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Abstract

The primary aims of this trial are: 1) to compare surgical outcomes following sacrospinous ligament
fixation to uterosacral vaginal vault suspension in women undergoing vaginal surgery for apical or
uterine pelvic organ prolapse and stress urinary incontinence and 2) to examine the effects of a
structured perioperative program consisting of behavioral techniques and pelvic floor muscle training
compared to usual care. This trial is performed through the Pelvic Floor Disorders Network (PFDN),
which is funded by National Institute of Child Health and Human Development. Subjects will be
enrolled from hospitals associated with seven PFDN clinical centers across the United States. A
centralized biostatistical coordinating center will oversee data collection and analysis. Two
approaches will be investigated simultaneously using a 2x2 randomized factorial design: a surgical
intervention (sacrospinous ligament fixation versus uterosacral vaginal vault suspension) and a
perioperative behavioral intervention (behavioral and pelvic floor muscle training versus usual care).
Surgeons have standardized essential components of each surgical procedure and have met specific
standards of expertise. Providers of the behavioral intervention have undergone standardized training.
Anatomic, functional, and health-related quality of life outcomes will be assessed using validated
measures by researchers blinded to all randomization assignments. Cost-effectiveness analysis will
be performed using prospectively collected data on health care costs and resource utilization. The
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primary surgical endpoint is a composite outcome defined by anatomic recurrence, recurrence of
bothersome vaginal prolapse symptoms and/or retreatment and will be assessed 2 years after the
index surgery. Endpoints for the behavioral intervention include both short-term (6-month)
improvement in urinary symptoms and long-term (2-year) improvement in anatomic outcomes and
prolapse symptoms. This article describes the rationale and design of this randomized trial, focusing
on several key design features of potential interest to researchers in the field of female pelvic floor
disorders and others conducting randomized surgical trials.

Keywords

pelvic organ prolapse; vaginal prolapse; uterine prolapse; stress urinary incontinence; randomized
surgical trial; factorial design; pelvic floor muscle training; behavioral therapy; sacrospinous
ligament fixation; uterosacral ligament suspension

Introduction

Pelvic floor disorders, including pelvic organ prolapse (a condition in which the uterus, vagina,
bladder and/or rectum bulge into or outside of the vagina) and urinary incontinence
(involuntary urinary leakage), are common in women. One in nine American women will
undergo at least one surgery for prolapse and/or urinary incontinence by the age of 80.[1]
Within five years of their first surgery, approximately 13% undergo a repeat operation, and
over their lifetime, as many as 29% will undergo another surgery for prolapse or a related
condition.[1,2] Given these high rates of initial and repeat surgery, there is clearly a need for
high quality trials to improve surgical management strategies.

While prolapse surgery can be performed through an abdominal or vaginal route, current data
suggest the preferred route for most prolapse surgery in the United States is vaginal, with as
many as 80%-90% of surgeries being performed through this approach.[1,3,4] Prolapse often
involves a combination of support defects, but loss of apical support is usually present in
women with more advanced degrees of prolapse that extends beyond the hymen.[5-7]

There is growing recognition that adequate support of the vaginal apex is an essential
component of a durable surgical repair for women with advanced prolapse.[5,8-10] Numerous
vaginal surgical procedures have been described for treatment of apical prolapse, with two of
the most popular being the sacrospinous ligament fixation (SSLF) and the uterosacral vaginal
vault suspension (ULS). The use of these procedures varies geographically and by training.

The SSLF procedure attaches the vaginal apex to the sacrospinous ligament either unilaterally
or bilaterally, typically using an extraperitoneal approach. Available data suggests that while
apical recurrence after SSLF is infrequent (<10%), recurrence of anterior vaginal prolapse
affects approximately 30% of patients. [11-23] The ULS procedure attaches the vaginal apex
to the uterosacral ligaments using an intraperitoneal approach. Data from uncontrolled case
series have been used to suggest that the ULS may have greater anatomic success than SSLF,
particularly with regard to the anterior segment.[8,24-28] Unfortunately, no comparative data
exist to provide information about which technique is safer, more durable, and/or provides
greater symptomatic relief. While both surgical techniques are clinically useful, it is essential
to establish whether one is better, to optimize current clinical care, as well as inform the design
of future trials, possibly comparing traditional vaginal apical repairs with mesh-augmented
repairs or comparing routes of surgery (abdominal vs. vaginal).

Behavioral therapy, including pelvic floor muscle training (PMT) with or without biofeedback
is an effective therapy for stress urinary incontinence (SUI), urge urinary incontinence, and
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fecal incontinence with almost no adverse consequences.[33-36] There is growing interest in
evaluating behavioral and physical therapies as an adjunct to prolapse surgery in order to
minimize pelvic floor disorders symptoms postoperatively and perhaps even improve anatomic
outcomes of the prolapse surgery.[36-39] One published study reported results of perioperative
PMT in women undergoing prolapse surgery, finding fewer urinary symptoms and better
quality of life after surgery among women receiving perioperative PMT compared to a control
group receiving usual care.[38]

The principal aims of the Operations and Pelvic Muscle Training in the Management of Apical
Support Loss (OPTIMAL) trial are 1) to compare surgical outcomes after SSLF versus ULS
and 2) to assess the role of perioperative behavioral and pelvic floor muscle training versus
usual care in women undergoing vaginal surgery for apical or uterine prolapse and SUI using
a 2x2 randomized factorial design. The purpose of this paper is to describe the rationale, design
and challenges of planning the trial, focusing on several key design features of interest to
researchers in the field of female pelvic floor disorders and others conducting randomized
surgical trials.

Design Overview

The OPTIMAL trial is a collaborative multi-centered surgical trial performed by the Pelvic
Floor Disorders Network (PFDN), a cooperative network of investigators from seven clinical
sites and a Data Coordinating Center (DCC) supported by the National Institute of Child Health
and Human Development (NICHD) of the National Institutes of Health (NIH) (Appendix).
This protocol was developed as a collaborative effort of members from all seven PFDN clinical
sites and the DCC. All participating sites in the PFDN, received institutional review board
approval for this randomized surgical trial.

The OPTIMAL trial compares SSLF to ULS with or without perioperative behavioral and
pelvic floor muscle training (BPMT) in women undergoing vaginal surgery for Stage 2-4 pelvic
organ prolapse and SUI using a 2x2 factorial study design. The overall design is shown in
Figure 1. A standardized common protocol for enrollment, treatment and data collection will
be employed by all sites and coordinated by the DCC. Women with Stage 2-4 prolapse and
SUI symptoms that plan vaginal surgery for treatment of prolapse of the vaginal apex (with or
without a uterus) will be approached for enrollment. Each enrolled subject will undergo two
distinct randomizations: (1) the method of vaginal apical suspension to either SSLF or ULS
(Surgery Intervention) and (2) BPMT vs. usual care during the perioperative period. The use
of a factorial design will allow us to evaluate these two independent interventions in a single
study population.

Prior to surgery, the surgeon will describe their intended concomitant surgery for prolapse.
Following randomization, subjects will receive the allocated vaginal vault suspension and any
additional vaginal prolapse surgery, as clinically indicated prior to randomization. All subjects
will receive a Tension-Free Vaginal Tape (TVT®) (Ethicon Women’s Health and Urology,
Somerville, NJ) for surgical management of their SUI. The primary objective of the Surgery
Intervention is to compare the anatomic success of vaginal prolapse surgery using SSLF to
surgery using ULS 2 years postoperatively. Secondary objectives include comparing the
change in pelvic floor disorders symptoms, sexual function and health-related quality of life
(HRQOL) and the incidence of perioperative complications.

Subjects who are randomized to receive Perioperative Intervention will participate in a formal
individualized BPMT program that begins two to four weeks prior to surgery and continues
for three months after surgery. The primary short-term objective of the Perioperative
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Intervention is to evaluate the efficacy of perioperative training for reducing urinary symptoms
six months after vaginal surgery for prolapse. The primary long-term objective of the
Perioperative Intervention is to assess the efficacy of perioperative training on prolapse
symptoms and anatomic outcomes two years after surgery. Secondary objectives include
evaluating the effect of perioperative BPMT on postoperative pain and return to normal
activities, as well as the short-term (six month) effect on sexual function and HRQOL. We also
plan to evaluate the long-term (two year) effect of perioperative BPMT on other pelvic floor
disorders symptoms, sexual function, and HRQOL. Additionally, there is scant information on
the cost-effectiveness of perioperative BPMT; in this trial, we will also compare the cost-
effectiveness of perioperative intervention with usual care in women undergoing prolapse
surgery.

Study Population

The study population will consist of adult women with Stage 2-4 prolapse and coexisting SUI
symptoms who have prolapse at the vaginal apex (with or without a uterus) and have opted for
vaginal surgery for prolapse repair. We will document the symptomatic impact of prolapse by
requiring that subjects have an affirmative response to one of two questions from the Pelvic
Floor Distress Inventory (PFDI)[40]. Anatomically, participants must have at least Stage 2
prolapse that includes prolapse of the vaginal apex at least half-way into the vaginal canal using
the Pelvic Organ Prolapse Quantification (POPQ) system.[41] Subjects must also have SUI
symptoms (demonstrated by an affirmative response to one or more of the three items on the
PFDI stress subscale) and have documentation of a positive office stress test or urodynamic
stress incontinence[42] in the previous 12 months. Because prior prolapse surgery alters
vaginal topography and is an independent risk factor for prolapse recurrence, subjects who
have previously undergone either of the two surgical interventions (SSLF or ULS) will be
excluded. Similarly, because of an altered risk/benefit ratio for patients with SUI symptoms
despite a previous synthetic sling for SUI, these potential participants are excluded. Subjects
are also excluded if they have a clinical contraindication to SSLF, ULS, TVT or a pelvic floor
muscle strengthening program in the opinion of their surgeon. The protocol requires that there
be sufficient time prior to the planned surgical procedure (at least two weeks, but not more
than four weeks) to schedule the preoperative BPMT visit for those who are randomized to
this intervention. A complete list of the inclusion and exclusion criteria is summarized in Table
1.

Baseline Assessment

After enrollment, standardized baseline data collection will include: demographics, current
medications, a medical history and a physical examination that includes POPQ evaluation
[41] and pelvic floor muscle strength assessment using the Brinks standardized grading system.
[43] A series of validated instruments will be administered via standardized telephone
interviews to assess pelvic symptoms, sexual function and condition-specific and generic
HRQOL. Standardized interviews will be performed by trained female interviewers, blinded
to treatment assignments, at the DCC’s centralized Quality of Life Interviewing Center at the
DCC and will include the following instruments: 1) PFDI [40], 2) Pelvic Floor Impact
Questionnaire (PFIQ) [40], 3) Incontinence Severity Index [44], 4) Pelvic Organ Prolapse/
Urinary Incontinence Sexual Questionnaire short form (PISQ-12)[45], 5) EuroQOL (EQ-5D)
[46], and 6) a body image scale [47,48]. Pre-intervention measures of pain and functional
activity will be assessed by the Surgical Pain Scale [49] and Activity Assessment Scale [50].
Additionally, the Medical Outcome Study Short Form 36 (SF-36) [51] will be collected by
study personnel at the baseline visit.
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Randomization

Blinding

Eligible consenting subjects will each undergo two distinct randomizations with equal
probability of assignment to one of the two groups for each intervention (Surgery Intervention:
SSLF or ULS; Perioperative Intervention: perioperative BPMT or usual care).

Randomization for the Perioperative Intervention will take place preoperatively to allow for
scheduling of the preoperative training visit and will be stratified by clinical site. Separate
randomization schedules will be generated by the DCC for each clinical site using a random
permutated block design. The DCC will provide treatment allocations to the Clinical Sites in
sequentially numbered, sealed, opaque envelopes, such that each enrolled subject will be
assigned two sealed envelopes (one for each intervention).

Randomization for the Surgical Intervention will take place in the operating room on the day
of surgery and will be stratified by surgeon and by performance of concomitant hysterectomy.
Although all study surgeons have experience and skill with both surgical approaches,
differences in training and experience may impact the study outcomes. Similarly, we will
stratify by concomitant hysterectomy because some study surgeons believe concomitant
hysterectomy may favor localization of the uterosacral ligaments, improving outcomes from
ULS in this setting.

Because the study surgeon will be providing clinical care to subjects, blinding the surgeon to
treatment allocation or subject symptoms is not practical or feasible. However, it is our intent
that when feasible and ethical, all outcomes assessors and the subjects will be blinded to the
surgical treatment allocation. To help maintain blinding, the procedure summary in the medical
record will not state the specific apical procedure, instead listing the non-study procedures and
“apical suspension per OPTIMAL protocol.” While the details of the actual procedure will be
readily available within the text of the operative report, study personnel are alerted to maintain
blinding by the procedure summary. Study surgeons will instruct housestaff to limit their post-
operative notes to similar text that does not unmask the hospital team, which can inadvertently
unblind the subject.

For the Perioperative Intervention, neither the subject nor the study coordinator will be blinded
to the allocation. It is not feasible to blind the study coordinator because of the scheduling
requirements in those subjects undergoing perioperative training. The telephone interviewer
will remain blinded for the duration of the study. For the Surgery Intervention, the subject,
study coordinator and telephone interviewer will be blinded to the assignment for the duration
of the study. Additionally, all postoperative POPQ evaluations and assessments of pelvic floor
muscle strength will be performed by a trained examiner (Evaluator) who is blinded to both
allocations and who is not the operating surgeon. All BPMT providers (Interventionists) will
be blinded to the Surgery Intervention treatment allocation. A summary of masking for each
of the two study interventions is shown in Table 2.

Surgical Intervention

In order to maximize the generalizability of our study while maintaining standardization within
surgical intervention, the protocol requires strict standardization of essential components of
the surgical technique for the two treatment arms (SSLF and ULS) and the stress incontinence
surgery (TVT), while allowing individual surgeons some flexibility in the use and technique
of concomitant prolapse surgery. These components were developed with the input of non-
network expert surgeons who have published their case series for the study procedures.
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Participating study surgeons are required to have performed a minimum of 20 of each vault
suspension procedure in their career including at least 5 of each in the 12 months prior to
beginning subject enrollment. A surgical videotape illustrating essential components of each
vault suspension technique was developed, reviewed as a group, and distributed to each
participating surgeon along with a detailed written description of the technique and guidelines
for concurrent procedures.

The SSLF procedure used for this protocol is a modification of the Michigan 4-wall technique
originally described by Morley and DeLancey.[12,16] Subjects randomized to this arm will
receive a unilateral SSLF using two permanent and two delayed absorbable (four sutures total),
0 or 2-0 monofilament stitches placed in the left or right sacrospinous ligament (bilateral
placement is not allowed). The ULS procedure used for this protocol is a modification of the
technique originally described by Shull.[52] Subjects randomized to this arm will receive a
bilateral uterosacral vault suspension with one permanent and one delayed absorbable 0 or 2-0
monofilament suture placed in each uterosacral ligament (two sutures per side; four sutures
total). Midline plication of the uterosacral ligaments and/or culdoplasty is not allowed.

In the event that circumstances prohibit safe or effective completion of the assigned vault
suspension procedure, surgeons will perform the alternative surgical intervention (e.g., if
randomized to SSLF but SSLF can not be safely performed then a ULS is attempted). In the
unlikely event that both ULS and SSLF cannot be performed safely or effectively, the choice
of vaginal suspension procedure is left to the surgeon’s discretion and recorded. Cystoscopy
with intravenous indigo carmine will be routinely performed after either procedure to assess
bladder integrity and ureteral patency.

All concomitant procedures must be declared and recorded prior to randomization. Anterior
and posterior colporrhaphies will be performed at the discretion of the surgeon such that the
anterior and posterior vaginal walls are located at least 1 cm above the hymen (i.e., POPQ
points Aa, Ba, Ap and Bp are less than or equal to -1 cm) at the end of the procedure.
Colporrhaphies, when performed, will be performed with 2-0 or 0 monofilament delayed
absorbable sutures. Use of mesh or biologic graft materials in the anterior or posterior
compartment or to suspend the vaginal apex is not permitted. Women with a uterus in situ will
undergo a hysterectomy, as this is the current standard of care for both vault suspension
procedures. All subjects will receive a TVT placed using the standard retropubic approach for
treatment of the SUI symptoms. The TVT will be positioned after completion of the apical and
anterior prolapse corrective surgery. An assessment of pelvic support will be performed at the
completion of the procedure by noting standard POPQ points under anesthesia without
Valsalva. All concomitant procedures, whether planned or not, and intraoperative
complications will be recorded.

Perioperative Intervention

Subjects randomized to the Perioperative Intervention (BPMT) will receive a formal,
individualized program that includes progressive pelvic floor muscle training and exercise and
education in behavioral strategies to prevent/reduce lower urinary tract and colorectal
symptoms. The intervention was modeled after the program described by Jarvis et al.[38] and
includes behavioral intervention components used in the PFDN’s Ambulatory Treatment for
Leakage Associated with Stress Incontinence (ATLAS) study.[53]

To ensure standardization in the implementation of OPTIMAL behavioral interventions across
clinical sites, all behavioral interventionists attended standardized training, including didactic
lectures (on urogenital prolapse, the behavioral intervention protocol, anatomy and physiology
of pelvic floor muscle function, exercise physiology and exercise progression, behavioral
principles and strategies, and optimizing exercise/behavioral adherence), problem-oriented
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patient case discussions, and certification in the conduct of patient visits (including
examination and evaluation of pelvic floor muscle function, teaching PMT and behavioral
strategies to prevent or reduce lower urinary tract and colorectal symptoms, and promoting
long-term adherence) by direct observation of structured role play interactions. A minimum of
two trained interventionists are available at each clinical site. Interventionists include physical
therapists, registered nurses and certified registered nurse practitioners.

Each subject will attend five separate sessions with the interventionists and receive one
interventionist telephone call following hospital discharge. The first visit will occur 2-4 weeks
prior to surgery and include evaluation of the subject’s pelvic floor muscle function via vaginal
palpation, instruction on correct pelvic floor muscle exercise, and recommendations for a
preoperative pelvic floor muscle exercises based on the subject’s baseline muscle function.
Verbal and written instructions will be individualized with a maximum of 45 contractions per
day, an initial muscle contraction duration ranging from 1-3 seconds, and a schedule to increase
the contraction duration 1-2 seconds per week to a maximum of 7-seconds, as well as
instructions for resuming exercises postoperatively. In addition, the interventionist will educate
and provide the subject with written instructions on strategies to prevent or reduce symptoms
of stress incontinence (stress strategy), urge incontinence (urge strategy), obstructive
symptoms and dysfunctional voiding, (including proper toilet posture and pelvic floor muscle
relaxation to facilitate bladder emptying), and colorectal symptoms and dysfunctional
defecation (including management of stool consistency, proper toilet posture, pelvic floor
relaxation to facilitate stool passage, and responding to natural defecation urges).

The subject will attend four postoperative visits with the interventionist (2 weeks, 4-6 weeks,
8 weeks and 3 months after surgery). At each visit, subjects will be screened for symptoms of
stress incontinence, urge incontinence, urinary urgency and frequency, voiding dysfunction,
and defecatory dysfunction. If a subject is not experiencing any of these symptoms, the
emphasis of the visit will be PMT instruction and education on maintaining healthy bowel and
bladder habits. If a subject reports one or more of these symptoms, then behavioral techniques
that address these symptoms will be emphasized during the visit in addition to PMT instruction.

During the postoperative visits, the interventionist will reexamine the subject’s pelvic floor
muscle function to determine whether she is performing the exercises correctly and to
remediate any skill deficits. This will be done via vaginal palpation, except for at the 2-week
postoperative visit, during which the perineum will be visually inspected to insure that the
subject is not straining during exercise. At the 2 week, 4-6week and 8 week postoperative visits,
the interventionist adjusts the subject’s exercise regimen by gradually increasing the number
(maximum ranging from 45 to 60 per day) and duration of each contraction (maximum = 10
seconds). At the final postoperative session, the interventionist will provide subjects with a
maintenance exercise program consisting of 15 contractions per day at the maximum
contraction duration achieved during the intervention period.

At all postoperative visits, subjects will complete an exercise and behavioral adherence
questionnaire to determine the number of exercises subjects performed daily and whether they
encountered any barriers that interfered with exercise and implementation of behavioral
strategies, which the interventionist will use to guide treatment progression and to assist
subjects in problem-solving strategies for improving exercise and strategy adherence and
Success.

To promote exercise adherence during the two-year follow-up period, the interventionist will
mail a flyer to subjects on a quarterly basis that details the exercise regimen and encourages
exercise and behavioral strategy adherence. Beyond this, subjects will receive no other contact
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to encourage exercise and behavior strategy adherence. However, adherence to the behavioral
intervention will be assessed at the time of each clinic visit (at 6, 12 and 24 months).

Those subjects randomized to “usual care” will receive no behavioral or pelvic floor muscle
training, other than routine perioperative teaching and a standardized set of postoperative
instructions given to all subjects.

Data Collection

A timeline of visits, events and data collection is listed in Table 3. Scheduled in-person follow-
up will occur at 2 and 4-6 weeks and 3, 6, 12, and 24 months. At the 6, 12, and 24 month visits,
a POPQ examination and a pelvic floor muscle strength assessment will be performed by an
examiner blinded to the intervention assignments. In addition, an update of current
medications, an assessment of new or continuing pelvic floor disorders, adverse events that
occurred since the previous evaluation, and an assessment of health care costs and resources
used will be obtained by the clinical site study coordinator at the 3-, 6-, 12-, and 24-month in-
person visits and by phone 9, 15, 18 and 21 months after surgery. Telephone interviews by the
Quality of Life Interviewing Center will also occur at 6, 12 and 24 months and will include
administration of each of the instruments used in the baseline assessment, as well as the
Patient’s Global Impression of Improvement (PGI-1).[54] Two years after the index surgery
subjects will be asked whether they believe they have been unblinded to the surgical
intervention.

Outcome Measures

The primary outcome measure for the Surgical Intervention will be surgical “success” or
“failure” assessed two years after surgery. The primary outcome measure has three
components: (1) an anatomic assessment of prolapse, using the POPQ examination, (2) the
presence or absence of bulge symptoms specific to prolapse, using two questions from the
PFDI and (3) an assessment of additional treatment (surgical or non-surgical) for prolapse after
the index surgery. Specific details of this composite primary endpoint are provided in Table
4.

For the Perioperative Intervention, both short-and long-term primary outcomes will be
assessed. The primary short-term outcome measure will be urinary symptoms measured by the
Urinary Distress Inventory (UDI) subscale of the PFDI at six months after surgery. The six-
month time frame was chosen because it is early enough after the formal therapy program to
be within the time frame of a maximal impact on symptoms, yet far enough from the
intervention that the duration of effect on symptoms would be clinically meaningful. The
primary long-term outcomes will be prolapse symptoms measured by the Pelvic Organ
Prolapse Distress Inventory (POPDI) subscale of the PFDI and anatomic outcomes at two years
after surgery.

Secondary outcomes that will be assessed independently for both the Surgical and Perioperative
Interventions include anatomic outcomes of each vaginal segment (anterior, posterior and
apical); time to prolapse recurrence; urinary, bowel and sexual symptoms; generic and
condition-specific HRQOL; retreatment for prolapse or urinary incontinence; functional
activity; and postoperative pain. Additionally, pelvic floor muscle strength is a secondary
outcome specific to the BPMT intervention. Surgical complications will be collected and
categorized using a modification of the Dindo Classification [55].

Economic Evaluation and Analysis

One of the aims of the OPTIMAL trial is to investigate the cost-effectiveness of providing
perioperative training at the time of vaginal surgery for prolapse. The analysis will be
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performed from the U.S. societal perspective. We will account for the direct medical costs such
as hospitalization and outpatient care, direct non-medical costs such as transportation to health
care and use of incontinence products, and indirect costs (i.e., productivity loss) for each
subject. Detailed data on each subject’s utilization of health care resources associated with the
Perioperative Intervention and subsequent health care over the two-year follow-up period will
be collected using each clinical site’s administrative records supplemented by subject self-
report. Medicare fee schedules will be used as unit cost measures for medical services.[56]
Because the Perioperative Intervention is specifically developed for the OPTIMAL trial, we
will collect detailed data on the use of personnel time, space/facility cost, and materials/supplies
(e.g., workbooks) when delivering the BPMT sessions. National median wage rates for the
specific type of personnel will be applied to estimate personnel costs.

Subject-specific quality-adjusted life years (QALY's) will be calculated based on the EQ-5D
[57] assessments collected at baseline and 6 months, 12 months and 24 months post-surgery.
We will assume linear changes in each subject’s utility values over time between every two
assessments in order to calculate the area under the curve over the two-year period. An annual
discount rate of 3% will be applied to both costs and QALYs. The incremental cost-
effectiveness ratio (ICER) will be calculated as the differential costs between the perioperative
BPMT group and the usual care group, divided by the differential QALY's between the two
groups. General linear regression analysis will be conducted to estimate the differential mean
costs and differential mean QALY between the BPMT group and the usual care group, while
adjusting for surgical treatment (SSLF or ULS), hysterectomy (concomitant or prior), surgeon,
and other baseline measures identified as unbalanced between the two groups. The measures
of costs and QALY may be transformed before analysis if the variables demonstrate skewed
distributions. Our base case cost-effectiveness analysis will include only subjects with
complete cost and utility data. Sensitivity analysis will include subjects with missing data (e.g.,
lost to follow-up in one or more of the follow-up assessments) using the multiple imputation
method.[58] Non-parametric bootstrapping resampling technique will be used to derive the
95% confidence intervals for the ICER.[59]

The OPTIMAL trial uses a 2x2 factorial design such that subjects will undergo two separate
randomizations, one for the Surgery Intervention (SSLF vs. ULS) and one for the Perioperative
Intervention (BPMT vs. usual care). The intent is to assess the superiority of each of the two
interventions. Although we will perform a test for interaction between the two interventions
and between the two interventions and clinical site, we do not expect the effect of BPMT to
differ by the type of surgery performed, nor do we expect the efficacy of the two surgical
techniques to be differentially affected by the performance of perioperative BPMT. Thus,
sample size calculations were based on the comparisons between the Surgical Intervention
groups, and separately, on the comparisons between the Perioperative Intervention groups.

Using definitions of anatomic surgical success similar to the one we propose, the anatomic
success of SSLF in the randomized trials performed by Benson et al and Maher et al were 69%
and 67%, respectively.[14,23]. Retrospective case series, with follow-up of at least three years
using relatively similar definitions of anatomic success (Baden-Walker Grade 0 or 1),
demonstrate that the cure rates for SSLF were between 74% [11] and 82% [20]. Based on this
information, we assumed anatomic success of 70% for SSLF at 2 years. The investigators
believe that a difference in success less than 15% will not change clinical practice, but also
that the sample size should be large enough to detect an observed difference in success of 10%;
i.e., an inability to differentiate between the procedures will require an observed difference
that is less than 10%. With 170 subjects per group (a total of 340 subjects randomized), there
will be 80% power to differentiate between success rates of 70% and 83% using a two-tailed
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test with a 5% level of significance. In addition, the observed difference must be less than 10%
in order for the two procedures not to differ significantly. Projecting a 15% drop-out or loss to
follow-up rate over two years, we anticipate recruiting and randomizing 400 subjects in this
protocol.

The primary short-term (6-month) outcome measure for the Perioperative Intervention is the
UDI subscale of the PFDI. If efficacious, the Perioperative Intervention should reduce the UDI
score. With 340 subjects (170 per group), there will be 80% power to identify a difference of
0.3 standard deviations (SD) in the mean UDI score using a two-tailed test with 5% level of
significance. According to unpublished data from a prospective surgical cohort, in women 6
months after receiving vaginal prolapse surgery and TVT, the mean (xSD) UDI score on the
PFDI was 55 + 32. Assuming similar results in OPTIMAL, this sample size will provide 80%
power to identify a difference of approximately 10 points in mean UDI score between the two
intervention groups (i.e., SD 32 x 0.3 = 9.6 points). Analysis of baseline data in the ATLAS
study[53] demonstrated an 11-point difference between in mean UDI scores for subjects who
leak urine up to once per week (31£26) and subjects who leak urine up to once per day (42
+27) (i.e., SD 26 or 27 with 11-point difference = 0.4 SD). These data suggest that a difference
of 11 points (0.4 SD) or more would be of clinical interest. With our sample size, there is more
than 80% power to identify a change of this magnitude.

Analytic Plan

The primary outcomes of both interventions will be analyzed according to the original
randomized treatment assignment (intent to treat principle). The primary endpoint for the
Surgical Intervention is dichotomous: success or failure at two years after surgery. The primary
outcome measure uses the POPQ results at two years unless retreatment for prolapse occurred
at an earlier time. When there is retreatment, or when the two-year POPQ result is missing and
the last observed POPQ measurement is consistent with the definition of failure, the POPQ
result at two years will be imputed as a failure. Sensitivity analyses will be performed to study
the effect on the primary endpoint of different methods of handling drop-outs and missing data.
A logistic regression model will be fitted to the outcome measure at two years. Factors for
treatment assignment (both surgery and perioperative intervention), hysterectomy
(concomitant or prior), and surgeon will be included in the model. If baseline measures are
unbalanced between treatment groups, the logistic model will be fitted with and without these
measures.

The primary outcome measure for the Perioperative Intervention is the comparison of mean
UDI scores between the two groups at six months post-surgery. This measure is preferable to
change in the UDI score, since the TVT and prolapse surgery are expected to have large effects
on the UDI score; therefore, comparing the level of symptoms after the index surgery is more
relevant than comparing changes in the symptom score. Because the UDI score is expected to
be skewed, it may be transformed prior to analysis. A general linear model will be fitted to the
UDI score (or transformed UDI score). The model will include factors for treatment assignment
(both surgery and the perioperative intervention) and clinical site. Missing values will be
imputed by the method of Brown [60]; a sensitivity analysis to assumptions will be performed.
Subjects who are receiving treatment for lower urinary tract symptoms at the time of the six-
month outcome assessment will be considered treatment failures for the BPMT intervention
and their UDI values will be imputed using the method of Brown.[60]

Secondary outcome measures will be analyzed similar to the UDI score when they are
continuous or similar to the surgical failure measure when they are discrete. However,
imputation of missing values will not be done for secondary measures. Time-to-event outcomes
will be analyzed using appropriate methods, such as log-rank tests, Kaplan-Meier survival
curve estimation, and proportional hazards models. Since the primary endpoint is at two years,
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all subjects are expected to be enrolled and to have completed the intervention prior to the
earliest time of any interim analysis. Therefore, we are not planning a formal interim analysis.
A data safety and monitoring board will monitor for excess morbidity in either arm of both
interventions.

Discussion

Despite the substantial rates of surgery for pelvic organ prolapse and the rapidity of newly
proposed procedures, there are few high quality studies available to help guide surgeons who
wish to use an evidence-based approach to management of this condition. Most prolapse
surgery studies consist of uncontrolled, single-surgeon case series and are limited due to small
numbers, inadequate power to detect clinically important differences, lack of standardization
of technique, inadequate follow-up, and failure to blind the evaluator. [8,26] The OPTIMAL
trial is adequately powered to compare the safety and efficacy of two popular surgical
procedures for treating apical and uterine prolapse, using standardized surgical techniques and
validated outcome measures in multiple domains. The subjects are assessed by evaluators
blinded to treatment assignment and are followed for two years after surgery in a multi-site
setting.

A factorial design is preferred in order to evaluate two independent interventions in a single
trial without the cost and effort of an increased in sample size. Because we have assumed that
there is no interaction between the Surgical and Perioperative Interventions, the current sample
size is powered to detect the main effects of each intervention. Although it is not adequately
powered to detect an interaction between the interventions, we believe that the obvious
advantage of the factorial design far outweighs the risk of this potential problem. A recent
survey of the International Urogynecological Association (IUGA) found that the preferred
vaginal vault suspension among members was SSLF (78%).[61] Uncontrolled retrospective
case series and clinical trials in which SSLF was used in one arm suggest that while apical
recurrence after SSLF is uncommon (2.4% to 19%), recurrence of anterior vaginal prolapse is
more problematic (6% to 28.5%)[11-23]. Although ULS has been adopted as the preferred
vaginal vault suspension among many academic urogynecologists in the U.S. in hopes of
reducing anterior vaginal prolapse recurrence, current evidence supporting the use of ULS is
limited to seven uncontrolled retrospective case-series. [24,25,52,62-65] There are currently
no comparative studies, randomized or not, that compare SSLF to ULS. Moreover, most studies
of both procedures focus on anatomic outcomes and complications, and generally lack
information on functional, HRQOL and sexual outcomes.

The results of the OPTIMAL trial are essential for establishing which of these two popular
vaginal apical prolapse repairs is superior. This knowledge could potentially improve surgical
outcomes, and may also inform the design of trials that compare “traditional” surgery with
trans-vaginal mesh-augmented repairs. The theoretical advantage of these Kits is improved
long-term anatomic results, although such data are currently unavailable. Unfortunately, early
studies suggest that these kits may be associated with more frequent complications than
traditional repairs including mesh erosion, pelvic pain and dyspareunia. [66] A major impetus
for implementing the OPTIMAL trial is to determine the best traditional vaginal approach so
that adequate comparisons between traditional prolapse surgery and prolapse kits can be made
in future clinical trials.

Women undergoing surgery for prolapse often have concurrent urinary, bowel and other pelvic
symptoms and may develop de novo symptoms following surgery. The OPTIMAL trial limits
participation to patients planning vaginal surgery for apical or uterine prolapse who also have
SUI symptoms, as there is currently no consensus on the management of women undergoing
vaginal prolapse surgery who do not have SUI symptoms. Limiting eligibility to stress
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incontinent women in OPTIMAL, we were able to develop a standardized management
protocol using a widely accepted procedure whose efficacy and durability is well-documented
for surgical treatment of SUI (i.e., TVT). Because the prevalence of stress incontinence
symptoms in patients with > stage 2 prolapse is high, there will be an adequate number of
subjects eligible for recruitment and our findings will be applicable to a large number of
patients.

One notable unique challenge of a surgical trial is that the technical aspects of a particular
treatment can vary greatly between surgeons, as can the participating surgeons’ operative skill
and experience. To minimize variability of surgical technique within OPTIMAL, we
established strict standardization of suture type, number, and placement for the two apical
suspension techniques. The Michigan 4-wall technique of SSLF was chosen because
uncontrolled studies suggest a lower anterior prolapse recurrence than other approaches.[8,
12] Since no scientific evidence existed to guide the standardization or identify essential
components of either procedure, decisions were made by group consensus. To minimize
variability related to surgeon experience, only surgeons who use both apical vault suspension
techniques in their practice and have performed at least 20 of each procedure during their career
and at least 5 in the last 12 months are able to participate in OPTIMAL.

It is rare that surgery to correct apical or uterine prolapse is performed in isolation; concurrent
surgery to correct anterior and/or posterior prolapse is common. However, the degree and
location of vaginal support loss can vary considerably from patient to patient and surgeons
often use intraoperative judgment to decide whether or not to perform concurrent procedures.
To avoid introducing bias in performing or selecting concurrent procedures after surgical
randomization, surgeons are required to indicate planned procedures at the time of preoperative
planning. Surgeons can alter their plan intraoperatively if necessary to provide patients with
the best possible care; however, this will be recorded as a protocol deviation and closely
monitored. To standardize the performance of concurrent surgery, guidelines establishing a
minimum degree of anatomic support of the anterior and posterior vaginal wall at the end of
the surgery were developed and included in the protocol.

Another challenge in surgical trials is maintenance of blinding the treatment assignment,
particularly in this study with two interventions. We are expending considerable effort to
maintain blinding of the subject to the surgical treatment assignment for the duration of the
study. It is not possible to mask the subject to Perioperative Intervention assignment; however,
all outcomes assessors will be blinded for both interventions. Blinding at the clinical sites
requires careful attention to the medical records (whether paper, electronic, or some
combination) especially the surgical consent form, operative notes, and medical bills. Our
template for the surgical consent form will state: “Vaginal apical suspension (sacrospinous
ligament suspension or uterosacral ligament suspension per OPTIMAL Protocol), Tension-
Free Vaginal Tape (TVT), and other procedures as required for that patient (hysterectomy,
bilateral salpingo-oophorectomy, etc.)” In addition, the operative note is organized to reflect
protocol participation in the “Procedure” portion, and details of the specific procedures
performed are only available within the text of the operative note. This adds a modicum of
protection to alert blinded investigators to avoid seeking details within the operative note. On-
going education of hospital staff including nurses, fellows, residents and medical students about
the importance of blinding will be essential.

Perioperative physical therapy is associated with improved outcomes in a number of areas
including orthopedic, spine and cardiac surgery. The pelvic floor muscles play a critical role
in pelvic organ support and contribute to continence of both urine and stool by involvement
with urethral and anal sphincter function.[67,68] Moreover, diminished pelvic floor muscle
strength is associated with more frequent prolapse recurrence and increasing reoperation for
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pelvic floor disorders within five months after prolapse surgery.[69] Thus, perioperative PMT
has significant potential as adjuvant treatment in women undergoing surgery for prolapse and/
or SUI. Jarvis et al randomized 60 women undergoing surgery for prolapse and/or SUI to either
perioperative BPMT (preoperative pelvic floor muscle exercise teaching reinforced
postoperatively, and instruction in healthy voiding and defecation techniques to reduce the
need for straining) or usual care.[38] Three months after surgery, subjects in the intervention
group had significantly greater reduction in urinary symptoms, including reduction in daytime
urinary frequency, and greater improvement in quality of life compared to the control group.
Subjects were not followed beyond three months postoperatively, however, and only urinary
symptoms were assessed. Whether perioperative BPMT is effective in reducing the recurrence
of prolapse or its symptoms in the long-term is unknown.

The OPTIMAL study will assess both the short- and long-term effects of perioperative BPMT
on a wide range of pelvic floor disorders symptoms as well as sexual, HRQOL and anatomic
outcomes of women undergoing vaginal surgery for advanced prolapse and SUI. In addition,
the study will generate much needed information on the cost-effectiveness of perioperative
BPMT in vaginal surgery for prolapse. Collectively, these findings will provide substantial
insight into the potential merits of this adjunctive treatment.

The OPTIMAL BPMT program is a simple program that can be easily applied in the
perioperative period with minimal subject burden and is flexible enough to address the varying
pelvic symptoms likely to be encountered in women after surgery for advanced prolapse and
SUI. Behavioral programs typically consist of four to six visits over an eight to twelve week
period.[33-35] To achieve maximal benefit and allow any postoperative pelvic floor symptoms
to stabilize after surgery, while not overburdening the patient, we expanded the three-visit six-
week program outlined by Jarvis to a five-visit, twelve-week program.

The relatively poor compliance with PMT over the long-term is well known.[36] Subjects
randomized to undergo perioperative training may not be compliant with their home program
over the 2-year course of the study. This potential decline in compliance with time is one of
the reasons we have chosen to assess the primary outcome of the Perioperative Intervention at
6 months. However, over the long-term, we are interested in a pragmatic comparison of the
long-term impact of perioperative training including the effect of compliance. Thus, we plan
to assess adherence throughout the follow-up phase. Subjects randomized to BPMT will
receive a mailed reminder quarterly to encourage continued compliance with the intervention.

An estimated 225,000 women undergo prolapse operations every year in the United States,
with medical costs over $1 billion (in 1997 dollars).[70] Since many of these are repeat
operations[1,2] strategies improving outcomes of prolapse surgeries will not only lessen the
illness burden of patients, but may also reduce the cost of medical care in the long run.[38]
Pelvic floor muscle exercises are successful in improving symptoms associated with a wide
variety of pelvic floor disorders [33-36] and may reduce the incidence of recurrent prolapse
and incontinence and hence the need for reoperation.[69] However, data are lacking on the
cost effectiveness of providing behavioral or pelvic floor muscle training at the time of vaginal
surgery for prolapse. The OPTIMAL trial will provide useful information to fill this gap.

Each intervention and assessment in the OPTIMAL trial has been carefully considered and
chosen to provide maximum opportunity for reliable assessment of the relative impact of two
accepted vaginal surgical methods for treatment of women with pelvic organ prolapse with or
without SUI. Furthermore, we have designed the trial to allow a reasonably independent
assessment of an established nonsurgical intervention in the form of BPMT. Although
ambitious goals, we believe they are feasible primarily because of our efforts at standardization
of each intervention, use of power analysis to estimate necessary sample size, utilization of
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valid and reliable outcome measures, and emphasis on long-term subject retention and
assessment. The discussion we present in this article is relevant to other surgical trials with
similar objectives.

Appendix - Pelvic Floor Disorders Network Contributors
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Linda McElrath, RN, Research Nurse Coordinator
Donel Murphy, RN, MSN, Research Nurse

Cheryl Williams, Research Assistant

Duke University
Anthony G. Visco, MD, Principal Investigator

Jennifer Wu, MD, Co-Investigator

Alison Weidner, MD, Co-Investigator

Cindy Amundsen, MD, Co-Investigator

Mary J. Loomis, RN, BSN, Research Coordinator
Loyola University, Chicago

Linda Brubaker, MD, MS, Principal Investigator
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Stage 2-4 prolapse mnvolving the apex and stress
urinary incontinence; vaginal surgery planned

Consent/enrollment
Baseline Evaluation & QOL

Randomization
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77— BPMT interventiom—

A4

Perioperative
BPMT

No Perioperative
BPMT

! !

Randomization
Surgery intervention

A4

Y

Page 20

SSLF + BPMT ULS + BPMT

SSLF +
No BPMT

ULS +
No BPMT

Follow-up:
2 wks: Clinic visit & BPMT (if randomized to BPMT)
4-6 wks: Clinic visit & BPMT (if randomized to BPMT)
8 wks: BPMT wvisit (if randomized to BPMT)
3mo: Clinic visit & BPMT (if randomized to BPMT)
6 mo, 12mo, 24 mo: Clinic visit & QOL
9mo, 15mo, 18 mo, 21mo: Telephone only

Figure 1.

Study Flow Chart. BPMT = behavioral and pelvic floor muscle training; QOL = quality of life
assessment by the data coordinating center’s Quality of Life Interviewing Center; SSLF,
sacrospinous ligament fixation; ULS, uterosacral ligament suspension
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Table 1
Protocol Inclusion and Exclusion Criteria

Inclusion Criteria

1

2
3
4

Stage 2, 3 or 4 prolapse
Descent of vaginal apex or cervix at least %2 way into vaginal canal (defined as POPQ Point C > -TVL/2)
Vaginal surgery for prolapse is planned, including a vaginal apical suspension procedure
Vaginal bulge symptoms as indicated by an affirmative response to either of the following questions from the PFDI:
a. Do you usually have a sensation of bulging or protrusion from the vaginal area?
b. Do you usually have a bulge or something falling out that you can see or feel in the vaginal area?
Stress incontinence symptoms as indicated by an affirmative response to any of the 3 items in the PFDI Stress incontinence subscale:
a. Do you usually experience urine leakage related to coughing, sneezing or laughing?
b. Do you usually experience urine leakage related to physical exercise such as walking, running, aerobics, or tennis?
c. Do you usually experience urine leakage related to lifting or bending over?

Documentation of transurethral stress leakage on an office stress test or urodynamics with or without prolapse reduction within the previous 12
months

A TVT is planned to treat stress urinary incontinence
A BPMT visit can be performed at least 2 weeks and not more than 4 weeks before surgery

Subject is able and willing to complete data collection per protocol, including written informed consent and two year follow-up

Exclusion Criteria

Contraindication to SSLF, ULS, or TVT in the opinion of the treating surgeon.

History of previous surgery that included a SSLF or ULS. (Previous vaginal vault suspensions using other techniques or in which the previous
technique is unknown are not excluded.)

Pelvic pain or dyspareunia due to levator ani spasm that would preclude a pelvic muscle training program.
History of previous synthetic sling procedure for stress incontinence.

Previous adverse reaction to synthetic mesh.

Current cytotoxic chemotherapy or current or history of pelvic radiation therapy.

History of femoral to femoral bypass.

Urethral diverticulum, current or previous (i.e., repaired)

History of two inpatient hospitalizations for medical comorbidities in the previous 12 months.

Subject wishes to retain her uterus. [Subjects in both surgical intervention groups will undergo hysterectomy, if not previously performed]

POPQ), pelvic organ prolapse quantification system[41]; PFDI, pelvic floor distress inventory[40]; TVT, tension-free vaginal tape; SSLF, sacrospinous
ligament fixation; ULS, uterosacral vault suspension; BPMT, behavioral and pelvic floor muscle training.
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Summary of Blinding

Table 2

Blinding Surgical Intervention BPMT Intervention
Subject Yes No
Study coordinator Yes No
Telephone interviewer Yes Yes
Study surgeon No Yes
Evaluator™ Yes Yes
Interventionist” Yes No

BPMT, behavioral and pelvic floor muscle training

*
Telephone interviewer: individual from the Quality of Life Interviewing Center, Data Coordinating Center, University of Michigan

Fk

Evaluator: the individual(s) at the clinical sites performing outcome assessments

Interventionist: the individual(s) at the clinical sites providing the PMT Intervention
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Table 4
Primary outcome measures for the study interventions

1duasnue Joyiny vd-HIN

Intervention Outcome Assessment  Outcome

Surgery 2 years Surgical success/failure
A subject will be considered a surgical failure™ if any ONE of the following criteria is met:

1. The vaginal apex descends more than one-third into the vaginal canal (i.e. POPQ point
C>-2/3" TVL), or

2. Theanterior or posterior vaginal wall descends beyond the hymen (i.e. POPQ points Aa,
Ba, Ap or Bp are >0 cm) or

3 The subject reports bothersome vaginal bulge symptoms# or

4. The subject undergoes surgery for prolapse or elects to use a pessary for prolapse at any
point during the 2-year follow-up period.

Perioperative BMT 6 month Urinary Distress Inventory (UDI) scale of the PFDI

2 years Pelvic Organ Prolapse Distress Inventory (POPDI of the PFDI) Anatomic outcomes described for the
Surgery intervention (above)

BPMT = Behavioral and pelvic floor muscle training; POPQ, pelvic organ prolapse quantification[41]; TVL, total vaginal length; PFDI, pelvic floor distress
inventory[40]

*
Subjects who do not meet any of these criteria will be considered a surgical success.

#Subjects will be considered as having bothersome vaginal bulge symptoms if they report an affirmative response to either of the following questions
from the PFDI, “Do you usually have a sensation of bulging or protrusion from the vaginal area?” or “ Do you usually have a bulge or something falling
out that you can see or feel in the vaginal area?” and report any degree of bother from these symptoms (i.e., any response other than “not at all” to the
question “How much does this bother you?”
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