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Abstract
Introduction and hypothesis  The objective was to investigate the incidence and risk factors of postoperative de novo stress 
urinary incontinence (SUI) in stress-continent women following minimally invasive sacrocolpopexy without an anti-incon-
tinence procedure.
Methods  We completed a multicenter, retrospective cohort study of women undergoing laparoscopic sacrocolpopexy without 
concurrent anti-incontinence procedures from October 2006 through January 2021.
Results  Of the 169 women who underwent minimally invasive sacrocolpopexy, 17.1% (n=30) developed de novo SUI, and 
7.1% eventually underwent a midurethral sling placement. On logistic regression, BMI, preoperative urinary urgency, and 
history of transvaginal mesh repair were found to be significantly associated with and predictive of de novo SUI. When the 
concordance index (C-index) was calculated with the model published by Jelovsek et al. for women who developed de novo 
SUI within 12 months of the prolapse surgery, the current de novo SUI calculator was able to discriminate de novo SUI 
outcome (C-index = 0.71).
Conclusions  The incidence of de novo SUI after minimally invasive sacrocolpopexy without anti-incontinence procedure 
correlates directly with higher BMI, preoperative urinary urgency, and transvaginal mesh history for POP. Preoperative 
counseling for minimally invasive sacrocolpopexy should include discussing the risk of de novo SUI and preoperative fac-
tors that may increase this risk.
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Introduction

The lifetime risk of undergoing surgery for pelvic organ 
prolapse or stress urinary incontinence (SUI) is 11.1% 
[1]. Surgery for pelvic organ prolapse can unmask SUI in 
women without symptoms or worsen existing SUI [2–4]. 
Although women with preoperative symptoms of SUI or 
occult SUI are known to carry an increased risk of persistent 
or worsening postoperative SUI, the risk of developing de 
novo SUI for those who are stress-continent preoperatively 
is less well studied. [5–8]. Prophylactic surgical treatment 
for SUI in patients undergoing pelvic organ prolapse repair 
without symptoms of SUI is controversial. The options 
for this clinical scenario include universal, selective, or a 
staged treatment approach [4, 9–13]. Even though univer-
sally performing concomitant prophylactic incontinence 
surgery on all women undergoing pelvic organ prolapse 
repair has been shown to reduce the need for future SUI 
procedures, it is debated whether the benefit outweighs the 
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risk of complications from an anti-incontinence procedure. 
Multiple randomized clinical trials have also demonstrated 
that 5–17% of women with de novo SUI elect to undergo 
an anti-incontinence procedure [10, 13, 14]. Surgeons must 
balance the risk and benefits of these approaches and involve 
patients in shared decision-making.

To aid in the shared decision-making process, several 
strategies have been developed. These include optimizing 
the sensitivity of preoperative prolapse reduction stress 
testing [4, 15], as well as using a preoperative incontinence 
risk calculator, which has been developed and externally 
validated using the two large clinical trials from the Pelvic 
Floor Disorders Network, the Outcomes Following Vaginal 
Prolapse Repair and Mid Urethral Sling (OPUS) and the 
Colpopexy and Urinary Reduction Efforts (CARE) trials 
[16]. However, although the CARE study included abdomi-
nal sacrocolpopexy, neither study included information 
from minimally invasive sacrocolpopexy, and the clinical 
reliability of the use of this calculator in this population is 
in question [17].

In this study, we define de novo SUI as postoperative 
SUI in previously stress-continent women with no reported 
symptoms of SUI and a negative preoperative stress test. The 
reported incidence of de novo SUI varies widely between 4 
and 58% [2, 3, 10, 18–22]. The variability in the incidence 
of de novo SUI may be due to the difference in the ability to 
evaluate for occult SUI [4, 15] and the heterogeneity in the 
definition of de novo SUI [19, 23].

The primary objective of this study was to determine the 
incidence of de novo SUI in women undergoing laparoscopic 
sacrocolpopexy without concomitant anti-incontinent sur-
gery in stress-continent women. Secondarily, we sought to 
identify potentially predictive preoperative clinical factors 
associated with the development of de novo SUI and test 
the predictability of the de novo SUI calculator developed 
by Jelovsek et al. using minimally invasive sacrocolpopexy 
data [16].

Materials and methods

We performed a multicenter, retrospective cohort study of 
stress continent women who underwent minimally invasive 
abdominal sacrocolpopexy with synthetic mesh without a 
concomitant anti-incontinence procedure from October 2006 
through January 2021. The chart review included informa-
tion obtained from the Research Patient Data Registry, a 
centralized clinical data registry that gathers clinical infor-
mation from various hospitals, including Massachusetts 
General Hospital, Brigham and Women's Hospital, and 
other smaller academic and community hospitals in the 
Mass General Brigham health system [24]. Women were 
included if they underwent a minimally invasive abdominal 

sacrocolpopexy (laparoscopic or robot assisted). Patients 
were excluded if they had a prior history or concurrent anti-
incontinence procedures for SUI. Patients were asked to 
answer the question of whether they have “leakage related to 
physical activity, coughing, or sneezing,” which is standard 
among all surgeons. Stress continence was defined as having 
no symptoms of SUI subjectively and objectively negative 
prolapse reduction testing (preoperative cough stress test or 
urodynamic testing). Eligible women were identified using 
the CPT code for laparoscopic sacrocolpopexy (57425) 
without a surgical procedure for SUI, and a chart review 
was performed to ensure eligibility. The study protocol was 
reviewed and exempted by the institutional review board 
(2021P000305).

To estimate the incidence and identify risk factors for 
de novo SUI, we defined the primary outcome of de novo 
SUI as newly developed postoperative SUI subjectively by 
symptoms and/or a positive cough stress test in the office 
or in urodynamic evaluations. No validated questionnaire 
was used for the postoperative evaluation. The secondary 
outcome was postoperative treatments for de novo SUI, 
categorized as surgical if the women ultimately under-
went surgical treatment such as midurethral sling versus 
nonsurgical if the women did not seek treatment or elected 
for pelvic floor physical therapy. No data are available on 
whether periurethral bulking injection or treatment with a 
disposable incontinence device was offered to the patient. 
Demographics, as well as preoperative, intraoperative, and 
postoperative data, were gathered from the patient’s medical 
record. For the incontinence outcome, information was col-
lected from all available electronic medical records between 
the time of minimally invasive sacrocolpopexy and the last 
visit recorded on the patient’s chart. Any self-report or new 
diagnoses of SUI after the index operation were marked as 
de novo SUI. The individualized prediction model for de 
novo SUI after vaginal prolapse surgery was utilized for the 
analysis of the correlation between minimally invasive sac-
rocolpopexy and de novo SUI [16].

Categorical data were compared using Chi-squared or 
Fisher’s exact tests and presented as frequency (proportion). 
Parametric continuous data were compared using Student’s 
t test and presented as means and standard deviations. Non-
parametric continuous data were compared using Wilcoxon 
rank-sum test and presented as median and interquartile 
ranges. All tests except for the de novo SUI treatment group 
were two-sided. A p value <0.05 was considered statistically 
significant. Multivariate logistic regression was performed 
to examine the potential risk factors associated with de novo 
SUI, controlling for factors decided a priori, including age, 
body mass index (BMI), preoperative urinary urgency, his-
tory of transvaginal mesh to treat pelvic organ prolapse, and 
the Ba point of Pelvic Organ Prolapse Quantification (POP-
Q). No vaginal mesh removal was performed at the time of 
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the minimally invasive sacrocolpopexy. Because diabetes 
correlated highly with BMI, it was not used simultaneously 
in multivariate analysis because of collinearity concerns. 
Similarly, only Ba from the POP-Q measurements was used 
in the final modeling because of its known impact on de 
novo SUI [12, 23]. To test the predictive accuracy of the de 
novo SUI calculator, the concordance index (C-index) was 
calculated using receiver-operating characteristic analysis 
with the same elements of the multivariate logistic regres-
sion model published by Jelovsek et al. [16, 25] Data were 
stored using Research Electronic Data Capture (RedCap) 
[26, 27] and analyzed using Stata/IC 15 (Statacorp, College 
Station, TX, USA).

Results

A total of 1,161 minimally invasive sacrocolpopexies were 
performed from October 2006 through January 2021. Dur-
ing the study period, 169 stress-continent women underwent 
a minimally invasive sacrocolpopexy without a concomitant or 
prior anti-incontinence procedure for SUI. The majority were 
white non-Hispanic women (94.1%) with a mean age of 59 (± 
8.2 years). The average length of follow-up was 6.7 years ± 35 
months. We defined the last day of their follow-up as the day that 
the patient was seen by any provider within the health system 
who addressed symptoms of SUI. All women either had a nega-
tive preoperative prolapse reduction cough stress test (57.3%) 
and/or no findings of SUI on multichannel urodynamic test-
ing with prolapse reduction (83.4%). One hundred and twelve 
women (66.2%) underwent a laparoscopic sacrocolpopexy, and 
57 women (33.7%) underwent a robot-assisted sacrocolpopexy. 
Ninety-nine women (58.6%) had had a prior hysterectomy, 57 
(33.7%) underwent a concurrent supracervical hysterectomy, 
and 11 women (6.5%) had a total laparoscopic hysterectomy 
(Table 1). Two women had a sacrohysteropexy. Thirty women 
(17.8%) underwent anterior colporrhaphy, 48 (28.4%) had a 
posterior colporrhaphy, and 24 (14.2%) had both procedures.

Within the follow-up period, 9 (5.3%) women had a 
vaginal mesh exposure. Five women were diagnosed with 
mesh exposure within 12 months of surgery. Perioperative 
complications within 30 days of operation include 1 woman 
with an intraoperative ureteral injury, 1 cystotomy, 1 woman 
who had immediate postoperative hemorrhage reoperation 
and blood transfusion, and 3 women needing treatment for 
surgical site infections treated with oral antibiotics.

During the study period, 30 women (17.8%) developed 
de novo SUI following minimally invasive sacrocolpopexy 
(Table 1). Twenty women (66.7%) were diagnosed after devel-
oping bothersome SUI symptoms, and 10 (33.3%) demon-
strated objective SUI on a cough stress test or urodynamic test-
ing (Table 2). Of the 30 women who developed de novo SUI, 
more than half of these (n=20) developed SUI symptoms within 

6 months of surgery. Among women who developed de novo 
postoperative SUI, 13 (43.33%) selected expectant management, 
9 (30%) chose to pursue pelvic floor physical therapy, and the 
remaining 12 women (40%) underwent a midurethral sling. 
Among this group, a total of 4 women opted for a combination 
of pelvic floor physical therapy and a midurethral sling. There 
were no women who elected for a pessary. No Burch colpo-
suspension was performed in these patients during the study 
period. Women who underwent a midurethral sling were more 
likely to have preoperative detrusor overactivity on urodynam-
ics and objective postoperative de novo SUI compared with the 
nonsurgical group (p=0.05 and p<0.001 respectively; Table 2). 
However, on univariate analysis, only objective postoperative 
de novo SUI was significantly associated with undergoing a 
midurethral sling (OR 76, 95% CI 6.0–962, p=0.001).

Compared with women who remained stress conti-
nent, women who developed de novo SUI had a signifi-
cantly higher preoperative BMI (29.6 ± 7.2 vs 25.8 ± 4.2, 
p<0.001), higher total and vaginal parity (p<0.04), and pre-
operative urinary urgency (p=0.02; Table 1). Furthermore, 
more women in the de novo SUI group (13.3%) had a history 
of transvaginal mesh prolapse surgery than the stress-con-
tinent women (2.2%; p<0.005). Otherwise, the two groups 
were similar regarding age, preoperative pelvic organ pro-
lapse stage, and multichannel urodynamic testing param-
eters, including preoperative maximum flow rate, maximum 
cystometric capacity, maximum urethral closure pressure, 
and presence of detrusor overactivity (all p>0.05; Table 1).

On univariate analysis, preoperative BMI, urinary 
urgency symptoms, and prior transvaginal mesh prolapse 
surgery were associated with a higher risk of de novo SUI 
following minimally invasive sacrocolpopexy. Multivariate 
logistic regression analysis confirmed that BMI (aOR 1.13; 
95% CI 1.05–1.20), preoperative urinary urgency (aOR 2.82; 
95% CI 1.10–7.19), and prior transvaginal mesh surgery 
(aOR 8.92; 95% CI 1.50–52.78) were independent predic-
tors of the development of de novo SUI (Table 3).

We tested the functionality of the online de novo SUI 
calculator developed and published by Jelovsek et al. [16], 
using the receiver-operating characteristic analysis from 
the multivariate logistic regression models built from the 
same covariate element of the online calculator. In women 
who developed de novo SUI during the first 12 postop-
erative months, the analysis showed the C-index of 0.71 
(p=0.07), which is moderate discriminatory ability per the 
classification of the C-index used in Ross et al. [17] for the 
entirety of our cohort of women who developed de novo 
SUI at any point during their follow-up, the C-index was 
0.69 (p=0.004). The mean predicted risk of developing de 
novo SUI was higher in women who developed de novo 
SUI following minimally invasive sacrocolpopexy (0.42 ± 
0.02) than in those who remained stress continent (0.35 ± 
0.01, p=0.003).
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Table 1   Baseline demographic 
and clinical characteristics of 
patients undergoing minimally 
invasive sacrocolpopexy 
without incontinence surgery 
by postoperative de novo stress 
urinary incontinence (SUI) 
status

De novo SUI (n=30) No de novo SUI (n= 139) p value

Patient characteristics
  Age, mean (SD) 59.8 (9.5) 60.3 (7.9) 0.780
  Race, n (%)
    White 26 (86.7) 128 (92.1) 0.048
    African American 2 (6.7) 2 (1.4)
    Hispanic 2 (6.7) 1 (0.7)
    Asian 0 (0.0) 3 (2.2)
  BMI, kg/m2 29.6 (7.2) 25.8 (4.2) <0.001
  Total parity 3 (2–3) 2 (2–3) 0.023
  Vaginal parity 3 (2–3) 2 (2–3) 0.038
  Diabetes 3 (10.0) 13 (9.4) 0.910
  Tobacco use 0 (0.0) 6 (4.3) 0.250
  History of urinary urgency 22 (73.3) 69 (49.6) 0.018
  Prior hysterectomy 21 (70.0) 78 (56.1) 0.160
  Prior history of prolapse repair 21 (20.8) 9 (30) 0.033
  Prior history of prolapse surgery with 

vaginal mesh
4 (13.3) 3 (2.2) 0.005

Preoperative prolapse stage, n (%)
  Anterior compartment
    Stage 1 2 (6.7) 24 (17.3) 0.230
    Stage 2 14 (46.7) 69 (49.6)
    Stage 3 14 (46.7) 43 (30.9)
    Stage 4 0 (0.0) 3 (2.2)
  Posterior compartment
    Stage 1 17 (56.7) 57 (41.0) 0.400
    Stage 2 9 (30.0) 58 (41.7)
    Stage 3 4 (13.3) 21 (15.1)
    Stage 4 0 (0.0) 3 (2.2)
  Apical compartment
    Stage 1 13 (43.3) 71 (51.1) 0.570
    Stage 2 7 (23.3) 33 (23.7)
    Stage 3 10 (33.3) 32 (23.0)
    Stage 4 0 (0.0) 3 (2.2)

Preoperative prolapse severity
  Anterior compartment
    Stage I 3 (10.0) 28 (20.1) 0.190
    Stage II, III, IV 27 (90.0) 111 (79.9)
  Posterior compartment
    Stage I 17 (56.7) 57 (41.0) 0.120
    Stages II, III, IV 13 (43.3) 82 (59.0)
  Apical compartment
    Stage I 13 (43.3) 71 (51.1) 0.440
    Stage II, III, IV 17 (56.7) 68 (48.9)

Aa point, mean (SD) 1.1 (1.8) 0.3 (1.9) 0.280
Ba point, mean (SD) 2.4 (2.2) 0.1.9 (2.6) 0.370
Surgical procedures performed at the time of minimally invasive sacrocolpopexy

  Robot assistance 12 (40.0) 45 (32.4) 0.420
  Without robot assistance 18 (60.0) 94 (67.6)
  Hysterectomy 21 (70.0) 78 (56) 0.210
  Anterior colporrhaphy 2 (6.7) 28 (20.1) 0.080
  Posterior colporrhaphy 7 (23.3) 41 (29.5) 0.500
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Discussion

To our knowledge, this is the largest study investigating the 
incidence of de novo SUI in stress-continent women both by 

symptom and by objective evaluation undergoing minimally 
invasive sacrocolpopexy. In our study, the incidence of de 
novo SUI in previously stress continent women following 
minimally invasive sacrocolpopexy was 17.7%, and 40% of 
these women underwent a midurethral sling. Our findings 
are supported by two small retrospective cohort studies. In 
a retrospective analysis of 15 women with no subjective or 
objective findings of SUI who underwent a laparoscopic sac-
rocolpopexy or sacrohysteropexy, the incidence of de novo 
SUI was 13.3% [19]. Additionally, Leclaire and colleagues in 
a retrospective cohort study of 77 women reported a 15% rate 
of de novo SUI after a laparoscopic sacrocolpopexy compared 
with 45% in women who underwent an abdominal sacrocol-
popexy [20].

There have been two large multicenter randomized 
controlled trials that evaluated the incidence of postopera-
tive SUI following pelvic organ prolapse repairs, the Col-
popexy and Urinary Reduction Efforts (CARE) trial and the 

Table 1   (continued) De novo SUI (n=30) No de novo SUI (n= 139) p value

UDS parameters
  Preoperative UDS performed 24 (61.6) 117 (84.2) 0.003
  Maximal flow (ml/s) 34.8 (24.6) 23.9 (20.0) 0.057
  Maximal cystometric capacity (ml) 421.3 (166.6) 397.2 (117.9) 0.420
  Detrusor overactivity, present 7 (29.1) 18 (15.3) 0.107

Continuous variables are presented using mean (SD)
Categorical variables are presented using the count (%) of women with the history
SD standard deviation, BMI body mass index, UDS urodynamics

Table 2   Baseline preoperative, 
postoperative, and urodynamic 
testing data of patients who 
developed de novo stress 
urinary incontinence (SUI) 
undergoing surgical versus 
nonsurgical treatment

Continuous variables are presented using mean (SD)
Categorical variables are presented using count (%) of women with the history
SD standard deviation, BMI body mass index

Nonsurgical treatment Midurethral sling p value
n = 21 n = 9

Basic demographic data
Age, mean (SD) 60.4 (10.6) 58.4 (6.5) 0.60
BMI, kg/m2, mean (SD) 29.3(8.0) 30.3 (5.4) 0.74
History of urinary urgency, n (%) 15 (71) 7 (78) 0.72
Preoperative urodynamic testing data

  Maximal flow, ml/s, mean (SD) 44.3 (28.7) 28.2 (16.0) 0.52
  Maximal cystometric capacity, ml, 

mean (SD)
406.3 (28.7) 366.3 (16.0) 0.42

  Detrusor overactivity, n (%) 14 (67) 3 (33) 0.05
Postoperative data

  Presence of objective SUI, n (%) 2 (10) 8 (89) <0.001
  Interval time to de novo SUI, n (%)
    Within 6 months 15 (71.4) 5 (56) 0.32
    Between 6–24 months 1 (0) 1 (11)
    24 months or more 9 (43) 3 (33)

Table 3   Multivariate analysis of the risk of de novo stress urinary 
incontinence

BMI body mass index, POP-Q pelvic prolapse quantification, CI con-
fidence interval

Risk factors Odds ratio 95% CI p value

Age 0.98 0.93–1.04 0.61
BMI 1.13 1.05–1.20 0.001
Preoperative urinary urgency 2.82 1.10–7.19 0.030
Prior transvaginal mesh for 

pelvic organ prolapse
8.92 1.50–52.7 0.007

POP-Q Ba point 1.10 0.93–1.29 0.236
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Outcomes Following Vaginal Prolapse Repair and Midure-
thral Sling (OPUS) trial [10, 14]. In both studies, women 
without symptomatic SUI were randomized to apical pro-
lapse repair with or without concomitant anti-incontinence 
procedure regardless of a positive or negative prolapse 
reduction stress test—abdominal sacrocolpopexy with or 
without concomitant Burch in the CARE trial and vaginal 
apical repair with or without midurethral sling in the OPUS 
trial [10, 14]. In the CARE trial, the rate of postoperative 
SUI was significantly higher in women who did not have a 
Burch than in those who did, 57.4% and 33.6% (p<0.001) 
respectively [10]. In the subset of women in the CARE trial 
who had a negative prolapse reduction stress test prior to 
abdominal sacrocolpopexy, the incidence of de novo SUI 
was 38%, which is more than double the incidence we found 
in women undergoing a minimally invasive sacrocolpopexy 
[10]. Similarly, in the OPUS trial, 38% of women with a neg-
ative prolapse reduction stress test developed postoperative 
SUI [10, 14]. The online de novo SUI calculator by Jelovsek 
et al. [16] was designed and validated from the CARE and 
OPUS trial data and did not include data from minimally 
invasive sacrocolpopexy. This model has also been validated 
in a Dutch population undergoing vaginal surgery [28]. Ross 
et al. generated a receiver operating curve using the regres-
sion model created by the de novo SUI calculator from 428 
women who underwent a minimally invasive sacrocolpopexy 
[17]. In this study, they concluded that the calculator was 
unable to reliably predict postoperative SUI when the api-
cal suspension was performed without a sling, but noted 
that they relied on a nonvalidated patient-reported symptom 
survey to determine postoperative stress continence [17]. 
However, when we applied our data to this calculator, the 
model was able to maintain the moderate discriminatory 
ability for the continence outcome with a C-index compara-
ble with the previously published C-index of 0.73 and 0.62 
for the OPUS and CARE trial data respectively [16, 17]. In 
our study, an important consideration is that the de novo SUI 
model appears to have a moderate discriminatory ability. 
Still, it is unclear whether it is appropriately calibrated in 
this laparoscopic sacrocolpopexy population. Future studies 
with a larger number of patients may shed light and help to 
answer this question.

Our study found that a higher BMI, preoperative uri-
nary urgency symptoms, and a history of transvaginal 
mesh prolapse surgery were risk factors for developing de 
novo SUI. The association of BMI, preoperative urinary 
urgency and de novo SUI has been reported in both the 
OPUS and the CARE trial [10, 11]. However, the history 
of transvaginal mesh prolapse surgery as a risk factor for 
de novo SUI after minimally invasive sacrocolpopexy is 
unique. We hypothesize that in a woman who undergoes 
a sacrocolpopexy after transvaginal mesh, additional ten-
sioning may be placed on the anterior vaginal wall causing 

over-tension of the urethrovesical angle. This over-tension 
might not be exactly seen in native-tissue anterior vaginal 
wall repairs. It is worthwhile mentioning that the confi-
dence interval for prior transvaginal mesh use is wide, 
likely as a result of the small sample size.

Strengths of this present study include that it is the larg-
est retrospective cohort study investigating the incidence 
of de novo SUI in women undergoing minimally invasive 
sacrocolpopexy. Additionally, the long-term mean follow-
up time of 81 months allowed us to capture additional cases 
of de novo SUI. The limitations included those inherent 
to the retrospective design, including only being able to 
assess symptoms and findings documented in medical 
charts. Specifically for this study, there was variability 
in preoperative evaluation and the diagnosis of preopera-
tive SUI, which could negatively impact generalizability 
of the study. Additionally, the liberal use of the definition 
of postoperative SUI without a validated questionnaire or 
standardized examination could have led to over-reporting 
of the incidence. However, our observed rate of SUI fol-
lowing colpopexy is less than previously reported in the 
literature. Finally, although our study is multicenter, which 
can certainly help the generalizability of our findings, we 
acknowledge the lack of racial diversity, as our study popu-
lation consisted of primarily white women to reflect the 
patient population seen in our practice and our data were 
taken from a center specializing in the treatment of pelvic 
floor disorders in the New England area.

In the present study, the incidence of de novo SUI after 
laparoscopic sacrocolpopexy without concomitant anti-inconti-
nence procedure was approximately 1 in 5, which is lower than 
reported in stress-continent women undergoing abdominal sac-
rocolpopexy and vaginal pelvic organ prolapse surgery. Under-
standing these risk factors will guide future research about the 
development of de novo SUI after vaginal apical suspension.

In conclusion, the development of de novo SUI after under-
going surgery for pelvic organ prolapse can be distressing for 
both the patient and the surgeon. A higher BMI, preoperative 
symptoms of urinary urgency, and a prior history of transvagi-
nal mesh repair were identified as risk factors for developing 
de novo SUI following minimally invasive abdominal sac-
rocolpopexy. Refining the de novo SUI calculator to include 
laparoscopic sacrocolpopexy will aid preoperative counseling 
and guide clinical management.
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