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Abstract

Importance: The impact of a persistently enlarged GH after vaginal hysterectomy with 

uterosacral ligament suspension on prolapse outcomes is currently unclear.

Objectives: This secondary analysis of the SUPeR (Study of Uterine Prolapse Procedures 

Randomized) trial was conducted among participants who underwent vaginal hysterectomy with 

uterosacral ligament suspension. We hypothesized that women with a persistently enlarged genital 

hiatus (GH) size would have a higher proportion of prolapse recurrence.

Study Design: Women who underwent vaginal hysterectomy with uterosacral ligament 

suspension as part of the SUPeR trial (NCT01802281) were divided into three groups based on 

change in their preoperative to 4–6 week postoperative GH measurement: 1) Persistently Enlarged 

GH 2) Improved GH, or 3) Stably Normal GH. Baseline characteristics and 2-year surgical 

outcomes were compared across groups. A logistic regression model for composite surgical failure 

controlling for advanced anterior wall prolapse and genital hiatus group was fitted.

Results: This secondary analysis included 81 women. The proportion with composite surgical 

failure was significantly higher among those with a Persistently Enlarged genital hiatus (50%) 

compared to a Stably Normal genital hiatus (12%) with unadjusted risk difference of 38% (95% 

CI: 4% to 68%). When adjusted for advanced prolapse in the anterior compartment at baseline, the 

odds of composite surgical failure was 6 times higher in the Persistently Enlarged genital hiatus 

group compared to the Stably Normal group (95% CI: 1.0–37.5; p=0.06).

Conclusions: A persistently enlarged GH after vaginal hysterectomy with uterosacral ligament 

suspension for pelvic organ prolapse may be a risk factor for recurrent prolapse.

Plain Language Summary:

Study Objectives: To investigate whether or not a smaller vaginal opening after surgery for 

pelvic organ prolapse affects the future recurrence of pelvic organ prolapse.

Brief Description of Study: We utilized data from women who had previously undergone 

pelvic surgery for prolapse in the SUPeR (Study of Uterine Prolapse Procedures Randomized) 

trial. We divided women into three groups based on the size of their vaginal opening before and 

after surgery. We then compared the chance that the women in each group had a recurrence of their 

prolapse either by symptoms or findings of prolapse on at 2 years after surgery.

Primary Findings: Among 81 women in the study, there was more recurrence of prolapse in the 

group with a larger vaginal opening before and after surgery, but there are also likely other factors 

that impact the chance of prolapse recurrence
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Introduction

Uterosacral ligament suspension and sacrospinous ligament fixation are commonly 

performed at the time of total vaginal hysterectomy as native tissue apical suspensions for 

uterovaginal prolapse.[1], [2] Given that recurrent pelvic organ prolapse (POP) after native 
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tissue apical suspensions increases over time,[3] several bodies of research have sought 

to delineate both modifiable and non-modifiable risk factors for recurrent prolapse.[4]–[6] 

Numerous studies suggest that an enlarged preoperative and postoperative genital hiatus is 

a risk factor for recurrent anterior or overall POP after native tissue repair,[7], [8], [9] This 

may be due to the fact that an enlarged postoperative genital hiatus could be accompanied by 

a downward shift in the pelvic organs that might put increased stresses on the attachments 

of the vagina to the pelvic walls.[10], [11] These studies were limited by their retrospective 

nature and short-term follow-up. They additionally lacked subjective report of vaginal bulge 

symptoms.

The SUPeR (Study of Uterine Prolapse Procedures – Randomized) trial was a randomized 

trial of vaginal mesh hysteropexy compared with vaginal hysterectomy with uterosacral 

ligament suspension [14] and unlike the aforementioned retrospective studies, included 

subjective measures of prolapse outcomes. Our objective was to evaluate the efficacy of 

the vaginal hysterectomy with uterosacral ligament suspension among groups with different 

surgical reduction of GH size among participants who underwent this prolapse repair in 

the SUPeR (Study of Uterine Prolapse Procedures Randomized) trial. We hypothesized 

that those with a persistently enlarged GH size would have higher proportions of prolapse 

recurrence as compared to those with both a smaller GH pre- and post-operatively along 

with those with an enlarged GH pre-operatively, but a smaller GH postoperatively.

Material and Methods:

Study Population

This was an ancillary analysis of the SUPeR trial conducted by the Eunice Kennedy 
Shriver National Institute of Child Health and Human Development Pelvic Floor Disorders 

Network. Institutional review board approval was obtained for the SUPeR trial at each the 

participating sites and all participants gave informed consent. The study design, methods, 

and results have been published previously. [16],[14]

This ancillary analyses included participants who underwent vaginal hysterectomy with 

uterosacral ligament suspension in the SUPeR trial with 2-year follow-up. (Figure 1) 

Participants were divided into three groups based on the change in their preoperative to 4–6 

weeks postoperative genital hiatus measured with strain on the pelvic organ quantification 

(POPQ) exam. Based on previous literature, a genital hiatus of ≥4 cm was considered 

enlarged and <4 cm was considered normal.[12], [13] Groups were: 1) Persistently Enlarged 

genital hiatus defined as enlarged genital hiatus at both time points, 2) Improved genital 

hiatus defined as an improvement in genital hiatus from enlarged to normal, or 3) Stably 

Normal genital hiatus defined as normal genital hiatus at both time points. Advanced pelvic 

organ prolapse (POP) beyond the hymen in any compartment was defined as a prolapse 

beyond the hymen of greater than 1 cm in any compartment (i.e. POPQ point C, Ba, or Bp 

> 1), where POPQ point C > 1, POPQ point Ba > 1, and POPQ point Bp > 1 corresponds 

to advanced POP beyond the hymen in the apical, anterior, and posterior compartments 

respectively.
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Outcomes

The primary aim was to compare composite surgical failure, as defined in the SUPeR trial, 

across the genital hiatus groups at 24 months. This primary outcome of composite surgical 

failure was any of the following: (1) re-treatment for prolapse (pessary or surgery); (2) 

anatomic failure, defined as any POP-Q measure beyond the hymen; and (3) bothersome 

vaginal bulge symptoms, defined as a positive response (and any degree of bother other than 

“not at all”) to the Pelvic Floor Distress Inventory-20[17] question “Do you usually have a 

bulge or something falling out that you can see or feel in your vaginal area?”.[18] Secondary 

outcomes included the subcomponents of composite surgical failure, POPQ measurements, 

post-operative complications, improvement defined as a response of “much better” or “very 

much better” on the Patient Global Impression of Improvement (PGII), and dyspareunia 

defined as pain during sex experienced ‘usually’ or ‘always’ among sexually active women 

or fear of pain during sex experienced ‘usually’ or ‘always’ among those who were sexually 

inactive based on data collected on the Pelvic Organ Prolapse/Urinary Incontinence Sexual 

Questionnaire (PISQ-IR).[19]

Statistical Analysis

Baseline characteristics of the population were described as percentages if categorical, or 

with median and interquartile range (P25, P75) if continuous. For categorical measures, 

unadjusted p-values comparing all 3 genital hiatus groups were obtained from Fisher’s 

exact test, and exact pairwise risk differences and 95% confidence intervals (CI) were 

obtained by exact methods based on the score statistic. For continuous measures, unadjusted 

p-values comparing all 3 genital hiatus groups were obtained using Kruskal-Wallis test, 

and pairwise location shifts and 95% confidence intervals were obtained using Wilcoxon 

Rank-Sum test with a Hodges-Lehmann estimation. Unadjusted analyses of outcomes were 

performed using the same methods. Baseline characteristics that differed between genital 

hiatus groups at an alpha level of 0.2 were further assessed for inclusion in adjusted models 

based on clinical relevance with consideration for the small sample size (limiting the number 

of covariates), low frequencies of some characteristics, and correlation between potential 

covariates. Adjusted analyses were conducted for composite surgical failure and bothersome 

vaginal bulge via logistic regression models controlling for selected covariates.

The correlation between intraoperative genital hiatus and the first postoperative genital 

hiatus with strain at 4–6 weeks was explored using the Spearman rank correlation test 

and 95% confidence interval via Fisher’s transformation. Using the same methods, the 

correlations between 4–6 weeks postoperative GH and POPQ point C and total vaginal 

length (TVL) were also explored. All tests were conducted at a 0.05 significance level and 

no adjustments for multiple comparisons were made. All analyses were completed in SAS 

9.4.

Results

This secondary analysis included 81 women who were primarily white (86%), with a 

median age of 65.6 years (P25, P75: 61.3, 71.4). There were 14 (17%) in the Persistently 

Enlarged group, 50 (62%) in the Improved group, and 17 (21%) in the Stably Normal 
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group. Almost all participants underwent a vaginal hysterectomy with uterosacral ligament 

suspension (n=79, 98%) except for two in the Stably Normal group who underwent vaginal 

hysterectomy with sacrospinous ligament fixation. Advanced anterior compartment prolapse 

(defined as prolapse beyond the hymen) at baseline was more common in the Persistently 

Enlarged group compared to the Stably Normal [100% vs. 71%, risk difference 29% (95% 

CI: 3% to 56%)] and the Improved groups [100% vs. 70%, risk difference 30% (95% CI: 1% 

to 45%)]. Proportion of patients who underwent concomitant posterior repair/perineorrhaphy 

varied across the 3 genital hiatus groups (p=0.03) with a significant difference only between 

the Improved and Stably Normal groups [94% vs. 71%, risk difference 23% (95% CI: 3% to 

50%)] (Table 1).

Regarding the primary outcome, in unadjusted analysis, the proportion with composite 

surgical failure at 2 years was significantly higher in the Persistently Enlarged group (7/14, 

50%) compared to the Stably Normal group (2/17, 12%) with unadjusted risk difference 

of 38% (95% CI: 4% to 68%). There was no difference between the Persistently Enlarged 

group compared to the Improved group (22%) with unadjusted risk difference of 28% 

(95% CI: −2% to 56%). Recurrent prolapse beyond the hymen in any compartment varied 

across the GH groups (p=0.02), the highest in the Persistently Enlarged group (5/14, 36%), 

followed by 6/49 (12%) in the Improved group, and 0/17 in the Stably Normal group with 

most prolapses occurring in the anterior compartment (10/11, 91%). Both any- and anterior-

compartment prolapse were significantly different between only the Persistently Enlarged 

and Stably Normal groups with an unadjusted risk difference of 36% (95% CI: 10% to 

65%). (Table 2) There was no significant difference in bothersome vaginal bulge symptoms 

(p=0.75) or retreatment for prolapse (p=0.51) across the GH groups. When adjusting for 

advanced prolapse in the anterior compartment at baseline, the adjusted odds of composite 

surgical failure in the Persistently Enlarged GH group was 6.0 times the odds in the Stably 

Normal group (95% CI: 1.0 to 37.5), but this did not meet statistical significance (p=0.06). 

In adjusted analysis, there was no difference between groups for bothersome vaginal bulge. 

(Table 3)

There were no differences in post-operative complications among the GH groups. 

(Supplemental Table 1) There was also no difference in dyspareunia among GH groups. 

(Table 2)

Finally, there was a statistically significant moderate Spearman-rank correlation of 0.30 

between the intraoperative GH at rest measurement and the first postoperative GH 

measurement with strain at 4–6 weeks (95% CI: 0.09 to 0.49; p=0.006). At 4–6 weeks 

postoperative, the correlation between GH and POPQ point C was not statistically 

significant (r=0.03, 95% CI: −0.19 to 0.24; p=0.81) or TVL (r=0.06, 95% CI: −0.16 to 

0.27; p=0.60). (Supplemental Figures 1-3)

Discussion

In a secondary analysis of the SUPeR trial, women with a Persistently Enlarged genital 

hiatus 4 to 6 weeks after vaginal hysterectomy with uterosacral ligament suspension were 

not at a higher risk of composite surgical failure 2-years after surgery when compared 
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to other groups, but there was more recurrent anatomic prolapse in the anterior vaginal 

compartment between those with a Persistently Enlarged genital hiatus and those with a 

Stably Normal genital hiatus. There were no anatomic recurrences in the Stably Normal 

group. This is similar to other studies[9], [13] and continues to highlight that, even in 

a prospective population from a randomized controlled trial, women with a persistently 

enlarged genital hiatus may have a higher risk of recurrent prolapse. We did not detect a 

difference in vaginal bulge between the persistently enlarged and stably normal groups, but 

we were limited in our ability to find significant differences given the small group sizes and 

the fact that only 10% of participants reported bothersome postoperative vaginal bulge.

It appears that women with a normal pre-operative GH measure are at the lowest risk 

of recurrent prolapse after vaginal hysterectomy with uterosacral ligament suspension. 

Although we found that the Persistently Enlarged group was not associated with future 

bothersome vaginal bulge or retreatment, other studies have shown that bulge symptom 

bother severity was significantly associated with genital hiatus size.[20] Longitudinal studies 

also show that prolapse incidence is strongly associated with genital hiatus size and that 

a more enlarged genital hiatus is an important predictor of future prolapse risk.[7], [21] It 

could be that as patients are followed into the future we would see a more frequent report of 

bother among women with a persistently enlarged GH.[22]. We did find that there was more 

anterior compartment recurrence in the Persistently Enlarged group, but of note, there was 

also more advanced anterior wall prolapse in this group at baseline. We were limited in our 

ability to control for this factor in logistic regression given small size, but we did adjust for 

advanced prolapse in general. Future studies that continue to investigate the relationship of 

GH size and prolapse severity should be continued.

Other studies have found that concomitant posterior repair at sacrospinous ligament fixation 

or uterosacral ligament suspension is not associated with surgical success after adjusting 

for baseline covariates using propensity scores or unadjusted comparison.[5] We also found 

those that underwent a posterior repair and/or perineorrhaphy did not universally have a 

reduction in their genital hiatus and there are likely many factors such as underlying levator 

avulsion[23] or posterior repair technique that underly these findings. We also did not see 

a correlation between postoperative genital hiatus and POPQ point C so it does not seem 

to necessarily be the “quality” of one’s apical suspension that relates to modulation of 

genital hiatus size. It seems to be the unfortunate current reality that we do not know 

how best to modulate the genital hiatus to prevent prolapse recurrence after native tissue 

apical suspension. We did find that zero participants in the Stably Normal group had 

anatomic recurrence at 2 years and this points to the fact that it may be important for patient 

counseling and selection that these women have a lower chance of prolapse recurrence than 

their counterparts with an enlarged preoperative GH size.

Previous literature has shown that an immediate post-operative GH measurement >3.5 cm 

is also related to recurrent prolapse after native tissue apical suspension.[9] For purposes 

of this study, we chose to use the 4 to 6-week postoperative measurement according to 

the conventional definition,[18] which is performed during Valsalva as this is similar to 

the categorization from previous literature. Additionally, we did find moderate correlation 

between intraoperative genital hiatus measurement (taken after suspension at rest) and the 
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4–6 week genital hiatus measurement with strain. Surgeons can use our data, and the 

aforementioned recent literature showing an enlarged genital hiatus immediately following 

surgery is also associated with prolapse recurrence after apical suspension,[9] to help guide 

their practice.

The main strengths of our study include inclusion of a well-characterized study population 

from a rigorous, multi-center randomized control trial with consistent surgical techniques 

and standardized questionnaires. Additionally, we used a novel categorization from previous 

evidence[12], [13] that considers the surgical reduction of an individual patient’s genital 

hiatus size. We based our primary outcome of composite surgical failure on a rigorous 

definition that was used in the original SUPeR trial which accounts for subjective outcomes 

that were lacking from previous evidence.[16] Finally, we have significantly longer follow-

up of our cohort as compared to the previous literature that had average follow-up of less 

than a year.

In terms of study limitations, we recognize that our study has an overall small study 

size. The fact that we did not find a statistically significant difference between prolapse 

recurrence in women in the Persistently Enlarged and Improved groups despite an 

unadjusted risk difference of 28% could have been due to the small number of participants 

in each group. Future research is necessary to determine if these groups do have differential 

recurrence as time goes on. We chose to exclude the vaginal mesh hysteropexy group as 

a part of our analysis do the inherent differences in outcomes and surgical technique.[23] 

Additionally, the decision to add a posterior repair or perineorrhaphy at the time of vault 

suspension was not standardized among surgeons, but there was still a similar proportion 

with these repairs in the Persistently Enlarged and Improved groups. Other studies have used 

alternative cut-offs including greater than 3.75 cm[21] and greater than or equal to 3.5 cm[9] 

for an enlarged GH. Although we used greater than or equal to 4 cm in our study, the median 

GH for the Improved and Stably Normal groups was 3.0 cm which would fall below the 

enlarged GH cut-off for both other studies.

Our present work builds on the association between pre- and post-operative genital 

hiatus size and vaginal prolapse recurrence.[9], [12], [13] Our study expands on these 

investigations by confirming that an enlarged genital hiatus is associated with risk of 

anatomic prolapse recurrence, specifically in the anterior compartment. Future research 

utilizing MRI, transperineal ultrasound,[23] and biomarkers must continue to investigate 

the underlying mechanism of prolapse recurrence after native tissue apical suspension with 

specific attention paid towards how to optimize modulation of the genital hiatus.

In conclusion, baseline genital hiatus size itself is not a modifiable risk factor, but a 

persistently enlarged genital hiatus does appear to be associated with more anterior vaginal 

wall prolapse recurrence after vaginal hysterectomy with uterosacral ligament suspension 

when compared to those with a normal genital hiatus measurement before and after surgery. 

We do emphasize that at this current time, modulation of GH size, via a posterior repair/

perineorrhaphy or levator plication, is not universally successful in terms of prevention of 

future prolapse given our data and the current literature. Our information may add to the 
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growing body of research surrounding the predictive nature of GH size to help providers 

with patient selection and counseling.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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“Why this matters?”

Previous studies investigating the impact of a reduction in genital hiatus (GH) size 

before and after pelvic organ prolapse surgery have lacked subjective data. Utilizing data 

from women who underwent vaginal hysterectomy with uterosacral ligament suspension 

in the SUPeR (Study of Uterine Prolapse Procedures Randomized) trial, we sought to 

incorporate both objective and subjective as we investigated the impact on pre- and 

post-operative GH size on prolapse outcomes. Although we found that there was a higher 

proportion of composite prolapse recurrence in those with a persistently enlarged GH 

after surgery, this impact was somewhat mitigated in models controlling for pre-operative 

advanced prolapse in general. Future research to investigate how to improve prolapse 

outcomes by surgical methods, including addressing GH size, are still necessary.
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Figure 1: 
Study Flow Diagram
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Table 3:

Adjusted Analyses of Composite Surgical Failure and Bothersome Vaginal Bulge Symptoms 
a

Model to Predict Composite Surgical Failure 
a

Variable

Mean Log Estimate (Standard 

Error) 
b

Adjusted Odds Ratio (95% 

Confidence Interval) 
b

p-value 
b

GH group: Improved vs Stably Normal 0.8 (0.83) 2.2 (0.4, 11.1) 0.36

GH group: Persistently Enlarged vs Stably 
Normal

1.8 (0.94) 6.0 (1.0, 37.5) 0.06

Advanced POP in anterior compartment 
e
: Yes 

vs No

1.0 (0.83) 2.8 (0.6, 14.1) 0.21

Model to Predict Bothersome Vaginal Bulge Symptoms 
d

Variable

Mean Log Estimate (Standard 

Error) 
b

Adjusted Odds Ratio (95% 

Confidence Interval) 
b

p-value 
b

GH group: Improved vs Stably Normal 0.6 (1.14) 1.8 (0.2, 16.6) 0.61

GH group: Persistently Enlarged vs Stably 
Normal

0.9 (1.30) 2.4 (0.2, 31.0) 0.50

Advanced POP in anterior compartment 
c
: Yes 

vs No

0.8 (1.13) 2.3 (0.2, 20.9) 0.47

a
Composite surgical failure is defined as the occurrence of an anatomic failure (i.e. pelvic organ prolapse beyond the hymen c), subjective failure 

(i.e. bothersome vaginal bulge symptoms d), or retreatment failure (i.e. surgery or pessary retreatment for pelvic organ prolapse)

b
Mean log estimates, standard errors, adjusted odds ratios, 95% Wald confidence intervals, and p-values were obtained from the adjusted logistic 

regression model adjusting for categorized change from preoperative genital hiatus (strain) to postoperative 4–6 week genital hiatus (strain) GH 

groups and advanced prolapse beyond the hymen in the anterior compartment e.

c
Pelvic organ prolapse (POP) beyond the hymen in any compartment is defined as a prolapse beyond the hymen in any compartment (i.e. POPQ 

point C, Ba, or Bp > 0).

d
Bothersome vaginal bulge symptoms is defined as a positive response to any vaginal bulge symptoms (i.e. PFDI-20 item 3) with a degree of 

bother greater than not at all.

e
Advanced pelvic organ prolapse (POP) beyond the hymen in the anterior compartment is defined as a prolapse beyond the hymen of greater than 1 

cm in the anterior compartment (i.e. POPQ point Ba > 1).

Urogynecology (Phila). Author manuscript; available in PMC 2024 May 01.


	Abstract
	Plain Language Summary:
	Introduction
	Material and Methods:
	Study Population
	Outcomes
	Statistical Analysis

	Results
	Discussion
	References
	Figure 1:
	Table 1:
	Table 2:
	Table 3:

