only one patient with complete ever-
sion discontinued FC use due to discomfort caused by
cushion contact with the prolapsed organ. The other
11 patients did not report any discomfort or adverse
effects associated with FC. Furthermore, Souto et al.
reported no complications after 3 months of FC use,
although the number of cases in that study was small.
In another study of 20 patients, Kato et al.” reported
that 35% of the patients discontinued FC use after
2 months of use due to discomfort, bleeding, and/or
difficulty to wear. However, this study might have
had a higher incidence of FC-related complications as
it included older patients, as well as those who origi-
nally had complications. In addition, Sarma et al."”
reported adverse effects of long-term pessary use.
Although 167 of 273 patients were successfully using
pessaries at 4 weeks, subsequently, 93 (56%) experi-
enced complications, such as bleeding, extrusion,
severe vaginal discharge, pain, and constipation.
Therefore, we speculate that FC has fewer complica-
tions than pessaries, although there are no reports on
long-term FC use.

The study has several limitations, which include the
small number of cases and short follow-up period. It
was not possible to evaluate the efficacy of the FC for
each type of POP because of the small number of

MRI evaluation of FemiCushion

cases. The participants in this study had severe stage
3 or 4 POP. Four patients used FC while waiting for
definitive surgical treatment. Our data should be veri-
fied in patients with all stages of POP to accurately
evaluate the efficacy of the FC.

Moreover, the MR images analyzed in this study
were taken in the supine position. This may have
underestimated the position of the prolapsed organs
during standing. Previous studies have demonstrated
more significant prolapse during straining in patients
with POP-Q stage >2 in upright MRI compared to that
in supine MRL* This study performed MRI in the
supine position because no machines for upright MRI
were available. Dynamic MRI clearly demonstrates
organ prolapse during straining even in the supine
position21; however, future studies should consider
utilizing an upright MRI to reflect the effect of the FC
in daily life.

In this study, some patients with severe POP dem-
onstrated a significant reduction in the amount of pro-
lapse following FC application, even if the anatomic
changes measured in the midsagittal plane were
small. A three-dimensional coordinate system, which
utilizes four bony landmarks, including the ischial
spine, has been proposed to quantitatively assess the
lateral anatomical supports of the pelvis®*; however, it
is difficult to obtain dynamic MR images of the mid-
sagittal plane and ischial spine simultaneously.

To our knowledge, this is the first report to examine
the effect of FC with MRI. Our study clearly demon-
strated that all points of the involved organs were
repositioned with FC use. UGH and LH lengths were
also shortened during straining with the FC. These
findings may explain why FC is effective. Further
investigation with a larger number of cases and lon-
ger follow-up periods is necessary to determine
whether the FC provides anatomic support and
improves the quality of life in patients with POP.
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