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Introduction: Magnetic resonance imaging (MRI) of patients with
pelvic organ prolapse (POP) is completed in the supine position.
Open magnetic resonance imaging (MRO) uses vertical magnets,
allowing imaging in a variety of upright postures. This pilot study
used MRO to evaluate the change of prolapse in different positions
compared to non-prolapsed images.

Methods: In total, 11 women (6 POP, 5 controls) aged 24 to 65
years had 12 MRO images (midline sagittal pelvic line) consecu-
tively when supine, sitting and standing with a full and empty
bladder. Lengths between the lowest point of the bladder to the
pubococcygeal (PC) and pubopromontoreal (PP) lines in each
image were compared, and the ratio of bladder area under the PC
and PP lines to the total bladder area.

Results: Significant elongation between the PC line and lowest
point of the bladder was evident in subjects with POP comparing
supine and standing images (p = 0.03), but not controls (p = 0.07).
Similarly, this axis was significantly longer in cystocele subjects
versus controls only in the standing position. Bladder area under
the PC line was significantly increased between supine and stand-
ing positions only among subjects with cystocele (p < 0.01), and
significantly larger among the study group in the standing position
(p < 0.005), less significant in the supine position (p = 0.015), and
not significant in the sitting position (p = 0.3).

Conclusions: MRO imaging allows us to investigate the effects of
upright position and weight bearing on the staging of POP. Imaging
patients when sitting and standing identified that significant chan-
ges occur in the maximal descent of the bladder.

Introduction

Accurate staging of pelvic organ prolapse (POP) is critical
to treatment assignment, including decisions regarding the
type and extent of surgical correction. The POP-Q staging
system is commonly employed and recognized as the gold

standard for clinical staging. However, this is completed in
the supine position, and hence, can result in under-staging
of POP, which is a recognized limitation of the POP-Q.’

In POP, imaging modalities are employed to further
understand the pathophysiology of the interplay between the
pelvic organs and their structural supports. Magnetic reson-
ance imaging (MRI) helps us understand the descent of the
pelvic organs in both the diagnosis and the management of
POP.2 MRI has recognized benefits when compared to other
techniques of visual positioning, such as video-urodynamics
or contrast bowel imaging. These include imaging which is
non-invasive and uses non-ionizing radiation.

Open magnetic resonance imaging (MRO) adds the addi-
tional benefit of vertical magnets, which allow imaging in
a variety of positions, including standing. Given the recog-
nized impact of upright posture on the pelvic organs, MRO
is potentially advantageous for the diagnosis and evaluation
of POP.

The objectives of this pilot study were: (1) to construct a
feasible MRO protocol for performing POP assessments in
3 positions (supine, seated, standing) and (2) to evaluate the
change of bladder position using MRO and reference lines
for subjects with and without bladder prolapse in supine,
seated and weight-bearing standing positions. We report
the evaluation of POP using MRO imaging with a midline
3-position, 2-volume protocol.

After we received ethics board approval from the University
of British Columbia, we recruited adult women with pro-
lapse from a subspecialty practice urogynecologist/urologist.
All women had Baden Walker grade 2 cystocele and were
surgically naive. Controls were volunteer women with no
known history of POP.

All subjects completed validated questionnaires, includ-
ing the Urogenital Distress Inventory Score,® The Colorectal
Anal Distress Inventory Score*and the Pelvic Organ Prolapse
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Distress Inventory Score.> The POP-Q staging system was
recorded in the standard supine position prior to imaging
of the prolapse.

A Paramed Medical Systems 0.5T upright MRO scanner
was used to obtain images of the female pelvis in the supine,
seated, and standing weight bearing positions. The trans-
verse field of this scanner enabled us to use phased array
multichannel coils. Six 5-minute individual sequences con-
sisting of 12 MR images of the sagittal midline were obtained
with a full bladder and following voiding in all subjects. Four
subjects (2 with POP and 2 controls) completed a full pelvic
MRI in the supine, seated, and standing upright position
with a full bladder during the protocol development phase.

The length from the lowest point of the bladder to the
pubococcygeal (PC) line, the length between the lowest part
of the bladder and the pubopromontoreal (PP) line, and the
ratio of the bladder area under the PC and PP lines to the
total bladder area were compared between images for each
subject in all 3 positions and between those with POP and
controls (Fig. 1, Fig. 2).

In total, 11 were part of this study and they were between
24 and 65 years old (6 had POP and 5 acted as controls).
We compared the percent area under the PP line and PC
line by imaging position (Table 1). The length relation-
ships between the PC line and PP line by the presence or
absence of POP relative to imaging position i2222 shown
in Table 2.

A significant elongation between the PC line and the low-
est point of the bladder was noted in subjects with cystocele
comparing supine and standing images (p = 0.03), which
was not significant in controls (p = 0.07). This axis was
significantly longer in subjects with cystocele compared to
controls only in the standing position. The relative blad-
der area under PC line was significantly increased between
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supine and standing positions only among subjects with
cystocele (p < 0.01) and not among controls (p > 0.09).
While comparing the study and the control groups, this
area was significantly larger among the study group in the
standing position (p < 0.005), less significant in the supine
position (p = 0.015), and not significant in the sitting pos-
ition (p = 0.3).

By using the length between the PP line and the blad-
der lowest point, there was significant elongation between
supine-standing and sitting-standing images in both the sub-
ject and the control groups. This length was significantly
longer among patients compared to controls only when
supine, and was not observed in the standing position. The
relative area of the bladder inferior to the PP line was not
significantly increased comparing supine and standing pos-
itions among subjects or controls. A sample image demon-
strating area beneath the PC line in a control subject versus
a cystocele subject is shown in Figure 3.

Discussion

This study reports the exploration of MRO as an imaging
modality for POP, and successful use of a midline 3-position,
2-volume protocol.

Dynamic MRI, an advanced technique completed in the
supine position, allows the effects of increased abdominal
pressure on the pelvic organs and their mobility to be evalu-
ated.® Comparing findings before and after surgery for POP,
Broker and colleagues found that dynamic MRI could charac-
terize reduced mobility of the pelvic organs following surgical
mesh repairs.” Standardization of dynamic MRI using reference
lines has been a subject of interest to extend the concept of
pre- and post-treatment aspects of the pelvic organs.® Supine
MRI, with or without dynamic components, has helped us
to understand both the anatomic relationships of the pelvic
organs affected by prolapse and complications related to mesh
insertion for treatment. However, limitations of evaluation of
the pelvic organs in the supine position are recognized.

Area under [
pubo- [
promontory
line (PP)

Area under pubo-coccygeal (PC) line

Fig. 1. Standing (weight bearing) open magnetic resonance image depicting
positioning of the pubopromontoreal (PP) line, pubococcygeal (PC) line.

Fig. 2. Standing (weight bearing) open magnetic resonance image depicting
bladder area under the pubopromontoreal (PP) line, pubococcygeal (PC) line.
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Table 1. Comparison of percent area under the
pubopromontoreal (PP) line and pubococcygeal (PC) line by
imaging position

Controls (n=5) POP (n=6) p value*

Area under PP line, %

Supine 70% 72% 0.4

Sitting 59% 46% 0.08

Standing 77% 81% 0.36
Area under the PC line, %

Supine 6% 14% 0.01

Sitting 5% 7% 0.32

Standing 12% 38% 0.003

POP: pelvic organ prolapse. *Student’s T test.

With MRO vertical magnets make it possible for patients
to be studied supine, seated, upright, and standing with full
weight bearing. The ability of MRO to assess patients when
weight bearing has led to many studies in orthopaedics.
Many joint and ligament relationships have been studied
including, but not limited to, the lumbar spine,'® the hip
joint,"" the knee joint,'? and the ankle."

Since no existing pelvic POP staging protocol using MRO
was available from the literature, a multi-iterative design
process was undertaken to construct a feasible protocol. It
was determined that full imaging, pelvic side-wall to side-
wall in the coronal and sagittal plains was too lengthy to
complete if supine, seated and standing views were to be
included. Also midline views offered the ability to meas-
ure the bladder relative to bony structure reference lines.
Moreover, the seated MRO images were best obtained with
the patient slightly inclined to minimize movement. The
protocol adopted therefore combined a “focus to the midline’
approach with the ability to complete 3 positions of observa-
tion (supine, seated and standing) with both a full and empty
bladder in a reasonable period of time, with the ability to
measure the bladder relative to bony structure reference
lines described by other authors. The pubococcygeal line
has been used in this way in reference to staging of POP.™
Betschart and colleagues have furthered the idea of MRI
reference lines in the pelvis by integrating their use into a
system of measurement called the pelvic inclination correc-
tion system.® In our MRO protocol, 2 lines of reference and
the relative area of the bladder beneath these were chosen
as an initial examination of seating and standing positions
on a full and empty bladder. The final protocol required 24
minutes for all 6 sequences.

A number of observations were apparent comparing
controls to patients with known POP. The most significant
difference in bladder prolapse were observed in prolapse
patients comparing the supine to the weight-bearing stand-
ing position.

An important aspect of this pilot study was the exploration
of pelvic anatomy in the seated position. Seated imaging

Table 2. Comparison of length of the PP and PC lines in
different imaging positions

Controls Patients p value
Average length of PP line (mm)
Supine 25.8 42.8 0.02
Standing 47.3 72.8
Average length of PC line (mm)
Supine 4.8 7.9 0.02
Standing 7.3 20.4

PC: pubococcygeal; PP: pubopromontoreal.

is important in patients for whom this is their most upright
position, such as women who have suffered a spinal cord
injury. Little is known about the anatomic relationships of
the bladder in the setting of prolapse in the seated position,
as imaging of the bladder in this position is currently dif-
ficult, even with video-urodynamics. A limitation of video
images is that they do not show the relationships of the other
anatomic supports relative to the bladder; they also expose
the patient to ionizing radiation and provide no information
when the bladder is empty. MRO therefore offers an imaging
modality with the potential to further the understanding of
prolapse in this subset of patients.

While imaging of female pelvic anatomy in the standing
position is important relative to POP, the location of the
bladder and extent to which it extends into the abdomen
above the symphysis pubis is important in the development
of other technologies. Near-infrared spectroscopy (NIRS)
for example has been used to study changes in oxygenation
and hemodynamics in the bladder using optical signals
generated both within the vagina'® and transcutaneously
from a suprapubic location.’®'” The suprapubic position
(2 cm superior to the symphysis pubis) relies on NIR light
reaching the anterior wall of the bladder transcutaneous-
ly through the anterior abdominal wall to interrogate the
detrusor muscle in the anterior wall of the bladder. In

Patient: Prolapse

Control : No Prolapse

Fig. 3. Comparison image taken in the weight bearing, standing position, of a
control versus prolapse patient using open magnetic resonance image (MRO)
demonstrating area beneath the pubococcygeal (PC) line.
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this context, observations of bladder height related to the
symphysis were obtained through seated and standing
ultrasound to determine bladder position relative to the
symphysis with varying bladder volumes.'® The MRO data
in this study corroborated key findings obtained by ultra-
sound and indicated that in all subjects with a full bladder,
even those with grade 2 or 3 POP, the bladder extended
>2 cm above the symphysis in the seated and standing
positions. Future development of photonic technologies to
assess hemodynamics within the detrusor could therefore
be combined with MRO to understand the pathophysio-
logic effects of POP within the detrusor, such as how the
bladder responds to outlet obstruction.™

The limitations of this pilot study include the small sample
size, which restricts comment on uterine and/or bowel pro-
lapse. Also, bony anatomic reference points were selected
and limited to the PP and PC lines; however, a larger study
could explore alternative anatomic reference points of poten-
tial importance. Images of a full bladder were obtained when
patients had volume in their bladder for which they would
normally seek the bathroom. No attempt was made to try to
equalize the volume in the bladder between subjects, given
that this was a pilot study and a fully non-invasive test was
sought. As the study used only midline references, no informa-
tion is available about more lateral pelvic supports. However,
it was felt that obtaining information in 3 positions was a
higher priority for an exploratory study rather than doing fewer
positions and a wider pelvic spectrum given that time is a
consideration when obtaining images with a full bladder.

Future directions with MRO should include a larger scale
study of subjects with POP to determine the full scope of fre-
quency and severity of understaging. Additionally, the proto-
col we describe could be used to assess surgical recurrence
and surgically naive patients. Valsalva maneuvers could be
added to examine more dynamic components of movement
within the pelvis.

Conclusion

A midline sagittal sequence of 12 images with 3-positions
and 2-volumes is a MRO protocol that is feasible in women
with and without POP. Significant anatomic differences were
observed among subjects with cystocele between supine,
seated, and standing weight bearing positions, which were
not observed in the control group. This supports standing
MRO as an advantageous imaging modality for POP.

Acknowledgement: The authors wish to thank (1) the University of British Columbia Centre for Hip
Health for their support in the development of this protocol and (2) the International Collaboration
on Repair Discover (ICORD), University of British Columbia for providing workspace.

Competing interests: Dr. Lazare is a member of the advisory board for Astellas and has received an
educational grant from Astellas. The other authors declare no competing financial or personal inferests.

This paper has been peer-reviewed.

References

1. Pham T, Burgart A, Keller K, et al. Current use of pelvic organ prolapse quantification by AUGS and
ICS members. Female Pelvic Med Reconstr Surg 2011;17:67-9. http://dx.doi.org/10.1097/
SPV.0b013e318207¢904

2. Nicolau-Toulouse V, Tiwari P, Lee T, et al. Does bilateral sacrospinous fixation with synthetic mesh recreate
nulliparous pelvic anatomy? An MRI evaluation. Female Pelvic Med Reconstr Surg 2014;20:222-7.
http:/ /dx.doi.org/10.1097 /SPV.0000000000000066

3. Uebersax IS, Wyman JF, Shumaker SA, et al. Short forms to assess life quality and symptom distress
for urinary incontinence in women: The Incontinence Impact Questionnaire and the Urogenital Distress
Inventory. Continence Program for Women Research Group. Neurourol Urodyn 1995;14:131-9. http: //
dx.doi.org/10.1002,/nau.1930140206

4. Barber MD, Walters MD, Bump RC. Short forms of two condition-specific quality-olife questionnaires
for women with pelvic floor disorders (PFDI-20 adn PFIQ-7). Am J Obstet Gynecol 2005;193:103-13.
http://dx.doi.org/10.1016/j.0jog.2004.12.025

5. Barber MD, Chen Z, Lukacz E, et al. Further validation of the short form versions of the Pelvic Floor
Distress Inventory (PFDI) and Pelvic Floor Impact Questionnaire (PFIQ). Neurourol Urodyn 2011;30:541-6.
http://dx.doi.org/10.1002 /nau.20934

6. lancu G, Doumouchtsis SK. A historical perspective and evolution of our knowledge on the cardinal ligament.
Neurourol Urodyn 2014;33:380-6. http://dx.doi.org/10.1002 /nau.22421

7. Alt (D, Brocker KA, Lenz F, et al. MRI findings before and after prolapse surgery. Acta Radiologica
2014;55:495-504. http:/ /dx.doi.org/10.1177,/0284185113497201

8. Rizk DE, Tunn R. Standardization of dynamic magnetic resonance imaging measurements of pelvic organ
prolapse: Can the PICS line help? Int Urogynecol J 2013;24:1419-20. http://dx.doi.org/10.1007 /
500192-013-2130-y

9. Betschart C, Chen L, Ashton-Miller JA, et al. On pelvic reference lines and the MR evaluation of genital
prolapse: A proposal for standardization using the Pelvic Inclination Correction System. Int Uragynecol J
2013;24:1421-8. http:/ /dx.doi.org/10.1007 /s00192-013-2100-4

10. Alyas F, Connell D, Saifuddin A. Upright positional MRI of the lumbar spine. Clin Radliol 2008;63:1035-48.
http://dx.doi.org/10.1016 /j.crad.2007.11.022

11, Yomamura M, Miki H, Nakamura N, ef al. Open--configuration MRI study of femoro--
acetabular impingement. J Orthop Res 2007;25:1582-8. http://dx.doi.org/10.1002/
jor.20448

12. Johal P, Williams A, Wragg P, et al. Tibiofemoral movement in the living knee. A study of weight bearing
and non-weight bearing knee kinematics using ‘interventional” MRI. J Biomech 2005;38:269-76. http://
dx.doi.org/10.1016//}.jbiomech.2004.02.008

13. Herber S, Kreitner KF, Kalden P, et al. Low-field MRI of the ankle joint: Initial experience in children and
adolescents using an open 0.2 T MR-system. Fortschr Rinfgenstr 2000;172:267-73. http:/ /dx.doi.
org/10.1055/52000-111

14, van der Weiden RM, Rociu E, Mannaerts GH, et al. Dynamic magnetic resonance imaging before
and 6 months after laparoscopic sacrocolpopexy. Int Urogynecol 1 2014;25:507-15. hitp://dx.doi.
org/10.1007 /500192-013-2254-0

15. Shadgan B, Stothers L, Macnab AJ. A transvaginal probe for nearinfrared spectroscopic monitoring of
the bladder defrusor muscle and urethral sphincter. Spectroscopy 2008;22:429-36. hitp:/ /dx.doi.
org/10.1155,/2008 /548152

16. Macnab AJ, Shadgan B, Stothers L. The evolution of wireless near infrared spectroscopy: Applications in
urology and rationale for clinical use. J NIRS 2012;20:57-73.

17. Macnab AJ, Shadgan B, Stothers L. Monitoring defrusor oxygenation and hemodynamics non-
invasively during dysfunctional voiding. Adv Urol 2012;article ID 676303, 8 pages. http://dx.doi.
org/10.1155/2012/676303

18. Stothers L, Shadgan B, Macnab AJ. Nearinfrared spectroscopy of the detrusor during urodynamics with
simultaneous ultrasound measurements of bladder dimensions and posifion. Biomedical Spectroscopy
and Imaging 2012;1:137-45.

19. Macnab Al, Friedman B, Shadgan B et al. Bladder anatomy physiology and pathophysiology: Elements
that suit near infrared spectroscopic evaluation of voiding dysfunction. Biomedical Spectroscopy and
Imaging 2012;1:223-35.

Correspondence: Dr. M. Lynn Stothers, Department of Urologic Sciences, University of British
Columbia, Vancouver, BC; lynnstothers@yahoo.ca

200 CUAJ ® May-June 2015 @ Volume 9, Issues 56





