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IMPORTANCE Uterosacral ligament suspension (ULS) and sacrospinous ligament fixation
(SSLF) are commonly performed pelvic organ prolapse procedures despite a lack of long-term
efficacy data.

OBJECTIVE To compare outcomes in women randomized to (1) ULS or SSLF and (2) usual
care or perioperative behavioral therapy and pelvic floor muscle training (BPMT) for vaginal
apical prolapse.

DESIGN, SETTING, AND PARTICIPANTS This 2 × 2 factorial randomized clinical trial was
conducted at 9 US medical centers. Eligible participants who completed the Operations and
Pelvic Muscle Training in the Management of Apical Support Loss Trial enrolled between
January 2008 and March 2011 and were followed up 5 years after their index surgery from
April 2011 through June 2016.

INTERVENTIONS Two randomizations: (1) BPMT (n = 186) or usual care (n = 188) and
(2) surgical intervention (ULS: n = 188 or SSLF: n = 186).

MAIN OUTCOMES AND MEASURES The primary surgical outcome was time to surgical failure.
Surgical failure was defined as (1) apical descent greater than one-third of total vaginal length
or anterior or posterior vaginal wall beyond the hymen or retreatment for prolapse (anatomic
failure), or (2) bothersome bulge symptoms. The primary behavioral outcomes were time to
anatomic failure and Pelvic Organ Prolapse Distress Inventory scores (range, 0-300).

RESULTS The original study randomized 374 patients, of whom 309 were eligible for this
extended trial. For this study, 285 enrolled (mean age, 57.2 years), of whom 244 (86%)
completed the extended trial. By year 5, the estimated surgical failure rate was 61.5% in the
ULS group and 70.3% in the SSLF group (adjusted difference, −8.8% [95% CI, −24.2 to 6.6]).
The estimated anatomic failure rate was 45.6% in the BPMT group and 47.2% in the usual
care group (adjusted difference, −1.6% [95% CI, −21.2 to 17.9]). Improvements in Pelvic Organ
Prolapse Distress Inventory scores were −59.4 in the BPMT group and −61.8 in the usual care
group (adjusted mean difference, 2.4 [95% CI, −13.7 to 18.4]).

CONCLUSIONS AND RELEVANCE Among women who had undergone vaginal surgery for apical
pelvic organ vaginal prolapse, there was no significant difference between ULS and SSLF in
rates of surgical failure and no significant difference between perioperative behavioral muscle
training and usual care on rates of anatomic success and symptom scores at 5 years.
Compared with outcomes at 2 years, rates of surgical failure increased during the follow-up
period, although prolapse symptom scores remained improved.
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P elvic organ prolapse (POP) is downward descent of the
female bladder, uterus, or posthysterectomy vaginal
cuff and the small or large bowel, resulting in protru-

sion of the vagina, uterus, or both.1 Vaginal surgical repairs of
POP are effective and relatively low-risk operations, and the
lifetime risk of any primary surgery for POP is 20.0% by the
age of 80 years.2,3 Given the aging population in the United
States, the number of women experiencing POP will increase
by approximately 50% by 2050.4 Outcome studies more than
2 years after vaginal surgery are rare and limited by retro-
spective, noncomparative designs and poor follow-up.5,6

Until recently, to our knowledge, there have been no
comparative data regarding the 2 most common transvaginal
procedures for apical POP, sacrospinous ligament fixation
(SSLF) and uterosacral ligament vaginal vault suspension
(ULS).6 The Operations and Pelvic Muscle Training in the
Management of Apical Support Loss (OPTIMAL) Trial was
a 2 × 2 factorial trial comparing 2-year outcomes in women
undergoing vaginal apical prolapse repair with midurethral
sling for stress urinary incontinence.7 There were 2 random-
ized assignments: (1) perioperative behavioral therapy with
pelvic floor muscle training (BPMT) vs usual care and (2) sur-
gical intervention (either ULS or SSLF). Anatomic, func-
tional, and adverse event outcomes were not significantly
different between the surgical groups, and no benefit was
seen from BPMT on urinary incontinence symptoms at 6
months or prolapse outcomes at 2 years.8 There were statis-
tically and clinically significant improvements in quality
of life, sexual function, and body image at 2 years without
group differences.9

The Extended–OPTIMAL (E-OPTIMAL) Study followed
up participants in the original trial 5 years from surgery
to compare surgical failure, changes in quality of life, and
complication rates of the 2 surgical and 2 behavioral treat-
ment groups.

Methods
Eligible participants for the original trial included women
who were planning vaginal surgery for stages 2 through 4
prolapse (vaginal or uterine descent 1 cm proximal to the
hymen or beyond) (Figure 1), vaginal bulge symptoms,
descent of the uterus or vaginal apex at least halfway into the
vagina, stress urinary incontinence symptoms, and objective
demonstration of stress incontinence by office or urody-
namic testing in the previous 12 months.7,8 Randomization to
BPMT or usual care was stratified by site, and randomization
to surgical intervention was stratified by surgeon and con-
comitant hysterectomy. Separate randomization schedules
were generated by the data coordination center using ran-
dom permuted blocks. Participants in the original trial were
followed up for 24 months after surgery.

Enrollment in the original trial was from January 2008 to
March 2011. Of participants who completed their 24-month
original trial visit, women were excluded if unable to provide
informed consent or if they were long-term residents of
a skilled nursing facility. Participants unable to return for

annual visits were not excluded if they participated in the
telephone interview portion of the study. After providing
written informed consent, eligible participants who com-
pleted the original trial enrolled between April 2010 and
February 2013 were followed up 5 years after their index sur-
gery from April 2011 through June 2016. Institutional review
board approval of this extended trial protocol was granted at
each site. Race and ethnicity were collected based on catego-
ries on the case report form and choices were selected by par-
ticipants. The full trial protocol and statistical analysis plan
are available in Supplement 1 and Supplement 2.

Study Interventions
As previously described,7,8 original trial participants under-
went standardized surgery for POP consisting of a unilateral
SSLF procedure10,11 or a bilateral ULS procedure.12 If a partici-
pant had uterine prolapse, she underwent a vaginal hysterec-
tomy. Both apical suspension procedures used 2 permanent
and 2 delayed absorbable sutures (4 sutures total). All partici-
pants underwent a retropubic midurethral sling for stress uri-
nary incontinence. Additional procedures were performed at
the surgeon’s discretion.

Participants randomized to perioperative BPMT visited
centrally trained pelvic floor therapists 2 to 4 weeks before
and 2, 4, 6, 8, and 12 weeks after surgery. Each participant
practiced pelvic floor muscle exercises and received indi-
vidualized education on behavioral strategies to reduce uri-
nary and colorectal symptoms during each visit.7,8 The first
visit included evaluation of the patient’s pelvic floor muscle
function via vaginal palpation, instruction on correct pelvic
floor muscle exercise, and recommendations for preoperative
pelvic floor muscle exercises. Verbal and written instructions
were individualized with a maximum of 45 contractions
per day, an initial muscle contraction duration ranging from
1 to 3 seconds, a schedule to increase the contraction dura-
tion 1 to 2 seconds per week to a maximum of 7 seconds,
and instructions for resuming exercises postoperatively.
At the 2-week, 4- to 6-week, and 8-week postoperative visits,
the interventionist adjusted the patient’s exercise regimen

Key Points
Question What are the 5-year outcomes associated with
uterosacral ligament suspension or sacrospinous ligament fixation
with perioperative behavioral therapy and pelvic floor muscle
training compared with usual care for women undergoing vaginal
prolapse surgery?

Findings The estimated probability of surgical failure was
61.5% with uterosacral ligament suspension vs 70.3% with
sacrospinous ligament fixation, a nonsignificant difference.
Anatomic failure was 48% with perioperative behavioral therapy
and pelvic floor muscle training and 49.5% with usual care,
while Prolapse Organ Prolapse Distress Inventory scores improved
by −59.4 points vs −61.8 points, respectively, signifying
nonsignificant differences.

Meaning Vaginal surgery for prolapse failure rates are high
despite maintenance of improved prolapse symptoms.
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by gradually increasing the number (maximum ranging
from 45 to 60 per day) and duration (maximum = 10 seconds)
of each contraction. At the final postoperative session, the
interventionist provided patients with a maintenance exer-
cise program consisting of 15 contractions per day at the
maximum contraction duration achieved during the inter-
vention period.7,8

In-person evaluation at the clinical site and telephone
interviews conducted by the central facility at the data coor-

dinating center were performed annually during postopera-
tive years 3 through 5. Each visit and interview occurred
within 3 months of the anniversary of the index surgery.
Site telephone follow-up for original and extended trial par-
ticipants occurred approximately 6 months after the initial
surgery and yearly thereafter. Evaluators of outcome assess-
ments remained masked to surgical and BPMT randomiza-
tions. Participant masking to the surgical intervention con-
tinued until all trial participants completed the study.

Figure 1. Pelvic Organ Prolapse Quantification (POP-Q) Stages

Stage 3
Vaginal prolapse >1 cm below the hymen,
but not totally everted

Anterior vaginal wall points
Aa Midline anterior vaginal wall 3 cm proximal
to the external urethral meatus 
Ba Most distal point of the upper anterior vaginal wall 
located between point Aa and the anterior vaginal 
fornix or vaginal cuff after total hysterectomy 
(variable position)

Posterior vaginal wall points
Ap Midline posterior vaginal wall 3 cm proximal 
to the hymen
Bp Most distal point of the upper posterior vaginal wall 
located between point Ap and the posterior vaginal 
fornix or vaginal cuff after total hysterectomy 
(variable position)

Superior vaginal points
C Most distal edge of the cervix or vaginal cuff after 
total hysterectomy
D Posterior vaginal fornix (omitted after total 
hysterectomy)

Other measurements
Total vaginal length (TVL) Greatest length of vagina 
when C or D is in normal position

A Anatomic position of POP-Q points

B Pelvic organ prolapse stages 2-4

Anterior wall prolapse Anterior and uterovaginal prolapse Total vaginal eversion after total hysterectomy

Stage 4
Vaginal eversion to within 2 cm of its length

Stage 2
Vaginal prolapse between 1 cm above the hymen 
and 1 cm below the hymen

Midsagittal view

S M A L L  B O W E L

B L A D D E R

S Y M P H Y S I S

U T E R U S

R E C T U M

C O C C Y X
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The POP-Q points13 are used to assess a woman’s stage of pelvic organ prolapse
on examination. The locations of these points are shown in panel A. This panel
shows normal anatomy, most frequently seen in nulliparous women. In this trial,
eligible patients included women planning vaginal surgery for stages 2 through

4 vaginal prolapse, illustrated in panel B. Descent of POP-Q point C with the
Valsalva maneuver more than one-third of the total vaginal length and location
of POP-Q points Aa, Ba, Ap, or Bp with the Valsalva maneuver beyond the
hymen were among the criteria for surgical failure in this trial.
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Outcomes
Surgical Intervention
The primary outcome for this extended trial was the time-to-
event outcome of surgical failure up to 5 years after surgery.
Measurement of prolapse was based on the Pelvic Organ Pro-
lapse Quantification (POP-Q) system (Figure 1).13 Surgical fail-
ure was present if any of the following criteria were met:
(1) POP-Q point C descended with the Valsalva maneuver
more than one-third of the total vaginal length; (2) POP-Q
points Aa, Ba, Ap, or Bp with the Valsalva maneuver were
beyond the hymen; (3) bothersome bulge symptoms
were reported by the participant in response to the ques-
tions, “Do you usually have a sensation of bulging or protru-
sion 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?” on the Pelvic Floor Disorders Inventory
(PFDI)14; or (4) the participant received surgery or elected to
use a pessary for prolapse at any point during follow-up.

Secondary outcomes of the surgical intervention
included anatomic measures of the anterior, posterior,
and apical vaginal compartment; time to anatomic failure
(defined as POP-Q points Aa, Ba, Ap, or Bp beyond the
hymen; point C descending >one-third of total vaginal
length, or retreatment); time to bothersome bulge symp-
toms; and the Pelvic Organ Prolapse Distress Inventory
(POPDI; range, 0-300; minimum important clinical differ-
ence, 11 points15), Urinary Distress Inventory (UDI; range,
0-300; minimum important clinical difference, 11 points16),
and Colorectal-Anal Distress Inventory (CRADI; range,
0-400; minimum important clinical difference, 11 points17)
subscales of the PFDI (higher scores indicate worse
symptoms)14; Patients Global Impression of Improvement
(PGI-I)18; reoperations and retreatments for pelvic floor disor-
ders; and long-term adverse events specific to the surgical
procedures including vaginal granulation tissue and erosion
of suture or sling. Pelvic Floor Impact Questionnaire14 scores,
urinary incontinence severity,19 reoperations and retreat-
ments for stress and urge urinary incontinence, voiding dys-
function, defecatory dysfunction, fecal incontinence, rates of
complications20 including vaginal or perineal stricture, and
pelvic muscle strength21 were also collected but not reported.

Behavioral Intervention
The primary outcomes for the BPMT intervention were time
to anatomic failure (defined as POP-Q points Aa, Ba, Ap, or
Bp beyond the hymen, point C descending >one-third of
total vaginal length, or retreatment) and change from base-
line (preoperative) POPDI scores. Secondary outcomes were
similar to the surgical intervention.

Sample Size
The estimated sample size for the original trial was 340 ran-
domized participants (170 per surgical treatment group) to
provide 80% power for differentiating failure rates of 30%
and 17% (success rates of 70% and 83%) using a 2-tailed 5%
level of significance using the dichotomous definition of sur-
gical failure 2 years after surgery.8 A total of 400 participants
were expected to be enrolled (200 per group) in the original

trial, accounting for a projected 15% dropout or loss to
follow-up rate over 2 years. Based on the enrollment and
attrition in a long-term study following women treated for
prolapse by abdominal sacral colpopexy, we conservatively
assumed that at least 75% of participants in the original trial
(n = 255) would enroll in this extended trial and the annual
dropout or loss to follow-up rate would be approximately
5%.22 As such, we anticipated approximately 218 partici-
pants (109 participants in each of the 2 surgical groups)
would provide year 5 data for the extended trial.

Assuming time to surgical failure followed an exponen-
tial distribution and fixed follow-up on each participant for 5
years, there was 80% power to detect a hazard ratio of 0.52
based on the anticipated 2-year surgical failure rates of 17% and
30% in the ULS and SSLF groups, respectively, with a 2-sided
type I error of 5% with only 167 participants. We assumed that
clinically relevant differences in comparisons of continuous
variables, including POP-Q measurements23 and quality-of-
life scores, would likely also be detectable with this sample
size.15-17 Assuming 218 participants were followed up for 5 years
with equal numbers in each treatment group, we would have
80% power to detect effect sizes of 0.38 in continuous out-
comes with a 2-sided type I error of 5%.

Statistical Methods
Participant characteristics at the start of the parent study were
compared between treatment groups for women who en-
rolled in the extended study. Unadjusted confidence inter-
vals for the differences between treatment groups were esti-
mated from t tests for continuous variables and from exact tests
based on the binomial probability function for categorical vari-
ables. Women who enrolled in the extended trial were com-
pared with original trial participants who did not enroll using
the same methods.

Kaplan-Meier survival curves were created for descrip-
tive purposes using the midpoint of the censoring interval to
estimate the unadjusted probabilities of surgical and ana-
tomic failure, absence of bothersome bulge symptoms, and re-
treatment of prolapse.

The primary analysis was conducted using an intention-
to-treat principle as closely as possible by analyzing all suc-
cessfully followed up participants in the treatment group to
which they were randomized. Although power calculations
were based on the extended trial population, all original
trial participants were included in the analysis of the time-
to-event outcomes of the extended trial to optimize power
and minimize bias. Participants with missing data at time
points up to 5 years who were not classified as failures were
censored at the last time point at which they were classified
as successes. Analyses of these variables were performed
using accelerated failure time frailty models for interval
censored data because outcomes were assessed annually.
To accommodate different patterns of failure between
the treatment groups, separate survival curves were fit for
each group.

The surgical randomization was stratified by concomi-
tant hysterectomy and surgeon, and the BPMT randomiza-
tion was stratified by center. Therefore, models comparing
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the surgical groups included BPMT group and concomitant
or prior hysterectomy as independent variables and surgeon
as a random frailty effect to account for correlation between
outcomes of patients treated by the same surgeon. Models
comparing the BPMT groups included an independent vari-
able for surgical group and a frailty effect for center. Once
a participant met failure criteria, she remained in that cat-
egory for all subsequent points. Survival curves for the 2
treatments were compared by estimating the differences
between the survival probabilities of the groups at 6 months
and 1, 2, 3, 4, and 5 years following surgery. Time to retreat-
ment was not analyzed using accelerated failure time model-
ing due to the small number of women who underwent
retreatment; instead, retreatment by 5 years was analyzed
using the methods for categorical outcomes described here.
Statistical tests were 2-sided, and significance was evaluated
at an α level of .05. No adjustments were made for perform-
ing multiple statistical tests; however, comparisons of sec-
ondary outcomes were considered exploratory.

All other outcomes were analyzed in the group of women
consenting to this extended trial. Analyses of secondary
outcomes included all known outcomes and excluded miss-
ing data. Differences between treatment groups were evalu-
ated for binary outcomes using binomial regression with an
identity link function to estimate risk differences. Because
there were small numbers of women with these outcomes,
models included only terms for surgical group, BPMT treat-
ment assignment, and their interaction. Changes from base-
line in continuous outcomes were compared using general
linear models.

Models to compare surgical treatments included the
stratification factor of concomitant hysterectomy and a ran-
dom effect for surgeon, while models to compare BPMT
treatment groups included the stratification factor of clinical
site as an independent variable. For outcomes for which data
were available at multiple points (eg, outcomes at 6 months
and yearly intervals following surgery), a longitudinal exten-
sion to the model including terms for time as a categorical
variable, interactions between BPMT and surgical treatments
and time, and a random effect to model the covariance of
repeated measures on the same participant was used, and
treatment groups were compared at each point. All statistical
modeling was conducted with SAS software (version 9.4;
SAS Institute Inc).

Results
The original study randomized 374 patients and 309 were eli-
gible for this extended trial. A total of 285 were randomized
and 244 (86%) completed the trial. A total of 285 participants
(76.2%) from the original trial enrolled in this extended trial;
the remaining 89 participants (23.8%) were ineligible or
declined enrollment. Figure 2 shows the flow of participants
through the study. Table 1 displays baseline participant char-
acteristics for women in the extended trial. Among those
enrolled in the extended trial, ULS participants had a higher
mean number of vaginal deliveries compared with SSLF par-

ticipants. Most demographics were not significantly different
for participants who declined enrollment in the extended
study. However, original trial participants were statistically
less likely to enroll in the extended trial if they were not black
or had met the original trial anatomic failure or POP retreat-
ment criteria (Table 1 and eTable in Supplement 3).

Primary Outcome of Surgical Intervention
Surgical failure rates gradually increased over the follow-up
period (Table 2; Figure 3; eFigure 1 in Supplement 3). The
estimated median time to failure was 1.8 years for SSLF and
2.6 years for ULS. By year 5, the estimated proportions of
women with surgical failure for the ULS group and the SSLF
group, respectively, were 61.5% and 70.3% (difference,
−8.8%; [95% CI, −24.2 to 6.6]). The estimated proportions
with anatomic failure were 47.5% and 61.8%, respectively
(difference, −14.3% [95% CI, −32.1 to 3.5]), and with bother-
some bulge symptoms they were 37.4% and 41.8%, respec-
tively (difference, −4.4% [95% CI, −21.3 to 12.5]). The 145 fail-
ures based on POP-Q measures involved the apex only (27%),
anterior or posterior compartment only (34%), or both apex
and anterior/posterior compartments (39%).

Post hoc analysis revealed 50 (34.5%) of the 145 POP-Q
failures, 36 (30%) of the 120 participants with bothersome
bulge symptoms, and 65 (32.8%) of the 198 total surgical
failures subsequently met criteria for the composite defini-
tion of success at the participant’s last clinic visit without
additional treatment but were categorized as failures using
the time-to-event analysis. The proportion of women
undergoing retreatment for prolapse by 5 years was 11.9%
for ULS and 8.1% for SSLF (adjusted risk difference [ARD],
3.9% [95% CI, −3.8 to 11.5]), including pessary (6.0% and
4.5%) and repeat surgery (8.5% and 4.6%); 2.5% and 1.0%,
respectively, were treated with both.

Secondary Outcomes of Surgical Intervention
PFDI scores are summarized in eFigure 2 in Supplement 3.
Quality of life significantly improved and exceeded mini-
mum clinically important differences from before surgery to
5 years after surgery in both the ULS and SSLF groups
including prolapse distress (POPDI, −67.6 and −74.2, respec-
tively; adjusted mean difference [AMD], 6.6 [95% CI, −9.5 to
22.7]), urinary distress (UDI, −75.8 and −80.3, respectively;
AMD, 4.5 [95% CI, −10.3 to 19.3]), and for colorectal-anal
distress (CRADI, −41.7 and −44.5, respectively; AMD, 2.8
[95% CI, −16.1 to 21.7]). These within-group improvements
were maintained over the 5-year follow-up and continued
despite the increase in surgical failure rates over time. No
statistically significant differences were detected between
surgical groups in the PGI-I, with improvement maintained
over time indicated by reporting “very much better” or
“much better” in 82 (64.1%) and 75 (60.5%) at 3 years, 71
(63.4%) and 65 (59.1%) at 4 years, and 66 (56.9%) and 59
(54.1%) at 5 years for ULS and SSLF, respectively.

Granulation tissue was higher in the ULS group than the
SSLF group (ARD, 10.5% [95% CI, −0.2% to 21.2%]) with no
significant differences in suture or mesh erosion/exposure
between surgical groups (Table 3). After the index surgery,
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most adverse events occurred in the first 2 years and all 9
participants (3.2%) who underwent subsequent continence
surgery did so within 2 years.

Primary Outcome of the Behavioral Intervention
There were no significant differences in outcomes between
the BPMT or usual care groups. By year 5, the estimated

Figure 2. Operations and Pelvic Muscle Training in the Management of Apical Support Loss (OPTIMAL) and Extended OPTIMAL Participant Flowa

2 Discontinued prior to 3 y
(voluntarily withdrew)

1 Discontinued prior to 3 y
(lost to follow-up)

3 Discontinued prior to 3 y
1 Lost to follow-up
2 Voluntarily withdrew 

9 Excluded
4 Not eligible 

5 Did not consent

3 Incomplete 2-y visit
1 Other

9 Excluded
3 Not eligible 
1 Incomplete 2-y visit
2 Unable to consent

6 Did not consent

10 Excluded
1 Not eligible

(incomplete 2-y visit)
8 Did not consent
1 Unknown

14 Excluded
3 Not eligible 

10 Did not consent

1 Incomplete 2-y visit
1 Unable to consent
1 Other

1 Unknown

81 Attended 2-y visit 
76 With OPTIMAL anatomic

outcome
5 Late visitsc

87 Attended 2-y visit 
85 With OPTIMAL anatomic

outcome
2 Late visitsc

79 Attended 2-y visit 
76 With OPTIMAL anatomic

outcomeb

3 Late visitsc

80 Attended 2-y visit 
79 With OPTIMAL anatomic

outcome
1 Late visitc

69 Consented to participate in
E-OPTIMAL

72 Consented to participate in
E-OPTIMAL

78 Consented to participate in
E-OPTIMAL

66 Consented to participate in
E-OPTIMAL

95 Randomized to SSLF and BPMT 97 Randomized to ULS and usual care91 Randomized to ULS and BPMT 91 Randomized to SSLF and usual care

70 Continued to 3 y
6 Completed POP-Q only
6 Symptom assessment only

58 Completed both

66 Continued to 3 y
4 Completed POP-Q only
5 Symptom assessment only

55 Completed both
2 Missed both

77 Continued to 3 y
7 Completed POP-Q only
7 Symptom assessment only 

59 Completed both
4 Missed both

66 Continued to 3 y
5 Completed POP-Q only
5 Symptom assessment only

54 Completed both
2 Missed both

67 Continued to 4 y
9 Completed POP-Q only

13 Symptom assessment only
44 Completed both
1 Missed both

68 Continued to 4 y
5 Completed POP-Q only
9 Symptom assessment only

51 Completed both 
3 Missed both

61 Continued to 4 y
8 Completed POP-Q only
9 Symptom assessment only

43 Completed both
1 Missed both

63 Continued to 4 y
7 Completed POP-Q only 
4 Symptom assessment only

49 Completed both
3 Missed both

90 Included in analysis of primary
outcome 

5 Not included
3 Lost to follow-up prior to

6 mo or prior to 2 y
1 Withdrew prior to 2 y
1 Withdrawn by investigator

prior to 2 y

92 Included in analysis of primary
outcome 

5 Not included
2 Lost to follow-up prior to 6 mo 
3 Withdrew
2 Prior to 6 mo
1 Prior to 2y

87 Included in analysis of primary
outcome 

4 Not included
2 Lost to follow-up prior to 2 y
2 Withdrew prior to 6 mo

87 Included in analysis of primary
outcome 

4 Not included
2 Lost to follow-up prior to 6 mo
2 Withdrew prior to 6 mo

5 Discontinued prior to 5 y
1 Lost to follow-up
2 Voluntarily withdrew
2 Other

5 Discontinued prior to 5 y
4 Lost to follow-up
1 Voluntarily withdrew

4 Discontinued prior to 5 y
3 Lost to follow-up
1 Voluntarily withdrew

1 Discontinued prior to 5 y
(deceased)

62 Continued to 5 y
8 Completed POP-Q only
6 Symptom assessment only

48 Completed both

64 Continued to 5 y
4 Completed POP-Q only
7 Symptom assessment only

53 Completed both

56 Continued to 5 y
2 Completed POP-Q only 
4 Symptom assessment only

50 Completed both 

62 Continued to 5 y
5 Completed POP-Q only
6 Symptom assessment only

51 Completed both

3 Discontinued prior to 4 y
1 Lost to follow-up
1
1

Voluntarily withdrew
Deceased

9 Discontinued prior to 4 y
2 Lost to follow-up
3 Voluntarily withdrew
1 Withdrawn by investigator
1 Violated eligibility criterion
1 Deceased
1 Other

3 Discontinued prior to 4 y
2 Lost to follow-up
1 Deceased

5 Discontinued prior to 4 y
3 Lost to follow-up
1
1

Voluntarily withdrew
Other

BPMT indicates behavioral therapy and pelvic floor muscle training;
POP-Q, Pelvic Organ Prolapse Quantification System; SSLF, sacrospinous
ligament fixation; ULS, uterosacral ligament suspension.
a Complete CONSORT diagram can be found in the study by Barber et al.8

b A total of 77 had anatomic failure at 2 years in OPTIMAL, but only 76 attended
the clinic visit; 1 had anatomic failure based on retreatment by 1 year.

c Represents a late 2-year visit excluded from original trial analysis but included
for the extended trial.
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proportions with anatomic failure for the BPMT group and
the usual care group, respectively, were 45.6% and 47.2%
(ARD, −1.6% [95% CI, −21.2% to 17.9%]). Estimated median
time to failure was 5.7 years for BPMT and 4.8 years for
usual care. There were no significant differences in im-
provement of prolapse distress (POPDI) scores (BPMT,
−59.4; usual care, −61.8; AMD, 2.4 [95% CI, −13.7 to 18.4])
between groups despite within-group improvement. There

were no significant interactions between the surgical groups
(ULS and SSLF) and behavioral interventions (BPMT and
usual care).

Secondary Outcomes of the Behavioral Intervention
There were no meaningful differences in the remaining
secondary outcomes including the UDI, CRADI, and PGI-I,
or adverse events between BPMT or usual care groups.

Table 1. Baseline Characteristics of the Extended Study Operations and Pelvic Muscle Training in the Management
of Apical Support Loss Study Population

Characteristic

No. (%)
ULS vs SSLF Unadjusted
Difference, % (95% CI)a

No. (%) BPMT vs Usual Care
Unadjusted Difference,
% (95% CI)aULS (n = 147)

SSLF
(n = 138) BPMT (n = 141)

Usual Care
(n = 144)

Age, mean (SD), y 57.4 (10.9) 56.9 (10.8) 0.5 (−2.0 to 3.0) 57.0 (10.8) 57.4 (10.9) −0.4 (−2.9 to 2.2)

Race/ethnicity

White 124 (84.4) 114 (82.6) 1.7 (−9.9 to 13.4) 117 (83.0) 121 (84.0) −1 (−12.8 to 10.7)

Black 11 (7.5) 10 (7.2) 0.2 (−11.4 to 11.8) 14 (9.9) 7 (4.9) 5.1 (−6.7 to 16.5)

Asian 0 (0.0) 2 (1.4) −1.4 (−13 to 10.2) 0 (0.0) 2 (1.4) −1.4 (−13 to 10.2)

American Indian/Alaska Native 0 (0.0) 2 (1.4) −1.4 (−13 to 10.2) 1 (0.7) 1 (0.7) 0 (−11.6 to 11.6)

Other 12 (8.2) 10 (7.2) 0.9 (−10.7 to 12.5) 9 (6.4) 13 (9.0) −2.6 (−14.4 to 8.8)

Hispanic ethnic group 31 (21.1) 25 (18.1) 3 (−8.7 to 14.5) 28 (19.9) 28 (19.4) 0.4 (−11.3 to 12.2)

Insurance status

Private or HMO 99 (67.3) 92 (66.7) 0.7 (−10.9 to 12.3) 97 (68.8) 94 (65.3) 3.5 (−8.1 to 15.1)

Medicaid or Medicare 44 (29.9) 37 (26.8) 3.1 (−8.5 to 14.7) 39 (27.7) 42 (29.2) −1.5 (−13 to 10.2)

Self-pay 3 (2.0) 3 (2.2) −0.1 (−11.7 to 11.5) 3 (2.1) 3 (2.1) 0 (−11.6 to 11.6)

Other 28 (19.0) 26 (18.8) 0.2 (−11.4 to 11.8) 25 (17.7) 29 (20.1) −2.4 (−14.1 to 9.4)

No. of previous deliveries,
mean (SD)

Vaginal 3.3 (2.1) 2.7 (1.6) 0.6 (0.2 to 1.0) 3.1 (2.0) 2.8 (1.7) 0.3 (−0.1 to 0.8)

Cesarean 0.1 (0.5) 0.1 (0.5) −0.0 (−0.1 to 0.1) 0.1 (0.5) 0.1 (0.4) 0.0 (−0.1 to 0.1)

Menopausal status

Premenopausal 43 (29.3) 39 (28.3) 1 (−10.6 to 12.6) 42 (29.8) 40 (27.8) 2 (−9.5 to 13.7)

Postmenopausal 98 (66.7) 90 (65.2) 1.4 (−10.2 to 13) 91 (64.5) 97 (67.4) −2.8 (−14.4 to 8.8)

Not sure 6 (4.1) 9 (6.5) −2.4 (−14 to 9.2) 8 (5.7) 7 (4.9) 0.8 (−10.9 to 12.3)

Estrogen use

Oral or patch 17 (11.6) 19 (13.8) −2.2 (−13.8 to 9.5) 18 (12.8) 18 (12.5) 0.3 (−11.5 to 11.9)

Vaginal 38 (25.9) 29 (21.0) 4.8 (−6.8 to 16.4) 33 (23.4) 34 (23.6) −0.2 (−11.8 to 11.6)

Current smoker 10 (6.8) 13 (9.4) −2.6 (−14.2 to 9) 13 (9.2) 10 (6.9) 2.3 (−9.5 to 13.7)

Diabetes 16 (11.0) 14 (10.6) 0.4 (−11.4 to 12.1) 20 (14.6) 10 (7.1) 7.5 (−4.3 to 19.2)

Connective tissue disease 4 (2.8) 1 (0.7) 2 (−9.7 to 13.8) 2 (1.4) 3 (2.1) −0.7 (−12.7 to 11.3)

Prior procedure

Hysterectomy 36 (24.5) 38 (27.5) −3 (−14.6 to 8.6) 31 (22.0) 43 (29.9) −7.9 (−19.2 to 3.9)

SUI surgery 5 (3.4) 5 (3.6) −0.2 (−11.8 to 11.4) 3 (2.1) 7 (4.9) −2.7 (−14.4 to 8.8)

POP surgery 6 (4.1) 12 (8.7) −4.6 (−16.2 to 7) 6 (4.3) 12 (8.3) −4.1 (−15.8 to 7.4)

BMI, mean (SD) 28.5 (5.0) 29.2 (6.0) −0.7 (−2.0 to 0.5) 29.5 (5.8) 28.2 (5.2) 1.3 (0 to 2.5)

Pelvic Organ Prolapse-Q stageb

2 57 (38.8) 50 (36.2) 2.5 (−9.1 to 14.1) 53 (37.6) 54 (37.5) 0.1 (−11.6 to 11.6)

3 86 (58.5) 80 (58.0) 0.5 (−11.1 to 12.2) 84 (59.6) 82 (56.9) 2.6 (−8.9 to 14.4)

4 4 (2.7) 8 (5.8) −3.1 (−14.7 to 8.6) 4 (2.8) 8 (5.6) −2.7 (−14.4 to 8.8)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); BPMT, behavioral therapy and pelvic floor muscle
training; HMO, health maintenance organization; POP, pelvic organ prolapse;
SSLF, sacrospinous ligament fixation, SUI, stress urinary incontinence;
ULS, uterosacral ligament suspension.
a Confidence intervals for statistical comparisons are from t tests for continuous

variables and from exact tests based on the binomial probability function
for categorical variables.

b POP-Q 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 less than totally everted; and stage 4: the vagina is everted
to within 2 cm of its length.
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Discussion

For women undergoing transvaginal native tissue procedures
for vaginal apical prolapse (ULS and SSLF), this study pro-
vides evidence that these procedures improve prolapse
symptoms and quality of life. However, the primary surgical
outcome demonstrated there was significant deterioration in

success over time, with approximately two-thirds of original
trial participants meeting a priori trial definitions of failure 5
years after surgery with no significant difference between
ULS and SSLF and no significant difference between peri-
operative behavioral muscle training and usual care on rates
of anatomic failure and symptom scores. Other pelvic organ
prolapse surgical trials have demonstrated deterioration in
success rates over time but sustained improvement in patient

Table 2. Estimated Adjusted Probability of Pelvic Organ Prolapse Failure After Vaginal Prolapse Surgery

Outcome

No. With Outcome/Total No. (%)a Adjusted Probability of Prolapse (95% CI)b

Adjusted Treatment Differenceb P ValueULS SSLF ULS SSLF
Primary

Surgical failurec

6 mo 34/177 (19.2) 39/177 (22) 0.237
(0.157 to 0.318)

0.248
(0.154 to 0.343)

−0.011
(−0.135 to 0.113)

.86

1 y 59/177 (33.3) 63/172 (36.6) 0.34
(0.25 to 0.43)

0.376
(0.269 to 0.483)

−0.036
(−0.175 to 0.103)

.60

2 y 76/172 (44.2) 76/166 (45.8) 0.457
(0.358 to 0.555)

0.52
(0.406 to 0.633)

−0.063
(−0.213 to 0.087)

.40

3 y 87/158 (55.1) 89/154 (57.8) 0.527
(0.425 to 0.63)

0.604
(0.489 to 0.718)

−0.076
(−0.23 to 0.078)

.32

4 y 92/150 (61.3) 96/148 (64.9) 0.577
(0.472 to 0.682)

0.661
(0.547 to 0.774)

−0.084
(−0.238 to 0.071)

.28

5 y 94/145 (64.8) 104/146 (71.2) 0.615
(0.508 to 0.722)

0.703
(0.591 to 0.814)

−0.088
(−0.242 to 0.066)

.25

Secondary

Anatomic failure d

6 mo 24/176 (13.6) 22/176 (12.5) 0.17
(0.094 to 0.246)

0.149
(0.07 to 0.228)

0.021
(−0.088 to 0.131)

.69

1 y 44/175 (25.1) 41/169 (24.3) 0.247
(0.158 to 0.335)

0.262
(0.161 to 0.363)

−0.015
(−0.15 to 0.119)

.82

2 y 54/167 (32.3) 54/163 (33.1) 0.338
(0.236 to 0.441)

0.408
(0.288 to 0.527)

−0.069
(−0.226 to 0.088)

.37

3 y 62/149 (41.6) 66/145 (45.5) 0.397
(0.286 to 0.508)

0.501
(0.374 to 0.628)

−0.104
(−0.272 to 0.065)

.22

4 y 65/139 (46.8) 73/138 (52.9) 0.441
(0.324 to 0.558)

0.568
(0.437 to 0.698)

−0.127
(−0.301 to 0.048)

.15

5 y 68/133 (51.1) 80/134 (59.7) 0.475
(0.354 to 0.597)

0.618
(0.487 to 0.749)

−0.143
(−0.321 to 0.035)

.11

Bothersome bulge symptomse

6 mo 13/177 (7.3) 22/175 (12.6) 0.08
(0.033 to 0.128)

0.127
(0.053 to 0.201)

−0.046
(−0.135 to 0.042)

.29

1 y 24/172 (14) 40/172 (23.3) 0.141
(0.081 to 0.2)

0.195
(0.103 to 0.286)

−0.054
(−0.164 to 0.056)

.32

2 y 38/165 (23) 51/168 (30.4) 0.226
(0.153 to 0.3)

0.281
(0.172 to 0.39)

−0.055
(−0.188 to 0.078)

.40

3 y 48/146 (32.9) 56/148 (37.8) 0.287
(0.203 to 0.372)

0.339
(0.22 to 0.459)

−0.052
(−0.2 to 0.096)

.48

4 y 53/138 (38.4) 59/144 (41) 0.335
(0.242 to 0.429)

0.383
(0.256 to 0.51)

−0.048
(−0.208 to 0.112)

.54

5 y 56/133 (42.1) 64/134 (47.8) 0.374
(0.273 to 0.476)

0.418
(0.286 to 0.55)

−0.044
(−0.213 to 0.125)

.60

Abbreviations: SSLF, sacrospinous ligament fixation; ULS uterosacral ligament
suspension.
a Numerator is the number of participants classified at the time point or a prior

point as a failure; denominator includes all participants in the numerator plus
participants evaluated at the point or a later point as a success who had not
previously been classified as a failure.

b Based on accelerated failure time, frailty models controlling for behavioral
therapy and pelvic floor muscle training group and concomitant or prior
hysterectomy as independent variables and surgeon as a random frailty effect.

c Surgical failure was defined as Pelvic Organ Prolapse Quantification (POP-Q)
point C descended more than one-third of total vaginal length; POPQ points
Aa, Ba, Ap, or Bp were beyond the hymen; bothersome vaginal bulge

symptoms were reported by the participant; or the participant received
retreatment. The apex is point C (cervix), and posteriorly is point D (pouch of
Douglas). In women after hysterectomy, point C is the vaginal cuff and point D
is omitted.

d Anatomic failure was defined as POPQ system point C descended more than
one-third of total vaginal length; POPQ points Aa, Ba, Ap, or Bp were beyond
the hymen; or the participant received retreatment during follow-up.

e Bothersome bulge symptoms were reported by the participant in response
to the questions, “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?” on the Pelvic Floor
Disorders Inventory.
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symptoms. For example, 5 to 7 years after abdominal sacro-
colpopexy using synthetic mesh, failure was seen in 34% to
48% using a similar outcome definition while POPDI symp-
tom scores remained improved compared with before
surgery.22 This suggests that surgical counseling should con-
vey higher 5-year failure rates in the face of sustained pro-
lapse symptom improvement and avoid implications that
a single procedure is curative. Awareness that POP may be a
chronic condition can assist patient understanding of the
multifactorial contributions to pelvic floor disorder develop-
ment, set expectations after surgery, and enhance shared

decision making during surgical counseling. This trial also
highlights the need for long-term follow-up in surgical trials
for prolapse as most studies rarely follow up participants
beyond 1 year.6

As was seen after 2-year follow-up, anatomic and symp-
tom status of participants was not significantly different
between SSLF and ULS at 5 years.8 Both procedures have
technical advantages and disadvantages; surgical proficiency
in both procedures allows surgeons to provide options based
on the anatomic and technical demands of individual
patients. It is possible that SSLF could have as much as 24.2%

Figure 3. Kaplan-Meier Survival Curves for Failure of Vaginal Prolapse Surgery by Uterosacral Ligament Suspension or Sacrospinous Ligament Fixation
in Treating Pelvic Organ Prolapse Through Year 5
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A, The probability of surgical failure was defined as (1) Pelvic Organ Prolapse
Quantification System (POP-Q) point C descended more than one-third
of total vaginal length; (2) POP-Q points Aa, Ba, Ap, or Bp beyond the hymen;
(3) bothersome bulge symptoms reported by the participant; or (4) the
participant received retreatment. B, Probability of anatomic failure defined
as POP-Q point C descended more than one-third of total vaginal length;
POP-Q points Aa, Ba, Ap, or Bp beyond the hymen; or the participant received
retreatment during follow-up. POP-Q points Aa and Ap are 3 cm proximal to
or above the hymenal ring anteriorly and posteriorly, respectively. Points Ba
and Bp are defined as the lowest points of the prolapse between Aa anteriorly

or Ap posteriorly and the vaginal apex. The apex is point C (cervix), and
posteriorly is point D (pouch of Douglas). In women after hysterectomy, point C
is the vaginal cuff and point D is omitted. C, Bothersome bulge symptoms were
reported by the participant in response to the questions, “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?” on the Pelvic Floor Disorders Inventory. D, Probability of Retreatment for
Pelvic Organ Prolapse. The + symbol represents a censored participant. SSLF
indicates sacrospinous ligament fixation; ULS, uterosacral ligament suspension.
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worse surgical failure rate or as much as 6.6% better surgical
failure rate than ULS. Optimization of anatomic support fol-
lowing transvaginal surgery remains a top priority for pelvic
surgeons. Transvaginal native tissue prolapse surgery has
been shown to have lower efficacy than abdominal repairs
with mesh (sacrocolpopexy) but is associated with decreased
morbidity, making it the procedure of choice for many
women.24,25 The use of synthetic mesh to reinforce trans-
vaginal apical prolapse repairs has been shown to improve
some anatomic outcomes but is associated with greater
morbidity.6,26 Thus, the combination of procedures for pro-
lapse in the setting of transvaginal apical repair requires fur-
ther study to assess whether specific combinations may
improve longer-term outcomes. Additionally, there is a need
for innovative new treatments to improve long-term out-
comes while minimizing risk. While it seemed a promising
potential adjunct to surgery, the short-course, perioperative
behavioral and pelvic muscle training tested in this trial did
not significantly alter patient status at 2 or 5 years.8

The threshold for “failure” remains one of the most de-
bated topics in reconstructive pelvic surgery. Although
anatomic and symptomatic failure rates as defined in this trial
were high, on average, participants demonstrated clinically
meaningful improvements in quality of life that were sus-
tained through 5 years. Results also showed that loss of vaginal
anatomic support and presence of prolapse symptoms after sur-
gery are not unidirectional and can be dynamic. More than
one-third of patients who met criteria for surgical failure by
either anatomic or symptom criteria subsequently met crite-
ria for the composite definition of success with successful

anatomic support and no prolapse symptoms at later follow-up
without reintervention. This suggests the typical time-to-
event assumption of “once a failure always a failure” may not
hold with POP surgery. This may have the unintended effect
of artificially increasing failure rates. Moreover, this has im-
plications for design and analysis of future studies. Despite the
limitations of how failure was defined and analyzed, this would
have affected both groups.

Five years after a successful operation, patients and sur-
geons would like to see a continued beneficial effect. How-
ever, in this study, despite a high cumulative surgical and
anatomic failure rate, participants maintained clinically
meaningful improvements in symptoms and quality of life at
5 years and few underwent retreatment during follow-up.
This highlights the need to further investigate how failure
after prolapse surgery is best defined, particularly from the
patient perspective. A greater understanding of patient-
centric measures of surgical outcomes, balanced with ana-
tomic surgical goals, is needed for prolapse surgical trials.

In the original trial, the rate of perioperative adverse
events was not significantly different between surgical
groups, although there was greater risk of transient ureteral
kinking after ULS and greater neurologic pain after SSLF.8

Most adverse events occurred within the first 2 years. With
long-term follow-up, ULS was found to have greater risk of
vaginal granulation tissue than SSLF.

The findings of this study are strengthened by the ran-
domized, multicentric design of the primary study,8 the high
proportion of participants remaining in follow-up of the ex-
tended study, and rigorous longitudinal assessments.

Table 3. Secondary Outcomes of Cumulative Rates of Granulation Tissue, Suture Exposure, Mesh Erosion
or Exposure, and Repeat Surgery

Outcome

No./Total No. (%) Adjusted Risk Difference,
% (95% CI) for ULS
vs SSLF at 5 yaULS SSLF

Granulation tissue

2 y 32/147 (21.8) 20/138 (14.5)

3 y 32/136 (23.5) 20/128 (15.6)

4 y 34/127 (26.8) 20/118 (16.9)

5 y 35/121 (28.9) 21/112 (18.8) 10.5 (−0.2 to 21.2)

Suture exposure

2 y 27/147 (18.4) 26/138 (18.8)

3 y 28/137 (20.4) 27/130 (20.8)

4 y 30/127 (23.6) 29/122 (23.8)

5 y 31/120 (25.8) 29/113 (25.7) 0.3 (−10.8 to 11.4)

Midurethral sling erosion
or exposure

2 y 1/147 (0.7) 1/137 (0.7)

3 y 1/134 (0.7) 3/127 (2.4)

4 y 1/122 (0.8) 4/117 (3.4)

5 y 2/113 (1.8) 4/108 (3.7) −1.9 (−6.2 to 2.4)

Pelvic organ prolapse
surgery

2 y 4/147 (2.7) 2/138 (1.4)

3 y 7/133 (5.3) 3/126 (2.4)

4 y 9/117 (7.7) 4/110 (3.6)

5 y 10/118 (8.5) 5/110 (4.5) 3.9 (−2.5 to 10.3)

Abbreviations: SSLF, sacrospinous
ligament fixation; ULS, uterosacral
ligament suspension.
a Adjusted risk differences are from

binomial regression models with an
identity link function. Models are
adjusted for surgical and behavioral
therapy and pelvic floor muscle
training treatment assignments
and the interaction between them.
Due to small numbers, the model
for midurethral sling erosion or
exposure includes surgical
treatment assignment only.

Uterosacral Ligament Suspension (ULS) vs Sacrospinous Ligament Fixation (SSLF) for Pelvic Organ Vaginal Prolapse Original Investigation Research

jama.com (Reprinted) JAMA April 17, 2018 Volume 319, Number 15 1563

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by Linda Brubaker on 04/18/2018

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.2827


Limitations
This study has several limitations. First, selective dropout and
loss to follow-up has the potential to affect the estimates of
surgical failure. There was significant participant dropout in
the original study and this extended study, and participants
with better outcomes were more likely to enroll in the ex-
tended study than those with worse outcomes. This could lead
to biased estimates of average long-term outcomes, but it is
probable that the bias affected both treatment groups simi-
larly, so estimates of comparative effectiveness may be less sub-
ject to error. To minimize this bias, original trial participants
were included in the analysis of the time-to-event outcomes
of the extended trial. Second, the a priori definitions of failure
used in this trial may be considered too rigorous in light of avail-
able evidence subsequent to the initial original trial design,
nearly a decade ago.27 The selection of surgical outcome mea-

sures for prolapse surgery remains a research priority. As data
from this trial become publicly available, investigators are en-
couraged to assess the utility of other failure definitions.

Conclusions
Among women who had undergone vaginal surgery for api-
cal pelvic organ vaginal prolapse, there was no significant
difference between ULS and SSLF in rates of surgical failure
and no significant difference between perioperative behav-
ioral muscle training and usual care on rates of anatomic
success and symptom scores at 5 years. Compared with out-
comes at 2 years, rates of surgical failure increased during
the follow-up period, although prolapse symptom scores
remained improved.
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