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Predictors of early postoperative voiding dysfunction
and other complications following a midurethral sling
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BACKGROUND: The rates reported for postoperative urinary retention incontinence were similar in both groups as was detrusor overactivity in
following midurethral sling procedures are highly variable. Determining

which patients have a higher likelihood of failing a voiding trial will help

with preoperative counseling prior to a midurethral sling.

OBJECTIVE: The objective of the study was to identify preoperative

predictors for failed voiding trial following an isolated midurethral sling.

STUDY DESIGN: A retrospective, multicenter, case-control study was
performed by including all isolated midurethral sling procedures per-

formed between Jan. 1, 2010 to June 30, 2015, at 6 academic centers.

We collected demographics, medical and surgical histories, voiding

symptoms, urodynamic evaluation, and intraoperative data from the

medical record. We excluded patients not eligible for attempted voiding

trial after surgery (eg, bladder perforation requiring catheterization). Cases

failed a postoperative voiding trial and were discharged with an indwelling

catheter or taught intermittent self-catheterization; controls passed a

voiding trial. We also recorded any adverse events such as urinary tract

infection or voiding dysfunction up to 6 weeks after surgery. Bivariate

analyses were completed using Mann-Whitney and Pearson c2 tests as
appropriate. Multivariable stepwise logistic regression was used to

determine predictors of failing a voiding trial.

RESULTS: A total of 464 patients had an isolated sling (70.9% retro-

pubic, 28.4% transobturator, 0.6% single incision); 101 (21.8%) failed the

initial voiding trial. At follow-up visits, 90.4% passed a second voiding trial,

and 38.5% of the remainder passed on the third attempt. For the bivariate

analyses, prior prolapse or incontinence surgery was similar in cases vs

controls (31% vs 28%, P¼ .610) as were age, race, body mass index, and

operative time. Significantly more of the cases (32%) than controls (22%)

had a Charlson comorbidity index score of 1 or greater (P ¼ .039).

Overactive bladder symptoms of urgency, frequency, and urgency
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those with a urodynamic evaluation (29% vs 22%, P¼ .136), but nocturia

was reported more in the cases (50% vs 38%, P ¼ .046). Mean (SD)

bladder capacity was similar in both groups (406 [148] mL vs 388 [122]

mL, P¼ .542) as was maximum flow rate with uroflowmetry and pressure

flow studies. Cases were significantly more likely to have a voiding type

other than detrusor contraction: 37% vs 25%, P¼ .027, odds ratio, 1.79

(95% confidence interval, 1.07e3.00). There was no difference in voiding
trial failures between retropubic and transobturator routes (23.1% vs

18.9%, P ¼ .329). Within 6 weeks of surgery, the frequency of urinary

tract infection in cases was greater than controls (20% vs 6%, P < .001;

odds ratio, 3.51 [95% confidence interval, 1.82e6.75]). After passing a
repeat voiding trial, cases were more likely to present with acute urinary

retention (10% vs 3%, P ¼ .003; odds ratio, 4.00 [95% confidence in-

terval, 1.61e9.92]). For multivariable analyses, increasing Charlson co-
morbidity index increased the risk of a voiding trial failure; apart from this,

we did not identify other demographic information among the patients who

did not undergo urodynamic evaluation that reliably forecasted a voiding

trial failure.

CONCLUSION: The majority of women will pass a voiding trial on the
first attempt after an isolated midurethral sling. Current medical

comorbidities are predictive of a voiding trial failure, whereas other

demographic/examination findings are not. Patients failing the initial

voiding trial are at an increased risk of postoperative urinary tract

infection or developing acute retention after passing a subsequent

voiding trial.
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idurethral sling surgeries are the
M main treatment for women with
stress urinary incontinence.1 Although
highly effective procedures, one impor-
tant adverse event not infrequently
associated with the midurethral sling
operation is postoperative voiding
dysfunction, necessitating short-term
bladder drainage and, rarely, reopera-
tion.2 Reports of short-term post-
operative urinary retention following
midurethral sling are highly variable,
ranging from 7.8% to 84%.3-9

Immediate postoperative voiding
dysfunction is influenced by multiple
factors including the criteria used in
postoperative voiding trials, concomi-
tant procedures, patient characteristics,
and surgical techniques.3-9 Prolonged
bladder drainage after acute urinary
retention may be performed via an
indwelling Foley or clean intermittent
catheterization, which have been asso-
ciated with increased urinary tract
infections, greater health care costs,
and substantially decreased patient
satisfaction.10,11 Thus, reducing the rates
of postoperative voiding dysfunction
and catheter use should be a priority.

Identification of risk factors associ-
ated with increased immediate post-
operative voiding dysfunction would
allow for improved patient counseling
and preparation regarding potential
discharge with a urinary catheter and
may lead to practice changes.

There is currently no universally
accepted protocol for performing void-
ing trials following midurethral sling
procedures for stress urinary inconti-
nence. In 2002, Kleeman et al3 described
a postoperative voiding test that
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consisted of retrograde filling the
bladder with 300 mL of sterile water or
to subjectivemaximumbladder capacity.
If the postvoid residual was�50% of the
instilled bladder volume within 30 mi-
nutes of filling, the catheter was left out.3

Several modifications of this voiding
trial have been adopted in randomized
control trials and described in gynecol-
ogy textbooks.9,12,13 Multiple studies
previously described relationships be-
tween failed postoperative voiding trials
and baseline patient clinical factors.
Wheeler et al6 identified that a baseline
maximum flow rate on uroflowmetry of
<15 mL/s predicted a higher risk of
failed postoperative voiding trial.

Flow rate as a predictor of post-
operative voiding trial failure was also
corroborated by Hong et al,4 Park et al,14

and Kim et al.15 Barron et al16 identified
Valsalva leak point pressure >60 cm
H2O as a risk factor for a failed voiding
trial. A history of prior incontinence or
prolapse surgery and increasing age were
found to increase the risk for delayed
voiding by Mutone et al.17 Furthermore,
increased preoperative postvoid residual
on pressure flow studies was also corre-
lated with a greater likelihood of having a
postoperative voiding trial fail.18

Thus, past studies have found
different variables that influence imme-
diate postoperative voiding failure. The
authors of this study sought to reex-
amine the relationships of perioperative
characteristics and undesired outcomes
in patients who have undergone a mid-
urethral sling procedure. In particular,
we aimed to identify predictors of post-
operative voiding dysfunction and other
complications in a large, diverse group of
women utilizing their clinical charac-
teristics and, when available, preopera-
tive urodynamic studies.

Materials and Methods
Following institutional review board
approval at each participating site, a
retrospective multicenter case-control
study was performed at 6 academic
centers through the Society of Gyneco-
logic Surgeons’ Fellows’ Pelvic Research
Network. Women aged 18 years
and older who had undergone an
isolated retropubic midurethral sling,
transobturator sling, or single-incision/
minisling from Jan. 1, 2010, to June 30,
2015, with a recorded same-day post-
operative voiding trial were identified.
We excluded intraoperative procedures
in which a day-of-surgery voiding trial
would not be medically appropriate (ie,
suprapubic tube placement, intra-
operative complications) and patients
undergoing concomitant pelvic recon-
structive procedures or other anti-
incontinence procedures.
Patient demographics, medical and

surgical histories including prior anti-
incontinence or pelvic reconstructive
procedures, preoperative overactive
bladder symptoms, preoperative com-
plaints of voiding dysfunction, and a
patient-reported history of recurrent
urinary tract infection were collected
from the electronic medical record. The
Charlson comorbidity index was utilized
to quantify the severity of patients’
comorbidities.
If available, results of preoperative

multichannel urodynamics with uro-
flowmetry, cystometrics, pressure flow
studies, and urethral pressure profilom-
etry data were collected. This
information included uninstrumented
uroflowmetry maximum flow rate,
postvoid residual, and voiding pattern;
cystometric bladder capacity, presence of
detrusor overactivity, or urodynamic
stress incontinence, Valsalva and cough
leak point pressures; maximum urethral
closure pressure; and a pressure-flow
study’s maximum flow rate, maximum
detrusor pressure, postvoid residual, and
voiding type (detrusor-void vs Valsalva
or mixed-type void).
If multichannel urodynamic studies

were not performed during a patient’s
preoperative evaluation, simple cysto-
metric data including postvoid residual,
observed detrusor overactivity, bladder
capacity, and the presence of stress uri-
nary incontinence were collected. If no
multichannel urodynamic or simple
cystometric data were available, bladder
capacity and postvoid residual were ob-
tained from a preoperative voiding diary
and office visit notes.
Intraoperative data including type

of midurethral sling, estimated blood
loss, type of anesthesia, anesthesia
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time, and surgical time were recorded.
Postoperative follow-up information
was obtained from the medical record
up to 6 weeks after surgery, and any
adverse events such as urinary tract
infection or voiding dysfunction were
collected.

Cases were defined as patients in who
a postoperative voiding trial failed and
were discharged with an indwelling
catheter or taught intermittent self-
catheterization. Controls were defined
as patients who passed a voiding trial.
Postoperative voiding trials were per-
formed using an individual site’s stan-
dard voiding trial procedure, including
criteria for voiding trial success and
failure. At all clinical sites but one, the
procedure for a postoperative voiding
trial was a retrograde fill to 300 mL
sterile water (or patient tolerance) with
success defined as voiding at least two
thirds of the instilled volume (or post-
void residual less than 100 mL). The
remaining site permitted time for a
spontaneous void after surgery, with a
successful trial similarly defined as
a postvoid residual less than 100 mL.
The criteria for indwelling catheter
removal or discontinuation of self-
catheterization were left to the discre-
tion of each institution.

The Society of Gynecologic Surgeons’
Fellows’ Pelvic Research Network aca-
demic sites were recruited with the goal
of both identifying approximately
90e100 cases and achieving geographic
diversity for the greatest generalizability.
It is generally accepted that 5e10 patient
cases are needed to identify each pre-
dictor; because we used a multivariable
model (ie, for each degree of
freedom),1,2 including approximately
100 cases would be sufficient for the
evaluation of up to 10 predictors of a
short-term postoperative voiding trial
failure in the multivariable model.

Bivariate analyses were completed
using Mann-Whitney and Pearson c2 or
Fisher-Freeman-Halton tests as appro-
priate. Odds ratios and 95% confidence
intervals were calculated. Variables were
then considered jointly in a multivari-
able backward stepwise logistic regres-
sion model to determine predictors of
failing a voiding trial.
can Journal of Obstetrics & Gynecology 656.e2
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Results
Chart review identified 464 eligible
patients from 6 participating sites (Uni-
versity of Texas Southwestern Medical
Center, Dallas, TX; University of Iowa,
TABLE 1
Demographics, subjective symptoms,
cases and controls

Variable C

Age, y 5

Race

Asian

Black or African American

Unknown/other

White 8

Ethnicity

Hispanic/Latino 4

Non-Hispanic 5

Unknown/other

Gravidity

Parity

BMI, kg/m2 2

CCI, 1 or greater 3

Prior pelvic surgery 3

Overactive bladder symptoms

Urgency 6

Frequency 5

Nocturia 5

Urgency urinary incontinence 6

Incomplete emptying (subjective) 2

Postvoid dribble 2

Recurrent UTI 1

Surgery route

Transobturator 2

Retropubic 7

Single incision

Anesthesia type

General 8

Local 1

Regional

Surgical time, min 3

Data are presented as median (25th, 75th percentiles) or numb

BMI, body mass index; CCI, Charlson comorbidity index; CI, con

a c2 test comparing transobturator to retropubic; b Fisher-Freem
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Iowa City, IA; University of California,
Los Angeles, Los Angeles, CA; Stanford
University, Palo Alto, CA; Emory Uni-
versity, Atlanta, GA; and Harvard Med-
ical School, Cambridge, MA).
and surgical data with bivariate analysis

ases (n ¼ 101) Controls (n ¼ 363)

0 (43.0, 59.5) 50 (43.0, 58.0)

6 (6%) 11 (3%)

5 (5%) 16 (4%)

4 (4%) 15 (4%)

6 (85%) 321 (88%)

0 (40%) 116 (32%)

4 (53%) 229 (63%)

7 (7%) 18 (5%)

3 (2, 4) 3 (2, 4)

3 (2, 3) 3 (2, 3)

9.2 (25.4, 34.7) 29.8 (25.8, 34.3)

2 (32%) 79 (22%)

1 (31%) 102 (28%)

2 (61%) 220 (61%)

0 (50%) 168 (47%)

0 (50%) 136 (38%)

3 (62%) 215 (59%)

7 (29%) 77 (22%)

5 (29%) 109 (33%)

2 (13%) 31 (9%)

5 (25%) 107 (29.5%)

6 (75%) 253 (69.7%)

0 (0%) 3 (0.8%)

4 (83%) 288 (79%)

4 (14%) 74 (20%)

3 (3%) 1 (0%)

8.5 (31.0, 50.0) 39.0 (30.0, 51.0)

er (percentage). P values represent Mann-Whitney U or c2 tests.

fidence interval; OR, odds ratio; UTI, urinary tract infection.

an-Halton test; c2 test comparing general to local (P ¼ .194).

midurethral sling. Am J Obstet Gynecol 2016.
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The majority of patients underwent
retropubic operations (Table 1). There
were no significant differences in age,
race, body mass index, length of surgery,
or history of prior prolapse or
of voiding trial failure

P value OR (95% CI)

.961 na

.667 na

.872 na

.801 na

.039 1.67 (1.02e2.72)

.610 na

.911 na

0.647 na

.046 1.57 (1.01e2.45)

.588 na

.160 na

.445 na

.255 na

.329a na

.021b na

.804 na

http://www.AJOG.org


TABLE 2
Urodynamic evaluation data of voiding trial failure of cases and controls

Variable Case n Control n P value OR (95% CI)

Uroflowmetry

Normal voiding pattern 54 (73%) 54 218 (76%) 218 .562 na

Voided volume, mL 17 (116, 270) 77 150 (90, 267) 315 .157 na

Postvoid residual, mL 10 (5, 29) 84 10 (0, 25) 320 .189 na

Maximum flow rate, mL/s 17.9 (11.6, 25.2) 74 18.1 (13.0, 25.4) 295 .717 na

Cystometrogram

Bladder capacity, mL 374 (300, 478) 93 370 (304, 450) 343 .542 na

Detrusor overactivity 28 (29%) 28 75 (22%) 75 .136 na

Valsalva leak point
pressure, cm H2O

90 (68, 131) 87 95 (70, 122) 320 .940 na

Cough leak point
pressure, cm H2O

94 (74, 142) 70 113 (87, 143) 268 .029

Urethral pressure profile

Maximum urethral closure
pressure, cm H2O

53 (42, 73) 65 56 (41, 75) 245 .870 na

Pressure flow study

Abnormal voiding typea 31 (37%) 31 72 (25%) 72 .027 1.79 (1.06e3.00)

Voided volume, mL 351 (257, 459) 86 330 (273, 427) 313 .475 na

Postvoid residual, mL 0 (0, 50) 82 0 (0, 43) 308 .367 na

Maximum flow rate, mL/s 18.4 (13.2, 22.7) 81 18.9 (13.0, 25.9) 308 .611 na

Maximum detrusor
pressure, cm H2O

22 (16, 32) 75 25 (15, 38) 290 .246 na

Data are presented as median (25th, 75th percentiles) or number (percentage). P values represent Mann-Whitney U or c2 tests.

CI, confidence interval; OR, odds ratio.

a Abnormal voiding pattern is a combination of abdominal/Valsalva void and mixed voiding pattern.

Ripperda et al. Predictors of short-term complications after midurethral sling. Am J Obstet Gynecol 2016.
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incontinence surgery between the cases
and controls (Table 1). Significantly
more of the cases (32%) than controls
(22%) had a Charlson comorbidity
index score of 1 or greater (P ¼ .039).
There were no significant differences in
sensation of incomplete emptying or a
history of recurrent urinary tract infec-
tion. Overactive bladder symptoms of
urgency, frequency, and urgency urinary
incontinence were similar between
groups, but nocturia was more common
in the cases (50% vs 38%, P ¼ .046,
odds ratio, 1.57) (Table 1).

Overall, in 363 of patients (78.2%) the
initial voiding trial succeeded and in 101
(21.8%) the initial voiding trial failed.
Ninety percent of those in whom the
initial voiding trial failed succeeded at
the second void trial, and 38.5% of the
remaining patients succeeded at the
third voiding trial. Bladder capacity and
peak flow rate as measured by uro-
flowmetry and pressure flow studies
were similar in both groups.
A voiding mechanism other than

detrusor contraction (ie, Valsalva or
mixed voiding) as measured by complex
urodynamics was significantly higher in
those in whom the initial voiding trial
(failed Table 2). Sling route was not
predictive of voiding trial failure (23.1%
retropubic vs 18.9% transobturator,
P ¼ .329). The frequency of post-
operative urinary tract infection within
6 weeks of surgery was significantly
higher in cases (20% vs 6%, P < .001,
odds ratio, 3.51, 95% confidence inter-
val, 1.82e6.75). Subsequent occurrences
of acute urinary retention in cases was
NOVEMBER 2016 Ameri
significantly higher than in controls,
even after passing a subsequent voiding
trial (10% vs 3%, P ¼ .003; odds ratio,
4.00 [95% confidence interval,
1.61e9.92]).

A multivariable analysis was per-
formed for all patients and in the subset
(91.8%) having undergonemultichannel
urodynamics. Considering all patients,
increasing Charlson comorbidity index
by 1 unit predicted an increased
likelihood of voiding trial failure
(odds ratio, 1.41, 95% confidence inter-
val, 1.045e1.907). A receiver-operating
characteristic was performed, and the
area under the curve was not statistically
different from 0.5. Otherwise, there were
no historical or demographic character-
istics that forecasted an increased odds of
voiding trial failure.
can Journal of Obstetrics & Gynecology 656.e4
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Drawing from patients with multi-
channel urodynamics data, in a model
including presence/absence of detrusor
overactivity and increasing postvoid
residual on a pressure flow study, an
increase in postvoid residual (per 10 mL
increase, odds ratio, 1.03, 95% confi-
dence interval, 1.003e1.058) also pre-
dicted an increased likelihood of voiding
trial failure, but detrusor overactivity
was not significant and no definitive cut
point for postvoid residual was identified
because the receiver-operating charac-
teristic analysis performed found the
area under the curve was not significant.

Comment
We found that the majority of women
will pass a voiding trial on the first
attempt after isolated midurethral sling.
This finding is in agreement with previ-
ously published studies, including a large
secondary analysis of risk factors for
incomplete bladder emptying after
midurethral sling published by Norton
et al.19 Our finding that cases were
significantly more likely to void by a
mechanism other than detrusor
contraction is also in agreement with this
series.

In contrast to the findings of Norton
et al,19 we found that certain variables in
a patient’s history and on preoperative
urodynamics suggest an increased like-
lihood of failing the initial voiding trial
after midurethral sling. Medical comor-
bidities that would increase a patient
from a Charlson comorbidity index of
0 (ie, normal health) to Charlson
comorbidity index of 1 (eg, diabetes
mellitus without organ damage, history
of myocardial infarction, congestive
heart failure, peripheral vascular disease,
dementia, ulcer, chronic liver or lung
disease) increases the likelihood of a
failed voiding trial by 41%.

Because the receiver-operating char-
acteristic analysis was not significant,
there was no discrete Charlson comor-
bidity index value that determined sig-
nificance. Only in a model investigating
detrusor overactivity and increasing
postvoid residual, increasing residual on
the pressure-flow study during preop-
erative complex urodynamics also pre-
dicted an increased probability of failing
656.e5 American Journal of Obstetrics & Gynecol
the initial voiding trial. Importantly,
patients in whom the initial voiding trial
failed are at an increased risk of post-
operative urinary tract infection or
developing acute retention, even after
passing a subsequent voiding trial.
The recently published Valsartan

Antihypertensive Long-term Use Evalu-
ation (VALUE) study has called into
question the usefulness of preoperative
complex urodynamics for isolated mid-
urethral sling procedures in patients with
uncomplicated stress urinary inconti-
nence, meaning stress-predominant
symptoms, demonstrable leakage with
urethral mobility but no prolapse
beyond the hymen, no evidence of
infection, and postvoid residual less than
150 mL. Furthermore, these patients had
not had prior continence procedures.20

However, many patients undergoing
isolated midurethral sling procedures
have more complex clinical pictures.
Complicating factors may include mul-
tiple medical comorbidities, significant
urinary urgency and frequency, physical
examinations inconsistent with clinical
symptoms, and prior urogynecological
surgeries. These patients may be more
likely to present to large academic
referral practices such as the centers
included in this study.
We found that a Charlson comorbid-

ity index greater than 0 increased the
probability of failing the initial voiding
trial, whereas other demographic vari-
ables and history/examination findings
were not predictive. In the select model
investigating detrusor overactivity and
increased postvoid residual on a
pressure-flow study, the increasing re-
sidual also corresponded to an increased
risk of voiding trial failure. Therefore,
preoperative complex urodynamics may
allow for improved counseling and risk
stratification in this subset of patients
and in particular patients with comorbid
medical conditions.
Patients in whom the initial voiding

trial failed are also at an increased risk of
postoperative urinary tract infection or
acute retention, even after succeeding at
subsequent voiding trials. Patients who
succeed at subsequent voiding trials
following midurethral sling surgery
should be counseled that they are still at
ogy NOVEMBER 2016
an elevated risk for acute urinary reten-
tion or development of urinary tract
infection. Warning signs such as fever,
dysuria, bladder pain, decreased force of
stream, and sensation of incomplete
bladder emptying should be discussed
with patients in whom the initial voiding
trial failed.

Surgeons and other health care pro-
viders caring for these patients should
also have a heightened index of suspicion
for these complications (ie, retention
and urinary tract infection) and a low
threshold to evaluate postoperative
patients in whom the initial voiding trial
failed, even after they pass a subsequent
voiding trial.

The major strength of this study is the
large number of subjects included from 6
academic medical centers in geographi-
cally diverse areas of the United States.
Thus, the results may be widely appli-
cable to varying populations. Other
strengths are the inclusion of retropubic,
transobturator, and single-incision
approaches and that 91.8% of patients
had complex urodynamics data available
for review. The primary limitations are
the retrospective nature of the study and
the heterogeneity of defining voiding
trial success and failure across in-
stitutions and individual providers.

We found that a Charlson comorbid-
ity index greater than 0 and increasing
postvoid residual on pressure-flow study
during a preoperative complex urody-
namic evaluation predicted an increased
probability of failing the initial voiding
trial and that patients in whom the initial
voiding trial failed are at an increased
risk of postoperative urinary tract
infection or developing acute retention
after passing a subsequent voiding trial.
These findings may lead to enhanced
preoperative patient counseling and
postoperative management of those who
fail a postoperative voiding trial. Future
research is needed to determine the
optimal postoperative voiding trial
method for the prediction of complica-
tions such as urinary tract infection and
urinary retention. n
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