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Abstract

Background: Prolapse recurrence after transvaginal surgical repair is common; however, its
mechanisms are ill-defined. A thorough understanding of how and why prolapse repairs fail
is needed to address their high rate of anatomic recurrence and to develop novel therapies to
overcome defined deficiencies.

Objective: To identify mechanisms and contributors of anatomic recurrence after (1) vaginal
hysterectomy with uterosacral ligament suspension (native tissue repair [NTR]) vs (2) transvaginal
mesh (VM) hysteropexy surgery for uterovaginal prolapse.

Study Design: This multicenter study was conducted in a subset of participants in a randomized
clinical trial by the Eunice Kennedy Shriver National Institute of Child Health and Human
Development Pelvic Floor Disorders Network. Ninety-four women with uterovaginal prolapse
treated via NTR (N=48) or VM hysteropexy (N=46) underwent pelvic magnetic resonance
imaging (MRI) at rest, maximal strain, and post-strain rest (recovery) 30—42 months post-surgery.
Participants who desired reoperation prior to 30-42 months were imaged earlier so as to assess
the impact of only the index surgery. Using a novel 3D pelvic coordinate system, co-registered
mid-sagittal images were obtained to assess study outcomes. MRI-based anatomic recurrence
(failure) was defined as prolapse beyond the hymen. The primary outcome was the mechanism

of failure (apical descent vs anterior vaginal wall elongation), including the frequency and site

of failure. Secondary outcomes included displacement of the vaginal apex and perineal body, and
change in length of the anterior wall, posterior wall, vaginal perimeter, and introitus of the vagina
from (1) rest to strain and (2) rest to recovery. Group differences in the mechanism, frequency,
and site of failure were assessed using Fisher’s exact tests and secondary outcomes were compared
using Wilcoxon Rank-Sum tests.

Results: Of the 88 participants analyzed, 37 (42%) had recurrent prolapse (VM hysteropexy,
29% [13/45]; NTR, 56% [24/43]). The most common site of failure was the anterior compartment
(VM hysteropexy, 38%; NTR, 92%). The primary mechanism of recurrence was apical descent
(VM hysteropexy, 85%; NTR, 67%). From rest to strain, failures (vs successes) had greater
inferior displacement of the vaginal apex (difference = =12 mm; 95%CI = —19 to —6) and perineal
body (difference = =7 mm; 95%CI = -11 to —4), and elongation of the anterior vaginal wall
(difference = 12 mm; 95%CI = 8 to 16) and vaginal introitus (difference = 11 mm; 95%CIl = 7 to
15).

Conclusions: The primary mechanism of prolapse recurrence following vaginal hysterectomy
with uterosacral ligament suspension or VM hysteropexy was apical descent. In addition, greater
inferior descent of the vaginal apex and perineal body, lengthening of the anterior vaginal wall,
and increased size of the vaginal introitus with strain were associated with anatomic failure.
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Further studies are needed to provide additional insight into the mechanism by which these factors
contribute to anatomic failure.

CONDENSATION

Anatomic recurrence following vaginal hysterectomy with native tissue suspension and mesh
hysteropexy for apical prolapse occurred primarily by descent of the vaginal apex.

Keywords

hysteropexy; MRI; pelvic organ prolapse; prolapse surgery; transvaginal mesh; vaginal
hysterectomy

INTRODUCTION:

Women’s lifetime risk of surgery for pelvic organ prolapse (POP) is 12.6%, with
approximately 300,000 POP surgeries performed annually in the US.1-3 Of those procedures
that use patients’ own tissues to correct POP, nearly 25% will fail anatomically at 2 years—
increasing up to 46% by 5 years.*® These high failure rates of native tissue repairs (NTR)
prompted the implementation of transvaginal mesh (VM) to augment POP repair. However,
insufficient evidence of the long-term efficacy and safety of VM over NTR led the FDA to
halt the sale and distribution of VM products in April 2019.8

The mechanisms of failure following POP surgery are poorly understood. The Pelvic Organ
Prolapse Quantification system (POP-Q) is the standard tool used to assess anatomic failure
of POP repairs.” While able to detect anatomic failure, POP-Q is constrained to external
vaginal examination; consequently, it is incapable of specifying the pathophysiological
mechanisms involved in prolapse recurrence.®

To address this knowledge gap and limits of current practice, the Defining Mechanisms of
Anterior Vaginal Wall Descent (DEMAND) study was designed to use magnetic resonance
imaging (MRI) to identify mechanisms and contributors to recurrent prolapse following two
apical surgeries performed for uterovaginal prolapse: vaginal hysterectomy with native tissue
suspension (i.e., NTR) and VM hysteropexy. It was hypothesized that, as the mesh fixes the
apex in place, recurrence after VM occurs from anterior vaginal wall elongation. Conversely,
since native tissues are predisposed to stretch, it was hypothesized that recurrence after NTR
is due to both anterior vaginal wall elongation and descent of the vaginal apex.

MATERIALS AND METHODS:

Study Design:

DEMAND was a multicenter, supplementary study that identified anatomic mechanisms
and correlates of prolapse recurrence in a subset of women with symptomatic uterovaginal
prolapse enrolled in the Study of Uterine Prolapse Procedures-Randomized (SUPeR) trial®
conducted by the Pelvic Floor Disorders Network. The study protocol received institutional
review board approval at each site and all participants provided written informed consent.
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Study Population:

All women in SUPeR were offered enrollment. Pelvic MRIs were performed at 30-42
months post-surgery. Participants who desired reoperation prior to 30-42 months were
offered earlier imaging so that the impact of only the SUPeR index surgery was analyzed.
This cohort consisted of two groups: vaginal hysterectomy with uterosacral ligament
suspension and VM hysteropexy. Surgery standardization has been described previously.®
Participants who had an MRI contraindication or whose MRI scans failed to show the full
vagina, had incomplete MRI, or were imaged after reoperation were excluded from the
analysis (Figure 1).

MRI Protocol:

The protocol and rationale of the MRI trials have been published previously.10 Prior to
imaging, participants were trained by clinicians in person and via a webinar on how to
properly maximally strain. Each subject underwent dynamic MRI in the supine position
using a 3-T scanner with a pelvic phased array coil. High-resolution, multiplanar T2-
weighted pelvic scans were acquired at rest (with prolapse fully reduced), maximal strain
(i.e., maximum rest-to-strain vaginal descent out of three trials), and recovery (i.e., post-
strain rest with prolapse non-reduced). The recovery scans allowed assessment of how well
the vagina returns to its fully-reduced position. At the end of the procedure, patients were
asked if they had achieved maximal strain. If they answered “no”, dynamic sequences were
repeated until maximal strain had been subjectively achieved. MRIs were imported into 3D
Slicer (Version 4.10.0, www.slicer.org) for analysis.1!

MRIs were co-registered using a 3D pelvic coordinate system based on the ischial spines
and pubic symphysis.10 The anterior-posterior and superior-inferior axes of this system
defined the “true midsagittal plane” in the MRI scans.10

MRI Analysis:

A detailed description of the MRI analysis has been previously published.1® In short, the
true midsagittal images were used to determine study outcomes. MRI failure was defined

as any prolapse beyond the hymen. To assess mechanisms of failure, the vaginal wall was
traced and a line was drawn between the posterior margin of the external urethral meatus and
anterior margin of the perineal body to delineate the hymen. Protrusion of the vaginal wall
beyond the hymenal line at strain indicated failure.

The mechanism of failure was classified as either apical descent or anterior vaginal wall
elongation (Figure 2). Anterior vaginal wall elongation was defined as prolapse beyond the
hymen associated with >20% lengthening of the anterior wall from rest to strain. Apical
descent was characterized as prolapse beyond the hymen associated with descent of the
vaginal apex in the absence of anterior vaginal wall elongation from rest to strain. Properties
and sensitivity of the failure mechanism definitions were explored (Supplemental Tables 1
and 2). The proportion of failures and the leading edge of prolapse (e.g., anterior, apical,
posterior compartment) were also determined.

Am J Obstet Gynecol. Author manuscript; available in PMC 2022 November 01.


http://www.slicer.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

BOWEN et al.

Outcomes:

Page 5

To evaluate vaginal length parameters, the vaginal apex and hymenal line were identified

in the MRI to demarcate and outline the anterior and posterior vaginal walls. The contours
were then measured to calculate length of the anterior wall, posterior wall, and perimeter of
the vagina. Length of the hymenal line approximated the size of the vaginal introitus. The
posterior vaginal wall and vaginal introitus length were used to estimate the total vaginal
length (TVL) and genital hiatus (GH) POP-Q measures, respectively. The posterior margin
of the GH approximated the position of the perineal body. The position of the anterior
vaginal wall was defined as the point along the wall corresponding to its half-length to
quantify anterior compartment descent.

Using the vaginal landmarks determined previously, the change in position and angulation of
the vagina, and displacement of the apex and perineal body from (1) rest to strain and (2)
rest to recovery were visualized relative to the 3D pelvic coordinate system.10

The primary outcome was the mechanism of anatomic failure. Additionally, the frequency
and site of failure were determined. Secondary outcomes included displacement of the
vaginal apex and perineal body, elongation of the anterior and posterior wall, and change in
size of the vaginal introitus from (1) rest to strain and (2) rest to recovery.

Patient demographics and clinical characteristics, as well as secondary outcomes from
SUPeR? collected at baseline and follow-up (i.e., SUPeR study visit date closest to MRI
trial date) were compared between (1) NTR vs VM and (2) MRI-based failures vs successes.
Agreement between DEMAND and SUPeR outcomes was evaluated as follows: (1) MRI-
based anatomic failure (i.e., prolapse beyond the hymen) vs. SUPeR-defined composite
failure (i.e., report of bothersome vaginal bulge symptoms, retreatment for prolapse, or

any POP-Q measures beyond the hymen)? and (2) MRI-based vs. clinical-based (POP-Q)
measurements of TVL and GH.

Sample Size Calculation:

Because DEMAND was designed primarily as a descriptive study, formal sample size
calculations were not conducted. However, based on SUPeR and a preliminary study, 12
it was estimated that a sample size of 40 for each repair group was needed to achieve
80% power to detect a moderate effect size (0.5 standard deviation) in measures such as
displacement of the vaginal apex and elongation of the anterior wall.

Statistical Analysis:

The data were analyzed with SAS Version 9.4 (SAS Institute, Inc., Cary, NC). Group
differences in baseline demographics and clinical characteristics were compared using
Fisher’s exact tests and Wilcoxon Rank-Sum tests. Fisher’s exact tests were performed

to compare the mechanism of failure between the treatment groups. Concordance of failure
outcomes between DEMAND and SUPeR was determined using the kappa statistic. Within
each repair group, individual and multivariate (canonical) correlations were used to assess
whether apical descent or vaginal wall elongation was more closely correlated with vaginal
wall descent (i.e., rest-to-strain displacement of the anterior vaginal wall half-length point).
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To compare secondary outcomes between groups, Fisher’s exact tests or Wilcoxon Rank-
Sum tests were conducted. Correlations in TVL and GH values between MRI and POP-Q
were assessed using Pearson correlation.

Study Population:

Of the 112 women who consented for DEMAND participation, 94 underwent an MRI of
which 88 met criteria to be analyzed (45 VM, 43 NTR) (Figure 1). Among these women,
66 (75%) were successes and 22 (25%) were failures (8 VM, 14 NTR) based on SUPeR
criteria. Ten women were imaged prior to 30-42 months due to a desire for additional
surgical treatment. Baseline demographic and clinical characteristics were similar between
the repair groups (Table 1).

Concomitant anterior repair was performed on 39/45 (87%) women in the VM group
and 32/43 (74%) in the NTR group (difference=12% [95%CI=-5% to 30%]; P=0.18);
concomitant posterior repair was performed on 26/45 (58%) women in the VM group
and 26/43 (60%) in the NTR group (difference=—3% [95%C1=-24% to 19%]; P=0.83);
concomitant midurethral slings were performed on 24/45 (53%) women in the VM group
and 24/43 (56%) in the NTR group (difference=-2% [95%CI=-24% to 19%]; P=0.83).

Comparison of baseline measures in MRI successes and failures demonstrated worse
preoperative apical support (POP-Q point C), higher prevalence of pulmonary disease, and
more apical prolapse beyond the hymen (POP Q point C > 0) in failures as compared to
successes (all P’s <0.05, Supplemental Table 3).

Primary Outcome:

Based on MRI evaluation, 37/88 (42%) women had outcomes of anatomic failure, with
13/45 (29%) in the VM group and 24/43 (56%) in the NTR group. For both repair

groups, the primary mechanism of failure was apical descent (11/13 [85%] vs 16/24 [67%];
difference=18% [95%CI=-17% to 44%]; P=.44) while the primary site was the anterior
compartment (5/13 [38%] vs 22/24 [92%]; difference=—53% [95%CI=-79% to —19%];
P=.001) (Table 2). There was weak agreement between MRI and SUPeR failure outcomes
(Kappa=0.23; 95%CI=0.02 to 0.43; P=.02) (Table 3).

In the VM group, vaginal wall descent was highly correlated with apical descent (r=0.83),
and less correlated with vaginal wall elongation (r=0.23). Multivariate correlation between
vaginal wall descent (on one side) and apical descent and vaginal wall elongation (on

the other side) was nearly identical to the correlation with apical descent alone (r=0.84),
indicating that the contribution of vaginal wall elongation was minimal. In the NTR group,
vaginal wall descent was also more correlated with apical descent (r=0.84) than vaginal
wall elongation (r=0.38); however, the multivariate correlation was 0.90, indicating that a
greater amount of the variability in vaginal wall descent was accounted for when vaginal
wall elongation was also considered.
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Secondary Outcomes:

Secondary outcome measures are shown in Supplemental Table 4. Comparisons between
MRI-based failures vs successes demonstrated that, from rest to strain, failures had more
inferior displacement of the vaginal apex (-33 mm vs —21 mm; difference=-12 mm
[95%CI1=-19 to —6]; P=.002) and perineal body (=16 mm vs =9 mm; difference=—7 mm
[95%CI1=-11 to —4]; P<.001) as well as larger change in length of the anterior wall (14
mm vs 2 mm; difference=12 mm [95%CI1=8 to 16]; P<.001), posterior wall (-8 mm vs

-1 mm; difference= -6 mm [95%CI, —10 to -2]; P=.004), and introitus (15 mm vs 3

mm; difference=11 mm [95%CI=7 to 15]; P<.001). At strain, a larger GH was moderately
correlated with more inferior displacement of the vaginal apex (r=—0.51; 95%CI=-0.67

to —0.37; P<0.001). At recovery, the vaginal introitus (or GH) was larger in failures (19
mm vs 14 mm; difference=6 mm [95%CI=2 to 11]; P=.005). Weak-moderate correlation
was observed between MRI- and POP-Q-based TVL (r=0.20; 95%CI=-0.01 to 0.39;
P=0.07) and GH (r=0.49; 95%CI1=0.32 to 0.64; P<.001) measures (Supplemental Table 5).
Differences in secondary outcomes by repair group are provided in Supplemental Table 6.

Changes in vaginal position and orientation and the displacement of the vaginal apex

and perineal body between MRI failures and successes are shown in Figure 3. From rest
to strain, the vagina was more posteriorly-inferiorly deviated in failures, where posterior
refers to towards the sacrum and inferior refers to toward the feet. At recovery, the vagina
remained more posteriorly-inferiorly displaced in failures.

COMMENT:

Principal Findings:

Results:

The primary mechanism of failure in NTR and VM was apical descent; the most frequent
site of failure was the anterior compartment. Greater inferior displacement of the apex

and perineal body, lengthening of the anterior wall, shortening of the posterior wall, and
increased introitus size with strain were observed among failures. MRI and POP-Q measures
of TVL and GH were weakly to moderately correlated.

The anterior compartment was the most common site of anatomic failure following NTR
and VM at a rate similar to that previously reported (~73%).13 The primary mechanism of
failure was apical descent. Multivariate analyses showed that apical descent was strongly
correlated with, and the primary contributor to, anterior vaginal wall descent. In VM,
multivariate correlations demonstrated that anterior compartment descent is mainly due to
apical descent. Conversely, in NTR, anterior wall elongation and apical descent contributed
to anterior compartment descent. In a similar study relating vaginal geometry to anterior
vaginal prolapse severity among patients without prior POP surgery, 77% of anterior descent
was explained by anterior vaginal wall length and position of the vaginal apex.14 Another
study which modeled anterior vaginal wall prolapse showed that a 90% impairment of apical
support led to a 530% increase in anterior vaginal prolapse.1®
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There was weak concordance in failure outcome definitions between DEMAND and
SUPeR.? Poor association between MRI and clinical assessment of POP has been reported
in previous literature,16:17

Greater inferior descent of the perineal body and increased vaginal introitus (or GH) size
were associated with prolapse recurrence. Also, a larger GH was correlated with greater
apical descent. Studies have shown that women with POP have greater inferior displacement
of the perineal body and increased introital size from rest to strain compared to women with
normal support.18:19 Furthermore, these measures have been correlated with the presence of
prolapse and apical support loss.18:19

Increased posterior-inferior deviation of the vagina was observed among failures. Others
have reported that posterior-inferior deviation of the vagina, particularly posterior tilting

of the lower vagina, increased the risk of anterior compartment prolapse.2%-22 This may
also apply to the development of recurrent prolapse due to postoperative changes in vaginal
position and orientation.20:23

Clinical Implications:

Apical descent and, to a lesser extent, anterior vaginal wall elongation are mechanisms

of anatomical failure following POP repair. Apical descent causes the anterior vaginal

wall to fall towards the vaginal introitus. Changes in vaginal orientation and position

(e.g., posterior-inferior deviation) may leave the anterior compartment more susceptible to
intrabdominal forces, facilitating its elongation over time.24:25 Furthermore, an enlarged GH
likely allows forces to be distributed along a greater length of the vaginal wall, increasing
the likelihood of descent. Together, these factors may raise the risk of prolapse recurrence in
the anterior compartment.23. 24, 26-28

In addition, greater perineal body descent and increased vaginal introitus size were
associated with anatomical failure. Perineal body position has been correlated with the
levator plate angle and displacement, levator hiatus size, and differences in pelvic floor
muscle structure and function between women with and without POP.28 This suggests
that these structures are interrelated and involved in pelvic floor descent and, potentially,
prolapse recurrence.

Research Implications:

This study supports that anatomical failure is common after POP surgery likely due to

the fact that current POP surgeries do not address deficiencies in pelvic floor musculature
associated with pelvic floor descent.28 The mechanisms and anatomic factors of prolapse
recurrence proposed by this study imply that the apical suspension procedures in this study
were not sufficient to stabilize the apex in the long-term. The multi-compartmental nature of
anatomical failure suggests that compromised mid and distal vaginal support may also play a
role in prolapse recurrence.

Future studies are needed that assess surgical outcomes via radiographic and clinical
examination to (1) more thoroughly define and compare the efficacy of prolapse procedures
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and (2) identify anatomic factors and surgical determinants that can optimize surgical
outcomes.

Strengths and Limitations:

This study prospectively evaluated and compared long-term anatomic outcomes in women
who underwent NTR vs VM using MRI. Past studies have used only POP-Q-based clinical
measures to assess anatomic outcomes. Thus, their findings are limited to external measures
of prolapse recurrence following surgery.

A major limitation of this study was that the DEMAND population was not a random
sample of SUPeR patients (<50% of the original SUPeR population enrolled in DEMAND).
Comparisons of groups included in and excluded from (e.g., non-enrolled) the DEMAND
analysis are given in Supplemental Tables 7 and 8. Among women included in the
DEMAND analysis, a higher proportion were SUPeR failures in the NTR group compared
to the VM group (33% vs 18%); similarly, among women not included in the analysis, there
was a higher proportion of SUPeR failures in the NTR group than the VM group (25% vs
18%) (Supplemental Table 8). Consequently, the MRI-based failure rates of VM and NTR
observed could not be compared.

Additionally, MRIs were obtained in the supine position. Therefore, the extent of prolapse
was dependent on patient effort and the degree of prolapse may be underestimated. To
overcome this, participants were trained to maximally strain prior to imaging and performed
at least three attempts to maximally strain during the MRI trial.10 Further, anatomic
measures were taken only in the midsagittal plane. Thus, they were limited to 2-dimensional
postoperative morphology, which may not fully capture the 3D nature of prolapse and pelvic
anatomy.

Lastly, because the data are based on postoperative MRI alone, it is difficult to distinguish
whether anatomical findings are primarily attributed to the surgery performed, the
pathophysiological effects of prolapse, or both. Nevertheless, the clinical implication is that
future surgeries could consider stabilization of the apex as a priority and novel approaches
may be needed to achieve this in transvaginal repair.

CONCLUSIONS:

The primary mechanism of failure following apical prolapse repair with native tissue or
mesh was vaginal apex descent. Displacement of the vaginal apex and perineal body, as well
as elongation of the anterior wall, posterior wall, and vaginal introitus were significantly
associated with anatomical failure. These results suggest that failure of POP repairs not only
involves the apical vaginal supports but also the mid and distal supports of the vagina.

Future studies will quantitatively assess 3D postoperative morphology of the vaginal and
pelvic floor muscle anatomy with respect to the type and anatomic outcomes of prolapse
repair and investigate the integrity of the vaginal supports (i.e., mid, distal, paravaginal).
Outcomes will provide insight on factors of apical descent predisposing to anatomical
failure.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG AT A GLANCE:
Why was this study conducted?

. To compare mechanisms and contributors of prolapse recurrence using
MRI criteria following two transvaginal apical suspension procedures
for uterovaginal prolapse: vaginal hysterectomy with uterosacral ligament
suspension versus vaginal mesh hysteropexy.

What are the key findings?

. For both repair groups, the primary mechanism of anatomic failure was apical
descent and the most common leading edge of prolapse was the anterior
compartment.

. Greater inferior displacement of the vaginal apex and perineal body, and

elongation of the anterior vaginal wall and vaginal introitus from rest to strain
were associated with failure.

What does this study add to what is already known?

. Our findings identify potential mechanisms and contributors of anatomical
failure of apical prolapse repairs.

. Failure of prolapse repairs not only involves the apical vaginal supports but
also the mid and distal vaginal supports.

. Further investigation will provide insight on anatomical predisposing factors
of failure.
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183 SUPeR patients received POP surgery

L

I

Page 15

92 Received NTR
90 Randomized to NTR
2 Randomized to VM

91 Received VM
91 Randomized to VM

8 Not screened for DEMAND

enroliment

4 Discontinued SUPeR prior
to DEMAND screening
2 Unable to contact

2 Other

9 Not screened for DEMAND
enroliment
3 Discontinued SUPeR prior
to DEMAND screening
3 Unable to contact
3 Other

84 Screened for DEMAND enroliment

82 Screened for DEMAND enroliment

25 Patients not enrolled
8 Ineligible due MRI
contraindications
17 Refused consent

29 Patients not enrolled
10 Ineligible due MRI

19 Refused consent

contraindications

59 Enrolled in DEMAND 53 Enrolled in DEMAND

11 Patients did not undergo

pelvic MRI 7 Patients did not undergo

pelvic MRI
6 Withdrew consent
2 Withdrawn by Investigator § Withdrew consent :

1 Withdrawn by Investigator
1 Lost to follow-up 1 Other

2 Other

48 Underwent pelvic MRI 46 Underwent pelvic MRI

5 Excluded from analysis
4 MRIs failed to image entire
vagina — —
1 MRI imaging occurred after
reoperation for prolapse

1 Excluded from analysis
1 MRI imaging incomplete

43 Included in analysis
6 Imaged prior to 30 months
37 Imaged at 30-42 months

45 Included in analysis
4 Imaged prior to 30 months
40 Imaged at 30-42 months
1 Imaged at 48 months

Figure 1. Participants Flow of the Defining Mechanisms of Anterior Vaginal Wall Descent
(DEMAND) Study

Three patients included in the analysis—2 received native tissue repair (NTR) and 1 received
transvaginal mesh (VM) repair—were found ineligible for the intervention in the parent
Study of Uterine Prolapse Procedures-Randomized (SUPeR) trial. Among the 43 patients
included in the analysis who received NTR, two underwent hysterectomy and sacrospinous
ligament suspension.

Abbreviations; DEMAND, Defining Mechanisms of Anterior Vaginal Wall Descent; MRI,
magnetic resonance imaging; NTR, native tissue repair; SUPeR, Study of Uterine Prolapse
Procedures-Randomized; VM, transvaginal mesh.
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Figure 2. Mechanisms of Failure by Surgical Group
From left to right: Magnetic resonance imaging (MRI) scans and vaginal contours at rest,

strain, and strain with the rest vaginal outline overlaid. Apical descent (AD) failure is shown
in an (a) native tissue repair (NTR) patient and (b) transvaginal mesh (VM) repair patient.
Anterior vaginal wall elongation (AVWE) failure demonstrated in an (¢) NTR patient and
(d) VM patient. The vaginal perimeter at rest (purple contour) and strain (blue contour) and
vaginal apex (red point) are displayed.

Abbreviations: NTR, native tissue repair; VM, transvaginal mesh.
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Figure 3. VVaginal Configuration and Displacement in the Anatomic Space
Visual representation of the change in orientation and position of the upper and lower vagina

with respect to the pelvic space at rest (left), maximal strain (middle), and recovery (right) in
magnetic resonance imaging (MRI) successes and failures. The orientation (i.e., angulation)
of the upper and lower vagina and the position of the vaginal apex (VVA), and mid-point

of the vaginal introitus (introitus) are shown. More posterior-inferior deviation of the upper
and lower vagina was observed in MRI failures, signifying poorer apical, mid, and distal
vaginal support compared to successes. Data are presented as mean and standard deviation.
Units are in mm. (b) Position and displacement vector (mean and standard deviation) of

the vaginal apex (VA) and perineal body (PB) from rest to strain (left) and rest to recovery
(right). MRI successes (blue) and failures (red) are indicated. The magnitude of the VVA and
PB displacement from rest to strain was greater in MRI failures vs successes, suggesting less
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apical and distal vaginal support in failures compared to successes. Rest-to-recovery VA and
PB displacement was similar in both outcome groups. Units are in mm.
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Table 1.

Participant Baseline Demographic and Clinical Characteristics by Surgical Repair Performed

Page 19

o Mesh Repair Native Tissue Risk Difference/ Location a
Characteristics (N=45) Repair (N=43) Shift (95% ClI) | p-value
Patient Demographics
Age (years), Median (P25, P75) 63.4 (59.7, 67.8) 65.4 (60.7, 72.3) -15(-5.0t0 1.6) 0.39
White, n/N (%) 36/45 (80) 36/43 (84) -4 (-21t0 13) 0.78
Hispanic/Latina, n/N (%) 5/43 (12) 4/41 (10) 2(-13t0 17) >0.99
Married, n/N (%) 28/45 (62) 29/43 (67) -5 (=25 to 15) 0.66
Associates Degree or Higher, n/N (%) 27/43 (63) 30/43 (70) =7 (-27t0 13) 0.65
Medicare/Medicaid, n/N (%) 20/45 (44) 22/43 (51) -7 (-28to0 15) 0.67
Medical History
Height (cm), Median (P25, P75) 160.0 (155.0, 165.0) | 160.0 (157.0, 165.0) 0.0 (-3.0 to 3.0) 0.89
Weight (kg), Median (P25, P75) 73.0 (66.0, 81.0) 70.0 (64.0, 79.0) 2.0(-3.0t07.0) 0.45
BMI (kg/m?), Median (P25, P75) 28.3(25.4,31.6) 26.4 (24.2,30.1) 1.2 (-0.8t0 2.8) 0.21
Obese (BMI = 30), n/N (%) 15/45 (33) 13/43 (30) 3(-17to 23) 0.82
Gravidity, Median (P25, P75) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 0(0to1) 0.38
Cesarean Delivery, n/N (%) 3/45 (7) 4/43 (9) -3 (-16to 11) 0.71
Vaginal Deliveries, Median (P25, P75) 3.0(2.0,3.0) 2.0 (2.0,3.0) 0(0tol) 0.32
Post-Menopausal, n/N (%) 43/45 (96) 42/43 (98) -2 (-13t08) >0.99
Oral Estrogen, n/N (%) 2/45 (4) 3/43 (7) -3(-15t09) 0.67
Vaginal Cream/Tablet Estrogen, n/N (%) 15/45 (33) 13/43 (30) 3(-17to0 23) 0.82
Skin Patch Estrogen, n/N (%) 2/45 (4) 0/43 (0) 4 (-4 to 15) 0.49
Smoker, n/N (%) 9/45 (20) 10/43 (23) -3 (-22 to 15) 0.80
Diabetes, n/N (%) 7/45 (16) 4/43 (9) 6 (-91t022) 0.52
Pulmonary Disease?. N ) 4/45 (9) 4/43 (9) 0 (-15 to 13) >0.99
Cardiovascular Diseasec, n/N (%) 4145 (9) 343 (M) 2(-111015) >0.99
Prior Prolapse Surgery, n/N (%) 0/45 (0) 3/43 (7) -7(-19t02) 0.11
Pelvic Floor Measurements and Symptoms
POPQ Measurements (cm), Median (P25,

P75)
POPQ Ba 3.0 (2.0, 4.0) 2.0 (1.0, 4.0) 0.0 (-1.0 to 1.0) 0.74
POPQ Bp 0.0 (2.0, 2.0) 0.5 (1.0, 3.0) -0.5 (-2.0to 1.0) 0.39
POPQ C 0.0 (-3.0, 2.0) 0.0 (-2.0, 3.0) 0.0 (-2.0 to 1.0) 0.56
POPQ GH Strain 45 (4.0,5.0) 4.0 (4.0,5.0) 0.0 (-0.5t0 0.5) 0.70
POPQ PB Strain 3.0 (2.5, 4.0) 3.0 (2.5, 4.0) 0.0 (0.0 to 0.0) 0.97
POPQ TVL 9.0 (8.0, 10.0) 9.0 (8.0, 10.0) 0.0 (0.0 t0 0.5) 0.86
POPQ Staged, n/N (%) 0.38
Stage 2 9/45 (20) 11/43 (26) -6 (-24 t0 13)
Stage 3 33/45 (73) 26/43 (60) 13 (-7 to 33)
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o Mesh Repair Native Tissue Risk Difference/ Location a
Characteristics (N=45) Repair (N=43) Shift (95% CI) | p-value
Stage 4 3145 (7) 6/43 (14) -7 (=220 6)
Apical Prolapse (POPQ C > 0), n/N (%) 43/45 (96) 42/43 (98) 0 (-21to 22) >0.99
,(G‘J\P)terior Prolapse (POPQ Aa or Ba > 0), n/N 20/45 (44) 22/43 (51) -2 (-13t08) >0.99
0
E](/)s)terior Prolapse (POPQ Ap or Bp > 0), n/N 21/45 (47) 20/43 (47) -7 (28 to 15) 0.67
b
Any Vaginal Bulge, n/N (%) 45/45 (100) 43/43 (100)
Bothersome Vaginal Bulge, n/N (%) 43/44 (98) 43/43 (100) -2 (-12to0 6) >0.99
Patient Reported Outcomes
PFDI Score, Median (P25, P75) 127.1(79.2, 162.5) 91.7 (70.8, 161.5) 17.7 (-7.3 10 43.8) 0.17
UDI Score, Median (P25, P75) 18.8 (6.3, 40.6) 18.8 (6.3, 31.3) 3.1(-6.3 10 12.5) 0.45
CRADI Score, Median (P25, P75) 45.8 (25.0, 66.7) 33.3(16.7, 54.2) 8.3 (-4.2 10 20.8) 0.16
POPDI Score, Median (P25, P75) 50.0 (33.3, 66.7) 45.8 (29.2, 66.7) 4.2 (-4.21016.7) 0.33
PFIQ Score, Median (P25, P75) 47.6 (14.3, 71.4) 28.6 (9.5, 61.9) 9.5 (-4.8 to 28.6) 0.17
UIQ Score, Median (P25, P75) 23.8 (0.0, 42.9) 9.5 (0.0, 33.3) 4.8 (0.0t0 19.0) 0.19
CRAIQ Score, Median (P25, P75) 0.0 (0.0, 23.8) 0.0(0.0,14.3) 0.0 (0.0t0 4.8) 0.17
POPIQ Score, Median (P25, P75) 4.8 (0.0, 28.6) 9.5 (0.0, 28.6) 0.0 (-4.8 0 4.8) 0.89
1SI Score, Median (P25, P75) 4.0(1.0,8.0) 3.0(1.0,6.0) 0.0(-1.0t02.0) 0.59
FAS Score Median (P25, P75) 96.2 (84.6, 100.0) 98.1 (87.5, 100.0) 0.0 (-3.0 t0 0.0) 0.37
SPS Pain at Rest Score, Median (P25, P75) 0.0 (0.0,3.0) 0.0 (0.0, 1.0) 0.0 (0.0t0 0.0) 0.40
SPS Pain during Normal Activities Score, 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) 0.0 (0.0t0 1.0) 0.64
Median (P25, P75)
E;S)Pain during Exercise Score, Median (P25, 2.0(0.0,4.0) 0.0 (0.0,25) 0.5 (0.0t0 2.0) 0.13
SPS Worst Pain Score, Median (P25, P75) 1.0 (0.0, 3.0) 0.0 (0.0,3.0) 0.0 (0.0t0 0.0) 0.47
BPPS Score, Median (P25, P75) 0.4 (0.0, 1.1) 0.1(0.0,0.7) 0.1 (0.0 to 0.4) 0.11
BIS Score, Median (P25, P75) 5.0 (2.0, 10.0) 4.0 (0.0, 8.0) 1.0 (0.0 to 3.0) 0.16
P1SQ-IR Score among Sexually Active, 3.5(3.0,3.9) 35(2.9,338) 0.0 (-0.3t0 0.5) 0.76
Median (P25, P75)
Concomitant Surgical Procedures
Anterior Prolapse Repair, n/N (%) 39/45 (87) 32/43 (74) 12 (-5to 30) 0.18
Posterior Prolapse Repair, n/N (%) 26/45 (58) 26/43 (60) -3 (-24t0 18) 0.83
g /ri)nary Incontinence Repair (TVT/TOT), n/N 24/45 (53) 24/43 (56) -2 (-24t019) 0.83
()

1duosnuep Joyiny

BIS, Body Image Scale; BMI, body mass index; BPPS, Body Part Pain Scale; Cl, confidence interval; CRADI, Colorectal Anal Distress
Inventory; CRAIQ, Colorectal Anal Impact Questionnaire; FAS, Functional Activity Scale; ISI, Incontinence Severity Index; PFDI, Pelvic Floor
Distress Inventory; PFIQ, Pelvic Floor Impact Questionnaire; PISQ-IR, Pelvic Organ Prolapse/Incontinence Sexual Function Questionnaire-lUGA
Revised; POPDI, Pelvic Organ Prolapse Distress Inventory; POPIQ, Pelvic Organ Prolapse Impact Questionnaire; POPQ, Pelvic Organ Prolapse
Quantification; SPS, Surgical Pain Scale; TOT, transobturator tape; TVT, transvaginal tape; UDI, Urogenital Distress Inventory; UIQ, Urinary
Impact Questionnaire.

aRisk difference, 95% confidence intervals, and p-values were obtained using Fisher’s exact test for categorical measures. Location shift, 95%
confidence intervals, and p-values were obtained using Wilcoxon Rank-Sum test for continuous measures with a Hodges-Lehmann estimation of
location shift (i.e., estimate of the difference in two distributions, calculated as the median of all paired differences between observations in the two
samples). All tests were conducted at a significance level of 0.05.
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bPuImonary disease includes any the following: asthma, chronic obstructive pulmonary disease, acute respiratory distress syndrome, and
emphysema.

Cardiovascular disease includes any the following: angina, congenital heart failure/heart disease, heart attack, stroke/TIA, peripheral vascular
disease.

dPeric Organ Prolapse Quantification (POPQ) Stages: Stage 2-The vagina is prolapsed between 1 cm above the hymen and 1 cm below the
hymen; Stage 3-The vagina is prolapsed more than 1 cm beyond the hymen but is not everted within 2 cm of its length; Stage 4-The vagina is
everted to within 2 cm of its length.
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Table 2.

MRI Failure (any point beyond hymen) and Failure Types by Surgical Repair Performed

MRI Failure Outcomes Mesh Repair (N=45) | Native Tissue Repair (N=43) | Risk Difference (95% CI) p—valuea
MRI Failure, /N (%) 13/45 (29) 24/43 (56) 27 (5 1o 46) 0.02
Type of Failure 0.44
Anterior Wall Elongation 2/13 (15) 8/24 (33) -18 (44 to 17)
Apical Failure 11/13 (85) 16/24 (67) 18 (17 to 44)
Compartment of Failure 0.001
Anterior 5/13 (38) 22124 (92) -53 (79 to -19)
Posterior 3/13 (23) 1/24 (4) 19 (-4 to 49)
Anterior/Posterior 2/13 (15) 1/24 (4) 11 (-10 to 40)
Apex 3/13 (23) 0/24 (0) 23 (3to 54)

Cl, confidence interval; MRI, magnetic resonance imaging.

Page 22

a. . . ] . . . . .
Risk difference, 95% confidence intervals, and p-values were obtained using Fisher’s exact test for categorical measures. All tests were conducted
at a significance level of 0.05, and p-values <0.05 are bolded.
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Agreement between MRI and SUPeR Failure Definitions Overall and within Surgical Repair Performed

Table 3.

SUPeR Failure® N=22 | SUPeR Success® N=66 Kappa (95% CI)b p—valueb
MRI Failure (any point beyond hymen)
Overall 0.23 (0.03 to 0.43) 0.02
MRI Failure, n/N (%) 14/22 (64) 23/66 (35)
MRI Success, n/N (%) 8/22 (36) 43/66 (65)
Mesh Repair 0.33(0.01 t0 0.62) 0.03
MRI Failure, n/N (%) 5/8 (63) 8/37 (22)
MRI Success, n/N (%) 3/8 (38) 29/37 (78)
Native Tissue Repair 0.11 (-0.13 t0 0.37) 0.52
MRI Failure, /N (%) 9/14 (64) 15/29 (52)
MRI Success, n/N (%) 5/14 (36) 14/29 (48)

ClI, confidence interval; MRI, magnetic resonance imaging; SUPeR, Study of Uterine Prolapse Procedures Randomized.

Page 23

aSUPeR failure is defined as a prolapse beyond the hymen or the presence of bothersome bulge symptoms at the SUPeR visit closest to MRI
imaging, or undergoing retreatment (surgery or pessary) for pelvic prolapse through the SUPeR visit closest to MRI imaging. SUPeR success is
defined as no prolapse beyond the hymen and the absence of bothersome bulge symptoms at the SUPeR visit closest to MRI imaging as well as no

retreatment (surgery or pessary) for pelvic prolapse through the SUPeR visit closest to MRI imaging.

bThe chance-adjusted measurement of agreement simple Kappa statistic typically ranges from 0 (agreement is totally by chance and expected) to
1 (perfect agreement). Low negative values (0.00 to —0.10) for the Kappa statistic may generally be interpreted as no agreement. 95% confidence
intervals were obtained via bootstrapping and p-values were based on exact tests for simple Kappa statistic. All tests were conducted at a 0.05

significance level, and p-values <0.05 are bolded.
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