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Abstract
Objective The objectives of this study were to compare time to return of voiding function and associated complications in women
undergoing minimally invasive sacrocolpopexy (SCP) versus transvaginal native tissue repair in patients with same-day or early
discharge.
Methods This was a retrospective cohort study conducted at a tertiary care center. The electronic medical record system was
queried for women who underwent native tissue vaginal repair or SCP for apical prolapse between March and December 2020
using CPT codes for sacrocolpopexy (57425), extraperitoneal (57282), and intraperitoneal colpopexy (57283). Voiding success
was our primary outcome and was defined by a postvoid residual < 150 ml. Secondary outcomes included catheter days and
urinary tract infections. The total number of participants was based on a power calculation using internal institutional rates.
Participants were compared based on the surgical approach. A multivariate regression analysis was performed to assess for
confounding factors.
Results We included 134 women: 63 SCP and 71 native tissue. The failure rate of the first postoperative voiding trial was 34 vs.
11% (odds ratio: 4.91; 95% CI 1.96–12.3, p < 0.01) in the vaginal and SCP groups, respectively. Both groups had a similar
success rate of a second voiding trial (100% in SCP group vs. 95.7% in the vaginal repair group, p = 1). The total number of days
(3.108 vs. 1.603 days, p < 0.01) to return of bladder function, postoperative urinary tract infections (23.9 vs. 6.35%, p < 0.01)
and emergency department visits (15.5 vs. 1.59%, p < 0.01) were all higher in the vaginal repair group.
Conclusions Vaginal apical native tissue repair had a fivefold greater risk of acute postoperative urinary retention compared to
sacrocolpopexy in addition to increased rates of post-operative urinary tract infection and emergency department visits for urinary
tract concerns.
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Introduction

Rates of postoperative incomplete bladder emptying after pel-
vic reconstructive surgery have a wide reported variance that
ranges from 13% [1] to 39% [2]. Factors affecting

postoperative urinary retention (POUR) include the timing
of the voiding trial [3], method of prolapse repair [4], concom-
itant hysterectomy, larger cystoceles, severe intra-operative
blood loss, levator plication, and Kelly plication [5].

With enhanced recovery after surgery (ERAS) protocols
widely enacted in female pelvic reconstructive surgery [6],
same-day discharge has become a common phenomenon.
While safe and cost effective for patients with no increase in
postoperative complications as compared to an overnight stay
[6–8], ERAS necessitates earlier attempts at voiding function
and thus information about POUR for these patients is impor-
tant. Discharge from the hospital with need for catheter drain-
age increases patient burden and may decrease overall
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satisfaction [9]. It is also associated with urinary tract infection
and increased cost of care [10].

One potential mechanism by which POUR occurs follow-
ing female pelvic reconstructive surgery is disruption of the
local autonomic nervous system, increasing sympathetic drive
to the bladder outlet and inhibiting urethral relaxation and
bladder emptying [11]. Pain can also adversely impact voiding
function [12]. Surgical approaches to prolapse repair, there-
fore, could impact the incidence of POUR [13]. Differences in
POUR in women undergoing transvaginal native tissue repair
versus minimally invasive sacrocolpopexy has only been in-
vestigated in a single trial [4] that reported a threefold higher
risk in the native tissue group.

The objective of this study, therefore, was to test the hy-
pothesis that minimally invasive SCP is associated with lower
rates of POUR than transvaginal apical native tissue repair
procedures when voiding trials are performed prior to hospital
discharge within 24 h post-procedure. Our secondary objec-
tives were to compare the number of days of catheter drainage
and any associated complications within the first 30 days post
procedure. This information may help facilitate postoperative
planning as well as manage patient expectations and better aid
in patient education regarding their anticipated postoperative
course.

Materials and methods

This study was approved by the Wake Forest School of
Medicine Institutional Review Board (IRB00071159). We
performed a chart review and retrospective cohort study of
women undergoing apical pelvic organ prolapse repair at
Wake Forest Baptist Medical Center between March 2020
(month of ERAS initiation) and December 2020 (end of qual-
ity improvement period). This timeframe was chosen since
our institution had globally adopted ERAS and same-day or
early discharge starting in March 2020 as part of the response
to the COVID-19 pandemic and decreasing exposure to the
inpatient setting. Eligible women were older than 21 years at
the time of surgery and underwent apical repair by
laparoscopic/robotic sacrocolpopexy (CPT 57425),
extraperitoneal vaginal colpopexy (CPT 57282), or intraperi-
toneal vaginal colpopexy (CPT 57283) for stage II or greater
symptomatic pelvic organ prolapse. Patients were excluded if
they underwent a concomitant colorectal procedure (i.e.,
rectopexy); had a history of preoperative urinary retention
requiring catheterization; underwent an anterior or posterior
repair without apical suspension; or had an intraoperative
complication or surgical planning necessitating that their first
postoperative voiding trial occur on a day greater than post-
operative day 1 such as intraoperative urinary tract injury.
Eligible women were divided into two groups for comparison:
minimally invasive sacrocolpopexy versus apical native tissue

vaginal repair. Our primary outcome was the pass rate of the
first postoperative voiding trial. Secondary outcomes included
days of catheter use, urinary tract infections, and emergency
department visits for urinary tract related problems within the
first 30 days of surgery. The total days of catheterization were
assessed through postoperative provider and nursing notes
that commented on return to normal voiding without need
for intermittent or indwelling catheterization.

All women during the study period participated in a stan-
dardized ERAS protocol that included preoperative hydration,
acetaminophen, ibuprofen, and Pyridium (phenazopyridine).
Postoperatively, we continued the same pain regimen and
added ice to the perineum; Tramadol and antiemetics were
added as needed. More potent narcotics were avoided but
were not prohibited. Our goal was same-day discharge to
home or 23-h post-operative admission for observation.

All procedures were performed under the direct supervi-
sion of two attending female pelvic medicine trained sur-
geons. Trainees were present and active in every case.
Minimally invasive sacrocolpopexy procedures were per-
formed laparoscopically or robotically. Transvaginal apical
repair procedures were performed using the uterosacral and
sacrospinous ligaments according to attending preference for
each individual case. Concomitant hysterectomy, mid-vaginal
repair procedures (i.e., anterior and posterior repairs), mid-
urethral slings, and perineorrhaphy procedures were all per-
mitted according to attending choice.

The first post-operative trial of void was performed by
perioperative nurses with retrograde installation of 300 cc of
normal saline after confirmation of anesthesia recovery and
resolution of post-operative nausea. Patients were given up to
20 min to void. Voiding trial success was defined as: 1) a
postvoid residual less than 150 cc or 2) an indication in the
chart that the patient had passed the voiding trial in instances
when the voiding trial specifics were not recorded but the
chart stated that the patient passed her voiding trial and was
discharged without need for catheterization.

Study data were collected and managed using a secure
Excel file. Abstracted data included demographic characteris-
tics, pertinent comorbidities, smoking status, preoperative
Pelvic Organ Prolapse Quantification examination, pre-
operative residual volume measurement, preoperative pres-
ence of stress or urge incontinence, and date of surgery. The
operative report, pathology reports, hospital progress notes,
and available outside records in our electronic medical system
were reviewed to confirm the apical procedures and concom-
itant surgeries, estimated blood loss, intraoperative complica-
tions, postoperative complications, number of days in the hos-
pital, emergency department visits, and unscheduled clinic
visits. The outcome of the first voiding trial and any subse-
quent trials were recorded. If needed, the second voiding trial
was typically performed in the outpatient setting after the pa-
tient confirmed that they had passed a bowel movement.
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Patients were instructed to remove their catheter at home and
if they were unable to void within 4 h, they were instructed to
come into the clinic for self-catheterization teaching. Outcome
data from postoperative clinic notes and laboratory reports
within the study period were also abstracted, including
culture-positive urinary infections and the development of
long-term urinary disorders including stress incontinence,
urge incontinence, mixed incontinence, bladder pain, and uri-
nary retention. An internal random audit of 25% of charts was
performed to confirm accuracy of data abstraction.

Sealedenvelope.com was used to determine the necessary
sample size to demonstrate a potential difference in rates of
POUR for this study. Using internal institution metrics of
approximately 50% failure rate of first voiding trial for
vaginal repair surgery and a 25% failure rate for SCP, with a
p value of 0.05 and 90% power, the required sample size was
46 patients in each arm. The collected data were exported to R
(RStudio, PBC, Boston, MA) for analysis. A separate study
team member from those responsible for data abstraction
performed the data analysis. Categorical variables were
analyzed using χ2 tests and Fisher exact tests. Continuous
variables were analyzed using t test. Multivariate analysis
was also completed to control for potential confounders
which included variables from the univariate analysis that
showed a significant difference, including apical repair
technique, anterior repair, posterior repair, anti-incontinence
procedure, age, hysterectomy, and age-adjusted Charlson co-
morbidity index (ACCI) score. It also included variables that
could possibly act as confounding variables, including ethnic-
ity and body mass index (BMI). A P value of ≤ 0.05 was
considered statistically significant.

Results

There were 193 women identified using the specified Current
Procedural Terminology codes for the study period. Of these,
44 were excluded because of undergoing a postoperative
voiding trial on day greater than 1, insufficient documentation
regarding the results of their first voiding trial, intraoperative
complication necessitating prolonged catheterization or con-
comitant colorectal procedure performed. An additional 11
subjects were excluded because patients were discharged
home without specific documentation that a voiding trial
was performed. The remaining 134 women were included in
the final analysis: 71 in the native tissue repair group (40
sacrospinous fixation and 31 uterosacral suspension) versus
63 in the SCP group (17 laparoscopic and 46 robotic).

Demographic and surgical data is presented in Table 1. The
groups were overall similar in characteristics, except that the
vaginal repair group was slightly older (65.45 ± 12.19 vs.
61.46 ± 8.50 p = 0.029) and had a higher Charlson comor-
bidity index (3.00 (1.50–3.00) vs. 2.00 (1.00–2.50) p =

0.006) (Table 1). The rate of concomitant hysterectomy was
42.3% in the native tissue and 34.9% in the SCP groups (p =
− 0.385). All patients in the SCP group received general an-
esthesia and in the vaginal group, two patients received spinal
anesthesia while the rest received general anesthesia. Twenty-
three (32.3%) patients in the vaginal group had their first post-
operative voiding trial on postoperative day 0 while 29
(46.0%) patients in the SCP group had their first postoperative
voiding trial on postoperative day 0 (p = 0.106).

The failure rate of the first postoperative voiding trial was
significantly higher in the vaginal repair group (34 vs. 11.1%,
p < 0.01; odds ratio 4.91; 95% CI 1.96–12.3). Both groups
had a similar success rate of a second voiding trial (100% in
SCP group vs. 95.7% in the vaginal repair group, p = 1).
Univariate analysis demonstrated a significantly lower rate
of failing the first voiding trial in patients that had a concom-
itant hysterectomy (odds ratio 0.268; 95% CI 0.088–0.818).
Multivariate analysis was performed to control for potential
confounding factors associated with postoperative urinary re-
tention as well as factors that were statistically different be-
tween groups. These factors included age, ethnicity, BMI,
Charlson comorbidity index, anterior repair, posterior repair,
sling, high perineorrhaphy, hysterectomy, and length of sur-
gery. In this analysis, there were no variables associated with a
higher risk of failing the first postoperative voiding trial aside
from the type of procedure and hysterectomy (Fig. 1). The
adjusted odds ratio after multivariate analysis for vaginal re-
pair vs. SCP on failing the first postoperative voiding trial was
4.90 (95% CI 1.91–12.6, p < 0.01).

The total number of days to return of bladder function and
postoperative urinary tract infections were significantly higher
in the vaginal repair group (3.108 vs. 1.603 days, p < 0.01
and 23.9 vs. 6.35%, p < 0.01 respectively.) Emergency de-
partment visits within the first 30 postoperative days were also
higher in the vaginal repair group (15.5 vs. 1.59%, p < 0.01)
and were more likely related to urinary tract concerns
(7/11(64%) vs. 0/1 (0%)). Five emergency visits in the vaginal
group were due to urinary retention and two were due to UTI.
Two visits in that group were due to chest pain; one was due to
incisional concerns with no sequelae; and one was for dizzi-
ness. In the SCP group, the only visit back to the ER was due
to chest pain.

Discussion

In this retrospective cohort study, we demonstrate a signifi-
cantly greater chance of passing the first postoperative voiding
trial in women undergoing a minimally invasive mesh-
augmented repair compared to native tissue transvaginal re-
pair: These women were almost five times more likely to be
discharged postoperatively without the need for ongoing blad-
der drainage which translated into fewer urinary tract

2001Int Urogynecol J (2022) 33:1999–2004

http://sealedenvelope.com


infections and emergency department visits. The pathologic
mechanism for this observed difference is not entirely clear,
but may be related to higher rates of pelvic floor tension sec-
ondary to pain in the native tissue repair group or greater
disruption of local autonomic nerves with split-thickness vag-
inal wall dissections [14]. Interestingly, we did not observe
any association between mid-vaginal repairs (anterior or pos-
terior repairs) or mid-urethral slings and postoperative acute
urinary retention.

Our results corroborate those of Yune et al., who also dem-
onstrated a significantly higher rate of POUR in women un-
dergoing native tissue apical repair compared to minimally
invasive sacrocolpopexy. Their study was limited to

comparison between uterosacral suspension and
sacrocolpopexy and did not include any sacrospinous fixation,
a commonmethod of apical repair. In addition, the authors did
not report any follow-up data to determine if there were dif-
ferences in delayed cases of urinary retention or catheter-
related complications like urinary tract infection. Unlike our
cohort, they reported that older age was a significant risk fac-
tor for POUR [4]. Our cohort of women undergoing native
tissue repair was a mean of 4 years older than the minimally
invasive group and this could have further compounded the
association. However, when we controlled for age in the mul-
tivariable logistic regression analysis, the association of the
surgical approach was even stronger.

Table 1 Demographic and
surgical characteristics Sacrocolpopexy

(n=63)
Native tissue repair, vaginal
(n=71)

P value

Patient characteristics

Age* 61.46±8.50 65.45±12.19 0.029

Number of delivered children** 2.00 (1.00–3.00) 2.00 (1.00–3.00) 0.3736

BMI (kg/m2)* 27.18±4.60 28.00±5.52 0.3545

Tobacco use, current 8 (12.7%) 5 (7.0%) 0.270

Ethnicity 0.628

Caucasian 53 59

African-American 5 11

Hispanic 0 0

Other 5 1

Diabetes mellitus 12 (19.0%) 15 (21.1%) 0.765

Charlson comorbidity index ** 2.00 (1.00–2.50) 3.00 (1.50–3.00) 0.006

Preoperative recurrent UTIs 9 (14.3%) 7 (9.86%) 0.430

Prior surgical history

Any prior abdominal or pelvic surgery 55 (87.3%) 56 (78.9%) 0.197

Stress incontinence procedure 8 (12.7%) 8 (11.3%) 0.799

Preoperative exam

Preoperative prolapse stage (I–IV)** 3.00 (2.00–3.00) 3.00 (2.00–3.00) 0.652

Preoperative stress urinary incontinence 31 (49.2%) 32 (45.1%) 0.409

Preoperative PVR* 67.03±84.33 65.98±77.33 0.941

Preoperative urge urinary incontinence 27 (42.9%) 24 (33.8%) 0.281

Surgical characteristics

Operative duration (min)* 217.32±67.44 122.35±48.89 < 0.01

Blood loss (ml)* 92.25 61.27 92.58 65.97 0.951

Anterior repair 0 (0%) 41 (57.7%) < 0.01

Posterior repair 43 (68.3%) 50 (70.4%) 0.786

Uterosacral ligament suspension 0 (0%) 32 (45.1%) < 0.01

Sacrospinous ligament suspension 0 (0%) 39 (54.9%) < 0.01

Hysterectomy performed 22 (34.9%) 30 (42.3%) 0.385

Stress incontinence procedure performed 29 (46.0%) 29 (40.8%) 0.545

Length of stay (days)** 1.00 (1.00–2.00) 1.00 (1.00–1.00) < 0.01

Persistent PVR>150 cc greater than 4 weeks 1 (1.59%) 2 (2.82%) 0.631

*Mean ± standard deviation

**Median (range)
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The implementation of an enhanced recovery after surgery
(ERAS) protocol may have improved voiding function in both
of our study groups. Overall, only 23% of our cohort failed
their first active voiding trial compared to 70% of women
undergoing multi-compartment vaginal native tissue repair at
our institution prior to ERAS implementation (3). Similarly, in
a retrospective study of 360 patients who underwent apical
repair via uterosacral ligament suspension, sacrospinous liga-
ment fixation or robotic sacrocolpopexy, the overall failure
rate was 39% (2). ERAS protocols typically advocate for the
incorporation of standing doses of anti-inflammatory medica-
tion and acetaminophen without utilization of narcotics, a reg-
imen that improves pain without interfering with return of
bladder function.

Delayed return of bladder function in the native tissue
group corresponded significantly with urinary tract infection
rates and the need for more emergency department visits for
bladder-related concerns. Data gleaned from this study can
assist with patient-centered prioritization of goals in determin-
ing preference for one mode of prolapse repair compared to
another. While one patient may be mesh-averse, another may
prioritize the opportunity to return home on the day of surgery
without the need for bladder drainage with this associated
morbidity.

Our study is limited by the retrospective design and poten-
tial selection bias for the procedures that could confound the
results. The sample of patients chosen was a convenience
sample to power the study appropriately and this may decrease
external validity of the results. We acknowledge that women
in the native tissue apical suspension group were older and
had a higher incidence of medical comorbidities compared to
the sacrocolpopexy group, variables which can independently
affect post-operative bladder function. The first voiding trial
was also not performed within an exact window post-surgery
(for example within 6 h) and therefore, time to first trial could

have been a confounding variable. We only included women
who had a trial performed within the “23-h” admission win-
dow and a total of 65 patients (49%) were discharged on the
same day. There was no statistically significant difference
between same-day discharge in the vaginal group and in the
SCP group (32 patients (45%) vs. 33 patients (52%) p =
0.34). We were also underpowered to detect differences be-
tween patients who underwent uterosacral ligament suspen-
sion versus sacrospinous ligament suspension and collectively
grouped them into native tissue repair. A larger study is need-
ed to determine if there is indeed a difference between the two
types of apical vaginal repairs that were included in this study.
Finally, our study is limited to a single institution and there-
fore may not have external validity. The strengths primarily lie
in collection of contemporaneous data following adoption of
an enhanced recovery after surgery protocol which has direct
applicability for patients planning same day hospital dis-
charge. In addition, evaluation of the association between
catheter days, urinary tracts infections, and emergency depart-
ment visits strengthened the implications of our study findings
that acute POUR has more adverse event association than just
patient disappointment and discomfort.

In conclusion, we demonstrate that in women participating
in an enhanced recovery after surgery protocol, rates of POUR
were a lmost f ive- fold less in those undergoing
sacrocolpopexy as compared to native tissue apical vaginal
repair. Early return of bladder function may have also de-
creased urinary tract-related complications in the first 6 weeks
after surgery. Surgeons can use these data to inform pre-
operative medical decision-making and post-operative patient
expectations and goals.
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Fig. 1 Odds ratio of different
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