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Predicting urinary incontinence after surgery for

pelvic organ prolapse

John E. Jelovsek

Purpose of review

Many women choosing to have surgery for pelvic organ prolapse also choose to undergo continence
surgery. This review focuses on available evidence that clinicians may use to counsel patients when
choosing whether to perform continence surgery and how predictive analytic tools improve this

decision-making process.

Recent findings

Midurethral sling, Burch cystourethropexy and bladder neck sling are highly effective for the surgical
treatment of stress urinary incontinence. Trials demonstrate that continence surgery may be routinely
performed to reduce the risk of postoperative incontinence in women undergoing surgery for pelvic organ
prolapse with or without preoperative stress urinary incontinence. Although these procedures are effective
and well tolerated on average, media concerns, regulatory warnings and litigation reinforce the need for
a balanced discussion regarding efficacy and potential adverse events directed at the individual patient
during the preoperative visit. Advances in predictive analytics allow surgeons to quantitate individual risk
using algorithms that tailor estimates for the individual patient and facilitate shared understanding of risks
and benefits. These models are less prone to cognitive biases and frequently outperform experienced

clinicians.

Summary

This review discusses how predictive analytic tools can be used to improve decisions about continence
surgery in the woman planning to undergo prolapse surgery.
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INTRODUCTION

Urinary incontinence will develop after prolapse
repair in approximately one-quarter of patients with
advanced pelvic organ prolapse who remain conti-
nent despite significant loss of anterior vaginal
and pelvic organ support [1]. Many women
with advanced pelvic organ prolapse who choose
to undergo surgical management also choose to
undergo continence surgery to prevent new-onset
urinary incontinence. Midurethral sling, Burch
cystourethropexy and bladder neck sling are highly
effective treatment options for stress urinary incon-
tinence in these situations [1]. In addition, when
women complain of preoperative incontinence,
multiple trials demonstrate that over 80% of these
women are cured or have a significant improvement
in their symptoms up to S years after placement of
midurethral slings [2].

Recent regulatory statements and litigation have
heightened the public’s awareness and scrutiny of
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these procedures. This has reinforced the need for
surgeons to improve their counseling prior to surgery
and ensure that they provide an evidence-based,
balanced discussion regarding efficacy and adverse
event rates for the individual patient. This need
presents several unique, and often, time-consuming
challenges. The surgeon should convey the most
accurate information regarding risks and benefits
available and allow the patient to use this infor-
mation during shared decision-making.
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KEY POINTS

e Randomized continence trials were designed to make
relative comparisons of two or more treatments using
odds ratios, hazard ratios or other measures of relative
effects or harms.

e Surgical trials provide relative effects of the average
patient in each treatment arm and do not emphasize
individual risk such that low-risk patients have a lower
absolute risk and higher risk patients have a higher
absolute risk from the average patient in each
treatment arm.

e Accurate predictive analytic tools in the form of clinical
prediction models exist that allow a surgeon to
accurately counsel a patient by providing an absolute
risk for the individual given her characteristics.

e Clinical prediction models frequently outperform
clinicians or other treatment decision protocols. When
predicting risk of de novo stress urinary incontinence
after surgery for pelvic organ prolapse, model
predictions outperform a stress test and a group of
experienced surgeon’s predictions. This model is
available in an online calculator.

The current review uses examples of women
with and without preoperative stress urinary incon-
tinence who are planning to undergo surgery for
pelvic organ prolapse and who are considering a
concomitant continence procedure. The examples
will illustrate common strategies surgeons consider
when informing the patient during this decision-
making process. The examples also illustrate how
predictive analytic tools may inform the decision
process in women with individual risks different
from an average group of women.

DE NOVO STRESS URINARY
INCONTINENCE

Case 1: The patient is a 78-year-old para 2 woman
who is planning to undergo a vaginal hysterectomy,
uterosacral vaginal vault suspension, cystocele
repair and cystoscopy for bothersome pelvic organ
prolapse. She does not report any urinary inconti-
nence but does report intermittent difficulty empty-
ing her bladder. Her past medical history
is significant for hypertension and hypercholester-
olemia but no additional medical problems. Her
past surgical history is only significant for cholecys-
tectomy. On physical exam, her BMI is 28 kg/m?,
and abdomen has right upper quadrant scar. On
pelvic exam, her pelvic organ prolapse quantifi-
cation system (POPQ) points are Ba +2, C 0 and
Bp —2. An office prolapse reduction stress test is
performed, and leaking is visualized during cough.
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She has decided to pursue surgical management of
her prolapse, and the surgeon must now discuss
options with her for managing the risk of new-onset
stress urinary incontinence.

Case 2: The patientis a 52-year-old para 3 woman
who is planning to undergo a vaginal hysterectomy,
uterosacral vaginal vault suspension, cystocele
repair and cystoscopy for bothersome pelvic organ
prolapse. She reports some occasional leaking with
a feeling of urgency. Her past medical history is
significant for oral medication controlled diabetes
mellitus. On physical exam, her BMI is 30 kg/m?,
and on pelvic exam her POPQ points are Ba +2, C0
and Bp —2. An office prolapse reduction stress test is
performed, and leaking is not visualized. She has
decided to pursue surgical management of her
prolapse, and the surgeon must now discuss options
with her for managing the risk of new-onset stress
urinary incontinence.

The two cases illustrate two women who are
at different amounts of risk for developing de
novo stress urinary incontinence and need to make
a similar decision before their surgery; should
they have continence surgery or not at the time
of surgery for pelvic organ prolapse. A surgeon will
generally choose one of three approaches when
discussing the risks of new-onset stress urinary
incontinence and the potential benefits of perform-
ing a concomitant continence procedure:

(1) Treat all approach - In this approach, the sur-
geon communicates to the woman that she is ‘at
risk’ of leaking after surgery. Several clinical
trials recommend performing a continence pro-
cedure in all patients in this situation [3]. In one
large trial, the average risk of urinary inconti-
nence 1 year after surgery was 27% in women
who have a concomitant midurethral sling
placed and 43% without a midurethral sling
[3]. The advantage of this approach is that on
average, a continence procedure performed
during surgery for prolapse results in lower aver-
age rate of urinary incontinence compared with
not performing a continence surgery. A disad-
vantage is that an average woman has a 57%
chance that she will not leak even when con-
tinence surgery is not performed. If a surgeon
routinely chooses this approach, on average,
57% of patients will receive an unnecessary
procedure. The number of patients a surgeon
needs to treat with a midurethral sling to
prevent one case of urinary incontinence is
6.3. Another disadvantage is that the risk of
adverse events increases with this approach.
Rates of bladder perforation, urinary tract infec-
tion, major bleeding and incomplete bladder
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emptying were all significantly higher in
the women receiving the continence surgery
compared with sham [3].

(2) Wait and see approach - In contrast to a treat all
approach, a surgeon may not perform the con-
tinence procedure at all and recommend
performing the continence procedure only if
the patient leaks after surgery (i.e. a staged
approach). This option is less common as most
patients prefer to have a single surgery rather
than the possibility of having two surgeries and
clinical trials have shown that, on average, there
is a higher likelihood of improving inconti-
nence symptoms using the first, treat all
approach. An advantage of this approach is that
a patient does not undergo a procedure they
did not need (approximately 57% will not need
a sling). On average, this reduces the risk of
adverse events in patients who did not need
continence surgery as well as reduces cost. A
disadvantage is approximately 40% of women
will leak if no continence surgery is performed,
and many of these patients will require a treat-
ment for this incontinence resulting in
increased distress after prolapse surgery.

(3) Crude estimate of risk approach — This is a
common approach as it is consistent with com-
bining evidence-based medicine and clinical
judgment. The surgeon considers the presence
of factors that may contribute to a patient’s risk
of leaking after surgery and counsels the patient
accordingly. In theory, this approach should
increase the rate of continence surgery in
women at increased risk of leaking while low-
ering the rates of continence surgery in women
at lower risk of leaking. Unfortunately, this
approach makes multiple assumptions about
the surgeon’s existing knowledge of evidence
and the systematic application of their clinical
judgment in practice. It assumes that the sur-
geon knows and applies the important risk fac-
tors and their direction of effect (increase or
decrease risk) to their decision. It also assumes
that the caregiver assigns appropriate weight to
each risk factor and can account for all risk
factors together. In reality, humans in general
are prone to many cognitive biases that make
this method highly wvariable. Moreover,
accounting for multiple risk factors such as
age, BMI or diabetes is difficult and results in
risk factors that are either ignored or not appro-
priately weighed in the decision process.

One attempt to standardize judgment is to use a
mental algorithm, or heuristic. Female pelvic
surgeons frequently use the presence or absence
of leaking on a prolapse reduction urinary stress
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test or urodynamics as the sole predictor of
whether to perform or not perform concomitant
continence surgery. However, the predictive
value of a prolapse reduction stress test is lim-
ited. The overall rate of postoperative stress
urinary incontinence is approximately 50%
without a continence procedure and 16% with
a continence procedure in women without
symptoms of stress urinary incontinence and
a positive prolapse reduction stress test [4-8].
This 50% overall rate of postoperative stress
urinary incontinence drops to 26% without
a continence procedure and 17% with a con-
tinence procedure in women without symp-
toms of stress urinary incontinence and a
negative prolapse reduction stress test.

(4) Prediction model approach - An alternative
approach is to use a prediction model (http://
www.r-calc.com/ExistingFormulas.aspx?filter=
CCQHS) to estimate a woman'’s individual risk
[9,10%]. In this case, information regarding
clinical predictors is entered into an online
calculator. Figures 1 and 2 illustrate the individ-
ual risks for the women presented in Cases 1
and 2.

In Case 1, despite a positive stress test,
the woman’s individual risk of leaking without a
continence procedure is 28% and risk of leaking
with a continence surgery is 6%. The absolute
reduction in risk is 22%. However, for some women,
a risk of 28% is already viewed as low for them
to undergo a prophylactic procedure. This ‘glass is
half-full approach’ by the woman is interpreted as a
72% chance they don’t need a prophylactic pro-
cedure in the first place and this does not include
the reduction in adverse events associated with
performing a prophylactic continence surgery. In
this case, the woman may choose not to have a
prophylactic procedure.

Case 2 illustrates that despite a negative stress
test, the woman's individual risk of leaking without
a continence procedure is 63% and is 22% with a
continence procedure. If a surgeon uses the stress
test to triage a woman in this case into having or not
having a continence procedure, this higher risk
woman would not undergo a continence procedure.
On the other hand, if the woman does have a
concomitant continence surgery, she continues to
have a 1-in-5 chance she will leak after surgery. The
information the prediction model provides is
important to convey when counseling the patient
on what to expect after surgery. In both cases, the
use of the model results in more accurate infor-
mation being known about a woman’s individual
risk. Depending on the surgeon’’s treatment
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Risk of de novo Postoperative Stress Urinary Incontinence after Surgery for

Pelvic Organ Prolapse

Age at Time of Surgery (years)
78

Number of Vaginal Births
2

Urine Leakage Associated with a Feeling of Urgency

Body Mass Index (BMI) (kg/m2)
23

Diagnosed with Diabetes

= -

Preoperative Stress Test Result

o -
Run calculator

Risk of de novo Urinary Incontinence with a
Continence Procedure

Risk of de novo Urinary Incontinence without a
Continence Procedure

Not Available Negative

Reset

57%

276%

FIGURE 1. Online calculator illustrating an example of the individual risk of de novo stress urinary incontinence in a woman
undergoing vaginal reconstructive surgery for pelvic organ prolapse. Despite the presence of leaking on a prolapse reduction
stress test, the woman’s risk is lower than that of the average woman.

algorithm, there is benefit to using this information
during the decision-making process.

MIXED URINARY INCONTINENCE AND
PELVIC ORGAN PROLAPSE

Case 3: The patient is a 78-year-old para 2 woman
who is planning to undergo a vaginal hysterectomy,

uterosacral vaginal vault suspension, cystocele
repair and cystoscopy for bothersome pelvic organ
prolapse. She reports leaking small amounts of urine
and urine leakage related to physical activity, cough-
ing or sneezing that is moderately bothersome and
sometimes leaking while trying to get to the bath-
room. She reports intermittent difficulty emptying
her bladder. She is active around the house and

Pelvic Organ Prolapse

Age at Time of Surgery (years)
52

Number of Vaginal Births
3

Urine Leakage Associated with a Feeling of Urgency
-

Risk of de novo Urinary Incontinence with a
Continence Procedure

Risk of de novo Urinary Incontinence without a
Continence Procedure

Risk of de novo Postoperative Stress Urinary Incontinence after Surgery for

Body Mass Index (BMI) (kg/m2)
Diagnosed with Diabetes

Preoperative Stress Test Result

30
.
Positive

Not Available

Reset

21.7%

63.3%

FIGURE 2. Online calculator illustrating an example of the individual risk of de novo stress urinary incontinence in a woman
undergoing vaginal reconstructive surgery for pelvic organ prolapse. Despite the absence of leaking on a prolapse reduction
stress test, the woman's risk is higher than that of the average woman.
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socially but reports that her ability to be physically
active or go to events with her friends is affected by
leaking urine. This causes frustration but she is not
otherwise affected psychologically from her leaking.
Her past medical history is significant for hyperten-
sion and osteoarthritis but no additional medical
problems. On physical exam, her POPQ points are
Ba +2, C 0 and Bp —2. Urodynamics were ordered,
and her maximum uroflow rate is 10ml/s, maxi-
mum cystometric capacity is 400ml and lowest
valsalva leak point pressure was 30cm of water.
She has decided to pursue surgical management of
her pelvic organ prolapse, and the surgeon plans to
perform a concomitant retropubic midurethral sling
for her urinary incontinence. The surgeon must now
discuss risks and benefits and of her risk of urinary
incontinence after surgery.

It is common to offer women with stress-
predominate mixed urinary incontinence symp-
toms treatment with a continence surgery during
prolapse surgery. Surgical success rates in women
with mixed urinary incontinence are typically less
than success rates in women with pure stress urinary
incontinence and surgeons are usually cautious in
counseling women about the risks of worsening
overactive bladder symptoms such as urgency, fre-
quency or urgency urinary incontinence. Surgeons
may tell the woman that, on average, evidence
suggests that overactive bladder and incontinence
symptoms improve after stress urinary incontinence
surgery. A secondary analysis of several multicenter
trials of women with mixed urinary incontinence
determined that 50-70% of women reported
reductions in overactive bladder and urge urinary
incontinence symptoms [11]. However, compared
with women with only stress urinary incontinence
symptoms, women with mixed urinary inconti-
nence symptoms have lower cure rates [12,13].

There is currently no evidence-based optimal
treatment strategy for surgically treating women
with mixed wurinary incontinence undergoing
prolapse surgery. Therefore, the surgeon must
carefully weigh the individual risks and benefits to
the patient prior to proceeding with continence
surgery. Unfortunately, crude estimates of risk are
difficult to determine in women with mixed urinary
incontinence. Additional risk factors such as age,
BMI or diabetes are usually noted by surgeons but
their effects on an individual patient’s risk are diffi-
cult to determine. The risk of bothersome stress
urinary incontinence for Case 3 is 31%, bothersome
urgency urinary incontinence is 46% and risk of any
adverse event is 36% (Fig. 3). In this case, the model
is helpful in providing information to the woman
about her risk of having stress and urgency urinary
incontinence after surgery.
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CLINICAL PREDICTION MODELS

Predictive analytics continue to play key roles
in improving the lives of humans. The modern
day collision between ‘Big Data’ and new predictive
analytics has resulted in personalization of
everything from movie selections to healthcare
recommendations.

In medicine, risk prediction models help
clinicians personalize diagnostic and treatment
information. They are useful in informing the
multiple decisions that are made by care providers
and their patients. In a diagnostic setting, these
predictions are based on an estimated probability
that a specific condition is present. In a prognostic
setting, these predictions are based on whether an
event will occur in the future. Practically, every
domain of medicine is working toward creation,
validation, updating and implementing prediction
models [14"].

MODEL DEVELOPMENT

Prior to developing a prediction model, the first
question one should ask is, ‘will this model be used?’
This leads to additional questions such as ‘is the
model going to be used in the setting in which it
is intended?’, ‘will users of the model trust the
predictors included in the model?’ and ‘are the
predictors routinely available?’ [15]

Model development begins with selecting pre-
dictors and combining them into a multivariable
model. Choosing which candidate predictors to use
is a critical step. Predictors should be easy to obtain
in routine clinical practice, ideally have little vari-
ation in how they are defined and be available either
before or at the time of the anticipated prediction.
When choosing predictors, it is important to choose
continuous variables over categorical variables
when possible and it is generally not recommended
to categorize linear variables into categorical vari-
ables (i.e. BMI) during data collection [16™].

Choosing the type of model and the outcome
are also important steps. The outcome should be
clinically meaningful, well defined and acceptable
for the community of users as an important out-
come to predict. Logistic regression is commonly
used when the outcome is a dichotomous (i.e.
present or absent), and Cox regression is commonly
used when long-term outcomes, such as time to the
outcome, are important. However, the choice of the
type of model should also include consideration of
the best fit for the data in the model. For example,
risk factors that are stable over time are very useful
for a proportional hazards model such as Cox
regression as this type of model assumes a constant
hazard rate over time. On the other hand, if the risk
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Midurethral Sling Surgery

Are urodynamic variables available?
No
Race
Menopause
Pre Peri
POPQC

Prior Medical (non-surgical) Treatment for Ul
No

Do you experience small amounts of urine leakage
(drops)?

| Yes - Moderately Bothersome $

Do you experience urine leakage related 1o the feeling
of urgency?

o

Do you experience heaviness or duliness in the pelvic
area?

Yes
Are your entertainment activities such as goingto a
mavie or concert affected by urinary leakage?

K -

Are your physical recreation activities limited by
urinary leakage?

No
Non-invasive maximum uroflow rate (mL/sec)

10

Lowest Valsalva Leak Point Pressure (em of water)
30

Type of midurethral sling?

Transobturator

Risk of Bothersome Stress Urinary Incontinence (SUI)

Risk of Bothersome Urgency Urinary Incontinence
(uun)

Risk of a Positive Stress Test

Predicting Risk of Urinary Incontinence and Adverse Events 12 months after

Age (in years)

Vaginal Parity
2

POPQ BA
Prior Pelvic Surgery

Do you experience urine leakage related to physical
activity, coughing, or sneezing?
Yes - Moderately Bothersome §

Do ymj experience a feéimg of incomplete bladder
emptying?

Do you experience pain in the lower abdominal or
genital area?

Do you expenence frequent urination?

-

Is your emotional health affected by your urinary
leakage?

Do you expenence frustration due to your urinary
leakage?

Bi 359’

(mL)

Are there concomitant procedures being performed?

-

Results

78

Yes

Yes No

Yes

Yes

No
volume at maximum cystometric capacity

400

30.7%
457 %

183%

Risk of Any Adverse Event

365% |

FIGURE 3. Online calculator illustrating an example of the individual risk of bothersome stress urinary incontinence,
bothersome urgency urinary incontinence, a positive office urinary stress test and any adverse event in a woman undergoing
vaginal reconstructive surgery for pelvic organ prolapse who reports stress-predominate mixed urinary incontinence symptoms.

factors wane over time, then a model that accounts
for this variation, such as a parametric survival
model using a log-normal distribution, may be con-
sidered [16""].

There are multiple techniques for building pre-
diction models including linear and logistic
regression as well as tree-based methods such as
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regression and classification trees, bagging, boosting
and random forests. The choice of which method
starts with whether one believes there is a linear
relationship between the predictors and the out-
come. If so, then an approach using linear regression
will likely work well and will outperform a method
such as a regression tree that does not exploit this
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Table 1. Summary of models predicting individual risk of urinary incontinence after continence surgery

Internal validation

External validation

Outcome

Number of predictors

Concordance index Concordance index

For women undergoing pelvic organ prolapse surgery without preoperative stress urinary incontinence

Bothersome stress urinary incontinence® 7

For women undergoing midurethral sling surgery for stress urinary incontinence

Bothersome stress urinary incontinence® 15
Stress test® 13
Bothersome urgency urinary incontinence® 12
Any adverse event® 11

N=457 N=316
0.73 0.62
N=597 N=902
0.718 0.548
0.697 0.656
0.697 0.621
0.636 0.567

Table includes results previously reported by Jelovsek et al. [9,10%].

“Model building and internal validation were performed using the Outcomes Following Vaginal Prolapse Repair and Midurethral Sling trial [20]. External
validation was performed using the Colpopexy and Urinary Reduction Efforts trial [1].
bModel building and internal validation were performed using the Trial of midurethral slings dataset [21,22]. External validation was performed using a dataset

from three combined clinical trials [23-26].

linear structure [17]. If one believes there is a highly
nonlinear and complex association between the
predictors and the outcome, then decision trees
may outperform regression approaches.

MODEL PERFORMANCE

Once the model is built, it is important to assess the
performance of the model in the setting in which it
will be wused. Model performance is typically
measured by determining the model’s discrimi-
nation and calibration. Discrimination is performed
by ranking an individual’s risk using a concordance
index or c-statistic. Calibration is performed by
observing whether the predicted probability was
too high or low with a range of predicted probabil-
ities using visual plots. Both measures are typically
performed by assessing these properties on the same
data from which the model was developed and using
other participant data than was used for the model
development [18]. Measuring a model’s accuracy
using data upon which the model was built results
in an apparent performance of the model and fre-
quently gives an overestimate (called overfitting) of
its true performance. Therefore, it is necessary to
perform internal validation to adjust the model for
this overfitting. This results in a ‘bias-corrected’
concordance index. Internal validation techniques
include cross-validation or bootstrapping [19].
External validation is performed by evaluating the
model’s performance in other participant data.

A summary of the discriminatory ability of the
models used in the cases is presented in Table 1. The
bias-corrected internal validation concordance
index for the model predicting bothersome stress
urinary incontinence 12 months after a woman
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undergoes pelvic organ prolapse surgery who does
not have preoperative stress urinary incontinence is
0.73 [9]. This can be interpreted as the model was
able to discriminate between high-risk and low-risk
women 73% of the time. When this model’s per-
formance was tested on women undergoing sacral
colpopexy for pelvic organ prolapse, the model’s
concordance index dropped to 0.62. The model’s
performance was also compared against expert clini-
cian’s best guess and a preoperative urinary stress
test. The prediction model outperformed expert
clinicians (0.72 compared with 0.62, P<0.001)
and preoperative urinary stress testing (0.72 com-
pared with 0.54, P <0.001).

CONCLUSION

We have discussed how prediction models are
helpful in several therapeutic decision-making
contexts involving women planning to have
surgery for stress urinary incontinence. Of course,
prediction model development may be useful in a
variety of additional pelvic-floor-related contexts.
In prevention, models help identify women who
may benefit from targeted interventions if they are
at high risk. Prognostic models may help in coun-
seling women by providing hope for recovery when
a good prognosis is predicted and more aggressive
treatment early in women with a low chance of
benefit from first-line therapies. Overall, the aim of
clinical prediction models is to help clinicians and
women make better decisions with a model
than without.
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