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Abstract
Introduction and hypothesis Recommending prophylactic
anti-incontinence procedures to continent women undergo-
ing surgery for pelvic organ prolapse (POP) is controversial.
We hypothesized that testing for occult incontinence before
surgery using four different tests and three defined test
combinations would identify individual women at risk for
postoperative stress urinary incontinence (POSUI). The
diagnostic accuracy of these tests and test combinations
were evaluated.
Methods We tested 137 women before and after surgery.
Fisher’s exact test was used when evaluating associations
between test results and outcomes. The validity of each test
and test combinations was calculated.
Results We found a statistically significant association be-
tween occult incontinence and POSUI in two tests and all test
combinations. However, all tests and test combinations dis-
played poor performance when predicting at individual levels.

Conclusions This study confirms a positive association
between occult incontinence and POSUI. Occult inconti-
nence does not, however, adequately identify individual
women in need of prophylactic anti-incontinence surgery
when undergoing POP repair.

Keywords Pelvic organ prolapse . Sensitivity and
specificity . Urinary incontinence . Stress

Introduction

Postoperative stress urinary incontinence (POSUI) follow-
ing pelvic organ prolapse (POP) repair in previously conti-
nent women is a clinical challenge. De novo stress urinary
incontinence (SUI) has been reported to range from 11 % to
44 % after surgical correction of urogenital prolapse [1–3].
Preoperative occult incontinence is generally accepted as a
marker for increased risk of POSUI. Occult incontinence is
clinically diagnosed when a continent woman with POP
displays stress urinary leakage during provocation testing
mimicking POP repair. Prophylactic anti-incontinence pro-
cedures in patients with occult incontinence have shown a
reduced incidence of POSUI [4–6]. However, as long as any
anti-incontinence procedure comes with a cost and has
potential risks, managing occult incontinence remains con-
troversial. The association between occult incontinence
(positive provocation tests) and the risk of developing post-
operative incontinence is not yet fully investigated. The lack
of standardized diagnostic criteria for occult incontinence
makes it difficult to determine the exact prevalence and
thereby its true predictive value on POSUI. Different pre-
operative studies have demonstrated a wide variety of prev-
alence, from 6 % to 80 %, using various prolapse reduction
methods [3–5, 7–13]. The validity of the tests defined by
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their sensitivity, specificity, positive (PPV) and negative (NPV)
predictive values, likelihood ratios, and diagnostic odds ratios
(ORs) are, for the most part, unreported. The few studies that
have investigated the validity of such tests for occult inconti-
nence have found them to have poor predictive value [3, 5].

This study was aimed at measuring the statistical association
of a positive preoperative provocation test (occult incontinence)
and the risk for developing POSUI after prolapse surgery in a
study design with adequate sample size. We investigated per-
formances of four different provocation tests regularly used in
clinical practice for diagnosing occult incontinence and their
diagnostic accuracy in predicting POSUI. We also evaluated
diagnostic accuracy when combining tests.

Materials and methods

This study was a prospective observational study at the
Department of Gynaecology, Oslo University Hospital,
Norway. The Regional Committee for Medical and Health
Research Ethics in southeastern Norway approved the study
in 2007, and written consent was obtained from all study
participants. All consecutive patients scheduled for POP
repair during a 3-year period (June 2007 to June 2010)
without concomitant urinary incontinence (UI) were asked
to participate when they attended the outpatient clinic. Four
different barrier tests were planned for all patients, which
enabled evaluation of test combinations. Inclusion criteria

were an indication for surgical POP repair with no subjec-
tive or objective UI. The exclusion criteria were any form of
preexisting UI, detrusor overactivity during urodynamic
evaluation, inability to give informed consent, or lack of
language skills in Norwegian or English. Patients with
urgency without UI were allowed into the study.

Preoperative evaluation

The prolapse was assessed in the semilithotomic position
and staged according to the Pelvic Organ Prolapse Quanti-
fication (POP-Q) system (Table 1). A urine dipstick analysis
was performed to rule out any urinary tract infection before
testing. Women with all types of urogenital prolapse were
recruited. The bladder was emptied with a urinary catheter
and the test volume of saline installed. The patient was
asked to perform a Valsalva maneuver and a cough stress
test in the semilithotomic position, first without reducing the
prolapse and secondly with the prolapse manually reposi-
tioned (test 1). The patient was excluded if there was visual
urinary leakage without the prolapse being reduced. A pes-
sary that optimally reduced the prolapse was fitted and the
test repeated (test 2). The pessary test was done with both
100 ml (test 2) and 300 ml (test 3) bladder volumes in the
semilithotomic position on two different visits. A positive
test was defined as visual urine leakage during the Valsalva
maneuver or the cough stress test with the prolapse reposi-
tioned (tests 1–3). In all tests, care was taken to avoid

Table 1 Preoperative
demographics and type of pelvic
organ prolapse (POP) surgery

Demographics Study participants

Mean age (range) 59 (33–84)

Mean body mass index (range) 25.5 (18.6-43.8)

Mean parity (range) 2 (0–5)

Previous POP surgery 10.2 %

Active smokers 16.8 %

Systemic hormone replacement therapy 13.9 %

Topical estrogen use 29.9 %

Preoperative prolapse staging using the POP
quantification system (POP-Q)

Stage I 0 %

Stage II 38 %

Stage III 59 %

Stage IV 3 %

Dominating compartment Anterior compartment 70 %

Mid compartment 8 %

Posterior compartment 22 %

Types of surgery Total repair, Manchester operation 67 %

Total repair with vaginal hysterectomy 1 %

Total repair with Biomesh 1 %

Partial repair (one or two compartments) 27 %

Sacrospinous ligament fixation 2 %

Laparoscopic sacrocolpopexy/cervicopexy 2 %
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urethral compression. The pessary was left in situ for a
minimum of 1 week between visits to see whether continu-
ous use would elicit UI (test 4), regardless of any leakage on
the objective tests. Any subjective feeling of leakage during
this long-term pessary use was defined as a positive test. At
the second visit, a full urodynamic workup was performed,
including a filling cystometry to rule out any involuntary
detrusor contractions.

When analyzing data, we defined three test combina-
tions: A, B, C. A positive test combination was defined as
having at least one test show positive. Test combination A
comprised test 3 and 4, test combination B test 2, 3, and 4,
and test combination C all four tests (Table 2).

Surgery

Prolapse repair was performed according to prolapse type,
regardless of results from preoperative incontinence testing.
No prophylactic incontinence procedure was performed.

Postoperative evaluation

A postoperative evaluation was scheduled after a minimum of
3 months. Three patients developed severe UI and were there-
fore evaluated before completing the 3-months follow-up period
but were not excluded from study results. At the postoperative
evaluation, all patients filled out a validated incontinence ques-
tionnaire, and POSUI was defined as new onset of subjective
symptoms, regardless of severity, with a stress index score >0
[14]. This was used as the outcome measure in the analysis.
Regardless of symptoms, all patients were tested objectively for
incontinence with a repetition of test 3 (without pessary).

Statistical analysis

Sample size analysis prior to study initiation was performed.
The rate of a positive preoperative test was set at 50 % based

on published literature up to 2007, reporting a 44–80 % prev-
alence of occult incontinence in patients with POP [4, 7–13].
We decided that a clinically significant difference in outcome
(POSUI) between those with positive and negative tests must
be at least 20%.We wanted our study to have 80% test power
when the expected outcome (POSUI) in the test positive and
test negative groups were 32 % and 12 %, respectively, the
latter based on the Norwegian study by Borstad and Rud, who
reported an incidence of POSUI after traditional Manchester
operation of 22 % [1]. From this we calculated that 136
patients were needed.

Statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS-PC), version 15.0.
Differences in outcome based on positive or negative pre-
operative tests (dichotomous/categorical data) were tested
by two-sided Fisher’s exact test. A probability level of<0.05
was considered statistically significant. Diagnostic accuracy
of tests and test combinations was estimated using sensitiv-
ity, specificity, PPV, NPV, and likelihood ratios for positive
and negative test results, as well as diagnostic ORs. To test
for potential selection bias, we performed a poststudy de-
mographic comparison between study participants and all
patients undergoing prolapse surgery at our department dur-
ing the inclusion period. The parameters compared were
age, stage of prolapse, and dominating POP compartment.

Results

There were 204 patients included in the study (Fig. 1).
Forty-seven patients were excluded at the second visit due
to subjective or objective incontinence that they had not
initially reported. Many of these patients had only slight
incontinence that gave little bother and had therefore not
reported this to their doctor at the initial inclusion. Of the
140 patients that completed the study, only three were lost to
follow-up. We did not plan for any intention to treat analysis

Table 2 Association between occult incontinence and postoperative stress urinary incontinence (POSUI) using Fisher’s exact test

Repositioning tests (bladder volumes) Positive test rates of
occult incontinence
(number of patients)

POSUI with positive
vs negative tests

Odds ratio for POSUI with
positive test (95% CI)

Significance
level (p value)

Test 1 Manual (100 ml) 4 % (5/137) 40 % vs 16 % 3.5 (0.5 – 22.4) 0.196

Test 2 Pessary (100 ml) 7 % (9/135) 22 % vs 17 % 1.4 (0.3 – 7.4) 0.650

Test 3 Pessary (300 ml) 9 % (10/107) 50 % vs 13 % 6.5 (1.6 – 25.4) 0.012*

Test 4 Pessary continuous use 19 % (15/79) 47 % vs 11 % 7.1 (2.0 – 25.7) 0.004*

Test combination A (Test 3 and Test 4) 27 % (18/67) 44 % vs 8 % 9.0 (2.3 – 35.8) 0.002*

Test combination B (Test 2, 3, and 4) 34 % (24/71) 42 % vs 9 % 7.7 (2.1 – 28.4) 0.003*

Test combination C (Test 1, 2, 3, and 4) 38 % (28/74) 39 % vs 9 % 6.8 (1.9 – 24.3) 0.002*

CI confidence interval

*Statistically significant
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and therefore used the final 137 patients for analysis. The
preoperative demographic data and types of POP surgery are
provided in Table 1.

Table 2 lists positive rates for all preoperative tests and
test combinations and shows that not all patients managed to
complete all four tests. The incidence of a positive preoper-
ative test (occult SUI) varied from 4 % to 19 % for any
single test and from 27 % to 38 % for test combinations.
Mean postoperative follow-up was 5 (range 1–15) months.
The incidence of POSUI was 17 % when defined as subjec-
tive incontinence (outcome evaluated from the validated
questionnaire) and 10 % when defined as both subjective
and objective incontinence (repeat of test 3 without pessary).
When defined as subjective stress incontinence and strati-
fied into the dominating compartments of anterior, mid, or
posterior, POSUI incidences were 20 %, 18 %, and 7 %
respectively. There was a clear difference in outcome
(POSUI) between patients with positive and negative pre-
operative tests (Table 2). This difference was statistically
significant for all test combinations and for single tests 3 and
4 (p<0.05). Test combination A had the highest OR(9.0,
95 % CI 2.3–35.8, p00.002). To evaluate test performance
for predicting outcome on an individual level, we tested the
diagnostic accuracy of both positive and negative test
results. Thus, we calculated sensitivity, specificity, PPV,
NPV, likelihood ratios, and diagnostic ORs for all tests
and test combinations (Table 3). Sensitivity for the different

204 women 
included

47 women excluded due to 
objective or subjective 
incontinence

7 women withdrew from 
study after inclusion

8 women withdrew from 
surgery after inclusion2 women excluded after 

inclusion due to lack of 
compliance

140 preoperative 
continent women

137 women eligible for 
analysis

3 women lost to follow up

Fig. 1 Included patients
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single tests varied from 9 % to 50 %, with specificity values
ranging from 88 % to 97 %. For test combinations, sensi-
tivities ranged from 67 % to 73 %, with specificities varying
from 71 % to 82 %. PPV ranged from 22 % to 50 % for
single tests, with NPV varying from 83 % to 89 %. For test
combinations, PPV ranged from 39 % to 44 % and NPV
from 91 % to 92 %. Likelihood ratios ranged from 1.4 to 4.9
for positive tests and from 2.6 to 3.7 for positive test combi-
nations. For negative tests, likelihood ratios varied from
0.57 to 0.97 for single tests and from 0.38 to 0.41 for test
combinations. The highest diagnostic OR of 9.0 was
seen for test combination A.

Only six of the 137 patients developed postoperative SUI
severe enough to need treatment. After further clinical eval-
uation, four of these received pelvic floor muscle training
and two underwent a tension-free vaginal tape (TVT) pro-
cedure. Our study population and the total population of
patients undergoing POP surgery at our department during
the inclusion period were similar for the parameters stage of
prolapse and dominating POP compartment (data not
shown) but differed slightly in mean age (59 vs 63 years).

Discussion

We found a statistically significant increased risk for POSUI
in patients having a positive preoperative provocation test
(occult incontinence) for tests 3 and 4 and all test combina-
tions. The increased risk for POSUI with a positive test 1 or
2 did not reach statistically significant values, probably due
to small sample size. Our results are in agreement with those
observed in the nonintervention arm of the Colpopexy and
Urinary Reduction Efforts (CARE) trial, showing a 20 %
higher risk of POSUI in those with a positive preoperative
test (occult incontinence) compared with those with nega-
tive tests (58 % vs 38 %) [5]. To properly counsel individual
women whether or not to undergo a prophylactic anti-
incontinence procedure at time of POP repair, there is a
need to evaluate the validity of preoperative tests. The
validity describes test performance for predicting outcome
on an individual level by means of sensitivity, specificity,
PPV, NPV, likelihood ratios for a positive and negative test
result, and diagnostic ORs. In this study, we followed the
guidelines recommended by the Standard for Reporting of
Diagnostic Accuracy (STARD) initiative from 2003 [15],
with the exception of testing each index test against a
reference test. Testing against a reference test was not pos-
sible, as there is no established consensus on a reference test
for occult incontinence. All preoperative tests and test com-
binations used for occult incontinence in this study showed
disappointing performances. Not unexpectedly, we found
the highest sensitivity for the test combinations, but none
of the individual tests or test combinations had PPV >0.5 or

positive likelihood ratios >5. Such poor performance, and
the fact that ORs demonstrated significant associations be-
tween occult incontinence and POSUI, illustrates that ORs
may not be an appropriate tool for describing the ability of a
risk marker such as occult incontinence to identify persons
likely to end up with POSUI. ORs and relative risks (RRs) are
epidemiological instruments frequently used to assess associ-
ations but should be used with caution, or perhaps not at
all, when using risk markers to predict outcome for indi-
viduals [16]. In this study, no test was performed with
bladder volumes >300 ml. Other authors demonstrated that
there is no additional information gained in retesting be-
yond 300 ml up to maximal cystometric capacity [5].

The mechanisms by which de novo postoperative SUI
can develop are not fully understood. Some women with
urogenital prolapse are suggested to maintain continence
because of either urethral kinking or direct compression of
the urethra by the descending prolapse [9, 11]. Performing
prophylactic anti-incontinence procedures at the time of
POP repair is a controversial topic. It is of ethical concern
when the prophylactic procedure may induce greater mor-
bidity than the potential problem it is meant to correct.
Long-term postoperative complications following anti-
incontinence surgery, such as TVT, include bladder outlet
obstruction, de novo urge incontinence, and vaginal mucosa
graft erosions [17, 18]. The risk of intervention following
urinary outlet obstruction in patients with occult inconti-
nence undergoing concomitant TVT and POP repair was
shown in one study to be as high as 9.7 % [19].

Our study revealed that even patients with negative prov-
ocation tests (no occult incontinence) were at risk of POSUI.
We found a POSUI incidence of 9 % when the patients
tested negative on all four tests (test combination C, Table 2).
Our findings correspond well with results from other recent
studies [2, 3, 19]. The findings differ significantly, however,
from older studies with smaller sample sizes that reported
only a slight or no risk for patients without occult inconti-
nence to develop POSUI [6, 10, 20, 21].

Only six (4.4 %) patients in our observational study
developed symptoms of postoperative SUI great enough to
need treatment, and only two of the 137 patients needed an
anti-incontinence procedure (TVT) after reconstructive POP
surgery (1.5 %). The remaining four had less severe symp-
toms and received pelvic floor muscle training. The number
of patients needing intervention for SUI was even lower
than the recent study from Ballert et al., who reported that
only 8.3 % of their patients undergoing POP repair were in
need of postoperative intervention for SUI, if no preopera-
tive subjective or objective stress incontinence was demon-
strated [19]. Furthermore, several large studies have
reported that POSUI may still occur after concomitant pro-
phylactic anti-incontinence procedures at the time of POP
surgery [2, 4]. Our study participant group was similar to the
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total group of patients undergoing prolapse surgery at our
department during the inclusion period when POP-Q stage
and dominating prolapsed compartment were compared. Our
selected group did, however, differ slightly in age, being on
average 3 years younger than the total group. We interpreted
this as sign of more frequently manifest preoperative inconti-
nence in older than younger POP patients, which precluded
them from recruitment to our observational study.

To our knowledge, this is the only study, besides the
nonintervention arm of the CARE trial [5], which has, with
adequate sample size, demonstrated a statistically significant
association between occult incontinence and increased risk
of POSUI. Our study is also one of few nonintervention
studies to investigate the true incidence of POSUI after
reconstructive prolapse repair, enabling us to report on the
clinical need for later anti-incontinence intervention. The
majority of our patients were tested for POSUI <6 months
after surgery, and one could argue that there might have
been more patients in need of POSUI treatment had we
awaited the 1-year postoperative results. However, a 2-
year follow-up of the patients in the CARE trial showed
no increased incidence of POSUI compared with postoper-
ative assessment at 3 months [22].

Patients with minor SUI were excluded from participa-
tion in the study, even when their incontinence was not
considered clinically relevant. This was to enable us to test
the patients with true occult incontinence. We recognize,
however, that excluding this many patients could reduce
the clinical relevance of the study, as many POP patients
have a minor degree of SUI. It could also have contributed
to the low percentage of clinically significant POSUI after
prolapse repair. Our study included heterogeneous patients
regarding type of prolapse and type of prolapse surgery
performed. This heterogeneity was deliberate, as one of
the study goals was to identify a preoperative occult incon-
tinence test or combination of tests simple enough to be
implemented in an ordinary clinical setting, which implies a
heterogeneous POP population. It is well known that occult
UI may be demonstrated by prolapse reduction in any com-
partment, even in isolated defects of the posterior vaginal
wall [23]. A test with high performance in predicting POSUI
for any individual woman with POP, regardless of dominat-
ing compartment, would therefore be preferable. Our sample
size did not allow meaningful subanalyses for the various
dominating POP compartments in relation to POSUI pre-
diction. We also recognize that type of surgery could have
an impact on the incidence of POSUI, as different techni-
ques may alter the vaginal axis differently when aiming for
restoration of normal anatomy. However, the majority
(67 %) of our patients underwent a traditional Manchester
operation (Table 1), consisting of an anterior and posterior
colporrhaphy and cervical amputation, and the performance of
the various preoperative tests (individual or combinations)

was similar for this largest group as for the entire study group
(data not shown). Neither the surgeon nor the doctor
performing the postoperative follow-up was blinded to the
results of the preoperative testing. In our opinion, a lack of
blinding did not influence results, as type of surgery was
decided upon before testing and primary outcome was defined
as subjective information supplied by the patient on a validat-
ed questionnaire. The patient herself was not actively in-
formed about her preoperative testing status.

This study demonstrates a positive association between
occult incontinence and risk of developing POSUI. However,
it also illustrates that a statistical risk demonstrated by a
measure of association (such as OR) poorly describes the
tests’ ability as a risk marker for individual women and
thereby the tests’ clinical usefulness. Even when combining
provocation tests, we found poor predictive values. Based
on this study, the risk of being in need of treatment for
POSUI after prolapse surgery was as low as 4.4 % if there
were no pre-existing subjective or objective incontinence. We
therefore believe that incontinence surgery should be reserved
for the few patients who develop bothersome de novo SUI
after reconstructive pelvic surgery. We suggest that inconti-
nence surgery should not be offered as a prophylactic proce-
dure to patients demonstrating occult incontinence.
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